


Evidence-Based Otolaryngology



Evidence-Based
Otolaryngology

Editors

Jennifer J. Shin, MD
Harvard Program in Otolaryngology-Head and Neck Surgery, Massachusetts Eye and
Ear Infirmary, Boston, Massachusetts, USA

Christopher J. Hartnick, MD, MSE
Department of Otolaryngology, Massachusetts Eye and Ear Infirmary, Boston,
Massachusetts, USA

Gregory W. Randolph, MD
Department of Otolaryngology-Head and Neck Surgery, Massachusetts Eye and Ear
Infirmary, Boston, Massachusetts, USA

Section Editors

Pediatric Otolaryngology
Michael J. Cunningham, MD
Margaret Kenna, MD, MPH
J. Paul Willging, MD

Otology
Joseph B. Nadol Jr., MD
Steven D. Rauch, MD

General Otolaryngology
Jay F. Piccirillo, MD
Gregory W. Randolph, MD

Head and Neck Surgery
Jonas T. Johnson, MD
Gregory W. Randolph, MD

Statisticians

Sandra S. Stinnett, PhD
David A. Zurakowski, PhD

~ Springer



Jennifer J. Shin, MD
Harvard Program in Otolaryngology-Head and Neck Surgery, Massachusetts Eye and Ear Infirmary,
Boston, Massachusetts 02114, USA

Christopher J. Hartnick, MD, MSE
Department of Otolaryngology, Massachusetts Eye and Ear Infirmary, Boston, Massachusetts 02114
USA

Gregory W. Randolph, MD
Department of Otolaryngology-Head and Neck Surgery, Massachusetts Eyeand Ear Infirmary, Boston,
Massachusetts 02114 USA

ISBN: 978-0-387-24447-1

DOl: 10.1007/978-0-387-49979-6

e-ISBN: 978-0-387-49979-6

Library of Congress Control Number: 2007921867

© 2008 Springer Science+Business Media, LLC
All rights reserved. This work may not be translated or copied in whole or in part without the written permission
of the publisher (Springer Science+Business Media, LLC,233 Spring Street, New York,NY 10013, USA), except for
brief excerpts in connection with reviews or scholarly analysis. Use in connection with any form of information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology now
known or hereafter developed is forbidden.
The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are not
identified as such, is not to be taken as an expression of opinion as to whether or not they are subject to propri
etary rights.
While the advice and information in this book are believed to be true and accurate at the date of going to press,
neither the authors nor the editors nor the publisher can accept any legal responsibility for any errors or omissions
that may be made. The publisher makes no warranty, express or implied, with respect to the material contained
herein.

Printed on acid-free paper

9 8 7 6 543 2 1

springer.com



For Thomas Y. Lin,
because he's my favorite.

-J.J.S.

To my wife, Elizabeth, and children,
Marina, Nathaniel, and Eliza, who

shared their time and made this possible.
-e.J.H.

To my wife Lorraine and our children,
Gregory, Benjamin, and Madeline,

the joy of my life.
-G.W.R.



Foreword by Gerald Healy

The pathway to success in 21st century medicine will be lined by competent physicians
practicing safe, evidenced-based, and cost-effective medicine. The foundation for this
pathway must be carefully constructed by thoughtful investigation that documents
sound treatment principles validated by acceptable measurement tools.

The physician of the 21st century will be asked to engage in a process that incor
porates evidence-based education with a process of lifelong learning. The public, regu
latory agencies, certifying boards, and payers will require this of every physician
participating in our healthcare system.

The authors are to be congratulated for taking a bold step required to meet these
demands in the specialty of Otolaryngology and Head and Neck Surgery. Even before
the thousands of words in this publication were committed to print, a complex process
was being planned by certifying boards that would require every certified physician
to be engaged in an evidence-based process of lifelong learning and patient care. The
payers are carefully crafting a "pay for performance" algorithm that will incorporate
these same principles. This publication will help the otolaryngologist head and neck
surgeon to better understand why a particular treatment is initiated, how it is evaluated,
and how it can be changed by an ever-evolving validation system.

Generations of physicians have been trained with a different paradigm that allowed
for immense variation in treatment. This is not a cost-effective,workable system going
forward. It is the obligation of medical practitioners and educators everywhere to put
the building blocks in place that will meet the new demands of 21st century healthcare.
This publication is an outstanding step in that direction.

Gerald B. Healy, MD, FACS
Chairman, Board of Regents

American College of Surgeons
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Foreword by K.J. Lee

As healers of the sick, we should be able to systematically and succinctly identify, sum
marize, and analyze the evidence regarding management of disease in our field. As
clinicians, we have come a long way in establishing good diagnostic and treatment
protocols for our patients. The methodologies used are based partly on published data
and a great deal based on experience: "This is what I have always done for decades." The
latter does not necessarily lead to poor outcomes, but the former does lead to improv
ing outcomes.

This book, the brainchild of Jennifer J. Shin, Christopher J. Hartnick, and Gregory
W. Randolph, encompasses evidence-based medicine and is the best on this topic I have
come across in our specialty. It is well thought out, practical, and scientific. What is
sorely lacking in our medical school and residency training is an emphasis on ethics.
We need the ethics to treat every patient as a human being who has come to us for care,
and not just as an opportunity for one (a) to learn from, (b) to practice upon, (c)
to add to one's case studies for publication, or (d) to schedule tests and surgeries to
produce revenue. Practicing evidence-based medicine will give doctors the scientific
tools to treat every patient as if he/she were oneself or a member of their beloved family.
Congratulations to the editors and contributors for this timely text.

«t. Lee, MD, FACS
Surgeon, Teacher,Author, Lecturer,

National and International Health Policy Advisor,
Academy Leader
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Introduction



1 Introduction to Evidence-Based Medicine,
Levels of Evidence, and Systematic Reviews

Jennifer J. Shin and Christopher J. Hartnick

OVERVIEW

Diseases of the ears, nose, and throat affect the vast
majority of the world's population. In fact, otolaryngo
logic complaints are the most common reasons for adult
and pediatric outpatient medical visits, and more than
three million related surgical procedures are performed
annually in the United States alone. Although medical
an.d surgical developments have relentlessly advanced
this field, the educational and explanatory literature
regarding the evidence supporting those advancements
has lagged behind. This deficiency is made more pro
nounced by burgeoning pressure from the academic
medical community, third-party financiers, and members
of .the legal arena. Such growing responsibility to practice
evidence-based medicine requires physicians to under
stand and critique the millions of articles that have been
and continue to be published regarding the treatment of
head and neck diseases. Time constraints and the over
whelming number of trials, however, serve as daunting
obstacles for physicians who are now under such pressure
to adopt an evidence-based approach.

Our text is comprised of systematic reviews that
identify, summarize, and analyze the evidence regarding
management of diseases of the head and neck in adult
and pediatric populations. Sections on general otolaryn
gology' head and neck oncologic surgery, pediatric oto
laryngology, and otology are all included. Although we
adhere strictly to principles of evidence-based analysis,
we have also developed a user-friendly format to maxi
mize . the accessibility of the content. We succinctly
explain the contents and critique of the publications that
guide management of otolaryngologic disease. Each sys
tematic review provides "The Evidence Condensed" (©
Shin, Hartnick, Randolph, 2003) and distills weeks of
m~ticulous reading into portions that can be managed in
mmutes by busy clinicians and trainees.

EVIDENCE-BASED MEDICINE: WHAT IT IS AND
WHY IT IS HERE TO STAY

Evidence-based medicine is defined as "the conscien
tious, explicit, and judicious use of current best evidence
in making clinical decisions about the care of individual

patients [1]." The appeal of evidence-based medicine is
undeniable. Consider the following stark examples:
Should a patient be treated with one drug "because it's
what a colleague uses" when the patient could instead be
treated with a drug that has been proven to result in
decreased mortality as compared with placebo in ran
domized controlled trials (RCTs)? Given the choice,
~hich option will health care insurers fund? If a physi
cian were to be sued for malpractice, would he or she
have a better defense if he or she "had used a treatment
successfully during training" or if that treatment had
been proven to have both efficacy and minimal morbid
ity in repeated high-level clinical trials with similar
patients? It is because of the clear answers to these clini
cal, financial, and legal questions that the field of medi
cine has evolved toward the evidence-based approach.

In fact, as one author notes, we exist in an environ
ment "wherebyexternal pressures have changed clinical
r~~earch from a cerebral pursuit to a necessity for prac
titioner autonomy and economic survival [2]." Indeed,
e~i~ence-based methodology has permeated day-to-day
clinical practice. Clinical practice guidelines based on the
best evidence available have been implemented in aca
demic institutions and private practices around the globe
[~-5]. Also, health care insurers consistently review and
CIte the published literature when evaluating new or even
currently covered interventions. Otolaryngologists have
frequently been asked to document treatment outcomes
for third-party payers and managed-care organizations
[6]. Furthermore, as of 2002,42 states provided a process
through which consumers could appeal denials of cover
age by their health care plan to independent reviewers of
the evidence [7]. Likewise, pharmaceutical companies
~ace. rigoro~s evidence-based review when attempting to
justify the Inclusion of their products within an institu
tion's formulary. These changes are only the beginning.

This transformation will continue because there is
also a concerted effort to push medical education toward
an evidence-based approach. Medical residency pro
grams have incorporated these concepts into their train
ing p.rograms,. ~nd academic institutions have actively
recruited physicians who practice evidence-based medi
cine into teaching roles in their hospitals [8]. In addition,
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the editors of the Journal of theAmerican Medical Asso
ciation, a periodical with 365,000 subscribers, chose to
feature a series of articles specifically designed to educate
physicians on the principles and practices of evidence
based medicine [8]. Also, through an initiative of the u.s.
Department of Human and Health Services Agency for
Healthcare Research and Quality, twelve Evidence-Based
Practice Centers have been established in the United
States. These centers serve to educate current and emerg
ing clinicians through evidence-based practice and
research. Likewise, Centers for Evidence-Based Medicine
have been founded in the United Kingdom and in
Toronto, Canada. With this growing commitment of the
medical field to the evidence-based approach, there
promises to be a continually increasing need to conduct
our practices on the basis of firm knowledge of the results
of clinical trials. This need places an onus on physicians
to base their management decisions on an understanding
of the meaning and strength of the results of clinical
trials.

CLINICAL DATA: THE CONTENT AND
CREDIBILITY OF THE RESULTS

Evidence-based practice ultimately stands on three legs:
clinical data, clinician judgment, and patient preference.
For most physicians, the most daunting aspect of evi
dence-based medicine centers around the data. The data
must be understood on two levels; both the content and
credibility of published results are key. We'll begin with
the former, the content of the results.

The Content of the Results. The content of the results
is defined by the outcome measures used in the study.
These outcome measures are critical, as they ultimately
determine the clinical meaning of the results and the
way in which they are numerically summarized and
analyzed.

Clinical Meaning of Outcome Measures. The clinical
value of results is influenced by the immediate relevance
of the outcome measure. Some results can be measured
directly, such as decannulation after tracheotomy. Some
results, however, are harder to measure directly (i.e.,
improvement in nocturnal breathing after uvulopalato
pharyngoplasty) and a surrogate endpoint or representa
tive parameter must be chosen in its place (i.e., respiratory
distress index). Such surrogate endpoints should be
directly related to patient-oriented outcomes in order to
maximize the clinical value of the results [9].

The exactness of results also contributes to their
clinical value. Some outcomes are clearly defined, with
minimal room for error in interpretation (i.e., survival).
Other outcomes, however, are less clearly delineated (i.e.,
throat infections). In a well-designed study, any poten
tially ambiguous outcomes are rigorously defined (i.e.,

each throat infection was documented and had ~1 of the
following: PO temperature >38.3°C, lymphadenopathy
>2cm or tender, tonsil/pharyngeal exudates, group A
beta hemolytic streptococcus positive, antibiotics for
proved/suspected streptococcal infection [10]). Precisely
measuring an outcome permits the study results to be
understood with complete certainty, maximizing their
utility for a clinician attempting to apply them to his or
her practice.

In some cases, additional tools are needed to ensure
the exactness and accuracy of subjective results. Such
tools are necessarywhen measuring quality oflife. Quality
of life is a broadly defined concept that encompasses how
patients feel and function on multiple levels. Overall
quality of life is affected by economic, emotional, spiri
tual, physical, mental, and other factors. A person's health
status, or their personal condition because of bodily
afflictions or lack thereof, is just one of these issues that
affects people's well-being. As physicians, however, our
main interest lies here, and thus we focus on that aspect
of personal welfare that is affected by health status,
or health-related quality of life.

When measuring health-related quality of life, inves
tigators will ideally use a rigorously tested questionnaire,
which is usually referred to as an instrument. A validated
instrument has been tested to ensure that the following
are true: 1) it measures what it is intended to measure
(convergent validity, i.e., scores on a valid test of arith
metic skills correlate with scores on other math tests),
and 2) it does not inadvertently measure irrelevant
changes (discriminant validity, i.e., scores on a valid test
of arithmetic do not correlate with scores on tests of
verbal ability) [11, 12], 3) its scores are stable (reliability,
i.e., a patient with the same disease impact will continue
to have the same response), and 4) it is sensitive to change
(responsiveness, i.e., a patient with a change in disease
impact will have a changed score). Overall, this means
that the validated instrument does in fact measure what
it is meant to measure when it is administered to the
correct population.

Instruments can be global or disease-specific [9].
A global instrument measures overall quality of life and
may be used to determine the impact of many different
diseases. Examples include the Short Form 36 (SF-36)
and Child Health Questionnaire (CHQ). A disease-spe
cific instrument, in contrast, is explicitly intended to
measure the impact ofone disease only. Examples include
the Otitis Media 6 (OM-6) and Sinonasal Outcome Test
20 (SNOT-20). Often, both types of instruments are used
in the same study to provide complementary data. By
using these validated instruments, investigators strictly
delineate the contents of their results.

Numerical Summary and Analysis of Outcome
Measures. The outcome measures determine how the
results are numerically summarized, as well as the type
of quantitative analyses that can determine the statistical
significance of the results. Every numerical outcome



measure can be categorized as one of three types of vari
ables, each of which is summarized and analyzed in stan
dard ways. First, some outcome measures are like weight
or oxygen saturation; these values are numeric with an
inherent order and the incremental differences between
numbers are equal. Values with these properties are
defined as continuous variables and they are summarized
in terms of means with standard deviations or medians
with ranges. Continuous variables are analyzed using
Pearson correlation coefficients, paired or independent
r-tests, and analyses of variance [13].

Second, some outcome measures are like tumor
staging or House-Brackman scores; they are categorical
with an inherent order, but incremental differences
between adjacent categories are not necessarily equal. To
use the tumor staging example, a T2N1MOparotid tumor
is in a well-defined category. Such a tumor is also clearly
less worrisome than a T4N3M1 tumor, because there is
an inherent order to the staging. The difference between
a T2 and a T3 tumor, however, is not the same as the
difference between a T3 and T4 tumor, because incre
mental differences between categories are not necessarily
equal. This type of variable is called an ordinal variable,
and ordinal results are summarized in terms of medians
with ranges or proportions and percentages. Ordinal
variables are analyzed using Spearman correlation coef
ficients, kappa statistics, signed rank tests, Wilcoxon rank
sum tests, and Kruskal-Wallace tests [13].

A third kind of outcome measure includes items like
color or shape; they describe discrete categories with no
order. A triangle, circle, and pentagon are clearly defined,
but do not have an inherent order as no shape has more
inherent value than the other. This type of measure is
called a nominal variable, and nominal results are sum
marized in terms of proportions, percentages, and ratios.
Nominal variables are analyzed with the following statis
tical tests: McNemar's, kappa, Fisher's exact, and chi
squared [13]. A dichotomous or binary variable is a
particular type of nominal variable that has only two
possible categories (gender, yes/no). Dichotomous data
are often described in terms of an odds ratio, relative risk,
or rate difference. A rate difference, also referred to as an
absolute risk reduction, is a particularly useful measure,
because it can also be used to calculate the number
needed to treat. All of these terms, in addition to many
others, are described in detail in Chapter 3, "English
Translations of Common Statistical Terms and Study
Designs."

Analysis of Diagnostic Testing. Four key concepts
define the utility of a diagnostic test: positive predictive
value, negative predictive value, sensitivity, and specific
ity. The positive predictive value is a measure of how
much a positive test result can be trusted. This value
defines how often a positive test result is correct; of values
that test positive, it is the proportion of values that is
actually truly positive. For example, the positive predic
tive value of a coagulation test for post-tonsillectomy
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bleeding is 0.02 or 20/0 (see Chapter 4.D). This means
that 20/0 of children who have a positive test result (i.e.,
abnormal coagulation test) will actually bleed.

Conversely,the negative predictive value is a measure
of the truth in a negative test result, and defines how
often a negative test result is correct. Of values that test
negative, it is the proportion of values that is actually
truly negative. For example, the negativepredictivevalue of
preoperative coagulation testing for post-tonsillectomy
bleeding is 0.92 or 92% (see Chapter 4.D). This means
that 920/0 of children who have a negative (normal) test
will not bleed postoperatively.

The positive and negative predictive values are also
influenced by the prevalence of disease, according to
Bayes theorem. The concept underlying this theorem is
that if a disease is more prevalent, then the positive pre
dictive value is higher. Consider the following example:
The test of looking at hairs on the floor is used to deter
mine the hair color of the person who lives in a house.
For example, black hairs on the floor mean that the
person who lives there has black hair. This particular test
result (black hairs on the floor) is very likely to be a true
positive (the person who lives there actually has black
hair) in China, where the vast majority of people have
black hair (high prevalence). The exact same test result
(black hairs on the floor), however, is more likely to be
wrong (the person who lives there does not have black
hair) in Scandinavia, where fewer people have black hair
(low prevalence). Thus, the prevalence (pretest probabil
ity) affects the predictive value of a test.

Sensitivity and specificity are additional ways to
measure the performance of a diagnostic test. Sensitivity
is defined by the proportion of patients who truly have
a disease that test positive for that disease. A high sensi
tivity means that a negative test result rules out the diag
nosis. In other words, the false-negative rate is low. To
better understand this meaning, consider how sensitivity
is calculated: sensitivity =true positives/ (true positives +
false negatives). If the number of false negatives is 0,
sensitivity is 1000/0. Also, because all patients who truly
have disease must test as either a true positive or a false
negative, if the number of false negatives is 0, then all
patients who have disease must be true positives. Thus,
in general, a high sensitivity also means that the screening
test is a good predictor of those with disease. For example,
the sensitivity of laboratory coagulation screening in
identifying children who will develop post-tonsillectomy
bleeding is 0.09, according to one study (see Chapter 4.
D.2). This means that 90/0 of patients who will truly
develop post-tonsillectomy bleeding will have an abnor
mal coagulation panel (positive test). The sensitivity is
low, which suggests that a positive test may not be a good
predictor of postoperative bleeding.

Specificity is the proportion ofpatients who truly are
disease-free that test negative for that disease. A high
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Positive predictivevalue= true positives/(false positives + true positives)
(also influencedby pretest probability, i.e.,prevalence)
Negative predictivevalue= true negatives/(false negatives + true
negatives) (also influencedby pretest probability, i.e.,prevalence)
Sensitivity =true positives/(true positives + false negatives)
Specificity =true negatives/(true negatives + false positives).

specificity means that a positive result rules in the diag
nosis. In other words, the false-positive rate is low. To
better understand this meaning, consider how specificity
is calculated: specificity = true negatives/(true negatives
+ false positives). Thus, if the number of false positives
is 0, then specificity is 1000/0. Also, because all patients
who truly do not have disease must test as either true
negatives or false positives and if the number of false
positives is 0, then all patients who do not have disease
must be true negatives. Thus, in general, a high specific
ity also means that the screening test is a good predictor
of those without disease. For example, the specificity of
laboratory coagulation screening in identifying children
who will develop post-tonsillectomy bleeding is 0.98
according to one study (see Chapter 4.D.2). This means
that 980/0 of patients who will not develop postoperative
hemorrhage will have a normal coagulation panel (nega
tive test). The specificity is high, which suggests that
a normal panel is associated with no bleeding.

A 2 X 2 table helps further illustrate these four key
concepts of positive and negative predictive value, sensi
tivity, and specificity:

The Credibility of the Results. The credibility of data is
determined by the design of the study that produced
them. Ideally, a study design ensures that only a truthful
answer to the posed clinical question is obtained. A
perfect study would show that an intervention (i.e., oral
steroids) unequivocally caused an effect (i.e., regression
of nasal polyps). A perfect study is flawless, and as such,
is defined in terms of the flaws it lacks, just as a perfect
test score is defined by the errors it lacks. Study flaws can
occur because of chance (i.e., statistical probability) or
confounding and bias (i.e., unwanted interference from
ancillary factors). Both types of flaws detract from the
quality of a study. We will consider errors from statistical
probability first.

Susceptibility toErrors from Chance. A study may prove
that a hypothesis is wrong, when in reality that hypoth
esis is right. Sometimes such an error occurs purely as a
result of chance. There may be no human vice involved;
it can just be bad luck. Consider the null hypothesis,
which states that there is no difference between the
groups being compared. In reality, this statement is often
true, but even a well-designed study has a certain chance

of inappropriately rejecting it. With this knowledge, it is
imperative to determine whether a reported result has a
high likelihood of being the actual real-life result. If that
likelihood is low, the study's results have low credibility.

To illustrate one type of error that may occur purely
because of chance, consider a hypothetical study that
determines whether the two sides of a penny are the
same. In this hypothetical study design, the coin is flipped
repeatedly to determine whether the outcome is all heads,
all tails, or a combination of the two. If the penny has
heads on both sides (i.e., there is no difference and the
null hypothesis is true), then the coin flip study design is
ideal. The flip outcome can only be heads, which will
eventually lead to the conclusion that there are heads on
both sides. In this scenario, there is no chance that the
coin flips will find a difference when in reality the two
sides of the penny are the same. Unfortunately, clinical
trials are not as straightforward. With clinical trials there
is such a possibility, where no difference is found,
although in reality a difference is present. Type 1 error
(the alpha level) is the probability that a study finds
a difference when in reality no difference exists (i.e., the
probability of rejecting the null hypothesis when in actu
ality the null hypothesis is true).

Next consider using the same study design in a dif
ferent scenario, with a normal penny with a head side
and a tail side. Using only coin flips, we might have flip
outcomes of all heads or all tails. Such uniform outcomes
would lead to the wrong conclusion about whether the
coin has two heads, two tails, or both. In this scenario,
the study could find that there is no difference in the two
coin sides, even though in reality a clear difference exists.
The same type of error may occur in clinical trials; it is
possible that a study may find that there is no difference
in outcome with or without surgery, when in actuality
surgery results in a very different outcome. The probabil
ity that the study finds that there is no difference when
in reality a difference exists (i.e., the probability ofaccept
ing the null hypothesis as true when in actuality the null
hypothesis is false) is called a type 2 error or the beta
level.

All is not lost, however, because there is still a pos
sibility that a true difference will be accurately identified.
The probability that a study will find a difference that
actually exists is called the power of a study. Often, you
will see power defined in the context of type 2 error as
(I-beta). The power of a study depends on multiple
factors, beginning with the sample size. One thousand
coin flips that show tails are more likely to mean that the
coin actually has tails on both sides, as compared to three
coin flips that show tails. Therefore, a study's susceptibil
ity to error from chance is partially controlled by the
investigators. Power is also influenced by the alpha level
(see above), which is by convention set at 0.05, or a 50/0
probability of inaccurately rejecting the null hypothesis
because of chance alone. In addition, power depends on
the magnitude of difference deemed clinically significant
(the delta level); as the delta level increases, the power

False positives
True negatives

Negative fordisease

True positives
False negatives

Positive for disease

Positive test result
Negative test result



increases. Therefore, the same study may have a high
power for finding a large difference in two populations
but a low power for detecting a small difference. In addi
tion, power depends on the final outcome measurements
and a calculation of their variance. Because some of these
measurements will not be apparent until the study is
completed, investigators must rely on estimates when
attempting to ensure that a planned study is adequately
powered. Here, preliminary data from previous studies
proves invaluable, because it provides those very esti
mates. Although investigators cannot control some
factors, they need to estimate them in order to predict
the number of patients necessary to achieve an accept
able power (90 % ) to detect a clinically significant
outcome. In doing so, they increase the probability that
their study will correctly reject the null hypothesis.

Susceptibility to Errors from Confounding and Bias. As
previously stated, a perfect study is ideal because of the
flaws it lacks. In a perfect study, nothing would get in the
way of the examination of cause (the intervention of
interest) and effect (the outcome of interest). This is real
life, however, and sometimes things do get in the way.
Sometimes other factors besides the intervention can
cause the same outcome of interest. Furthermore, some
times the way in which the intervention or its effects are
made or studied can affect the measured outcome of
interest. With this concern in mind, we will next discuss
management of confounders, minimizing bias, and the
use of a control group.

Sample size influences the power of a study.

To understand this concept, consider a coin flip example in
which you are given a coin that has either two heads or one
head and one tail. If you flip that coin twice and get heads
twice, you have demonstrated no difference, but your con
fidence in saying that both sides are heads is quite attenu
ated by the fact that you only did two flips. This example is
analogous to a low power study; the low number of flips
(i.e., low sample size) gives low confidence that you would
have found a difference in the two sides of the coin. Instead,
if you were to flip that coin 10,000 times and get heads every
time, then you could say with great confidence that there
were heads on both sides, because it would be so unlikely
to demonstrate no difference 10,000 times if one side was
in fact different from the other. This example is analogous
to a high power study; the high number of coin flips (i.e.,
high sample size) giveshigh confidence that you would have
found a difference in the two sides of the coin.

A potential confounder is a factor that can cause the
same outcome as the intervention of interest. A factor is
said to be confounded with another factor if it is impos
sible to discern which of the two is responsible for the
observed effect [14]. With confounding, a measure of
the effect of the cause under investigation is distorted
because of the presence of other potential causes of the
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same effect [15]. In addition, the confounding variable
may be associated with the intervention of interest,
further complicating matters [16].Consider studying the
impact of antibiotics on post-tonsillectomy pain. Other
factors besides antibiotics-such as surgical technique,
anesthetic regimen, and use of steroids-may also influ
ence postoperative pain, and could confound the results.
When confounders are present, a singular cause and
effect cannot be demonstrated. Therefore, a high-quality
study will try to eliminate confounders or at least care
fully account for them. Randomization is one way of
carefully accounting for confounders, by ensuring that
they are at least balanced in the two groups being com
pared. In fact, the first table in the results section of a
well-reported RCT usually details potential confounders
and demonstrates that they were distributed similarly in
all of the groups that were compared. If such confound
ers are not managed properly, then no cause and effect
can be demonstrated; the study's conclusions must then
be limited to drawing correlations between the interven
tion and outcome. These correlations cannot be used as
proof of the intervention's effects, although they may be
used as just cause for further higher-level study in which
confounders will be carefully controlled.

Study techniques can artificially push the outcome
in one direction, preventing a neutral demonstration of
cause and effect. Bias is simply an error in the technique
of selecting subjects, performing procedures, measuring
a characteristic, or analyzing and reporting data [14]. In
clinical research, bias does not imply stubbornness or
willful deceit as in colloquial speech, and many varieties
of research bias have been described [15, 17, 18]. Bias can
occur in many forms while performing a study. Selection
bias occurs when study subjects are improperly chosen.
For example, in a study of the impact of antibiotics on
adult pain after tonsillectomy, choosing only stoic patients
to receive antibiotics would bias results. Worse, if you
were comparing this group to a control group that did
not receive antibiotics, and only put timid patients in that
second group, selection bias would be even more egre
gious. Another type of bias is performance bias. Perfor
mance bias occurs when there are inconsistencies in the
care that is provided or exposure to other factors apart
from the intervention of interest. Performing tonsillec
tomy with electrocautery in the group receiving antibiot
ics while performing cold tonsillectomy in the control
group, for example, can bias results. Detection bias may
also be present, where there is a partiality when assessing
the outcomes. Perhaps the best-known form of detection
bias is expectation bias, in which expecting a certain
result can influence the result itself. Continuing with the
antibiotics for tonsillectomy example, those in the anti
biotic group might expect to have less pain than the
control group. This expectation alone can actually result
in less pain. This expectation bias can be eliminated by
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administering a placebo to the control group and blind
ing both patients and physicians.

Other types of bias may occur during the analysis,
interpretation, and even publication of results. The com
pilation of data may be plagued by attrition bias, which
results from an excess amount (>200/0) of patients lost to
follow-up. Using our ongoing example, if only 1% of the
patients return to report their postoperative pain, the
results from the other 990/0 patients could have easily
outweighed the results from the returning 10/0, so the real
result remains unknown. In addition, bias may result
from not including data from patients who withdrew
from the study because of treatment failure. To counter
act such bias, an intention to treat analysis is ideally
performed. In an intention to treat analysis, results are
reported in terms of the original treatment groups
regardless of whatever happened to subjects subsequent
to their enrollment in the trial. For example, in a trial in
which patients undergo radiation therapy versus surgical
resection for laryngeal carcinoma, the survival outcome
for a patient who was originally treated with radiation
should be included with the data for the radiation therapy
group, even if that patient subsequently required surgical
resection. When results are being interpreted, a correla
tion bias may occur when correlation is equated with
causation. For example, in a retrospective study of sur
vival rates in patients treated with or without chemo
therapy, it may be that chemotherapy is correlated with
worse survival rates. This does not, however, mean that
chemotherapy causes death. It may simply be that che
motherapy was recommended in more advanced cases.
Finally, bias may even occur in the publication stage.
Publication bias in the otolaryngology literature has
favored the acceptance and publication of reports of
studies showing a difference in outcome in two groups,
making it less likely that reports showing no difference
between two groups will be distributed. Overall, bias can
occur at multiple crucial junctures, and may be seen not
only while performing the study, but also when its results
are compiled and reported.

The use of a control group can be an effective way
to thwart many of these biases. A control group is used
to provide a measure of what happens without the inter
vention. This control measure allows comparison of the
intervention group to a group that is ideally similar in
every other way. Confounders that cannot be eliminated
are at least balanced in each group. Likewise, patient
selection, performance, outcome measurements, and
analysis can be implemented in the same way in both
groups to minimize bias. Ideally then, the addition of
control subjects results in two groups that are the same
with the exception of the intervention. If so, then the
intervention is the only difference that can account for a
difference in their outcomes. If the intervention is truly
the only difference between the two groups, then a true

cause and effect is likely to be demonstrated. Therefore,
the presence of a control is better than none. Also, in
those controlled studies, the strength of the work is con
tingent on how well confounders and bias are accounted
for and balanced between the two groups.

Managing all of these factors poses quite a challenge,
however, and can be nearly impossible when the inter
vention has already been performed. It is because of this
very reason that retrospective studies have inherent flaws;
with retrospective studies, it is impossible to remove
biases in selection, expectation, and detection, among
others. In a prospective study, investigators can at least
plan ahead to account for potential confounders and
bias. They can arrange to use methods that minimize
bias in selecting patients or collecting data. Even then,
however, there may be potential biases or confounders
that lie beyond the imagination of the study coordinator
or anyone else for that matter. With this concern in mind,
the randomized controlled study was born. Because
patients are randomly assigned, confounders that are
known or even unknown are likely to be balanced between
the intervention and control group. Therefore, the man
agement of confounders and bias is heavily dependent
on the study design, which ultimately determines the
level of evidence that a study provides.

LEVELS OF EVIDENCE: WHAT THEY ARE AND
WHY SOME ARE BETTER THAN OTHERS

One of the challenges in reviewing the literature lies in
bringing order to the assortment of articles that are rel
evant to each clinical query; approaches and results
among articles may be similar or conflicting. The use of
previously established levels ofevidence for ranking pub
lished data helps readers understand the reliability of
different reports. Using these levels also has the added
benefit of providing guidance regarding the conclusions
that can be drawn and the strength of recommendations
made based on the reported data [2, 19,20]. These levels
and their implications are as follows:

Level 1 evidence includes RCTs or meta-analyses
of RCTs. RCTs are the gold standard in study design,
with randomization ideally removing unintended differ
ences in the intervention and control groups before treat
ment. By using randomization to prevent bias in
allocating patients to one group or the other, different
results in the two groups may be attributed solely to
either the intervention or lack thereof in the control
group. Bias may be further minimized with this study
type by blinding patients and caregivers to the type of
intervention whenever possible. RCTs provide the stron
gest evidence for showing a direct cause and effect, and
it is the best design to test the efficacy of the treatment
in question. Recommendations based on RCTs are con
sidered Grade A.

Level 2 comprises prospective studies with an
internal control group or a meta-analysis of prospec
tive controlled trials. In this type of study, plans are



made before patient care begins. A predetermined
research protocol is used to assign patients to an inter
vention group or a control group. Usually, this internal
control group parallels the group that receives the inter
vention of interest in every way except for lacking that
intervention. A premeditated standardized method of
data collection is used to gather results. Without ran
domization' the investigator is responsible for regulating
potentially confounding variables that may produce mis
leading results. In addition, conclusions of the study
must be tempered based on potential confounders that
could not be regulated. Recommendations based on pro
spective controlled studies are appraised as Grade B.

Level 3 includes retrospective studies with an in
ternal control group or a meta-analysis of retrospective
controlled studies. In this study design, the analysis is
planned after patient care is already complete. For
example, in a retrospective "case control study," records
are reviewed to find subjects who had an outcome of
interest (i.e., survival); these subjects constitute the "case"
group. Then records are reviewed to find patients who
did nothave the outcome of interest (i.e.,did notsurvive);
these subjects constitute the "control" group. Ideally,this
"control" group is matched to the "case" group as closely
as possible except for the outcome (i.e., similar stage NO
oral cavity carcinoma with primary surgical treatment in
both groups). The proportion of each group that was
exposed to a certain intervention is then compared (i.e.,
neck dissection as part of initial therapy). This study
design is prone to selection bias, so the investigator must
minimize potentially confounding differences between
the "case" and "control" groups to optimize the validity
of the results. Recommendations based on retrospective
controlled studies are also ranked as Grade B.

Level 4 studies are case series with no internal
control group. With this type of study, the results of an
intervention are reported in one group of patients
without a comparison group; there is no report of a
group that received either no intervention or a different
intervention to place the results in context. It is purely a
descriptive account, and as such, can only suggest cor
relations between the intervention and outcome. Alone,
a study of this level cannot prove cause and effect, but it
can document the potential for good outcome with a
particular intervention. The most prudent use for this
study design is to suggest hypotheses for higher-level
study. Recommendations based on level 4 studies are
considered Grade C.

LevelS includes reports ofexpert opinions without
explicit critical appraisal or on the basis of physiology
or bench research alone. This designation is not meant
to demean scientific research or the wisdom that follows
from years of education and experience. In fact, it is
because of the richness of these resources that medical
advancements are initially conceived. With this potential,
these opinions provide hypotheses that are worthy of
higher-level study. Recommendations based on level 5
reports are deemed Grade D.
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There are certain study designs that do not fall obvi
ously into one of these 5 levels.After consultation with the
Centre for Evidence-BasedMedicine (the originator of the
levels of evidence), we have leveled certain potentially
ambiguous or controversial studydesigns in the following
ways. In general, studies comparing preoperative results
versus postoperative results for a single procedure could
be level 2, 3, or 4. In order to be level 2, the study would
need to be prospective and evaluate preoperative versus
postoperative results in a selected subpopulation cohort
(i.e., a population with a uniform disease process). For
example, a prospective study of patients with chronic
sinusitis who undergo sinus surgery, with prospective
measurement of performance on preoperative versus
postoperative quality of life instruments, would provide
prospective comparative data from a selected subpopula
tion cohort, and constitute a level 2 study. In contrast, a
prospective study of children who have undergone ade
noidectomy for various indications, with prospective
measurement of sinus-related quality of life instrument
compared with population norms, would provide level 4
evidence (i.e., a non-specific population cohort with no
internal comparative group). Retrospective studies with
strong statistical and confounder-conscious comparisons
between preoperative and postoperative results for a
patient population with a uniform disease process (i.e.,
focus on tonsillectomy for sleep apnea specifically) were
considered level 3. Meanwhile, retrospective studies with
comparison of preoperative versus postoperative results
for a procedure in general (i.e., sinusitis-related quality
of life for all comers who underwent adenoidectomy,
whether for chronic sinusitis, nasal obstruction, or
suspicious mass) were considered level4.

Although it might appear on first glance that only
level 1 evidence should be considered acceptable, this
idealized notion is not always practical, especially for a
surgical subspecialty. Patients may hesitate to accept ran
domization to surgical treatment, and we frequently treat
less-prevalent diseases, making it difficult to attain the
sizable patient pool necessary to perform an ReT of
adequate power. The truth is that not all otolaryngologic
interventions can realistically be evaluated by level 1
studies. Therefore, if level 1 studies cannot be made avail
able, level 2 studies must suffice. Likewise, if levelland
2 evidence cannot be achieved, then level 3 evidence is
the best choice, and so forth. As one author summarized
it, ''Any grade of evidence is a valid platform on which to
base decisions, but only to the extent that higher grades
of evidence are unavailable [2]:'

SYSTEMATIC REVIEWS: THE PROCESS
AND THE APPEAL

The goal of a systematic review is to assess the literature
critically to see if a particular clinical question can be
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answered through rigorous analysis of the available data.
This type of review includes not only the detailed results
of relevant clinical trials)but also an analysisof the valid
ity of those results. A well-designed systematic review
renders transparent the methodology of each of the
studies included by focusing on the critical issues
described above: the choice of outcome parameter) the
chance of statistical errors) and the potential for con
founding and bias. It differs in several fundamental ways
from a traditional narrative review) and the next section
addresses these concepts in detail.

A Systematic Review Differs from a Traditional Narra
tive Review. A systematic review differs in several key
ways from a traditional narrative review. First) tradi
tional narrative reviews often vary depending on the
author. In fact) journals often solicit back-to-back nar
rative reviews to showcase two different opinions regard
ing management options (i.e.) total versus
hemithyroidectomy for low-risk papillary thyroid carci
noma). In contrast) a systematic review is designed to
minimize personal predispositions. Reproducible
methods are used to produce reproducible results) and
at least two authors participate in each review to cor
roborate findings and minimize inadvertent bias.

Second) in a traditional narrative review) any variety
of published articles may be cited-so in a worst case
scenario) five low-quality studies that support a point
may be showcased) leaving the reader unaware of 100
high-quality studies with opposing results. A systematic
review) however) gives a guarantee of thoroughness:
methodical searching techniques ensure that all po
tentially relevant data are considered) and the article
selection process is explained in detail so that any
skeptical reader can verify the thoroughness for
themselves.

Third) a traditional narrative review typically reports
results of relevant trials and whether they were statisti
cally significant. In addition to these two features) a sys
tematic review also gives an assessment of how credible
any touted differences are) with emphasis placed on the
most credible results.

Finally) a traditional narrative review provides a
summary of the practice considerations of the author. A
systematic review provides a summary of the published
data) to whom they apply)and more so than a traditional
narrative review) it empowers readers to make their own
decisions based on knowledge of the strength of the data.
Overall) a systematic review provides many benefits) and
in order to obtain them) multiple methodical steps are
involved. Next) we provide a brief explanation of those
steps.

The Systematic Review Process.
1. Define a focused clinical query.

In a systematic review) well-defined methods are used
to search and evaluate all published data on a focused
clinical query [19) 21-23]. These focused clinical
queries are stated in terms of a patient population)
intervention versus control) and outcome of interest.
Consider these examples: In children <18 years old
with recurrent pharyngitis (patient population), does
tonsillectomy (intervention) or no surgery (control)
result in fewer episodes of sore throat (outcome of
interest)? In adults with stage NO oral cavity carci
noma (patient population), do supraomohyoid neck
dissection (intervention) and modified radical neck
dissection (control) result in similar survival rates
(outcome of interest)? The narrow focus of each sys
tematic review allows specific hypotheses to be tested)
and defining that focus is the initial step in this
process.

2. Perform a comprehensive search of the literature.
The next step in the process of systematic review is
the identification of all relevant papers. First) before
the literature search) meticulous inclusion and exclu
sion criteria are defined in order to provide a method
ical) impartial means of article selection. Those
inclusion/exclusion criteria are defined by the hypoth
esis developed in step 1. For example) inclusion crite
ria may require the presence of 1) a study population
of children ~18 years old undergoing tonsillectomy)
2) intervention with single-dose dexamethasone
versus placebo) 3) measurement of the number of
episodes of postoperative emesis)4) follow-up time of
at least 3 postoperative days. Accompanying exclu
sion criteria could be: a) children undergoing ade
noidectomy alone) b) intervention with oral steroids)
c) intervention with local injection of steroids) d)
intervention with steroids and a second agent) e)
outcome of subjective nausea only)without specifica
tion of episodes of emesis. These criteria are reviewed
and approved by an expert in the field.

Next) a search strategy is used which is designed to
include all potentially relevant studies. First) a com
puterized search is performed) mapping terms to
subject headings and exploding terms so as to include
all related subheadings. Second) using the inclusion/
exclusion criteria) the first round of studies is selected.
Third, the bibliographies for each of these studies are
manually checked and any potentially relevant articles
are reviewed to see if they meet inclusion/exclusion
criteria. This step inevitably yields further articles) so
fourth, the bibliographies of these new acquisitions
are again manually checked. Fifth) this process is
repeated until all appropriate articles have been iden
tified. Finally) the technique and results of this search
process are documented, allowing another investiga
tor to duplicate the process.

3. Assess the quality of studies that meet the review's
inclusion/ exclusion criteria.
Once all of these relevant papers have been collected)
the quality of each study's design is determined) even



before the related results are considered. This process
is partially accomplished by determining the level
of the methodology (see "Levels of Evidence" above).
The quality is also determined by how well the
methods minimize bias and control potentially con
founding variables (see "Credibility of Results"
above). The precision of outcome measurements and
power of the given sample size and variability are also
important (see "Content of Results" above). In addi
tion, depending on the clinical query, other factors
such as adequacy of follow-up time are also crucial.
The highest-quality studies are identified for empha
sis within the review.

4. Extract and analyze the results.
Once their quality has been determined, the results
are analyzed. The outcomes of interest are extracted
for the endpoints determined at the outset of the
review process. In some cases, the outcome measures
are similar enough, even in different studies, to allow
pooling of the data. This statistical pooling of data can
provide an estimate of the main effect of the interven
tion being reviewed. This pooling process is called
meta-analysis, and usually incorporates the results of
RCTs, yielding data that are representative of all of the
included study populations [24-27]. Often, however,
the data are not suitable for meta-analysis, because of
inconsistencies in the outcome measurements or lim
itations of the study designs. When this is the case, no
statistical pooling is performed, but data are method
ically presented and a rigorous qualitative analysis is
performed.

The Appeal of Systematic Reviews. With all of the
meticulous steps involved, incorporating systematic lit
erature reviews into one's practice can be a daunting task
for the individual clinician, especially given the sheer
quantity of medical articles peer selected for publica
tion-approximately half a million registered on
MEDLINE in 2002 alone. In fact, just tackling the pleth
ora of recommendations on how to best search the lit
erature and synthesize data can be a lengthy process, with
multiple journal series and entire books dedicated to this
subject alone [1, 8, 19, 28]. Therefore, individual clini
cians are usually logistically unable to complete their
own analyses of the evidence base for every clinical query
within the myriad of diseases that they treat. Despite this,
they are still responsible for maintaining their proficiency
in these matters. Time constraints, together with mount
ing pressure from the medical community and third
party groups to adhere to evidence-based practice
standards, make thorough, concise, unbiased reviews of
the most relevant literature very desirable. In accordance
with this, systematic reviews of the literature, often
including a numeric meta-analysis of combinable data,
havebecome increasingly paramount. In fact, the number
of MEDLINE articles containing "meta-analysis" as a
keyword or subject heading increased from 247 in 1989
to 739 in 1997 [29] to 1563 in 2002.
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Performing just one systematic review of the litera
ture relevant to a clinical query usually takes days to
weeks, or sometimes months, with MEDLINE searches
often yielding hundreds or thousands of potentially
related articles that must be considered. This work is well
worth it, though, as "the systematic review of the effects
of health care is the most powerful and useful evidence
available [19]." The potential insight gained from a single
systematic review merits frequent selection for publica
tion or presentation. In this book, we perform 111 of
these systematic reviews. We use a process that allows us
to address a wide range of queries for which there is a
wide variety of quality and quantity of published articles.
We have invested many thousands of work hours into
in-depth searches and analyses of the literature regarding
a range of otolaryngologic topics, but with each system
atic review, we take a task that takes days and distill it
down to a concise, consistent format that can be under
stood in minutes. Please see our explanation of this
format in the following chapter.
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2 How to Use This Book

Jennifer J. Shin and Gregory W. Randolph

THE FORMAT

Our goal is to make evidence-based medicine-even
with its heavy reliance on data, statistics, and analyses
of clinical trials-as straightforward as possible for the
average busy clinician or trainee. Therefore, we provide
concise, consistently formatted synopses to maximize
rapid accessibility of our systematic reviews. This format
usually takes the form of a two-part layout:

1) The first part of this layout consists of a concise text
explanation (usually 1-2 pages) that describes the
data that is relevant to each clinical question. Within
this description, there are three sections that describe:
a) the methods of the systematic review, b) the re
sults, and c) the clinical significance and suggested
future reach directions. A summary statement begins
each section on the clinical significance and future
research.

2) The second part of this layout consists of tables that
break down and highlight the key points of the rele
vant studies. The length of the data in tabular format
depends on the number of studies that are relevant to
each review.

In a select group of systematic reviews, the outcome
measures are similar enough and the level of evidence is
high enough to allow numerical pooling of the data.
When this is the case, a third part is included in the layout
for that clinical question. This third part details one or
more meta-analyses, in which the data from all similar
studies is pooled to provide an estimate of the main
effect. These analyses include a description of the
methods, the results, and a sensitivity analysis.

In addition, we assess the quality of the entire body
of relevant data using a color-based rating system that
can be understood at a glance. Further details regarding
the format of this text, provided below, illustrate and
describe our format.

THE PRINCIPLES

First and foremost, we adhere to the principles of a rigor
ous evidence-based approach. Procedures for systemati
cally reviewing the literature have been carefully refined
and are well described [1-4], and we have adhered to
these guidelines: We pose focused, well-defined clinical
queries, and then thoroughly scrutinize the literature
electronically and manually. Unambiguous inclusion and
exclusion criteria are utilized when selecting articles rel
evant to each systematic review. Each criteria-meeting
article is then analyzed in terms of its study design and
susceptibility to confounders and bias (please see Chap
ters 1 and 3 for further explanations of these terms).
Finally, in addition to this discussion of the credibility
of results, the content of the results is presented. These
results are presented from each individual study, and if
possible, they are also numerically combined.

In addition, we assess the entire body of data that are
relevant to a particular clinical query. When doing so, we
use a system based on the categories of consensus that
have been used in the many previous and current edi
tions of the clinical practice guidelines of the National
Comprehensive Cancer Network, an alliance of 19 world
wide leading cancer centers [5]. The use of this system
highlights two key aspects of the reviewed studies: the
level of the evidence (as determined by the associated
study design) and the consensus (or lack thereof) of the
individual studies' results. Because we thought it was
essential to denote both of these aspects, we chose to
adopt a modification of this system, rather than simply
use the system that grades an entire body of evidence A
through D [6, 7]. Such a system focuses mainly on the
levels of evidence available; whereas there is a clear des
ignation for multiple studies of the same level with con
curring conclusions, there is less emphasis on ratings for
articles of varying levels and inconsistent conclusions.
The color-based system addresses this issue and is further
described on the subsequent pages.
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Layout Part One: The Text
A brief text summary of the relevant data begins each review.

The Chapter Topic Is Shown Here

The clinical query for each systematic review is defined in terms of an
intervention and outcome of interest for the patient population.

EVIDENCE METER: For use at a glance, the color indicates both the level and the consistency of evidence
currently available to address this clinical query.
Green : There is high-level evidence with uniform results.

: There is either low-moderate levels of evidence with uniform results or nonuniform results but no
major disagreement.
Red: There is major disagreement or on ly minimal low-levcl evidence available .

METHODS

The search strategy is described in detail, including the
databases accessed, the subject headings or keywords
used, and the dates included in the systematic review.
Also described are the inclusion and exclusion criteria
that ultimately determine which studies are selected.
These criteria are determined at the outset of the search,
and are designed to encompass all studies relevant to a
particular clinical query.

RESULTS

In this section, the content and credibility of the criteria
meeting studies' results are systematically reviewed.This
section is broken down into several subsections in order
to make the information as easily accessible and under
standable as possible.

Outcome Measures. Here, the outcome measures and
how they are defined are discussed. This section is par
ticularly important when considering outcome measures
that may have some element of variability or when mul
tiple studies use a variety of measures to evaluate the
similar outcomes.

Potential Confounders. Potential confounders and the
impact they may have on results are described briefly.
Further details regarding potential confounders are
reported in the adjoining table.

Study Design. The research methodology for the trials
is described and the most significant aspects of each are
critiqued. Adequacyof follow-up time, the useof masking
(blinding patients and physicians to the intervention),
and the power given a particular sample size are dis
cussed, In addition, the minimization of bias and con
found ing through randomization, comparison with a
control group, attrition rates, use of an intention to treat
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analysis,and distinctions between correlation and causa
tion are noted.

Highest level of Evidence. The results of each trial are
described here. When compared groups in high-level
trials have significant differences, rate differences and
numbers needed to treat are calculated for the reader.
The uniformity or nonuniformity of the studies' results
are addressed.Also,any limitations imposed by the study
designs are addressed.

Applicability. The patient population to which these
results apply are described here. This population is
defined by the inclusion and exclusion criteria for each
study, which are detailed in the adjoining table.

Morbidity/Complications. Any associated perioperative
complications and adverse effects of medication are
detailed here. If numbers needed to treat could be calcu
lated above,numbers needed to harm are provided when
the study data allow.

CLINICAL SIGNIFiCANCE AND
FUTURE RESEARCH

A brief summary statement begins this section. If a
meta-analysis is performed, then this section is moved
to follow that later analysis. In this section, the results
are placed in their clinical context, both in terms of the
particular clinical query and in terms of the chapter
subject in general. Expert commentary regarding the evi
dence and its potential meaning for practice is pro
vided.

Suggestions for future research are also provided.
Ways to potentially produce higher-level or more clini
callymeaningful evidence are proposed. In addition, any
study limitations imposed by the disease in question are
described.



Layout Part Two: The Tables
The tables highlight key points and facilitate quick comparisons between studies.

The Evidence Condensed : The evidence from each study is described in adjacent tables .

First autho r, Year of publicati on

Level of evidence (Study design )

Sample size

Results of intervention

Results of control

Measure of statistical significance

Conclusion

Follow-up ti me

Inclu sion cri teria

Exclusion criteri a

Patient cha ra cteris tics

Study regimens

Outcom e measure in det ail

Potential confounders

Further study detail s

Details of ana lysis

Morbidity/complications

Brief reference information is provided, so that studies may be easily identified
in the full bibliography at the end of each review.

The level of evidence and type of study design for each trial is provided to
present one quick means of assessment (See chapter 1 for more details
regarding leveling of evidence ).

The nu mber of patients with follow-up is shown (in the context of the
original num ber recruit ed when relevant) so attrition rates are apparent.

OUTCOMES

A num erical summary of the results with the intervention of interest is
reported.

A numerical sum mary of the results with a comparison or a control is also
noted to place the above results in context.

The presence or absence of a statistically significant difference between the
above results is noted. Since "p-values" are most familiar to the majority of
readers. we typically report these values.

The final conclusion of each study is summarized. In other words, the brief
bottom line for each study is here.

The results are always presented in the context of the reported follow-up time.

STUDY DESIGN

The inclusion criteria are described according to the original report so the
applicability of results can be determined.

The exclusion criteria are described so it is clear that the results may not apply
to all patients.

Furt her relevant details regarding the patient population are provided, such as
age or stage of disease.

The regimen for the intervent ion and control is prov ided in detail so it may
be easily reproduced by a practition er.

Details regardi ng the outcome measure are provided, so that it is clear exactly
how investigato rs tabulated any ambiguities.

Multip le rows of potential confounders are detai led so as to make clear how
well they were add ressed by each study.

There are also multiple rows of additional relevant study details such as
compliance and criteria for withdrawal.

Any concerns regarding the analysis, such as whether an intention to treat
analysis was performed, are also detailed.

The adverse effects of medications and any perioperative complications that
are reported are also tabulated.
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Layout Part Three: Meta-analyses
In a select group of systematic reviews, numerical meta-analyses are performed.

META-ANALYSIS

In a select group of systematic reviews, the outcome mea
sures are similar enough and the level of evidence is high
enough to allow numerical pooling ofthe data. When this
is the case, an additional part is included in the analysis.
This part details the meta-analysis of the data, which sta
tistically combines the data from all relevant studies to
provide an estimate of the main effect. The data that are
pooled and the methods used to pool them are shown.
Analyseswere performed using the random effectsmodel
with inverse variance or Mantel Haenszel weights, using
the Comprehensive Meta-Analysis or Stata statistical

software packages. In addition, a sensrtrvity analysis
is performed to show how or if results change with
various circumstances. Any potential effect of publica
tion bias (a bias that usually favors publication of positive
studies, i.e., reports showing a significant difference
between an intervention and control) is addressed by
determining the hypothetical impact of a number of neg
ative studies.

Each meta-analysis is described with text and tables.
Tables show the pooling of data and the relative results
of each included study.

REFERENCES

Additional Materials

HIGHLIGHTS

There is a full bibliography listing all cited references at
the conclusion of each review.

In certain clinical queries, highlights from the evi
dence or associated clinical knowledge are featured.
Relevant epidemiology, staging systems for disease,
and procedure classifications are among the informa
tion provided here.--------------_.......

Authors' note: Our goal has been to provide thorough, concise, factual, systematic reviews of the range of clinical queries regarding
the management of otolaryngological disease. In order to achieve this goal, we have collectively reviewed over 20,000 articles and a
priori developed the "Evidence Condensed" format (© Shin, Hartnick, Randolph, 2003) to maximize rapid accessibility of the most
relevant and highest qua lity data . There are, however, several imperfections in this work . First, our systematic reviews have been
performed as close to our publication date as possib le, but because of the logistics involved in completing, coordinating, and then
finally publishing such a large number of reviews, some were performed earlier than others. All reviews are dated, however, so that
the reader can easily determine the timing of the search. In addition, the search strategy and inclusion/exclusion criteria are provided
so that the interested reader can reproduce it in a future database to see if any further relevant studies have been published since our
review. Second, our reviews have been limited to studies available in the English language. It is an admittedly ethnocentric approach,
but one that was thought necessary to balance the challenges and limited resources available to produce this initial unique data-rich
publication. It is, however, a situat ion we hope to remedy in future editions where we will have a larger foundation and an even more
international authorship. Third, in the vast majority of clinical queries within our field, the number of relevant articles is manageable
enough to permit discussion of all relevant studies. In a minority of cases, however, there is an overabundance of evidence, with a
plethora of studies add ressing the same topic, but few studies reporting very high level data. In these cases, we have focused our reviews
on that highest level of evidence, according to the "Best Evidence" approach. Such cases are clearly described in the methods section.
In cases where there is an overab undance of evidence with non-uniform consensus, if the study designs and outcomes are similar
enough, and if the level of evidence is high enough, a meta -analysis is reported to obtain an estimate of the overall effect.
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3 English Translations of Statistical Terms, Study
Designs, and Methods of Analysis

Jennifer J. Shin, Christopher J. Hartnick, and Sandra S. Stinnett

This chapter contains plain-language summaries of sta
tistical terms, study designs, and methods of analysis. To
provide the quickest access to terms, they are arranged in
alphabetical order under each of these three headings. In
keeping with our goal of trying to present information
in a format that is easily accessible for readers, we have
broken down each explanation into parts, using the fol
lowing templates:

sired outcome). Step 2. Take the absolute value of Step 1,
i.e., if there is a negative sign, delete it.
For example: If 20% of people without intervention turn
purple, but 50% of people with intervention turn purple,
then the ARI of turning purple with versus without inter
vention is 50% - 20% =30%.
Related terms: rate difference, absolute risk reduction,
number needed to treat

Absolute Risk Increase
What it is: It is the absolute difference in the rate of
an undesired outcome with versus without a particul ar
intervent ion. It answers the question: How much did you
increase undesired outcomes by intervening?
What it means:A high absolute risk increase (ARI) sug
gests that the interventio n's undesired effect is strong,
whereas a low ARI suggests that the undesired effect is
weak.
The theoretical "best possible" value is:0% or 0.00. This
would mean that the intervent ion resulted in no increase
in an undesired effect. Even better, an intervention may
result in a decrease in an undesired effect; such a favor
able impact, however, is expressed in terms of an absolute
risk reduction (ARR).
The theoretical "worst possible" value is: 100% or 1.00.
This would mean that with the intervention, all patients
had the undesired effect, whereas without it no one had
the undesired effect.
How to calculate it: Step 1. Calculate the rate difference
= (percent of treated patients with the unde sired
outcome) - (percent of control patients with the unde-

STATISTICAL TERMS

Statistical term

What it is:
What it means:
The theoretical

"best possible"
value is:

The theoretical
"worst possible"
value is:

How to calculate it:
For example:
Related terms:

Study design

What it is:
What caliber of

evidence it
provides:

What can/cannot
be concluded
from results
of this study
design:

Key elements
to critique:

Methods/Analyses

What it is:
In addition, headers

specific to the
terms are
provided, such as:

"''hy it's useful;
How to prevent
it; and Statistical
summary

Absolute Risk Reduction
What it is: It is the absolute difference in the rate of
an unde sired outcome without versus with a particular
intervention. It answers the question: How much did you
reduce undesired outcomes by intervening?
What it means: A high ARR suggests that the interven
tion's desired effect is strong, whereas a low ARR suggests
that the effect is weak.
The theoretical "best possible" value is: 100% or 1.00.
This would mean that without the intervention,allpatients
experienced the unde sired outcome, but that with the
intervent ion , all of the patients were spared.
The theoretical "worst possible" value is: 0% or 0.00.
This would mean that the intervention has no effect on
the occurrence of the und esired outcome. Even worse, an
intervention may increase the risk of an undesired
outcome; such a poor impact, however, is expressed in
terms of an ARI.
How to calculate it: Step 1. Calculate the rate difference
= (percent of treated patients with the undesired
outcome) - (percent of control patients with the unde
sired outcome ). Step 2. Take the absolute value of Step 1
(i.e., if there is a negative sign, delete it).
For example: [f 20% of people without intervention turn
into pumpkins, but 5% of people with intervention turn
into pumpkins, then the ARR of turning into a pumpkin
with versus without intervention is 15% (5% - 20% =
-15%, the absolute value of which is 15% ). Also, in a
meta-analysis of the impac t of dexamethasone on post
tonsillectomy emesis, the ARR was determ ined to be 25%
(Chapter 4.C.l). This means that the patients who
received steroids had 25% fewer episodes of emesis than
contro ls.
Related terms: rate difference, ARI, number needed to
treat

Adverse Event
What it is: An adverse event is defined by the Food and
Drug Administration as any incident in which the use
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of a medication, medical device, or nutritional product
is suspected to have resulted in an adverse outcome in
a patient. It is defined by the National Cancer Institute
as any unfavorable experience associated with the use
of a medical treatment or procedure, regardless of
attribution.

Alpha Level
What it is: It is a way of referring to a type 1 error. It is
the level of "significance" of a statistical test that is spec
ified before conducting an analysis. See also "Type 1
Error:'

Attrition Bias
What it is: A type of bias that occurs because too many
patients do not complete the study.
Why it is bad: If only 1% of the patients complete follow
up, the results from the other 990/0 patients could have
easily outweighed the results from the returning 10/0, so
the real result remains unknown.
How to check for it: Compare the number of patients
who completed the trial with the number of patients who
started the trial. If the number completing the trial is
<800/0 of the number who started, then the study may be
subject to attrition bias.

Beta Level
What it is: It is a way of referring to a type 2 error. See
also "Type 2 Error:'

Bias
What it is:An error in the technique of selecting subjects,
performing procedures, measuring a characteristic, or
analyzing and reporting data.
What it isn't:Biasdoes not imply stubbornness or willful
deceit as in colloquial speech.
Why it is bad:These types of errors can create misleading
results.
How to prevent it: Preventative measures depend on the
specific type of bias that needs to be controlled. Please
see related terms: attrition bias, selection bias, perfor
mance bias, detection bias, expectation bias.

Binary Variable
What it is: Another term for dichotomous variable. See
also "Dichotomous Variable:'

Blinding
What it is: It is a way of preventing the participants
and investigators in a trial from knowing whether they
are assigned to treatment or control. In a double-blind
study, neither the subjects nor the clinicians know
whether they are receiving treatment or placebo. If
only the subjects or only the clinicians are unaware of
their study group assignment, then it is a single-blind
study.
Why it is useful: It helps to eliminate expectation bias,
whereby expecting a certain result influences the result

itself. Trials that are double-blinded are less likely than
nonblinded studies to demonstrate a false treatment
effect.

Bottle Method
What it is: A method to assess compliance with a study
medication.
How it is done: Look in the bottle and see if the number
of pills that are left is more than the number that should
be left.

Calendar Method
What it is:A method to assess compliance with a study
medication.
How it is done:Compare the number of doses prescribed
with the number of doses of medication that the patient
said they took.

Case-Control Study
What it is: In this study design, groups who have and do
not have a particular outcome are compared. The sub
jects who have the outcome of interest constitute the
"case"group. The subjects who do not have the outcome
of interest constitute the "control" group. The "cases"and
the "controls" are compared to see if one had different
exposure(s) than the other.
For example: Charts' of patients who are alive ("cases")
or dead ("controls") with T2NO oral tongue carcinoma
who underwent primary surgical treatment (otherwise
similar in most respects) were reviewed to determine
whether supraomohyoid or modified radical neck dissec
tions (different exposures) were performed more fre
quently in either group.
What caliber of evidence it provides: Level 3-retro
spective studies with an internal control.
What can be concludedfrom results ofthis study design:
It can be used to show relationships (correlations, if
numerical data allow) and generate hypotheses for
higher-level study. This method may prove especially
useful when rare diseases or conditions requiring pro
longed follow-up preclude the use of prospective trials.
What cannot be concluded from results of this study
design: It usually cannot prove that the exposure caused
or preceded the outcome.
Key elements to critique: Ideally, when the study is set
up, the "controls" should match the "cases" in every
respect except for the outcome of interest. If the groups
are similar in most respects, then any differences in expo
sure are more likely to be associated with the difference
in outcome. Also important is how specificallythe expo
sure is defined, the length of follow-up, the sample size.
Don't get fooled by: A case-control study is different
from a comparison of historical cohorts. With historical
cohorts, subjects are grouped based on whether or not
they had a particular exposure (versus a case-control
study where they are grouped based on whether or not
they had an outcome) and followed forward in time to
see what outcomes develop.



Case Series
What it is: It is an observational, descriptive account of
characteristics observed in a group of patients. There is
no control group.
For example: Seventy patients with ectodermal dysplasia
were evaluated to determine what proportion had various
otologic manifestations.
What caliber ofevidence it provides: Level 4.
What can be concluded from results ofthis study design:
Case series can be used to show relationships (correla
tions' if numerical data allow) and generate hypotheses
for higher-level study.
What cannot be concluded from results of this study
design: They cannot prove cause and effect.
Key elements to critique: Ideally: 1) consecutive patients
are reported; 2) strict inclusion/exclusion and diagnostic
criteria are used to identify and evaluate the patients
included in the study; 3) the assessment of outcomes was
consistent among patients; 4) follow-up was long enough
for the outcome of interest; a dose- response gradient can
be demonstrated for certain treatments; 5) results are
similar to other case series regarding the same topic.

Cohort
What it is:A group of persons with similar characteris
tics who are observed together from a certain time
point and afterward. A cohort in a prospective study is
followed from the initiation of the study and afterward.
A cohort in a retrospective study is followed from the
initiation of a particular intervention and afterward in
the chart.

Cohort Study
What it is: A study that identifies groups ("cohorts")
with and without an exposure. These cohorts are then
followed forward in time to see what outcomes
develop.
For example: Patients with T2NO floor-of-mouth carci
noma who underwent surgical treatment including either
supraomohyoid or modified radical neck dissection
(exposures compared) were followed to see whether 5
year survival rates (outcomes) were different.
What caliber of evidence it provides: Level 2 (usually).
A cohort study is typically a prospective study. However,
it can be performed retrospectively by defining exposure
groups and examining medical records to follow patients
forward in time to determine outcomes (level 3 data if
a control group is also followed).
What can be concluded from results ofthis study design:
A single exposure's effect on multiple outcomes can be
determined. In addition, the sequence of events can
usually be established. This study may yield information
about incidence and relative risk (RR).
What cannot be concluded from results of this study
design: Usually, a nonrandomized study cannot control
for all confounders.
Key elements to critique: First, it is important to deter
mine how well potential confounders were balanced
between the exposed group and unexposed group; if the
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groups being compared were radically different beyond
whether they had or did not have the exposure of inter
est, then they may be biased toward a certain outcome
that could falsely be attributed to the exposure or lack
thereof. Second, the methods of data collection and steps
taken to minimize expectation bias are key. The use of
blinding during outcome measurement, for example, can
be very useful. Third, ideally all patients are accounted
for at the conclusion of the study. If only cherry-picked
patient data are presented, the results are not as compel
ling as they would be if consecutive patients are pre
sented. Fourth, the length and quality of time after the
exposure must also be considered. Fifth, the sample size
must be large enough to provide adequate power to
detect any difference that may truly exist.
Don't get confused by: A retrospective study can still
contain a cohort. A cohort in a prospective study is fol
lowed from the initiation of the study and afterward in
time. A cohort in a retrospective study is followed from
the initiation of a particular intervention and afterward
in the chart. A retrospective cohort is also referred to as
a "historical cohort."

Compliance
What it is: It is a measure of how much of the study
treatment the subjects actually received.

Confidence Interval
What it is: It is a description of the amount of uncer
tainty in a measurement. In more specific but technical
terms, it is a range of values (computed from sample
observations) that would contain the true population
value with a specified probability on repeated sampling.
What it means: A wide confidence interval means that
the uncertainty is high and the precision is low.A narrow
confidence interval implies the converse. A 950/0 confi
dence interval implies that if the calculation was per
formed again and again, then 950/0 of the confidence
intervals would be expected to contain the true popula
tion value.
What it does not mean: A 950/0 confidence interval does
not mean that there is a 950/0 chance that the true value
lies within that interval.
The theoretical "best possible" value is:A range of o.
The theoretical "worst possible" value is: A range of
infinity.
How to calculate it: There are several computer pro
grams available (even simple spreadsheets such as Micro
soft Excel) that can help you. A confidence interval is
computed as the sample estimate (such as a mean or
proportion) plus or minus a critical value times the stan
dard error. The critical value is the value of the theoreti
cal distribution the parameter is assumed to follow that
implies the percentage desired (such as 95% ) .

Application: A confidence interval gives all the estimates
that would be «accepted" if a hypothesis test was
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performed. Valuesoutside the interval would be rejected.
One of the most useful features of confidence intervals
is that if 95% confidence intervals are shown for two
compared values, then by convention, any overlap in the
intervals suggests that there is no significant difference
between the compared values.
For example: A 950/0 confidence interval of 2.40/0 to
10.40/0 means that one of such intervals would contain
the population value 950/0 of the time upon repeated
sampling.
Relatedterms: null hypothesis, p value

Confounder
What it is: A potential confounder is a factor that can
cause the same outcome as the intervention of interest.
A factor is said to be confounded with another factor if
it is impossible to discern which of the two is responsible
for the observed effect.
For example: Consider studying the impact of antibiotics
on postoperative pain. Other factors besides antibiot
ics-such as surgical technique, anesthetic regimen, and
use of steroids-may also influence postoperative pain,
and could confound the results.
Why it is bad: When confounders are present, a singular
cause and effect cannot be demonstrated. With con
founding, a measure of the effect of the intervention
under investigation is distorted because of the presence
of other potential causes of the same effect.
How to prevent it:A high-quality study will try to elim
inate confounders or at least carefully account for them.
Randomization is one way of carefully accounting for
confounders, by ensuring that they are at least balanced
in the two groups being compared. Confounders can also
be addressed in the data analysis.

Continuous Variable
What it is: Values defined by continuous variables are
numeric with an inherent order and the incremental dif
ferences between numbers are equal.
For example: Weight, oxygen saturation.
Statistical summarization: Means with standard devia
tions or medians with ranges.
Statistical analysis: Pearson correlation coefficients,
paired or independent t tests, and analyses of variance.

Control Group
What it is: A control group is used to provide a measure
of what happens without the intervention. This control
measure allows comparison of the intervention group to
a group that is ideally similar in every other way.
Why it is useful: The use of a control group can be an
effectiveway to thwart many biases.

Correlation Bias
What it is: It is a type of bias that may occur when cor
relation is equated with causation.

Example: In a retrospective study of survival rates in
patients treated with or without chemotherapy, it may be
that chemotherapy is correlated with worse survival rates.
This does not, however, mean that chemotherapy causes
death. It may simply be that chemotherapy was recom
mended in more advanced cases.

Correlation Coefficient
What it is: It is a measure of the linear relationship
between two numerical measurements made on the same
set of subjects. It answers the question: Is a change in one
variable associated with a change in another variable?
What it means: A value of more than +0.75 suggests a
strong positive relationship between the two variables; as
one increases, so does the other. A value of less than -0.75
suggests a strong negative relationship between the two
variables; as one increases, the other decreases. Remem
ber, however, that correlation does not imply causation.
The theoretical "strongest possible" value is: -lor +1.A
value of -1 indicates a perfect negative linear relation
ship; as one variable increases, another decreases.A value
of +1 indicates a perfect positive relationship; as one
variable increases, another increases.
The theoretical "weakest possible" valueis: o. A value of
omeans there is no linear relationship between the two
variables.
How to calculate it: Use a computer program or call.a
statistician. The Pearson product-moment correlation
coefficient is dependent on the means and standard devi
ations of the two variables; it is used for continuous
variables. Spearman's rank correlation uses the means
and standard deviations of the ranks of the values and is
used for ordinal variables or for numerical values with
outliers.
For example: A correlation coefficient of 0-0.25 suggests
little or no relationship, 0.25-0.50 suggests a fair relation
ship, 0.50-0.75 suggests a moderate relationship, and
>0.75 suggests a good relationship.
Relatedterms: linear regression

Crossover Study
What it is: In this study design, treatments are swapped
halfway through the study. At the beginning, one group
receivesa treatment medication whereas the other group
receivesplacebo (or alternative treatment) and results are
determined. Then, the placebo group (or alternative
treatment) begins medication and vice versa and results
are determined again.
For example: To determine the impact of erythromycin
on recurrent acute otitis media, children in group
A received erythromycin, whereas group B received
placebo for 2 months. Then, after a «washout" period of
2 weeks during which both groups received no treatment,
group A received placebo whereas group B received
erythromycin.
What caliber of evidence it provides: Level 1 or 2. In a
level 1 crossover study, patients are randomized to treat
ment medication or placebo/alternative treatment and
then crossed over to the opposite treatment midway



through the trial. If patients are not initially randomized
to their treatment groups, then a crossover study pro
vides level 2 data.
What can/cannot beconcluded from results ofthis study
design: This study design allows for direct comparison of
treatment and no treatment (or alternative treatment)
in the same individuals.
Keyelementsto critique: A "washout" period when both
groups receive neither medication nor placebo is sand
wiched between the two treatment periods may prevent
lingering effects of medication from altering the results
of the post-crossover portion of the trial. The follow-up
time in each arm, masking of the patients and caregivers
to which treatment is received, and the attrition rate may
all affect the strength of the study.

Cross-Sectional Study
What it is: This observational, descriptive study looks at
a population at a single point in time. The exposures and
outcomes of interest are measured at this one point.
What caliber of evidence it provides: Level 4. It can only
show the burden of disease at that given point in time.
What canbeconcluded from results ofthis studydesign:
It can be used to generate hypotheses for further study.
What cannot be concluded from results of this study
design: No temporal relationship between an exposure
and outcome can be determined.
Keyelementsto critique: Because this study design only
looks at a single point in time and no temporal relation
ship can be determined, the key element to consider is
that conclusions from the study should be limited to
generating hypotheses for additional study.

Descriptive Study
What it is: It is an observational, nonanalytic study.
For example: Examples of descriptive studies include
case series, case reports, and cross-sectional studies.
What caliber ofevidenceit provides: Usually descriptive
studies provide level 4 evidence.
What canbeconcluded from results ofthis study design:
These studies describe patterns of disease, defining who
is affected, and when and where the incidence is highest.
These studies are useful for generating hypotheses for
higher-level study.
What cannot be concluded from results of this study
design: These studies cannot prove cause and effect or
a temporal relationship between an exposure and the
disease.
Keyelementsto critique: Ideally, consecutive patients are
reported and strict inclusion/exclusion and diagnostic
criteria are used to identify and evaluate the patients
included in the study.

Detection Bias
What it is: It is a type of bias that occurs if there is a
partiality when assessing the outcomes.
Example: See "Expectation Bias."
How to prevent it: Blind subjects and investigators to
treatment groups.

English Translations of Statistical Terms
23

Dichotomous Variable
What it is: A dichotomous or binary variable is a par
ticular type of nominal variable that has only two pos
sible categories.
For example: Gender, yes/no.
Statistical summarization: Odds ratio, RR, or rate dif
ference (RD). An RD, also referred to as an absolute risk
reduction, is a particularly useful measure, because it can
also be used to calculate the number needed to treat
(NNT). See also "Rate Difference;' "Odds Ratio;' "Rela
tive Risk;' "Number Needed to Treat."

Efficacy
What it is: The efficacy of an intervention refers to
whether it works in a defined population under ideal
controlled circumstances.
How it is established: Efficacy is established in a con
trolled clinical trial.

Effectiveness
What it is: The effectiveness of an intervention refers to
whether it works in regular clinical practice.
Howit isestablished: Effectiveness is often demonstrated
in prospective, nonrandomized studies.

Expectation Bias
What it is: It is a type of bias that occurs when expecting
that a certain result can influence the result itself.
Example: Patients receiving treatment for postoperative
pain might expect to have less pain than the control
group. This expectation alone can actually result in lesspain.
How to prevent it: This expectation bias can be elimi
nated by administering a placebo to the control group
and blinding both patients and physicians.

Floor Effect
What it is: It occurs when the amount ofpotential recov
ery is dependent on the severity of the initial presenta
tion. When this is the case, a simple arithmetic change in
scale is not a sufficient measure of results.
For example: When measuring audiometric outcomes,
the amount of potential recovery is dependent on the
amount of initial hearing loss; a 30-decibel (dB) loss can
only improve 30 dB, whereas a 120-dB loss has much
more room for improvement. Accordingly, a 30-dB
improvement in a patient with a 30-dB loss constitutes
full recovery, but a 30-dB improvement in a patient with
a 120-dB loss still leaves the patient with a profound
hearing loss.
How to manage it: Investigators can address this "floor
effect" by measuring the percent recovered or by consid
ering patients with more severe initial presentations in
a distinct analysis.

Incidence
What it is: The proportion of new cases in the popula
tion at risk in a specified period of time.
Relatedterms: prevalence



Masking
What it is: Masking is a term used to refer to the use of
blinding. Also see "Blinding:'

Meta-Analysis
What it is: It is a method of quantitatively combining the
results from several independent studies of the same
outcome. All of the data are statistically pooled in order
to provide an estimate of the overall effect of the inter
vention under review.
What caliber ofevidence it provides: It depends on the
level of evidence of included studies. Meta-analyses
usually incorporate the results of RCTs, yielding level 1
evidence. Meta-analyses may also be performed on levels
2 or 3 data as well, which can yield level 2 or 3 results.
What can be concludedfrom results ofthis study design:
Meta-analysis can provide a summary effect estimate,
whic? is essentially an average effect that is weighted by
the SIze of each study, and sometimes by the quality of
each study. The strength of the meta-analysis, however, is
only as good as the strength of the individual study designs.
What cannot be concluded from results of this study
design: Meta-analysis cannot provide a meaningful result
with data from studies with major clinical differences in
design. Again, the strength of the meta-analysis is only as
much as the strength of the individual study designs, and
meta-analyses of observational studies (i.e., case series,
case-control studies, cohort studies, and cross-sectional
studies) must be viewed with caution because of the high
potential for confounding influences. As noted by one of
our chapter authors, misconceptions can be magnified
when poor data are added to poor data.
Key elements to critique: The appropriateness of com
bining the studies and the individual quality of the
included studies are key. It is appropriate to combine
results if the studies have similar interventions, outcome
measurements, and controls (i.e., homogeneous studies).
It is inappropriate to combine results of studies with
major clinical differences (i.e., heterogeneous studies),
which may result in fundamentally different results.

Negative Predictive Value
What it is: This value defines how often a negative test
result is correct. Of values that test negative, the negative
predictive value (NPV) defines the proportion of values
that is actually negative.
What it means: It is a measure of how much you can
trust a negative test result.
The theoretical "best possible" value is: 1.00 or 1000/0.
This means that a negative result is always correct.
The theoretical "worst possible" value is: 0.00 or 0%.
This means that a negative result is never correct.
How to calculate it: An estimate is provided by NPV =
true negatives/(false negatives + true negatives).

Positive for disease Negative for disease
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Instrument
What it is: It is a rigorously tested survey tool, used to
measure patient-reported outcomes.
Why it is useful: A validated instrument has been tested
to ensure that the following are true: 1) it measures what
it is intended to measure (convergent validity, i.e., scores
on a valid test of arithmetic skills correlate with scores
?n other math tests), 2) it does not inadvertently measure
Irrelevant changes (discriminant validity, i.e., scores on a
valid test of arithmetic do not correlate with scores on
tests of verbal ability), its scores are stable (reliability, i.e.,
a patient with the same disease impact will continue to
have the same response), and 4) it is sensitive to change
(responsiveness, i.e., a patient with a change in disease
impact will have a changed score). Overall, this means
that the validated instrument does in fact measure what
it is meant to measure when it is administered to the
intended population.

Intention to TreatAnalysis
What it is: In an intention to treat analysis, results are
reported in terms of the originally assigned treatment
groups regardless of whatever happened to subjects sub
sequent to their enrollment in the trial.
Why it is useful:An intention to treat analysis minimizes
bias in the analysis of results because it preserves the
benefits of randomization. It prevents the exclusion of
treatment failures and ensures that all patients who had
follow-up are included in the analysis.
For. e~ample: In a trial in which patients undergo
radiation therapy versus surgical resection for laryn
geal carcinoma, the survival outcome for a patient
who was originally treated with radiation should be
included with the data for the radiation therapy group,
even if that patient subsequently required surgical
salvage.

Level of Evidence
What they are: Evidence levels provide a quick way to
rate the caliber of evidence, based on study designs.

Levell Randomized controlled trial (RCT) or a meta-
analysis of RCTs

Level 2 Prospective (cohort or outcomes) study with an
internal control group or a meta-analysis of pro
spective controlled studies

Level 3 Retrospective (case-control) study with an inter
nal control group or a meta-analysis of retro
spective controlled studies

Level 4 Case series (retrospective reviews, uncontrolled
cohort) without an internal control group

Level 5 Expert opinion without explicit critical appraisal
or on the basis of physiology or bench research
alone

Please also see the individual study designs.

Positive test result
Negative test result

True positives
Falsenegatives

Falsepositives
True negatives



Many statisticians will further modify this number based
on the prevalence of the disease (Bayes theorem).
For example: The NPV of preoperative coagulation
testing for post-tonsillectomy bleeding is 0.92 or 920/0
(see Chapter 4.D). This means that 92% of children
who have a negative (normal) test will not bleed
postoperatively.
Related terms: positive predictive value, sensitivity,
specificity

Nominal Variable
What it is: These variables describe discrete categories
with no order.
Forexample: Color or shape. A triangle, circle, and pen
tagon are clearly defined, but do not have an inherent
order as no shape has more inherent value than the
other.
Statistical summarization: Proportions, percentages,
and ratios.
Statistical analysis: McNemar's, kappa, Fisher's exact,
and chi-square.

Null Hypothesis
What it is: The null hypothesis states that there is no
difference between the groups being compared.
Why it is important: Most studies are set up to test the
null hypothesis against an alternative hypothesis that
postulates a nonzero difference between groups.

Number Needed to Harm
What it is: It measures the number of patients who need
to undergo a particular intervention in order for one
patient to see an undesired effect. It answers the question:
How many people can I treat so that only one patient has
a harmful side effect?
What it means: A high number needed to harm (NNH)
suggests that the intervention's undesired effect is weak,
whereas a low NNH suggests that the undesired effect is
strong. A high NNH means your patients have less risk
of adverse effects of treatment. It is often helpful to con
sider NNH in the context of the NNT; if the NNT is far
greater than the NNH, then it suggests that the potential
for benefit from the intervention outweighs the potential
for adverse effects.
The theoretical "best possible" value is: Infinity. This
would mean that an infinite number of patients could be
treated and only a single patient would experience an
adverse effect.
The theoretical "worst possible" value is: One. This
would mean that every patient who had a particular
intervention would experience an adverse effect.
How to calculate it: NNH = 1/ARI
For example: According to one study, 3.90/0 of children
have persistent tympanic membrane perforations after
tympanostomy tube placement (see Chapter 6.D). This
reported ARI allows us to calculate that 1/0.039 = 26
children is the NNH. This means that 1 child in 26 expe
rienced a persistent perforation.
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Related terms: absolute risk increase, rate difference,
number needed to treat

Number Needed to Treat
What it is: It measures the number of patients who need
to undergo a particular intervention in order for one
patient to see a desired effect. It answers the question:
How many people do I need to treat so that one of them
will benefit?
What it means: A high NNT suggests that the interven
tion's desired effect is weak, whereas a low NNT suggests
that the effect is strong. A low NNT means you and your
patients get more bang for your buck. It is often helpful
to consider NNT in the context of the NNH; if the NNT
is far greater than the NNH, then it suggests that the
potential for benefit from the intervention outweighs the
potential for adverse effects.
The theoretical "best possible" value is: One. This would
mean that every patient who had a particular interven
tion would experience the desired benefit.
The theoretical "worst possible" value is: Infinity. This
would mean that an infinite number of patients would
have to be treated before a single patient would experi
ence a benefit.
How to calculate it: NNT =1/ARR
For example: To prevent one child from having post
tonsillectomy emesis, four children must receive dexa
methasone (Chapter 4.C.1). This means that 3 of 4
children will receive dexamethasone but have no decrease. .
In emesis.
Related terms: absolute risk reduction, rate difference,
number needed to harm

Odds
What it is: It is the probability that an event will occur
divided by the probability that it will not occur.
What it means: It answers the question: How much more
likely is it that the event will happen, rather than not
happen?
The theoretical "best possible" value: Depends on
whether the event is desired or undesired. If the event is
desired, then the theoretical best possible value is infinity.
If the event is undesired, then the theoretical best pos
sible value is o.
The theoretical "worst possible" value: Depends on
whether the event is desired or undesired. If the event is
desired, then the theoretical worst possible value is o. If
the event is undesired, then the theoretical worst possible
value is infinity.
How to calculate it: Odds = (probability that an event
will occurl/Ithe probability that an event will not occur).
Stated differently, odds = (proportion with an eventl/] l
- (proportion with an event)].
For example: The probability that evidence-based medi
cine will become a permanent part of medical education



How to calculate it: Odds ratio =odds for cases/odds for
controls = [NNcase/C/NcasesJ/[B/Ncontrol/D/NcontrolsJ =
[NC]/[BIDJ

Forexample: Suppose that cases are patients with throat
cancer and controls are patients with other throat disor
ders, but not cancer. Suppose that exposure is use of
smokeless tobacco in the past. The odds of having
used smokeless tobacco in the cases is NC. The odds of
having used smokeless tobacco in the controls is BID.
The ratio of the odds gives how much more likely the
cases were to have used smokeless tobacco than were the
controls.

For other study designs, the exposure groups would
be chosen initially and patients would be followed to
determine the outcome. In this case, the odds of the
outcome in the exposure group is NB and the odds of
the outcome in the nonexposed group is CID. Then the
odds ratio is [NB]I[C/D] . This gives how much more
likely the exposed group was to have the outcome than
was the unexposed group.
Related terms: odds, relative risk

Ordinal Variable
What it is: Values defined by ordinal variables are cate
gorical with an inherent order, but incremental differ
ences between adjacent categories are not necessarily
equal.
For example: To use the tumor staging example, a
T2NIMO parotid tumor is in a well-defined category.
Such a tumor is also clearly less worrisome than a
T4N3Ml tumor, because there is an inherent order to the
staging. The difference between a T2 and a T3 tumor,
however, is not the same as the difference between a T3
and T4 tumor, because incremental differences between
categories are not necessarily equal. Another example of
an ordinal variable is the House-Brackmann classifica
tion system for facial paralysis.
Statistical summarization: Medians with ranges or pro
portions and percentages.
Statistical analysis: Spearman correlation coefficients,
kappa statistics, signed rank tests, Wilcoxon rank sum
tests, and Kruskal-Wallis tests.

Outcomes Research
What it is: It is research designed specifically to evalu
ate patient-based outcomes and the effectiveness of
treatment in regular clinical practice (i.e., nontrial
conditions).
What caliber of evidence it provides: Level 2 or 3,
depending on whether it is prospective or retrospective.
What can/cannot be concluded from the results of this
research: It depends to a large extent on the individual
study design. Ideally, it provides data regarding clinical
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and practice is 99%. The probability that it will not
become permanently integrated is 1%. Therefore, the
odds are 99:1 that evidence-based medicine is here to
stay.
Related terms: odds ratio
Odds compared to proportion:

Proportion Odds

0.0 1 0.01
0.02 0.02
0.03 0.03
0.04 0.04
0.05 0.05
0.10 0.11
0.20 0.25
0.30 0.43
0.40 0.67
0.50 1.00
0.60 1.50
0.70 2.33
0.80 4.00
0.90 9.00
0.95 19.00
0.96 24.00
0.97 32.33
0.98 49.00
0.99 99.00

Odds Ratio.
What it is: At the risk of being redundant, we'll define
this as the ratio of two odds: it is the odds that one
group had an outcome divided by the odds that ano
ther group had the same outcome. In a case-control
study, it is the odds that the cases had an exposure
divided by the odds that the controls had the same
exposure.
What it means: It is a way of comparing whether the
probability of a certain event is the same for two
groups. It answers the question: How much more likely
was the outcome in one group compared with another?
In a case-control study, it answers the question: How
much more likely was the exposure in cases than in
controls?
The theoretical "best possible" value: Depends on
whether it is desirable to have the risk factor associated
with the outcome of interest. If an association is desir
able, then the theoretical best possible value is infinity.
If an association is undesired, then the theoretical best
possible value is 1.
The theoretical "worst possible" value: Depends on
whether it is desirable to have the risk factor associated
with the outcome of interest. If an association is desir
able, then the theoretical worst possible value is 1. If an
association is undesired, then the theoretical worst pos
sible value is infinity.

Had exposure
Did not have exposure

Cases

A
C

Controls

B
D

N cunlrol!i
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Many statisticians will further modify this number based
on the prevalence of the disease, according to Bayes
theorem.
For example: The PPY of a coagulation test for post 
tonsillectomy bleeding is 0.02 or 2% (see Chapter 4.D).
This means that 2% of children who have a positive test
result (i.e., abnormal coagulation test) will actually bleed.
Related terms: positive predictive value, sensitivity,
specificity

Prevalence
What it is: The proportion of all cases in the population
at risk at a given point in time.
Related terms: incidence

Prospective StUdy
What it is: In a prospective study, patients are followed
forward in time to determine a specific outcome. The
term "prospective" just refers to the fact that the study
starts with the present population of individuals and
follows them into the future. Therefore, prospective
studies can be RCTs, cohort studies, or even uncontrolled
studies, depending on the other details of the study.
What caliber of evidence it provides: It depends on the
other details of the study, such as whether subjects were
randomized to treatment groups and the presence of a
control group. Please also see "Randomized Controlled
Trial;' "Cohort Study; ' and "Case Series."
What can/cannot be concluded from the results of this
research: It depends on the other details of the study,

omy were chosen to receive treatment whereas only
patients undergoing composite resection with free flap
were used as controls.
How to prevent it Randomization of subjects to treat
ment groups, or other means of balancing potential con
founders between groups.

Positive Predictive Value
What it is: This value defines how often a positive test
result is correct. Of values that test positive, the propor
tion of values that is actually positive.
What it means: It is a measure of how much you can
trust a positive test result.
The theoretical "best possible" value is: 1.00 or 100%.
This means that a positive result is always correct.
The theoretical "worst possible" value is: 0.00 or 0%.
This means that a positive result is never correct.
How to calculate it: An estimate is provided by positive
predictive value (PPY) =true positives/(false positives +
true positives).

False positives
True negatives

Positive for disease Negative for disease

True positives
False negatives

Positive test result
Negative test result

Performance Bias
What it is: It is a type of bias that occurs when there are
inconsistencies in the care that is provided or exposure
to other factors apart from the intervention of interest.
Example: In a study of the impact of a medicine on
general postoperative pain, results would be tainted by
performance bias if only patients undergoing myringot-

p Value
What it is: It is a measure of support for a hypothesis
being tested. More specifically, it is the probability of
obtaining the observed result (value of a test statistic), or
a result that is more extreme, when the null hypothesis
(i.e., there is no difference between groups) is true.
What it means: It describes how often we would expect
the result we got. A lower p value corresponds to lower
support for the null hypothesis, with a p value :::;0.05
traditionally thought to be so low that it disproves the
null hypothesis and shows a "significant" difference. In
more technical terms, the p value indicates probability or
area under the curve (distribution) being used for the
hypothesis test, for distributions such as the normal and
t-distributions. Differences in values of the test statistic
on the x-axis correspond to differences in areas under the
curve of the distribution on the y-axis. A p value is the
area in one or both of the tails of the distribution since
those areas correspond to "extreme" results.
What theoretical extreme values mean: If you wished to
find significance, then a small p value would be "best." If
you did not wish to find significance, then a large p value
might be considered "best." However, not finding a sig
nificant result does not necessarily impl y that a "signifi
cant difference" does not exist; it may just mean that
with your sample and its size, you could not attain
significance.
How to calculate it A P value is the result of a statistical
test. Use an appropriate statistical test for the hypothesis
you wish to test. p values corresponding to that test may
be found via computer output or in statistical tables.
Related terms: alpha-level, hypothesis test

endpoints, functional status, and/or quality of life
(QOL) .
Key elements to critique: Given that so many outcomes
studies address patients' own assessments of their medical
care, the method of assessment is a key element. Ideally,
a validated survey tool called an instrument is utilized
(see "Instrument"). In addition, each individual study
should be evaluated according to its study design.

Outset
What it is: This is just another way to say "at the begin
ning of the study" or "before the intervention occurred."
When it is used: Typically, it is used when comparing
patient characteristics in a control group and in an inter
vention group. What you want is for both groups to be
similar at the outset, so that differences in outcome can
be attributed solely to the presence or absence of the
intervention.
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such as whether subjects were randomized to treatment
groups and the presence of a control group. Please also
see «Randomized Controlled Trial:' "Cohort Study:' and
"Case Series:'
Key elements to critique: It depends on the other details
of the study, such as whether subjects were randomized
to treatment groups and the presence of a control group.
Please also see "Randomized Controlled Trial:' "Cohort
Study:' and "Case Series:'

Power
What it is:The probability that a study will find a differ
ence that actually exists is called the power of a study.
What makes it better or worse: The power of a study
depends on multiple factors, beginning with the sample
size. One thousand coin flips that show tails are more
likely to mean that the coin actually has tails on both
sides, as compared with three coin flips that show tails.
Therefore, a study's susceptibility to error from chance is
partially controlled by the investigators. Power is also
influenced by a preset alpha level (acceptable probability
that a study finds a difference when in reality no differ
ence exists), which is by convention set at 0.05, or a 50/0
probability of inaccurately rejecting the null hypothesis
because of chance alone. In addition, power depends on
the magnitude of difference deemed clinicallysignificant
(the delta level); as the delta level increases, the power
increases. Therefore, the same study may have a high
power for finding a large difference in two populations
but a low power for detecting a small difference. In addi
tion, power depends on the final outcome measurements
and a calculation of their variance. Becausesome of these
measurements will not be apparent until the study is
completed, investigators must rely on estimates from
preliminary data when attempting to ensure that a
planned study is adequately powered.
How high it should be: Ninety percent power is clearly
acceptable. Some clinicians will accept 80% power.

Publication Bias
What it is: It is a type of bias that occurs because pub
lished literature has favored the acceptance and publica
tion of reports of studies showing a significant difference
in outcome in two groups, making it less likely that
reports showing no difference between two groups will
be published or disseminated.
Why it is bad: It makes it more likelythat results showing
a difference between treatment and control will be pub
lished, whereas results showing no difference between
treatment and control are more likely to remain in a file
drawer, without circulation.

Quality of Life
What it is:QOL is a broadly defined concept that encom
passes how patients feel and function on multiple
levels.

What affects it: Overall QOL is affected by economic,
emotional, spiritual, physical, mental, and other factors.
A person's health status, or his personal condition because
of bodily afflictions or lack thereof, is just one of these
issues that affectswell-being, but this status is the typical
focus of medical studies.
Global QOL versus disease-specific QOL: Global QOL
refers to overall QOL and may be used to determine the
impact of many different diseases. Examples of instru
ments measuring global QOL include the Short Form 36
(SF-36) and Child Health Questionnaire (CHQ). Disease
specific QOL, in contrast, explicitly describes the impact
of one disease only. Examples of instruments measuring
disease-specificQOL include the Otitis Media 6 (OM-6)
and Sinonasal Outcome Test 20 (SNOT-20). Often, both
types of instruments are used in the same study to
provide complementary data.

Randomization
What it is: It is a process in which study participants are
assigned to treatments using random numbers and with
probabilities that are specified in advance. In a 1:1 ran
domization to two treatments, patients have an equal
probability of assignment to each group.
Why it is useful: Randomization is one way of carefully
accounting for confounders, by ensuring that they are at
least balanced in the two groups being compared. In fact,
the first table in the results section of a well-reported
RCT usually details potential confounders and demon
strates that they were distributed similarly in all of the
groups that were compared. In addition, randomization
should balance potential biases or confounders that lie
beyond the imagination of study coordinators. Because
patients are randomly assigned, both known and un
known confounders are likelyto be balanced between the
intervention and control group. If such confounders are
not managed properly, then no cause and effect can be
demonstrated. Byusing randomization to prevent bias in
allocating patients to one group or the other, however,
different results in the two groups may be attributed
solely to either the intervention or lack thereof in the
control group.

Randomized Controlled Trial
What it is: It is an experimental study in which subjects
can be assigned to either the treatment group or the
control group with known probability. This randomized
design removes selection bias, meaning that it prevents
any bias in allocating patients to receive either treatment
or no treatment. Randomization also aids in producing
groups that are comparable before intervention. It is the
gold standard in study designs.
What caliber ofevidence it provides: Levell.
What can/cannot be concluded from results ofthis study
design: The RCT provides the strongest evidence for
determining causation, and it is the ideal study design to
establish the efficacy of a treatment or procedure. Not
every RCT is performed well, however, and the strength
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is performed for binary outcome variables (relationships
rely on logarithms).

Relative Risk, Also Known as Risk Ratio
What it is: It is a ratio of the probability of an event in
the treated group to the probability of the event in the
untreated group.
What it means: It answers the question: How much more
likely is an event in the treated group than it is in the
untreated group? It is usually used in RCTs and cohort
studies.
The theoretical "best possible" value: Depends on
whether it is desirable to have the event associated with
the treatment. If an association is desirable, then the
theoretical best possible value is infinity. If an associated
is undesired, then the theoretical best possible value is O.
The theoretical "worst possible" value: Depends on
whether it is desirable to have the event associated with
the treatment. If an association is desirable, then the
theoretical worst possible value is O. If an associated is
undesired, then the theoretical worst possible value is
infinity.
How to calculate it: RR = (probability of an event with
treatmentl/Iprobability of an event without treatment)
=(A/[A+B])/(C/[C+D])

For example: According to one study, the RR of post
tonsillectomy emesis was 0.55 with versus without steroid
treatment. This means that the probability of emesis with
steroids was 55% of the probability of emesis without
steroids.
Related terms: odds ratio, relative risk reduction

Relative Risk Reduction
What it is: It is the percent of risk that is decreased with
intervention, relative to the control group's risk.
What it means: It is a measure of the likelihood of an
event in the intervention versus control groups, based on
the proportion with an event in each group.
The theoretical "best possible" value is: 1.00 or 100%.
This means that all of the risk of an event in the control
group was eliminated by the treatment.
The theoretical "worst possible" value is: 0.00 or 0%.
This means that none of the risk of an event in the
control group was eliminated by the treatment.
How to calculate it: Relative risk reduction (RRR) =the
absolute value of I[(proportion with an event in the
intervention group) - (proportion with an event in the
control groupjj/ jproportion with an event in the control
group J} X 100%.
Forexample: The risk of gaining weight after no exercise
change is 25%. The risk of gaining weight after exercising

of the conclusions is contingent on the rigor with which
the study was performed.
Key elements to critique: The first key element is the
effectivenessof the randomization process; selection bias
is minimized only so far as randomization successfully
balanced known potential confounders in the treatment
and control groups. A second key factor is whether blind
ing was utilized, both at the time of treatment (not always
possible with surgical intervention) and at the time of
outcome measurement. Third, ideally all patients who
are enrolled are accounted for at the conclusion of the
study. If the majority of patients are lost to follow-up,
then the results may be suspect. Fourth, ideally all patients
are analyzed with the group to which they were originally
assigned; even if patients in the control group eventually
required treatment, they should still be considered as
part of the control group, according to a strict intention
to-treat analysis. Fifth, the length and quality of follow
up time must also be considered. Sixth, the sample size
must provide adequate power to detect any difference
that may truly exist. In a well-reported RCT, an a priori
(i.e.,made before the trial) power calculation is described.

Rate Difference
What it is: It is the difference in the rate of a successful
outcome without versus with a particular intervention.
What it means: If the RDis less than zero, it suggests that
the intervention increases successful outcomes. If the RD
is greater than zero, it suggests that the intervention
decreases successful outcomes.
The theoretical "best possible" value is:-100% or -1 .00.
This would mean that without the intervention, no
patients had a successful outcome, but that with the
intervention, all patients had success.
The theoretical "worst possible" value is: +100% or
+1.00. This would mean that without the intervention,
all patients had success, but that with the intervention,
no one had success.
How to calculate it: RD = (percent of control patients
with the desired outcome) - (percent of treated patients
with the desired outcome).
For example: In one study of the effect of amoxicillin
prophylaxis versus placebo, 58% of the amoxicillin group
versus 40% of the placebo group had no further episodes
of acute otitis media. The RD in this study was 40% 
58% =-18% (see Chapter 6.A).
Related terms: absolute risk reduction, absolute risk
increase, number needed to treat, number needed to
harm

Regression
What it is: It is a way to try to establish a relationship
between independent variables (exposures/potential
causes) and a potentially dependent variable (outcome/
potential effect).
Different types: Linear regression is performed for con
tinuous variables (assumes a linear relationship between
independent and dependent variables). Logistic regression

Had treatm ent
Did not have treatm ent

Hadevellt

A

C

Did not haveevellt

B

D



as either a true positive or a false negative, if the number
of false negatives is 0, then all patients who have disease
must be true positives. Thus, in general, a high sensitivity
also means that the screening test is a good predictor of
those with disease.
The theoretical "best possible" value is: 1.00 or 100%.
This means that all patients who truly have a disease will
test positive for that disease.
The theoretical "worst possible" value is: 0.00 or 0%.
This means that no patients who truly have a disease will
test positive for that disease.
How to calculate it: Sensitivity = true positives/Itrue
positives + false negatives).

For example: The sensitivity of laboratory coagulation
screening in identifying children who will develop post
tonsillectomy bleeding is 0.09, according to one study
(see Chapter 4.D.2). This means that 9% of patients who
will truly develop post-tonsillectomy bleeding will have
an abnormal coagulation panel (positive test). The sen
sitivity is low, which suggests that a positive test is not a
good predictor of postoperative bleeding.
Related terms: specificity,positive predictive value, nega
tive predictive value

Specificity
What it is: It is the proportion of patients who truly are
disease-free that test negative for that disease. It is one
way to measure the performance of a diagnostic test.
What it means: A high specificity means that a positive
result rules in the diagnosis. In other words, the false
positive rate is low. To better understand this meaning,
consider how specificity is calculated: specificity = true
negatives/(true negatives + false positives). Thus, if the
number of false positives is 0, then specificity is 100%.
Also, because all patients who truly do not have disease
must test as either true negatives or false positives, then
if the number of false positives is 0, then all patients who
do not have disease must be true negatives. Thus, in
general, a high specificity also means that the screening
test is a good predictor of those without disease.
The theoretical "best possible" value is: 1.00 or 100%.
This means that all patients who are disease-free will test
negative for that disease.
The theoretical "worst possible" value is: 0.00 or 0%.
This means that no patients who are disease-free will test
negative for that disease.
How to calculate it: Specificity = true negatives/Itrue
negatives + false positives)

Positive for disease Negative for disease

Positive for disease Negative for disease

False posit ives
True negatives

False positives
True negatives

True posit ives
False negatives

True positives
False negatives

Positive test result
Negative test result

Positive test result
Negative test result

Selection Bias
What it is: It is a form of bias that occurs when study
subjects are improperly chosen.
Example: In a study of the impact of a medicine on
postoperative pain, results would be tainted by selection
bias if only stoic patients were chosen to receive treat
ment and only timid ones were chosen to receive
control.
How to prevent it: Randomization of subjects to treat
ment groups, or other means of balancing potential con
founders between groups.

Risk Difference
What it is: Risk difference is used by some people
as another term for rate difference. Also see "Rate
Difference."

Retrospective Review
What it is: It is a study that is undertaken after the
original observations have been made.
What caliber of evidence it provides: Level 3 or 4,
depending on whether a control group was used. If there
is a control group (i.e., it is a historical cohort study or a
case-control study), it is a level 3 study. If there is no
control group (i.e., it is a retrospective case series), then
it is level 4.
What can/cannot be concluded from the results of this
research: It depends largely on the specifics of the indi
vidual study design. Please also see "Cohort Study;'
"Case-Control Study;' and "Case Series."
Key elements to critique: The major weakness of a ret
rospective cohort study lies in how prone it is to selection
bias, meaning that there was no attempt to ensure that
the same factors were present in a treatment group and
a control group. The major vulnerability of a case-control
study lies in how effectively potential confounders were
balanced in the "case"group and the "control" group. The
major weakness of a case series lies in the absence of a
control group. Please see the individual study designs for
further details.

daily is 5%. The RRR is therefore equal to \(5% 
25%)1/25% or 80%.
Related terms: relative risk, odds
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Sensitivity
What it is: It is the proportion of patients who truly have
a disease that test positive for that disease. It is one way
to measure the performance of a diagnostic test.
What it means: A high sensitivity means that a negative
test result rules out the diagnosis. In other words, the
false negative rate is low. To better understand this
meaning, consider how sensitivity is calculated: sensitiv
ity = true positives/Itrue positives + false negatives). If
the number of false negatives is 0, sensitivity is 100%.
Also,because all patients who truly have disease must test



For example: The specificity of laboratory coagulation
screening in identifying children who will develop post
tonsillectomy bleeding is 0.98 according to one study
(see Chapter 4.D.2). This means that 98% of patients
who will not develop postoperative hemorrhage will have
a normal coagulation panel (negative test). The specific
ity is high, which suggests that a normal panel is associ
ated with no bleeding.
Related terms: specificity, positive predictive value, neg
ative predictive value

Systematic Review
What it is: It is a methodical means to identify, sum
marize, and critique the literature related to a focused
clinical query regarding a therapeutic intervention.
What it involves: Performing just one systematic review
of the literature relevant to a clinical query usually takes
days to weeks, or sometimes months, with MEDLINE
searches often yielding hundreds or thousands of poten
tially related articles that must be considered. Briefly,
these methods include the following steps: 1) a focused
clinical question is addressed, 2) appropriate inclusion/
exclusion criteria are unambiguously defined, 3) an
exhaustive computerized and manual search is per
formed, 4) the validity of the included articles is appraised
through an exposition of their study design,S) the assess
ments of studies are corroborated by two authors on
each subject, 6) results of each study and the consensus
or lack thereof is addressed, 7) where appropriate, a
meta-analysis is performed to pool data with methods
and adjuncts that are well described.
What caliber ofevidence it provides: The caliber of evi
dence depends on two factors: 1) the level of evidence in
the included individual trials, and 2) the degree of con
sensus achieved by the included trials.
What can be concluded from the results ofthis research:
According to David Sackett, one of the pioneers of evi
dence-based medicine, "the systematic review of the
effects of health care is the most powerful and useful
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evidence available." The results of the review, however,
are only as strong as the individual studies it includes.
What cannot be concluded from the results of this
research: Conclusions vary according to the level of evi
dence provided by the studies that are included.
Key elements to critique: First, consider the specificity of
the question addressed; ideally this question explicitly
characterizes the patient population, intervention, and
outcome of interest. Second, the inclusion/exclusion
criteria used to select studies for the review should
be evaluated. They should be clinically relevant and
clearly defined. Third, the original raw data should be
presented as part of the focused analysis. Fourth, charac
teristics and critiques of individual studies should be
made apparent. Fifth, methods should be described in
detail, so that the analysis can be repeated by another
researcher.

Type 1 Error
What it is: It is the probability that a study finds a dif
ference when in reality no difference exists (i.e., the prob
ability of rejecting the null hypothesis when in actuality
the null hypothesis is true). This term can also be referred
to as the alpha level, which by convention is typically
considered acceptable at 0.05 or less.

Type 2 Error
What it is: It is the probability that the study finds that
there is no difference when in reality a difference exists
(i.e., the probability of accepting the null hypothesis as
true when in actuality the null hypothesis is false) is
called a type 2 error or the beta level.

Urine Method
What it is: It is a method to assess compliance.
How it is done: There is an assessment of a urine speci
men for a marker that the treatment was taken.
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4 Pediatric Tonsillectomy
4.A.
Tonsillectomy versus no surgery: Impact on number of recurrent throat infections or
sore throats

Jennifer J. Shin and Christopher J. Hartnick

METHODS

A computerized Ovid search of MEDLINE 1966-July
2003 was performed. The terms "tonsillitis" and "phar
yngitis" were exploded and cross-referenced with articles
obtained by exploding "tonsillectomy:' yielding 1249
articles. These were limited to clinical trials, resulting in
79 articles which we reviewed in detail. For inclusion
criteria, we required the following: 1) distinct patient
populations defined as those less than 18 years old with
recurrent throat infection or sore throats, 2) intervention
with tonsillectomy with or without adenoidectomy or no
surgery, and 3) outcome measures consisting of the
number of episodes of recurrent throat infection or sore
throats. The references of these articles were then
reviewed and manually cross-checked to ensure all appli
cable literature was included. This search strategy yielded
five publications [1-6] of randomized controlled trials
(RCTs), one of which was an abstract only [4] that
reported on preliminary data for a later full publication.
One publication contained a report of two RCTs [5]
which will be discussed separately. One of these publica
tions contained parallel reports of randomized and non
randomized prospective trials [3]. The five RCTs
identified are discussed in detail below.

RESULTS

Outcome Measures. A throat infection can be defined
in many ways, such as by pharyngeal pain, fever, tonsillar
exudates, cervical lymphadenopathy, positive throat
culture, and improvement on antibiotics. The two earli
est trials [1, 6] did not specify exactly how they defined
tonsillitis, sore throat, or respiratory illness. The latest
three trials [3, 5] provided strict definitions for throat
infections and these are detailed in the footnote.

Potential Confounders. In addition to the consistency
with which throat infections or sore throats are defined,
the accuracy of caretakers' reporting and type of medical
management may alter results. In accordance with this,
what details are known about the method of follow
up and nonsurgical management are tabulated for the
reader. Also, concurrent adenoidectomy can reduce

mouth breathing and snoring with potential conse
quences in terms of postoperative sore throats [7]. Con
current adenoidectomies are also tabulated for the reader
for this reason. It is worth noting, however, that two
studies reported no significant difference in throat infec
tions in children undergoing concurrent adenotonsil
lectomy and tonsillectomy alone [3, 5], suggesting that
the addition of adenoidectomy may have minimal
effect.

Study Designs. All are RCTs, and three [3, 5] reported
on the effectiveness of randomization, showing mostly
or all similar baseline characteristics before treatment.
The exceptions included the socioeconomic status and
distribution of preoperative tonsillitis in the original
Paradise report. To address the first issue, they did break
down the results by socioeconomic group, and within
each group, surgical intervention still resulted in lower
rates of postoperative throat infection. As for the second
issue, there were actually higher rates of preoperative
pharyngitis in the surgical group, which would theoreti
cally make it even harder to prove that this group had a
resulting reduction in the number of subsequent throat
infections. Tonsillectomy is clearly an intervention in
which the use of blinding and placebo would prove prob
lematic, and these could not reasonably be expected.

Highest Level of Evidence. All five RCTs designed to
determine the effect of tonsillectomy versus no surgery
on number of episodes of recurrent throat infection or
sore throat showed fewer episodes with surgical inter
vention. The three most recently reported trials [3, 5]
included rigorous statistical analysis of results. Whereas
the 1984 trial pooled data from adenotonsillectomy and
tonsillectomy alone, the follow-up 2002 study of less
severely affected children had a larger patient popula
tion, allowing the analysis of these groups separately.
That report established that in children without recur
rent otitis media or obstructive symptoms necessitating
adenoidectomy, there was no significant difference in
subsequent number of throat infections with adenoton
sillectomy versus tonsillectomy alone [5]. The raw
number of throat infections or sore throats that are
present in a given year is also very important to consider
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when evaluating the clinical implications of these data.
An operation with a primary risk of hemorrhage is more
appealing when no surgical treatment will result in a
mean of three infections per year than when no surgical
treatment results in a mean of fewer than one infection
per year. Because of this, Paradise et al. concluded that
whereas tonsillectomy is often indicated for those with
severe recurrent throat infections C~7 episodes in previ
0us year, ~5 in each of 2 preceding years, ~3 in each of
3 preceding years), it is not necessarily indicated for
those with less-frequently occurring throat infections [3,
5]. In addition, all studies demonstrate that over time,
the incidence of throat infection decreases in both surgi
cally and nonsurgically treated groups. Knowledge of
this natural history allows for decisions to be made on
an individual basis, especially if comorbidities are
involved.

Applicability. Based on the inclusion/exclusion criteria
for these trials, these results can be applied to 3- to 15
year-old children. The Paradise studies' results can more
specificallybe applied to those with recurrent sore throats
without obstructive symptoms, major physical disease,
or hypogammaglobulinemia.

Morbidity. The surgical morbidity reported in these
studies is also detailed in the adjoining table. Medical
morbidity in the control groups included rashes from

antibiotic use (4/48 and 3/138 from the Paradise
studies).

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is level 1 evidence showing that surgical interven
tion decreases the subsequent number of throat infec
tions or sore throats in children who present with
recurrent disease. Both adenotonsillectomy and tonsil
lectomy alone decrease subsequent throat infections in
moderately affected children, and pooled data from ton
sillectomy with or without adenoidectomy show better
outcome after surgery in severely affected children. The
evidence, however, also shows that throat infections/sore
throats will decrease over time with medical intervention
alone. Therefore, when children present with recurrent
symptoms, the severity of the infection is a key factor
in determining whether tonsillectomy should be
performed.

These trials demonstrate the importance of clearly
specified parameters to define clinical terms such as
"throat infection" or "sore throat," and any future studies
should follow suit. In addition, as the technique of tonsil
lectomy evolves, future studies may have to analyze
intracapsular tonsillotomies or other procedures that
may leave residual tonsillar tissue as a separate group.
Finally, future studies may address the impact of tonsil
lectomy versus no surgery on child behavior and quality
of life with validated scales.



THE EVIDENCE CONDENSED: Tonsillectomy versus no surgery for recurrent sore throats

Reference

Level (design)

Sample size"

Paradise, 1984

I (RCT)

73 Y 1,60 Y2, 42 Y3 (9 1)

Paradise, 2002

I (RCT)

147 Y I, 124 Y2, 104 Y3
( 177)

OUTCOMES

Paradise, 2002

I (RCT)

126y I, 112y2,99y3 (151 )

Outcome
measure

Results of
surgery (mean
episodes
per y)

o. of episodes of throat infections: all combined, criteria-satisfying,:j: strep positive, and moderate or severe§

o. of "so re throat days" (defined as sore throat even mild or intermittent ~I h)

o. of criteria-satisfyingt throat o. of criteria-satisfyingt o. of criteria-satisfying'[ throat
infections per y throat infections per y infections per y
Y I: 0.76 Y I: 0.94,11 0.76' Y I: 1.02
Y 2: 0.74 Y 2: 0.78,11 0.47' Y 2: 0.72
Y 3: 0.95 Y 3: 0.36,11 0.46' Y 3: 0.39

Results of no
surgery (mean
episodes
per y)

p Value

Conclusion

o. of critcria-satisfyingf throat
infections per y
Y I: 2.66
Y 2: 2.24
Y 3: 1.65

Y I: 0.001
Y 2: 0.001
Y 3: NS

Surgical group with significantly fewer
throat infections than control, but
control group infections also decrease
over time

No. of criteria-satisfyingf
throat infections per y
Y I: 1.78
Y 2: 1.70
Y 3: 1.33

Y I: <0.00 1, <0.001
Y 2: <0.001, <0.00 1
Y 3: <0.00 I, <0.00 I

T&A not different from
tonsillectomy alone;
both with fewer throat
infections than control

STUDY DESIGN

No. of criteria-satisfyingz throat
infections per y
Y I: 2.22
Y 2: 1.66
Y 3: 1.29

Y I: <0.001
Y 2: 0.001
Y 3: <0.001

Surgical group with significantly fewer
infections; both groups with fewer
infections over time

Inclusion
criteria

Exclusion
criteria

3- to Is-y-olds with recurrent criteria
satisfying:j: tonsillitis/pharyngitis: ~7
episodes in previous y, ~s in each of 2
preceding y, ~3 in each of 3 preceding y

Airway symptoms, prior tonsil/adenoid
su rgery, major physical disease, st ructural
middle ear disease,
hypogammaglobulinemia, sibling enrolled,
inabi lity to meet projected tr ial schedule

3- to Is-y-olds with frequency or clinical features of previous
episodes below that of 1984 trial requirements, including those in
whom only documentation was lacking

Without recurrent OM With recurrent OM or obstruction
or obstruction requiring requiring adenoidectomy
adenoidectomy

Airway symptoms and those who met eligibility criteria of the
Paradise, 1984 tria l

Surgica l
intervention

Nonsurgical
treatment

Ton sillectom y alone and T&A gro upe d Tonsillectomy alone vs Adeno tonsi llectomy
toget her T&A

If pos itive throat culture o r treated presumptively and improved within 48 h, then penicillin V 250 mg 10 d or
erythromycin 10 mglkg q.i.d . 10 d if allergic

Adequacy of
randomization:
baseline
characteristics

Similar age, sex, race, tonsil size, referral
source, allergy, rate of adenoidectomy.
Statistical differences in surgical group vs
control: 47 vs 23% with ~7episodes in
I y, 42 vs 67% with ~3 episodes in 3 y,
no . of siblings, socioeconomics

o statistically significant difference in age, sex, race, clinica l or
documented history, tonsil size, sibling no., or socioeconomic
status

Follow-up
method

Standardized inquiry biweekly, clinical assessment q 6 wk and with acute episodes. Episodes counted only if
reported within 18 d

Surgical
morbidity

4/95" hemorrhage
1/95" severe nausea
2/95" fever

3/209 with intraoperative hemorrhage
7/209 with delayed hemorrhage, with I of these requiring
transfusion

ReT =randomized controlled trial. T&A =adenotonsillectomy. OM =otitis media. q.i.d. =four times a day.
• Sample sizes arc shown for those completing the stud y at 1 y, 2 y, and 3 y; with (the originally randomized number of subjects).
:j:For the Paradise studies, throat infection was strictly defined : each episode with documentation and ~l of: PO temperature >38.3°C. lad >2 ern or
tender. tonsil/pharyngeal exudates. group A beta hemolytic streptococcus positive. antibiotics for proved/suspected streptococcal infection .
§ Throat infections were rated mild. moderate, or severe according to predetermined criteria .
II Tonsillectomy alone. , T&A. # Extrapolated from chart.
•• Ninety-five patients are derived from the RCT detai led here and the nonrandomized prospective study reported in the same publication.
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Referen ce

Level (design)

ample size'

Outcome
measure

Results of
surgery (mean
episodes per y)

Results of no
surgery (mean
episodes per y)

p Value

Conclusion

Inclusion
criteria

Exclusion
criteria

urgical
intervention

onsurgical
treatment

Adequacy of
randomization:
ba eline
characteristics

Follow-up
method

urgical
morbidity

Mawson . 1967

I (Ref)

361 Y J, 312 Y2 (404)

OUTCOMES

o. of epi odes of any of these: tonsillitis, sore
throat, cervical adenitis (none further defined )

o. of episodes per y as described above
Y 1: 0.74#
Y 2: 0.58#

o, of episodes a described above
Y I: 2.25#
Y 2: 1.69#

Statistical significance not reported

Trend toward fewer infections with surgery; both
groups with fewer infections over time

STUDY DESIGN

3- to 12-y-old children "in whom operation could be
postponed for as long in the 2 y follow-up as ethically
could be found possible"

Children "with very enlarged, obviously unhealthy
tonsils and adenoids from whom we could not in good
conscience withhold operation under any
circumstances," or if "we could not in good conscience
advise operation"

Adenotonsillectomy

ot specified

Descriptive data only without statistics: surgical group
with more males than females v control group with
fewer females. Surgical group with fewer <4-y-old
patients

Clinical examination q 2 mo for 2 y

ot reported

Roydh ou se, 1970

I (R n
379 at y 1.279 at y 2 (379)t

'0. of sore throats (not further defined)
o. of respiratory illnesses (not further defined)

o. of sore throats, respiratory illnesses per y
Y 1: 0.56, 1.88
Y 2: 0.25, 1.35

'0. of sore throats, respiratory illnesse per y
Y I: 2.25, 3.33
Y 2: 1.86,3.13

tatistical significance not reported

Trend toward fewer infections with surgery; both groups
with fewer infections over time

<12 Yold
Otherwi c not reported

Mainly otologic symptoms

Adenotonsillectomy

ot specified

ot reported

lot reported

16/397 hemorrhage

RCT = randomized controlled trial. T&A = adenotonsillectomy, OM = otitis media. q.i.d. = four times a day.
• ample izes are hown for those completing the study at I y, 2 y,and 3 y; with (the originally randomized number of subjects ).
t Calculated from reported tables.
t For the Paradise studies, throat infection was strictly defined : each episode with documentation and ~ I of: 1'0 temperature >38.3°C, lad >2 cm or
tender. tonsil/pharyngeal exudates , group A beta hemolytic streptococcus positive, antibiotics for proved /suspected streptococcal infection.
§ Throat infections were rated mild, moderate, or severe according to predetermined criteria.
11 Tonsillectomy alone . , T&A. # Extrapolated from charI.
.. inety-five patients are derived from the RCT detailed here and the nonrandomized prospective study reported in the same publication.
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4 Pediatric Tonsillectomy
4.8.
Postoperative systemic antibiotics: Impact on postoperative pain

Jennifer J. Shin and Christopher J. Hartnick

METHODS

A computerized Ovid search of MEDLINE 1966-July
2003 was performed. The terms "tonsillectomy" and
"tonsil" were exploded and the resulting articles were
combined. The term "antibiotics" was entered as a
keyword and mapped to the subject headings "anti
biotics, combined;' "antibiotics, lactam," "antibiotics,
macrolide;' "antibiotics, tetracycline;' "antibiotics,
anthracycline," "antibiotics, aminoglycoside," "antibiot
ics, peptide;' and "antibiotics, antitubercular:' These
headings were in turn exploded, combined, and cross
referenced with the tonsillectomy/tonsil articles. The
resulting 601 articles were limited to "human" and
"English language;' resulting in 375 publications, whose
titles and abstracts were then reviewed. Those publica
tions were then reviewed to see which met the following
inclusion criteria: 1) studied a distinct patient population
less than 18 years old, 2) intervened with the use of sys
temic antimicrobials in the first 2 weeks after tonsillec
tomy, and 3) described the outcomes of postoperative
pain. The references of these articles were then reviewed
and manually cross-checked to ensure all applicable lit
erature was included. Five prospective controlled trials
meeting the inclusion criteria were identified in this
manner [1-7]. The four of those that were randomized
are summarized in the adjoining table and the highest
level of evidence is discussed in detail below.

RESULTS

Outcome Measures. Postoperative pain can be mea
sured in a variety of ways. In these studies, the amount
of analgesic required, the time in continuous pain, and a
numeric rating of pain severity were the methods used.

Potential Confounders. Postoperative pain may be
influenced by factors besides antibiotic use. First, steroid
administration may alter post-tonsillectomy morbidity
[6]. None of these studies directly reports any concurrent
steroid use in either antibiotic or control groups, although
most were performed before steroid use was definitively
studied in the context of tonsillectomy. The latest study
[1] does note that "other premedications" were similar
in both groups. Second, the surgical technique may
influence subsequent pain [7], and the techniques used
in these studies are described in the adjoining table.
Third, the type, route, dose, and duration of antibiotic
administration may influence the results, and we have
also catalogued these for the reader.

40

Study Designs. All studies were prospective controlled
trials (level 1-2) . Four of these were randomized (level
1) and so constituted the highest level of evidence. Ran
domization is performed to minimize differences in the
groups before treatment. In accordance with this, three
reports [1,2,5] provide a detailed analysis of the pre
treatment subject characteristics, confirming no signifi
cant difference between the antibiotic and the placebo
group at the outset. Only one study was double blind
with placebo control and reported compliance (approx
imately 75% of trial medications were consumed) [5].
Another study was the only one to use a validated clini
cal pain scale [1]. A third study laudably tries to address
the potentially confounding factor of surgical technique,
but in dividing the 80 subjects into 8 groups of 10 each,
has a relatively lower study power as reported [4]. This
study may therefore inappropriately fail to reject the null
hypothesis because of inadequate power in these com
parisons. The fourth randomized controlled trial (RCT)
differs in that it compares two antibiotic regimens, rather
than comparing antibiotic versus control [2]. The sub
jects withdrawn from the studies were minimal in
number and withdrawn for acceptable reasons, although
it is unclear how the three patients withdrawn from the
Telian study for noncompliance would have affected the
overall outcome.

Highest Level of Evidence. Three RCTs designed spe
cifically to determine the impact of antibiotics versus
control in children post-tonsillectomy provide the
highest level of evidence addressing this clinical query.
All three reported decreased pain with various measure
ments in one or more groups of patients using antibiot
ics. Telian reports fewer days of continuous pain with
antibiotics. Colreavy reports a lower subjective pain
score with antibiotics. Linden reports less pain medicine
utilized in groups undergoing electrocautery or laser
excision with antibiotics. This study also, however,
reports no difference in pain with or without antibiotics
in groups undergoing cold dissection, in contrast to the
Telianreport. The Linden study is,however,lesspowered
to address this issue, with 20 patients undergoing cold
dissection with electrocautery hemostasis, versus 85 in
the Telian article. Although not directly addressing the
impact of antibiotics versus control, a fourth random
ized study warrants mention here in that it shows no
difference in pain with amoxicillin versus cefaclor
therapy.



Applicability. Based on the inclusion/exclusion criteria
for these papers, the results can be applied to children
undergoing tonsillectomy with or without adenoidec
tomy, with no known penicillin allergy,no medical con
dition requiring antibiotics, and who have had no
antibiotics for at least 1 week before surgery.

Morbidity. The morbidity of antibiotic use seems to be
minimal according to the two randomized studies that
reported on associated complications. One study had one
rash and one episode of thrush in 45 children taking
antibiotics. The second study's antibiotic group had one
episode of diarrhea and one hemorrhage (versus four in
the control group). None of these studies, however, were
directly designed to address this issue.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

The use of antibiotics to minimize pain after tonsillec
tomy is supported by level 1 evidence in three RCTs. One
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of these trials does, however, report no difference in pain
in subgroups who underwent cold dissection, although
this study has limitations in power. Overall, it seems that
the use of antibiotics to decrease pain after cautery ton
sillectomy is warranted, and may be warranted after dis
section tonsillectomy as well.

Asfor the specificantibiotic regimen, the data support
the use of lactam antimicrobials for 1week,with success
ful use of either amoxicillin [5] or amoxicillin/ clavulanic
acid [1]. In addition, cefaclor use results in pain control
equivalent to that seen with amoxicillin [2].

Future research into this topic may address the
potential interaction of antibiotics with surgical method
or steroid use. In addition, future research in this area
may be best performed with standardized, validated
means of postoperative pain reporting in order to facili
tate the analysis of pooled data.



THE EVIDENCE CONDENSED: Antibiotics to decrease post-tonsillectomy pain In children

Reference

Level (design)

Sample size'

Outcome measure

Antibiotics score

No antibiotics score

p Value

Conclusion

Follow-up

Inclusion criteria

Exclusion criteria

Intervention

TeHan, 1986

I (RCT)

85 (100)

OUTCOMES

Scale: time experiencing continuous pain
Time: POD 1-7

3.3 d

4.4 d

<0.05

Less pain with antibiotics

7-14 d postoperatively

STUDY DESIGN

All tonsillectomies with or without
adenoidectomies

No known penicillin allergy, no medical
condition requiring antibiotics, no antibiotics
for I wk before surgery

Ampicillin!amoxicillin (250 mg PO t.i.d. if
;:::20kg, 125mg PO t.i.d. if <20 kg) 7d vs saline!
placebo

Colreavy,1999

I (RCT)

75 (78)

Scale I: 0 (little or no) -10 (unbearable)
Scale 2: mean use of analgesic in mglkgl24 h
Time: POD 7

Scale I: 2.8
Scale 2: 200 rng/kg/d

Scale I: 6.3
Scale 2: 112 mglkgld

Scale I: p = 0.006
Scale 2: p =0.038

Less pain with antibiotics

7 d postoperatively

All tonsillectomies with or without fewer procedures

No known penicillin allergy, no medical condition
requiring antibiotics, no antibiotics for I wk before
surgery

Amoxicillin with c1avulanic acid (dose according to
1996 British National Formulary) 7d vs control group
without placebo

ReT = randomized controlled trial, POD = postoperative day.
• Sample size: numbers shown for those completing the trial and those (initially recruited ).
t Estimated from bar chart.
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THE EVIDENCE CONDENSED: Antibiotics to decrease post-tonsillectomy pain in children

Reference

Level (design)

Sample size'

Outcome measure

Antibiotics score

No antib iotics score

p Value

Conclusion

Follow-up

Linden, 1990

I (Ref)

80 (80)

OUTCOMES

Scale: analgesic use, weighted score
Time: POD 5

Excisn/hstasis
Diss/ecaut: I.I t
Dissllig: 0.8t
Ecaut/ecaut: I.3t
Laserllaser: 0.9t

Excisn/hstasis
Diss/ecaut: LOt
Dissllig: 0.7t
Ecaut/ecaut: 0.8t
Laserllase r: I.3t
No p values repo rted

Diss/ecaut: no effect
Dissllig: no effect
Ecaut/ecaut, Laserllaser: "statistically
significant decrease in pain medicine required
with antibiotics"

5 d postoperatively

STUDY DESIGN

Jone s, 1990

I (RCT)

95 (104)

Scale: none, mild , moderate, or severe
Time : POD 1-7

Days with mild-severe pain : cefaclor: 3.9 d,
amoxicill in: 3.8 d

None

NS

No difference in pain betwee n cefaclor and amoxicill in
groups

7-14 d postoperatively

Inclusion criteria ot reported

Exclusion criteria Not reported

Intervention Antibiotic regimen not specified vs control
group witho ut placebo

Method of excisn/ hstasis As described in the four gro ups above

Compliance Not reported

Randomization Not reported
effectiveness

Morbidity/complications ot reported
of antibiotics

All tonsillectomies with or without adenoidectomies

No known penicillin allergy, no medical condition
requiring antibiotics, no an tibiotics for I wk before
surgery

Ampic illin/amoxicillin (250 mg PO t.i.d. if ~20 kg,
125 mg PO t.i.d. if <20 kg) vs cefazolinl cefaclor
(250 mg PO t.i.d. if ~20 kg, 125 mg PO t.i.d. if <20 kg)
7d

Not reported

Amoxicillin group: 88% of med ications were taken
Cefaclor group: 89% of medications were taken

No significant difference in age, sex, indication for
surge ry, or tons il size in the two groups before
antibiotic or placebo treatment

ot reported

RCT = randomized controlled trial, POD = postoperative day. For the Linden study, methods of excision and hemo stasis are reported: excisn =
excision, hstasis = hemosta sis, ecaut = electrocautery, diss = blunt dissection with snare excision, lig = ligation, t.i.d .= three times a day.
o Sample size: numbers shown for those comp leting the trial and those (initially recruited).
t Estimated from bar chart.
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Single-dose systemic dexamethasone: Impact on postoperative emesis and oral intake

Jennifer J. Shin and Christopher J. Hartnick

METHODS

Acomputerized Ovid search of MEDLINE 1966-0ctober
2003 was performed. The terms "tonsillectomy" and
"tonsil" were exploded and the resulting articles were
combined. The term "steroids" was exploded and the
resulting articles were cross-referenced with the tonsil
lectomy/tonsil articles. This process yielded 192 articles.
These articles were then reviewed to determine which
met the following inclusion criteria: 1) distinct patient
population of children (~18 years old) undergoing ton
sillectomy, 2) intervention with a single dose of intra
venous steroid, and 3) outcome measurement of
postoperative emesis and/or oral intake. Studies of the
effects of local steroid injection were excluded. In this
manner, we identified nine randomized controlled trials
(RCTs) [1-9] and three meta-analyses of those RCTs
[10-12]. The meta-analyses were rigorously performed
and well reported, and we will discuss these as the highest
level of evidence.

RESULTS

Outcome Measures. Postoperative emesis was usually
reported as the number of patients who experienced at
least one episode of emesis after surgery [1, 4, 6-8]. In
the Steward analyses, that period was defined as 24 hours
postoperatively. Other primary papers reported the
number of patients requiring antiemetic medication [3]
or included "retching" in with the outcome of emesis [5].
Oral intake was usually reported as the number of
patients advancing to a soft or solid diet on postoperative
(POD) 1 or 3.

Potential Confounders. A meta-analysis is only as strong
as the quality and quantity of source articles that are
included, as well as the thoroughness of the literature
search that produces them. Each of these meta-analyses
included only level 1 studies with clearly and statistically
defined outcomes, and reviewed almost 200 articles with
manual cross-checks in order to identify all relevant
studies. The results of meta-analyses may also be affected
by the publication bias that exists in the otolaryngology
literature toward accepting reports of positive more so
than negative results [13]. Such a bias may result in the
inclusion of more articles with positive findings in a
meta-analysis, which can skew the final results. A sensi
tivity analysis can help address this issue, by determining
how many negative studies would be needed to cancel
out a positive finding.

StudyDesigns. All three are high-quality meta-analyses
with well-defined a priori inclusion and exclusion crite
ria, closely specified outcome measures, and methodical
quantitative analyses. Each clearly defined inclusion and
exclusion criteria, the search strategy employed, and the
outcome measures utilized. Each also addressed the issue
of the impact of publication bias, and utilized more than
one author to minimize bias. The most recent study
included the largest number of subjects from a larger
number of published trials [10]. All used the random
effects model for data analysis.

Highest Level of Evidence. The relative risk of post
tonsillectomy emesis is 0.54-0.55, meaning that children
who were treated with steroids had half the risk of emesis
that children who received placebo had [10-12]. This
finding was statistically significant. In addition, all three
meta-analyses found a significant rate difference (RD) of
-24% to -27% in children experiencing postoperative
emesis [10-12] . This RD is the absolute difference in the
outcome of interest between the study group and the
control group . For example, if results show that 29% of
the steroid group had emesis versus 55% of the placebo
group, these data have an RD of 29% - 55% = -26%.
This RD also allows us to determine the number of chil
dren who need to be treated with steroids to prevent one
child from having post-tonsillectomy emesis. The
number needed to treat (NNT) is the reciprocal of the
RD. In this case, to prevent one child from experiencing
postoperative emesis, four children must be treated with
a single dose of intraoperative dexamethasone.

Bythe same group of measurements, oral intake was
also improved on POD 1, with 21%- 22% more children
advancing to a soft or normal diet in the steroid group
as compared with the placebo group [10-12], with a
resulting NNT of 5. The relative risk of 1.69 also cor
roborates the positive impact of steroid treatment at
POD 1. At POD 3, however, there were no statistically
significant differences between the oral intake of the
steroid or control groups.

Applicability. These results apply to children (~18 years
old) receiving a single intraoperative dose of dexametha
sone undergoing adenotonsillectomy or tonsillectomy
alone.

Morbidity. The most recent Steward analysis addressed
this issue, citing that no adverse effectswere noted in any
of the included trials. In addition, it cites a 10-year expe
rience of approximately 800 tonsillectomies each year in
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which there were no adverse events attributable to single
dose steroid use.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There are three meta-analyses of RCTs that show that
post-tonsillectomy emesis and oral intake on POD 1 are

improved with the use of a single intravenous periop
erative dose of steroids. The difference in oral intake at
POD 3, however, is not significant.

Future research may consider the dose-dependent
effects of steroid administration through randomized
dose control trials in pediatric tonsillectomy patients.



THE EVIDENCE CONDENSED: Post-tonsillectomy steroids to decrease emesis and increase oral intake

Referen ce

Level (design)

Sample size'

Emesis
ROt

Emesis
RR:j:

Oral intake
POD I ROt

Oral intake
POD I
RR:j:

Oral intake
POD 3 ROt

Oral intake
POD 3
RR:j:

Inclusion cri teria
for studies

Exclusion criteria

Intervention

Potential
publication bias
addressed?

Steward, 2003

I (MA of RCfs)

Emesis 640 (8)
Oral intake
POD I: 248 (4)
POD 3: 152 (3)

RD = -25 (- 37 to -13)
P = 0.00004, favors steroids

T=4

RR 0.54 (0.42 to 0.69 )
P < 0.0000 I, favors steroids

RD=21 (6 to 36)
P = 0.006, favors steroids
NNT=5

RR 1.69 (1.02 to 2.79)
P = 0.04, favors steroids

RD = 17 (- 7 to 41)

P = 0.15

RR = 1.22 (0.8 1 to 1.86)

P =0.3

Randomized do uble
blinded placebo
controlled trials of a
single dose of intravenous
intraoperative
corticosteroid
versus placebo
Pediatric patients (aged
~I8 y) who underwent
tonsillectomy or
adenotonsillectomy
Foreign -language
publications were
translated for evaluation

• Trials involving adult
patients

Dexamethasone single
intravenous perioperative
dose

Sensitivity ana lysis
(calculated fail safe N): 15
studies with a null RR
wou ld be required to
increase the overall RR of
emesis to nonsignificance

Steward ,2001

I (MA of RCTs)

Emesis 534 (7)
Oral intake
POD I: 248 (4)
POD 3: 152 (3)

OUTCOMES

RD = -24 (- 38 to -10)
P = 0.0006 , favors steroids

T=4

RR 0.55 (0.4 1 to 0.74 )
P = 0.00007, favors steroids

RD=21 (6 to 36)
p = 0.006, favors steroids
NNT=5

RR = 1.69 (1.02 to 2.79)
P = 0.04, favors steroids

RD 17 (- 7 to 41)

P = 0.15

RR 1.22 (0.8 1 to 1.86)
p=0.3

STUDY DESIGN

Randomized double-blinded placebo
controlled trials of a single dose of
intravenous intraoperative
corticosteroid versus placebo
Pediatric patients (age ~18 y)
who underwent tonsillectomy or
adenotonsillectomy were included

• Trials involving adult patients
• Trials not published or translated

into the English language

Dexamethasone single intravenous
perioperative dose

Sensitivity analysis (calculated fail safe
N): 12 studies with a null RR would be
required to increase the overa ll RR of
emesis to nonsignificance

Goldman, 2000

I (MA of RCfs)

Emesis 468 (5)
Oral intake
POD I: 191 (3)
POD 3: 135 (3)

RD = -27 (-42 to -12)
P < 0.000 I, favors steroids

T=4

ot reported

RD =22 (I to 44)
P < 0.00 I, favors steroids
NNT=5

Not reported

RD 12 (- 19 to 43)

P = 0.281

ot reported

Randomized prospective contro lled
tria ls of perioperative intravenous
dexamethasone versus no steroid
Complete data (numerator and
denominator) were available for
endpoints in the control and
treatment groups
Foreign-language publications
were translated for evaluation

Trials focusing on anesthetic
technique, obstructive sleep apnea,
or other pediatric diseases

Dexamethasone single intravenous
perioperative dose

"Publication bias (the preferential
tendency of aut hors and journa ls to
pub lish positive results) is unlikely
beca use the 95% CI of the overall
RD does not approach zero"

MA = meta-analysis. RCT = randomizedcontrolled trial. POD = postoperative day. RD = rate difference, RR = relative risk. T= number needed
to treat (i.e.. the total number of children that must be treated in order for one child to obtain benefit from steroid treatment).CI = confidence
interval.
• Sample size: numbersshown for total number of subjects in the trials included in the MA and (the number of publications included).
t The absolute RD is definedas the absolute dilTerence in successfuloutcomes between the study group and the control group. For example. in the
Splinter 1996study (the largest RCT to date). 71% of the placebo vs 40% of the dexamethasone group had emesis. The RD in this study was
40% - 71%= -31 %.
; RR is the risk of an event in a patient in the experimental group relative to that of a patient in the control group.
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Single-dose systemic dexamethasone: Impact on postoperative pain

Jennifer J. Shin and Christopher J. Hartnick

METHODS

A computerized Ovid search ofMEDLINE 1966-0ctober
2003 was performed as described in section 4.C.1. The
resulting 192 articles were reviewed to determine which
met the following inclusion criteria: 1) distinct patient
population of children (~18 years old) undergoing ton
sillectomy, 2) intervention with a single dose of intra
venous steroid, and 3) outcome measurement of
postoperative pain or analgesic use. Studies of the effects
of local steroid injection or oral prednisone were
excluded. Eight level 1 studies [1-8] were located and
these are discussed in detail below. In addition, for studies
reporting no significant difference between steroid and
placebo groups , power calculations were performed.

RESULTS

Outcome Measures. Pain can be measured in multiple
ways, including visual analog and numeric scales [1, 3,
8]. The quality of pain can be determined (i.e., minimal,
worst) , as can its timing (i.e., rare, continuous) [7]. It can
also be measured in the number of patients with a certain
amount of pain (i.e., percent of patients with severe pain)
[5].Likewise,pain can be indirectly measured by showing
the amount of analgesic consumed [1-8] , or by having
a blinded observer record behavior indicative of the
amount of pain [6].Also,one study reported fewer phone
calls from parents of children receiving steroids, although
those phone calls were not only for difficulty with pain
management, but also for difficulty with nausea or other
complaints [4]. Another commented on the relative
number of smiles but this parameter could also be con
founded by factors other than pain [1].

Potential Confounders. Antibiotic use has been shown
to alter postoperative pain in three randomized controlled
trials (RCTs)in children (see 16.B). In addition, especially
in the immediate postoperative period, other analgesics
or anesthetics used may also alter pain outcomes. Also,
surgical technique has been shown to influence postop
erative pain [9]. Finally, the dose and route of steroid
administration may cause discrepancies. All of these
factors are cataloged for the reader in the adjoining table.

Study Designs. These studies are all double-blind RCTs
with placebo control. All except three confirmed no sta
tistical differences in age, sex,or other pretreatment char
acteristics in the steroid and placebo groups . Validated
pain scales were used in four studies [1, 3, 6, 8], with
clearly defined measures of pain provided in two others

[5, 7]. All studies also utilized the surrogate measure of
analgesic consumption. Four ensured that the potential
confounder of antibiotics was standardized throughout
[1-3, 7] and six attempted to standardize the anesthetic
regimen. Two RCTsevaluated the immediate postopera
tive period only (up to 24 hours after surgery). One RCT
evaluated the first 48 hours, and the remaining RCTs
evaluated the first postoperative 7-10 days. Representa
tive time points from each trial are shown. Because many
studies reported a negative result (i.e., no significant dif
ference in pain measures between the steroid
and control group), we have also tabulated whether an
a priori power calculation was performed.

Highest Level of Evidence. All except one study showed
no difference in reported subjective pain measures
between the steroid and placebo groups. The lone excep
tion [5] reported a significant decrease in the percent of
patients with severe pain on the first postoperative day
(POD) with dexamethasone treatment. Other groups did
not measure this particular parameter of percent with
severe pain. Also, all except one study reported no differ
ence in the analgesic consumed in the steroid and placebo
groups. The single exception [3] showed a statistically
significant decrease in the number of patients requiring
codeine or acetaminophen on the first POD with steroid
use. The two studies that showed a difference in pain
outcome were not the result of higher dosing, because
the amount of dexamethasone used was comparable to
that of other studies showing no effect.

Applicability. The results of these studies are applicable
to patients undergoing tonsillectomy with or without
adenoidectomy who are 18 years at the oldest and 1 year
at the youngest. They are not applicable to children with
steroid use previous to the preoperative period, or with
comorbidities including diabetes and neurologic disease.
Further details of the inclusion/exclusion criteria for
specific studies are tabulated below.

Morbidity. None of these studies reported any steroid
associated morbidity.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is level 1 evidence regarding the effect of steroids
on postoperative pain , the preponderance of which shows
no difference in reported pain or analgesic use in
children who have dexamethasone versus placebo. At
least two of these studies are adequately powered to find
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any true difference that exists. Two of the seven studies
show a significant difference in pain on the first POD.
None show a difference beyond this time frame, and
none show worsening of pain with steroids. Some might
argue, however, that the first POD is such a critical
period-withworsepain potentiallyresulting in increased
hospitalization and heightened patient/family anxiety
that any potential analgesic benefit may make steroid
administration worthwhile. Also, the results of these

studies are often considered in the context of the multiple
studies that show a decrease in emesis and nearly no
morbidity with a single perioperative dose of dexameth
asone.

If further research on this topic is performed, it may
be best focused on the first 48 hours after tonsillectomy,
because this seems to be the area of most debate. Also, it
would be of interest to have clear reporting of any apriori
power calculations for studies, especiallywhen the results
show no significant difference between groups. In addi
tion, the use of uniform validated pain scales would
facilitate the analysis of pooled data.



THE EVIDENCE CONDENSED: Single-dose systemic dexamethasone for post-tonsillectomy pain

Reference

Level (design)

Sample size'

Oh lms, 1995

1 (RCT)

69 (69)

Giannoni, 2002

I (Ref)

47 (50)

OUTCOMES

Pain measure Mean score on faces pain scale 0 (least pain ) to I
(most pain )

Mean score on visual analog scale 0 =no pain, 10 =worst
pain ever

Time

Steroid

Placebo

p Value

Conclusion

Analgesic
consumed

Time

Steroid

Placebo

p Value

Conclusion

POD 1 POD 2 POD 7 POD I POD 2

0.50t OA7t 0.29t 4.8t 3.8t

0.59t OA9t 0.32t 5.0t 3.0t

NS overall >0.05 for overall

No difference overall No difference overall

Percent taking codeine or acetaminophen Mean doses of codeine

POD 1 POD 2 POD 7 POD 1 POD 2

440/0t 600/0t 540/0t 3.0t 2.3t

780/0t 570/0t 410/0t 3.9t 2.9t

<0.05 NS NS >0.05 overall

Steroids better on POD I No difference overall

STUDY DESIGN

PODS

2.5t

2At

POD S

IAt

I.5 t

Inclusion
criteria

Exclusion
criteria

Dexamethasone
regimen

Antibiotic use

Other analgesic
or anesthetic
medications

Method of
tonsillec tomy

Indications for
tonsillectomy

Age

Randomization
Effectiveness

A priori power
calculation

Patients aged 3-18 y scheduled for tonsillectomy
with or without adenoidectomy were eligible for
the study

"Any patient with a known contraindication to
steroid use," penicillin allergy

0.5 rug/kg (maximum 12 mg) IV x t before
surgery

All received ampicillin 50 mglkg IV xz,
amoxicillin 50 mglkg PO x5 d.

All received stan da rd anesthetic with halothane,
nitrous oxide, isoflurane, morphine sulfate

Sharp dissection snare techn ique

52 adenotonsillar hyper trop hy, 17 recurrent
tonsillitis

3-18 Y

No significant difference in age, sex, race, tonsil
size, other procedures, EBL, procedure length, IV
fluids in the operating room in the pretreatment
groups

0.95 to detect a difference in pain score of at least
0.2, with 25 patients in each group

Patients aged 3-15 y scheduled for tonsillectomy were
offered enrollment

R

I mglkg (maximum 16 mg) IV x l intraoperatively

NR

All received tonsil fossa injectio n of ropivaca ine and
clonidine, ibuprofen PO, midazolam, "stan da rd inh alational
anesthetic"

NR

NR

3-15 Y

No significant difference in age, sex, and rate of concurrent
adenoidectomy

0.89, calculated around the visual analog scale, with a
sample size of 20 subjects per group

RCT = randomized controlled trial, POD = postoperative day, S = not significant, R = not reported, IV = intravenous.
• Sample size: numbers shown for those completing the trial and those (initially recruited ).
t Estimated from graph.
t History of cardiac arrhythmia, glucose intolerance , gastrointestinal bleeding, tuberculosi s, or neurologic, developmental, or other chronic medical
diseases.
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THE EVIDENCE CONDENSED: Single-dose systemic dexamethasone for post-tonsillectomy pain

Reference

Level (design)

Sample size'

Volk ,1993

1 (RCf)

49 (SO)

Tom, 1996

I (RCf)

58 (71)

OUTCOMES

Mean score on pain scale 0 absent, I rare, 2
intermittent, 3 continuous

Mean doses of acetaminophen

NS<0.01

Lumped data from PODs 1- 7

"No large or clear effects;' not furt her described

% with "severe pain" from diar y including pain report: details
NR

POD 1 "Delayed pain"

0.20t " 0 large or clear effects"

0.57t

Steroids better on POD I

Use of acetaminophen-codeine, deta ils NR

POD 7

2.3

2.5

POD 7

1.5

1.4

POD 2

2.0

2.0

POD 2

3.3

3.9

POD I

3.6

3.8

NS overall

POD I

2.1

2.4

S overall

o difference overall

Pain measure

Time

Steroid

Placebo

p Value

Conclusion

Analgesic
consumed

Time

Steroid

Placebo

p Value

Conclusion o difference overall No difference overall

STUDY DESIGN

Inclusion
criteria

Exclusion
criteria

Dexamethasone
regimen

Antibiotic use

Other ana lgesic
or anest hetic
medications

Patients age 4-12 y "fulfilling previously
established criteria" for tonsillectomy with or
without adenoidectomy

Penicillin allergy; condition requi ring antibiotic
prophylaxis; history of peritonsillar abscess;
recent steroid usage; other medical cornorbidities!

10 mg IV x i just before intubation

All received amoxicillin PO x io d
postoperatively

NR

Patients age 1-18 y scheduled for adenotonsillectomy were
eligible

Bisulfate allergy; cardiac problems; craniofacial anomalies;
bleeding or neuromuscular disorders

I mg/kg (maximum 10 mg) IV x i intraoperatively

NR

Standardized anesthes ia with halotha ne and nitrous oxide,
morphine

Method of
tonsillectomy

Indications for
tonsillectomy

Blunt and sharp dissection; Hemostasis with
cautery

"Up per airway obstruct ion from tons illar
hypert rophy most common reason"; not furt her
described

Excision and hemostasis with electrocau tery

NR

Age

Randomization
effectiveness

4-12 Y

No large differences in age, sex, average number
of tonsillitis episodes in the previous year,
snoring, mouth breathing, dysphagia , average
tonsil size

1-18 y

R

A priori power
calculation

R R

ReT =randomized controlled trial, POD =postoperat ive day, S =not significant, R =not reported , IV =intravenous.
• Sample size: numbers shown for those completin g the trial and those (initially recruited ).
t Estimated from graph .
t History of cardiac arrhythmia, glucose intolerance , gastrointestinal bleeding, tuberculosis, or neurologic , developmental, or other chronic medical
diseases.
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THE EVIDENCE CONDENSED: Single-dose systemic dexamethasone for post-tonsillectomy pain

Reference

Level (design)

ample size

Pappas, 1998

I (RCT)

128 (130)

Vosdoganis, 1999

I (RCT)

41 (42)

Median value assigned by blinded observer using the
Objective Pain calc in the first 24 h postoperatively

4h 8h 24 h

1.0 0.0 1.0

1.0 1.0 1.0

S S S

o difference overall

Mean intake in mglkgld

Paracetamol odeine

Within 24 h of surgery

Pain measure

Time

Steroid

Placebo

p value

Conclusion

Analgesic con umed

Time

teroid

Placebo

p value

onclusion

OUTCOMES

o. of phone calls to M.D. for complaints of
pain , inabilit y to maintain analgesic schedule
(also included calls for poor PO, nau sea,
vomiting)

Within 24 h after discharge

8

25

<0.05

Steroids better within 24 h after discharge

Percent of patient who received fentanyl in
PACU

Duration of PA U stay

62

66

o difference

STUDY DESIGN

60.2

61.2

S

o difference

0.77

0.71

Inclusion criteria

Exclusion criteria

Dexamethasone
regimen

Antibiotic u e

Other analgesic or
anesthetic
medications

Method of
ton sillectomy

Indications for
ton sillectomy

Age

Randomization
effectiveness

A priori power
calculation reported

Ambulatory tonsillectomy or
adenotonsillectomy

Children who received antiemetic ,
antihistamines, steroids, or psychoactive drugs
within 24 h of surgery; history of diabetes;
indication for IV induction

I mglkg (maximum 25 mg ) IV x t before
surgery

R

All received rnidazolarn, halothane and nitrous
oxide with i oflurane, fentanyl ; also
acetaminophen codeine q 4 h while awake after
discharge

Eleetrodisseetion

ot pecified

2-12 Y

"Comparable with re pect to tonsillar size,
surgical indication, surgical procedure"

0.90 (was powered around emesis outcome) to
detect an RD of 50%, with 55 patients in each
group

Elective inpatient tonsillectomy; A A I, II

Known allergy to dexamethasone, ASA ~3 , history of
severe postoperative nausea /vomiting

0.4 mglkg (maximum 8 mg) IV x l at induction

R

tandard anesthetic with halothane or sevofluranc,
propofol, nitrous oxide or isofJurane ; paracetamol

R

R

2-12 Y

o difference in age, weight, sex, type of operation,
induction or maintenance agent

R

RCT = randomized controlled trial. POD = postoperative day. RD = rate difference. = not ignificant, R = not reponed. PACU = postanesthesia
care unit. A A = American ocicty of Anesthe siologi sts. IV = intravenous.
• ample size: numbers shown for tho e completing the trial and those (initially recruited).
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THE EVIDENCE CONDENSED: Single-dose systemic dexamethasone for post-tonsillectomy pain

Reference

Level (design)

Sample size'

Pain measure

Time

Steroid

Placebo

p value

Conclusion

Analgesic consumed

Time

Steroid

Placebo

p value

Concl usion

Inclusion criteria

Exclusion criteria

Dexamethasone
regimen

Antibiotic use

Other analgesic or
anesthetic
medications

Method of
tonsi llectomy

Indications for
tonsillectomy

Age

Randomization
effectiveness

A priori power
calculation reported

Cat lin, 1991

I (RCT)

25 (25)

OUTCOMES

"Symp toms of pain" not further specified

"No difference noted . .. except for 2 of the
control patients who return ed on day 7 with
comp laints of severe throat pain"

No difference overall

Use of meperid ine; acetaminophen ± codeine

Lumped PODs 1- 7

No significant difference, no further details
repor ted

o difference

STUDY DESIGN

Tonsillectomy or adenotonsillectomy

Steroid or immunotherapy in the past year,
other investigational drug use, contraindication
to steroid use, known allergy to protocol
medications, mental retarda tion, Down
syndrome, peritonsillar abscess

8 mglm2 IV x l before induction (maxim um
NR)

"Penicillins" at induction, continued for 7 d

Indu ction with haloth ane in nitrous oxide,
maintenance with isoflurane in nitrous;
meperidine, acetaminophen with codeine

Dissection snare, electrocautery hemostasis

R

4-12 Y

Dexamethasone group with mo re males and
slightly older; no stats reported

R

April, 1996

1 (RCT)

(80)

Faces Pain Rating Scale for children age 3-7 y,
Oucher scale for children 8-15 y; "nonverbal indications
of pain (e.g., tears, irritability, lethargy, increased
respirat ions )

10h 24 h

No difference noted.

No difference overall

Acetamino phen consumed

10 h 24 h

"Dexamethasone group too k more ... but not a
statist ical significance"

o difference

Elective adenotonsillectomy

History of ulcers, diabetes , steroid-dependent asthma,
chronic medical disease, recent corticosteroid therapy

I mglkg (maximum 16 mg) IV x l before surgery

Cefazolin 25 mglkg IV XI; amoxicillin or cefaclor
x lO d

Thiopental or haloth ane/n itrous oxide; 36% of stero id
group and 47% of placebo group received narcot ic
during anesthesia

Needle tip cautery dissection

Chronic tonsillitis
Adenotonsillar hypertrophy

3-15 y

Dexamethasone group with more females and slightly
younger; no stats reported

R

RCT = randomized controlled trial, POD = postoperative day, RD = rate difference , S = not significant, R = not reported, PACU = postanesthesia
care unit, ASA = American Society of Anesthesiologists, IV = intravenous .
• Sample size: numbers shown for those completing the trial and those (initially recruited).
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4 Pediatric Tonsillectomy
4.D.1.
Preoperative coagulation screening tests versus no laboratory testing: Impact on rate of
intraoperative/postoperative bleed

Jennifer J. Shin and Christopher J. Hartnick

METHODS

A computerized Ovid search of MEDLINE 1966-July
2003 was performed. The terms "tonsillectomy" and
"tonsil" were exploded and the resulting articles were
combined into a first group. Next, the term "hemor
rhage" was exploded and combined with articles con 
taining the keyword "bleeding:' forming a second group.
Then, the terms "prothrombin time:' "partial thrombo
plastin time:' "bleeding time:' "blood coagulation tests:'
"coagulation protein disorders:' and "blood coagulation
disorders" were exploded and the resulting articles com
bined into a third group. Finally, the three groups were
cross-referenced, yielding 93 articles . The resulting
studies were reviewed and their references manually
cross-checked for any further relevant articles . For inclu
sion criteria, we required the following: 1) a distinct
patient population of children (~19 years old) undergo
ing tonsillectomy or adenotonsillectomy; 2) analysis of a
group that underwent preoperative screening with labo
ratory coagulation studies and one that did not; and 3)
outcome measures of either postoperative and/or intra
operative bleeding. Studies that lumped data from chil
dren and adults were excluded, as were those that lumped
data from adenoidectomy alone with tonsillectomy. This
process yielded only one published report [1].

RESULTS

The only study to meet all inclusion criteria was a level
4 publication which reported on a group that underwent
coagulation testing and a group that did not, but was not
primarily designed to address the difference in the ~o
groups. In this historical cohort of 339 consecutive
patients, 261 children had either prothrombin time (PT)
with partial thromboplastin time (PTT) or PTT-alone
testing before surgery, whereas 78children had no testing.
Neither group had any intraoperative bleeds, defined as
>450 cc of blood loss during the case. In the group with
coagulation testing, 5.2% had "hemorrhage after surgery"
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(not otherwise defined), with 1% requiring return to the
operating room for control of bleeding. In the gro~p

without testing, there was a 3.3% rate of postoperative
bleeding. Because this study is retrospective, however, it
cannot overcome the inherent biases caused by the his
torical factors that prompted clinicians to test or not test.
In addition, this is only one study, and it is not designed
specifically to address this issue. Also, nonuniform testing
with either PT/PTT or PTT alone was performed. Because
of this paucity of evidence from controlled trials, we will
also analyze the predictive value of coagulation testing
in the subsequent section.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is insufficient evidence to show whether the use of
preoperative coagulation testing versus no testing res~lts

in a differential rate of intraoperative or postoperative
bleeding with tonsillectomy. No randomized or other
prospective clinical trial comparing bleeding rates in
children with preoperative coagulation testing versus
without preoperative coagulation testing exists in the lit 
erature at this time.

We may not see a definitive trial in the near future,
but decisions still need to be made regarding the use of
coagulation screening for tonsillectomy.With this conun
drum in mind, we will next present the evidence regard
ing the predictive value of coagulation testing and
comment on the associated costs, in order to provide the
reader with the best current tools available for decision
making.
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erativeprothrombin time/partial thromboplastin time as a
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4 Pediatric Tonsillectomy

Preoperative coagulation screening tests: Predictive value for intraoperative/postoperative
bleeding and for identification of occult bleeding disorders

Jennifer J. Shin and Christopher J. Hartnick

METHODS

Because of the dearth of literature comparing the rate
of post-tonsillectomy bleeding in those with versus
without preoperative coagulation testing, a second search
of MEDLINE 1966-July 2003 was performed. The same
Ovid search strategy and exclusion criteria described
above were used, but we required modified inclusion
criteria: 1) a distinct patient population of children (:S;19
years old) undergoing tonsillectomy or adenotonsillec
tomy, 2) screening with laboratory coagulation studies,
3) outcome measures of either postoperative and/or
intraoperative bleeding or newly identified bleeding dis
orders, and 4) outcomes reported for patients with
abnormal versus normal coagulation testing. Positive
and negative predictive values were calculated using
Bayes theorem, using the disease prevalence reported
in the individual studies. This process yielded four pub
lished reports [1-4].

RESULTS

Diagnostic and Outcome Measures. Multiple coagula
tion tests can be used for screening, including PT/
international normalized ratio (INR), PTT, bleeding
time, and platelet count. Abnormal results of these tests
can be defined in terms of absolute values, comparison
to controls, or standard deviations above the mean.
Bleeding outcomes can be reported as intraoperative or
postoperative bleeding. Bleeding itself may be defined by
patient history, clinician-observed hemorrhage, amount
of blood lost, and the need for readmission to the hospi
tal or return to the operating room. Newly identified
coagulation disorders include those that require periop
erative intervention (i.e., von Willebrand's disease, factor
VIII deficiency) and those that do not (i.e., factor XII
deficiency). Because identification of disorders requiring
preoperative intervention may also change postoperative
bleeding results or potentially justify screening with
coagulation testing, we have also analyzed this factor as
a separate outcome.

Potential Confounders. Younger age may result in a
larger population of patients with occult bleeding disor
ders, because older patients may be more likely to have
already had an event that uncovered a congenital defect
in the coagulation cascade. We have attempted to control
for this potential confounder by excluding data from
adult patients (>19 years old). In addition, data from

patients undergoing adenoidectomy alone may dilute
data from patients undergoing tonsillectomy or adeno
tonsillectomy, and we have excluded these results as well.
Also, the method of and indications for tonsillectomy
could potentially act as confounders. These methods, the
variety of coagulation tests, and the reported definitions
of bleeding are cataloged for the reader in as much detail
as each study provides. In addition, postoperative instruc
tions (i.e., whether regular oral intake is allowed, use of
nonsteroidal antiinflammatory drugs, antibiotic use)
may have an impact on bleeding, although these are not
regularly reported in these trials.

Study Designs. All studies are case series of patients
who underwent coagulation testing before tonsillectomy
or adenotonsillectomy. Two are prospective with prede
termined testing protocols, inclusion criteria, and
outcome measurements [3, 4]. Two are retrospective and
in one study not all patients received preoperative testing
[1, 2]. Studies that do not report a calculated sensitivity,
specificity, positive predictive value, and negative predic
tive value still provide enough information to allow the
reader to calculate those items. The follow-up period
ranged from 24 hours to 1 month. Results are similar
across studies.

Highest Level of Evidence. These level 4 studies suggest
that the positive predictive value of coagulation testing
(0.03-0.14, combined I 0.02) is low for identifying chil
dren who will have intraoperative or postoperative bleed
ing. These values mean that as few as 3% of children with
an abnormal panel may actually bleed, which is similar
to reported overall rates. According to other results,
however, as many as 14% of children with an abnormal
panel may bleed, which is notably higher than reported
overall rates. The combined I results suggest that positive
predictive value is on the lower side. The negative predic
tive value of coagulation testing (0.90-0.98, combined '
0.92) is comparatively high , suggesting that 90%-98% of
those with normal testing will not bleed. Depending on
a surgeon's post-tonsillectomy bleeding rate, however, he
or she may already know that a similar number will not
bleed at baseline. Therefore, the utility of the positive and
negative predictive values partially depends on the base
line bleeding rate for each otolaryngologist's patient
population.

I Combined: The number of true positives , true negatives, false positives,
and false negatives from each study were pooled and used to calculate the
positive and negative predictive values for the four studies combined .
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The other potential benefit of coagulation screening
is the identification of patients who have a previously
unrecognized bleeding disorder and would benefit from
perioperative intervention, such as 1-(3-mercaptopropi
onic acid)-8-o-arginine vasopressin monoacetate trihy
drate (DDAVP) for von Willebrand's disease. For this
objective, the positive predictive value is also somewhat
low (0.06-0.10, combined' 0.10). This means that
approximately 100/0 of children with positive results will
have an occult coagulation disorder that would benefit
from perioperative intervention. The negative predictive
value for identification of occult bleeding disorders is
very high (1.00), suggesting that a negativeresult is highly
reassuring, at least in the immediate postoperative period
for which we have reported follow-up. The rate of new
diagnosis of bleeding disorders is low (0.00/0-0.70/0, com
bined' 0.30/0), suggesting that 333 (range 142-1000) chil
dren were screened to identify one occult bleeding
disorder.

Applicability. These results are applicable to children
undergoing tonsillectomy or adenotonsillectomy.

Cost. The charges for coagulation testing at a represen
tative institution are as follows: PTT $28.50, PT/INR
$28.50, platelet count $33.70 (CBC $44.85), bleeding
time (this test was approximately $25, but has been dis
continued at some institutions). With this in mind, the
charge for an initial screen for one patient may be less
than $30 for a single test and as high as $126.85 for the
gamut of testing. In addition, there is another layer of
charges associated with retesting and hematologic con
sultation. On the other side of the issue are the charges
associated with postoperative bleeding. At one institu
tion, charges are approximately as follows: one emer
gency room visit $863, one hospitalization for 23-hour
observation $787, one return to the operating room
$2928.

Finally, there is the emotional cost associated with
needle sticks in young children and concerns over false
positive results. This must be balanced with the emo
tional cost associated with a postoperative bleeding
episode and returns to the hospital or operating room,
as well as the morbidity and even potential mortality of
these events.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

A mix of prospective and retrospective level 4 evidence
is available to show the predictive value of laboratory
testing in children undergoing tonsillectomy with or
without adenoidectomy. In the absence of a controlled
trial comparing bleeding rates in children with versus
without preoperative coagulation testing, we can use the
predictive value of coagulation testing as a surrogate for
decision making. In making those decisions, the predic
tive value of the testing must be balanced against its
monetary and ethical cost. To determine where that
balance lies, we must answer certain questions: How
much is preventing one bleed or identifying one occult
bleeding disorder that would require preoperative inter
vention worth? How does that worth translate to finan
cial terms? How high does the positive or negative
predictive value of a test need to be to justify its worth?
In this circumstance, the evidence provides only param
eters to use in decision making, rather than showing the
difference in outcome when deciding to use or not use
an intervention. In cases like this, when high-level con
trolled evidence is lacking, the practice of evidence-based
medicine must then rely on more than just knowledge of
the available clinical data. This expertise is combined
with clinical judgment and awareness of patient prefer
ence. It is that clinical judgment that must determine
whether the predictive value of coagulation screening in
the face of its cost warrants its performance in all, some,
or no previously healthy children.



THE EVIDENCE CONDENSED: Preoperative coagulation screening tests for children undergoing tonsillectomy

Reference

Level (design)

Sample size'

Gabriel, 2000

4 (PCS)

1479 (I 706)

Burk,I992

4 (PCS)

1603

OUTCOMES

10%
(7% intraoperative, 3% postoperative)

PTT >46s,
PT >13.5 s, bleeding time >5 min, platelet count
<150,000

"Abnormal intraoperative bleeding assessed by
yes or no response"

"Immediate and delayed hemorrhage during the
first 24 h requiring admission to the hospital
and/or a return to the operating room" (no
commentary about bleeding after 24 h)

NR

For disease discovery

0.06.

1.00

PTT prolonged >2 s,
PT prolonged >1.5 s, bleeding time prolonged >30 s,
platelet counts (CBC) were all normal; these values are
>3 standard deviations from the mean for each test

2.3%
(all postoperative)

For postoperative
bleeding

0.07

0.98

"Postoperative bleeding severe enough to warrant
prolonged hospital stay or readmission .. . in an
interval from I h to 10 d after surgery"

For disease discovery

0.10

1.00

For postoperative
bleeding

0.14

0.90

Overall total rate
of bleeding
(timing of bleed)

Intraoperative
bleeding defined

Postoperative
bleeding defined

ppyt

NPVt

Coagulation
testing defined as
abnormal

Total rate of new
diagnosis of
bleeding
disorders

0.5% 0.1%

STUDY DESIGN

Inclusion criteria Tonsillectomy, not otherwise specified

Exclusion criteria NR

Age 9 mo-I5 y

Indications for Infection 54%
surgery OSA 33%

Both 13%

Tonsillectomy or adenotonsillectomy

NR

3-16 Y

NR

Method of surgery Sharp and blunt dissection at superior pole and
snare excision of inferior pole with
electrocautery 88%; Sluder technique 12%

NR

MA = meta-analysis, PCS = prospective caseseries, RCS = retrospective caseseries, GSA = obstructive sleepapnea, PT= prothrombin time, PIT =
partial thromboplastin time, PPV = positive predictive value, NPV = negative predictive value.
• Sample size: numbers shown forthose completing the trial and those (initially recruited).
t Sensitivity, specificity, PPV, NPV reported forall abnormal coagulation testing (whether PT, PIT, bleeding time, platelet count) for bleeding!
identification of a disease requiring preoperative intervention.
t No newly diagnosed conditions requiring perioperative intervention were identified in the study reported by Howells et aI., limiting statistical
analysis of this variable.
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THE EVIDENCE CONDENSED: Preoperative coagulation screening testsfor children undergoing tonsillectomy

Reference

Level (design)

Sample size'

Kang, 1994

4 (RCS)

1061

Howells, 1997

4 (RCS)

331

OUTCOMES

"Prolonged PTT or bleeding time"; platelet
count (CBC) and PT was "normal in all
patients"

PPVt

NPVt

Coagulation
testing defined as
abnormal

For postoperative
bleeding

0.10

0.98

For disease
discovery

0.06

1.00

For postoperative bleeding

0.03

0.97

"Abnormal was defined . .. as two standard deviations
above the mean" for PT/PTT or PTT

Overall total rate
of bleeding
(timing of bleed)

Intraoperative
bleeding defined

Postoperative
bleeding defined

Total rate of new
diagnosis of
bleeding
disorders

6%
(only postoperative reported)

NR

"I) active bleeding requiring return to operating
room for control, 2) active bleeding controlled
by eschar removal by suctioning and application
of anesthetic and vasoconstricting agents with
gentle pressure, 3) no active bleeding seen,
readmission for observation, 4) bleeding
reported by parents at first postoperative visit
(7-10 d)"

0.7%

2.9%
(0% intraoperative, all postoperative)

>450 cc intraoperative blood loss

"Hemorrhage after surgery"; not further described

0%

STUDY DESIGN

Tonsillectomy or adenotonsillectomy

Less than I mo follow-up

6 mo-I2 y

Infection 43%
OSA8%
Hypertrophy 39%
Other 10%

Sharp, blunt, electrocautery dissection with excision at
inferior pole with tonsil snare

Method of surgery Curette adenoidectomy with electrocautery
hemostasis; cold knife tonsil dissection with
electrocautery hemostasis

MA=meta-analysis, PCS =prospective case series, RCS =retrospective case series, GSA =obstructive sleep apnea, PT =prothrombin time, PIT =
partial thromboplastin time, PPV = positive predictive value, PV = negative predictive value.
• Sample size: numbers shown for those completing the trial and those (initially recruited).
t Sensitivity, specificity, PPV, NPV reported for all abnormal coagulation testing (whether PT, PIT, bleeding time, platelet count) for bleeding!
identification of a disease requiring preoperative intervention.
t 0 newly diagnosed conditions requiring perioperative intervention were identified in the study reported by Howells et aI., limiting statistical
analysis of this variable .

Inclusion criteria Adenotonsillectomy

Exclusion criteria Complete records not available

Age 1-19y

Indications for Infection 36%
surgery Obstructive hyperplasia 37%

Both 27%
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5 Pediatric Obstructive Sleep Apnea

Tonsillectomy and/or adenoidectomy: Impact on polysomnogram

Mark Boseley and Christopher J. Hartnick

METHODS

A computerized Ovid search ofMEDLINE from 1966 to
September 2005 was performed. The term "obstructive
sleep apnea" was searched and the resulting articles were
cross-referenced with those obtained by exploding "ton
sillectomy" or "adenoidectomy." The results were cross
referenced with the phrases "sleep study or respiratory
distress index," or "polysomnogram" or "sleep study." A
manual search of the bibliographies yielded no addi
tional articles. Articles were identified that met the fol
lowing inclusion criteria: 1) children <18 years old with
at least a clinical history of sleep-disordered breathing
(SDB), 2) treatment with a tonsillectomy, adenoidec
tomy, or both, and 3) evaluation with both pre- and
posttreatment nocturnal polysomnogram. Exclusion cri
teria were preexisting craniofacial abnormalities, history
of Down syndrome, retrospective studies, and children
who had other surgical procedures than adenotonsillec
tomy. Six studies that met these inclusion/exclusion cri
teria were included in the subsequent review [1-6).

RESULTS

Outcome Measures. The outcome measured was post
treatment change in apnea-hypopnea index (AHI) or
respiratory distress index (RDI).The AHI isdefined as the
total number of obstructive apneas and hypopneas per
hour of total sleep time. The RDI is equivalent to the AHI
score. Each study defined obstructive sleep apnea (OSA)
differently based on their interpretation of an abnormal
polysomnogram. The criteria used for each are listed in
the subsequent summary tables. These values were
obtained from a standard overnight polysomnogram.

Potential Confounders. Results may potentially be
biased by: 1) attrition as a result of several studies losing
a large proportion of their study patients to follow-up,
2) there was a selection bias in that only children of
caregiverswho were concerned about their child's breath
ing were included, and 3) some studies only included
children with an AHI >1 which would fail to include
those who could still have significant sleep fragmentation
from SDB. Once again, most studies lacked an internal

control, and therefore it is difficult to conclude a direct
cause and effect relationship.

Study Designs. There was one prospective trial that
compared a group who had surgical intervention with a
group who had no surgery [3) and fiveprospective cohort
studies that compared preoperative data with postopera
tive data [1, 2,4-6). Nieminen et al. [3) had an OSA
group, a primary snorer group, and a group of healthy
children as controls. The remaining studies were pro
spective cohort studies that used preoperative data as
control data [1,2,4-6).

Highest Level of Evidence. Allsix of these level 2 studies
concluded that children diagnosed with OSA based on
overnight polysomnogram typically show improvement
on their postoperative study. However, each study had
significant limitations. Suen et al. [1) and Tal et al. [5)
had the largest groups of patients who completed a post
operative PSG (26 and 36, respectively), but both had a
significant patient dropout rate. Interestingly, both
studies revealed that nearly half of patients with symp
toms suggestive of OSA will have normal PSGs. Shintani
et al. [2) had the largest study group overall (134 patients),
but they included all patients in their study regardless if
they had a preoperative normal PSG. Interestingly, one
might conclude that their results would have even been
better had they excluded patients with a normal sleep
study. Nieminen et al. [3] had the only study with a
separate control group, but 16 of 21 patients in their
study group had previously had an adenoidectomy. They
found that the study group had an improvement in PSG
scores and the control group remained unchanged. Fur
thermore, through regression analysis, they concluded
that tonsil size was larger in the study group. Jain and
Sahni [4] had 30 patients in their study group; however,
19 had only an adenoidectomy performed. They found
that adenoid size (not tonsil size) correlated to grade of
OSA. This seems somewhat contrary to the results from
Nieminen et al. Finally, Stewart et al. [6) examined
quality of life and PSG data for a group of patients.
Unfortunately, only 17 of 47 patients completed a post
operative PSG 1 year after surgery.
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Applicability. The conclusions from these studies may
be applied to healthy children <18 years old. They should
not be applied to children with craniofacial abnormali
ties or Down syndrome.

Morbidity/Complications. There were no reported mor
bidities or complications in the studies included in this
review.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

There are six prospective controlled trials that address
the impact of tonsillectomy and adenoidectomy on pedi
atric OSA. The implications of these results are that
clinical history alone may not be sufficient to determine
if a child has significant OSA. However, once diagnosed

with OSA by PSG, most will have significant improve
ment after tonsillectomy, adenoidectomy, or both.

Although most of these studies were of adequate
sample size to obtain a power of 800/0 and an alpha of
0.05 (based on their apriori calculations), the individual
studies often had a large attrition rate that could affect
their conclusions. Also, several studies included a com
bination of treatments for their study group, which could
confound their stated results. In addition, the definition
of what constituted OSA on PSG was varied among the
studies.

Future studies should make an effort to standardize
what constitutes an "abnormal' PSG result. Children
with abnormal results should then be treated in a stan
dard manner (Le., adenotonsillectomy). Children with
"normal" pretreatment PSGs can serve as a comparison
group. Nieminen et al. [3] used this method in their
study. Future studies may also focus on the impact on
quality of life, especially in this group with "normal"
PSGs.



THE EVIDENCE CONDENSED: Polysomnogram data pre- versus postadenotonsillectomy for pediatric OSA

Reference

Level

Sample size'

Intervention

Mean RD!, preop PSG

Mean RD!, postop PSG

Statistical significance

Conclusion

Follow-up time

Suen, 1995

2 (prospective
con trolled)

26 (69)

T&A

18.1 ± 11.3

4.5 ± 8.4

p < 0.001

Significant
improvement wit h
surgery

At least 6 wk postop

Shintani, 1998

2 (prospective controlled)

134 (134)

OUTCOMES

T&A, adenoidectomy,
tonsillectomy,
adenomonotonsillectomy

24.7 ± 13.4

8.2 ± 5.5

p < 0.005

Significant improvement with
surgery

2 mo postop

Nieminen, 2000

2 (prospective controlled)

21 (78)

T&A

Surgery group (21): 6.9
Nonsurgery (37): 0.4
Control (30): 0

Surgery: 0.3
Nonsurgery: 0.2

p < 0.01 (p reop vs postop)

Significant improvement wit h
surgery

6 mo postop

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Intervention regimen details

Age

Diagnostic criteria for OSA

Criteria for withdrawal from
study (if prospective)

Consecutive patients?

Morbidity/complication

All children suspected
of having OSA on
clinical evaluation and
an RDI >5

History of neuro logic
or craniofacial
abnormalities

100% T&A

1-14y

RD! ~5

Patient fails to
complete preop and
postop PSG

Yes

one reported

Children with complaints of
snoring and apnea; no specific
history of witnessed apneas
specified

History of mental or mo to r
delay, Down syndrome,
craniofacial abnormalities,
excessive obesity

85% T&A
10% adenoidectomy alone
3% adenomonotonsillectomy
2% tonsillectomy alone

1-9y

AHI~IO

Pat ient fails to complete preop
and postop PSG

Yes

one reported

Symptoms suggestive of OSAS,
regu lar snorers, and/or had
apneas during sleep based on
clinical history and parental
qu estionnaire

Upper airway ano malies and
abnormal facial mo rp ho logy

100% T&A

2-IOy

AHI~ I

Patient fails to comp lete preop
and postop PSG or does no t
follow up

Yes

one reported

T&A =adenotonsillectomy, preop =preoperative, postop =postoperative, OSA =obstructive sleep apnea, OSAS =obstructive sleep apnea syndrome,
PSG=polysomnogram, RDI =respiratory distress index, AHI =apnea-hypopnea index.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).

65



THE EVIDENCE CONDENSED: Polysomnogram data pre- versus postadenotonslllectomy for pediatric OSA

Reference

Level

Sample size'

Intervention

Jain, 2002

2 (prospective controlled)

40 (40)

T,A, or T&A

Tal, 2003

2 (prospective
controlled)

36 (70)

T&A

OUTCOMES

Stewar t, 2005

2 (prospective controlled)

29 (31)

T&A

Mean RD!, preop PSG

Mean RDI, postop PSG

Statistical significance

Conclusion

Follow-up time

Obstructive group (Ir]: 27.57
Inflammatory group (II): 12.39

Group I: 6.007
Group II: 10.89

Group I: p < 0.01
Group II: p < 0.05

Significant improvement after
surgery

6-8 wk postop

4.1

0.9

p < 0.0001

Significant improvement
after surgery

Mean of 4.6 mo postop

14.8

3.16

p =0.004

Significant improvement after
surgery

12 mo postop

STUDY DESIGN

Inclusion crite ria

Exclusion criteria

Intervention regimen
details

Age

Diagnostic criteria for
OSA

Criteria for withdrawal
from study (if
prospective)

Consecutive patients?

Morbidity/complication

Age 4-12 Ywith adenoid or
tonsil hypertrophy; no other
history specified

Down syndrome, craniofacial
abnormalities, mental
retardation, excessiveobesity

53% adenoidectomy alone,
20% T&A, 27% tonsillectomy
alone

4-12 Y

AHI>5

Patient fails to complete preop
and postop PSG

Yes

None reported

Children with history
consistent with SDB, had
RD! > I; clinical history
also included a parental
questionnaire

History of chronic
medical illness or facial
abnormalities

100% T&A

1-12 Y

RD! >5

Patient fails to complete
preop and postop PSG
or did not have positive
first PSG

Yes

None reported

Child ren enrolled based on
suspicion of SDB from a history
and/or audiotape or witnessed
apneas

Non-English-speaking parent or
child, chronic medical conditions,
diagnosis of ADHD, children
taking any stimulants, history of
neurologic disorders, craniofacial
abnormalities

100%T&A

6-12 Y

AHI>I

Patient fails to complete preop and
postop PSG or did not have
positive first PSG

Yes

None reported

T&A = adenotonsillectomy. preop = preoperative. postop = postoperative. GSA = obstructive sleep apnea, SOB = sleep-disordered breathing, PSG =
polysomnogram, AOHO = attention deficit hyperactivity disorder. RDI = respiratory distress index. AHI = apnea-hypopnea index. AI = apnea index.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Group I = obstructive indications for surgery; Group II = inflammatory indications for surgery.
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5 Pediatric Obstructive Sleep Apnea
.B.

Tonsillectomy and/or adenoidectomy: Impact on quality of life

Mark Boseley and Christopher J. Hartnick

METHODS

A computerized Ovid search ofMEDLINE from 1966 to
September 2005 was performed. The term «obstructive
sleep apnea" was searched and the resulting articles were
cross-referenced with those obtained by exploding «ton
sillectomy" or «adenoidectomy:' The results from this
search were cross-referenced with the term «quality of
life." The bibliographies were also manually checked
which yielded no further articles. The articles were then
reviewed to identify those that met the following inclu
sion criteria: 1) children younger than 18 years with at
least a clinical history of sleep disordered breathing
(SDB) or obstructive sleep apnea (OSA), 2) treatment
with tonsillectomy, adenoidectomy, or both, and 3) eval
uation with a validated disease-specific quality of life
instrument before and after surgery. Excluded were
studies that focused on children with preexisting cranio
facial abnormalities, history of Down syndrome, retro
spective studies, and children who had surgical procedures
other than adenotonsillectomy. After applying these cri
teria, there were six studies that remained for review.

RESULTS

Outcome Measures. Two disease-specific validated
instruments were used in these studies. The first of these
was the Obstructive Sleep Disorders 6 (OSD-6) instru
ment. This includes six domains: physical suffering, sleep
disturbance, speech or swallowing problems, emotional
distress, activity limitations, and caregiver concerns.

The second validated OSA instrument was the OSA
18 instrument. The OSA-18 has 18 questions in five
domains: sleep disturbance, physical suffering, emotional
distress , daytime problems, and caregiver concerns.

In addition, two of the studies implemented other
validated health-related instruments. The Children's
Health Questionnaire Parent Form 28 (CHQPF-28) was
used to evaluate global health in the child [1]. The Child
Behavior Checklist (CBCL) was an instrument used to
assess child behavior [2]. The results of these two surveys
were not emphasized in the summary charts because they
were not the outcomes of interest for this review.

Potential Confounders. Results may potentially be
biased by: 1) there was attrition as a result of several
studies losing a large proportion of their study patients
to follow-up, 2) there was a selection bias in that only
children of caregivers who were concerned about their
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child's breathing were included, 3) there was very likely
to be expectation bias among caregivers who wanted to
believe that their children had improved after surgery,
and 4) most studies were observational in nature, lacking
an internal control, and therefore it is difficult to con
clude a direct cause and effect relationship.

Study Designs. There were six prospective cohort
studies of subpopulations with SDB with comparison
of preoperative and postoperative data [1, 3-6]. The
deSerres et al. [3,4] studies used a matched-pairs analy
sis, with each patient serving as his/her own control.

Highest Level of Evidence. All of the studies consis
tently reported that the scores on disease-specific surveys
improved after surgery. The deSerres et al. [3,4] studies
found that nearly all of their study patients had improved
OSD-6 scores. However, most of their patients were diag
nosed with OSA on history and physical examination
alone, with only a small percentage conducting a preop
erative sleep study (6% and 8%, respectively) [3,4]. Like
wise, Goldstein et al. [2] conducted preoperative sleep
studies on 8% of their patients. They also had a signifi
cant attrition rate (64 of 133 completed the study) and
16% of their study group had a tonsillectomy for chronic
tonsillitis [2]. The Flanary [5] study found short- and
long-term improvement on the OSD-18, but did not find
the same improvement on the generic quality of life
instrument. None of their patients underwent a preop
erative sleep study [1]. Sohn and Rosenfeld [1] compared
the results of two disease-specific instruments (OSD-6
and OSD-18) and found that their change scores had a
high level of correlation. They also found that OSD-18
change scores correlated with adenoid and tonsil size [5].
Only the Mitchell et al. [6] study utilized a preoperative
sleep study to make the diagnosis of OSA in all of their
study patients. They documented a statistically signifi
cant improvement in change scores on the OSA-18 after
surgery, but did not obtain a postoperative sleep study
[6].

Applicability. The conclusions from these studies may
be applied to healthy children less than 18 years old. They
should not be applied to children with craniofacial
abnormalities or Down syndrome.

Morbidity/Complications. There were no reported mor
bidities or complications in the studies included in this
review.



CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

There were two prospective controlled trials included in
this review that utilized patients as their own control in
a matched-pair design. The remaining four studies were
prospective cohort studies comparing preoperative with
postoperative data. All of these studies demonstrated sig
nificant improvement after tonsillectomy) adenoidec
tomy) or both. The studies that included patients who
had a polysomnogram (PSG) seemed to imply that clin
ical history and examination alone are not sufficient to
determine if a child has significant OSA. Therefore) one
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might call into question the results of those studies that
primarily enrolled patients based only on physical exam
ination findings. However) it is clear that children with
symptoms consistent with GSA seem to have improved
disease-specific quality of life after surgery.

Future research should attempt to correlate disease
specific survey results with preoperative and postopera
tive PSG. This might allow the use of these instruments
to better classify which children should have surgery
without the added expense of performing a sleep study
on every patient.



THE EVIDENCE CONDENSED: Pediatric OSA: Impact of adenotonsillectomy on QOL

Reference

Level (design)

Sample size'

de Serres, 2000

2 (prospective controlled)

62 (100)

de Serres, 2002

2 (prospective controlled)

101 (115)

OUTCOMES

Goldstein, 2002

2 (prospective controlled)

64 (131)

Instruments used to
measure QOL

Results of surgery

Postop scores

Preop scores

Nonsurgical group scores

Statistical significance

Conclusion

Follow-up time

OSD-6 (range of scores: 0 = no
problems, 6 = could not be worse)

Surgical group: 88.4% large
changet
Nonsurgical group: 100% trivial

88.4% large change secret
Mean change score = 3.0

Median preop score = 4.5

100% trivial change score (n =12)

Reliability of change score to
clinical response: correlation =
0.86 (>0.7 considered good
reliability)
This is correlation between degree
of clinical change (global QOL)
and OSD-6 between pre- and
postop scores

Change scores show excellent
reliability (see above)

4-5wk

OSD-6 (range of scores: 0 =
no problems, 6 =could not
be worse)

74.5% large change. t 6.1%
moderate, 7.1% small
Preop change: 100% trivial
Change score =2.3

Matched-pairs design: 74.5%
large change.t 6.1%
moderate, 7. I% small
Change score = 2.3

Preop change: 100% trivial

No nonsurgical group

Differences in preop and
postop scores, p < 0.00 I

Significant improvement in
scores after surgery

4-5wk

Child behavior checklist
(CBCL) and OSA-18

OSA- I8 mean: change score of
2.3
Abnormal behavior seen in 16
children preop and 5 postop

OSA- I8 mean: change score of
2.3
Abnormal behavior seen in 16
children preop

Abnormal behavior seen in 5
children postop

No nonsurgical group

OSA-18 differences preop to
postop, p < 0.00 I
OSA-18 change score had fair
correlation with change in
CBCL score, r = 0.5, P < 0.00 I

Significant improvement in
scores after surgery

12wk

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Intervention regimen
details

Age

Diagnostic criteria for

Criteria for withdrawal
from study (if
prospective )

Consecutive patients?

Morbidity/complications

Patients with T&A hypertrophy
and obstructive sleep disorder who
were scheduled for T&A

Tonsil pathology other than
hypertrophy, non-English
speaking caregivers, procedure
being done on same day

100%T&A

2-12 Y

Clinical history and exam-see
inclusion criteria; not further
defined

Patients decided not to participate
or failed to complete postop
surveys

Yes

None

Patients with T&A
hypertrophy and obstructive
sleep disorder who were
scheduled for T&A

Tonsil pathology other than
hypertrophy, non-English
speaking caregivers,
procedure being done on
same day

100%T&A

2-12 Y

Clinical history and exam
see inclusion criteria; not
further defined

Patients decided not to
participate or failed to
complete postop surveys

Yes

None

Patients scheduled for T&A for
OSA or recurrent tonsillitis;
including parent history of
snoring and apneic pauses

Down syndrome or other
syndromes affecting the head
and neck, neuromuscular or
psychiatric disorders, history of
mental retardation, non
English-speaking caregivers

100% T&A

2-18y

Clinical history and exam-see
inclusion criteria

Patients decided not to
participate or failed to
complete postop surveys

Yes

None

OSA=obstructive sleep apnea, 'QOL=quality of life, OSD-6 =Obstructive Sleep Disorder 6 survey, OSA-18 =Ob structive Sleep Apnea 18 survey,
CBCL=Child Behavior Checklist, preop =preoperative, postop =postoperative , T&A =adenotonsillectomy.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Change score of <0.5 defined as trivial change; 0.~.9 small change; 1-1.4 moderate change; ~1.4 large change.
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Refere nce

Level (design)

Samp le size'

Flanary, 2003

2 (prospective controlled)

57 (60)

Sohn, 2003

2 (prospective controlled )

69 (69)

OUTCOMES

Mitchell , 2004

2 (prospective controlled )

60 (66)

Instruments used to
measure QOL

Postop scores

Preop scores

Statistical significance

Conclusion

Follow-up time

CHQPF-28 [scores transform ed to
100-point scale (0 = worst possible,
100 = best possible score)] and
OSA-18 ( I = none of the time,
7 = all of the time)

OSA-18 score = 2.3 (mea n at
3-6 wk)
OSA-18 score = 2.08 (mean at
6-12 mol
Overa ll change score for OSA-18t
= 2.12

Preop OSA-18 score =4.2 (mea n)

OSA-18 differences preop to sho rt
and lon g-term postop (p < 0.001)

Significant changes in OSA-18 after
surgery

3 wk and 6 mo postop

OSA-18 ( I = non e of the time, 7 =
all of the time) and OSD-6 (range of
scores: 0 = no prob lems, 6 = couldn't
be worse)

Overall change score for OSA-18t =
1.14

Preop OSA-18 score = 3.1 (mea n)

OSA-18 change score had good
corre lation to OSD-6 change score.t
r =0.7 1, P < 0.0001
Overall change in OSA-18 after
surge ry significant (p < 0.00 I)

OSA-18 and OSD-6 have good
correlation in detecting postoperative
changes

>4 wk postop

OSA-18 ( I = non e of the
time, 7 = all of the time)

35.8 (to tal score )

Preop 71.4 (total score)

p < 0.002

Significant changes in
OSA-18 scores after surgery

Within 6 mo postop

STUDY DESIGN

Inclusion criteria Patient s with clinical diagnosis of
upper airway obstruction or OSA;
had to have a histor y of loud
sno ring with an audio tape when
reliability was questioned; those
with witnessed apneas and >3+
tonsils were classified as having
OSA

Pat ients with a histor y of sno ring or
disruptive sleep for >3 mo who were
scheduled for surgery

Patien ts with OSA
docu mented on prior
nocturnal sleep study;
clinical history from family
not include d

one

3-12 Y

PSG

Patients decided not to
participate or failed to
complete postop surveys

Yes

Children <3 Yor >12 y,
previous T&A, craniofacial
syndromes, neuromuscular
or psychiatric disorders,
developmental delay, RDI
<I

100% T&A

one

Yes

Down syndro me or other syndro mes
affectin g the head and neck,
neuromuscular or psychiatri c
disord ers, histor y of mental
retardation, non- English-speaking
caregivers

52% T&A, 44% ade noidectomy
alone, 4% tonsillectomy alone

6 mo-I 2 y

Clinical history and exam-sec
inclusio n cr iteria; not fur ther defined

Patient s decided not to parti cipat e or
failed to complete postop surveys

one

100% T&A

Patients decided not to parti cipate
or failed to complete postop
surveys

Yes

2-16y

Clinical history and exam-see
inclusion criteria

Surgery being done for any reason
other than airway obstruc tion

Exclusion criteria

Criteria for withdrawal
from study (if
prospect ive)

Consecutive patients?

Morbidityl
complications

OSA = obstructive sleep apnea, QOL = quality of life, preop = preopera tive, postop = postoperative, CHQPF-28 = Children 's Health Questionnaire
Parent Form 28, OSA-18 = Obs tructive Sleep Apnea 18 survey, OSD-6 = Obstructive Sleep Disorder 6 survey, T&A = adenotonsillectomy, RDI =
respiratory distress index, PSG = polysomnogram.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Change score of <0.5 defined as trivial change; 0.5-0.9 small change; 1- 1.4 mode rate change; ~ 1.S large change.

Age

Diagnost ic criteria for

Intervention regimen
details
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6 Pediatric Recurrent Acute Otitis Media
6.A.
Amoxicillin or ampicillin prophylaxis versus placebo: Impact on number of subsequent
episodes of acute otitis media, chance of no further episodes of acute otitis media

Jennifer J. Shin, Sandra S. Stinnett, and Christopher J. Hartnick

METHODS

A computerized Ovid search of MEDLINE 1966-January
2004 was performed. The terms "otitis media" and "anti
biotics" were exploded and the resulting articles were
cross-referenced, yielding 1947 trials. Given the known
richness of the otitis media literature and the authority
of higher levels of evidence, these articles were then
limited to randomized controlled trials (RCTs), resulting
in 302 articles. These articles were then reviewed to iden
tify those that met the following inclusion criteria: 1)
patient population <18 years of age with documented
recurrent acute otitis media (RAOM), 2) intervention
with continuous amoxicillin or ampicillin prophylaxis
versus placebo control, 3) outcome measured in terms
of the number of episodes of acute otitis media (AOM).
Articles in which noncontinuous antibiotic therapy was
administered were excluded, as were articles that included
patients on the basis of chronic middle ear effusion
(MEE) alone. Also excluded were articles that were not
placebo controlled, as well as those that enrolled children
with nonrecurrent AOM (i.e., only one previous episode) .
The bibliographies of the articles that met these inclu
sion/exclusion criteria were manually checked to ensure
no further relevant articles could be identified. This
process yielded nine articles, five of which focused on
amoxicillin or ampicillin prophylaxis versus placebo
[1-5], and these studies are reviewed below. The other
articles are discussed in subsequent sections in this
chapter.

RESULTS

Outcome Measures. Outcomes in all three studies were
measured in terms of the number of episodes of AOM
subsequent to treatment. AOM is diagnosed mainly with
otoscopy, with adjunctive information from patient
history and tympanometry. There are, however, minor
variations in diagnostic criteria among practitioners, and
each study here diagnosed AOM "episodes" on the basis
of somewhat different criteria. Further details are pro
vided in the adjoining table. Reported here is the mean
number of episodes of AOM per child year, as well as the
percent of children with no further episodes of AOM in
the follow-up period.

Potential Confounders. The incidence of otitis media is
known to decrease with increased age and vary with
season, making both of these variables potential con
founders . Also, the severity and frequency of previous
AOM episodes, as well as the presence or absence ofMEE
at the outset of the study may influence outcomes. In
addition, the specifics of the dose and timing of the anti
biotic regimen for prophylaxis, as well as for treatment
of frank AOM flairs, may alter the results. Finally, aller
gies, breast milk feeding, gender, genetics, daycare atten
dance, and exposure to tobacco smoke may affect AOM
outcomes. All of these potential confounders or the way
in which investigators addressed them have been cata
loged for the reader in the adjoining table in as much
detail as the original reports allow.

Study Designs. Five RCTs address this clinical query.
Randomization proved effective in balancing multiple
patient characteristics between the antibiotic and placebo
study groups at the outset of each trial (see table for
details). Attrition rates (i.e., number of patients who
were enrolled but were lost to follow-up) ranged from
0% to 43%, with the higher rates potentially skewing
results. Some patients were not lost to follow-up, but
were withdrawn from the study prematurely for severe
AOM or MEE (see table). In all cases, however, an
intention to treat analysis was performed to minimize
skewing the data toward less-affected children.
Follow-up times ranged from 1 month to 2 years, and
the study with a follow-up time of less than 3 months
still addressed the seasonal impact by comparing
the winter and nonwinter incidence of AOM in the
antibiotic versus placebo groups . No significant differ
ences were identified in either the winter (p = 0.88) or
nonwinter (p = 0.64) analyses [1]. All five RCTs
evaluated once-daily dosing, and one also evaluated
twice-daily dosing, but no difference in AOM incidence
was identified with the two dosing schedules in that
study [1].

Highest Level of Evidence. Four level 1 studies found a
significant improvement in the incidence of AOM with
amoxicillin or ampicillin prophylaxis, as compared with
placebo [2, 3]. In addition, they noted that the chance of
having no further episodes of AOM was significantly
greater with antibiotic prophylaxis; they reported rate
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differences (RD) 1 of -160/0 to -36% • These figures imply
that three to seven children need to be treated with
continuous amoxicillin therapy in order to allow one
child to remain otitis-free in a l-year period, or that the
number needed to treat (NNT)2 is three to seven chil
dren. The fifth ReT, however, reported incongruous
results, concluding that there was no difference with
amoxicillin prophylaxis versus placebo [1]. In fact, their
data even showed a trend toward better outcomes with
placebo, although this was not statistically significant. No
apriori sample size estimate to achieve the standard 900/0
p.ower was reported for this trial, although the sample
SIze was even larger than that of other studies that did
demonstrate a statistical difference. This study excluded
patients with MEE at the outset of the trial, but two other
trials ~ith the same entry criterion still found a signifi
cant difference between amoxicillin and placebo groups

1 RD is the absolute difference in successful outcomes between the
study group and the control group. For example, in the Casselbrant, 1992
study, 580/0 of th~ amoxicillin group versus 400/0 of the placebo group
had no further episodes of AOM. The RD in this study was 400/0 - 580/0
= -180/0.
2 NNT is the total number of children that must be treated in order for
one child to obtain benefit from the treatment. It is calculatedby determin
~ng the inverse of the RD. For example, for the Casselbrant study, the RD
IS -180/0, so that the NNT = 1/0.18 =5.6. In this case, six children would
need to be treated so as to obtain benefit for one child.

[1, 4]. The divergent study's follow-up period was also
shorter than the others', which might potentially account
for the difference in their results. Given this one incon
gruous finding, however, we have numerically combined
the data in a subsequent meta-analysis.

Applicability. These results are applicable to children up
to 6 years old with RAOM but no major comorbidities.

Morbidity. One study reported a 7% incidence of adverse
effects in the antibiotic group, all of which were minor
[2]. This figure suggests 15 children could be treated
without adverse effects before one child developed a
problem. In addition, this study also reported the results
of nasopharyngeal and oropharyngeal swabs from chil
dren in the amoxicillin versus placebo [2]. The amoxicil
lin group had a higher percentage of subjects from whom
beta-Iactamase-producing organisms were isolated (22%
amoxicillin versus 13% placebo).



THE EVIDENCE CONDENSED: Amoxicillin or ampicillin prophylaxis versus placebo for recurrent acute otitis
media

Reference

Level (design)

Sample size'

Roark, 1997

1 (RCT)

158 (194)

OUTCO MES

Casselbrant, 1992

I (RCT)

100 (178)

Amoxicillin

Placebo

p Value

Conclusion

o. of AOM episodes per
child years

2079 (q.d.) 3016 (b.i.d.)

2062

p = 0071

No difference

% of children with no
further AOM episodes

64% (q.d.) 61% (b.i.d.)

63%

p = 0089

o difference

o. of AOM episodes per
child years

0.60

1.08

p < 00001

Amoxicillin better

% of children with no further
AOM episodes

58%

40%

p = 0003

Amoxicillin better

Follow-up time 1-3 mo, n = 91; >3 mo, n = 67 2y

STUDY DESIGN

Inclusion
criteria

Exclusion
criteria

Randomization
effectiveness

Age

Masking

Amoxicillin!
ampicillin
regimen

Diagnostic
criteria for an
episode of
AOM

Management of
AOM episode
while on study
treatment

Compliance

Criteria for
withdrawal
from study

Intention to
treat analysis

Morbidity!
complications

Age 3 m0-6 y with 3 documented episodes of
AOM within 6 mo

Presence of M££, ventilating tubes or associated
anatomic defects, immunodeficiency disorders, or
allergy to penicillin

o difference in age, sex, passive smoking, family
history of RAOM, history of RAD, use of child
care, age of initial otitis episode, history of supine
feeding, mouth breathing, or snoring

3 m0-6y

Double-blind

Amoxicillin 20 mglkgld either split into b.i.d.
dosing or in I dose (with a second dose of placebo)

Otoscopic findings of diminished TM mobility
associated with a red or yellow color

Trimethoprim!sulfamethoxazole, eryt hromycin!
sulfisoxazole, cefixime, cefprozil, cefaclor, or
cephalexin x 10 d; cessation of study medication
unti l 10-d course was comp lete

890/0-95% as assessed by diary and urine testing

MEE >8 wk despite two courses of antibiotics; 2
new AOM episodes in <90 d

Yes

R

Age 7-35 mo, most recent episode in <6 rno, ~3
episodes of AOM in the preceding 6 mo, or ~4 in
12 mo; freefrom M££ at time of entry

Asthma, chronic sinusitis, previous tonsillectomy or
adenoidectomy

o difference in age, season, previous number of AOM
episodes, sex, race, socioeconomic status

7-35 mo

Double-blind

Amoxicillin 20 mglkgld in I nightly dose

Otoscopic signs (erythema or white opacification not
attributable to scarring, fullness or bulging, and
decreased mobility ofTM) or ~I symptom (fever,
otalgia, irritability) with MEE

Amoxicillin 40 mglkgld in 3 divided doses x tn d un less
tympanocentesis cultu res revealed resistant
organisms-then erythromyc in 50 mglkgld and
sulfisoxazole 150 mglkgld x lOd

82%-95% for antibiotic and placebo, as assessed by
calendar method, bottle method, and urine specimens

I ) ~4 tympanocenteses within 6 mo or ~5 within
12 mo, 2) ~180 tota l d MEE in the same ear within
12 rno, 3) ~3 tube replacements within 12 mo, 4)
suppurative complication,S) cholesteatoma, 6)
significant adverse reaction to amoxicillin

Yes

Amoxicillin group with 7.0% adverse reactions (all
minor)
Bcta-Iactarnase producing bacteria isolated from
pharyngeal swabs in 22% of the amoxicillin group vs
13% of the placebo group

AOM = acuteotitis media, RAOM = recurrent AOM, RCf = randomized controlled trial, MEE = middle ear effusion, TM = tympanic membrane,
q.d.= oncea daydosing, b.i.d.= twice a daydosing, RAD = reactive airway disease, R= not reported.
• Sample size: numbersshown for thosenot lost to follow-up and those(initially recruited).

75
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Reference

Level (design)

Sample size'

Amoxicillin

Placebo

p Value

Conclusion

Mayn ard, 1972

I (Ref)

364 (364)

OUTCOMES

o. of AOM episodes per child years

0.42

0.79

p < 0.001 if >67% compliance; p = S if <67%

Ampicillin better

% of child ren with no furth er AOM episodes

76%

60%

p < 0.05

Ampicillin better

Follow-up time I y

STUDY DESIGN

Inclusion
criteria

Exclusion
criteria

Randomization
effectiveness

Age

Masking

Amoxicillin/
ampicillin
regimen

Diagnostic
criteria for an
episode of
AOM

Management of
AOM episode
while on study
treatment

Compliance

Criteria for
withdrawal
from study

Intention to
treat analysis

Morbidity/
complications

Age <7 y, previo us enrollme nt in a lon gitudinal epidemio logic study of otitis media

Not otherwise specified

Matched family size, age, history of middle ear disease for study children within the household. Male to
female ratio was I : 3 in the ampicillin group and I : 2 in the placebo group

<Ito 6y

Double-blind

Ampicillin anhydrous 125 mg PO q.d. if :52.5 y, 250 mg PO q.d. if >2.5 Y

Spontaneous occurrence of purulent drainage from one or both ears after an interval of at least 2 wk without
such drainage

"No attempt was made to alter the usua l antibiotic therapy for acute episo des of illness as prescribed by the
hospi tal physician and administered by the local health aid"

Ranged from> 1/3 of study medications to >2/3 of medications, as assessed by bottle method

NR

Yes

R

AO!vl=acute otitis media, RJ\OM =recurrent AOM, RCT =randomized controlled trial, MEE=middle car effusion , TM =tympanic membrane,
q.d . =once a day dosing. b.i.d. =twice a day dosing, RAD =reactive airway disease, NR =not reported.
• Sample size: numbers shown for those not lost to follow-up and those (initially recrui ted ).
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Reference

Level (design)

Sample size

Principi, 1989

I (Ref)

63 (67)

OUTCO MES

Sih,1 993

1 (RCT)

40 [ ot specified, but for the overall trial 60 (82))

Amoxicillin

Placebo

p Value

Conclusion

Follow-up time

o. of AOM episodes per
patient per month

0.06

0.14

p < 0.01

Amoxicillin better

6mo

% of patients with no

further AOM

73%

37%

p < om
Amoxicillin better

STUDY DESIGN

No. of AOM episodes per patient
per month

0.05

0.23

NR

Amoxicillin better (?trend)

3 mo

% of patients with no
further AOM

85%

50%

p < 0.0005

Amoxicillin better

Inclusion
criteria

Exclusion
crit eria

Randomization
effectiveness

Age

Masking

Amoxicillin
regimen

Diagnostic
criteria for an
episode of

AOM

Management of
AOM episodes

Compliance

Criteria for
withdrawal

from the study

Intention to

treat analysis?

Morbidity!
complications

Age 9 mo-5 y; ;;::3 otoscopically and
tympanometrically documented episodes of AOM in
the preceding 6 rno, with the last episode between
IS d and 2 mo before enrollment; presence or
absence of MEE was acceptable (97% had unilateral
or bilateral effusion at the outset)

Patients with cleft palate, Down syndrome,
immunodeficiency, or a history of allergic reactions
to any of the drugs tested; also patients who had
undergone placement of tympanostomy tubes

No significant differences in sex, age, presence of
MEE, interval since onset of most recent AOM,
season at entry, daycare attendance, and history of

atopy

9 mo-5 y

Single blind

20 mglkgld in one bedtime dose x6 mo

Diagnosis was based on any combination of fever,
otalgia, irritability, and on the presence of hyperemia

or opacity accompanied by fullness, bulging, or
immobility of the TM confirmed by a flat, type B
curve

Cefaclor so mglkgld in 3 doses x 10 d; study drug was
discontinued and then resumed when this 10 d
course was complete

94%-97% compliance, with "poor compliance"

defined as failure to administer ;;::3 doses in the 4
6 wk between follow -ups, as assessed by the bottle
method

;;::2 episodes of AOM within a 2 mo period

Yes

" 0 laboratory or clinical evidence of toxic side
effects due to treatment with amoxicillin or TMP
SMX" .

Children with ;;::3 episodes of AOM over the preceding
12 mo; all children at admission into the study had
AOM treated by amoxicillin so mglkgld x lOd to treat
this acute episode at the outset and then were
reexamined-all had no further signs or symptoms and
a type A or type C tympanogram

Type B tympanogram after the initial amoxicillin

therapy

Similar age, private clinic vs public hospital, mean no. of
recurrences in the previous 12 rno , history of atopy

9 mo-9y

Single vs double blind not specified

20 mglkgld in one bedtime dose x3 mo

Diagnosed by the following criteria: (a ) acute symptoms
(otalgia, recent onset of irritability, fever, respiratory
symptoms); and (b) pneumootoscopic findings
(erythema, bulging, or reduced mobility of the TM)

Cefaclor SO mglkgld in 3 doses x io d; study drug was
discontinued and then resumed when this 10 d course
was complete

R

Yes

R

AOM= acute otitis media, RCT= randomized controlled trial, MEE= middle ear effusion,TM = tympanic membrane, NR = not reported, TMP
SMX= trimethoprim and sulfamethoxazole.
• Sample size: numbers shown for those completing the trial and those (initially recruited).
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META-ANALYSIS

Methods of Meta-Analysis. All of the studies included
in this m~ta-analysis are RCTs (level 1) and they repre
sent the highest level of evidence regarding the impact of
amoxicillin versus placebo on RAOM. Further details
regarding the search and selection process for these RCTs
are as noted in the initial methods of this review.

Results of Meta-Analysis. The data from all five RCTs
compa~ing the impact of amoxicillin or ampicillin pro
phylaxis versus placebo on RAOM were combined. Two
main outco~e measures were considered: 1) the per
centage of children who remained otitis-free, 2) the inci
dence density of RAOM episodes per child per month.
For both measures, there was a significantly better
outcome with amoxicillin or ampicillin prophylaxis,
such that the percent of children remaining otitis-free
was 16.1% more (RD) and an odds ratio of 1.98. (The
associate.d NNT was seven, which implies that for every
seven children treated with amoxicillin, one will become
oti~is-free). The more precise incidence density measure,
which also accounted for the follow-up time intervals,
was also better with antibiotic, such that there were 0.030
fewer AOM episodes per child per month. These results
~ere associated with an NNT of 30, which suggests that
In order to prevent one episode of otitis media, 30 chil
dren should be treated for 1 month or one child should
be treated for 30 months.

In a sensitivity analysis, when the data from only
papers with more than 1 year of follow-up [I, 3] were
combined, there was still a significantly greater chance of
children remaining otitis-free [69.90/0 versus 54.20/0, odds
ratio 2.0 [950/0 confidence interval (CI) 1.4--2.8], NNT 6
(950/ 0 CI 4--14)]. Likewise,when only data from patients
who were effusion-free at the outset [Roark, Casselbrant,
Sih] were combined, there was still a significantly better
outcome with amoxicillin [62.90/0 versus 49.7% , odds

ratio 1.1 (950/0 CI 1.1-2.6), NNT 8 (950/0 CI 4-34)]. In
considering the potential for publication bias (i.e., studies
showing a significant difference are more likely to be
published than those that do not) for the data overall 24. '
negative RCTswould be needed to invalidate the finding
that amoxicillin givesbetter results than placebo. It seems
unlikely that 24 such negative unpublished trials exist
now or that this number of RCTs with negative results
will be published in the future.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

There are five RCTs that compare the impact of amoxi
cillin or ampicillin versus placebo on RAOM. Four of the
five trials demonstrate a significant improvement in
RAOM with this antibiotic regimen. The fifth RCT shows
no difference whether antibiotic was given or not. When
the data from all five RCTs are combined, amoxicillin/
ampicillin granted a significantly better chance ofbecom
ing otitis-free and a significant decrease in the rate of
AOM per child per month. A significantly better outcome
with antibiotic emerged in sensitivity analyses as well,
whethe~ only children followed for more than 1 year or
only children who were effusion-free at the outset were
analyzed. The magnitude of the improvement with
amoxicillin, however, was modest (16.1% more were
otitis-free, 0.360 fewer AOM episodes per year). These
results must be considered in the context of what one
study reported as a 70/0 rate of adverse effects with anti
biotic group, as well as a 7% increase in beta-Iactamase
producing bacteria.
. Future research may focus on the comparison of the
Improvement seen with amoxicillin to other medical or
surgic~l .regimens. In addition, it may focus on defining
the m~nImal doses o.r dura~ion of amoxicillin necessary
to ~chIev~ benefit. FInally, It may focus on determining
which children are more likely to benefit from amoxicil
lin prophylaxis than from other potential treatments.



Percent of children remaining otitis-free with amoxicillin/ampicillin versus placebo

Amoxicillin/
ampicillin Placebo

Roark , 0.25 0.22
1997 (n = 3611 46) (n = 20192 )

Cassclbrant, 0.05 0.09
1992 (n = 103/2064) (n = 17311 920)

Maynard, 0.04 0.06
1972 (n = 73/2076) (n = 141/2292 )

Principi, 0.05 0.14
1989 (n = 91198) (n = 251180)

Sih, 1993 0.05 0.23
(n = 3/60 ) (n = 14/60)

Tota l 0.05 0.08
(n = 224/4544) (n = 373/4544 )

Amoxiciliin/Ampiciliin Comparedto Placebo: Risk Difference for Number of Episodesof AOM

Study name Statisticsfor eachstudy Risk differenceand95% CI

Risk Lower Upper
difference Iim~ Iim~ Z-Value p-Value

Roark 0.029 -0.080 0.139 0.522

~f
0.601

Casselbrant -0.040 -0.056 -0.024 -4.961 0.000
Maynard -0.026 -0.039 -0.014 -4.089 0.000
Principi -0.093 -0.152 -0.035 -3.143 0.002
Sih -0.183 -0.304 -0.063 -2.985 0.003

Total -0.034 -0.044 -0.024 -6.871 0.000

-0.50 -0.25 0.00 0.25 0.50
f. ,,_ Amoak;II"~AmpkII"., f ..._ PtK.bo

Amoxiciliin/Ampiciliin Compared to Placebo: Odds Ratiofor Numberof Episodes of AOM

Stud name Statistics for each stUdy Odds ratioand 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Roark 1.178 0.632 2.195 0.517

~r
0.605

Casselbrant 0.530 0.412 0.683 -4.926 0.000
Maynard 0.556 0.416 0.742 -3.980 0.000
Principi 0.295 0.134 0.651 -3.023 0.003
Sih 0.173 0.047 0.638 -2.633 0.008

0.548 0.459 0.653 -6.724 0.000
Total

0.01 0.1 10 100
h"cn Amol lclllinlAmplc:lllln F."_~e.bo

Number of episodes of AOM per child per month (incidence density) with amoxicillin/ampicillin versus placebo

Amoxicillin/
ampicillin Placebo

Roark, 1997 62.6% 58.1%
(n = 62/99) (n = 37/59 )

Cassclbrant, 58.1% " 40.0% '
1992 (n = 50/86) (n = 32/80)

Maynard , 75.7% 60.2%
1972 (n = 1311173) (n= 11511 9 1)

Principi, 1989 72.7% 36.7%
(n = 24/33 ) (n = 11/30 )

Sih,1993 85.0% 50%
(n = 17/20) (n = 10/20)

Total 69.1% 53.9%
(n = 284/4 11) (n = 205/380)

• Extrapolated from reported percentages.

Amoxiciliin/Ampiciliin Compared to Placebo: RiskDifference forChildren RemainingOtitis Free

Stud name Statistics for each stud Riskdifferenceand95% CI

Risk Low er Upper
difference limit limit Z-Value p-Value

Roark -0.001 -0.157 0.155 -0.011

M
0.991

Casselbfant 0.181 0.032 0.331 2.376 0.018
Maynard 0.155 0.061 0.249 3.223 0.001
Principi 0.361 0.131 0.590 3.075 0.002
Sih 0.350 0.081 0.619 2.548 0.011

Total 0.161 0.095 0.227 4.792 0.000

-1.00 -0.50 0.00 0.50 1.00

FMoor, AaotbO Favor, Amoxk:illiniAm pk:illin

Amoxiciliin/Ampiciliin Comparedto Placebo: Odds Ratio for Children RemainingOtitisFree

Study name Statistics for each stud Odds ratioand 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Roark 0.996 0.512 1.940 -0.011

rf:t-
0.991

Casselbrant 2.083 1.121 3.870 2.323 0.020
Maynard 2.061 1.311 3.241 3.133 0.002
Principi 4.606 1.585 13.387 2.806 0.005
Sih 5.667 1.254 25.606 2.254 0.024

1.978 1.464 2.671 4.445 0.000
Total

0.01 0.1 10 100

hYor. Placebo~. Amo:iddllilV'Ampldllln
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6 Pediatric Recurrent Acute Otitis Media
6.B.
SUlfisox~~olepr?phylaxis versus placebo: Impact on number of subsequent episodes of
acute otltls media, chance of no further episodes of acute otitis media

Jennifer J. Shin, Sandra S. Stinnett, and Christopher J. Hartnick

METHODS

A computerized Ovid search ofMEDLINE 1966-January
2004 was performed as described in Section 20.A. The
resulting 302 articles were then reviewed to determine
which met the following inclusion criteria: 1) patient
population <18 years old with documented recurrent
acute otitis media (RAOM), 2) intervention with con
tinuous sulfisoxazole prophylaxis versus placebo control,
3) outcome measured in terms of number of episodes of
acute otitis media (AOM). Studies in which noncontinu
ous antibiotic therapy was administered were excluded.
Also excluded were studies that enrolled children with
nonrecurrent AOM (i.e., only one previous episode).
Based on consultation with an infectious disease special
ist, studies that considered combination therapy with
trimethoprim-sulfamethoxazole were also considered
separately, because of differences in antimicrobial activ
ity and spectrum. The bibliographies of the articles that
met these inclusion criteria were manually checked to
ensure no further relevant articles could be identified.
This process yielded nine articles, four of which focused
on sulfisoxazole prophylaxis alone [1-4] . The other five
articles are discussed in Sections 20.A and 20.C.

RESULTS

Outcome Measures. Outcomes in all three studies were
measured in terms of the number of episodes of AOM
subsequent to treatment. These "episodes" were, however,
diagnosed on the basis of different criteria in each study.
One study used a combination of symptoms and signs;
the second used otoscopy alone; the third used examina
tion and tympanometry; and the fourth did not use
specified diagnostic criteria. Further details are provided
in the adjoining table. Reported here is the mean number
of episodes of AOM per child year, as well as the percent
of children with no further AOM in the follow-up
period.

Potential Confounders. Potential confounders are as
described in Section 20.A, and are tabulated for the
reader here in as much detail as the study reports
allow.

Study Designs. Four randomized controlled studies
address this issue, three of which are randomized cross-

ove.r trials (~C?Ts). With such a crossover study design,
patients are initially assigned to the sulfisoxazole or the
placebo group; after a period of 10-12 weeks, patients
who initially received sulfisoxazole are switched to
placebo, whereas patients who initially received placebo
are switched to sulfisoxazole for another 10-12 weeks.
This study design has the advantages of increasing power
for a given sample size, because each patient provides
two data points instead of one. In addition, each patient
can serve as his or her own control, having received sul
fisoxazole in one period and placebo in another. This
study design may also incorporate a "washout period"
before the patients cross over, where subjects receive
n~ither drug ; this "washout" prevents postcrossover
bias from any drug effects that linger even after its
discontinuation.

All of these studies were double blinded, and the
three crossovers measured compliance, which was >70%.
Randomization was shown to be effective in the non
crossover trial, although it was not discussed in detail in
the crossover studies, where each patient was used as his
own control. It becomes of interest, however, as conflict
ing results were obtained before and after crossover in
two trials. With these inconsistent results, it would have
been beneficial to demonstrate that there was no differ
ence between the groups that started with sulfisoxazole
and the groups that started with placebo. It would also
have been beneficial to have reported if a "washout
period" was allowed between the first and second arm of
the. crossover trials, in order to allow any remaining
actrve sulfisoxazole effect to clear the children's systems
b.efore crossover into the placebo group. Attrition rates
(i.e., number of patients who were enrolled but were lost
to follow-up) were reported in all but one case, and
~anged from 19% to 28%. These rates are especially
Important because the sample sizes for each individual
study are somewhat small. A variety of sulfisoxazole
doses were prescribed, but these regimens did not seem
to correlate with the final results.

Highest Level of Evidence. One RCOT found a consid
erable decrease in AOM rates with sulfisoxazole in both
a~ms of t~e trial; both before and after crossover, a sig
mficant difference was noted in the number of children
who had no further episodes of AOM in the 3-month
follow-up period. For the group that received sulfisoxa-
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zole before placebo, a rate difference (RD)l of 350/0 was
noted, implying that 3 was the number of children that
needed to be treated to achieve one otitis-free child
{NNT-number needed to treat).' For the group that
received placebo before sulfisoxazole, there was a lesser
RD of 240/0 which corresponds to an NNT of 5.The other
two ReOTs determined that there was a significant dif
ference in AOM outcomes in the group in which placebo
was given before sulfisoxazole,but that there was no dif
ference when sulfisoxazole was given first. These results
suggested a potential "carryover" effect in which the
patients continued to benefit from the agent even after
it was discontinued. The fourth study did not use a cross
over design, and found no significant difference in the
mean number of AOM episodes while taking sulfisoxa
zole prophylaxis versus placebo. This study had a much
longer follow-up time of 6 months. More of the results

1 Rate difference (RD) is the absolute difference in successful outcomes
between the study group and the control group. For example, in the Perrin
study before crossover, 890/0 of the sulfisoxazole group versus 540/0 of the
placebo group had no further episodes of AOM. The RD in this study was
540/0 - 890/0 = -350/0.
2 Number needed to treat (NNT) is the total number of children that must
be treated in order for one child to obtain benefit from the treatment. It
is calculated by determining the inverse of the RD. For example, in the
Perrin study, the rate difference is -350/0,so that the NNT =1/0.35 =2.9.
According to this study, 3 children would need to be treated so as to obtain
benefit for one child.

from these four trials favor sulfisoxazole therapy, but
given the heterogeneity that does exist, a meta-analysis
of all of the results is subsequently shown.

Applicability. These results are applicable to children
with RAOM with ~3 episodes in the previous 6-18
months, who also have neither tympanostomy tubes nor
a predisposing anatomic deficit such as cleft palate.

Morbidity. Two studies specified that there was a 00/0
incidence of adverse reactions to sulfisoxazole [1, 4].
Two studies addressed the potential for antimicrobial
resistance by following bacterial cultures from either
nasopharyngeal swabs or tympanocentesis, and found no
difference in microbial pathogens [2, 3]. A third study
reported that 2 of 2 patients who experienced spontane
ous tympanic membrane perforation after the study had
sulfisoxazole-resistant bacteria in cultured otorrhea,
although no prestudy or other control data were pro
vided for comparison.



THE EVIDENCE CONDENSED: Sulfisoxazole prophylaxis versus placebo for recurrent acute otitis media

Reference

Level (design)

Sample size'

Perrin, 1974

I (RCOT)

54 (75)

OUTCO MES

% of children with no further AOM

Liston, 1983

I (RCOT)

35 (43)

Mean AOM episodes per child per month

Before crossover After crossover Before crossover After crossover

Sulfisoxazole 89% 96% 0.28t 0.'20:1:

Placebo 54% 68% 0.56:1: 0.30 t

P Value < 0.01 < 0.02 :1:< 0.0 1 t S

Conclusion Abx better Abx better Abx better o difference
(?carryover)

Follow-up time 3 mo 3 mo 3 mo 3 mo

STUDY DESIGN

Inclusion cr iter ia

Exclusion criteria

Randomization
effectiveness

Age

Sulfisoxazole
regimen

Diagnostic criteria
for an episode of
AOM

Management of
AOM episode
while tak ing stu dy
treatment

Com pliance

Previous patients of a pediatric pr actice; ~3 episodes
in the previous 18 mo or ~5 episodes at any time; "2
children with only 2 previous episodes were entered
at the request of group pediatricians"

Previous tympanostomy tube placement,
predisposing anatomic defects (e.g., cleft palat e)

ot specified. but crossover design used

II m0-8 y

500 mg PO b.i.d . (same dose for all children)

"The diagnosis of AOM was made on exam; no
specific criteria for diagnoses were employed .. . any
observer bias would apply equally to examinations
during both antibiotic and placebo treatment"

"Were treated by the pediatricians in their normal
fashion, usua lly with o ral an tibiotics for a 10 day
period." The study drug was d iscontinued and
resumed when the IO-d course was complete

7 1% were considered compliant (>2/3 of drug was
taken) as assessed by the bott le method

Age 6 m0-5 y; >3 ep isodes of AOM occurring at a
frequency of at least I ep isode every 2 rno, with at least
2 episodes diagnosed by the study coordinator

Cleft palate, perforated TM. tympanostomy tubes, prior
adenoidectomy, known im munodeficiency

1 ot specified. but crossover design used

6 m0-5 y

75 mglkgld in 2 divided doses, rounded to the nearest
half teaspoon

Diagnosis required: bulging of an opaque or red pars
flaccida with obliteration of the bony landmarks and
either a type B tympanogram or purulent drainage
from a spontaneous TM perforation

Amoxicillin 40 mglkgld in 3 divided doses x io d or if
penicillin allergic or culture revea led beta-lactamase
producing o rganism, th en erythro mycin 40 mglkgld
and sulfisoxazo le 150 mg/kg/d in 4 d ivided doses x l Od.
Study drug was discontinued and resumed afte r th e
10 d

87.2% overall compliance, as assessed by bottle method

AOM =acute otitis media. Ref =randomized controlled trial. RCOT =randomized crossover trial. abx =antibiotics. MEE=middle ear effusion.
TM =tympanic membrane. b.i.d, =twice a day dosing. S=not significant. NR=not reported.
• ample size:numbers shown for those completing the trial and those (initially recruited).
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THE EVIDENCE CONDENSED: Sulfisoxazole prophylaxis versus placebo for recurrent acute otitis media

Reference

Level (design)

Sample size>

Varsano, 1985

I (RCOT)

32 (40)

OUTCO MES

Gonzalez, 1986

I (RCT)

41 (NR)

Mean ADM episodes per child per 10weeks

Before crossover After crossover

Sulfisoxazole 0.4§ 0.211

Placebo 1.411 0.9§

P Value 11<0.01 §NS

Conclusion · Abx better No difference
(?carryover)

Follow-up time 10wk IOwk

STUDY DESIGN

Mean ADM episodes

per child per 6 month

1.38

2.00

NS

No difference

6mo

% children with no

furtherADM

24%

15%

NR

R

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Sulfisoxazole
regimen

Diagnostic criteria
for an episode of
AOM

Management of
AOM episode
while taking study
treatmen t

Compliance

Age6 mo-5 y,~3 separate otoscopically
documented episodes of AOM durin g the preceding
6 mo; free of clinical and otoscopic findings of
AOM at the outset; presence or absence of MEE was
acceptable

Children who required tympanostomy tube
insertion

Not specified, but crossover design used

6 mo-5 y

250 mg PO b.i.d. if <2 Yold, 500 mg PO b.i.d. if 2
5 yold

Erythema or white-yellow opacification
accompanied by fullness or bulging as well as poor
mobility of the TM, or acute sponta neous
perforation associated with pus in the ear canal

Ampicillin or, if penicillin allergic, trimethop rim
and sulfamethoxazole x lOd. Study medication was
discontinued and resumed after the 10-d course was
completed.

>75% in 27 children, 650/0-75% in remaining 5
children, as assessed by counting remaining tablets

Age6 mo-IO y,~3 episodes of AOM in the
preceding 6 mo or ~4 in 18mo; presence or absence
of MEE was acceptable

Cleft palate, Down syndrome, previous
tympanostomy tubes, or sulfonamide sensitivity

No difference in sex, age, season of entry into the
trial

1-48 mo

500 mg PO b.i.d. if <5 Yold; I g PO b.i.d. if >5 Yold

"Rapid and short onset of signs and symptoms of
inflammation in the middle ear. Diagnosis was also
based on the following criteria: otalgia (ear tugging
in infants), fever, TM erythema or bulging,
decreased TM mobility, loss of TM landmarks,
otorrhea"

"Antibiotics at standa rd therapeutic doses for 10
days"

"Compliance could not be adequately established in
our study"

ADM =acute otitis media, Ref =randomized controlled trial, RCDT=randomized crossover trial. abx=antibiotics. MEE=middle ear effusion,
TM =tympanic membrane. b.i.d.=twice a day dosing. NS =not significant, NR =not reported.
• Saml'le size: numbers shown for thosecompleting the trialand those (initiall ~ recruited).
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META-ANALYSIS

Methods oftheMeta-Analysis. Allof the studies included
in this meta-analysis are RCTs (level 1) and they repre
sent the highest level of evidence regarding the impact of
sulfisoxazole versus placebo on RAOM. Further details
regarding the search and selection process for these RCTs
are as noted in the initial methods of this review.

Results of the Meta-Analysis. The data from all four
RCTs comparing the impact of amoxicillin or ampicillin
prophylaxis versus placebo on RAOM were combined.
Two main outcome measures were considered: 1) the
percentage of children who remained otitis-free, 2) the
incidence density of RAOM episodes per child per
month. When all the results from all four studies were
numerically combined, 250/0 more children remained
otitis-free with sulfisoxazole. This rate difference corre
sponded to an overall NNT of 4, suggesting that for every
four children treated, one would remain otitis-free. In
addition, the combined odds ratio suggested that chil
dren treated with sulfisoxazole prophylaxis were 3.35
times as likely to remain otitis-free. To negate this result,
there would have to be 19 trials showing no difference
between sulfisoxazole and placebo (odds ratio). Even
with publication bias (i.e., studies showing a significant
difference are more likely to be published than those that
do not), it seems unlikely that 19 negative trials exist or
will come to exist.

The incidence density measure (number of episodes
of AOM per child per month), which also accounted for
the follow-up time intervals, was also better with sulfi
soxazole, such that there were 0.170 fewer AOM episodes
per child per month, or 2.04 fewer AOM episodes per
year. These results were associated with an NNT of 6,
which suggests that in order to prevent one episode of
otitis media, six children should be treated for 1 month
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or one child should be treated for 6 months. As for pub
lication bias, 39 negative studies would be needed to
negate this combined positive result.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

Three level 1 studies conclude that sulfisoxazole prophy
laxis results in fewer episodes of AOM, as compared with
placebo. The fourth study found no difference between
the two groups, but when the results from all four studies
were numerically combined in a meta-analysis, a 250/0
rate difference favored sulfisoxazole prophylaxis. These
combined results suggested that sulfisoxazole prophy
laxis was more effectivethan placebo in preventing AOM
in certain children, such that for every four children
treated, one would remain otitis-free. Meta-analysis data
also suggested that sulfisoxazole would result in 2.04
fewer AOM episodes per year, such that six children
would need to be treated for 1 month or one child would
need to be treated for 6 months in order to prevent one
episode of otitis media.

Future research on this subject may further address
the interesting question of a potential "carryover" effect
by using a noncrossover design or by providing a pro
longed follow-up period after patients have discontinued
medication. Such an effect could provide multiple advan
tages, especially in terms of potentially providing the
least rigorous dosing schedule for the largest possible
benefit. In addition, the impact of experiencing intermit
tent flairs of AOM versus daily oral medication on quality
of life may be explored.



Percent of children remaining otitis-free with sulfisoxazole versus placebo

Study,year Sulfisoxazole Placebo Sulfisoxazole vs Placebo: Rate Difference for Incidence Density

Perrin , 0.024 0.173
Study name Statistics for each study Risk difference and 95% CI

1974 (n = 4/162 ) (n = 28/162 ) Risk Lower Upper

Liston , 0.245 0.421
difference limit limit Z-Value p-va iue

Perrin

~~
1983 (n = 25/102) (n = 43/102 ) Liston -0.148 -0.211 -0.085 -4.614 0.000

-0.176 -0.304 -0.049 -2.721 0.006Varsano
Varsano, 0.122 0.486 Gonzalez -0.365 -0.501 -0229 ·5 .256 0.000

-0.103 -0.215 0.009 -1.808 0.071
1985 (n = 9/74 ) (n = 36/ 74) Total -0.170 -0.217 -0.123 -7.061 0.000

Gon zalez, 0.230 0.333 ·1.00 -0.50 0.00 0.50 1.00

1986 (n = 29/126 ) (n = 40/120) Favor, Placebo Favor . Sulfisoxazole

Tota l 0.170 0.321
(n = 671394 ) (n = 147/458)

Sulfisoxazole vs Placebo: Odds Ratio for Incidence Density

Study name Statistics foreachstudy Oddsratioand 95% CI

Odds Lower Upper
ratio limit limit Z·Value p-Value

Perrin 0.121 0.041 0.354 -3.857

f~
0.000

Liston 0.445 0.245 0.810 -2.649 0.008
Varsano

0.146 0.064 0.336 -4.525 0.000Gonzalez
0.598 0.341 1.049 -1.793 0.073

Total 0.358 0.253 0.507 -5.789 0.000

0.01 0.1 10 100
Favor . Placebo Favor. SulflsoX8zole

Number of episodes of AOM per child per month (incidence density) with sulfisoxazole versus placebo

Study, year Sulfisoxazole Placebo Sul fisoxazole vs Placebo: Rate Diffe rence for Childre n Remaining Otitis-Free

Perrin, 94.3% 62.3%
Stu name Statistics lor eachst Risk difference and95% CI

1974 (n = 50/53) (n = 33/53)
Risk lower Upper

Liston, 51.4% 41.2% difference limit limit Z-Value p-Value

1983 (n = 18/35) (n = 14134) Perrin 0.321 0.176 0.465 4.349

+8
0.000

Liston 0.103 -0.132 0337 0.858 0.391

Varsano, 78.1% 37.5% Varsano 0.406 0.186 0.627 3.610 0.000

1985 (n = 25/32) (n = 12/32) Gonzalez 0.088 -0.152 0.328 0.719 0.472

Total 0.261 0.162 0.359 5.208 0.000
Gonzalez, 23.8% 15.0%

-1.00 -0.50 0.00 0.50 1.00
1986 (n = 5/21) (n = 3/20) Favors Plau bo Favors Sulftaoxuote

Total 69.5% 44.6%
(n = 98/141) (n = 62/139)

Sulfisoxazole vs Placebo: Odds Ratio for Children Rem a ining Otitis-Free

Stud name Statistics foreach stud Oddsratioand95% CI

Odds Lower ~per

ratio limit limit Z-Value p-Value

Perrin 10.101 2.779 36.719 3.512

-tI
0.000

Liston 1.513 0.584 3.918 0.852 0.394
Varsano 5.952 1.977 17.920 3.172 0.002
Gonzalez

1.771 0.363 8.648 0.706 0.480

Total 3.355 1.870 6.021 4.058 0.000

0.01 0.1 10 100
F....on P\ac:ebo Favors Sutflso xazote

86



REFERENCES

1. Gonzalez C, Arnold IE, Woody EA, et al. Prevention of
recurrent acute otitis media: chemoprophylaxis versus tym
panostomy tubes. Laryngoscope 1986;96(12):1330-1334.

2. Liston TE, Foshee WS, Pierson WD. Sulfisoxazole chemo
prophylaxis for frequent otitis media. Pediatrics 1983;71(4):
524-530.

3. Perrin 1M, Charney E, MacWhinney IB Ir, McInerny TK,
Miller RL, Nazarian LF. Sulfisoxazole as chemoprophylaxis

Pediatric Recurrent AcuteOtitisMedia
87

for recurrent otitis media. A double-blind crossover study
in pediatric practice. N Engl J Med 1974;291(13):664
667.

4. Varsano I, Volovitz B, Mimouni F. Sulfisoxazole prophy
laxis of middle ear effusion and recurrent acute otitis media.
Am JDis Child 1985;139(6):632-635.



6 Pediatric Recurrent Acute Otitis Media
6.C.
Amoxicillin versus trimethoprim sulfamethoxazole prophylaxis: Impact on number of
subsequent episodes of acute otitis media, chance of no further episodes of acute
otitis media

Jennifer J. Shin and Christopher J. Hartnick

METHODS

A computerized Ovid search of MEDLINE 1966-January
2004 was performed as described in Section 20.A. The
resulting 302 articles were then reviewed to determine
which met the following inclusion criteria: 1) patient
population <18 years of age with documented recurrent
acute otitis media (RAOM), 2) intervention with con
tinuous amoxicillin versus sulfisoxazole prophylaxis, 3)
outcome measured in terms of number of episodes of
acute otitis media (AOM). Studies in which noncontinu
ous antibiotic therapy was administered, as well as those
that enrolled children with nonrecurrent AOM (i.e., only
one previous episode), were excluded. The bibliogra
phies of the articles that met these inclusion criteria were
manually checked to ensure no further relevant articles
could be identified. This process yielded nine articles,
two of which focused on a direct comparison of amoxi
cillin and trimethoprim-sulfamethoxazole (TMP-SMX)
prophylaxis, and these are discussed here [1, 2). The
other seven articles are discussed in detail in other sec
tions in this chapter.

RESULTS

Outcome Measures. Outcomes in both studies were
measured in terms of the number of episodes of AOM
subsequent to treatment. Both studies used criteria of
history and physical examination for diagnosis, with one
study requiring tympanogram confirmation of examina
tion findings. Further details are provided in the adjoin
ing table. Reported here is the mean number of episodes
of AOM per child year, as well as the percent of child
ren with no further episodes of AOM in the follow-up
period.

Potential Confounders. Potential confounders are as
described in Section 20.A, and are tabulated here.

Study Designs. Two randomized controlled trials
(RCTs) directly compared amoxicillin and TMP-SMX.
Randomization provided groups with similar age,history
of AOM, and atopy. The Principi study had more strin
gent entry criteria (three episodes in 6 months) than the
Sih study (three episodes in 12 months). Attrition rates
were 4% [1) and 47% [2), with the higher rate potentially
skewing results. Follow-up times were 6 months [1] and
3 months [2). The impact of season as a potential con-
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founder was addressed in one trial [1). A priori power
calculations were not reported in either case, although
each demonstrated adequate power to discern a statisti
cally significant rate difference of 32%-36% in their
comparison of each antibiotic to placebo.

Highest Level of Evidence. Two level 1 studies found
no significant difference in AOM rates with amoxicillin
versus TMP-SMX prophylaxis [1, 2). No a priori sample
size estimates for a standard 90% power were reported,
although both studies did compare antibiotic groups
with a similar-sized placebo group and found statistically
significant differences of 32%-36%. As had previously
been shown with amoxicillin and sulfisoxazole (see Sec
tions 6.Aand 6.B), there was an improvement in outcome
with TMP-SMX as compared with placebo.

Applicability. These results are applicable to children at
least 9 months of age and up to 5 [1) or 9 years old [2]
experiencing RAOM with at least three episodes in the
previous 6-12 months.

Morbidity. Neither study reported any adverse effects in
the antibiotic groups. Also, neither study addressed the
impact of each antibiotic on antimicrobial resistance.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

There are two level 1 studies that compared the impact
of continuous amoxicillin prophylaxis with continuous
TMP-SMX prophylaxis. The number of episodes of
AOM and the chance of remaining otitis-free are similar
with each choice of daily antibiotic regimen. Therefore,
the choice of which antibiotic to use is dependent largely
on issues of patient compliance, cost, allergy history, and
regional variations in microbial resistance. In addition,
these results must again be considered in light of the
recommendations from the American Academy of Pedi
atrics and the American Academy of Otolaryngology
regarding concern for antimicrobial resistance.

Given previous results that suggest that the improve
ment with sulfisoxazoleversus placebo is greater than the
improvement with amoxicillin versus placebo, future
RCTs may directly compare sulfisoxazole versus amoxi
cillin. Alternatively, studies may focus on determining
whether one antibiotic has an increased propensity to
promote resistant strains of pathogens.



THE EVIDENCE CONDENSED: Amoxicillin versus trimethoprim sulfamethoxazole prophylaxis for recurrent
acute otitis media

Reference

Level (design)

Sample size'

Pri ncipi, 1989

I (RCT)

96 (100)

OUTCOMES

Sih,1993

I (RCT)

60 (82)

Amoxicillin

TMP-SMX

Placebo

p Value

Conclusion

Follow-up time

Mean no. of AOM episodes

per patient per month

0.06

0.05

0.14

S, amoxicillin vs TMP
SMX

No difference, amoxicillin
vs TMP-SMX

6mo

% of patients with no further

AOM

73%

73%

37%

NS, amoxicillin vs TMP
SMX
«0.0 I, amoxicillin vs
placebo)
«0.01, TMP-SMX vs
placebo )

No difference, amoxicillin
vs TMP-SMX

STUDY DESIGN

Mean no. of AOM episodes

per patient per month

0.05

0.08

0.23

NS, amoxicillin vs TMP
SMX

No difference, amoxicillin
vs TMP-SMX

3 mo

% of patients with no

further AOM

80%

82%

50%

NS, amoxicillin vs
TMP-SMX
«0.0005, amoxicillin
vs placebo)
«0.0005, TMP-SMX
vs placebo)

No difference,
amoxicillin vs TMP-SMX

Inclusion
criteria

Exclusion
criteria

Randomization
effectiveness

Age

Masking

Amoxicillin
regimen

TMP-SMX
regimen

Diagnostic
criteria for an
episode of
ADM

Management of
ADM episodes

Compliance

Morbidity/
complications

Age 9 m0-5 y; ~3 otoscopically and tympanometrically
documented episodes of ADM in the preceding 6 mo,
with the last episode between IS d and 2 mo before
enrollment; presence or absence of MEE was acceptable
(97% had unilateral or bilateral effusion at the outset)

Patients with cleft palate, Down syndrome,
immunodeficiency, or a history of allergic reactions to
any of the drugs tested; also patients who had undergone
placement of tympanostomy tubes

No significant differences in sex, age, presence of MEE,
interval since onset of most recent ADM, season at entry,
daycare attendance, and history of atopy

9 mo-5 y

Single blind

20 mg/kg/d in I bedtime dose x6 mo

12 mg/kg/d in I bedtime dose x6 mo

Diagnosis was based on any combination of fever,
otalgia, irritability, and on the presence of hyperemia or
opacity accompanied by fullness, bulging, or immobility
of the TM confirmed by a flat, type B curve

Cefaclor 50 mg/kg/d in 3 doses x lOd; study drug was
discontinued and then resumed when this lO-d course
was complete

940/0-97% compliance, with "poor compliance" defined
as failure to administer ~3 doses in the 4-6 wk between
follow-ups, as assessed by the bottle method

"No laboratory or clinical evidence of toxic side effects
attributable to treatment with amoxicillin or TMP-SMX"

Children with ~3 episodes of ADM over the
preceding 12 mo; all children at admission into the
study had ADM treated by amoxicillin 50 mg/kg/d
x lOd to treat this acute episode at the outset and
then were reexamined-all had no further signs or
symptoms and a type A or type C tympanogram

Type B tympanogram after the initial amoxicillin
therapy

Similar age, private clinic vs public hospital, mean
number of recurrences in the previous 12 rno, history
of atopy

9 m0-9 y

Single vs double blind not specified

20 mg/kg/d in I bedtime dose x3 mo

12 mg/kg/d in I bedtime dose x3 mo

Diagnosed by the following criteria: (a) acute symptoms
(otalgia, recent onset of irritability, fever, respiratory
symptoms); and (b) pneumootoscopic findings
(erythema, bulging, or reduced mobility of the TM)

Cefaclor 50 mg/kg/d in 3 doses x lOd; study drug was
discontinued and then resumed when this lO-d
course was complete

NR

NR

Ref = randomized controlled trial. AOM = acute otitis media. amoxicillin= amoxicillin , MEE = middle ear effusion, TM = tympanic membrane.
RAD = reactive airway disease. TMP-SMX = trimethoprim sulfamethoxazole, NR = not reported.
• Sample size: numbers shown for those completing the trial and those (initially recruited).
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6 Pediatric Recurrent Acute Otitis Media
6.D.
Tympanostomy tube placement versus no surgery/no prophylaxis: Impact on subsequent
number of episodes of acute otitis media, chance of no further episodes of acute
otitis media

Jennifer J. Shin, Sandra S. Stinnett, and Christopher J. Hartnick

METHODS

A computerized Ovid search ofMEDLINE 1966-}anuary
2004 was performed. The subject headings "otitis media"
and "middle ear ventilation" were exploded and cross
referenced, yielding 807 articles. Given the known
richness and high level of the literature on otitis media,
these articles were then limited to randomized controll ed
trials (RCTs), yielding 107 art icles. These articles were
then reviewed to find those that met the following
inclusion criteria: 1) pediatric population of patients <18
years of age with recur rent acute otitis media (RAOM),
2) intervention with tympanostomy tube placement
compared with no surgery/no prophylaxis, and 3)
outcomes measured in terms of number of episodes of
acute otitis media (AOM). Trials that enrolled subjects
on the basis of chronic otitis media with effusion (rather
than RAOM) were excluded here, although they are
analyzed in a subsequent chapter. This search strategy
and inclusion/exclusion criter ia, along with manual
searching of relevant bibliographies, yielded three RCTs
[1-3].

RESULTS

Outcome Measures. Outcomes in both studies were
measured in terms of the number of episodes of AOM
subsequent to treatment. These "episodes" were diag
nosed on the basis of physical examination with or
without a symptomatic history, with furth er details pro
vided in the adjoin ing table. Reported here is the mean
number of episodes of AOM, as well as the percent of
children with no further episodes of AOM in the follow
up period.

Potential Confounders. Potential confounders include
age, tube type and postoperative management, antibiotic
regimen for AOM episodes and compliance with it, and
presence of middle ear effusion. Also, allergies, breast
milk feeding, gender, genetics, daycare attendance, and
exposure to tobacco smoke may affect AOM outcomes.
Each of these or the way in which each study addressed
them are detailed in the adjacent table in as much detail
as the studies allow.

Study Designs. Three studies comp ared AOM out
comes after tympanostomy tube placement versus no
surgery/no prophylaxis. Randomization was used to

ensure similar age, gender, season of entry, and other
characteristics in groups being compared (see table). The
proport ion of patients lost to follow-up ranged from 9%
[3] to 36% [1] in the two cases in which it was reported,
with higher numbers associated with increased suscepti
bility to attr ition bias (see Chapter 1 or glossary). Also,
in the former study,an additional three of the remaining
98 patients (3%) did not complete the study's half-year
follow-up period; in the latter study, an additional 17 of
the remaining III patients (15%) did not complete the
much longer 2-year follow-up period because of treat
ment failure. In the latter case, these treatment failures
were still included in the study's data, so that an inten
tion to treat analysis was performed [1]. Such an inten 
tion to treat analysis maximizes the validity of the data.
Two studies compared a group receiving tubes to a non
surgery group that received an oral placebo [1, 2]. The
third study had no placebo [3]. No study had a "sham
surgery" placebo group . All three studies enrolled chil
dren <3-4 years of age [1-3].

Highest Level of Evidence. Three level 1 studies com
pared AOM outcomes with tympanostomy tub es versus
no surgery/no prophylaxis. Two found a statistically sig
nificant improvement with tubes in the mean number of
AOM episodes and in the chance of remaining otitis-free
[2,3] . There was a 40%-41 % difference in the percent
of children who had no further AOM in the 6-month
follow-up periods. This rate difference suggests that three
children need to be treated with tubes to give one child
a 6-month otitis-free period. One study, however, found
no difference in these same parameters with tube place
ment versus no surgery/no prophylaxis [1]. This study
reported adequate power (90%) to detect a 50% reduc
tion in the average number of episodes of AOM. It did
not, however, detect any such reduction, in contrast to
the other two studi es which showed reductions from
2.00-2. 17 to 0.67-0.80 AOM episodes per child per 6
months. It is possible that this one study may have come
to a different conclusion than the other two because of
differences in its study design, which included: 1) it
requ ired children to be free of midd le ear effusion at
entry; 2) it excluded infants <7 months old; 3) it expanded
follow-up time to 2 years (4 times longer). The authors
of this report also did note that a secondary outcome
measure of "total time with otitis media" (including
AOM, otorrhea, or otitis media with effusion) was sig-
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nificantly decreased from 100/0 in the no-surgery group
to 6.60/0 in the tubes group. In addition, the authors note
that because children with tubes were more likely to
complete follow-up than those who did not have surgery,
and children who were eventually lost to follow-up had
more severe disease, the results were biased toward the
tympanostomy tube group having a worse outcome.
Given that this third study's results did not completely
agree with the other two studies, however, a meta-analy
sis was performed and is shown below.

Applicability. The results of these trials are applicable to
children younger than 4 years old with at least three
episodes of RAOM in 6 months or less.

Morbidity. Two articles describe tube-associated mor
bidity over an approximate 2-year period. The incidence
of persistent perforation was 00/0-3.9% and the incidence
of perioperative otorrhea was 9%. Therefore, a number
needed to harm (NNH) of at least 26 children must
receive tubes to have a persistent perforation at 6
months-2 years. An NNH of 12 children who receive
tubes will have otorrhea in the immediate postoperative
period.



THE EVIDENCE CONDENSED: Tympanostomy tube insertion versus no surgery or prophylaxis for recurrent
acute otitis media

Reference

Level (design)

Sample size'

Casselbrant, 1992

I (RCT)

111(J74)

OUTCOMES

Gebhart, 1981

I (RCT)

95 (l08)

Tubes

No surgery

p Values

Conclusion

Follow-up
time

No. of AOM episodes per

child per year

1.02

1.08

=0.25

No difference

2y

% of children with no

further AOM episodes

35%

40%

NR

No difference

STUDY DESIGN

No. of AOM episodes per

child per 6 months

0.67

2.17

<0.001

Tubes better

6mo

% of children with no further

AOM episodes

46%

5%

<0.001

Tubes better

Inclusion
criteria

Exclusion
criteria

Randomization
effectiveness

Age

Diagnostic
criteria for an
episode of
AOM

Tube type

Response to
AOM while
tubes in place

Response to
tube
obstruction

Response to
AOM in group
without tubes

Morbidity!
complications

7-35 mo of age, most recent episode in <6 mo, ~3
episodes of AOM in the preceding 6 mo or ~4 in
12 mo; free from MEEat time of entry

Asthma, chronic sinusitis, previous tonsillectomy or
adenoidectomy

No difference in age, season of entry, previous no. of
AOM episodes, sex, race, socioeconomic status

7-35 mo

'Otoscopic signs (erythema or white opacification not
attributable to scarring, fullness or bulging and
decreased mobility of 'I'M) or ~I symptom (fever,
otalgia, irritability) in the presence of MEE
'If PET in place, then episode of otorrhea was
considered equivalent to an episode of AOM

Teflon Armstrong tube in the anterosuperior
quadrant of 'I'M

Ototopical treatment with neomycin sulfate,
polymyxin B sulfate, and hydrocortisone suspension
x ::>10 d, amoxicillin 40 mglkgld in 3 divided doses
x IOd unless cultures revealed resistant organisms

Ototopical treatment with neomycin sulfate,
polymyxin B sulfate , and hydrocortisone; if remained
occluded then rep laced if <6 mo since inse rt ion,
replaced only if AOM!OME developed if 6-12 mo
since insertion

Amoxicillin 40 mglkgld in 3 divided doses x IOd
unless tympanocentesis cultures revealed resistant
organisms-then erythromycin 50 rng/kg/d and
sulfisoxazole 150 mglkgld x lOd

Tubes group with 3.9% persistent perforations (3
subjects at 5,9, and 21 rno; all healed spontaneously
at a later date )

<3 Yof age, ~3 episodes of acute purulent otitis media
diagnosed and treated by the referring physician in the
previous 6 mo; RAOM despite adequate therapy with
antibiotics; presence or absence of MEE was acceptable

Cleft palate, Down syndrome, recurrent tonsillitis
associated with otitis media

Similar sex, race, no . of prestudy infections, patient or
family history of allergies, season of entry, family history
of ear infections, age

<3 Y

' If tubes not present: hyperemia and thickening of the
entire 'I'M, decreased mobility, short process of malleus
no longer visible
' If tubes in place: drainage through the tympanostomy
tubes in the external canal, often with erythema and
edema of the 'I'M

Shepard Teflon tubes in the anterosuperior quadrant of
the 'I'M

Ampicillin x l Od, and if allergic then erythromycin and a
sulfonamide x lOd (doses not specified); Cortisporin otic
if otorrhea present; decongestant if nasal congestion or
upper respiratory tract infection

If tube obstructed with subsequent AOM , then tube was
reinserted

Ampicillin x IOd, and if allergic then erythromycin and a
sulfonamide x lOd (doses not specified ); Cortisporin otic
if otorrhea present; decongestant if nasal congestion or
upper respiratory tract infection

9% with persistent drainage beginning <24 h after tube
insertion
6% required tube reinsertion
0% persistent perforation
0% cholesteatoma

RAOM =recurrent acute otiti s media , AOM =acute otitis media, ReT =randomized controlled trial , MEE =middle ear effusion, TM =tympanic
membrane, NR =not reported; PET =pneumatic equalization tube, OME =otiti s media with effusion .
• Sample size: numbers shown for those completing follow-up and (those initially recruited).
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THE EVIDENCE CONDENSED: Tympanostomy tube insertion versus no surgery or prophylaxis for recurrent
acuteotitis media

Reference Gonzalez, 1986

Level (design) I (RCT)

Sample size' 42 (NR)

OUTCOMES

No. of AOM episodes per child per 6 months 0/0 of children with no furtherAOM episodes

Tubes 0.86 55%

INo surgery 2.00 15%

P Values =0.006 =0.01

Conclusion Tubes better Tubes better

Follow-up 6mo
time

STUDY DESIGN

Inclusion 6 mo-IO y of age, ~3 episodes of AOM in the preceding 6 mo or ~4 in 18 mo; presence or absence of MEE was
criteria acceptable

Exclusion Cleft palate, Down syndrome, previous tympanostomy tubes, or sulfonamide sensitivity
criteria

Randomization No difference in sex, age, season of entry into the trial
effectiveness

Age

Diagnostic
criteria for an
episode of
AOM

Tube type

Response to
AOM while
tubes in place

Response to
tube
obstruction

Response to
AOM in group
without tubes

Morbidity/
complications

1-48 mo

"Rapid and short onset of signs and symptoms of inflammation in the middle ear."Diagnosis was also based on
the following criteria: otalgia (ear tugging in infants), fever, TM erythema or bulging, decreased TM mobility, loss
of TM landmarks, otorrhea

Paparella 0.04-mm grommet tubes "in most cases;' TM site NR

"Antibiotics at standard therapeutic doses for 10 days"

NR

"Antibiotics at standard therapeutic doses for 10 days"

NR

RAOM =recurrent acute otitismedia, AOM =acute otitismedia, RCT =randomized controlled trial, MEE =middle ear effusion, TM =tympanic
membrane, NR = not reported.
• Sample size: numbers shown for those completing follow-up and (those initially recruited).
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META-ANALYSIS

Methods oftheMeta-Analysis. Allofthe studies included
in this meta -analysis are RCTs (level 1) and they repre
sent the highest level of evidence regarding the impact of
tubes versus no surgery/no prophylaxis on patients pre
senting with RAOM. Further details regarding the search
and selection process for these RCTs are as noted in the
initial methods of this review.

Results of the Meta-Analysis. The data from all three
RCTs comparing the impact of tubes versus no surgery/
no prophylaxis on patients with a history of RAOM were
combined. Two main outcome measures were consid
ered: 1) the percentage of children who remained otitis
free, and 2) the incidence density of RAOM episodes per
child per month. When all the results from all three
studies were numerically combined in a meta-analysis,
there was an overall 23.5% [95% confidence interval (CI)
13.6-33.40/0] improvement in the number of children
who remained otitis-free, suggesting that for every four
(950/0 CI 3-8) children treated with tubes, one will remain
otitis-free. Children with tubes had a 1.8 times (95% CI
1.05-3.14) greater odds of remaining otitis free. With
respect to publication bias, there would need to be seven
RCTs with negative findings to neutralize what seems to
be an overall beneficial effect of tubes on the chances of
remaining otitis-free.

The incidence density of otitis media (number of
AOM episodes per child per month) for all of the data
combined was 0.025 (95% CI 0.008-0.043) less with
tubes than without tubes (or 0.300 per child per year).
These incidence densities suggest that 40 (95% CI 23
125) children need to be treated for 1 month or that one
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child needs to be treated for 40 months to prevent one
episode of AOM. To overcome this overall result that
tubes cause a lower incidence density of AOM, 28 nega
tive RCTs would be needed; it seems unlikely that even
with publication bias, such a large number of negative
trials would exist.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

Two level 1 studies demonstrated a significant improve
ment in AOM outcomes with tubes versus no surgery/
no prophylaxis, whereas a third found no difference.
These conflicting data may result from differences in
study design; the study that found no difference between
tubes versus no treatment only included patients who
were free of middle ear effusion at the outset, whereas
the two studies that found better results with tubes
included children regardless of their effusion status at the
outset. When all of the data are combined in a meta
analysis, there seems to be an overall significant im
provement in outcome with tubes versus no surgery/no
prophylaxis. Children are 23.5% more likely to remain
otitis- free, although the impact on the overall incidence
density is modest (0.300 fewer AOM episodes per child
per year).

Future research may address whether differences in
study design may have impacted some of these results,
especially focusing on the impact of middle ear effusion
at the outset, age, and follow-up time.



Percent of children remaining otitis-free with tympanostomy tubes versus no surgery/no prophylaxis

No surgery/no Tubes vs No Surgery/No Prophylaxis: Rate Difference for Incidence Density
Study, year Tubes prophyl axi s

Casselbrant, 0.085 0.090 Study name Statistics for each stud Risk differenceand 95% CI

1992 (n = 157/1848) (n = 173/1920) Risk Lower Upper
difference limit limit p-Value

Gebhart, 0.111 0.362
Casselbrant -0.005 -0.023 0.013 0.576

t-1
1981 (n = 361324) (n = 89/246) Gebhart -0.251 -0.320 -0.182 0.000
Gonzalez, 0.143 0.333 Gonzalez -0.189 -0.293 -0.086 0.000

1986 (n = 19/13 2) (n = 40/120) -0.025 -0.043 -0.008 0.004
Total

-0.50 -0.25 0.00 0.25 0.50Total 0.092 0.132

(n = 21212304) (n = 302/2286) Favors Placebo FavorsTltMta

Tubes vs No Surgery/No Prophylaxis: Odds Ratio for Incidence Density

Stu name Statistics for each stu Odds ratio and 95%CI

Odds Lower Upper
ratio limit limit p-Value

Casselbrant 0.938 0.748 1.175 0.576

tiJGebhart 0.221 0.143 0.340 0.000

Gonzalez 0.336 0.182 0.623 0.001

Total 0.642 0.531 0.777 0.000

0.10.2 0.5 1 2 5 10
Fa-..orsPlac:ebo Fa 'o'Of"lTlbt,

Number of episodes of AOM per child per month (incidence density) with tympanostomy tubes versus no
surgery/no prophylaxis

No surgery/no Tubes vs NoSurgery/No Prophylaxis: RateDifferencefor Percent RemainingOtitis Free
Study,year Tubes prophylaxis

Casselbrant, 35% 40%
Study name Statistics for each study Risk difference and 95% CI

1992 (n = 30177) (n = 32/80) Risk Lower Upper
difference limit limit p-Value

Gebhart, 46% 5% Casselbrant -0.010 -0.163 0.143 0.894

T.t
1981 (n = 25/54) (n = 2/4 1) Gebhart 0.414 0.266 0.563 0.000

Gonzalez, 55% 15% Gonzalez 0.395 0.135 0.656 0.003

1986 (n = 12/22) (n = 3/20) Total 0.235 0.136 0.334 0.000

Tota l 44% 26% ·1.00 -0.50 0.00 0.50 1.00

(n = 67/153) (n = 37/14 1) Favors Pla cebo FavorsTubes

Tubes vs No SurgeryiNo Prophylaxis: Odds Ratio for Percent Remaining Otitis Free

Study name Statistics for each study Odds ratio and 95%CI

Odds Lower Upper
ratio limit limit p-Value

Casselbrant 0.957 0.505 1.816 0.894 t-tGebhart 16.810 3.683 76.733 0.000

Gonzalez 6.800 1.537 30.077 0.012

Total 1.816 1.050 3.143 0.033

0.01 0.1 10 100

FavorsPlacebo FavcnTube.
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6 Pediatric Recurrent Acute Otitis Media

Tympanostomy tube insertion versus antibiotic prophylaxis: Impact on subsequent number
of episodes of acute otitis media, chance of no further episodes of acute otitis media

Jennifer J. Shin and Chrisopher J. Hartnick

METHODS

A computerized Ovid search ofMEDLINE 1966-January
2004 was performed. The subject headings "otitis
media" and "middle ear ventilation" were exploded and
cross-referenced, yielding 807 articles. Given the known
richness and high level of the literature on otitis media,
these articles were then limited to randomized controlled
trials (RCTs), yielding 107 articles. These articles were
then reviewed to find those that met the following inclu
sion criteria: 1) pediatric population of patients <18
years of age with recurrent acute otitis media (RAOM),
2) intervention with tympanostomy tube placement
compared with continuous antibiotic prophylaxis, and
3) outcomes measured in terms of number of episodes
of RAOM. Trials that enrolled subjects on the basis of
chronic otitis media with effusion (rather than RAOM)
were excluded here, although they are analyzed in a sub
sequent chapter. Trials in which the antibiotic group
receivedantimicrobial therapy with each episode ofacute
otitis media (AOM) but did not receive prophylaxis in
between flairs were also excluded. These inclusion crite
ria yielded two RCTs [1, 2], and their bibliographies were
also manually searched but no further level 1 trials were
uncovered. .

RESULTS

Outcome Measures. Outcomes in both studies were
measured in terms of the number of episodes of AOM
subsequent to treatment. These "episodes" were diag
nosed on the basis of history and physical examination,
with further details provided in the adjoining table.
Reported here is the mean number of episodes of AOM,
as wellas the percent of children with no further episodes
of AOM in the follow-up period.

Potential Confounders. Potential confounders include
age, tube type and postoperative management, antibiotic
regimen and compliance with it, and presence of middle
ear effusion (MEE). First, age may confound the results,
because the incidence of AOM decreases with increasing
age. The age ranges are fairly tight in these trials, with
one study spanning a range of <3 years [1], and the other
spanning a range of <4 years [2]. Second, the presence
or absence of MEE may also influence the number of
AOM events, and one study excluded any patients with
MEE at the outset in order to control for this variable
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[1]. Third, the tube type, its placement, and the postop
erative management of tube occlusions may result in
alterations in their longevity and efficacy. Both studies
used a standardized tube and one reported in detail their
standardized management of tube occlusions. Fourth,
the particular antibiotic dose and patient compliance
with its administration may affect the outcomes. Both
studies clearly reported their prophylaxis regimen, and
one study also measured compliance and reported the
detailed management of each flair of AOM [1]. Further
details are provided in the adjoining table.

Study Designs. Both studies are RCTs with double
blinding in the medical arms (i.e., antibiotic prophylaxis
and placebo). The rate of noncompletion (i.e., number
of patients who were enrolled but did not complete the
follow-up) in each trial is a foremost issue when consid
ering the credibility of these results. In one case, more
than half of the medical group and 26% of the surgical
group did not complete the trial [1], either because they
were lost to follow-up or because they were withdrawn
from the trial for treatment failure. Subjects who were
discharged because of treatment failure, however, were
still included in the final data report. In providing this
information, the study investigators completed an inten
tion to treat analysis,which ensured that the results were
not biased toward patients who responded best to treat
ment. In the second study, the results for the 65 patients
who completed the trial were reported, but the initial
number of patients enrolled is unclear [1]. In both cases,
therefore, the results may be unintentionally skewed
toward a population who was more inclined to complete
follow-up, which could reflect either higher satisfaction
with care or increased severity of disease. In addition, the
length of follow-up is a key factor, because otitis media
often has a seasonal component. One study accounted
for this factor by following patients for 2 years [1]. The
other study followed patients for just 6 months, but
accounted for seasonal differences by balancing the
number of subjects affected at different seasons through
randomization among the three different interventions
[2]. One study reported their a priori calculation of
power: 90% to detect a 50% decrease in episodes of AOM
and this power was corroborated by their results which
demonstrated astatisticallysignificant differencebetween
groups [1]. The second study did not report their initial
power calculation but demonstrated the ability to



statistically discern a >57%-72% difference between
groups [2].

Highest Level of Evidence. Two RCTs constitute the
highest level of evidence comparing tube placements
versus antibiotic prophylaxis versus placebo for patients
with RAOM. Perhaps because of differences in antibiotic
regimens or because of uneven subject withdrawal (please
see above), the results of these trials are somewhat con
flicting. First, consider the impact of tube placement
versus antibiotic prophylaxis. The larger trial showed
that in comparison to children undergoing tube place
ment, children who took antibiotic prophylaxis had a
lower mean number of episodes of AOM (p = 0.001),
and this was corroborated by the fact that they also were
more likely to have no further episodes of AOM in the
follow-up period. In contrast, the smaller trial reported
the converse: the mean number of episodes of AOM was
less in the tubes group and in accordance with this
finding, the percent of children with no further episodes
of AOM was higher in the tubes group. Statistical sig
nificance, however,was not achieved in this case. Second,
consider the impact of tympanostomy tubes versus
placebo. The larger study found no significant difference,
but the smaller study found significantly better outcomes
with tubes. Third, consider the effect of antibiotic pro
phylaxis versus placebo. The larger study found a sig
nificant improvement with antibiotics whereas the
smaller study found the same trend, although without
the statistical significance.

Applicability. The results of both trials are applicable to
infants and children 7-35 months of age who have had
~3 episodes of AOM in the previous 6 months. These
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results are not necessarily applicable to children with
significant comorbidities such as cleft palate, chronic
sinusitis, or Down syndrome.

Morbidity. The morbidity of the tubes and antibiotic
treatments were described in one study [1] and limited
to <7% of the populations studied. Only minor adverse
reactions were observed, and all remaining tympanic
membrane perforations eventually closed spontane
ously.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

There are two level 1 studies that directly compared the
impact of tubes versus antibiotic prophylaxis, and both
studies further placed these results in context through
comparison with a third placebo group. Both studies are
unfortunately beleaguered by potential biases from
subject attrition, and each handled MEE at the outset in
different ways,which may account for their diametrically
opposed findings regarding the impact of tubes versus
antibiotics on the number of episodes of AOM. Likewise,
their findings regarding tubes versus placebo and anti
biotic prophylaxis versus placebo are not completely
similar. Overall, the heterogeneity of the results prevents
clean conclusions from being drawn. Future RCTs may
attempt to settle this still relatively unresolved issue of
the impact of tubes versus antibiotic prophylaxis on the
number of episodes of AOM.



THE EVIDENCE CONDENSED: Tympanostomy tube insertion versus antibiotic prophylaxis for recurrent acute
otitis media

Reference

Level (design)

Sample size"

Tubes

Antibiot ics
pro phylaxis

Placebo

p Values

Con clusion

Follow-up time

Casselbrant, 1992

I (RCT)

264 (74% tubes group, 47% abx, 46% placebo )

OUTCOMES

Mean no. of episodes of AOM,

episodes/child /year

1.02

0.60

1.08

=0.001, tubes vs antibiotics
=0.25 , tubes vs placebo
<0.00 I, ant ibiot ics vs placebo

Anti biotics better than tub es

2 y (monthly visits and with acu te episodes)

% of children with no further episodes in follow-up period

35%

58%

40%

R, tubes vs antibiotics
NR, tubes vs placebo
=0.03 , an tibiotics vs placebo

Trend for antibiot ics to be better

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Diagnostic
criteria for an
episode of AOM

Tube type

Response to
AOM while tubes
in place

Response to tube
obstruction

Abx prophylaxis

Response to
AOM in group
without tubes

Compliance

Power

Morbidityl
complications

STUDY DESIGN

7-35 mo of age, most recent episode in <6 mo, ~3 episodes of AOM in the preceding 6 mo or ~4 in 12 mo;free
from MEEat time of entry

Asthma, chronic sinusitis, previous tonsillectomy or adenoidectomy

o difference in age, season , previous number of AOM episodes, sex, race, socioeconomic status

7-35 mo

Otoscopic signs (erythema or white opacification not attributable to scarring, fullness or bulging and decreased
mobility ofTM ) or ~I symptom (fever, otalgia, irritability) in the presence of MEE
If PET in place, then episode of otorrhea was considered equivalent to an episode of AOM

Teflon Armstrong tube in the anterosuperior quadrant of the pars tensa

Ototopicaltreatment with neomycin sulfate, polymyxin B sulfate, and hydrocortisone suspension x :510d,
amoxicillin 40 mglkgld in 3 divided doses xlO d unless cultures revealed resistant organisms

Ototopical treatment with neo mycin sulfate, polymyxin B sulfate, and hydrocort isone; if remai ned occluded
then replaced if <6 mo since inserti on , replaced only if AOM/OME developed if 6-12 mo since insertio n

Amox icillin 20 mglkgld in I nightl y dose

Amox icillin 40 mglkgld in 3 divided doses x lOd un less tymp an ocentesis cultures revealed resistant organisms
then eryt hro mycin 50 mglkgld and sulfisoxazole 150 mglkgld x lOd

820/0-95% for abx and placebo, as assessed by calendar met hod, bottle method, and urine speci mens

0.90 to detect a 50% reduction in the average number of episodes of AOM

Amoxicillin gro up with 7.0% adverse reactio ns
Tubes group with 3.9% persistent perforations

Ref = randomized controlled trial, NR = not reported, RAOM = recurrent acute otiti s media, AOM = acute otitis media , MEE = middle ear effusion,
TM = tympanic membrane, abx = antibiotics, NS = not significant, b.i.d. = twice a day dosing.
• Sample size: numbers shown for those initially recruited and those (completing the trial ).
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Reference

Level (des ign)

Sample size'

Gonzalez, 1986

I (RCT)

NR (65)

OUTCOMES

Tubes

Abx proph ylaxis

Placebo

p Values

Conclusion

Follow-up time

Mean no. of episodes of AOM.

episodes/c hild/6 mo

0.86

1.38

2.00

NR. tub es vs abx
=0.006. tub es vs placebo
NS. abx vs placebo

Trend for tub es to be better

6 mo (monthly visits and with acute episodes)

STUDY DESIGN

% of child ren with 110 further episodes

in follow-up period

55%

24%

15%

=0.08. tub es vs abx
=0.01. tub es vs placebo
NR, abx vs placebo

Trend for tub es to be better

Inclusion criteria

Exclusion criter ia

Rand omi zation
effectiveness

Age

Diagnostic
criteria for an
episode of AOM

Tube type

Response to
AOM while tub es
in place

Response to tub e
obstruc tion

Abx prophylaxis

Respon se to
AOM in group
witho ut tub es

Compliance

Power

Mor bidity!
complications

6 ma-IO y of age, ~3 episodes of AOM in the precedin g 6 mo or ~4 in 18 mo; presence or absence of MEEwas
acceptable

Cleft palate, Down syndrome, previous tympanostomy tub es, or sulfonamide sensitivity

No difference in sex, age, season of entry into the trial

1-48 mo

"Rapid and sho rt on set of signs and symptoms of inflammation in the middl e ear." Diagnosis was also based on
the following criteria: otalgia (ear tugging in infant s), fever, TM erythema or bulging, decreased TM mobilit y,
loss of TM landmarks, otorrhea

Paparella 0.04-mm grommet tub es "in most cases:' TM site not specified

"Antibiotics at standard therapeutic doses for 10 days"

NR

Sulfisoxazole 500 mg PO b.i.d. if <5 Yold; I g PO b.i.d. if >5 Yold

"Antibiotics at standard therapeutic doses for 10 days"

"Co mpliance could not be adequately established in our study"

NR

NR

ReT =random ized controlled tr ial. NR =not repor ted. RAOM =recurrent acute otitis media, AOM =acute otitis media, MEE =middl e ear effusion,
TM =tympanic membrane. abx =antibiotics, NS =not significant, b.i.d. = twice a day dos ing. PET =pneumatic equa lization tube, OME =otitis
media with effusion .
• Sample size: numbers show n for those initially recruit ed and those (completing the tr ial).
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Adenoidectomy versus no adenoidectomy: Impact on rate of acute otitis media

Jennifer J. Shin and Christopher J. Hartnick

METHODS

A computerized Ovid search ofMEDLINE 1966-January
2004 was performed. The terms "otitis media" and "ade
noidectomy" were exploded and the resulting articles
were cross-referenced, yielding 382 trials. Given the
known richness of the otitis media literature and the
authority of higher levels of evidence, these articles were
then limited to randomized controlled trials (RCTs),
resulting in 39 applicable studies. These articles were
~hen ~eview~d ~o identify those that met the following
In~IUSIOn cntena: 1) patient population <18 years of age
with documented recurrent acute otitis media (RAOM),
2) intervention with adenoidectomy versus no adenoid 
ectomy, 3) outcome measured in terms of the number
of episodes of acute otitis media (AOM). Trials in which
persistent middle ear effusion (MEE) was the impetus for
surgery or the primary disease process were excluded.
Studies focusing on tonsillectomy combined with ade
noidectomy are addressed in the next review. The bibli
ographies of the articles that met these inclusion criteria
were manually checked to ensure no further relevant
articles could be identified. This process yielded four
RCTs and one nonrandomized trial. The four RCTs are
discussed in detail below [1-4J.

RESULTS

Outcome Measures. Outcomes in all studies except one
were measure.d in terms of the mean rate of AOM epi
sodes per subject over a given period of time [2-4]. The
diagnosis of AOM was based on standardized features of
the history and physical examination, and the details are
tabulated below. The Paradise reports also included the
p~rcent of patients with no further AOM episodes in a
given year. The Matilla study also included the number
of days with otorrhea per person year, which was a rea
sonable measure because all patients had tympanostomy
tubes placed. The most recent study reported a primary
outcome of percent of children who failed treatment
~two acute episodes in 2 months or three acute episodes
In 6.months; or MEE for >2 months as assessedby pneu
matic otoscopy) [1].

Potential Confounders. Potential confounders were as
described in previous queries in this chapter and are
tabulated in the adjoining table in as much detail as the
studies allow.

StudyDesigns. Four RCTs, two of which were reported
in one article [3, 4J, addressed the impact of adenoidec
tomy versus no surgery on RAOM. Randomization was
effective in controlling cited potential confounders in
each study. These studies differ in keyaspects related to the
placement of tympanostomy tubes: 1) the 1999 study and
the 2004 study were performed in children who had
never been treated with tubes [1,3]; 2) another study was
performed exclusively in children who had previous tube
placement but were postextrusion [4]; 3) in the 2003
study, tubes were placed in all subjects as part of the
study design [2J. In addition to these differences, two
studies focused exclusively on children <2 years of age
[1, 2J, whereas the others included children up to 15
years old [3, 4J. The reports from 1999 all included an
intentio~ to treat analysis [3,4], whereas the 2003 report
us~d a time-dependent treatment covariate analysis. In
this report, control patients who eventually underwent
aden?idectomy ~ere ana~yzed in the control group until
the ti,me of th~ir adenoid procedure, after which they
were included in the adenoidectomy group [2J.

HighestLevel of Evidence. The RCTs that evaluated the
impact of adenoidectomy alone versus no adenoid
surgery on AOM outcomes had variable results. First, in
the studies of children with no previous tube placement,
adenoidectomy did not improve outcomes [1, 3J. In
most parameters measured, there was no difference
?etween the adenoidectomy and control groups. In fact,
In the second year of follow-up in the 1999 trial, the
control group had a significantly lower rate of AOM
episodes.per child year than the adenoidectomy group.
Second, in the study that focused exclusively on children
<2 years of age who had tubes placed either with or
without adenoidectomy, there was a trend toward a
d~creased ~ate of AOM with adenoidectomy, but no sig
nificant difference between groups [2J. Third, in the
study regarding children with extruded tubes, adenoid
ectomy significantly improved outcomes in the first and
second years of follow-up [4J. The mean rate of AOM
episodes per child year was decreased by 0.58 and 36%
more children remained AOM-free; there was a number
~eeded to treat of three children. Likewise, the propor
non of days in which otitis was present was significantly
decrease~. Significant differences were no longer present
a~ the third year of follow-up, but at this point sample
Size had decreased to 54 patients; with the ensuing
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decrease in power, it is unclear whether a true difference
was obscured or if the effectwas simply no longer present
after a longer follow-up.

Overall, three studies showed no improvement [1
3] and one showed significant improvement [4] in mul
tiple measures of AOM with adenoidectomy. There is no
neat logic that can elucidate exactly why this disparity
occurred, although there are several potential explana
tions. The study that showed improvement differed from
the other two in that it focused on a subset of children
whose RAOM was so severe that it persisted beyond a
period in which they had initially been treated with tubes.
This difference alone may have resulted in the observed
improvement with adenoidectomy. From a mathemati
cal point of view, when disease is more severe, there is
more room for improvement; this fact may make it easier
to achieve a demonstrable amount of recovery than
when disease is less severe (statistical floor effect). Oddly
enough, however, rates of AOM in the control group in
this study overall were actually lower than in the control
group in a study that enrolled children without previous
tympanostomy tube placement. Thus, a purely mathe
matical explanation may not be complete. In addition,
the two studies which found that AOM outcomes were
the same regardless of whether adenoidectomy was per
formed were adequately powered, at least in the initial
1-2 years. In fact, their sample sizes were larger than the
study that identified a difference. Also, although one
study found no difference when only children under 2
years of age were studied, another study demonstrated
adenoidectomy-related improvement that persisted even
when adjusting for the impact of age (including an age
group of 1- to 2-year-old children). Overall, previous
tympanostomy tube placement was the only clear dis
tinction in the one study that identified a significant
improvement with adenoidectomy versus no surgery
[4].

Applicability. Although all of these studies measured
similar interventions and outcomes, each is applicable to
a different type of patient. First, the 1999 study (which
showed no difference) is applicable to 3- to IS-year-old
children who have nothad previous tympanostomy tubes
placement, who present with ~3 episodes of AOM in the
preceding 6 months or ~4 episodes of AOM in the pre
ceding 12 months or MEE in ~1 ear over ~180 days in
the preceding year. Similarly,the 2004 study is applicable
to 10- to 24-month-old children with >3 episodes of
AOM in the previous 6 months. Second, the 1990 study

results (which showed improvement with adenoidec
tomy) are applicable to patients with recurrent and/or
persistent otitis media whose previous tympanostomy
tubes in one or both ears have extruded. Third, the 2003
study (which showed a nonsignificant trend toward
improvement) is applicable to a younger group of
patients aged 10 months to 2 years old who present with
>3-S episodes of AOM during the previous 6 months or
>4-6 episodes of AOM during the previous 12 months.

Overall, this means that adenoidectomy has demon
strated efficacy only in the treatment of children with
RAOM after the extrusion of previously placed tympa
nostomy tubes. At the same time as the RCT that dem
onstrated this efficacy, a parallel nonrandomized trial
was also conducted in which parents could choose the
intervention their child received. In this level 2 trial,
results were similar, with more favorable results seen in
the adenoidectomy group than in the control group. The
presence of this parallel trial allows the statement of effi
cacy (i.e., adenoidectomy works within a defined popula
tion under controlled circumstances) made in the RCT
to be expanded to a statement of effectiveness (i.e., ade
noidectomy works in regular clinical practice).

Morbidity. Adenoidectomy had a 00/0--4.8% complica
tion rate in these trials, suggesting a number needed to
harm as low as 21 children. This potential for harm
underscores the need to only perform the procedure if
more than 1 in 21 children can benefit. (As above, the
number needed to treat for children with RAOM after
previous tube extrusion was 3, suggesting that 1 in 3
children could benefit from adenoidectomy.)

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

There are four RCTs that address whether adenoidec
tomy is a worthwhile endeavor in children with RAOM.
The evidence suggests that it is a worthwhile endeavor in
the specific population of children who have persistent
disease even after the previous placement and extrusion
of tympanostomy tubes. Furthermore, it seems that this
result can be generalized to a situation in which parental
input helps determine whether adenoidectomy is per
formed. It does not yet seem useful in children who have
not previously had tyrnpanostomy tubes placed, regard
less of age.

Future research may focus on further defining which
characteristics can further identify the subset of children
who will benefit from adenoidectomy. In addition, the
optimal timing of adenoidectomy relative to other treat
ments may also be explored.



THE EVIDENCE CONDENSED: Adenoidectomy versus no adenoid surgery for recurrent acute otitis media

Reference

Level (design)

Sample size'

Koivunen, 2004

I (RCT)

103 (120)

OUTCOMES

Follow-up year

Adenoidectomy

Control

p Value

Conclusion

% of children with treatment failure t

6mo

42%

52%

NS

No difference

2y

76%

76%

NS

No difference

Mean number(SD) of episodes
ofAOM

6mo

1.3 (0.9)

1.3 (0.9)

NS

No difference

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Adenoidectomy details

Additional procedures

Diseasedetails at the
outset

Diagnostic criteria for
AOM

Management of AOM
episode while in study

Management of MEE
during study

Criteria for withdrawal

Intention to treat
analysis?

Power calculation

Morbidity/
complications

STUDY DESIGN

~3 AOM during the previous 6 mo, 10-24 mo of age

Previous adenoidectomy or tympanostomy, craniofacial anomalies, documented immunologic disorders,
and ongoing antimicrobial chemoprophylaxis

Similar age, sex, no. of RAOM episodes, daycare, MEE at assignment

10-24 mo

Adenoidectomy as day care surgery

12 children in the adenoidectomy group had concurrent tympanostomy tube placement for MEE

55%-62% had >5 previous episodes of RAOM

"Acute symptoms together with signs of middle ear inflammation (hyperemic, opaque, or bulging ear
drum) and MEE obtained in pneumatic otoscopy or otorrhea"

"Usually amoxicillin for one week"

Amoxicillin and reexamination in 2 wk; if still present then myringotomy; if still present after 2 mo then
tympanostomy tube placed

"Children who did not get the allocated prophylaxis or whose prophylaxis was changed before defined
failure" were defined as "protocol variations"

Protocol violations were regarded as dropouts or as treatment failures

A priori calculation of 80% with 57 children in each group

No complications in the adenoidectomy procedures

Ref =randomized controlled trial. AOM =acute otitis media. RAOM =recurrent AOM, NS =not significant, SD=standard deviation, MEE =
middle eareffusion. T&A = adenotonsillectomy, TM= tympanic membrane.
• Sample size: numbers shown for thosenot lost to follow-up and those (initially recruited).
tTreatment failure in the Koivunen trialwas defined as: twoacute episodes in 2 mo or threeacute episodes in 6 mo;or MEE for>2mo as assessed by
pneumatic otoscopy. The Koivunen trial also compared adenoidectomy with sulfisoxazole prophylaxis and found no significant difference.
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Reference

Level (design)

Sample size'

Par adise, 1999

I (RCT)

140 at y I, 112 at y 2, 81 at y 3 (177)

OUTCOMES

Mean rate of AOM episodes per subject % of patients with no AOM episodes

Follow-up year

Adenoidectomy

Control

p Value

Conclusion

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Adenoidectomy detai ls

Additiona l procedures

Disease details at the
outset

Diagnostic criteria for
AOM

Management of AOM
episode while in study

Management of MEE
during study

Criteria for withdrawal

Intention to treat
analysis?

Power calculat ion

Morbidity!
complications

Y I Y2 Y3 YI Y2 Y3

1.8 1.7 1.3 31.1% 26.4% 35.3%

2.1 1.2 1.5 21.5% 37.3% 36.2%

NS 0.04 NS NS NS NS

No difference Cnt better No difference No difference No difference No difference

STUDY DESIGN

3-15 Yold; 110 previous tympanostomy tube placement; ~3 AOM in the preceding 6 mo or ~4 AOM in the
preceding 12 mo, with ~I documented episode or MEE in ~I ear over ~180 d in the preceding year,
documented at least twice at ~6-mo intervals; free of otit is media at the outset

Indication for tons illectomy, overt or submucous palatal clefts

No significant difference in age, sex, race, entry criterion met , MEE, baseline hear ing, nasal obstruction,
upper respiratory allergy, siblings, parents' socioeconomic status

3-15 Y

Reverse adenotomes, cureltes were used under both direct and mirror vision; the fossa of Rosenrnu ller
was curetted routinely

Myringotomy and aspiration was performed if MEE was present at the time of adenoidectomy or T&A. If
in the control group, myringotomy and aspiration was performed if MEE had been presen t for >90 d
without improvement

91.2% RAOM, 5% persistent MEE, 3.4% both

MEE with recent ota lgia, marked erythema or bulging of the tympanic membrane; otorrhea with otalgia
or fever in the presence of tympanostomy tube or TM perforation

"Antimicrobial in the conventional dosage for 10 d to 6 wk, depending on recent clinical course and
response to treatment. Amoxicillin was used whenever feasible; second line drugs mainly used were
erythromycin-sulfisoxazole and amoxicilli n clavulanate"

If MEE ~90 d without improvement, then myringotomy with aspiration; if recurred within 6 mo and
persisted ~60 d then myringotomy and tube placement

Parental wishes, lack of follow-up

Yes: patients in the control group who received eventual surgery were analyzed as controls

80% to detect a 25% difference with 57 subjects per treatment group

Adeno idectomy group with 4.8% postoperative complications

RCT =randomized controlled trial. AOM =acute ot itis media. RAOM =recurrent AOM. NS =not significant, SD =standard deviation , MEE =
midd le ear effusion , T&A =adenotonsillectomy, TM =tympanic membrane. Cnt =control.
• Sample size: numbers shown for tho se not lost to follow-up and those (initially recruited).
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Reference

Level (design)

Sample size'

Paradise, 1990

1 (RCT)

86 at y 1,83 at y 2, 54 at y 3 (99)

OUTCOMES

Follow-up year

Adenoidectomy

Control

p Value

Conclusion

Mean rate of AOM episodes per subject

YI Y2 Y3

1.06 1.09 0.89

1.45 1.67 0.87

NS 0.01 NS

No difference Adenoidectomy No difference
better

% patients with no AOM episodes

Y I Y2 Y3

44% 51% 51%

33% 19% 41%

NS 0.01 NS

No difference Adenoidectomy No difference
better

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Adenoidectomy details

Additional procedures

Disease details at the
outset

Diagnostic criteria for
AOM

Management of AOM
episode while in study

Management of MEE
during study

Criteria for withdrawal

Intention to treat
analysis?

Power calculation

Morbidity/complications

STUDY DESIGN

Persistent and/or recurrent otitis media; to therefore have received tympanostomy tubeplacement in one
or both ears on 1 or moreoccasions; and to have developed, afterextrusion of the tubers) and within the
year that preceded enrollment, ~I additional documented episodes of either suppurative (acute) or
nonsuppurative (secretory) otitis media; free of MEE at the starting point

Overt or submucous palatal clefts

No differences in age, sex, race, age at time of onset of otitis media, no. of prior tympanostomy tube
procedures, MEE at the time of assignment, tympanostomy tube in place and patent at the start of the
trial, baseline hearing sensitivity, degree of nasal obstruction as estimated clinically, degree of
nasopharyngeal obstruction as estimated roentgraphically, tonsil-related history, siblings, upper
respiratory tract allergy, parents' socioeconomic status

1-15 Y

Reverse adenotomes, curettes were used under both direct and mirror vision; Rosenrnuller's fossa was
curetted routinely

Tympanostomy: radial myringotomy and aspiration of middle ear fluid

78% with MEE at the time of assignment, 68% with tubes at the trial start

MEE present with at least one of the following: perforation with otorrhea, otalgia, moderate to marked
TM erythema, TM bulging; if no MEE, then at least one of the following: otalgia, moderate to marked
TM erythema

Antimicrobial drug(s) for 10 d-e wk, depending on recent clinical course and response to treatment.
Ampicillin then amoxicillin was used whenever feasible; the first alternative was erythromycin
sulfisoxazole

If persisted ~60 d then myringotomy and tube placement

Second adenoidectomy

Tabulated results are for groups in which control patients were withdrawn if adenoidectomy was
subsequently performed; an intention to treat analysis was reported in the text, however, with similar
results.

Not specified

No anesthetic complications; 2 patients required nasal packing for I d, 10 rashes, II persistent TM
perforations (I cholesteatoma, I modified radical mastectomy)

RAOM = recurrent acute otitis media, Ref = randomized controlled trial, AOM = acute otitis media, NS = not significant, TM = tympanic
membrane, MEE = middle ear effusion, b.i.d.= twice a day dosing .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Reference

Level (design)

Sample size'

Mattila, 2003

I (RCT)

137 (137)

OUTCO MES

Follow-up year

Adenoidectomy

Control

p Value

Conclusion

Mean rate of AOM per person year

Up to 2 Yold (mean 7 mo)

2.05

2.40

NS

No difference

STUDY DESIGN

No. of days with otorrhea per person year

3.62

3.45

NS

No difference

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Adenoidectomy details

Additional procedures

Disease details at the
outset

Diagnostic criteria for
AOM

Management of AOM
episode while in study

Management of MEE
during study

Criteria for withdrawal

Intention to treat
analysis?

Power calculation

Morbidity/complications

Children who had been enrolled at the age of 2 mo in a pneumococcal vaccine study who had >3-5
AOM during the previous 6 mo or 4-6 AOM during the previous 12 mo; 10-23 mo of age

Parental refusal before or after allocation

No difference in sex, proportion of children with or without siblings, daycare outside home, mean age
at operation, no. of AOM episodes before the age of I y old, vaccination status

10-23 mo

Performed with Beckman ring curette, tissue in Rosenrnuller's fossa was routinely removed

All patientsalso underwenttympanostomy tubeplacement (anterior radial myringotomy)

Mean no. of previous AOMs was 3.4-3.5

MEE signs and fever, ear pain, signs of upper respiratory tract infection, irritability, diarrhea, vomiting,
or discharge from the ear

Amoxicillin 40 mglkg PO b.i.d. x7 d was the first choice antibiotic; if allergic then trimethoprim
sulfadiazine 8 and 25 mglkg PO b.i.d, x7 d, cefaclor 40 mglkg PO b.i.d. x7 d, or azithromycin 10 mglkg
PO xr d then 5 rng/kg PO q.d. x4 d

All patients had tube placement at the outset

Not specified

The 5 children in the tympanostomy group who underwent adenoidectomy at a later date were
analyzed using a time-dependent treatment covariate (i.e., they were analyzed as part of the
adenoidectomy group after the time point where they had this surgery)-may have resulted in
underestimation of the effect of adenoidectomy

No a priori calculation reported

None reported

RAOM = recurrent acute otitis media , RCf = randomized controlled trial, AOM = acute otitis media, NS = not significant , TM = tympanic
membrane, MEE = middle ear effusion, b.i.d.e twice a day dosing .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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6 Pediatric Recurrent Acute Otitis Media
6.G.
Adenotonsillectomy versus adenoidectomy alone or no adenotonsillar surgery:
Impact on rate of acute otitis media

Jennifer J. Shin and Chrisopher J. Hartnick

METHODS

A computerized Ovid search ofMEDLINE 1966-January
2004 was performed as described in 20.P. These articles
were then reviewed to identify those that met the follow
ing inclusion criteria: 1) patient population <18 years of
age with documented recurrent acute otit is media
(RAOM), 2) intervention with adenoidtonsillectomy
versus no surgery or adenoidectomy alone, 3) outcome
measured in terms of the number of episodes of acute
otitis media (AOM) . Articles in which adenoidectomy
alone was the focus are discussed in 20.P.The bibliogra
phies of the articles that met these inclusion criteria were
manually checked to ensure no further relevant articles
could be identified. This process yielded two randomized
controlled trials (RCTs), reported in a single article [1).

RESULTS

Outcome Measures. Outcomes in these studies were
measured in terms of the mean rate of AOM episodes
per subject over a given period of time, as well as the
percent of patients with no further AOM episodes in a
given year. The diagnosis of AOM was based on stan
dardized features of the history and physical examina
tion, and the details are tabulated for the reader.

Potential Confounders. Potential confounders were as
described in previous queries in this chapter and are
detailed in the adjacent table in as much detail as the
studies allow.

Study Designs. Two RCTs, both of which were reported
in one article [1), addressed the impact of adenotonsil
lectomy (T&A) on RAOM. In a "three-way" trial, T&A
was compared with either adenoidectomy or no surgery,
in children without a tonsil -related indication for pha
ryngeal surgery. In a "two -way" trial , T&A was compared
with no surgery in children with a tonsil-related indica
tion for their removal. The three-way and two-way trials
were both performed in children who had never been
treated with tubes . An intention to treat analysis was
reported. Randomization was effective in balancing
potential confounders between groups, with the excep
tion of only a single factor (gender) in the two-way
trial.

Highest Level of Evidence. The two- and three-way
trials that compared T&A with no surgery in children
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without previous tube placement showed better results
with T&A as compared with control. In the three-way
trial, there was a significantly lower rate of AOM in the
first year and when the data for all 3 years were com
bined. In the two-way trial, there was no significant dif
ference in individual years but there was again a clear
difference in the combined for all years. The amount of
improvement (three-way trial, first year) was a decrease
of 0.5-{).7 AOM episodes per subject and an increase of
15.1% more children with no further AOM. This abso
lute risk reduction corresponds to a number needed to
treat of seven children; seven children must undergo
T&A in order for one of those children to remain otitis
free. Intervention with T&A was also noted to result in
a significantly better outcome than adenoidectomy alone
in the three-way trial.

Applicability. These studies are applicable to children
who have not had previous tympanostomy tubes place
ment, who present with ~3 episodes of AOM in the
preceding 6 months or ~4 episodes of AOM in the pre
ceding 12 months or MEE in ~1 ear over ~180 days in
the preceding year.

Morbidity. T&A had a higher rate of complication than
adenoidectomy alone (14.6% versus 4.8%) according to
the three-way trial. These figures correspond to absolute
risk increase of 9.8% from the addition of tonsillectomy.
This risk increase means that there is a number needed
to harm of 10 children, or that every tenth child under
going T&A instead of adenoidectomy alone will experi 
ence an additional complication. It also means that there
is a number needed to harm of seven children undergo
ing T&A in comparison to no adenotonsillar surgery.
This number is unfortunately similar to the number
needed to treat noted above. Thus, it seems that a loss
must be accepted for every gain if T&A is undertaken.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

Two parallel RCTs address the impact of T&A versus no
surgery or adenoidectomy alone on RAOM [1]. The evi
dence in both trials suggests that T&A results in improved
AOM outcomes, as compared with no surgery. The
extent of that improvement is rather minimal, however,
with just a difference of 0.5-{).7 episodes per child at 1
year. Likewise, although T&A results in a significantly



different outcome than adenoidectomy alone, the
improvement is just 0.4 episodes per child at 1 year. In
this case, a statistically significant but clinically minor
difference has been demonstrated. Therefore, the inter
vention's potential for harm becomes especially impor
tant, because the demonstrated potential benefit from
T&A is small. The T&A-associated morbidity is not neg
ligible (see above); in fact, it is notably higher than the
morbidity of adenoidectomy. Therefore, most clinicians
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believe that the risks ofT&A outweigh the potential ben
efits.

Future research may focus more on the role of ade
noidectomy alone, and the preoperative identification of
subjects who are likely to benefit from this surgical inter
vention.



THE EVIDENCE CONDENSED: Adenoidectomy versus adenotonslllectomy for recurrent acute otitis media

Reference

Level (design)

Sample size'

Paradise, 1990

I (randomized controlled trial )

"Three-way" trial

235 at y 1,201 at y 2, 162 at y 3 (304)

OUTCOMES

YI Y2 Y3

Mean rate of AOM episodes per subject

Follow-up year

T&A
Adenoidectomy alone

Control

p Value,
T&A vs control

1.4

1.8

2.1

<0.001

1.3

1.7

1.2

NS

1.2

1.3

1.5

S

% of patients with no AOM episodes

Y I Y2 Y3

36.6% 34.3% 36.2%

31.1% 26.4% 35.3%

21.5% 37.3% 36.2%

<0.05 S S

Conclusion,
T&A vs control

p Value, T&A vs
adenoidectomy

Conclusion, T&A vs
adenoidectomy

T&A better

0.03

T&A better

o difference No difference T&A better

0.04, for all 3 y combined

T&A better in data for all
years combined

STUDY DESIGN

No difference No difference

Inclusion criteria

Exclusion criteria

Randomization effectiveness

Age

Intervention regimen details

Additional procedures

Disease details at the outset

Diagnostic criteria for AOM

Management of AOM episode
while enrolled

Management of MEE during
study

Criteria for withdrawal

Intention to treat analysis?

Power

Morbidity/complications

3-15 Yold; 110 previous tympanostomy tube placementi es AOM in the preceding 6 mo or;<:4 AOM
in the preceding 12 mo, with ;<:1 documented episode or MEE in ;<:1 ear over ;<:180 d in the
preceding year, documented at least twice at ;<:6-mo intervals; free of otitis media at the outset

No tonsil-related indication for tonsillectomy

Overt or submucous palatal clefts

o significant difference in age, sex, race, entry criterion met, MEE, baseline hearing, nasal
obstruction, upper respiratory allergy, siblings, parents' socioeconomic status

3-15y

Reverse adenotornes, curettes were used under both direct and mirror vision; the fossa of
Rosenmiiller was curetted routinely. Tonsillectomy performed by dissection-snare technique

Myringotomy and aspiration was performed if MEE was present at the time of adenoidectomy or
T&A. If in the control group. myringotomy and aspiration was performed if MEE had been
present for >90 d without improvement

91.2% RAOM, 5% persistent MEE, 3.4% both

MEE with recent otalgia, marked erythema or bulging of the tympanic membrane; otorrhea with
otalgia or fever in the presence of tympanostomy tube or TM perforation

"Antimicrobial in the conventional dosage for 10 d to 6 wk, depending on recent clinical course
and response to treatment. Amoxicillin was used whenever feasible; second line drugs mainly
used were erythromycin-sulfisoxazole and amoxicillin clavulanate"

If MEE ;<:90 d without improvement, then myringotomy with aspiration; if recurred within 6 mo
and persisted ;<:60 d then myringotomy and tube placement

Parental wishes. lack of follow-up

Yes: Patients in the control group who received eventual surgery were ana lyzed as controls

80% to detect a 25% difference with 57 subjects per treatment group

Postoperative complications: Postoperative complications included incipient
Adenoidectomy group-4.8% malignant hyperthermia, readmission to
T&A group-14.6% hospital, hemorrhage after discharge,

pneumonia, and velopharyngeal insufficiency

AOM =acute otitis media. RAOM =recurrent AOM. MEE =middle ear effusion, TM =tympanic membrane, T&A =adenotonsillectomy, S =not
significant.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
p Values and conclusions are listed for adenoidectomy vs control. then adenoidtonsillectomy vs control in the three-way trial.
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THE EVIDENCE CONDENSED: Adenoidectomy versus adenotonsillectomy for recurrent acute otitis media

Reference

Level (design)

Sample size

Paradise, 1990

I (randomized controlled trial)

"Two-way" trial

119 at y I, 107 at y 2, 88 at y 3 (I57)

OUTCO MES

Mean rate of AOM episodes per subject % of patients with no AOM episodes

Follow-up year

T&A

Adenoidectomy alone

Control

p Value,
T&A vs control

YI Y2 Y3

1.7 0.9 0.5

2.2 0.9 0.9

NS NS NS

Y I

29.5%

22.4%

NS

Y2

50.0%

38.2%

NS

Y3

65.2%

47.7%

NS

Conclusion,
T&A vs control

o difference in each individual year but T&A
better in the data for all 3 y combined

STUDY DESIGN

No difference No difference No difference

Inclusion criteria

Exclusion criteria

Randomization effectiveness

Age

Intervention regimen details

Additional procedures

Disease details at the outset

Diagnostic criteria for AOM

Management of AOM episode
while enrolled

Management of MEE during
study

Criteria for withdrawal

Intention to treat analysis?

Power

Morbidity/complications

3-15 Yold; no previous tympanostomy tube placement; ~3 AOM in the preceding 6 mo or ~4

AOM in the preceding 12 mo, with ~I documented episode or MEE in ~I ear over ~180 d in the
preceding year, documented at least twice at ~6-mo intervals; free of otitis media at the outset

Tonsil-related indication for tonsillectomy

Overt or submucous palatal clefts

T&A group with significantly more girls than in control. 0 significant difference in age, sex,
race, entry criterion met, MEE, baseline hearing, nasal obstruction, upper respiratory allergy,
siblings, parents' socioeconomic status

3-15 Y

Reverse adenotomes, curettes were used under both direct and mirror vision; the fossa of
Rosenrnuller was curetted routinely. Tonsillectomy performed by dissection-snare technique

Myringotomy and aspiration was performed if MEE was present at the time of adenoidectomy or
T&A. If in the control group, myringotomy and aspiration was performed if MEE had been
present for >90 d without improvement

91.2% RAOM, 5% persistent MEE, 3.4% both

MEE with recent ota lgia, marked erythema or bulging of the tympanic membrane; otorrhea with
ota lgia or fever in the presence of tympanostomy tube or TM perforation

"Antimicrobial in the conventional dosage for 10 d to 6 wk, depending on recent clinica l course
and response to treatment. Amoxicillin was used whenever feasible; second line drugs mainly
used were erythromycin-sulfisoxazo le and amoxicillin clavulanate"

If MEE ~90 d without improvement, then myringotomy with aspiration; if recurred within 6 mo
and persisted ~60 d then myringotomy and tube placement

Parental wishes, lack of follow-up

Yes: Patients in the control group who received eventual surgery were analyzed as controls

80% to detect a 25% difference with 57 subjects per treatment group

Postoperative complications included incipient malignant hyperthermia, readmission to hospital,
hemorrhage after discharge, pneumonia, and velopharyngeal insufficiency

AOM = acute otitis media, RAOM = recurrent AOM, MEE = middle ear effusion, TM = tympanic membrane, T&A = adenotonsillectomy, S = not
significant.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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7 Pediatric Otitis Media with Effusion
7.A.i.

Amoxicillin versus placebo: Chance of becoming effusion-free

Jennifer J. Shin and Michael J. Cunningham

METHODS

A computerized Ovid search ofMEDLINE 1966-January
2004 was performed. The terms "otitis media" and "anti
biotics" were exploded and the resulting articles were
cross-referenced, yielding 1947 trials. Given the known
richness of the otitis media literature and the authority
of higher levels of evidence, these articles were then
limited to randomized controlled trials (RCTs), resulting
in 302 articles. These articles were then reviewed to
identify those that met the following inclusion criteria:
1) patient population <18 years of age with documented
otitis media with effusion (OME), 2) intervention
with amoxicillin therapy alone versus placebo control,
3) outcome measured in terms of presence or absence of
middle ear effusion (MEE) with a statistical analysis.
Articles comparing intervention with amoxicillin/clavu
lanate, cephalosporins, tr imethoprim-sulfamethoxazole,
and erythromycin with placebo were excluded here but
are presented separately in this chapter. The bibliogra
phies of articles that met these inclusion criteria were
manually examined to determine if any further relevant
articles could be identified. This process yielded four
RCTs [1-4].

RESULTS

Outcome Measures. All four studies reported the
percent of patients with resolution of effusion as the
primary outcome measure. In addition, other studies
also reported secondary outcomes of percent of patients
developing acute otitis media (AOM), percent of time
with MEE, percent of patients with recurrent MEE, and
episodes of AOM, MEE, and OME per person year.

Potential Confounders. The specificityof the definitions
of MEE, OME, and AOM are key, and these are outlined
in as much detail as the primary papers allow. In addi
tion, follow-up time, age, history of middle ear disease,
duration of effusion at entry, season of the year, history
of allergy or nasal obstruction, the status of the adenoid,
the specific amoxicillin regimen, including the duration,
may also affect results.

Study Designs. All four studies were RCTs. Each study
focused on MEE, but there were well-delineated differ
ences regarding the duration of effusions that were
studied (ranging from any duration [2,3] to a minimum

of 2-3 months [1,4]). In addition, there were differences
in whether active AOM was present at the outset , with
two studies excluding patients with symptoms or signs
of AOM [2, 3] whereas one specified that AOM was
acceptable in their inclusion criteria [4]. All four reports
commented on the effectiveness of randomization in bal
ancing confounders between the amoxicillin and control
groups . Also, all were double-blind, placebo-controlled
studies. The amoxicillin regimens ranged from 20 to
50 mg/kg/day, for a duration of 2 weeks to 1 year. Com
pliance was reported in three instances [2-4], as mea
sured by the bottle method, caregiver diary, calendar
method, and/ or urine specimens. In those three instances,
rates of compliance were high. No patients crossed over
from one treatment group to another, and additional
antimicrobial therapy necessary for the treatment of
superimposed AOM were described in detail in three
studies. A priori power calculations were noted in two
studies [3, 4]; in both instances, the sample sizes were
smaller than the estimate required for a 90% power to
detect a 20% difference or a 50% reduction in MEE.

Highest Level of Evidence. Of the four RCTs, three
showed that after 2 weeks of amoxicillin, there was a
significantly higher percentage of effusion-free patients
at 2 weeks to 2 months, as compared with placebo. In
these three RCTs, rate differences (RD)1 ranged from
14.7% to 30.0%. These figures suggest numbers needed
to treat (NNTf of 4-7, which means that 4-7 children
must be treated with 2 weeks of amoxicillin therapy to
result in 1 effusion-free child. At 1 year, however, one
RCT showed no difference in the percent of patients with
MEE after 1year of amoxicillin or placebo treatment [4].
That same study, however, reported that the amoxicillin
group experienced less time with MEE than the c~n.tr?l

group. In addition, it was reported that the amoxicillin
group had a lower rate of new-onset MEE and OME. A

I RD is the absolute difference in successful outcomes between the
study group and the control group. For example, in the Mandel, 1987
study, 28.8% of the amoxicillin group versus 14.1% of the placebo group
became effusion-free at 4 weeks. The RD in this study was 14.1%-28.8%
= -14.7%.
2 NNT is the total numb er of children that must be treated in order for
one child to obtain benefit from the treatment . It is calculated by
determining the inverse of the RD. For example, for the Mande~, 1987
study, the RD is -14.7%, so that the NNT = 1/0.147 ~ 6.8. In this case,
seven children would need to be treated so to obtain benefit for one
child.
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second outcome parameter, the percent of children
developing subsequent AOM, was reported in three
studies [2-4]. In two of these studies, there was no sig
nificant difference in the percent of patients developing
AOM during the follow-up period [2, 3]. In the third
study, however, the rate of AOM per person year was
significantly lower in the amoxicillin group [4].

Applicability. These results are applicable to children 7
months to 12 years of age with MEE. Further specifics
regarding the applicability of individual trials are tabu
lated for the reader under "Inclusion Criteria" and
"Exclusion Criteria."

Morbidity. Only minor adverse reactions were noted in
either the amoxicillin or placebo groups and these are

also tabulated for the reader. There is also potential mor
bidity in regard to development of antibiotic resistance.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is level 1 evidence that demonstrates improved
resolution of OME with amoxicillin, with NNT of 4-7
children. These data, along with those from other trials
of antibiotics for OME, are also presented in a meta
analysis in this section. Results regarding the develop
ment of superimposed AOM in this patient population
are varied.

Additional research may focus specifically on direct
comparisons between amoxicillin and newer antibiotic
regimens. In addition, the associated risk of sequelae of
antibiotic resistance from amoxicillin use may be inves
tigated.



THE EVIDENCE CONDENSED: Amoxicillin versus placebo for pediatric otitis media with effusion

Reference

Level (design)

Sample size"

Amoxicillin

Placebo

p Value

Conclusion

Mandel, 1987

I (randomized controlled trial)

305 (316)

% effusion free

28.8%

14.1%

= 0.002

Amoxicillin better

OUTCOMES

% developing AOM

10.0%

14.7%

NS

o significant difference

Follow-up time 4 wk

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Amoxicillin regimen

Diagnostic criteria
for an AOM episode

Management of
AOM during study

Diagnostic criteria
for OME

Criteria for
successful treatment

Compliance

Criteria for
withdrawal from
study

A priori power
calculation

Morbidity/
complications

7 mo-I2 y, OME of any duration (i.e., no evidence of AOM symptoms)

AOM, acute or chronic sinusitis, craniofacial or structural middle ear abnormality, systemic illness, hearing
loss not attributable to MEE, history of tonsillectomy/adenoidectomy/tympanostomy tube insertion, severe
upper airway obstruction, treatment with sympathomimetics or antihistamines in the past 30 d,
hypersensitivity to penicillin

Similar gender, duration of effusion, previous antimicrobial treatment, race, allergy. Possible difference in
laterality, age

7 mo-I2 y

Double blind

Amoxicillin 40 mg/kg/d in 3 divided doses x2 wk

Acute symptomatic episode (i.e., fever, otalgia, or both)

Antimicrobial agent other than amoxicillin (i.e., cefaclor or erythromycin-sulfisoxazole)

Otoscopy, tympanometry, and middle ear muscle reflex testing

Effusion-free at 2 or 4 wk

850/0-91% took at least 75% of medications in amoxicillin group, 770/0-84% took at least 75% in placebo
group; measured by caregiver records and by bottle method

Not specified in detai l

ot specified

Amoxicillin group: 5% rate of mild sedation or irritability, 3 diarrhea, 3 rash
Placebo group: 6% rate of mild sedation or irritability, I diarrhea, 0 rash

AOM =acute otitis media , MEE =middle ear effusion, OME =asymptomatic otitis media with effusion, TM =tympanic membrane, % effusion free
= % of patients that were without MEE at follow-up, NS = not significant.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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THE EVIDENCE CONDENSED: Amoxiclllin versus placebo for pediatric otitis media with effusion

Reference

Level (design)

Sample size'

Mandel, 1991

I (randomized controlled trial )

151 (164)

OUTCOMES

Amoxicillin

Placebo

p Value

Conclusion

Follow-up time

% effusion free

3I.6%,t 29.9%:1:

14.1%,t 26.7%:1:

t <O.Ol ,:I: S

Amoxicillin better at 2 wk
No significant difference at 4 wk

t 2 wk, :t:4 wk

% developing AOM

8.9%

14.2%

S

No difference

STUDY DESIGN

% MEE recurrence

6 1.5%

52.5%

S

o difference

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Amoxicillin regimen

Diagnostic criteria
for an AOM episode

Management of
AOM during study

Diagnosti c criteria
for OME

Criteria for
successful treatment

Compliance

Criteria for
withdrawal from
study

A priori power
calculation

Morbidity/
complications

7 mo-l2 y, OME of any duration without symptoms of AOM (e.g., otalgia, fever)

Symptoms of AOM (otalgia, fever), craniofacial abnormalities, systemic illness, history of tonsillectomy,
adenoidectomy, or insertion of a tympanostomy tube, structural middle ear abnormality, hearing loss not
attributable to MEE, severe upper airway obstruction, acute or chronic sinusitis, history of hypersensitivity
to penicillin

Similar characteristics shown in multiple variables, no comment on statistical anal ysis

7 mo-l2 y

Double blind

Amoxicillin 40 mglkgld in 3 divided doses x2 wk

Presence of ~I symptom (fever, otalgia, irritability) and 1 sign (bulging or fullness of TM, white fluid level,
acute perforation with otorrhea)

Antimicrobial different in color from assigned medication x lOd

Pneumatic otoscopy, tympanogram, middle ear muscle reflex testing

Effusion-free at 2 or 4 wk

Compliance measured by bottle method (96% in amoxicillin group and 92% in placebo group) and
calendar method (93% amoxicillin group and 88% in placebo group)

Not specified in detail

250 patients to give a 90% power to detect effusion-free proportions of ~20% difference with an alpha of
0.05, one -sided; they also reported an interim analysis of stochastic curtailing to evaluate the implications of
terminating subject accrual at n =331; to detect a difference of 0.15 between antimicrobial and placebo,
power range was 0.65-0.81

1 patient in amoxicillin group with adverse reactions (minor), and 4 patients in the placebo group

AOM =acute otitis media , MEE =middle ear effusion, OME =asymptomatic otitis media with effusion , TM =tympanic membrane , % effusion free
= % of patients that were without MEE at follow-up, S = not significant.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t. :j:Symbols denote which data comparisons correspond to the referenced p'-values and follow-u p.time s.
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THE EVIDENCE CONDENSED: Amoxicillin versus placebo for pediatric chronic otitis media with effusion

Refere nce

Level (design)

Sample size-

Amoxicillin

Placebo

p Value

Conclusion

Mandel, 1996

I (randomized controlled trial )

79 (III )

% free of new effusions

21.8%

11.8%

NS

No difference

OUTCOMES

Rate of new MEE, AOM, OME
per person year

1.81, 0.28, 1.53

3.18,1.04,2.15

<0.001. <0.001, S

MEE: amoxicillin better
AOM: amoxicillin better
OME: no difference

% time with MEE

19.7%

33.2%

0.002

Amoxicillin better

Follow-up time I y

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

AmoxiciIlin
regimen

Diagnostic
criteria for AOM
episode

Management of
AOM during
study

Diagnostic
criteria for OME

Criteria for
successful
treatment

Compliance

Criteria for
withdrawal from
study

A priori power
calculation

Morbidity/
complications

7 mo-I2 y, effusion free at entry; If had functioning tympanostomy tubes during the previous 12 mo: intact
TMs at entry. MEE (either as AOM or OM E) documented at least once for ~2 wk in the previous 3 mo; if no
tympanostomy tubes during the previous 12 mo then ~3 episodes or ~3cumulative mo of MEE during the
previous 12 mo or both; at least I MEE documentation by tympanogram in previous 3 mo

Congenital craniofacial malformation, history of tonsillectomy/adenoidectomy, structural middle ear
abnormality, asthma or a seizure disorder, sensorineural hearing loss or conductive hearing loss caused by
destructive changes to the middle ear. medical conditions with a predisposition for MEE (i.e.• cleft palate, Down
syndrome, TM perforation ), hypersensitivity to penicillin

o significant differences in criterion for entry, age group. race, gender, AOM history, parental otologic history,
upper respiratory infection at entry. allergy, hearing at entry

7 mo-I2 y

Double blind

20 mglkg PO q.h.s. x l Y

Otoscopic diagnosis of MEE and ~I symptom (fever >37.2°C orally or >37.8°C rectally, otalgia, irritability) and
~ I sign of active infection (erythema of TM greater than mild, white opacification of the TM, bulging or
fullness of the TM, white fluid level, acute perforation with otorrhea)

Augmentin 40 mglkgld (based on the amoxiciIlin component) or erythromycin-sulfisoxazole 50 mglkgld (based
on the erythromycin component)

Based on pneumatic otoscopy, tympanometry, and middle ear muscle reflex

Resolution of MEE, AOM. OME

Measured by diary (92% compliance in both groups), bottle method (100% vs 103% in amoxicillin vs placebo ),
and urine specimen (90% vs 92% in amoxicillin vs placebo )

Treatment failure: 4 consecutive mo of bilateral MEE or 6 consecutive mo of unilateral MEE; 3 episodes of
AOM in 6 mo or 4 episodes in 12 mo

Sample size of 212 to give a 90% power to detect a 50% reduction in the average number of episodes of MEE in
the l-y period, assuming an alpha = 0.05 two-sided test, 25% dropout rate, and a baseline rate per person year
of 0.96 episodes of effusion

2 treatment failures in the amoxicillin group,S treatment failures in the placebo group

MEE = middle ear effusion , AOM = acute otitis media, OME = asymptomatic otitis media with effusion. TM = tympanic membrane, % effusion free
=% of patients that were without MEE at follow-up , NS =not significant.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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THE EVIDENCE CONDENSED: Amoxlcillin versus placebo for pediatric chronic otitis media with effusion

Reference

Level (design)

Sample size

Amoxicillin

Placebo

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Amoxicillin
regimen

Diagnostic
criteria for AOM
episode

Management of
AOM during
study

Diagnostic
criteria for OME

Criteria for
successful
treatment

Compliance

Criteria for
withdrawal from
study

A priori power
calculation

Morbidityl
complications

Podoshin, 1990

1 (randomized controlled trial )

86 (86)

OUTCOMES

% effusion-free

30%

0%

"<0.000"

Amoxicillin better

2 mo

STUDY DESIGN

OME ~2 mo du ration, no previo us treatment for OME, >4 Yold, OME as diagnosed by pneumatic otoscopy
and flat tympanogram

Recurrent AOM, cleft palate, hypertrophic adenoids (diagnosed by anamnesis history), physical evaluation
and lateral skull films with adenoidal-nasopharyngeal ratio ~0.73, indication of already resolving effusion
(fluid lines, air bubbles, or yellow fluid)

Similar age and gender distr ibut ions, statistical analysis not reported, other factors not reported

3 y-8 Y

Double blind

50 mg/kg x 14 d

AOM was not reported as an outcome measure

AOM was not reported as an outcome measure

Pneumatic otoscopy and tympa nometry

Normal TM, closure of air-bone gap, and type A tympanogram (partial improvement noted as TM
retract ion, some conductive hearing loss, or type C tympanogram)

ot reported

Not reported

Not reported

Not reported

MEE = middle ear effusion. AOM = acute otit is media, OME = asympt omatic otitis media with effusion, TM = tympanic membrane, % effusion free
= % of patients that were without MEE at follow-up , NS = not significant.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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r.a,u.
Amoxicillin/clavulanate versus placebo: Chance of becoming effusion-free

Jennifer J. Shin and Michael J. Cunningham

METHODS

A computerized Ovid search ofMEDLINE 1966-January
2004 was performed. The terms "otitis media" and "anti
biotics" were exploded and the resulting articles were
cross-referenced, yielding 1947 trials . Given the known
richness of the otitis media literature and the authority
of higher levels of evidence, these articles were then
limited to randomized controlled trials (RCTs), resulting
in 302 articles. These articles were then reviewed to iden
tify those that met the following inclusion criteria:
1) patient population <18 years of age with documented
otitis media with effusion (OME), 2) intervention with
combined amoxicillinlclavulanate therapyversus placebo
control, 3) outcome measured in terms of presence or
absence of middle ear effusion (MEE). Articles which
compared intervention with amoxicillin alone (i.e.,
without clavulanate), trimethoprim-sulfamethoxazole,
erythromycin, and cephalosporins to placebo were ex
cluded here but are presented separately in this chapter.
The bibliographies of articles that met these inclusion
criteria were manually examined to determine if any
further relevant articles could be identified. Trials com
paring antibiotics to each other were also excluded. This
process yielded two RCTs [1,2] .

RESULTS

Outcome Measures. Data were presented in terms of
the percentage of children becoming effusion-free (both
studies), the amount of time spent with abnormal tym
panometry (one study), and the laterality of the effusions
(one study).

Potential Confounders. Potential confounders are as
noted in Section 21.A.i: The specificity of the definitions
of MEE, OME, and acute otitis media are key, and these
are outlined in as much detail as the primary papers
allow. In addition, follow-up time, age, history of middle
ear disease, duration of effusion at entry, seasons, history
of allergy or nasal obstruction, the status of the adenoid,
the specific amoxicillin/clavulanate regimen may also
affect results.

Study Designs. Two RCTs [1,2] address the impact of
amoxicillin with clavulanate versus placebo on MEE. In
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one trial, potential confounders of age, gender, family
distribution, season, and previous otolaryngologic dis
eases were balanced between the two groups [1]. In the
other trial, groups were similar with the exception of
gender [2]. Both RCTs were double-blind, placebo
controlled to minimize expectation and detection
biases. One study provided 1 month of treatment based
on age [1], whereas the other provided 2 weeks of
treatment based on weight [2]. Both studies clearly
defined their method for diagnosing OME, and these are
detailed in the adjoining table. In addition, an attempt
to measure compliance was made in each trial. Also,
criteria for withdrawal from the study were also clearly
delineated. No a priori power calculations were per
formed, but both studies had sufficient enrollment to
demonstrate statistically significant differences in the
primary outcome.

Highest Level of Evidence. Both studies demonstrated
that a higher percentage of children became effusion-free
when treated with amoxicillin/clavulanate, as compared
with controls, at time periods up to 5 months. Rate
differences (RD) l of 16%-30% were demonstrated,
suggesting that 4-7 children require treatment with
amoxicillin/clavulanate so that one child can remain
effusion-free [i.e., the number needed to treat (NNT)2is
4-7] . These data were corroborated by additional results
showing that the mean time with abnormal tympano
grams was reduced by 49% with amoxicillin/clavulanate.
Likewise, the percent of children with bilateral OME
was significantly less with amoxicillin/clavulanate. By 12
months after treatment was initiated, however, any
advantage of amoxicillin/clavulanate therapy had dis
sipated, and no difference between groups could be
demonstrated.

I RD is the absolute difference in successful outcomes between the study
group and the control group. For example, in the van Balen study, 23% of
the amoxicillin/clavulanate group versus 7% of the placebo group became
effusion-free. The RD in th is study was 7% - 23% = -16%.
2 NNT is the total number of children that must be treated in order for
one child to obtain benefit from the treatment. It is calculated by
determining the inverse of the RD. For example, for the van Balen study,
the rate difference is -16%, so that the NNT = 1I0.16 = 6.25. In this case,
seven children would need to be treated so as to obtain benefit for one
child.



Applicability. These results are applicable to patients
aged 6 months to 10 years who present with OME that
has been present for at least 3 months.

Morbidity. Overall, there was a trend toward more gas
trointestinal symptoms and rash in the patients receiving
amoxicillin/clavulanate [1, 2], with a statistical signifi
cance demonstrated in one trial [2]. In that one trial, a
50/0 RD was noted in rash with a 120/0 RD in gastrointes
tinal symptoms. These figures correspond to numbers
needed to harm of 9-20 children. There were no serious
adverse reactions.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is level 1 evidence that demonstrates benefit with
amoxicillin/clavulanate administration, with a resulting

Pediatric OtitisMedia with Effusion
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increased chance of becoming effusion-free at up to 5
months after the initiation of 2-4 weeks of treatment.
This benefit of a 16%-30% increase in effusion-free chil
dren must be weighed against the potential risks of
adverse reactions (significantly higher with amoxicillin/
clavulanate) and potential contribution to antibiotic
resistance.

Additional research may focus specifically on direct
comparisons between amoxicillin/clavulanate and amox
icillin, which has also demonstrated positive impact on
rates of OME (please see Section 21.A.i). This compari
son, along with comparisons with other antimicrobial
and nonmedical regimens, may help us minimize cover
age necessary to achieve benefit, which will ideally help
curtail the growing epidemic of antibiotic resistance.



THE EVIDENCE CONDENSED: Amoxlcllllnlclavulanate versus placebo for pediatric otitis media with effusion

Reference

Level (design)

Sample size>

Thomsen, 1989

I (randomized controlled trial)

221 (264)

OUTCOMES

Amoxicillin

Placebo

p Value

Conclusion

Follow-up time

% effus ion-freet

61%,x 57% ,* 56% 'Y'

31%,x 32%, * 45% 'Y'

X<O.OOOI, * <0.005, 'Y'NS

NC better at I mO,5 mo . 0 difference at 12 mo

XI rno, * 5 rno, '"1' 12 mo

STUDY DESIGN

Mean time with abnormal tympanogram

118 d

231 d

<0.002

NC better

Inclusion criteria

Exclusio n cri teria

Randomization
effectiveness

Age

Masking

Amoxicillin/ampicillin
regimen

Diag nos tic criteria for
AOM

Management of AOM
during study

Diagnostic criteria for
OME

Criteria for successful
treatment

Compliance

Criteria for withd rawa l
from study

A priori power calculation

Morbidity/complications

1-10 Yold, uni lateral and bilateral serous otitis media for ~3 mo as established by tympanometry at
~3-mo inte rvals

Allergy to penicillin

Comparable with regard to age, gender, family distribution, social background, previous ear-nose
throat-related diseases, season of entry

I-lOy

Double blind

Amoxicillin 125 mg/c1avulanate 31.25 mg x l mo if aged 1-5 y, amoxicillin 187.5 mg/c1avulanate
46.88 mg xl mo if aged 6-10 y

No t specified in detail

No additional antibiotics while in treatment period; after t reatment period, received ampicillin or
penicillin V

Tympanometry only

Effusion-free by tympanometry

Parental records and bottle method were used actual percentage compliant not reported

Refusal to take medication , skin reac tio ns, concomitant infec tion, diarrhea, failure to complete the 4
wk treatm en t period

Not specified

NC group: 3 withdrawals from skin reactions, 2 withdrawals from diarrhea
Placebo group: I withdrawal from skin reaction

MEE = middle ear effusion, OME = asymptomatic otitis media with effusion, S= not significant, TM = tympanic membrane. AOM = acute otitis
media, Ale = amoxicillin/clavulanate, t.i.d. = three times a day.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Data at the l-rno and S-mo follow-up times were interpreted from a chart presented in the orginal report.
x, *,'Y' Symbols denote which data comparisons correspond to the referencedp-values and follow-up times.
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THE EVIDENCE CONDENSED: Amoxicilllnlclavulanate versus placebo for pediatric otitis media with effusion

Refer en ce

Level (design)

Sample size

van Balen, 1996

1 (randomized controlled trial )

153 (162 )

OUTCOMES

Amoxicillin

Placebo

p Value

Conclusion

Follow-up time

% effusion-free

23%

7%

0.03

A/C better

2wk

STUDY DESIGN

% with bilateral OME

53%

84%

0.001

AlC better

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Amoxicillin/ampicillin
regimen

Diagnostic criteria for
AOM

Management of AOM
during study

Diagnostic criteria for
OME

Criteria for successful
treatment

Compliance

Criteria for withdrawal
from study

A priori power calculation

Morbidity/complications

6 m0-6 y old, OME of at least 3 mo by the time of randomization, only bilateral OME is treated in the
Netherlands

Antimicrobial therapy within 4 wk preceding the tria l, penicillin allergy, compromised immunity,
craniofacial abnormalities, Down syndrome, cystic fibrosis

Similar except for gender: placebo group had more boys. Similar age, season at entry, baseline or
recurrent upper respiratory tract infection, AOM at baseline or 6 wk before entry, hearing loss,
language/speech problems, mouth breathing/snoring, positive family history

6 m0-6y

Double blind

Amoxicillin 20 mg/kg/d and c1avulanate 5 mg/kg/d, each in 3 divided doses x l 4 d; both antibiotic and
placebo group also received xylometazoline 0.25% nasal drops t.i.d.

Not specified in detail

Not specified in detail

OME = presence of middle ear fluid behind an intact TM without signs or symptoms of acute
infection, diagnosed by tympanometry; persistent OME = effusion for ~3 mo

Effusion-free by tympanometry

90% of each group took at least 10 d of the study medication

Side effects precluding compliance with study medication (I in each gro up ), failure to complete follow
up

Not specified

A/C group: 30% gastrointestinal symptoms, 6% pruritus/rash
Placebo group: 18% gastrointestinal symptoms, 1% pruritus/rash

MEE =middle ear effusion, OME =asymptomatic otitis media with effusion , NS =not significant, TM =tympanic membrane, AOM =acute otitis
media. Ale = arnoxicillin/ clavulanate, I.i.d. = thre e times a day.
• Sample size: numbers shown for those not lost to follow-up and tho se (initially recruited ).
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7 Pediatric Otitis Media with Effusion

Cephalosporin versus placebo: Chance of becoming effusion-free

Jennifer J. Shin and Michael J. Cunningham

METHODS

A computerized Ovid search ofMEDLINE 1966-January
2004 was performed. The terms "otitis media" and "anti
biotics" were exploded and the resulting articles were
cross-referenced, yielding 1947 trials. Given the known
richness of the otitis media literature and the authority
of higher levels of evidence, these articles were then
limited to randomized controlled trials (RCTs), resulting
in 302 articles. These articles were then reviewed to iden
tify those that met the following inclusion criteria:
1) patient population <18 years of age with documented
otitis media with effusion (OME), 2) intervention with
a cephalosporin alone versus placebo control, 3) outcome
measured in terms of presence or absence of middle ear
effusion (MEE) with a statistical analysis. Articles com
paring intervention with amoxicillin alone, amoxicillin/
clavulanate, trimethoprim-sulfamethoxazole, and eryth
romycin with placebo were excluded here but are pre
sented separately in this chapter. Articles comparing one
antibiotic to another were also excluded. In addition,
papers in which alternate lengths of therapy of cephalo
sporins were compared were excluded, including one in
which the same children were repeatedly randomized
into cephalosporin versus control every 2 weeks over 8
weeks after allreceived an initial course of cephalosporin
[1). The bibliographies of articles that met inclusion cri
teria were manually examined to determine if any furthe r
relevant articles could be identified. This process yielded
three RCTs [2-4) .

RESULTS

Outcome Measures. All three studies focused on the
primary outcome measure of the percent of patients who
became effusion-free at the designated follow-up times.

Potential Confounders. Potential confounders were as
noted in Section 21.A.i: The specificity of the definitions
of MEE, OME, and acute otitis media (AOM) are key,
and these are outlined in as much detail as the primary
papers allow. In addition, follow-up time, age, history of
middle ear disease, etiology of the effusion, duration of
effusion at entry, season of the year, history of allergy or
nasal obstruction, and the status of the adenoid may also
affect results. In addit ion, the specific cephalosporin used
is a potentially important factor; cefixime is a third-gen
eration cephalosporin [3) whereas cefaclor is second

generation [2,4). These generational distinctions trans
late into differences in the antimicrobial coverage that
could impact results.

Study Designs. Three RCTs compared the impact of
cephalosporin versus placebo on OME. Follow-up times
ranged from 10 days to 6 months. Two focused on effu
sions of at least 3 months' duration [3, 4), whereas the
other studied effusions of any duration [2). All three
studies reported the effectiveness of randomization,
although to varying degrees, as further delineated in the
adjacent table. Two studies were clearly reported as
double blind [2, 3). Either a lO-day [3, 4) or 14-day
course of antibiotic was used [2). One study allowed no
additional antimicrobials during AOM episodes [3),
whereas another used a specific protocol for AOM treat 
ment [2). Compliance was measured in two trials [2,3),
and noted to be high in one [2). Two studies reported
a priori power calculations, each reporting a somewhat
limited power of about 80% [2,3). The third trial reported
no power calculations but showed a significant difference
between study populations [4).

Highest Level of Evidence. Two RCTs showed no dif
ference between cephalosporin and placebo [2, 3),
whereas the third showed a significant improvement
with cephalosporin [4). The two trials that showed no
difference, however, were admittedly of limited power,
with a ~20% chance of not detecting a difference that
truly exists. The single trial that did demonstrate a sig
nificant improvement with cephalosporin demonstrated
a 41% rate difference in the chance of becoming effu
sion-free after 10 days [4). This rate difference corre
sponds to a number needed to treat of three, meaning
that their results suggest that for every three children
treated with cephalosporin, one child will become effu
sion-free. In this trial, however, no placebo control was
used. Therefore, an expectation bias favored a demon
stration of improvement with cephalosporin, as subjects
who were treated may have expected to improve more
than those who did not receive treatment. Overall, the
results are mixed, and individual studies are limited by
power or by expectation biases.

Applicability. These results are applicable to children 7
months to 12 years old with OME, without craniofacial
abnormality or recent active upper respiratory tract
infection.
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Morbidity. Minor side adverse reactions were noted in
both placebo and cephalosporin groups in one study [2],
only in the cephalosporin group in another study [3],
and not reported in the final study [4].

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Three level 1 studies gave mixed results regarding the
impact ofcephalosporin versus placebo on the resolution

of OME. Studies demonstrating no difference were
limited by powers of 80% or less (i.e., they had a ~200/0

chance of not detecting a difference that truly existed),
whereas the study that showed an improvement with
cephalosporin lacked a placebo control, biasing results
toward such improvement in the cephalosporin group.

Higher-powered, placebo-controlled RCTs may
better resolve the impact of cephalosporin versus placebo
on OME. In addition, equivalence studies may be per
formed to determine if cephalosporin achieves the same
impact as amoxicillin.



THE EVIDENCE CONDENSED: Cephalosporin versus placebo for pediatric otitis media with effusion

Reference

Level (design)

Sample size'

Cephalosporin

Placebo

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Cephalosporin
regimen

Diagnostic criteria
for AOM episode

Management of
AOM episode while
on study treatment

Diagnostic criteria
for OME

Criteria for
successful treatment

Compliance

Criteria for
withdrawal from
study

A priori power
calculation

Man del, 1991

I (RCT)

163 (164)

OUTCOMES

% effusion-free

22.1%, 33.3%

14.1,26.7

NS, S

No difference

2 wk, 4 wk

STUDY DESIGN

7 mo-12 y old, OME of any duration without symptoms of AOM (e.g., otalgia, fever)

AOM (otalgia, fever), craniofacial abnormality, systemic illness, prior tonsillectomy/adenoidectomy or
tympanostomy tube, structural middle ear abnormality. hearing loss not from MEE, severe upper airway
obstruction, acute /chronic sinusitis, penicillin hypersensitivity

Similar characteristics shown in multiple variables, no comment on statistical analysis

7 mo-I2 y

Double blind

Cefaclor 40 mg/kg/d in 3 divided doses x2 wk

~ I symptom (fever, otalgia, irritability) and 1 sign (bulging or fullness ofTM, white fluid level, acute
perforation with otorrhea)

Antimicrobial different in color from assigned medication x lOd

Pneumatic otoscopy, tympanogram, middle ear muscle reflex testing

Effusion-free at 2 or 4 wk

Compliance measured by bottle method (94% in cefaclor group, 92% in placebo group) and calendar
method (95% cefaclor group. 88% in placebo group)

Not specified in detail

250 patients for a 90% power to detect ~20% difference with an alpha of 0.05, one-sided; they also reported
an interim analysis of stochastic curtailing to evaluate the implications of terminating subject accrual at
n = 331; to detect a 15% difference, power was 65%-81 %

4 patients in cefaclor group with adverse reaction s (minor), and 4 patients in the placebo groupMorbidity/
complications

Ref =rand om ized controlled trial. MEE =middle ear effusion. OM E =asympt omatic ot itis media with effusion, AOM =acute otitis media ,
TM =tympanic membrane, % effusion-free =% of patients that were without MEE at follow-up, SD =standard deviation.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruit ed).
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THE EVIDENCE CONDENSED: Cephalosporin versus placebo for pediatric otitis media with effusion

Reference

Level (design)

Sample size'

Cephalosporin

Placebo

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Cephalosporin
regimen

Diagnostic criteria
for AOM episode

Management of
AOM episode while
on study treatment

Diagnostic criteria
forOME

Criteria for
successful treatment

Compliance

Criteria for
withdrawal from
study

A priori power
calculation

Morbidity!
complications

Hemlin, 1997

I (RCT)

80 (8 1)

OUTCOMES

% effusion-free

19.7%,13.1% ,11.5%

5.0%, 0.0%, 0.0%

NS, NS, S

o difference

2 wk, 6 wk, 6 mo

STUDY DESIGN

Unilateral or bilateral OME for ~3 mo duration as confirmed by
otomicroscopy and tympanometry Jerger type B curve

Severe underlying disease, immunologic deficiency, cleft palate,
known or suspected allergy to penicillins or cephalosporins,
history of antibacterial treatment within the preceding 4 wk, or
"previous inclusion in the study"

Age, gender, laterality of MEE, season at entry, prior AOM
episodes and myringotomies were reported, although a
statistical analysis was not reported

2-12 y

Double blind

Cefixime 8 mglkgld in 2 divided doses x lO d

AOM not considered as an outcome measure

Antimicrobial agents other than the study drugs were not
allowed during the study period. "Any other medication
considered necessary for the patient's welfare was allowed"

Immobile and pale TM when examined with otomicroscopy
with a flat Jerger type B tympa nogram curve

OME resolved 2-1 1 d after treatment: in ~I ear if originally had
bilateral OME, or in both ears if originally had unilateral OME;
normal middle ear status: pale eardrum with normal mobility
on otomicroscopy and type A or C tympanogram with a peak
of greater than -300 decapascals

Measured by diary method and bottle method, numerical
results not specified

Patients with failure to resolve OME at 2-11 d after treatment
completion were not followed further in this study

80% power to detect a 35% difference with 80 patients, also
reported that "the failure to reach a statistically significant
difference is most likely due to a type II error;' and that their
own study "lacks sufficient power to verify the long-term
treatment effect of cefixime treatment"

Cefixime group: 6 patients with gastrointestinal symptoms;
placebo group with 0 gastrointestinal symptoms

Ernstson, 1985

I (RCT)

91 (91)

% effusion-free

52%

11%

<0.001

Cefaclor better

10d

<12 Yold, OME in one or both ears,
diagnosed by otomicroscopy and type B
tympanometry, persistent at several
examinations for >3 mo

Cleft palate, upper respiratory tract
infection during the period of
observation, antibiotics within the 4 wk
before randomization

Similar age. More girls than boys in the
control group. Not further specified

Mean 4.7 Y(SO 2.5), range not reported

ot reported

Cefaclor 20 mglkg twice daily x l 0 d

AOM not considered as an outcome
measure

AOM not considered as an outcome
measure, nor was management strategy
noted

Pneumatic otoscopy and tympanometry

Norma l otomicroscopy and type A or
CI tympanometry

Not reported

ot reported

ot reported

Not reported

Ref =randomized controll~d trial, MEE =middle ear effusion, OME =asymptomatic otitis media with effusion, AOM =acute otitis media,
TM =tympani c membrane, % effusion -free =% of patients that were without MEE at follow-up, SO =standard deviation.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Erythromycin versus placebo: Chance of becoming effusion-free

Jennifer J. Shin and Michael J. Cunningham

METHODS

A computerized Ovid search ofMEDLINE 1966-January
2004 was performed. The terms "otitis media" and "anti
biotics" were exploded and the resulting articles were
cross-referenced, yielding 1947 trials. Given the known
richness of the otitis media literature and the authority
of higher levels of evidence, these articles were then
limited to randomized controlled trials (RCTs),resulting
in 302 articles. These articles were then reviewed to iden
tify those that met the following inclusion criteria:
1) patient population <18 years of age with documented
otitis media with effusion (OME), 2) intervention with
erythromycin therapy versus placebo control, 3) outcome
measured in terms of presence or absence of middle ear
effusion (MEE). Trials comparing erythromycin either
with or without concomitant sulfisoxazole were both
included, but sulfisoxazole coadministration was con
sidered a potential confounder. Articles that compared
intervention with amoxicillin alone, amoxicillin/clavula
nate, cephalosporins, or trimethoprim-sulfamethoxa
zole, were excluded here but are presented separately in
this chapter. The bibliographies of articles that met these
inclusion criteria were manually examined to determine
if any further relevant articles could be identified. This
process yielded four RCTs [1-4].

RESULTS

Outcome Measures. Data were presented in terms of
the percent of children becoming effusion-free by 2
weeks, 4 weeks, 2 months, or 6 months. In addition, one
trial reported the percent of children worsening [3],
although the specifics of what was defined as "worsen
ing" were not reported.

Potential Confounders. Potential confounders were as
noted in Section 21.A.i:The specificity of the definitions
of MEE, OME, and acute otitis media (AOM) are key,
and these are outlined in as much detail as the primary
papers allow. In addition, follow-up time, age, history of
middle ear disease, etiology of the effusion, duration of
effusion at entry, season of the year, history of allergy or
nasal obstruction, and the status of the adenoid may also
affect results. In addition, whether erythromycin was
administered alone [1] or in combination with sulfi
soxazole [2-4] may affect results.
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Study Designs. Four RCTs addressed this issue. Three
evaluated a combined regimen of erythromycin-sulfi
soxazole [2-4] , whereas the third evaluated erythromy
cin alone [1]. One evaluated OME of any duration [2];
two evaluated OME of 1-3 months' duration [1,4] , and
one did not specify [3]. Randomization effectivenesswas
described in some detail in each report. Three RCTswere
double-blind, placebo-controlled studies in an attempt
to minimize inadvertent biases [1-3] . One RCT was
single blind only, with just the examiner blinded to the
intervention [4]. OME was diagnosed based on a com
bination of pneumatic otoscopy, tympanometry, and
audiology. Compliance and power calculations were
reported in just one study [2].

Highest Level of Evidence. Three studies reported no
difference in the percent of children becoming effusion
free whether erythromycin or placebo was administered
at follow-up periods from 2 weeks to 6 months [1-3] .
One of these studies reported a significant difference in
the percent of children worsening at 2weeks [3], although
how "worsening" was defined was not reported. Interest
ingly' the study that identified this significant difference
had the fewest patients, and thus the lowest relative
power. It should be noted that according to the one
report that did note its study's power (i.e., probability of
detecting a difference that truly exists), these three studies
had a <8S% chance of detecting a 1S% difference between
two groups. The fourth study did report a significant
difference, with better outcomes with erythromycin
intervention [4], but it was the only one to prevent a clear
consensus that a 2- to 4-week course of erythromycin,
either with or without sulfisoxazole,did not significantly
change the chance of becoming effusion-free. In addi
tion, this fourth study was the only study that was not
double-blinded, and so may have been subject to expec
tation bias. This study noted a 17.2% rate difference in
the chance of becoming effusion-free, which corresponds
to a number needed to treat of six.

Applicability. These results are applicable to children
aged S months-IS years with OME without symptoms
of AOM. Further criteria for individual studies are as
tabulated under inclusion and exclusion criteria.

Morbidity. There were no significant differences noted
in the minor adverse reactions that occurred in the eryth-



romycin versus placebo groups. In addition, no serious
adverse reactions occurred.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is evidence from three level 1 studies that erythro
mycin with or without concomitant sulfisoxazole is no
better than placebo in its ability to affect the resolution
of OME. These results, however, do exist in the context
of studies with somewhat limited power. A fourth study
contradicts these findings, with a greater chance of
becoming effusion-free noted in patients receiving eryth
romycin. This study, however, was single blind (not
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double blind) and may be subject to expectation bias.
Overall, there is mixed evidence regarding whether
erythromycin will result in better resolution of OME,
and limited evidence to suggest that it may prevent wors
ening of disease.

Higher-powered RCTs may better resolve the impact
of erythromycin versus placebo on OME, possibly by
demonstrating no significant difference despite a >90%
chance of doing so. In addition, newer-generation
macrolides, such as azithromycin or clarithromycin are
proving worthy of study.



THE EVIDENCE CONDENSED: Erythromycin versus placebo for pediatric chronic otitis media with effusion

Reference

Level (design)

Sampl e size'

Erythromycin

Placebo

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Erythromycin
regimen

Diagnostic
criteria for AOM

Mana gement of
AOM during
study

Diagnostic
criteria: OME

Criteria for
successful
treatment

Compliance

Crit eria for
withdrawal from
study

A priori power
calculation

Morbidity/
complications

Mandel,I991

I (RCf)

158 (165)

OUTCOMES

% effusion-free

21.3%,25.0%

14.1%,26.7%

NS,NS

No difference

2 wk, 4 wk

STUDY DESIGN

7 mo-I2 y old , OME of any duration without symptoms of
AOM (e.g., otalgia, fever)

AOM symptoms (otalgia, fever), craniofacial abnormalities,
prior tonsillectomy/adenoidectomy or tube insertion,
systemic illness, structurally abnormal middle ear, hearing
loss not attributable to MEE, acute/chronic sinusitis, severe
upper airway obstruction, hypersensitivity to penicillin

Similar characteristics shown in multiple variables, no
comment on statistical anal ysis

7 mo-12 y

Double blind

Erythromycin-sulfisoxazole 50 mg-150 mg/kg/d in 4
divided doses x2 wk

~1 symptom (fever, otalgia, irritability) and I sign (bulging
or fullness of TM , white fluid level, acute perforation with
otorrhea)

Antimicrobial different in color from assigned medic ation
x lOd

Pneumatic otoscopy, tympanogram, middle ear muscle
reflex testing

Effusion-free at 2 or 4 wk

Compliance measured by bottle method (92% in
erythromycin group and 92% in placebo group) and
calendar method (90% erythromycin group and 88% in
placebo group)

Not specified in detail

250 patients give a 90% power to detect a ~20% differen ce
with an alpha of 0.05, one-sidedt

Erythromycin group with 3 adverse reactions
(gastrointestinal, rash ); placebo group with 4 reactions

Moller, 1990

I (RCf)

141 (147)

% effusion -free

17.3%

26.4%

S

o difference

I mo

Bilateral OM E for >3 rno, AOM-free for ~3 mo,
all candidates for tube insertion but entered trial
instead

Cleft palate or other congenital anomaly, use of
antibiotics during the last 3 mo, obstructive
adenoid tissue

ot specified, but no difference in result s were
noted because of sex or age

1-15 Y

Double blind

Erythromycin 50 mg/kg/d x2 wk

AOM outcomes were not studied

AOM outcomes were not studied

Otomicroscop y by 2 otol aryn gologists,
tympanometry, and pure tone audiograms

Air-filled middle ears

ot repor ted

"Unable to continue because of intercurrent
disease or an unwillingness to participate"

Not reported

o adverse effects reported

Ref =rand omized control trial, NS =not significant, MEE =middle ear effusion, OME =asymp tomatic otitis media with effusion, AOM =acute
otitis media, TM = tymp anic membrane. •
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
:j:The authors also reported an interim analysis of stochastic curtailing to evaluate the implications of term inating subject accrual at n = 331; to detect
a difference of 0.15 between antimicrobial and placebo, power range was 0.65-{).81.
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Reference Corwin, 1986 Schloss, 1987

Level (design) I (RCT) 1 (RCT)

Sample size' 131 (149) Not specified (54)

OUTCOMES

% effusion -free % effusion-free % worse

Erythromycin 50.0% 24.0%t 0.0%

Placebo 33.8% 29.6%t 22.2%

P Value =0 .031 S "Significant"

Conclusion Erythromycin better o difference Erythromycin better

Follow-up time I mo t 2 wk.I mO,2 rno, 6 mo

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Erythromycin
regimen

Diagnostic
criteria for AOM

Management of
AOM during
study

Diagnostic
criteria: OME

Criteria for
successful
treatment

Compliance

Criteria for
withdrawal from

study

A priori power
calculation

Morbidity!
complications

Persistent OME I mo after AOM treated
with amoxici llin x l Od, otherwise
healthy

>3 episodes of AOM during the
previous year, prophylactic antibiotic
treatment, chronic MEE

Similar median age, sex, race , prior
AOM rates, bilateral effusion

5 mo-I6 y

Single blind (examiner)

Erythromycin-sulfisoxazole
50 mg-150 mglkgld x lOd

TM bulging, erythema. fullness, or
opacification; impaired TM mobility; ~I
symptom (fever, otalgia)

"Treated with antibiotics"

Minimally mobile gray or opalescent
TM in neutral or retracted posit ion,
with tympanometry if >2 Yold

"Norma l car "

Not reported

Failure to return for follow-up

ot reported

ot reported

Not reported in detail

Not reported in detail

ot reported

ot reported

Double blind

Erythromycin-sulfisoxazole 50 mglkgld in 3 divided doses x l4-28 d

AOM outcomes were not studied

AOM outcomes were not studied

Pneumatic otoscopy, tympanometry, audiolometry

Not reported in detail

ot reported

ot reported

ot reported

" 0 significant difference"

Ref =randomized control trial. NS =not significant, MEE =middle ear effusion , OM E =asymptomatic otiti s media with effusion , AOM =acute
otitis media. TM = tympanic membrane. S = not significant.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Symbol denotes that % effusion -free was measured at a follow-up time of 2 weeks.
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Trimethoprim-sulfamethoxazole versus control: Chance of becoming effusion-free

Jennifer J. Shin and Michael J. Cunningham

METHODS

A computerized Ovid search ofMEDLINE 1966-January
2004 was performed. The terms "otitis media" and "anti
biotics" were exploded and the resulting articles were
cross-referenced, yielding 1947 trials. Given the known
richness of the otitis media literature and the authority
of higher levels of evidence, these articles were then
limited to randomized controlled trials (RCTs),resulting
in 302 art icles. These articles were then reviewed to iden
tify those that met the following inclusion criteria:
1) patient population <18 years of age with documented
otitis media with effusion (OME), 2) intervention
with trimethoprim-sulfamethoxazole (TMP-SMX)
therapy versus placebo control, 3) outcome measured in
terms of middle ear effusion. Trials comparing sulfisox
azole alone to control were not included here but are
included in a meta-analysis of the effect of all antibiotics.
Articles that compared intervention with amoxicillin
alone, amoxicillin/clavulanate, cephalosporins or eryth
romycin were excluded here but are presented separately
in this chapter. The bibliographies of articles that met
these inclusion criteria were manually examined to
determine if any further relevant articles could be identi
fied. This process yielded five RCTs [1-5 J.

RESULTS

Outcome Measures. Data were presented in terms of
the percent of children becoming effusion-free. In addi
tion , several trials reported the percent of children who
developed a new acute otitis media (AOM) within the
study's follow-up period [2-5J.

Potential Confounders. Potential confounders were as
noted in Section 21.A.i: The specificity of the definitions
of middle ear effusion, OME, and AOM are key, and
these are outlined in as much detail as the primary papers
allow. In addition, follow-up time, age, history of middle
ear disease, etiology of the effusion, duration of effusion
at entry, season of the year, history of allergy or nasal
obstruction, and the status of the adenoid may also affect
results.

Study Designs. Five RCTs addressed this issue. Two
were double blind [1, 2J.One of these blinded trials used
Dimetapp as a control [1J, whereas the other compared
placebo with a stepped regimen of TMP-SMX for up to

6 weeks with prednisone in weeks 3 and 4 [2J. The three
remaining trials were not blinded or placebo controlled,
exposing them to potential expectation biases [3-5 J.
Groups were similar after randomization, suggesting that
confounders were balanced among groups. Combina
tions of otoscopy, tympanometry, and audiometry were
used to evaluate whether OME was present , with indi
vidual trial details provided in the adjoin ing table. Com
pliance was evaluated in three instances [2, 3, 5J. No
study reported an a priori power calculation.

Highest Level of Evidence. TMP-SMX resulted in a
higher percentage of effusion-free children at one or
more follow-up timepoints in four of the five RCTs.
Three of those trials, however, were not blinded, so a
placebo effect may have been partially responsible for the
favorable results [3, 5J. In addition, one of these trials
considered the impact of a regimen which included ste
roids for part of the treatment [2J. These steroids could
also potentially confound results. In the remaining study,
in which TMP-SMX was compared with Dimetapp as a
control, the rate difference (RD) I was 37.1% [I J.This RD
suggests that three children must be treated with TMP
SMX in order for one of them to become effusion-free
[i.e., the number needed to treat (NNT) is three'].

In addition, four trials considered the impact of
TMP-SMX on the development of new AOM [2-5],
although only three studies included a report of a statis
tical analysis of that AOM data [2, 4, 5J. In two cases,
there was no difference between TMP-SMX or no anti 
biotic administration, whereas in the third, a smaller
percent of the TMP-SMX-treated children developed
new AOM.

Applicability. These results are applicable to children
aged 6 months-12 years with OME. Further criteria for
individual studies are as tabulated under inclusion and
exclusion criteria.

1 RD is the absolute difference in successful outcomes between the study
group and the control group . For example, in the Marks study, 64% of the
TMP-SMX group versus 26.9% of the placebo group became effusion-free.
The RD in this study was 26.9% - 64% = - 37.1%.
2 NNT is the total number of children that must be treated in order for
one child to obtain benefit from the treatment . It is calculated by
determ ining the inverse of the RD. For example, for the van Balen study,
the RD is - 16%, so that the NNT = 1/0.371 = 2.7. In this case, three
children would need to be treated so to obta in benefit for one child.
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Morbidity. In the two trials that reported adverse reac
tions, they were limited to three cases of neutropenia in
the patients receiving TMP-SMX. No other adverse reac
tions were reported in any of the trials.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Five level 1 studies with limitations from power, ex
pectation bias, and/or confounding concomitant steroid
administration addressed the impact of TMP-SMX on

OME. Four of the fivestudies demonstrated a significant
improvement in the percent of children who became
effusion-free with TMP-SMX. Two of those four studies
were somewhat biased toward this TMP-SMX-improved
outcome because of a lack of placebo. A potential
improvement of 37.1% in effusion rates posttherapy
must not only be considered in the face of relevant
studies' limitations, but also be balanced against poten
tial risks of TMP-SMX therapy such as neutropenia.

Future research may focus on the impact of TMP
SMX alone in trials utilizing a placebo control with
enough subject accrual to achieve 90% power. In addi
tion, direct comparisons between TMP-SMX and other
medical therapies may prove useful.



THE EVIDENCE CONDENSED: Trimethoprim-sulfamethoxazole versus control for pediatric otitis media with
effusion

Reference

l evel (design)

Sample size'

Marks, 1981

I (randomized controlled trial )

51 (58)

OUTCO MES

TMP-SMX

Control

p Value

Conclusion

Follow-up time

% improved

64.0%

26.9%

<0.025

TMP-SMX better

4-6wk

STUDY DESIGN

Inclusion criteria <12 Yold, OME

Exclusion criteria Concurrent respiratory or other otologic disease, cleft palate or stigmata thereof (i.e.• bifid uvula ), history
of sensitivity to sulfonamidelcotrimoxazole

Randomization
effectiveness

Similar age, otalgia, AOM, history of tympanostomy tubes or adenoidectomy. Some asymmetry in gender,
mouth breathing and snoring, although no statistical analysis reported

Age

Masking

TMP-SMX regimen

2-11 Y

Double blind, Dimetapp controlled

"5 rnl, of cotrimoxazole paediatric suspension" x4 wk (according to the authors, placebo was 5 cc
Dimetapp elixir becaus e it was shown to be equival ent to placebo in previous studies)

ot reported

ot specified

ot reported in detail

Not specified

"Diagnosis of serous otitis media was made where otoscopic findi ngs suggested this with no other tympanic
complications being evident . . . pure ton e audiogram with a 15 dB air/bone gap or greate r . .. and
impedance aud iogram flat with negative pressure in excess of -300 rnrn of water"

Change in pure tone average showing a return to normal or >20-dB improvement, impedance audiometry
changed so either a flat tracing returned to normal or reverted to one peaked at - 300 mm H20 or better

Not reported

Not reported

Criteria for successful
treatment

Compliance

Criteria for
withdrawal from
study

A priori power
calculation

Morbidity/
complications

TMP-SMX = trim ethoprim-sulfam ethoxazole. AOM = acute otitis media. S = not significant. MEE = middle ear effusio n. OME = asympto matic
otitis media with effusion , TM =tymp ani c membrane. % effusion -free =% of patients that were with out MEE at follow-up .
, Sample size: numbers shown for those not lost to follow-up and those (in itially recruited).

Diagno stic criteria for
AOM episode

Management of AOM
during study

Diagnostic criteria for
OME
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Reference

Level (design)

Samp le size'

TM p-SMX

Control

I' Value

Conclusion

Dal y, 1991

I (random ized controlled trial )

42 (42)

% effus ion-free

48%

14%

=0.02

TMP-SMX better

OUTCOMES

% deve loping AOM

33%

52%

NS

No difference

Follow-up tim e 6 wk

Inclusion criteria

Exclusion criteria

Random ization
effectiveness

Age

Masking

TMP-SMX regimen

Diagno stic cri teria for
AOM episode

Management of AOM
during study

Diagnostic criteria for
OME

Criteria for successful
treatment

Co mpliance

Criteria for
withdrawal from
study

A priori power
calculation

Morbidity/
complications

STUDY DESIGN

6 mo- B y old, bi latera l OME, and ~ 1 of the following: daycare atte ndance for> 15 h a week with five or
mo re chi ldre n, OME ~4 wk at enro llme nt as docu mented in the med ical record. Also ~2 AOM in the
preceding 18 mo, last documentation of AOM or OME <4 wk before enrollme nt; appropriate antibiotic
treatment for the mo st recent AOM episode (~ I O d of ampicillin, amoxicillin, cefaclor, TMP-SMX, or
erythromycin/sulfisoxazole), immunizations up to date

Allergy to trimethoprim, sulfonam ides, ampicillin, amoxicillin, or o ral corticosteroids; significant ch ronic
disease of the kidney, heart, liver, or immune system; hypertension; tympanostomy tubes; concomitant
infecti on; varicella exposure in the preceding 3 wk without a history of varicella

o significant differences in gender, race, family history of frequent otitis media, status as youngest child in
the family, allerg y, parental smoking, daycare attendance, bilateral OME, duration of OME, number of
prior episodes

6 m0-8 y

Doub le blind, placebo controlled

8 mg trimethoprim and 40 mg sulfamethoxazole per da y in 2 divided doses x2, 4, or 6 wk (whichever was
requ ired for resolution of OME); if there was no resolution of OME by 2 wk, then wk 3 and 4 onl y were
supplemented with prednisone I mglkgld in 2 divided doses x 7 d then I mglkg on alternate days x7 d

Any of the following: 1) OME and er ythematous TM, 2) white, yellow, or orange TM in the presence of
otalgia, fever, or irritability, 3) TM perforation and otorrhea

Amoxicillin 40 mglkgld in 3 divided do ses x lOd

Find ings from otoscopy and tympanometry, with the otoscopist's impression settling any cases of uncertain
diagnoses

Resolution of OME in bo th ears , as determined by pneumatic otoscop y and tympanometry according to a
previously published algorithm

89% in both groups as measured by diary, bottle method, and serum assay for sulfamethoxazole

ot specified; no pat ients withdrew

Not reported

TM P-SMX gro up with I patien t who reported being "more sleepy and off balance," no adverse reactions in
either gro up

TMP-SMX = trimethoprim-sulfamethoxazole, AOM = acute otiti s media, S = not significant, MEE = middl e ear effusion, OM E = asympt omatic
otitis media with effusion, TM = tympanic membrane, AOM = acute otitis medi a. % effusion- free = % of patient s tha t were without MEE at follow
up.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Reference

Level (design)

Sample size'

Healy, 1984

1 (randomized controlled trial)

196 (200)

OUTCOMES

TMP-SMX

Control

p Value

Conclusion

Follow-up time

% effusion-free

58%

6%

<0.0001

TMP-SMX better

4wk

% newAOM

2/96

5/93

ot reported

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

TMP-SMX regimen

Diagno stic criteria
for AOM episode

Management of
AOM during study

Diagnostic criteria
for OME

Criteria for success

Compliance

Crit eria for
withdrawal from
study

A priori power
calculation

Morbidity/
complications

STUDY DESIGN

2-5 Yold, OME of >6 wk duration at the time of enrollment, with persistent OME confirmed again 6 wk after
enrollment

Prior tonsillectomy, adenoidectomy, and/or tympanostomy tubes; middle ear abnormality (i.e., TM
perforation, cholesteatoma, adhesive otitis media); facial anomalies or congenital syndromes; URI in prior
4 wk; systemic illness such as cystic fibrosis; sinusitis; acute suppurative otitis media; strong family history of
allergy; medical therapy for MEE in prior 4 wk

Patient characteristics of gender, age, season of entry, and laterality of effusions were reported

2- 5 Y

either double blinded nor placebo controlled

TMP-SMX 8 and 40 mglkgl24 h in 2 divided do ses x4 wk

ot reported

ot reported

Pneumatic otoscopy, tympanornetry type B, Cl , or C2, and middle ear muscle reflex testing in all patients

Normal pneumatic otoscopic examination and a type A tympanograru

Evaluated by calendar and bottle method; 89% of patients received >85% of study medication

Failure to follow-up

ot reported

ot reported

TMP-SMX =trimethoprim-sulfamethoxazole, S =not significant , MEE =middle ear effusion, OM E =asymptomatic otitis media with effusion ,
TM =tympan ic membrane , URI =upper respirator y tract infection , AOM =acute otitis media.
• Sample size: numbers shown for those not lost to follow-up and those (initially recru ited ).
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Referen ce

Level (design)

Sample size'

Schwartz, 1982

I (randomized controlled trial )

64 (69)

OUTCOMES

TMP-SMX

Control

p Value

Conclusion

Follow-up time

% effusion-free

58%, 76%

42%, 80%

S, S

o difference

2 wk, 4 wk

% new AOM

0%

17%

<0.05

TMP-SMX better

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

TMP-SMX regimen

Diagno stic criteria
for AOM episode

Management of
AOM during study

Diagnostic criteria
for OME

Criteria for success

Compliance

Criteria for
withdrawal from
study

A priori power
calculation

Morbidityl
complications

STUDY DESIGN

AOM within 15 d of entry into study, previous amoxicillin treatment for at least 10 d, persistent OME by
otomicroscopy with the "color of the effusion as seen thro ugh the eardru m and absence of visible bubbles or
fluid lines suggest [ingJ a mu coid effusion," and type B tym panometry

Not specified

Similar age, laterality of OME, percent with OME >6 wk; more boys in the control group although statistical
analysis not reported

Mean 41.7-43.9 mo

either dou ble blinded no r placebo contro lled

TMP-SMX 4 and 20 mg/kg in I dose x I4 d then off

" Bulging of a yellow- or red-appearing TM with obliteration of some or all ossicular landmarks and impaired
or absent medial -lateral mobility of the TM to pneumomassage" with coinciding "pain or querulous
behavior"

ot specified

Immobile or minimally mobile TM in the neutral or retracted position with gray or opalescent color on
pne umat ic otosco py and flat tymp anogram

"Resolution" of OME by pneumatic otoscopy and tympano metry

ot repo rted

Failure to follow-up

ot reported

ot reported

TMP -SMX =trimcthop rim-sulfam cthoxazole, NS =not significant, MEE =middle ear effusion, OME =asymp to matic ot itis media with effusion,
TM =tympanic membrane, URI =up per respiratory tract infection , AOM =acute otitis media .
• Samp le size: numbers shown for those not lost to follow-up and those (initially recruited ).
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THE EVIDENCE CONDENSED: Trimethoprim-sulfamethoxazole versus control for pediatric chronic otitis media
with effusion

Reference

Level (design)

Sample size'

Giebink, 1990

I (randomized controlled trial)

39 (39)

OUTCOMES

TMP-SMX

Control

p Value

Conclusion

Follow-up time

% effusion-free

55%, 50%

5%, 30%

= 0.02, S

TMP-SMX better at 2 wk, no difference at 4 wk

2 wk, 4 wk

% new AOM

25%

45%

NS
o difference

8wk

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

TMP-SMX regimen

Diagnostic criteria
for AOM episode

Management of
AOM during study

Diagnostic criteria
for OME

Criteria for success

Compliance

Criteria for
withdrawal from
study

A priori power
calculation

Morbidity!
complications

STUDY DESIGN

10-95 mo old, OME for ~8 wks, ~3 physician-documented otitis media episodes in the prior 18 mo; AOM or
asymptomatic OME diagnosed 10-28 d before entry, completion of >10 d of antibiotics for the most recent
AOM, OME documented by otoscopy and tympanometry at entry and at 3 and 6 wk after entry-patients
were randomized 6 wk after entry

Histor y of adverse reactions to sulfonamides; presence of tyrnpanostomy tubes; AOM

o significant differences in age, gender, race, OME duration, number of prior OM episodes, hear ing loss,
speech therapy, prior pneumonia, asthma or "seasonal pollenosis," bottle feeding, family histor y of otiti s
media or hearing loss, season of enrollment

10-95 mo

ot blinded

TMP-SMX 8 and 40 mg per day in 2 divided doses for 4 wk

OME with erythematous TM; or white, yellow, or orange TM in the presence of fever, otalgia, or irrit ability;
or with tympanic membrane perforation with purulent drain age

Amoxicillin, cefaclor, or erythromycin x lOd

Pneumatic otoscopy and impedance audiometry algorithm in the absence of symptoms

"OME resolution, i.e., no OME in either ear"

97% compliance with TMP-SMX as measured by medication diar y, bottle method

Refusal to take prednisone, new illness requiring additional trearrnent. t inadvertent enrollment of a patient
with cholesteatoma

ot reported

TMP-SMX group: 3 neutropenia
Control group: 0 neutropenia

TMP-SMX=trimethoprim-sulfamethoxazole, S=not significant, MEE=middleear effusion, OME=asymptomaticotitis media with effusion,
TM=tympanic membrane, URI=upper respiratory tract infection, AOM =acute otitis media.
• Samplesize: numbers shown for those not lost to follow-up and those (initially recruited).
t Gastroenteritis, AOM, streptococcal pharyngitis.
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Tympanostomy tube placement: Impact on quality of life

Jennifer J. Shin and Christopher J. Hartnick

METHODS

A computerized Ovid search of MEDLINE 1966-January
2004 was performed. The term "otitis media" was
exploded and the resulting articles were cross-referenced
with those obtained by exploding "quality of life." This
process yielded 21 articles, and these were reviewed for
the following inclusion criteria: 1) children <18 years old
with chronic otitis media with effusion (COME) or
recurrent acute otitis media (RAOM), 2) treatment with
tympanostomy tubes in comparison to a control group,
and 3) evaluation with a validated quality of life (QOL)
instrument. Reports of evaluations with nonvalidated
questionnaires and anecdotal reports were excluded.
Pilot reports of non controlled evaluation s of QOL were
also excluded. This process yielded four articles [1-4],
which are discussed in detail below.

RESULTS

Outcome Measures. A validated instrument has been
tested to ensure that the following are true: 1) it measures
what it is intended to measure (convergent validity, i.e.,
scores on a valid test of arithmetic skills correlate with
scores on other math tests), and 2) it does not inadver
tently measure irrelevant changes (discriminant validity,
i.e., scores on a valid test of arithmetic do not correlate
with scores on tests of verbal ability) [5,6], 3) its scores
are stable (reliability, i.e., a patient with the same disease
impact will continue to have the same response ), and 4)
it is sensitive to change (responsiveness, i.e., a patient
with a change in disease impact will have a changed
score). Overall, this means that the validated instrument
does in fact measure what it is meant to measure.

Three validated instruments were used in these
studies. Two are disease-specific instruments that are
explicitly intended to measure the QOL as a result of
otitis media. The first of these is the otitis media 6 (OM
6) instrument, which was validated to measure changes
in QOL within an individual over time (Figure 7.B.I) .
Through the OM-6 , caregivers rate the impact of otitis
during the previous 4 weeks in six domains: physical
suffering, hearing loss, speech impairment, emotional
distress, activity limitations, and caregiver concerns.
Each domain is scored on a scale of 1 (no problem) to 7
(extreme problem). In addition, a global QOL score
from 0 (worst possible) to 10 (best possible) is obtained

using a visual analog scale. The OM-6 is validated for
completion by caregivers in children 6 months to 12
years old with chronic otitis media or RAOM.1

The second instrument is the OM-22, which is an
expanded version of the OM-6 (Figure 7.B.2). In this
expanded version of 22 questions regarding the previous
year, each domain is broken down into individual vari
ables, to allow for analysis of each of those individual
variables. For example, speech problems are dissected
into issues of poor pronunciation, difficulty understand
ing the child, and inability to repeat words clearly. In
addition, demographic data are obtained. The OM-22 is
validated for children younger than 16 years of age with
RAOM or COME.2

The third instrument is a global instrument, the
TNO-AZL Infant Quality of Life Instrument (TAIQOL).
It is not disease-specific and uses mostly 12-point scales
to evaluate 13 domains (lungs, stomach, skin, positive
emotions, eating problems, appetite, aggressivebehavior,
emotions of panic, vitality, social behavior, motoric
problems, communication problems); the first four of
these domains were excluded by the authors of the study
detailed below. This instrument is validated for children
1-4 years old.

Potential Confounders. Variations in indications for
tube placement, concurrent procedures, tube type, and
subject age, gender, and ethnicity could potentially

1 When the OM-6 was validated, specific inclusion criteria were as follows:
I) aged 6 month s to 12 years, 2) chro nic otitis media (MEE in one or both
ears for ~3 months) or recurrent otitis media (~3 acute otitis media
episodes in the past 12 months), 3) child accompanied by parent or
primary caregiver, and 4) child able to complete age-appropriate
aud iometry with good reliability. Specific exclusion criteria were I)
tympanic membrane perforation , 2) tympanostomy tube (s) at study entry,
3) middle ear pathol ogic features other than otitis media (e.g.,
cholesteatoma), 4) known or suspected developmental delay or neurologic
disorder, and 5) parent or prim ary caregiver unable to read and understand
the English language.
2 When the OM-22 was validated, specific inclusion criteria were as follows:
I) age younger than 16 years, 2) a diagnosis of RAOM as defined by five
or more episodes of acute otitis media over the past year or a diagnosis of
COME defined as the presence of middle ear effusion in one or both ears
for 3 mon ths or longer, 3) child's primary caregiver present to complete
the survey, and 4) children presenting to the practice of a single pediatr ic
otolaryngologist. Exclusion criteria included I) presentation to the other
physicians within the University of Florida otolaryngology group,
2) previous ear surgery other than myrin gotomy and/ or tympan ostomy
tube placement, 3) tympanosto my tubes already present at presentation,
4) tympanic membrane perforation, and 5) primary caregiver not present
or unable to read and understand English.
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Instructions: Please help usunderstand the impact ofear infections or fluid onyour
child's Quality of hfe bychecking one box [X)foreach question below. Thank you.

00yes

o1 234 5 6
o 1 234 5 6
o 1 234 5 6
o 1 234 5 6
o 1 234 5 6
o1 234 5 6
o1 234 5 6
o1 234 5 6
o 1 23-4 5 6
o 1 2 3 -4 5 6
o1 23-4 5 6
o1 2 3 4 5 6
o 1 23-4 5 6
o1 23-4 5 6
o1 23-4 5 6
o1 23-4 5 6
o1 23-4 5 6
o1 234 5 6

4=Quite a bitofa problem
5~very much 01 a problem
6=extreme problem

Otitis Media Outcome-22
Zero Time 1 Month 6 Months

Please try toanswer the following QU8StiOnS to thebestofyourabiJity and
circle thechoice thatmostaccurately reflBCts your8Xf)SrH1ncss.

5. Has yourchild been in day care during the past year?

6. How many otherehi'cren livein yourhome?
None 1 2 3 4 5 6 >6

7.00 you have cat(s) ordog(s) inthe home? yes no

8. Doesanyone smoke cigarettes in thehome? yes no

9. How otten have you, asa careqlver, been worrIed, concerned, or
inconvenienced byyourchild's ear infections or fluid intheears over
thepast year?

o 1 2 3 4 5

0=none ofthetime 1=hardty any time atall 2=asmall partof theIime
3::; good part01 thetime 4;most of thetime 5::; all of thetime

Please help usunderstand theimpact of earinfections onyour child byratinQ
yourchild's symptoms over the past year.

Inthelastyear, hoW much of aproblem haVe these symploms been for your
child?

Please circle thenumber thatbest corresponds to the exterJt of your chik1's
problem.

oJiI not ptesent/no problem
1~ hardty a prcblem atall
2=somewhat of aproblem
3=moderate problem

1.Ear pain , , ..
2.Ear discomfort/ear tugging " .
3. Auplured ear drum/ear draInage , .
4. High fever , , ..
5.Poor bala.nce , " , .
6. Difficulty hearing , , , , ,
7.Frequentty says ~ar .." " .
8.Television played excessively loud .
9.Frequemty doesn't respond to verbal commands .

10.Delaye(1 speech " , .
11.Poor pronunciatIon " .
12.Child is dlfflcutt to unnerstann .
13.Child is unable to repeat words clearly .
14. Irritable , , , , .
15.Frustrated , , , , .
16.sad " , .
17.Restless ,..
18.Poor appetite " , .

1. How many ear Infections has yourchild had in the pastyear?
None 1-2 3-4 5-6 7-8 9-10 >10

2. How many clays had yourchild missed from school orday care during the
lastyear because of an earinfection?

None 1-2 3·4 S.S 7-8 9·10 >10

3.~ many days have you had to take of11rom wor1< to care foryourchild
because ofan earinfection during the last year?

None 1·2 3--4 5--6 7-8 9-10 >10

4. How many doctor visits have youmade this lastyear due toyour child'sear
infections?

None 1·2 3-4 5-6 7-8 9-10 >10

j

8 9 10

Best Possible
auallty-of-Life

!

7

~.~
--C)

L. __1.,_~1--...Io..--""'"'"-----..L-~-~-~-~--
o 1 2
Worse Possible
Quality·of-Life

Overall, how would you rate your child's Quality of liteas aresutt ofear infections or fluid?
(Circle one number)

:~ ~I
I I I I

345 6
Halfway Between
Worst and Best

PIIyslcal Sunerlng: Ear pain, ear discomfort, ear discharge, ruptured ear drum, high fever,
orpoor balance. How much ofa problem foryour child during thepast 4 weeks?

[ ] Notpresentlno problem (] HarOly aproblem at all [] QUite abitofa problem
{ ] SomeWhat ofaproblem {] Very much aproblem
[ ] Moderate problem [ ] Extreme probtem

Hearing Loss: Difficulty hearing, Questions must be repeated, frequently says "what," or
television isexceSSively loud. How much ofaproblem foryour child during the past 4
weeks?

[ ] Not presenUno problem [] Hardly a problem atall [] Quite abit ofaproblem
[ ] Somswnat ofaprobtem {] Very much aproblem
[ ] Moderate problem I ] Extreme problem

Spaech Impatrmeftt; Delayed speech, poor pronunciation, dlfUcult to understand, orunable
to repeat words clearly. How much ofa problem foryour child during the past 4 weeks?

[ ] Not present/no problem I J Hardly aproblem atall [1 Quite abtlota problem
(ornotapplicable) [ ] Somewhat ofaproblem I I Very much a problem

[ J Moderate problem I ] Extreme problem

Emotional Distress: Irrttable, frustrated, sad, restless, orpoor apPetite. How much ofa
problem foryour child during the past 4 weeks asa result of ear infections orfluid?

[ J Not presenVno problem [] Hardly aproblem atall [J Quite abit01 aproblem
[ ] Somewhat ofaproblem [J Very much aproblem
[ ] Moderate problem ( ] Extreme problem

Activity Limitations: Playing, sleeping, doing thmgs withfriendslfamily, attendmg school
orday care. How limited have your child's activities been during the past 4 weeks because
ofear infections orfluid?

[ ] Notlimited atall [ ] Hardly limited atall [ ] Moderatety lim~ed

[ ] Very slightly limited [ ] Very limited
[ I Slightly limited [ ] Severely limited

Caregiver COMems; How often have you, asacaregiver, been worried, concerned, or
inconvenienced becausa of your child's ear infections or flUid over the past 4 weeks?

[ ] None ofthe time [ ] Hardly any time atall ( ] Agood part 01 the time
[ ] Asmall part ofthetime I l Most ofthetime
[ ] Some of the time { ] Allof the time

The 6-;tem health-related quality-of-life survey (OM-6) forchronic and
recurrent otitis media.
Figure 7.B.1. OM-6 instrument.
Images reprinted with permission from Arch Otolaryngol1997
123; 1049-54, copyright 2007 American Medical Association,
all rights reserved.

4= moderately limited
5-very limited
6.severely lImited

Figure 7.B.2. OM-22 instrument.

0=nollimited
1.hardty limited
2 -very slightlylImited
3 I!l slightly limited

19.Playing "
20.Sletping , , , , , , , .
21,Doin.g thi~s with friendslfamily , ..
22.Attending school ordaycare .

o1 234 5 6
o 1 234 5 6
o 1 234 5 6
o1 234 5 6
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influence results. One study used randomization, whereas
the other three used paired data from the same children
to manage these issues.

Study Designs. One study was an RCT that compared
global QOL in children randomized to undergo tym
panostomy tube placement or "watchful waiting" [3].
Despite randomization in this study, there were remain
ing baseline differences, with older children, more girls,
and better hearing in the children in the group allocated
for tube placement. QOL scores, however, were not sta
tistically significant. There was minimal attrition, with
90% of patients completing the entire study. In addition,
the study was reported as adequately powered, with post
hoc calculations corroborating this claim. No measure of
disease-specific QOL was undertaken in this trial. The
other three studies used either the OM-22 [4] or the
OM-6 in English [2] or Dutch translation [4] to evaluate
disease-specific QOL. In each case, initial scores were
compared with scores at the time of surgery and postop
eratively. This study design has the benefit of allowing
children to serve as their own paired controls, but cannot
account for any placebo effect of tube placement itself.

Highest Level of Evidence. Data from the RCT suggests
that there is no difference in global QOL in children after
6 months of grommet placement versus 6 months of
observation [3]. This result might be attributable to
blunted overall sensitivity of such a global instrument to
identify more subtle disease-specific changes. No disease
specific QOL evaluation was performed in this study,
although other Dutch investigators did later validate and
utilize a Dutch translation of the OM-6 instrument in
one of the three other prospective studies discussed here
[4]. Data from three prospective studies using paired
controls suggests that a significant difference in disease
specific QOL exists in children at the time of surgery
versus after tube placement. These studies show that sub
jective improvements parallel the clinically measurable
improvements seen in previous level 1 studies (See
6.D.).
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Applicability. These results are applicable to 0.5- to 9.9
year-old children who undergo tympanostomy tube
placement for bilateral COME or RAOM. These results
are not applicable to children who have tympanic mem
brane perforation or middle ear pathology other than
otitis media.

CLINICAL SIGNIFICANCE AND
FUTURE DIRECTIONS

There is one level 1 study that shows no difference in
global QOL with 6-12 months of tubes or observation,
but three level 2 studies that report a significant differ
ence in disease-specific QOL. Differential use of instru
ments and study designs makes it difficult to directly
compare these two sets of results. The latter results are
more consistent with previous randomized clinical trials
that report the positive impact of tympanostomy tube
placement.

Future randomized controlled trials may integrate
the use of a disease-specific instrument that is validated
for discriminative purposes (meaning that it can distin
guish between individuals with different levels of disease,
as opposed to an evaluative instrument that evaluates
changes within individuals over time). In addition, a
global QOL instrument validated for the pediatric popu
lation may also simultaneously be administered. Corre
lations between global and disease-specific QOL could
then be drawn and insight may be gained regarding the
somewhat conflicting results seen in studies using global
versus disease-specific instruments in the trials to date.
This information would supplement the clinical out
comes that are traditionally measured (i.e., rates of
RAOM or resolution of COME) and directly show
whether subjective QOL assessments directly parallel
related objective outcomes.



THE EVIDENCE CONDENSED: Quality of life after tympanostomy tubes

Referen ce

Level (design)

Sample size

Instrument

Quality of life:j: at
baseline (before
intervention)

Quality of lifct after
tubes

Quality of life:j: with
no tubes

p Value

Follow-up time

Ind ications for tube
placement

Additi onal procedures

Tube type

Age

Inclusion criteria

Exclusion criteria

Rovers, 2001

I (RCT)

187 ( 166)

OUTCOMES

TAIQOL after 6 mo of tubes vs 6 mo of
observation

Before tubes:
Communication: 6.8 (2.3)
Social: 3.6 (0.9)
Before observation:
Communication: 604 (2.0)
Social: 3.5 (0.8)

Communication: 6.7 (2.3)
Social: 3.5 (0.9)

Communication: 5.8 (2. I)
Social: 3.5 (0.9)

NS

6 and 12mo

STUDY DESIGN

100% COME

R

Grommet

1- 2 Y

Infant s with persistent (4-6 mo l bilateral OM E
(confirmed by tympanometry and oto scopy)

Unwillingness to accept randomization of
treatm ent

Rosenfeld, 2000

2 (POSH

248 (224, 115)

OM- 6 survey at surgery vs at least 14 d
postoperatively

Physical suffering: 4.6 ( 1.8)
Hearin g loss: 2.7 ( 1.8)
Speech impairment : 2.3 ( 1.8)
Emotional distress: 4.0 (1.8)
Activity limitations: 204 ( 1.9)
Caregiver concerns: 4.9 ( 1.7)

Change in score:
lAO (1.3)

Change in score:
0.33 (1.0)

<0.001

Mean 34 d (>14 d)

56% recurrent OM
42% COME
2% retra ction

one

Grommet

0.5-9.9 Y

6 mo-I 2 y old with otiti s media scheduled for
bilateral tympanostom y tub e placement as an isolated
surgical procedure, accompanied by caregiver

Unilateral tympanostomy tube placement,
concurrent procedures, middle ear pathology besides
otitis media

Ref =rand omi zed controlled trial , POS =prospective outcomes study, TAIQOL=TN O-AZL Infant Quality of Life Instrument, COME =chronic
ot itis media with effusion , AOM =acute oti tis media, RAOM =recurrent AOM, OM E =otitis media with effusion, SD =standard deviation,
SEM =standa rd error, CI =confidence interval. S =not significant, NR =not reported.
• Sample size: numbers shown for those that were initi ally recruited and those that (completed the trial). In Rosenfeld, 2000. 224 patients had valid
change scores (defined by at least a 14-day interval between surveys) after surgery and 115 had valid change scores before and after surgery.
t In POS studies, children were tested at baseline (initial presentation ), before or at surgery (without tubes), and after surgery (after tubes). Thus. in
th is study design. child ren serve as their own controls.
:j:Quality of life results reported as mean scores (SEM) for Rovers, 2001; change in mean scores (SD) for Rosenfeld, 2000; means scores (95% CI) for
Richards. 2002; mean scores (SD) for Timmerman. 2003.
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THE EVIDENCE CONDENSED: Quality of life after tympanostomy tubes

Reference

Level (design)

Sample size'

Richards, 2002

2 (POS)

123 (68)

Tim mer ma n, 2003

2 (POS)

77 (69)

Instru ment

Quality of life:j: at
baseline (befo re
intervention)

OUTCOMES

OM -22 at surgery vs 6 mo postoperatively

Summary score:
49.1 (44.8-53.4)

OM -6 (translated from English to Dutc h) at surgery
vs 6-8 wk postoperatively

Summary score:
18 (7)

Quality of lifer after
tubes

Quality of Iife:j: with
no tubes

Summary score:
15.6 (11.6-19.6)

10 patients repeated OM -6 before surgery, with
no difference from baseline

Summary score:
12 (5)

Summary score:
19 (7)

p Value

Follow-up time

<0.001

1 and 6 mo

<0.001

6-8wk

STUDY DESIGN

NR

NR

12-38 mo

12-36 mo at entry, bilateral COME or ROME for
>3 mo as diagnosed by otoscopy, hearing loss of
>20 dB in the better ear, tympano stomy tube
insertion scheduled within 2-4 wk after diagnosis,
Dutch speaking

Tympanic membrane perforation, tubes already
present. middle ear pathology other than otitis
media, neurologic disorder

Chronic or recurrent OME

Inclu sion criteria

Exclusion criteria

38% RAOM
25% COME
37% RAOM and COME

Adenoidectomy in subset

NR

2.42 Y(mean)

< 16 y old, RAOM defined by ~5 episodes of AOM
over the past year or a diagnosis of COM E
defined as the presence of middle ear effusion in I
or both ears for ~3 mo. caregiver present,
presentation to single otolaryngologist

Presentation to physicians outside the Universit y
of Florida pediatric ORL clinic, previous ear
surgery other than M&T, tubes already present,
tympanic membrane perforation, non - English
speaking

Ref =rand omi zed contro lled trial , POS =prospective outcomes study. TAIQO L=TNO- AZL Infan t Quality of Life Instrument . COME =chronic
otitis media with effusion. AOM =acute otitis media. RAOM =recur rent AOM , OME =otitis media with effusion. SO =standard deviation .
SEM =standar d erro r. CI =confidence interval. 5 =not significant. R =not report ed. M&T =myringotom y and tubes. ROM E =recur rent ot itis
media with effusion.
• Sampl e size: numbe rs shown for those that were initially recru ited and those that (completed the trial). In Rosenfeld. 2000. 224 patients had valid
change scores (defined by at least a 14-day interval between surveys) after surgery and 115 had valid change scores before and after surgery.
:j:Quality of life results report ed as mean scores (SEM) for Rovers. 200 1; change in mean scores (SO) for Rosenfeld. 2000; means scores (95% CO for
Richards. 2002; mean scores (SO) for Timm erm an. 2003.

Indications for tube
placement

Additional procedures

Tube type

Age
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Adenoidectomy versus no surgery: Impact on resolution, improvement, and audiometry

Grace Chan, Jennifer J. Shin, and Margaret Kenna

METHODS

A computerized PubMed search ofMEDLINE 1966-July
2006 was performed. The medical subject headings "ade
noidectomy" and "adenoids" were exploded and cross
referenced with those obtained by exploding the medical
subject heading "otitis media with effusion." This search
strategy yielded 255 trials, of which 30 were randomized
controlled trials (RCTs). These articles were reviewed to
identify those that met the following inclusion criteria:
1) patient population <18 years old with otitis media
with effusion (OME), 2) intervention with adenoidec
tomy versus no intervention, 3) outcome measured in
terms of otoscopic clearance, tympanometry, and audi
ometry. Articles randomizing children to multiple inter
ventions were included if they reported a separate
analysis between adenoidectomy and no-intervention
groups. Bilateral myringotomies (with or without venti
lation tubes) were considered to be distinct interventions
and not included in this analysis. The bibliographies of
the articles, which met these inclusion criteria, were
manually checked to ensure no further relevant articles
could be identified. This process yielded nine articles.
The eight articles by Maw followed an open cohort
(adding children as the study progressed), and reported
results on this same cohort at incremental time points
[1-8]. Furthermore, several articles were redundant.
Maw (1983) [1] and Maw (1983) [2] were duplicate
articles and were considered as a single study in this
review. Maw (1985) [3], Maw (1985) [4], and Maw
(1985) [5] were also duplicate articles and were consid
ered as a single study. We presented the Maw studies
separately at each incremental time point: 1983, 1985,
1988, 1993, 1994.

RESULTS

Outcome Measures. OME is defined as the presence of
middle ear effusion in the absence of acute signs of infec
tion. Often, the diagnosis is made with pneumatic otos
copy. Tympanometry and reflectometry are used as
adjuncts. Maw (1983) [1,2] and Maw (1985) [3-5] mea
sured an otoscopic clearance rate (the percentage of ears
with otoscopic clearance of fluid). In the Maw studies,
the terms "otoscopic clearance," "resolution rate;' and
"improvement rate" were used interchangeably. Maw
(1988) [6], Maw (1993) [7], and Maw (1994) [8] were

more comprehensive. In addition to measuring oto
scopic clearance, they also measured the mean audio
metric hearing threshold [6-8]. Bulman (1984) [9] used
only audiometry.

Potential Confounders. Resolution and improvement
of OME may be influenced by other factors than the
treatments proposed. All studies were RCTs, and thus all
theoretically controlled for both measured and unmea
sured confounders. Maw (1983) [1,2], Maw (1985) [3
5], Maw (1988) [6], and Maw (1993) [7] discussed
effective randomization and found no significant differ
ences between potential confounders such as the time of
year, age, sex, and postnasal space airway measured on
lateral radiograph. Maw (1994) [8] and Bulman (1984)
[9] did not report the distribution of confounders
between groups. Maw (1993) [7] reported several vari
ables to have a significant effect on the duration of fluid
in the ears and hearing loss: parental smoking, age at
onset of hearing loss, duration of preoperative hearing
loss. This study controlled these confounders in the
regression analysis. It was not discussed whether or not
these variables were significantly different between the
adenoidectomy and no-surgery groups at the outset. The
type of medical management may also influence results.
Maw (1983) [1,2] and Maw (1985) [3-5] reported giving
an antihistamine-sympathomimetic amine mixture to
participants in the study. The Bulman study did not
provide any medical treatments during the study [9].
Other studies did not report whether medications were
used during the study [3-8]. Unmeasured confounders
include the accuracy of caretakers' reporting, which was
not discussed in any study. Another potential confounder
was the duration of OME before surgery. Long follow-up
times made it difficult to measure and standardize the
duration of OME before surgery in all studies.

Study Designs. All studies were RCTs yielding the
highest levelof evidence. Given the surgical intervention,
blinding of the patients and surgeons was not feasible. It
would have been feasible to blind those who were col
lecting the outcome measures, such as otoscopic clear
ance, tympanometry, and audiometry, although none of
the papers mentioned the blinding of investigators or
data collectors. No report included the sample size
needed to achieve adequate power apriori, but all studies
identified a significant difference between groups in at
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least one parameter. Follow-up times ranged from 3
months to 10 years. Specifics regarding those lost to
follow-up were not detailed in any of the studies. The
attrition rate was not reported in Maw (1985) [3-5].

Highest Level of Evidence. All studies found adenoid
ectomies to have statistically significant benefits com
pared with no surgery. The absolute difference in the
outcome of interest between the study and control group
is known as the rate difference (RD). The number needed
to treat (NNT) is number needed to treat in order for
one child to achieve the outcome of interest. NNT is
calculated by taking the reciprocal of RD.

Maw (1983) [1,2] and Maw (1985) [3-5] found sig
nificant resolution of OME after adenoidectomy com
pared with no surgery [1-5]. In the Maw (1983) and
Maw (1985) reports, the RD in resolution of OME after
1 year of follow-up was -460/0 and -450/0, respectively.
For one child to have resolution of OME, two children
need to be treated with adenoidectomy (NNT = 1/0.46).
The more recent Maw reports found significant resolu
tion of OME and tympanometric change in the group
receiving adenoidectomy [6-8]. RDs in resolution of
OME after 1 year of follow-up were similar to the earlier
Maw studies. Maw (1993) conducted a survival analysis
to examine the time until resolution of OME after ade
noidectomy versus no surgery [7]. The log rank test of
equality of survival between each pair of treatments was
significant (p = 0.0001), indicating a difference between
the two groups. Two studies found significant changes
in tyrnpanometrywith RDs ranging from -250/0 to -33%
[6, 8]. The NNT for one child to achieve tyrnpanometry
change is three to four children. Despite improvements
in tympanometry, one study did not find a significant
improvement in mean hearing [6]. Mean hearing
improved significantly among those receiving adenoid
ectomy in the 1993 and 1994 Maw studies (p < 0.05, P <
0.04, respectively) [7,8]. The Maw articles were from the
same cohort followed over time; therefore, their results
may be biased toward their particular cohort, data col
lection methods, and outcome measures [1-8]. The
Bulman study (1984) found adenoidectomy to be statis
tically beneficial only at one timepoint, 3 months post
operation, compared with no surgery. The study
measured fewer outcomes and had a relatively smaller
sample size compared with the Maw studies. Further
more, Bulman et al. [9] did not use the same definition
of OME. OME was defined as hearing loss secondary to

glue ear; however, their threshold of secondary hearing
loss was at 10 dB. Most patients with "glue ear" have at
least low-frequency hearing losses in the 30- to 40-dB
range, with better hearing in the high frequencies. Otos
copy and tympanometry would be more supportive of
actualOME.

Applicability. Based on the inclusion criteria for these
trials, the results can be applied to those 2-11 years old
with a diagnosis of OME by pneumatic otoscopy, tym
panometry, and hearing loss by audiometry, considering
that hearing loss was attributable to OME. All studies
took place in England and may not be generalizable to
other parts of the world where region-specific diagnoses
and management of OME may alter the natural course
of OME. In many of these studies, the more severe cases
of OME were excluded from the analysis, such as those
requiring additional surgical treatment. Therefore, the
results may not be applicable to those children. Further
more, there were children who were lost to follow-up or
refused to participate in the study. These children may
be different than those included in the study. There was
a large dropout rate in the 1988 Maw study [6].

Morbidity/Complications. None of the studies reported
the incidence of morbidity or complications.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is level 1 evidence showing that surgical interven
tion improves the time to otoscopic clearance of OME,
tyrnpanometry peak conversions, and audiometric mea
sures of hearing loss. However, the number of studies is
limited and one study of small sample size found
improvements only to occur at 3 months after surgery
[9].

Further research is needed to examine the effect of
adenoidectomy versus no surgery. Investigator-blind
studies with power calculations to assess adequate sample
sizes are needed. Studies should include information on
compliance with the treatment protocol, the criteria for
withdrawal from study, intention to treat analysis, and a
discussion on the morbidity/complication of surgery.
Furthermore, more robust statistical analyses are needed.
Duration of fluid and hearing loss may be better assessed
using Cox-proportional regressions to better account
for time to event information. Further studies should
research the baseline characteristics between those chil
dren who participate in OME clinical trials versus those
who do not in order to determine the generalizability of
these results.
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Refere nce

Level (design)

Sample size'

Outcome measure

Adenoidectomy

No surgery

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Adenoidectomy deta ils

Diagnostic criteria for
OME

Management of OME/
RAOM while in study

Compliance

Criteria for withdrawal
from study

Intention to treat
analysis

Power

Morbidity/
complications

Maw, 1983/Maw, 1983

1 (randomized controlled trial )

6 wk: 60

3 mo: 53
6 mo: 53
9 mo: 45
1 y: 60
(69)

OUTCO MES

Otoscopic clearance (% of ears in which fluid was no longer present by pneumatic otoscopy)

6 wk: 39%
3 mo: 56%
6 mo: 64%
9 mo : 58%
1 y: 72%

6 wk: 16%
3 mo: 22%
6 mo: 26%
9 mo: 19%
1 y: 26%

6wk: R
3 mo : <0.05
6 mo: <0 .01
9 mo: <0.01
I y: <0.001

Significantly more children with resolution of OME after adenoidectomy vs no surgery

6 wk, 3/6/9 mo, 1 y

STUDY DESIGN

Bilateral middle ear effusions on 3 occasions during a 3-mo period, audiometric hearing losses in excess
of 25 dB at 2 or more frequencies in each ear

Type A tympanogram

Similar in seaso nal time of year, age, sex, and postnasal space airway measured on lateral radiograph

2- 1I Y

None

Curettage

Pneumatic otoscopy by validated observer with compliance studies, tympanometry, acoustic reflex
stimulation, and pure tone audiometry showing a hearing loss in excess of 25 dB

Antihistamine-sympathomimetic amine mixture

R

R

R

R

R

OME =otitis media with effusion (vs RAOM =recurrent acute otitis media-do not include if inclusion criteria was just RAOM), NR =not
reported.
• Sample size: numbers shown for those not lost to follow-up and those (initially recrui ted ).
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Reference

Level (design)

Sample size'

Outcome measure

Adeno idectomy

No surgery

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion cri teria

Randomization
effectiveness

Age

Mask ing

Adenoidectomy details

Diagnostic criteria for
OME

Management of OMEI
RAOM while in study

Compliance

Criteria for withdrawal
from study

Intention to treat
analysis

Power

Morbidityl
complications

Maw, 1985/Maw, 1985/Maw, 1985

I (randomized controlled trial )

NR (102)

OUTCOMES

Otoscopic clearance

6wk: 42%
3 mo : 52%
6mo: 60%
9 mo: 56%
1 y: 72%

6 wk: 19%
3 mo: 27%
6 mo: 25%
9 mo: 25%
I y: 27%

6wk: <0.05
3 mo: <0.05
6 mo: <0.01
9 mo: <0.01
1 y: <0.001

Significantly more children with resolution of OM E after adenoidectomy vs no surgery

6 wk, 3/6/9 rno, 1 y

STUDY DESIGN

Bilateral middle ear effusions on 3 occasions during a 3-mo period, audiometric hearing losses in
excess of 25 dB at 2 or mo re frequencies in each ear

Type A tympanogram

Similar in seaso nal time of year, age, sex, and postnasal space airway measured on lateral radiograph

2-11 Y

None

Cure ttage

Pneumatic otoscopy by validated observer with compliance studies, tympanometry, acoustic reflex
stimulation, and pure tone audiometry showing a hearing loss in excess of 25 dB

Antihistamine-sympathomimetic amine mixture

R

R

R

R

NR

OM E = otitis media with effusion (vs RAOM = recurrent acute otitis media-do not include if inclu sion criteria was just RAOM), NR = not
reported.
• Sample size: numbers shown for those not lost to follow-u2 and tho se ( in i t iallY...;r;,;e,;;cr;,;u~i t~ed~)~. _
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Reference

Level (design)

Sample size'

Maw, 1988

I (random ized controlled trial )

1 y: 120
2 y: III
3 y: 69
(145)

OUTCOMES

Outcome measure

Adenoidectomy

No surgery

Otoscopic clearance]

I y: 62%
2 y: 65%
3 y: 70%

1 y: 20%
2 y: 32%
3 y: 59%

Tympanometry peak conversion
(change of type B tympanogram to
type A, CI , or C2)t

51%
54%
62%

26%
26%
50%

Mean hearing threshold (average
hearing threshold as measured by
pure tone audiometry)t

20.9 dB
19.1 dB
18.9 dB

28 dB
26.5 dB
22.1 dB

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Adenoidectomy details

Diagnostic criteria for
OME

Management of OME/
RAOM while in study

Compliance

Criteria for withdrawal
from study

Intention to treat
anal ysis

Power

Morbidity/
complications

There are no reported "p values "; however, the results state that with the exception of adenoidectomy at
3 y, the clearance and tympanometry change attributable to adenoidectomy was significant compared
with the no -surgery group. At all follow-up times, hearing gain is significantly better in the surgery vs the
no -surgery group

Significantly better otoscopic clearance and tympanometry change with adenoidectomy as compared with
no surgery. 0 difference in audiometry

1,2,3 Y

STUDY DESIGN

Bilateral middle ear effusions on 3 occasions during a 3-mo period, audiometric hearing losses in excess
of 25 dB at 2 or more frequencies in each ear

Type A tympanogram, spontaneous resolution of OME during preoperative period

Similar in seasonal time of year, age, sex, and postnasal space airway measured on lateral radiograph

2-9 Y

None

NR

Pneumatic otoscopy by validated observer with compliance studies, tyrnpanometry, acoustic reflex
stimulation, and pure tone audiometry showing a hearing loss in excess of 25 dB

R

R

R

R

NR

R

OM E = otitis medi a with effusion (vs RAOM = recurrent acute otitis media-do not include if inclusion criteria was just RAOM), R = not
reported.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Extrapolated from reported figures.
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Referenc e

Level (design)

Sample size"

Maw, 1993

I (randomized controlled trial )

R (160) with otoscopy data
R (134) with tympanometry and audiometry data

59 (213)t

OUTCO MES

Outcome
measure

Adenoidectomy

o surgery

p Value

Otoscopic clearance

TR

R

Log rank p = 0.000 1

Tympanometry peak conversion

NR

R

Log rank p = 0.000 I

Mean hearing threshold

I y: 12.5 dB
4 y: 16.9 dB
10y: 18.4dB

ly:4.9dB
4 y: 13.6 dB
10 y: 16.5 dB

p < 0.05 on at least 4 of 6 follow-ups

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Adenoidectomy
details

Diagnos tic
crite ria for OME

Management of
OME/RAOM
while in study

Compliance

Criteria for
withdrawal from
study

Intention to treat
analysis

Power

Morbidityl
complications

Statis tically significan t improvements in otoscopic clearance and tympanometric change with adenoidectomy
alone vs no surgery. Audiometric hearing thresholds improved with fluid resolution

lOy

STUDY DESIGN

Bilateral middle ear effusions on 3 occasions during a 3-mo period, audiometric hearing losses in excess of
25 dB at 2 or more frequencies in each ear

Type A tympanogram

Similar in seasonal time of year, age, sex, and postnasal space airway measured on lateral radiograph

2-9y

None

R

Pneumatic otoscopy and excess of 25-dB hearing loss at I or more freque ncies

R

NR

Children whose ears contained fluid at final assessment or at last assessment before lost to follow-up, children
who developed severe obstructive symptoms from enlargement of adenoids or tonsils, children who required
additional surgery in unoperated ear, severe problems in operated car, moved or poor attendance

ot done

otdone

R

'R = not reported, SD = standard deviation, preop = preoperative, postop = postoperative, OME = otitis media with effusion (vs RAOM = recurrent
acute otitis media .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Assessment of first 150 cases showed that tonsillectomy had no additional benefit compared with adenoidectomy alone. Children were no longer
randomized to adenotonsillectomy group. For the analysis, children who received adenotonsillectomy were grouped with those receiving
adenoidectomy alone.

156



THE EVIDENCE CONDENSED: Adenoidectomy versus no intervention for otitis media with effusion

Reference

Level (design)

Sample size-

Maw, 1994

1 (rando mized controlled trial )

37 ( 170)

OUTCOMES

Bul man, 1984

1 (rando mized controlled trial )

14 (30)

Outcome

measure

Adenoidectomy

o surgery

p Value

Otoscopic
clearance

I y: 63.2%
4 y: 85.1%
lO y: 93.8 %

I y: 21.5%
4 y: 59.3%
10 y: 95.2%

p < 0.000 I, first
4 y

Tympanometry peak
conversion

54.4%
79.4%
86.7%

21.1%
44.1%
79.0%

p < 0.04, first 5 y

Mean hearing
threshold

21.3 dB
17.4 dB
14.6dB

28.6 dB
20.0 dB
16.6dB

p < 0.02, first 4 y

Pure tone audiometry

Average audiorrietric value (SO) :

preop: 10.4 (3.9)
postop: 10.1(4.4 )
3 mo: 6.6 (3.2)

6 mo: 7.0 (4.8)

Average audiometric value (SO) :
preop: 12.1 (3.8)
postop: 8.8 (6. 1)
3 mo: 10.0 (5.3)
6 mo: 10.2 (4.8)

preop: NS
postop: S

3 mo : p < 0.05
6mo: S

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Adenoidectomy
details

Diagnostic
criteria for OME

Management of
OME/RAOM
while in study

Compliance

Criteria for
withdrawal from

study

Intention to treat
anal ysis

Power

Morbidity/
complications

Adenoidectomy significantly improved otoscopic clearance and the
mean hearing threshold for the first 4 y and tympanometry for the
first 5 y after operation compared with no surgery

Annually for 5 y, 2 further occasions during subsequent 5-y period

STUDY DESIGN

Bilateral middle ear effusions on 3 occasions during a 3-mo period,
audiometric hearing losses in excess of 25 dB at 2 or more

frequencies in each ear

Type A tympanogram

R

3-9 Y

None

NR

Pneumatic otoscopy and excess of 25-dB hearing loss at I or more
frequencies

R

NR

Further treatment needed such as adenoidectomy, tonsillectomy,
myringotomy or grommet insertion in unoperated ear

R

R

R

Adenoidectomy was statistically
beneficial compared with no surgery

only at 3 mo postop

3 rno, 6 mo, 2 y

Hearing loss secondary to glue ear

Recurrent earache, recurrent febrile
illness, symptoms of nasal obstruction

R

4-9y

None

R

R

o medical management

NR

Further surgical treatment

R

R

R

I R =not reported, SO =standard deviation, preop =preoperative, postop =postoperative, OME =otiti s media with effusion (vs RAOM =recurrent
acute otiti s media, S = not significant.
• Sample size: numbers shown for those not lost to follow-up and tho se ( i n i t ia ll~ recruited ). _
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7 Pediatric Otitis Media with Effusion

Adenoidectomy versus tube placement: Impact on resolution, improvement,
and audiometry

Grace Chan, Jennifer J. Shin, and Margaret Kenna

METHODS

A computerized PubMed search of MEDLINE 1966-]uly
2006 was performed. The medical subject headings "ade
noidectomy" and "adenoids" were exploded and cross
referenced with those obtained by exploding the medical
subject heading "otitis media with effusion." This search
strategy yielded 255 trials, of which 30 were randomized
controlled trials (RCTs). These articles were reviewed to
identify those that met the following inclusion criteria:
1) patient population <18 years old with otitis media
with effusion (OME), 2) intervention with adenoidec
tomy versus tubes, and 3) outcome measured in terms
of otoscopic clearance, tympanometry, and audiometry.
Articles randomizing children to receive bilateral myrin
gotomies (without ventilation tubes ) were excluded.
Articles focusing on children with recurrent acute otitis
media were also excluded. The bibliographies of the
articles that met these inclusion criteria were manuall y
checked to ensure no further relevant articles could be
identified. This process yielded two unique RCTs, Maw
(1993) [1] and Bulman (1984) [2], which are discussed
in detail below.

RESULTS

Outcome Measures. The diagnosis of OME is often
made by pneumatic otoscopy (presence of effusion in the
absence of signs of acute inflammation), with tympa
nometry and reflectometry used as adjuncts. Outcome
measures for the Maw study [1J included otoscopic
clearance rate, or the percentage of ears with otoscopic
clearance of fluid, the percentage of ears with tympa
nometry peak conversion , and the mean audiometric
hearing threshold. Bulman [2J used only audiometry.

Potential Confounders. Both studies were randomized,
a process that theoretically can distribute potential con
founders equally between compared groups. To ensure
that the groups receiving adenoidectomy and tubes were
similar across other factors, Maw [1] analyzed the effec
tiveness of randomization and reported no significant
differences in the seasonal time of year enrolled, age, sex,
and postnasal space airway measured on lateral radio
graph . Bulman [2J did not report on any potential pre
treatment differences between the two groups. Medical
management during the study could also have influenced

the outcome. If, however, medicine was given equitably
to both groups and if there was no interaction between
the medicine and intervention, the effect of the medica
tion would be nondifferential between the two groups.
Maw did not report whether or not medicine was given
during the study [1]. Bulman's protocol did not include
medical management [2]. There was no report of unmea
sured confounders such as the accuracy of caretakers'
reporting in either study.

Study Designs. Both studies were RCTs (level 1) which
compared adenoidectomy alone to tubes alone. The
Maw study [1] had stricter inclusion criteria and a longer
follow-up time of 12 years compared with the Bulman
study [2], with a follow-up time of 2 years. Neither study
could be double blinded because both interventions were
surgical. Masking of investigators and examiners during
the collection of outcome measures was not done in
either study. A priori calculations of power were not
reported, so it is difficult to put their results and sample
sizes in perspective. Such power calculations are espe
cially important when nonsignificant differences are
found between group s. The Maw study did not report an
attrition rate.

Highest Level of Evidence. The only significant finding
was an improvement in average audiometry values
immediately postoperatively in the tubes versus the ade
noidectomy group in the Bulman study [2J. This audio
metric benefit of tubes disappeared over time. Although
the Maw study did not yield statistically significantly dif
ferent results, it suggested a trend toward a benefit with
adenoidectomy. More specifically, Maw conducted a
survival analysis to look at the time until resolution of
OME after adenoidectomy versus tubes [I J. The relative
hazard of otoscopic clearance was 1.14 (95% confidence
interval 0.8-1.62) suggesting an estimated 14% increase
in otoscopic clearance for children receiving adenoidec
tomy compared with patients receiving tubes. The rela
tive hazard was not significant (p =0.5). With only two
studies of unspecified power using different outcome
measures suggesting different results, conclusions must
be drawn cautiousl y.

Applicability. The results of these studies may be appli
cable to children 4-9 years old with a diagnosis of OME.
However, given the exclusion of severe OME cases, and
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high attrition rates, these two studies may not be repre
sentative of the entire span of the general pediatric pop
ulation with OME.

Morbidity/Complications. Neither study reported the
incidence of morbidity or complications.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Based on the available data, there were no clinically sig
nificant differences in OME outcomes after adenoidec-

tomy or tubes. More studies with sample sizes based on
clear power calculations and with masking of investiga
tors are needed to confirm these results. At this time, it
is difficult to definitively conclude that there is equal
benefit from adenoidectomies and tubes based on the
above studies. Should this conclusion be true, the clinical
implications are great.

Further research would be needed to determine dif
ferences in morbidity, complications, comfort, and cost
between the two interventions. Although there is no dif
ference in the resolution, improvement, and audiometry
between adenoidectomy and tubes, differences in other
factors may highlight an overall better method. Addi
tional studies should measure cost, quality of life, and
morbidity outcomes in addition to clinical outcomes.
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Reference

Level (design)

Sample size'

Maw, 1993

I (randomized controlled trial )

R ( 167) with otoscopy data
R ( 164) with tympanometry and audiometry data

59 (213)t

Outcome measure

Adenoidectomy

Tube only

p Value

Otoscopic clearance

Hazard ratio (adenoidectomy
vs no surgery) = 1.14,95% CI
0.8-1 .62

Hazard ratio (reference gro up)
= I

Log rank test of equa lity
p = 0.25

OUTCOMES

Tympanometry peak
conversion

R

NR

Log rank p = 0.21

Mean hearing threshold (dBs)

I y: 12.5
4 y: 16.9
10 y: 18.4

1 y: 13.1
4 y: 14.1
10 y: 16.0

NR

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Adenoidectomy details

Diagnostic criteria for
OME

Management of OME/
RAOM while in study

Compliance

Criteria for withdrawal
from study

Intention to treat
analysis

Power

Morbidity/
complications

There was no significant difference overall between adenoidectomy only and ventilation tubes alone

12 Y
STUDY DESIGN

Bilateral middle ear effusions on 3 occasions during a 3-mo period, audiometric hearing losses in excess
of 25 dB at 2 or more frequencies in each ear

Type A tympanogram

Similar in seasonal time of year, age, sex, and postnasal space airway measured on lateral radiograph

2-9 Y

one

R

Pneumat ic otoscopy an d excess of 25-d B hearing loss at one or more frequencies

NR

R

Children whose ears contained fluid at final assessment or at last assessment befo re lost to follow-up,
children who developed severe obstructive symptoms from enlargement of adenoids or tonsi ls, children
who required additional surgery in unoperated ear, severe problems in ope rated ear, moved or poor
attendance

otdone

ot done

R

R = not reported, SD = standard deviation , CI = confidence interval , S = not significant, preop = preoperative, postop = postoperative,
OM E = otiti s media with effusion (vs RAOM = recurrent acute otitis media-s-don't include if inclusion criteria was just RAOM).
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t (Assessment of first 150 cases showed that tonsillectomy had no additional benefit compared with adenoidectomy alone. Children were no longer
randomized to adenotonsillcctomy group. For the analysis, children who received adenotonsillectomy were grouped with those receiving
adenoidectomy alone) .
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Reference

Level (design)

Sample size'

Outcome measure

Adenoidectomy

Tube only

p Value

Co nclus io n

Follow-up time

Inclusion crit eria

Exclus ion criteria

Randomization

effectiveness

Age

Masking

Adenoidectomy details

Diagnostic criteria for

OME

Management of OMEI
RAOM whil e in study

Com pliance

Criteria for withdrawal

from study

Int ention to treat

analysis

Power

Morbidityl

complications

Bulman, 1984

1 (random ized controlled trial)

14 (30)

OUTCOMES

Pure ton e aud iome try

Average audiometric value (SO):

preop: lOA (3.9)
postop: 10.1 (404)
3 mo: 6.6 (3.2)
6 mo: 7.0 (4.8)

Average audiometric value (SO) :

preop: 12.1 (3.8)
postop: 5.\ (4.0)
3 mo: 604 (3.2)
6 mo: 7.9 (4.9)

preop: 5
po stop: p < 0.05
3 mo: NS

6mo: NS

Tubes sign ificantly improved the average audiometric value compared with adenoidectomies immediately

postoperation. Th ere was no significant difference between the 2 gro ups 3 mo post op eration

2y

STUDY DESIGN

Hearing loss seco ndary to glue ear

Recurrent earache, recurrent febrile illne ss, sym ptoms of nasal ob struction

R

4-9 Y

None

NR

NR

o medical management

NR

Further surgical treatment

R

R

R

R = not report ed, SD = standa rd deviation . CI = confidence interval, S = not significant, preop = preoperative, postop = postoperat ive,
OME = otitis media with effusion (vs MOM = recurrent acute otiti s media.
• Sample size: numbers shown for those not lost 10 follow-up and those (initially recruit ed).
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7 Pediatric Otitis Media with Effusion
7.E.
Adenoidectomy with tube placement versus tubes alone: Impact on resolution,
improvement, and audiometry

Grace Chan, Jennifer J. Shin, and Margaret Kenna

METHODS

A computerized PubMed search ofMEDLINE 1966-July
2006 was performed. The medical subject headings "ade
noidectomy" and "adenoids" were exploded and cross
referenced with those obtained by exploding the medical
subject heading "otitis media with effusion."This search
strategy yielded 255 trials, of which 30 were randomized
controlled trials (RCTs) . These articles were reviewed to
identify those that met the following inclusion criteria:
1) patient population <18 years old with otitis media
with effusion (OME), 2) intervention with adenoidec
tomy with tubes versus tubes alone, and 3) outcome
measured in terms of otoscopic clearance, tympanome
try, and audiometry. Articles randomizing children to
receive bilateral myringotomies (without ventilation
tubes) were excluded. The bibliographies of the articles
meeting the inclusion criteria were manually checked to
ensure no further relevant articles could be identified.
This process yielded four articles. Gates (1987) [1] and
Gates (1989) [2] reported results from the same study.
The three unique RCTs, Maw (1993) [3], Gates (1987,
1989) [1,2] , and Black (1986) [4], are discussed in detail
below.

RESULTS

Outcome Measures. Each study used different outcome
measures to assess the improvement of OME. The study
by Maw [3] measured otoscopic clearance, tympanom
etry changes, and mean audiometric hearing thresholds .
The second trial (Gates) [1, 2] measured time with
effusion, time with abnormal hearing, time to first
recurrence of effusion, and the number of surgical re
treatments needed. The Black [4] study measured mean
hearing threshold, tympanometry changes, and parental
opinion.

Potential Confounders. Studies were all RCTs which
should theoretically distribute confounding variables
equally between the two groups. All studies discussed
randomization effectiveness and found no significant
differences between potential confounders, except the
study by Black,which had a disproportionate number of
males to females in the nonadenoidectomy group [4].
The study by Gates examined an extensivelist of possible
confounders , including ethnicity, sex, age, prior treat-
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ment with tubes, family income, laterality of effusion at
surgery, referral source, and father's education [1, 2].
The study also detailed a course of medical management
for patients during the study. The other two studies did
not comment on the use of medications [3,4]. Unmea
sured confounders, such as the accuracy of caretakers'
reporting, were not discussed in any study.

Study Designs. All three studies were RCTs comparing
results after adenoidectomy with tubes versus tubes
alone. Two studies attempted to address potential expec
tation biases through the use of masking. Although the
surgeons, patients, and their parents were aware of the
intervention received, both Gates and Black blinded
the examiners to the type of surgery performed to avoid
investigator bias [1,2,4] . The Maw study did not report
any masking, and so differential results should be con
sidered with more caution. Two studies also attempted
to account for any biases that might be introduced by
patients who were lost to follow-up. The Black study
identified reasons for discontinuation such as missed
appointments or the need for further surgery [4]. Gates
analyzed differences between those who dropped out
and those who continued in the study and found no dif
ferences in the demographic characteristics, distribution,
and rate of discontinuation between the two treatment
groups. The authors concluded that there was no asso
ciation between treatment group and loss to follow-up
[1,2]. Such an analysis assures the reader that the results
have not been skewed because a particularly affected or
unaffected group of subjects did not complete the study.
The Maw study did not present the attrition rate. The
Black study reported a power analysis to determine the
sample size needed in order to achieve a significant dif
ference between treatment groups. The study attained
statistical significance in three of four outcomes without
reaching the predetermined sample size. The other
studies did not include an a priori power analysis, but
they identified a significant difference between groups in
at least one parameter. Follow-up times ranged from 1
to 12 years.

Highest Level of Evidence. All three studies found ade
noidectomy with tubes to have statistically significant
benefits compared with tubes alone with respect to OME.
Maw reported improvements in the time to otoscopic
clearance and tympanometric change in a survival



analysis. There was an estimated 218% increase in oto
scopic clearance (hazard ratio = 2.18, 950/0 confidence
interval 1.53-3.10) for children receiving adenoidectomy
with tubes versus children with tubes alone. The two
survival curves for tympanometry peak conversion were
statistically different (log rank test p = 0.0002) [3]. Gates
reported a decrease in the mean number of visits by 26%,
decrease in time with abnormal hearing in worse ear by
260/0, and a decrease in number of surgical re-treatments
by 53%, for children with adenoidectomy with tubes
versus tubes alone [1, 2]. Black reported better hearing
levels and tympanometry but only at 6 weeks of follow
up; otherwise there was no difference between groups
[4].

Applicability. Based on the inclusion and exclusion cri
teria for these studies, the results can be applied to chil
dren with a diagnosis of OME between 4-9 years old,
with no history of operations involving their tonsils,
adenoids, or ears. Maw [1] included children 2-9 years
old, but because the Gates study began at age 4, there was
not enough data to include children between the ages of
2-4.

Morbidity/Complications. None of the studies reported
the incidence of morbidity or complications.
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CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is level 1 evidence showing that surgical interven
tion with both adenoidectomy and tubes improves OME
outcomes compared with tubes only. These studies, par
ticularly the Gates and Black studies, were well designed
and accounted for those who were lost to follow-up and
expectation biases (researchers' and evaluators' knowl
edge of the randomization groups influencing the inter
pretation of data). The Blackstudy only found significant
beneficial results at 6 weeks follow-up, however the
sample size in Black's study was relatively smaller than
the other studies, limiting its power.

Future studies should investigate the benefits versus
the risks of conducting adenoidectomy with tubes rather
than tubes only. Significant improvements in adenoid
ectomy with tubes would only be valid if its associated
morbidity and complications are minimal compared
with that of tubes alone. Additional studies are needed
to measure morbidity outcomes in addition to outcomes
of efficacy.



THE EVIDENCE CONDENSED: Adenoidectomy plustubes versus tubes alone for otitis media with effusion

Reference

Level (design)

Sample size"

Maw, 1993

I (randomized controlled trial)

R (179) with otoscopy data
R (157) with tympanometry and audiometry data

59 (213)t

OUTCOMES

Outcome measure

Adenoidectomy +
tubes

Tubes alone

p Value

Otoscopic clearance

Hazard ratio (adenoidectomy
+ tubes vs tubes alone ) = 2.18,
95% CI 1.53-3.10

Hazard ratio
(reference group) = I

Log rank test p = 0.000 I

Tympanometry peak conversion

R

R

Log rank test p = 0.0002

Mean hearing threshold (dB)

I y: 14.12
4 y: 15.53
lOy: 18.10

I y: 13.1
4 y: 14.1
lOy: 16.0

NR

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Adenoidectomy
details

Diagnostic criteria
for OME

Management of
OME/RAOM
while in study

Compliance

Criteria for
withdrawal from
study

Intention to treat
analysis

Power

Morbidity/
complications

Statistically significant improvements in otoscopic clearance and tympanometric change with
adenoidectomy and tubes vs tubes alone

12 Y

STUDY DESIGN

Bilateral middle ear effusions on 3 occasions during a 3-mo period, audiometric hearing losses in excess of
25 dB at 2 or more frequencies in each ear

Type A tympanogram

Similar seasonal time of year, age, sex, and postnasal space airway measured on lateral radiograph

2-9 Y

None

NR

Pneumatic otoscopy and excess of 25-dB hearing loss at one or more frequencies

NR

R

Children whose ears contained fluid at final assessment or at last assessment before lost to follow-up, children
who developed severe obstructive symptoms from enlargement of adenoids or tonsil s, children who required
additional surgery in unoperated ear, severe problems in operated ear, moved or poor attendance

R

R

R

OME = otitis media with effusion (vs RAOM = recurrent acute otitis media-don't include if inclusion criteria was just RAOM), CI = confidence
interval, NS = not significant , NR = not reported, preop = preoperative, postop = postoperative.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Days to first recurrence (med ± SD).
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THE EVIDENCE CONDENSED: Adenoidectomy plus tubes versus tubes alone for otitis media with effusion

Referen ce

Level (design)

Sample size"

Ga tes, 1987/G at es, 1989

I (randomized controlled trial )

208 (300)

OUTCOMES

Outcome measure

Adenoidectomy +
tub es

Tube onl y

Time with effusiont

0.258 ± 0.212

0.349 ± 0.235

Time with abnormal
hearing ~20 dBt

Better ear 0.065 ± 0.116
Worse ear 0.224 ± 0.221

Better ear: 0.101 ± 0.141
Worse ear: 0.304 ±
0.227

Time to first recurrence
of effusiont

240 ± 22

222 ± II

No. of surgical
re-treatrnents

17

36

p Value

Co nclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Adeno idectomy
details

Diagnostic criteria
for OME

Management of
OME/RAOM
while in study

Compliance

Criteria for
withdrawal from
study

Intention to treat
analysis

Power

Morbidit yl
complications

p =0.0097 Better ear: P =0.1628 P =0.2314 P =0.007
(no difference)
Worse ear: P = 0.0093
(significant
improvement )

Time spent with chronic effusion, time with hearing loss in worse ear, and number of surgical re-treatrnents
was significantly reduced in those receiving adenoidectomy with tubes versus tubes alone

2 Y(18 visits)

STUDY DESIGN

Presence of chronic effusion based on pneumatoscopic and tympanometric find ings. Positive fluid score was
given to any ear with "abnormal" pn eumatoscopic result s (hypornobile, immobile, or air-fluid level) or the
combination of "indeterminate" otoscopic results (ret racted tympanic membrane wit h good outward
mobility) and tympanogram type s 6, 9, 13, 14, 15

History of tonsil or adenoid operations, tympanostomy tube placement (within 2 y), cleft palate, major
chronic illness, tho se requiring daily medication, other otologic diagnoses or those with advanced or
irreversible structural changes of the tympanum, surgical contraindications

Comparable across groups of ethnicity, sex, age, prior treatment with tubes, 36 other selected variables

4-8 Y

Examiners and investigators blinded

Curettage

Pneumatoscopic and tympanometric findings

10-d course of fixed combination erythromycin eth yl succinate and sulfisoxazole, 30-d course of decongestant
pseudoephedrine hydrochloride

6% refused operation
15% lost to follow-up

Clea red effusion before operation

Results reported with patient's data ascribed to assigned treatment group, not by treatment received

NR

R

OME = otitis media with effusion (vs RAOM = recurrent acute otitis media-don't include if inclusion criteria was just RAOM), CI = confidence
interval, NS = not significant, NR= not reported, preop = preoperative, postop = postoperative.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Days to first recurrence (rned ± SD).*Time = mean no. of visits ± SD.
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THE EVIDENCE CONDENSED: Adenoidectomy plus tubes versus tubes alone for otitis media with effusion

Reference

Level (design)

Sample size '

Black,1986

1 (randomized controlled trial)

88 ( 100)

OUTCOMES

Outcome Measure

Adenoidectomy +
tubes

Tube only

p Value

Mean hearing level (SE) (dBs)

Preop: 27.9 ( 1.04)
6wk: 19.0 ( 1.0 1)
6 mo: 19.8 ( 1.24)
1 y: 21.9 ( 1.25)

Preop : 29.1 ( 1.14)
6 wk: 23.0 (1.29)
6 mo: 22.2 ( 1.23)
1 y: 22.6 ( 1.38)

Preop: NS
6 wk: p < 0.05
6mo: S
1y: S

Impedance tympanometry
% with abnormal tympanometry

Preop: 89%
6wk: 54%

Preop: 81%
6wk: 84%

Preop: NS
6 wk: p < 0.05
6mo: NS
I y: S

Parental opinion
% parent s with unfavorable opinion

Preop: 100%
6wk: 22%
6 mo: 21%

Preop: 100%
6wk: 34%
6 mo: 42%

Preop: NS
6wk: S
6 mo: p < 0.05
1 y: S

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Adenoi dectomy
deta ils

Diagnostic criteria
for OM E

Management of
OME/RAOM
while in study

Compliance

Criteria for
withdrawa l from
study

Intention to treat
ana lysis

Power

Morbidityl
Complications

There were significantly better hearing levels and tympanometry with adenoidectomy with tub es. but onl y at
6 wk follow-up. Otherwise there was no difference between groups

1Y

STUDY DESIGN

Chi ldren admitted for surgery for bilatera l glue ear (sero us and secre tory otitis media); OME

Children who previously underwent operations involving either their tonsils. adenoids. or ears; those with
sensorineural deafness; and those additional conditions for surgery other than glue ear

Similar age, social class, preoperative histories. Different distribution by sex: adenoidectomy equal number of
males and females, nonadenoidectomy 2:1 ma le to female ratio

4-9 Y

Examiners blin ded

NR

R

R

12% lost to follow-up

Children who had or were awaiting further surgery for glue ear

R

95% power for final study with 200 children. Power for current study not reported

R

OM E =otitis media with effusion (vs RAOM =recurrent acute otitis media), CI =confidence interval, S =not significant. R=not reported. preop
= preoperative. postop = postoperative.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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8 Pediatric Sinusitis

Antibiotics/conservative treatment versus control for pediatric nonacute sinusitis:
Impact on post-treatment clinical examination and imaging results

Manali Amin and Mark Volk

METHODS

A computerized PubMed search of MEDLINE 1966
January 2006 was performed. Articles map ping to the
exploded medical subject heading or keyword "sinusitis"
were cross-referenced with those mapping to the text
words (all fields) "chronic;' "recurrent:' or "persistent."
The resulting articles were then cross-referenced with
those mapp ing to the medical subject headings "anti 
bacterial agents:' "clindamycin," "fluoroquinolones,"
"macrolides," or "lactams ,"as well as the medical subject
headings "child," "infant," "adolescent" or the text word
"pediatric." This search process yielded 208 articles.
These articles were then reviewed to identify those that
met the following inclusion criteria : 1) pediatric patient
population between ages 0 and 18 years old with non 
acute sinusitis, 2) prospective intervention with antibi 
otic versus placebo, 3) outcome measured in terms of
patient history, examination findings and/o r X-ray
examination. Articles were excluded if they focused on
adults or patients with cystic fibrosis and other systemic
diseases. This method yielded four articles. The bibliog
raphies of the articles that met these inclusion criteria
were man ually checked to ensure no furt her relevant
articles could be identified. This process yielded no addi
tional articles.

RESULTS

Outcome Measures. None of these investigations uti
lized a reproducible, objective set of diagnostic criteria
for evaluating chronic rhinosinusitis. However, no such
widely accepted standardized measurement currently
exists. All studies measured outcomes using interval
history and physical examinations. Plain sinus radio 
graphs were used in three [1-3]. Otten 1994 used cul
tures and Dohlman used nasal smears to help assess
patient outcomes . One study [4] included asthma symp 
toms and pulmonary function testing before and after
treatment.

There were a number of problems with these variou s
measurements. The history and physical examination
criteria were not standardized; they were subjective and
differed between studies . Additionally, the established
reliability of using plain sinus films in diagnosing sinus
disease in children is lacking. Similarly, the use of nasal

cultures and nasal smears has not been correlated with
chronic sinus disease in children.

Potential Confounders. The Otten 1994 study utilized
four different otolaryngology practices. There was no
control for the multiple examiners involved. The Tsao
study was not blinded and therefore subject to potential
bias in terms of whether a patient reported improve
ment. However, as objective measures (FEVl and PC20)

were also used to study outcome, the potential bias in
overall outcome was limited. Although subjects in this
study were not randomized, a subject's assignment to a
particular group was sequential based on their time of
presentation. Therefore , clinical severity of disease would
not be expected to be significantly different among the
two study group s and the one asthmatic control group.

Study Designs. Three of the studies were randomized,
double-blinded, control trials (level 1) [1- 3]. Efficacy of
randomization was demonstrated in two of the studies
with respect to the age, sex, and clinical disease as deter
mined by symptoms [1] or radiographs [3]. The third
study did not comment on the effectiveness of random
ization . The follow-up time in these three studies was at
minimum 3 weeks and up to 26 weeks after initiation of
treatment. In each study, the follow-up visit corre
sponded to the length of treatment and was appropria te
for determining whether treatment was effective.

The fourth study [4] to analyze the effectiveness of
antibiotics and conservative measures in the treatment
of nonac ute sinusitis was an open -label study and did not
have randomization (level 2). Patients were sequentially
assigned to one treatment group or another depending
on their time of presentation to the clinic. Follow-up in
this study was at 6 and 12 weeks which corresponded to
the midpoint and end of the study. Neither patients nor
the investigator were blinded to the treatment which
could potentially introduce bias as stated in the previous
section.

Highest Level of Evidence. The three level 1 studies all
demonstrated that antibiotics were no more effective in
the treatment of pediatric nonacute rhino sinusitis than
placebo. A negative result, however, must be viewed in
the context of the power of the study (i.e., the likelihood
that it has the statistical strength to demonstrate a differ
ence if a difference truly exists). The first study reported
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that it had 80% power to determine a 250/0-30% differ
ence between groups, whereas the other two randomized
controlled trials (RCTs) did not comment on their
power. To establish a study with 900/0 power to deter
mine a 100/0 difference between groups, more than 300
patients would be required for each group. Thus, the
negative results of the three RCTsmust be considered in
the context of the potential statistical power of these
studies. If the results after 6 weeks for the Dohlman and
Otten 1994 study are pooled, then there are 171 total
patients. Meta-analysis and comparison between studies
is also limited because of the different diagnostic criteria
used in the studies. The variation in length of total anti
biotic therapy in these studies also made direct com
parison between them imperfect. Otten 1994 treated
subjects for 1 week whereas Otten 1997 used 10 days of
therapy and the other two studies treated their rhinosi
nusitis patients for 6 weeks with antibiotics. One study
[3] suggested that patients whose cultures were positive
for Branhamella catarrhalis may have some improve
ment from antibiotic therapy, but they were unable to
demonstrate this definitively with their sample size.

Finally, the one level 2 study in this group [4] was
able to demonstrate improvement of chronic rhinosinus
itis symptoms with antibiotic therapy. However,as previ
ously mentioned, because patients were aware of their
treatment, the improvement in symptoms must be inter
preted with caution. This study was able to objectively
demonstrate improvement in bronchial hyperreactivity
(PC20) with the use of antibiotic treatment and, therefore,
should be considered in the treatment of asthmatic
patients with chronic rhinosinusitis.

~pplicability. All but one of the studies (Dohlman)
I~clu?:d treatment of patients with signs/symptoms of
smusrtis for >3 months (chronic). The Dohlman study
treated patients who had subacute sinusitis (>3 weeks
but <3 months). In addition, patients in all four studies

had sinus radiographs consistent with sinus disease. The
exact characterization of the radiographs varied from
~tudy ~o study limiting its applicability. The Tsao study
IS apphcable to asthmatic pediatric patients with chronic
rhinosinusitis.

Morbidity/Complications. Only one of the studies
~ep~rted morbidity [1]. One subject of 25 taking amox
lcilhn. ~e:eloped a ~ash, two of 26 individuals taking
amoxicillin/c~avulanlc acid had gastrointestinal upset,
and one subject of 26 had difficulty with swallowing
trimethoprim/sulfamethoxazole.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

Of the four studies, only one study [4] was able to dem
onstrate an objective improvement in treating chronic
rhinosinusitis with antimicrobials. Their results showed
that asthmatic patients with chronic rhinosinusitis have
a decrease in bronchial hyperreactivity with the use of
intranasal saline irrigations and antibiotics. The recom
mended treatment regimen from this open-label cross
over trial was intranasal saline irrigations weekly for 6
weeks combined with amoxicillin/clavulanate at 40 mg/
kg/day for 6 weeks. There were also three RCTs that
demonstrated no difference between antibiotic and
placebo groups, but statistical power was limited and
differences between study designs and outcome mea
surements makes pooling of data difficult.

Future research studies focusing on the treatment of
chronic rhinosinusitis with conservative therapy (antibi
otics, topical decongestants, and saline) would be made
mo~e me~ningfu! by first determining objective, repro
ducible diagnostic and outcome measures. In addition,
repeated use of established outcome measures would
allow for eventual meta-analysis of large enough sample
sizesto either definitivelycorroborate the negative results
seen in the initial three RCTs or to garner enough power
to uncover any differences resulting from antibiotic
versus placebo therapy that may truly exist.



THE EVIDENCE CONDENSED: Antibiotics/conservative treatment versus control for pediatric nonacute sinusitis

Referen ce

Level (design)

Sample size'

Do hlman, 1993

I (random ized controlled trial )

96 (123)

OUTCOMES

Intervention

Outcome measures

Arnox icillin, ACP, or TMP/SMX

Nasal discharge, purulent secretions, congestion, mu cosal erythema, cough, wheeze, PFT (0: absent, I : mild,
2: moderate, 3: severe )
Nasal smears (evaluated for eosinophils and polymorphonuclears)
Water's view m ucosal thickness <6 mm

Results with abx After 6 wk of treatment (responders) :
Amoxicillin 72% (18/25 ), ACP 73% (19/26), TMP/SMX 69% (18/26), all abx 71% (55/77)

Results of control Placebo 63% (I21I9)

Measure of
statistical
sign ificance

Add ition al results

p = not significant

Of responders (55 abx, 12 placebo), 58 (87%) responded in 3 wk; 9 more improved after 6 wk
No predictor (age, sex, atopy, pretreatment clinical severity) of response
PMNs on nasa l smear did not correlate wit h treatment success in either group

Conclusions

Follow-up time

Antimicrobials were no more effective than placebo in treatment of CRS

Day 5, 10 (phone call ); day 5 (nasal smear); 3 wk (visit)

Power 80% to detect a 25- 30% difference with alpha = 0.05

Inclu sion criteria

STUDY DESIGN

I ) Symptoms >3 wk but less than 3 mo
2) Radiographic evidence of sinusitis

Exclusion criteria Fever; abx in prior 2 wk; systemic disease; adverse reactions to any of the drugs used in the study

I ) All: oral decongestant, nasa l spray
2) Randomization to 3 wk of: group A: amox; group B: ACP; group C: TMP/SMX; group 0: placebo
3) If sinusitis resolved after 3 wk, study drug was terminated. If partial resolution, study drug was continued

for another 3 wk
Patients and physicia ns were blinded to trea tment assignment

Not mea su red

No significant difference by age, sex, atopy, pretreatment clin ical severity

Ages 2-16 y, 33 fema le and 63 male

Amox: rash ( 1), ACP: gastrointestinal upset (2) , TMP/SMX : unable to swallow pill ( I) , placebo: vomiting ( I)

Co mpliance

Randomization
effectiveness

Morbidity/
complications

Abx =antibiotics,ACP =amoxicillin/clavulanate potassium, 8. catarrhalis =Branham ella catarrhalis , CMS =chronic maxillary sinusitis, PFT =
pulmonary function test, TMP/SMX =trimethoprim-sulfamethoxazole, 1& 0 =incision and drainage, CRS =chronic rhinosinusitis.
• Samplesize: numbers shown for those not lost to follow-up and those (initially recruited).

Patient
characteristics

Study regimens
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THE EVIDENCE CONDENSED: Antibiotics/conservative treatment versus control for pediatric nonacute sinusitis

Referen ce

Level (design)

Sample size'

Otten , 1997

I (randomized controlled trial)

141 ( R)

OUTCOMES

Intervention Topical xylometazoline, amoxicillin, and/or I&D of maxillary sinus

Outcome mea sures Repeat examinations and sinus X-ra ys

Results withabx

Results of control

Results not reported separately. The reported percentages were for all pati ent s combined
Persistent purulent rhinorrhea: 60% at 2, 6, 12, and 26 wk

• Persistent sinusitis: 4 I% 6 wk; 31% 12 wk

Measure of
statistical
significance

Additional results

Conclusio ns

Follow-up time

Power

No p values given. No statistically significant difference between the 4 treatment groups

• Of the 42 with persistent symptoms at 12 wk, 26/42 followed up on average 6 y, 3 mo
• Age at follow-up 9-14 y
Onl y 2/26 still had sinusitis; 24/26 asymptomatic, normal examination and X-rays

o adenoid enlargement in this group
Chronic Sx resolved-average age 7 y

Medical treatment no more effect ive than placebo in treatment of CRS; CRS is self-limiting, resolution -7 y

Repeat examinatio ns: 2, 6, 12, and 26 wk
Repeat sinus X-rays: 6 and 26 wk

ot reported

STUDY DESIGN

Inclusion criteria Diagnosis of CMS: purulent nasal infection ;0:3 mo; exam inatio n of purulent rh init is; sinus X-ray with
abnormalities

Exclusion criteria

Patient
characteristics

No evidence of adenoid hypertrophy
No po lyposis

ages 3-7 y

ot reported

Randomization to one of four groups:
I ) Placebo (nasal saline)
2) Xylometazoline nasal drops, amoxicillin
3) I&D of maxillary sinus
4) Combination of regimens 2 and 3

ot reported

ot reported

Compliance

Randomization
effectiveness

Morbidity/
complications

Abx =antibiotics, ACP =amoxicillin/c1avulanate potassium. B, catarrhalis =Branham ella catarrhalis, CMS =chronic maxillary sinusitis, PFT =
pulmonary function test, TMP/SMX =trimethoprirn-sulfamethoxazole. I&D =incision and drainage. CRS =chronic rhinosinusitis.
, Sample size: numbers shown for those not lost to follow-up and those (initially recruited).

Study regimens
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THE EVIDENCE CONDENSED: Antibiotics/conservative treatment versus control for pediatric nonacute sinusitis

Reference

Level (design)

Sample size'

Intervention

Outcome measures

Results with abx

Results of control

Measure of
statistical
significance

Additional results

Conclusions

Follow-up time

Power

Inclusion criteria

Exclusion criteria

Patient
characteristics

Study regimens

Compliance

Randomization
effectiveness

Otten, 1994

I (randomized controlled trial)

75 (79)

OUTCOMES

Aspiration of sinus contents; cefaclor

Examination, cultures, and radiograph:
Group I: bilateral complete opacity
Group II: bilateral mucosal swelling
Group III: unilateral mucosal swelling with unilateral sinus opacity
Group IV: unilateral opacity

6 wk: 64.8% (24137) resolved by symptoms/examination; if + for B. catarrhalis, 53.8% (711 3) resolved
12 wk: 86% (32/37) resolved

6 wk: 52.5% (20/38) resolved by symptoms/examination; if + for B. catarrhalis, 35.7% (511 4) resolved
12 wk: 89% (34/38) resolved

6 wk: p = 0.28 (by symptoms/examination)
6 wk: if + for B. catarrhalis, p < 0.3
12 wk: p value not reported

6 wk: group I and control: 50% (21/42) resolved; groups II-IV: 66.6% (22/33) resolved; p = 0.08
12 wk: of the 9 patients who failed, 8 were originally in group I. In group I, 19% (8/42) failed treatment vs 3%
( 1/33 ) in all other groups

No difference between cefaclor and placebo

6 wk and 12 wk

ot reported

STUDY DESIGN

Purulent rhinitis ;?:3 mo
Pus in middle meatus on examination
Sinus film with opacity or swelling

Allergy to cephalosporins, anatomical lesion of the ear/nose/throat, abx in prior 3 wk, systemic disease

ages 2-12 y, 39 boys and 36 girls

All patients underwent aspiration of sinus contents or antral washout followed by culturing of contents and
antroscopy. Randomized to two groups:
I) Cefaclor 20 mg/kg/d divided in 3 equal doses xi wk
2) Placebo x i wk

ot measured

o significant difference by sex

ot reportedMorbidity/
complications

Abx =antibiotics, ACP =amoxicillinlclavulanatc potassium, B. co/arrha/is =Branhamella catarrhalis, CMS =chronic maxillary sinusitis, PFT =
pulmonary function test, TMP /SMX =trimcthoprim-sulfamethoxazolc, I&D =incision and drainage, CRS =chronic rhinosinusitis.
, Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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THE EVIDENCE CONDENSED: Antibiotics/conservative treatment versus control for pediatric nonacute sinusitis

Reference

Level (design)

Sample size'

Intervention

Outcome measures

Tsao,2003

2 (prospective, open -label crossover)

71 (NR)

OUTCOMES

NSI,ACP

Headache, mucopurulent rhinorrhea, PND, congestion, sore throa t, nocturnal cough, PFTs (FEV"
PC20 )

Gro up A: ACP/NSI x6 wk then NSI x6 wk
Group B: SI x6 wk then ACP/NSI x6 wk

Results: crossover from
ACP/NSI to NSI or vice
versa

Group A: ACP/NSI x 6wk
then NSI X 6wk

Symptoms (baseline, 6 wk, 12 wk)
Headache A: 3, 0, 0;
Rhinor rhea A: 10, 0', 0;
PND A: 8,01,0;

Congestion A: 18,21,0;

Sore throat A: 8, 01
, 0;

Noc Cough A: 15,21,0;

Group B: NSI X 6wk
then ACP/NSI X 6wk

B: 5,2,0
B:8,4,0
B: 16,41,0
B: 18, 122, 41

B:8,4,0
B: 18, 122, 41

Results of nonsinusitis
controls

FEV,: (baseline, 6 wk, 12 wk)

PC20 : (baseline, after treatment)

FEVI (baseline, 12 wk):

A: 84.1 ± 6.4, 88.3 ± 10.2,
85.3 ± 8.0

A: 3.68 ± 0.52, 7.31 ± 0.983

Group C: NSI X 12wk
C: 84.3 ± 7.4, N/A, 86.7 ± 6.8

B: 84.6 ± 7.2, 83.2 ± 8.1,
84.3 ± 6.2

B: 3.11 ± 0.45, 7.00 ± 0.90·
(6 wk, B: unchanged at
3.72 ± 0.83)

Group 0: NSI X 12wk
D: 108.9 ± 2.1,106.0 ± 6.2

Measure of statist ical
significance

Conclusions

Follow-up time

Power

Inclusion criteria

Exclusion criteria

Patient characteristics

Study regimens

Compliance

Randomization effectiveness

Morbid itylco mplications

PC20 (baseline, 12 wk): C: 2.98 ± 0.43 unchanged D: unchanged (no value reported)

Signs/symptoms: Ip < 0.01, 2p < 0.05
FEVI : No significant difference (no p value)
PC20 : 3p < 0.00 I , "p = 0.00 I

Treatme nt of CRS with ant ibiotics in asthma tics improves signs/symptoms and decreases bronchial
hyperresponsiveness

6 and 12 wk

Not reported

STUDY DESIGN

Groups A, B, and C: mild asthma, perenn ial allergic rhin itis
Gro ups A and B also had CRS: persistent nasal obst ruct ion, headache, and PND for > 12 wk,
complete opac ification or fluid in maxillary and ethmoid on X-ray
Gro up D: healthy children used as controls

URI :51 mo prior (screen for RSV, adenov irus, parainfluenza, influenza)
Gro up D: asth ma, allergic rhinitis, chro nic sinus itis, medical problems

ages 7- 12 y, 47 male, 24 female

A: NSI weekly and ACP x6 wk; followed by: 6 wk of weekly NSI
B:6 wk of weekly NSI; followed by: NSI weekly and ACP x6 wk
C and D: weekly NSI xrzwk

ot reported

Not randomized

Not repo rted

ACP =arnoxici llin/c lavulanatc, FEV ,: forced exp iration of volume in I second (reported as percentage of predic ted), SI =intranasal saline
irrigations , PC20 =provocative concentra tion of methacholine causing a 20% decrease in FEV ,- mg/mL, PFT =pulmonary function tests,
P D = postnasal discharge, CRS = chronic rhinosinusitis, URI = upper respiratory infection, RSV = respiratory syncytia l virus.
• Sample size: numbers shown for those no t lost to follow-up and those (initially recruited).
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Adenoidectomy for pediatric chronic sinusitis refractory to antibiotic therapy:
Impact on patient-reported symptoms and clinical evaluation

Manali Amin and Mark Volk

METHODS

A computerized PubMed search of MEDLINE 1966
January 2006 was performed. Articles mapping to the
medical subject headings "adenoidectomy" or "ade
noids" or the medical subject headings "endoscopy;'
"surgery;' or "surgical procedures, operative" were cross
referenced with those mapping to the medical subject
heading or containing the text word "sinusitis:' The
resulting set of articles were then cross-referenced with
those mapping to the text words (all fields) "chronic;'
"recurrent;' or "persistent;' as well as the medical subject
headings "child;' "infant;' "adolescent" or the text word
"pediatric:' This search strategy yielded 408 studies.
These articles were then reviewed to identify those that
met the following inclusion criteria: 1) patient popula
tion with age 0-18 with chronic rhinosinusitis (CRS),
refractory to medical (antibiotic) management, 2) surgi
cal intervention with adenoidectomy, 3) outcomes
measured by patient-reported symptom resolution or
physician evaluations. Articles that were isolated anec
dotal case reports were excluded. The bibliographies of
the articles that met these inclusion criteria were manu
ally checked to ensure no further relevant articles could
be identified. This process yielded two retrospective
studies and two prospective studies [1--4] .

RESULTS

Outcome Measures. Outcomes were measured in three
of the four studies by comparing caregiver responses to
preoperative and postoperative questionnaires. Patient
symptoms, caregiver expectations, quality of life [1, 2, 4],
and any need for additional intervention [1, 2] were
evaluated. One study measured visits to the primary care
physician's office for upper respiratory tract symptoms
as the main parameter [3].

Potential Confounders. One potential confounder is the
severity of sinusitis at the outset of treatment. In the
Ramadan 2004 study, the adenoidectomy patients had a
lower Lund-Mackay score on computed tomography
scan than the other groups [2] they analyzed. This implies
that the patients in the adenoidectomy group may have
shown improvement more readily because they may
have had less-severe sinusitis. Ungkanont's study evalu
ated improvement in sinusitis episodes by recording the
number of visits to the pediatrician's office before and
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after surgery [3]. This methodology did not account for
the possibility that parents were seen for problems
outside the pediatrician's office.

Study Designs. These four studies attempted to evalu
ate the impact of adenoidectomy on children with CRS
who failed antibiotic therapy. Two of the studies were
retrospective, introducing the inherent potential for
selection bias which would affect not only the patients
who were included in the study, but also which patients
received surgical intervention. In both of the Ramadan
studies, the decision to have the patient undergo a surgi
cal procedure was made not by any prespecified objective
criteria but rather by surgeon/parent preference. Rosen
feld's study analyzed the subjects in a prospective but
serial manner. He took 41 consecutive patients and
treated all of them with an aggressive antibiotic regimen.
Those that failed antibiotic treatment went on to undergo
adenoidectomy. In this study design, each patient acted
as his/her own control in a realistic clinical situation in
which more aggressive therapies were used in the most
refractory patients [4].

The Ramadan and Rosenfeld papers went on to treat
the patients who failed to improve after adenoidectomy
with endoscopic sinus surgery (ESS). Because this section
deals only with adenoidectomy, only the adenoidectomy
results are shown in the table adjoining this review. The
entire data set with additional data and discussion about
ESS is presented in the associated review in this
chapter.

HighestLevelof Evidence. There were two prospective
and two retrospective studies addressing the impact of
adenoidectomy in children with chronic sinusitis refrac
tory to medical therapy. No study has evaluated the role
of adenoidectomy using a concurrent nonsurgical
control. Despite the absence of a randomized controlled
trial, these studies strongly suggest that adenoidectomy
is an appropriate treatment for pediatric patients who
fail to improve on antibiotic therapy. Control of symp
toms was achieved in 47%-77% of patients in three
studies, whereas a significant decrease in the number of
sinusitis infections per year was demonstrated in the
fourth study.

Applicability. All of the patients who underwent ade
noidectomy for their sinusitis had evidence of chronic
sinus disease for many months and had failed multiple



weeks of broad-spectrum antibiotic therapy. This study
largely excluded patients with systemic or syndromic
conditions. Adenoidectomy may not be as efficacious in
patients with cystic fibrosis, immunodeficiency, ciliary
dyskinesia, and craniofacial syndromes.

Morbidity/Complications. No complications of adenoid
ectomy were reported.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

There are two prospective studies and two retrospective
studies that suggest that otherwise healthy children with
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CRSwho fail to resolve with aggressiveantibiotic therapy
will benefit from adenoid removal. For these patients,
adenoidectomy provides a safe and at least moderately
effective means to treat refractory CRS. Further studies
to elucidate the best therapeutic modalities to optimize
outcomes for CRS are indicated. The first step in reach
ing this goal will entail development of objective, stan
dardized criteria for the grading of CRS in children.



THE EVIDENCE CONDENSED: Adenoidectomy for pediatric chronic rhinosinusitis

Reference

Level (design)

Sample size'

Intervention

Adenoidectomy

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Intervention
selection

Intervention
regimen details

Outcome
measurement

Age

Antibiotic use

Consecutive
patients?

Morbidity/
complications

Ramadan, 2004

2 (prospective comparative)

183 (202)

OUTCOM ES

Success rate

52% (n = 33/64)

Not reported

52% of patients refractory to medical management
improved after adenoidectomy

3 and 6 mo after surgery

STUDY DESIGN

2-13 Yold with: I ) sinusitis diagnosed by history,
physica l exam, and CT scan, 2) chronic sinusitis
no response after 26 wk of antibiotics + topical/oral
decongestants, 3) allergy evaluation and
management, 4) repeated CT scan documentation
of sinusitis after med ical therapy

Cystic fibrosis, immune deficiency,
immunosuppression, ciliary dyskinesia, fungal
sinusitis, revision ESS/adenoidectomy, craniofacial
abnormality, Down syndrome, developmental
delay, chronic tonsillitis

Selection based on parent/surgeon preference.
Adenoidectomy group was noted to have less
disease by CT scan (lower Lund -Mackay)

Standard adenoidectomy

Success was defined as: I) improvement of
symptoms on preoperative and postoperative
validated questionnaire, 2) no need for additional
surgery

2-13 y, mean age = 6.2 Y

All pat ients failed a 26-wk ant ibiotic regimen before
surgery. Antibiotic use after surgical intervention
not stated

No

No complication of adenoidectomy noted

Ramadan, 1999

4 (retrospective case series )

61 (69)

Success rate

47% (n = 14/30)

P =0.01

47% of patients refractory to medical management
improved after adenoidectomy

3, 6, 9, 12 mo after surgery

2-14 Yold with : I) sinusitis diagnosed by history,
physical exam, and CT scan, 2) no response after 24 wk
of antibiotics + topical/oral decongestan ts, 3) recurrent
sinusitis-6 or more episodes of sinusitis at least 3 wk
apart, 4) CT evidence of sinusitis after maximum
medical treatment, 5) if allergic, treatment for allergy
x6 mo

Cystic fibrosis, immune deficiency,
immunosuppression, ciliary dyskinesia, revision ESS/
adenoidectomy

Selection based on parent/surgeon preference

Standard adenoidectomy

Success was defined as: I ) improvement of symptoms
on preoperative and postoperative validated
questionnaire, 2) no need for additional surgery

2-14 Y

All patients failed 24-wk antibiotic regimen before
surgery. Antibiotic use after surgical intervention not
stated

No

None

CT =computed tomography, ESS =endoscopic sinus surgery,SRS =Sinusitis ResponseScore.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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THE EVIDENCE CONDENSED: Adenoidectomy for pediatric chronic rhinosinusitis

Referen ce

Level (design)

Sample size'

Rosenfeld,1995

2 (prospective comparative)

41 children: 15 treated with antibiotics alone (level I ), 8 treated with antibiotics and ade no idectomy (level 2)

OUTCOMES

Not reported Not reported

Adenoidectomy effective in treating patients who fail antibiotics

Intervention

Adenoidectomy

p Value

Conclusion

SRS score (early/ late)

86%/82%

All major symptoms better or cured (early/ late)

50%/75%

Follow-up time

Inclusion criteria

Exclusion criteria

Intervention
selection

Intervention
regimen details

Outcome
measurement

Age

Antibiotic use

Consecutive
patients?

Morbidity/
complications

Earlyllate (2- 3 mo/lo-12 mo after surgery)

STUDY DESIGN

I ) Sinusitis documented by plain X-ray o r CT scan (80% of patients had aCT; 65% of levels I and 2 and
100% of level 3,
2) At least 1 prior 3-wk course of a beta -Iactamase stable antibiotic,
3) 3 mo or more of clinical symptoms or 3 or more annual recurrences (sinusitis prone patients)

Obstructive sleep apnea, obstructive adenoid hyperplasia, cystic fibrosis

Patients with chronic rhi nosinusitis were treated with antibiotics. Those failing antibiotics were treated with
adenoidectomy

Stan dard ade noidectomy

SRS; this incorporates: I) caregiver expectations, 2) quality of life issues, 3) response of the 3 most
troublesome clinical symptoms to the final intervention
The SRS was calcu lated as a % of points earned relative to points attainable with regard to the above criteria

2-13 y, median 6 y

3 wk of therapeutic antibiotics were prescribed if a patient was symptomatic. This was done in addition to a
3-wk course of antibiotics which all patients received
Prophylactic antibiotics were prescri bed if a patient was asymptomatic. The antibiotic was administered at half
the usua l daily dosage for ~2 mo

Yes

Surgical morbidity was reported only for FESS and simply reported as no postoperat ive orbital o r intracranial
complications .

CT = computed tomography. FESS= functional endoscopic sinus surgery, SRS = Sinusitis Response Score.
• Samplesize: numbers shown for those not lost to follow-up and those (initially recruited).
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Reference

Level (design)

Sample size'

Pre/post adenoidectomy

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Intervention selection

Intervention regimen details

Outcome measurement

Age

Antibiotic use

Criteria for withdrawal from study

Consecutive patients?

Morbidity/complications

Ungkanont, 2004

3 (retrospective comparative)

37 patients
24 boys, 13 girls

OUTCOMES

No. of Infections per year

13.7/0.76

<0.001

Statistically significant reduction of episodes/y of rhinosinusitis after surgery that included
adenoidectomy

Mean = 450 d

STUDY DESIGN

Pediatric patients
Documented recurrent rhinosinusitis within I y before surgery (3 or more per y)
Diagnosis of sinusitis: upper respiratory tract infection for >10 d with physical findings of
mucoid or mucopurulent discharge in the middle meatus and confirmed paranasal sinus
X-rays
~4 mm of mucosal thickening on plain radiographs, air fluid level or total opacification of
the sinus
Indications for adenoidectomy:
I ) 3 or more episodes of rhinosinusitis per y with <2- to 3-wk intervals between courses of

antibiotics
2) Rhinosinusitis with obstructive, infected adenoids resistant to "full" medical

management. Full was not defined
Rhinosinusitis with OME

Patients with nasal polyps
Sinusitis from a dental infection or nasal foreign body
Immune deficiency
Immotile cilia syndrome

I) Recurrent, refractory rhinosinusitis, 2) rhinosinusitis with obstructive adenoid hypertrophy,
3) rhinosinusitis with otitis media

Adenoidectomy
T&A: 24
M&T and T&A: 7
Adenoidectomy alone: 4
M&T and adenoidectomy: 2

No. of doctor visits for a new episode of upper respiratory tract infection symptoms

2.3-12.7 y, mean 6 y

Sinus and Allergy Health Partnership Guidelines [5]

N/A

No

Not reported

OME = otitis media with effusion, M&T = myringotomy and tubes, T&A = tonsillectomy and adenoidectomy.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Endoscopic sinus surgery for chronic/recurrent pediatric sinusitis: Chance for subjective
and objective improvement

Manali Amin and Mark Volk

METHODS

A computerized PubMed search of MEDLINE 1966
January 2006 was performed. Articles mapping to the
text words (all fields) "endoscopic sinus surgery:' "max
illary antrostomy:' "ethmoidectomy," "sphenoidotomy,"
"frontal sinusotomy:' "frontal recess:' or the medical
subject heading "endoscopy" were cross-referenced with
those mapping to the medical subject heading or text
word "sinusitis:' The resulting set of publications was
then cross-referenced with those containing the text
words "chronic:' "recurrent:' or "persistent:' as well as
those mapping to the medical subject headings "child:'
"infant:' "adolescent:' or the text word "pediatric." This
search strategy yielded 316 studies. These articles were
then reviewed to identify those that met the following
inclusion criteria: 1) patient population with ages 0-18
years old with chronic or recurrent sinusitis, 2) interven
tion with functional endoscopic surgery (ESS), 3)
outcome measured in terms of postoperative subjective
or objective improvement. Articles that included adult
patients that could not be analyzed for only pediatric
outcomes were excluded . Additional articles were
excluded if they included patients with systemic disease
such as cystic fibrosis who underwent ESS. The bibliog
raphies of the articles that met these inclusion criteria
were manually checked to ensure no further relevant
articles could be identified. This entire process yielded 14
studies in 13 articles [1-13].

RESULTS

Outcome Measures. Outcome measures varied depend
ing on the study, but were generally a combination of
patient/parental questionnaire and chart review of post
operative findings by examination. The outcome mea
sures were a combination of reporting resolution of
symptoms, improvement of symptoms, unchanged
symptoms, and worsening of symptoms. Additionally,
patient satisfaction was queried in many of the studies.
Two of the studies used objective measures (pulmonary
function tests, number of hospitalizations, use of medi
cations, and number of days missed from routine activ
ities) to increase the validity of their results [1, 2]. The
major limitation of most of the studies is that they used
patient/parental reporting as their only outcome
measure.
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Potential Confounders. As with all studies that use
patient reporting of improvement and satisfaction, the
results must be interpreted with caution. Patient satisfac
tion is often related to more than the outcome of the
procedure. It may be influenced by their overall experi
ence with the surgical procedure and nontechnical factors
such as postoperative course or the perioperative envi
ronment. This was especially evident in one study in
which patient satisfaction was decreased in some patients
who underwent ESSwith local anesthesia. Patient report
ing of symptom improvement is also subjected to the
bias of patient expectations and their memory of pre 
operative disease. Indeed, many of the studies queried
parents/patients months after the surgery.

Study Designs. Only two studies were prospective [3,
12]. One of these studies provided a stepwise method to
treating pediatric patients with chronic rhinosinusitis
(CRS). Patients who underwent a stepwise treatment
protocol and were refractory to medical treatment and
adenoidectomy were shown to benefit from ESS. The
study did not have an untreated control group and did
not randomize subjects to different treatment groups.
The other prospective study compared results with ESS
alone versus adenoidectomy alone versus ESS with ade
noidectomy. The remainder of the studies were all retro
spective and also lacked an untreated control group [1,
2, 4-11]. All of the studies demonstrated that patients
who did not derive benefit from medical treatment of
CRS had improvement after ESS. Three of the studies
looked at the effect of adenoidectomy after failure of
medical therapy but before undertaking ESS. These
results were further supported by the only meta-analysis
on this topic [5]. Furthermore, this meta-analysis
included data from its institution to address the potential
of a publication bias of only reporting those studies in
which a surgical technique is shown to be beneficial.

Highest Level of Evidence. All of these studies demon
strated an improvement in sinusitis symptoms after ESS.
Improvement/cure rates varied from 79% [7] to 100%
[3]. In those studies that examined individual symptoms,
improvement again varied from only 50% of chronic
cough relief in the Lazar study to 97% improvement or
resolution of headache in the Chang study. Because all
of the studies are level 4, only correlations of symptom
improvement with ESS can be made.



Three studies (one retrospective, two prospective)
analyzed the results of ESS in combination with or in
comparison to adenoidectomy. Two studies showed that
success rates were significantly higher with ESS alone
than with adenoidectomy alone. One study showed a
trend toward better results with adenoidectomy com
bined with ESS than with ESS alone. Another study sug
gested that late outcomes werebetter ifESSwasperformed
on children who failed adenoidectomy.

Applicability. The study subjects are limited to pediatric
patients (ages 0-18 y) who have symptoms of CRS (nasal
congestion, chronic cough, headache, postnasal drip,
and rhinorrhea) and primarily to those children who do
not have systemic diseases such as cystic fibrosis. Four of
the studies included patients with systemic disease [7, 8,
10, 11]. Lusk noted that all seven of the 31 patients who
required revision ESS had some form of systemic disease
(immunodeficiency or cystic fibrosis) [8]. Furthermore,
in the Wolf study, the only patient (of 124) who had a
recurrence of disease had cystic fibrosis [11]. However,
two additional cystic fibrosis patients did not require
revision or have recurrence. The Lazar study reported
that seven of 16 patients who required a revision ESS had
a history of systemic disease [7]. However, the study did
not report how many of its total 210 patients had sys
temic disease and whether their response to surgery was
different from those individuals without other medical
problems. Finally,the Stankiewicz study reported that 47
of its 77 patients had some form of a systemic disease
[10]. However, this study combined all patients includ
ing those with cystic fibrosis or immunodeficiency with
children with allergies or asthma. They also did not
analyze their results separately for the different diagnos
tic groups. Given these discrepancies, the results of these
studies are most applicable to those children without
systemic medical problems who have CRS refractory to
medical management with antibiotics and other conser
vative measures. Complicating matters is the fact that
conservative measures (antibiotics and topical nasal
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agents) have not been shown to improve outcomes of
CRS when testing in level 1 studies (see 8.A.).

Morbidity/Complications. Each of the studies reported
morbidity in a different manner. Some reported synechia
as a morbidity, regardless of whether it resulted in recur
rence of disease or not [2], whereas other studies simply
stated that no major complications were encountered
[4]. Other studies did not report morbidities [9]. Given
all of the papers that reported morbidities [2, 6-8, 10,
11], 176 patients of a total 1197 (14% ) who underwent
ESS had some form of complication. This is believed to
be a conservative measure because it included both
minor and major complications. The Hebert meta
analysis reported a 0.6% rate of major complications in
690 subjects.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

These studies all demonstrate that ESS is both safe and
effective in pediatric patients whose CRS is refractory to
medical management. In the right patient, it can result
in a significant improvement in quality of life and reduc
tion in symptoms and would be warranted.

Additional research in this area is required to produce
further studies with high levelsof evidence. A prospective
study could analyze patients who are treated with ESS
during a particular length of follow-up time (e.g., 6
months) with those patients who receive no surgical
treatment over the same time period. The control group
could defer surgery until after completion of the study,
perhaps in favor of prolonged or intravenous medical
therapy. Finally, future studies should focus on better
defining those patient characteristics that make a positive
outcome more likely.



THE EVIDENCE CONDENSED: Endoscopic sinus surgery for chronic/recurrent pediatric sinusitis

Reference

Level (design)

Sample size

Parso ns, 1993

4 (retrospective)

52

Manning, 1994

4 (retrospective)

14 (17)

12-38 mo (mean 21.8 mo)

OUTCOMES

resolved/improved
81%
88%
61%
84%
75%
96%
94%

Results of ESS

p Value

Conclusion

Follow-up time

Symptom
Nasal obstruction
Nasal discharge
PND
Chronic cough
Halitosis
Headache
Behavior changes

N/A

>80% of parents thought surgery was worthwhile

Sinusitis questionnaire: 93% improved (symptom
scores decreased from 9.3 to 5.1)

Asthma questionnaire: 79% improved (score
decreased from 9.2 to 5.8)

o significant change in PITs
Average hospital days for asthma: decreased from

21.4 to 6.5
Elimination or reduction of steroid use: 86%

N/A

I) Improved sinusitis symptoms in 13 of 14,2 )
improved asthma symptoms in II of 14

12 mo

Inclusion criteria

STUDY DESIGN

Failure of medical management determined by
pediatrician and surgeon

Steroid -dependent asthma and chronic sinusitis
patients who failed to resolve with maximum medical
management. Included allergic rhinitis and
immunodeficient patients

Exclusion criteria

Patient characteristics

Intervention regimen
details

Outcome criteria

Main outcome
measures

I) Unable to return for follow-up
2) Review of chart <12 mo postoperation

7 mo-I7 y (mean 7.4 y)

ESS with/without middle turbinate resection.
Middle meatal stents placed. Second look
procedure 10-14 d postoperation

Parental perception of improved 7 symptoms:
I) purulent nasal discharge, 2) chronic nasal
obstruction, 3) postnasal drainage, 4) cough,
5) halitosis, 6) headaches, 7) behavior changes

Parental questionnaire and interview

Cystic fibrosis or other disease predisposing to
sinusitis

3.5--13Y(mean 8 y)

ESS (total ethmoidectomies and maxillary
antrostomies)

Questionnaire: sinusitis questionnaire (cough,
congestion, headache, rhinorrhea); asthma
questionnaire; change in PITs; no. of hospitalizations
for asthma; steroid use

Parental questionnaire

None reportedNone reportedMorb idity/
complications

fA = not applicable, P D = postnasal discharge, CRS = chronic rhinosinusitis, CT = computed tomography, ESS -= endoscopic sinus surgery,
CSF = cerebrospinal fluid, PFTs = pulmonary function tests .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Reference

Level (design)

Sample size

Results of ESS

Cha ng, 2004

4 (retrospective)

101 (131 )

Symptom
Congestion
Rhinorrhea
PND
Heada che
Chronic cough
Overall satisfaction

OUTCOMES

Resolved/better
91%
90%
90%
97%
96%
86%

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient characteristics

Intervention regimen
details

Outcome criteria

Main outcome
measures

N/A

Most patients were asymptomatic postoperation and had no recurrence

27.2 months mean after surgery

STUDY DESIGN

I ) 12 wk of persistent symptoms and signs of CRS (nasal obstruction, purulent rhinorrhea, postnasal drip,
headache, hyposmia, chronic cough)

2) Recurrent episodes of acute rhinosinusitis, 6 times per y, each lasting at least 10 d
3) Failed 2 wk of initial antibiotics; and treated with 4 additional wk of amoxicillin/c1avulanate, cefaclor or

cefixime
4) CT scan with Levine and May stage 3 or 4 disease

Asthma, immunodeficiency, antrochoanal polyps

8-18 Y(mean 14.5 y)

ESS (maxillary antrostomies, anterior ethmoidectomy ± posterior ethmoidectomy); 2nd look procedure in
selected patients 3-6 wk later

Parental questionnaire administered at least 6 mo after surgery rating whether symptom/signs had changed
(nasal obstruction, purulent rhinorrhea, PND, headache, hyposmia, chronic cough)
Parental satisfaction rating
Chart review

Parental questionnaire

No major complications (hemorrhage requiring transfusion, meningitis, CSF leak) were encounteredMorbidity/
complications

fA =not applicable, I' D =postnasal discharge, CRS =chronic rhinosinusitis, CT =computed tomography, ESS =endoscopic sinus surgery,
CSF =cerebro spinal fluid.
• Sample size: numbers shown for those not lost 10 follow-up and those (initially recruited).
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Reference

Level (design)

Samp le size'

Results of ESS

p Value

Concl usion

Follow-up time

Jiang, 2000

4 (retrospective)

104

Overa ll 84% improved or resolved; 10%
unchanged; 6% worse

N/A

Endoscopic sinus surge ry is safe and
effective for the treatment of CRS

7 mo-9 y 2 mo (mean 3 y 7 mo)

Lazar, 1992

4 (re trospective)

210

OUTCOMES

165 (79%) "successfully treated" score of 4-10: headache (66%),
nasal d ischarge (63% ), congestio n (50%), cough (55%)
Endoscopy findings : adhesions (20%), granulation (10%), persisten t
polyposis (7%) , significa nt crus ting (11%)

N/A

ESS is effective in CRS refractory to medical therapy

Range: 3-36 mo with a mean of 18 mo

STUDY DESIGN

Inclusion
criteria

Exclusion
criteria

Patient
cha racte ristics

Intervention
regimen deta ils

Outcome
criter ia

Main outcome
measures

Morbidity/
comp lications

Failure of medical treatm ent after
repea ted and appropria te

Long-term ant ibiotics or several
courses of an tibio tics based on
cultures
Mucolytic agents, antihistamines,
nasal steroids, and nasal do uche

CT scan findings (not specified)

No ne

Ages 5-16y (mea n = 12.6)
55 boys, 49 girls
Chro nic sinusitis witho ut polyps (63);
nasal polyps (47); antroc hoa nal polyps
(II)
102 bilatera l; 19 unilateral

Maximal medical treatm ent
Extent of surgery depend ent on CT scan
findi ngs

Q uestionnaire (response rate: 48%) and
cha rt review for: I ) no symptoms
(resolved), 2) symptoms imp roved after
surge ry, 3) symptoms unchan ged, 4)
symptoms worse

Parental qu estionn aire, cha rt review

4.1% (n = 5): diplopia ( I), orbital fat
extr usion (2), bleedin g requiring blood
transfusio n ( I), bleeding requiring early
termination of procedure ( I)

CRS refracto ry to maxi mal medical therapy >3 mo with primary
care physician or allergist
Additional therapy (by otolaryngologist) 3 wk of antibio tics, nasal
steroi ds, top ical/oral decongestants, and mu colytics
Allergy evalua tion (196 of 210 had)
Positive CT scan

None

Ages 14 mo-I 6 y
145 boys, 65 girls

Bilateral ESS in all patie nts (maxillary an tros tomies, ante rior
ethmoi dectomies ± posterior ethmoidectomies) ± other related
procedures; 2nd look 2-3 wk later
Postop eration (6 wk): steroi d nasal spray, nasal decongestant, saline
nasal mist and broad-spec trum oral antibio tic

Postoperative endoscopy findi ngs, patient quest ion nai re (allergy
histor y, persistent symp toms, results of surgery): parent s/caretaker
asked to evaluate surgery on a scale of 0-10 with 0 representing no
cha nge and 10 represen ting cure
0-3: no or poo r imp rovement
4-6: moderate improvement
7- 10: marked imp rovement

Parental ques tio nnaire

Bleeding postoperation that requ ired packing (8), orbital ecchymosis
(5), dacrocystorhinitis (3), severe ear pain (3) , revision ESS within
Ist y (l 6)

CRS = chronic rhinosinusitis, ESS= endoscopic sinus surgery, fA = not applicable, CT = computed tomography.
• Sample size: numbers shown for those not lost to follow-upand those (initially recruited).
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Reference

Level (design)

Sample size'

Results of ESS

p Value

Conclusion

Follow-up time

Inclusion
criteria

Exclusion
criteria

Patient
characteristics

Intervention
regimen details

Outcome
criteria

Main outcome
measures

Morbidity/
complications

Lusk,1990

4 (retrospective)

31 (168 )

OUTCOMES

I-y parental assessments: essentially normal (score of 8-10): n = 22 (7 1%)
Persistent disease (sco re of 5-7): n =7 (23%)
Procedure not satisfactory (score of 1-4): n = 2 (8% )

N/A

ESS is effective in CRS refractory to medical therapy

Minimum 1 Y

STUDY DESIGN

Failed medical therapy
±Failed prior " related" surgical intervention: M&T, adenoidectomy, tonsillectomy, sinus irrigation. nasal antral
windows
CT scan findings

None

Average age 6.6 y
Average duration of symptoms: 26 mo (range 4 ma-7.5 y)
Asthma (26%) , immune deficiency (23%) , allergies (23%)

I) 4-wk course of antibiotics, nasal steroid
2) At end of 4 wk: CT assessments of sinuses
Depending on severity on CT:
ESS (anterior/posterio r ethmoidectomies, maxillary antrostomies; 2nd look 7-10 d later

Patient/parent symptom reporting at postoperative visits (report of even I incidence of a symptom regardless of
etiology was considered +)
Parent's assessment of surgical success ( 1- 10 with 10 being the highest )

Parental questionnaire

2 cases of synechia with persistent disease
Required multiple procedures: 4 had 2 procedures, 3 had 3 procedures

CRS =chronic rhinosinusitis, ESS =endoscopic sinus surgery, N/A =not applicable, CT =computed tomography, M&T = myringotomy and tubes.
• Samplesize: numbers shown for those not lost to follow-up and those (initially recruited).
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Reference

Level (design)

Sample size'

Results of ESS

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient

characteristics

Intervention
regimen details

Outcome criteria

Main outcome
measures

Morbidity/
complications

Sta nkiewicz, 1995

4 (retrospective)

77

OUTCOMES

2nd look (34 pts ): 50% with evidence of maxillary

antrostomy closure; 1/3 with significant granulation
and early synechiae
29 (38%) cured

43 (55%) improved subjectively
5 (7%) unchanged or worsened

N/A

ESS is beneficial in CRS refractory to medical
therapy

2-7 y (average 3.5 y)

STUDY DESIGN

Failed medical therapy: 2 mo anti-beta-lactamase
antibiotic and decongestant; ± antihistamines, nasa l
steroid sprays, and immunotherapy failure
CT scan findings of sinusitis

one

Age: 1-18 Y
55 female , 28 male
77 pts with sinusitis: chronic sinusitis (36) , acute
recurrent sinusitis (29) , acute/chronic sinusitis (9),
polyposis/chronic sinusitis (7), acute complicated
sinusitis (3) , sphenoid sinusitis (2), fungal sinusitis
(2), choanal polyps ( I)

Of the 77 sinusitis pts , 47 had one or more of the
following: cystic fibrosis, immunodeficiency, allergy,

or asthma

ESS (maxillary antrostomies, ethrnoidectomy,

sphenoidotomy) ± related procedures. Second look
at 3-6 wk

Endoscopic examination (Second look)
Parental quest ionnaire

Second look results
Parental questionnaire

1.4% temporary nasolacrimal duct injury; nasal /
ethmoid growth on CT scan 4 y later ( I)

Wolf, 1995

4 (retrospective)

124

Complete resolution or improvement: rhinorrhea
(93%), nasal obstruction (88%), recurrent infections
(9 1%), headache (85%), pulmonary symptoms (58%),
cough (77%)

87% satisfied or very satisfied

/A

ESS is beneficial in CRS refractory to medical therapy

Up to II Y

Failed medical management
Preoperative radiographical confirmation (X-rays or
CT )

None

Ages 3-16 Y (mean 12 y)
65 female , 59 male
Preoperative adenoidectomy without success (40) ,

adenoids not clinically significantly enlarged (84) ,
diffuse polyposis (53), inhalational allergies (3 1),
bronchial asthma (5), immunodeficiencies (4) , cystic
fibrosis (3), Kartagener's syndrome (2)

ESS [unilateral in 43 pts (35%), bilateral in 78 pts
(63%), onl y maxillary endoscopy in 2 pts]

Postoperative: antibiotics, topical corticosteroids ±
packing x24-48 h

Chart review: symptoms, endoscopy, radiographical
findings, anesthetic complications, postoperative
course, recurrence

Parental questionnaire

Diffuse bleeding (10.5 % ), pain (case under local
anesthesia) (0.8%), reoperation (16% )

QOL = quality of life, IA = not applicable. CRS = chronic rhinosinusitis. ESS = endoscopic sinus surgery. CT = computed tomography.
pts = patients .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Reference

Level (des ign)

Sam ple size'

Younis, 1996t

4 (retrospective)

500

OUTCOMES

Result s of ESS 88% report improveme nt in QOL
Worse prognosis: passive smoke exposure, recurrence of disease, da ycare att endance, immune deficienc y,
and system ic disease

p Value

Co nclusion

Follow- up tim e

N/ A

ESS o utcome is influ enced by extent of disease, daycare attendance, exposure to second- hand smoke,
postop erative nasal endosco py findings, and presence of systemic disease

1- 5 y

STUDY DESIGN

Inclusion cri teria Failed medical therapy
CT scan findings (st ratification based on severity)

Exclus ion cr iteria

Patient
cha rac teristics

No ne

334 boys, 166 girls
Ages: 14 mo-1 6 y
Pts with system ic disease (cystic fibro sis, immotile cilia and immunod eficienci es) were included

In terventi on
regim en details

ESS: all SOo-bilateral ethmoidectom ies and maxillar y antrostomies; 23 pts- sph enoidotomies

Physician 's assessme nt
Patient 's/p arent's or caretaker's evaluation of QOL. QOL was assessed by: no. of d/mo th at pt was
symptoma tic, frequ ency of medications, no. of physician visits each mo , no. of school/work d lost each mo

Parent al qu estionnaire
Chart review

Synechia e (74), bleed (16), bleed requiring transfusion (I), meningitis (2), periorbital ecchymosis (I)

Main outcome
measures

O utco me cri teria

Morbidity/
com plications

QOL = quality of life, fA = not applicable, CRS = chronic rhinosinusitis, ESS = endosco pic sinus surgery, CT = computed tomograph y,
pts = patients.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
tote, some of the patients in this ease series and those in Lazar, 1992 are likely to be the same because both studies were done at the same
institution and the time frame of the two series overlapped.
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Hebert , 1998t

4 (retrospective)

50 (83)

Reference

Level (design)

Sample size'

Results of ESS

p Value

Conclusio n

Follow-up time

Heb ert, 1998

4 (MA of retrospective reviews )

882 (832/8 published, 50/1 unpublished):j:

OUTCOMES

Positive outcome: 92% Positive outcome: published reports: 88.4%; unpublished data:
92%
Overall positive outcome: 88.7%

NM NM

ESS is safe and effective in CRS refractory ESS is safe and effective in CRS refractory to medical therapy
to medical therapy

Not reported N/A

STUDY DESIGN

Inclusion criteria

Exclusion
criteria

Patient
characteristics

Intervention
regimen details

Outcome criteria

Main outcome
measures

Morbidity/
complications

Potential
publication bias
addressed?

Pts with CRS refractory to medical
therapy who underwent ESS

Pts with significant underlying disease
(cystic fibrosi s, immunodeficiencies,
allergic fungal sinusitis, cleft lip/palate,
Down syndro me , Stickler's synd ro me)
Neoplasm or midface trauma
Death (from other causes) before follow
up

Age ::;18y

ESS; seco nd look 2-3 wk later

Telephone qu estionnaire with caregiver
Chart review

Parental questionnaire

No major complications

N/A

Studies with a score ~50:

-Pts (n): n < 50 (10 pts ); n = 50-100 (20 pts ); n > 100 (30 pts)
- Average follow-up (y) : not reported (0 pts ); N/A (5 pts); ::;1

( 10 pts): > 1- ::;2 (20 pts): >2 (30 pts)
-Study design: retrospective (5 pts ); prospective (10 pts)
- Status of chronically ill pts : included but % not indicated

(0 pt ): ~IO% of population (5 pts ); <10% of population
(10 pts ); not mentioned either way (±) (20 pts ); excluded/
analyzed separately (30 pts)

Studies of pts with significant underlying disease
Studies with a score <50

Pediatric pts (::;18 y)

ESS (m iddle meatal antrostomy, anterior ethmoidectomy, ±
complete ethmoidectomy, ± frontal sinusotomy, ± sphenoid
sinusotomy)

Follow-up caregiver qu estionnaires
Chart review

Follow-up caregiver qu estionnaires
Chart review

0.6% (690 reported): meningitis (2), hemorrhage requiring
transfusion (2)

Bias overcome by including unpublished data; unpublished
positive outcomes vs published positive outcomes:
chi-square: p =0.38, power =0.5 I
Fisher's exact: p =0.646 , power =0.12

CRS =chronic rhinosinusitis, /A =not applic able, ESS =endoscopic sinus surgery, pis =patient s, MA =meta-analy sis.
• Sample size: numbers shown lor those not lost to follow-up and those (initi ally recruited).
t Previously unpubli shed data from the meta-anal ysis listed in column 2.
t This meta-anal ysis included eight published paper s with a total or 832 subjects and previou sly unpublished data from the auth or 's instituti on with
50 subjects.
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Reference

Level (design)

Sample size"

Intervention

Ad

ESS

Ad and ESS

p Value

Co nclusion

Follow-up time

Inclusion criteria

Exclusion
criteria

Intervention
selection

Intervention
regimen details

Outcome
measurement

Age

Antib iotic use

Criteria for
withdrawal (if
prospective )

Consecutive
patients?

Morbidity/
complications

Ram ad an , 2004t

2 (prospective comparative)

183 (202)

OUTCOMES

Success rate

52% (n = 33/64 )

75% (n = 30/40 )

87% (n = 69179 )

ESS+ Ad vs Ad alone, P < 0.00 I
ESSalone vs Ad alone, P = 0.005

Ad imp roved 52% of pts refractor y to medical
man agement. ESS + Ad and ESSalone significantly
more successful than Ad alon e in treatin g CRS
refractory to abx

3 and 6 rno after surgery

STUDY DESIGN

I) CRS by history, physical exam, and CT scan, 2)
no response after 26 wk of abx + topical/oral
decongestants, 3) allergy evaluat ion and
management, 4) repeated CT scan doc umentation of
sinusitis after medical therapy

CF, immune deficiency, immunosuppression, ciliary
dyskinesia, fungal sinusitis, revision ESS/Ad,
craniofacial abnormality, Down syndrome, develop
delay, chronic tonsillitis

Selection based on paren t/surgeon preference. Ad
group-less disease by CT scan (lower Lund
Mackay)

onrandomized assignment to have Ad alone, ESS
alone, or bot h Ad and ESS at the same time

Success was defined as: I) imp rovement of
symptoms on preoperative and postoperat ive
validated questionnaire, 2) no need for additional
surgery

2-13 y, mean age = 6.2 Y

All pts failed a 26-wk abx regimen before su rgery.
Abx use after surgical intervention not stated

/A

o

4 (2.9%) pts-2 with orbital entry, 2 with
ecchymosis

Ram adan, 1999t

3 (retrospective comparative)

61 (69)

Success rate

47% (n = 14/30 )

77% (n = 24/31 )

/A

P =0.01

47% of pts refractor y to medical management improved
after Ad. ESSsignificantly more successful than Ad
alone in treating CRS refractor y to abx

3, 6, 9, 12 mo after surge ry

I) CRS by histor y, physical exam, and CT, 2) no
response after 24 wk of abx + topical/oral decongestant s,
3) ~6 episodes of sinusitis at least 3 wk apa rt, 4) CT
evidence of CRS after maxim um med ical RX, 5) if
allergic-RX for allergy x6 mo

CF, immune deficiency, imm unos uppression. ciliary
dyskinesia, revision ESS/Ad

Selection based on parent/surgeo n preference

Nonra ndo mized to either Ad alone or ESS (anterior
ethmo idecto my with middl e meatal antrostom y) 28%
postethmoidectom y, 12% sphenoido tomy

Success was defined as: I) improvement of symptoms
on preoperative and postoperative validated
questionnaire, 2) no need for additional surgery

2-14 Y

All pts failed 24-wk abx regimen before surgery. Abx
use after surgica l intervention not stated

/A

o

one

Ad =adenoidectomy. abx =antibiotics . CF =cystic fibrosis. CRS =chronic rhinosinusitis, ESS =endosco pic sinus surgery. fA =not applicab le,
1 S =not significant. pts =patients. CT =computed tomography. SRS =Sinusitis Response Score.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Studies used adenoidectomy lX:fore ESS.

193



THE EVIDENCE CONDENSED: Endoscopic sinus surgery for chronic/recurrent pediatric sinusitis

Referen ce

Level (design)

Sample size'

Intervention

Ad

ESS

Ad and ESS

p Value

Rosenfeld, 1995t

2 (prospective comparative)

41 children: 15-abx only (level I )
8-abx, Ad (level 2)
2-abx, Ad, ESS (level 3)
16-abx, ESS (level 3)

SRS score (earlyllate)

86%/82%

N/A
88%/88%

p = NS/p = NS

OUTCOMES

All major symptoms better or cured (early/late)

50%/75%

N/A
44%1100%

p =NS/p =0.02

Conclusion

Follow-up time

Ad effective in treating pts who fail abx and ESS is effective in treating pts who fail abx and Ad

Earlyllate (2-3 mol10-12 mo after surgery)

STUDY DESIGN

Inclusion criteria - Sinusitis by plain film or CT scan
-At least 1 prior 3-wk course of a beta-lactamase stable antibiotic
~3 mo of symptoms or ;0:3 annual recurrences

Exclusion Obstructive sleep apnea, obstructive adenoid hyperplasia. CF
criteria

Intervention
selection

Intervention
regimen details

Outcome
measurement

Age

Antibiotic use

All pts treated with abx were level 1
Abx failures became level 2 and had Ad
Pts failing to improve after Ad became level 3 and had ESS

Level I >abx
Level 2 >Ad
Level 3 >ESS (maxillary antrostomy, ant/postethmoidectomy)

SRS; caregiver expectations, quality of life issues, response of the 3 worst symptoms to the final intervention
SRS: % of points earned relative to points attainable

2-13 y, median 6 y

3 wk of abx, If symptomatic, additional broad-spectrum abx x3 wk; if asymptomatic, prophylactic abx

Yes

None stated

Surgical morbidity reported only for ESS-no postoperative orbital or intracranial complications

Criteria for
withdrawal (if
prospective)

Consecutive
patients?

Morbidity/
complications

Ad =adenoidectomy. abx =antibiotics. CF =cystic fibrosis, CRS =chronic rhinosinusitis, ESS =endoscopic sinus surgery, fA =not applicable,
S =not significant, pts =patients, CT =computed tomography, SRS =Sinusitis Response Score.

• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Studies used adenoidectomy before ESS.
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9 Pediatric Cochlear Implantation

Cochlear implantation in children with or without a history of frequent otitis media:
Chance of post-implant acute otitis media and complications

Jennifer J. Shin and Margaret Kenna

METHODS

A computerized PubMed search of MEDLINE 1966
January 2005 was performed. The medical subject head
ings "otitis media" and "middle ear ventilation" were
exploded and the resulting articles were combined. These
articles were then cross-referenced with articles mapping
to the medical subject headings or text words "cochlear
implantation" or "cochlear implants" yielding 61 articles.
These articles were then reviewed to identify those that
met the following inclusion criteria: 1) pediatric patient
population «18 years old) undergoing cochlear implan
tation, 2) intervention in children with, ideally versus
without, frequent or recent acute otitis media (AOM),
3) outcome measured in terms of episodes of post
implant AOM and its complications. Articles in which
serous non-AOM with effusion alone were studied
were excluded, as were articles focusing on patients with
chronic suppurative otitis media. Also, articles in which
data from children were lumped together with data from
adults were excluded. The bibliographies of the articles
that met these inclusion criteria were manually checked
to ensure no further relevant articles could be identified.
This process yielded six articles [1-6] .

RESULTS

Outcome Measures. AOM after cochlear implantation
(post-CO was measured in terms of the percent of chil
dren who developed AO\1 and the mean number of
episodes of AOM. In addition, the trend for AOM epi
sodes to decrease, remain stable, or increase as compared
with before implantation (pre-CO was observed. Dis
crete definitions of AOl\1 were not reported in each
study.

Potential Confounders. The age of children implanted,
the type of device used, the state of middle ear mucosa
at the time of implant, and the preoperative regimen for
AOM control (including ventilation tube placement,
adenoidectomy, and time elapsed since the most recent
AOM) could all influence results. In addition, the diag
nostic criteria for AOM may vary according to geographic
region (i.e., Kempf/Germany versus Luntz/lsrael versus
House/United States). These factors are detailed in the
adjoining tables in as much detail as the original reports
allow.

Study Designs. There are six studies that addressed the
issue of postoperative AOM in children after cochlear
implantation. These studies include a prospective obser
vational comparative study which was reported at an
early and a late stage of results. These investigators
defined an algorithm for control of preoperative AOM,
which included a stepwise use ofventilation tubes, topical
and systemic antibiotics, and mastoidectomy in severe
cases (Figures 9.A.1, 9.A.2). Their results focused on the
incidence of postoperative AOM in children with pre-CI
OM/tubes versus children with no pre-CI OM/tubes.
There is also an earlier retrospective study from the same
authors which focused on the same outcomes. Another
retrospective controlled study investigated whether there
was any correlation between the incidence of pre-CI
AOM and post-CI AOM. Finally, there are two case
series. One of these case series described postoperative
AOM incidence in 366 implanted children. The other
case series described the trend toward decreased, stable,
or increased incidence of AOM post-Cl, In all of these
publications, statistical analysis was minimal and apriori
calculations of statistical power were not reported. Also,
masking was not used in any of these studies.

Highest Level of Evidence. There are two reports of
prospective comparative observational data (level 2)
showing that patients with pre-Cl OM/tubes have a trend
toward more postoperative AOM than patients with no
pre-Cl OM/tubes. No further statistical analysis was
reported on this topic. Data from these reports, as well
as that from level 3 and 4 studies, also suggest that the
overall incidence of AOM decreases in children post-Cl,
as compared with pre-Cl [1, 5]. For example, 100% of
patients in the OM -prone group had a history of pre-Cl
OM, but at over l-year follow-up, just 20% of patients
in that OM-prone group had AOM post-Cl [1]. The
Fayad study showed similar results, even though it only
included patients younger than 4 years old.

Complications of AOM were specifically reported in
four studies. No cases of meningitis occurred. The inci
dence of acute mastoiditis ranged from 0% to 3.3% of
implanted children. The use of intravenous antibiotics
for postoperative infections was reported in 0%-10% of
implanted groups. Explantation was reported in three
children in one study [4]; two were attributed to implant
bed infections and one was attributed to labyrinthitis
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Referral for Cochlear
Implantation (CI)

(Otologist +Audiologist)

NormalTM
No history of OM

At least
2 weeks

Cochlear Implantation

Figure 9.A.1. Structured protocol for optimal control of otitis media in otitis-prone candidates for cochlear implantation. CI:
cocWear implantation; TM: tympanic membrane; AOM: acute otitis media; SaM: secretory otitis media; VT: ventilating tube; AD:
adenoidectomy. Reprinted from Luntz et ale [6], with permission from Elsevier.

I Persistent Post-VT otorrhea I
1 DryVT

I Ear drops - 2 weeks 1
I

1 Otorrtea*

I Culture + Systemic antibiotics (10 days) + Ear drops + Frequent cleansing I
10torrtea*

14 moreOM-freeweeks] ~~

I Culture + Removal ofVT : ... No OM CI I"1 1 "'l

14 weeks
~ ~

I OM I
! DryVT

I Reinsertion ofVT + Culture + AD (unless done before)
1
I

!Otorrtea* > 2 weeks
DryVT

I Culture + Systemic antibiotics (10 days) + Ear drops + Frequent cleansing
I
1

l°torrtea*

I Culture + Cortical mastoidectomy, VT reinsertion (different myringostomy site) I DryVT
I

lotorrtea*

I Culture + Obliteration of middle ear cleft** I
I

Figure 9.A.2. Protocol for the treatment of persistent drainage through a ventilating tube in candidates for cochlear implantation.
* Whenever otorrhea occurs, one or more samples are sent for culture and the antibiotic treatment is changed according to spe
cific growth and susceptibility. **None of the otitis-prone candidates for cochlear implantation in this study required obliteration
of the middle ear cleft. CI: cochlear implantation; VT: ventilating tube; AD: adenoidectomy; OM: otitis media. Reprinted from
Luntz et ale [6], with permission from Elsevier.
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secondary to rubella. Thus, it is unclear whether these
explantations were strictly attributable to AOM or its
complications.

Applicability. These data are applicable to children
undergoing cochlear implantation. Data from controlled
studies can further be specificallyapplied to patients with
or without a history of being prone to OM.

Morbidity/Complications. As noted above, no cases of
meningitis were reported. Acute mastoiditis was diag
nosed in 00/0-3.30/0 of implanted children. Explantation
was reported in two children in one study. One child in
the same study developed ·1 cholesteatoma.

CLINICAL SIGNIFICANC:E AND
FUTURE RESEARCH

There are six studies that addressed the issue of AOM in
the pediatric population post-Cl. The data contained
therein suggests the following: 1) patients with pre-CI
OM/tubes have a trend toward more postoperative AOM
than patients with no preoperative OM/tubes, 2) OM
prone children tend to develop AOM with decreased
frequency post-Cl, 3) the incidence of complications of
AOM (i.e., acute mastoiditis, meningitis) is low in the
overall population of children implanted. These data
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suggest that children whose preoperative OM is ade
quately addressed can undergo cochlear implantation
with the expectation that AOM will still occur, but with
decreased frequency and with low risk of AOM-related
complications.

There are many factors that could contribute to the
reported decrease in AOM post-CI. In most cases, the
pre-CI time period was longer than the post-CI follow-up
time, so patients had a longer period to accumulate an
AOM-positive history preoperatively. In addition, post
Cl children are older, andAOM often decreases in general
with age; it is unclear if the decrease in AOM is a global
decrease or a phenomenon specific to the implanted ear.
In the future, it would be useful to determine the actual
incidence of AOM per year within each age group (rather
than a general overall average based on records).

A key question that warrants additional research is
whether the incidence of AOM-related complications is
increased in the children who do develop AOM after
implantation. Addressing this issue would also help to
more definitively address the question of how aggressive
treatment should be for implanted children who develop
AOM.



THE EVIDENCE CONDENSED: Otitis media in children after cochlear implantation

Referen ce

Level (design)

Sample size'

Luntz, 2004

2 (prospective obse rvational study)

60 (60)

OUTCOMES

Luntz, 2001

2 (prospective observational study)

18 (18 )

OM or tubes before
implant

No tubes or recent
OM before implant

AOM within
4 wk postop

14.7%

3.8%

AOM after
4 wk postop
(isolated ,
recurrent )

23.5%, 14.7%

3.8%,0.0%

AOM complications

10% requ ired IV
antib iot ics
3.3% acute mastoiditis
1.7% cho lesteatoma

0% required IV
antibiotics
0% acute mastoiditis
0% cho lesteatoma

AOM within 1 y
postop

10%

0%

AOM after 1 y postop

20%

0%

OM diagnosed by otoscopy during the first outpatient examination after referral , at any time between
referral and implantation, venti lation tube insertion anytime before referral for AOM ,;O:1 AOM or sero us
otitis media in the previous 6 mo (cont rol group does not meet these criteria)

Ventilation tube with/without adenoidectomy. If dry/normal TM 2 wk post-tube, then CI after >2 wk. If
draining/abnormal TM then stepwise increments of otic drops, systemic antibiotics, reinse rtion of tubes,
frequent cleans ing , and cortical mastoidectomy before CI. Implantation was performed only after middle car
was aera ted, TM was thin and transparen t, and tube was no t draining

Topical therapy and empirical Augment in followed by Empirical Augmentin
culture-driven therapy if otorrhea was present

None specified, none withdrew None specified, none withdrew

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Cochlear implant
details

Ventilation tubes

Intraoperative
findings (CI)

Age

Masking

Criteria for preop
OM or tubes group

Managemen t of OM 
prone patients before
implantation

Management of
postopAOM

Criteria for
withdrawal

Consecutive pat ient s?

Morbidity/
complications

Not reported Not reported

Gro up with OM/tubes preimplant wit h trend toward
more postop infections, but overa ll incidence of OM
decreased post-implant

At least 3 mo (mean 20 mo l

STUDY DESIGN

<7 Yold, all patients referred to Cochlear Implant
Program at the Bnai Zio n Medical Center

Not specified

n =9 Nucleus 24, n = 18 Nucleus 24 Contour, n =5
Clarion preform, n =2 Clar ion with position er, n = 16
Clarion high focus I with positioner, n = 8 Clarion high
focus II with posi tioner, n = 2 Med-El Combi 40+

There was a history of tubes in 32/34 patients with OM
or tubes pre -C l: 28 had tubes at the time of implant

Thick middle car mucosa in 19134 of children wit h pre
Cl Olvl/tubes versus 2/26 control chi ldren, obliteration
of round window niche by thick mucosa in 16/34 of
children with pre -Cl Olvl/tubes versus 0/26 control
children

<7 y (ch ildren with pre -Cl Olvl/tubes were 17.3 mo
younger at tim e of first visit and 13.6 mo younger at
time ofCI)

None described

Yes

No children developed fever or any ot her fulminant
presentation that would have necessitated
hospitalization for IV antibiotic or surgical treatment

No t reported Not reported

Group with OM/tubes preimplant with trend
towa rd more postop infections, but overall
incidence of OM decreased post -implant

7-19 mo

<7 Yold, all patients referred to Cochlear Im plant
Program at the Bnai Zion Medical Center

No t specified

n =9 Nucleus 24, n =5 Clarion preform, n = 2
Clarion wit h positioner, n = 2 Clario n h igh focus
with posit ioner

lO/lO patients in the "OM/tubes pre-Cl" group
had tubes present at the time of implant

Thick middle car mucosa in 7/10 of children with
pre- Cl Olvl/tubes versus 3/8 control children,
ob literation of round window niche by thick
mucosa in 7/10 of children with pre-Cl Olvl/tubes
versu s 0/10 control children

<7y

None described

Not specified

No child ren developed complication of OM

Postop = postoperative, preop = preoperative, IV = intravenous, CI = cochlear imp lantation, OM = otiti s media, AOM = acute otiti s media,
TM = tymp anic membrane.
• Sample size: numbers shown for those not lost to follow-up and tho se (initially recruited).
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THE EVIDENCE CONDENSED: Otitismedia in children after cochlear implantation

Refere nce

Level (design)

Sample size'

Lunt z, 1996

3 (retrospective com para tive study)

50 (60)

House, 1985

3 (retrospective comparative study)

20 (26)

OUTCOMES

ot reported

No correlation between pre-Cl and
post -C l AOM incidence

1-4 y

% children with post-CI AOM

33% (n = 4/12)

No AOM 62.5% (n = 5/8)
pre-CI

% with post
CIAOM

35.7% (from
74% preop )

Mean 19 mo

Severity of post-Cl AOM

All post -C I AOM
AOM pre-CI
respo nded to
routine abx, No
mastoid itis or
AOM
comp licatio ns

o(from 0 preop) 0% (from 0% No AOM
preop)

Not reported Not reported Not repo rted

Trend toward decreased AOM incidence post-Cl

Post-C l mean
AOM per year

0.35 (fro m 4.0
preop) of AOM

Follow-up time

No tubes or AOM
pre-CI

p Value

Conclusion

Mult iple AOM
requir ing tubes
pre-Cl

STUDY DESIGN

Inclus ion cri ter ia

Exclusion criteria

Cochlear implant
details

Ventilation tubes

Intraoperative
findings (CI)

Age

Masking

Extent of preo p OM

Management of
OM -prone patients
befo re imp lantation

Management of
postop AOM

Consecutive
patients?

Morbidityl
complications

::;16 y old at time of implant

Lack of "complete" info rma tion

Nucleus min i-22 CI

n = 3 who were implanted with tubes , 1 of these developed post 
CI perit uba l myringi tis which resolved with tube removal

Not descri bed

::;16y

None

AOM ope rationally defined as having occurred when diag nosed by
a physician on the basis of fluid in the middle ear, eryt hema of the
tympanic membrane, otalgia, and a systemic symptom such as
fever. All children were free of AOM at imp lantation

Not described in detail

"Routi ne" oral an tibio tics

No

No complicat ions of AOM occur red

Chi ldren < 10 Yold who had the
imp lant ~I y. Parents and physicians
rated the freque ncy and severit y of
otitis media

> l Oy old, failure to receive waiver to
release medical records

Fascial plug placed in the round
window niche after inse rt ion of the
electrode

Not reported

ot reported

<10 Y

None

60% (n = 7/20) of children whose
med ical reco rds were availab le had
AOM "over the per iod in which they
had been observed"

Not repo rted

100% of physicians reported they used
the same antibiot ic management as
pre-C l

No

Not reported

Postop =postoperative, preop =preoperative, CI =cochlear implantat ion, OM =otiti s media, AOM =acute otitis media, abx =antibiotics.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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THE EVIDENCE CONDENSED: Otitis media in children after cochlear implantation

Reference

Level (design)

Sample size'

Post-CI AOM

Kem pf, 2000

4 (case series )

366 (366)

OUTCOMES

All children implanted

AOM occurred in II children in the implanted side and 9
on the contralateral side for a rate of 5.6%

Fayad,2003

4 (case series )

76 (126 )

Pre-C! ~I OM
(n = 61)

78% decreased
OM, 19% no
change, 3%
increase

Pre-C! OM
but no M&T
(n = 42)

69% decrease,
26% no
change, 2%
increase

Pre-C! M&T
(n = II )

100% decrease

p Value

Conclusion

Follow-up time

Inclusion
criteria

None

5.6% of patients developed AOM post-Cl

"up to 8 y"

STUDY DESIGN

Children who received implants in Hannover 1987-1997

None

Frequency of OM decreased in the majority of
patients post-Cl

5-136 mo (mean 46 mol

:;:;4 y old at time of implant

Exclusion
criteria

C! detail s

ot specified

In most cases, a
Clarion 1.2 and

ucleus 22 mini implant was used;
ucleus 24M have also been used

Office charts and medical records not available,
phone follow-up incomplete

ot reported

Ventilation
tubes

Intraoperative
findings (CI)

Age

Masking

Extent of preop
OM

Management of
OM -prone
patients before
implantation

Management of
postopAOM

Criteria for
withdrawal
from study (if
prospective)

Consecutive
patients?

Morbidity/
complications

Grommets inserted preop for serous OM, no further
details

ot reported

1-14 Y

ot applicable

ot reported

During the routine pre-implantation investigation.
examination of nasopharynx with removal of adenoids
was performed, ventilation tubes provided for serous OM

Intravenous antibiotics "a few days longer than normal;' if
infection is severe then remove the device but leave the
electrode in cochlea with reimplantation after I y; 7 M&T,
5 postauricular mastoid exploration

ot applicable

ot reported

0% meningitis, 0.5% explantation, 0.25% cholesteatoma,
0.25% labyrinthitis, 1.25% mastoiditis

19/76 with history of tubes, II had tubes that were
left in place beyond the time of cochlear
implantation

Tot reported

Mean II mo. range 11-48 mo

ot applicable

Of the 76 patients completing the phone survey:
80% had ~I OM pre-Cl, 36% had >3 pre-CI

Of the 126 patients with complete medical records:
72% had ~I OM pre-Cl, 31% had >3 pre-Cl ,
and 2% had a history of chronic serous OM

If there was a history of persistent OM within the
past 6 mo or active disease at preop evaluation.
tubes were placed 6-8 wk pre-Cl

I patient had M&T post-implantation, further
details not specified

Failure to complete surveyor phone survey

ot reported

ot specified

CI =cochlear implantation. Ot,,1 =otitis media. AOM =acute otitis media. preop =preoperative, postop =postoperative. M&T =myringotomy and
tubes. .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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9 Pediatric Cochlear Implantation

Implantation of children with cochleovestibular anomalies versus normal anatomy:
Impact on postoperative speech perception and complications

Jennifer J. Shin and Margaret Kenna

METHODS

A computerized PubMed search of MEDLINE 1966
January 2005 was performed. Articles mapping to the
medical subject headings "cochlear implantation" and
"cochlear implants" were combined with any that had
"cochlear implant" as a text word. These articles were
cross-referenced with the group that mapped to the
medical subject heading "cochlea/tabnormalities" and
those containing the text words "common cavity,"
"cochlear dysplasia," "Mondini,' "Scheibe," or "Michel:'
This search yielded 76 trials. These articles were then
reviewed to identify those that met the following inclu
sion criteria: 1) comparison of patients with cochleoves
tibular anomalies versus patients with normal anatomy,
2) intervention with cochlear implantation, 3) outcome
measured in terms of speech perception and periopera
tive complications. Isolated case reports and articles
without comparative data were excluded, in order to
focus on the highest levels of evidence. The bibliogra
phies of the articles that met these inclusion criteria were
manually checked to ensure no further relevant articles
could be identified. This overall process yielded three
articles [1-3].

RESULTS

Outcome Measures. Results were reported in terms of
closed- and open-set speech testing. The specific tests
used are noted in the adjoining table. In addition, the
Eisenman study [2] reported speech category scores,
with 0 being the worst and 6 being the best. Again, details
are shown in the adjoining table.

Potential Confounders. Age at implantation, duration
of deafness, mode of communication, preoperative
speech perception, completeness of insertion, number of
active electrodes, device encoding strategy, and the extent
of cochlear abnormality are all factors that could poten
tially influence results. These factors are detailed in the
adjoining table in as much detail as the individual pub
lications allow.

Study Designs. There are three retrospective controlled
studies (level 3) that addressed this topic. The Papsin
study [1] compared data from 103 patients with cochleo
vestibular anomalies to 198 patients with normal
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anatomy. The larger sample size increases the power of
the study, although an apriori power calculation was not
reported. The Eisenman and Mylanus studies [2,3] com
pared matched pairs in 34 and 20 patients, respectively.
Both studies attempted to match pairs for potential con
founders (see details in the adjoining table), which can
be an effectivestrategy to minimize the bias of a smaller
retrospective analysis.Only the Eisenman study, however,
reported a statistical analysis to confirm the adequacy of
matching. In that analysis, they found statistically sig
nificant, but perhaps clinically insignificant, differences
in the age at implantation (difference between means
0.51 years, p =0.03) and duration of deafness (difference
between means 0.68 years, p =0.04). Follow-up times in
the three studies ranged from 6 months to 7.5 years.

Highest Level of Evidence. All three studies showed no
noteworthy difference in the range of post-implant
speech perception in patients with cochleovestibular
anomalies versus normal anatomy. The larger two studies
confirmed this finding with statistical analysis. Despite
this overall negative finding, all of these articles con
tained commentary that patients with common cavity
deformity, isolated incomplete partition, and narrow
internal auditory canal did not perform as well. These
patients were relatively few in number compared with
the enlarged vestibular aqueduct patients, so did not
influence the overall outcome results much (because the
range of variability was so wide).

All three studies reported complications of implan
tation in patients with abnormal inner ear anatomy,
including perilymph/cerebrospinal fluid leak, explanta
tion, non stimulation, facial nerve weakness, and exposed
carotid. In addition, the largest study also reported that
complicated anatomy resulted in a more challenging
surgery in a notable percentage of cases (16% abnormal
facial nerve course, 17% abnormal middle ear anatomy),
even if there were no associated complications.

Applicability. The results of these studies can be applied
to children with common cavity, hypoplastic cochlea,
incomplete partition, and enlarged vestibular aqueduct.

Morbidity/Complications. Complications of cochlear
implantation in patients with cochleovestibular anoma
lies are as detailed in the adjoining table and in the above
discussion.



CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There are three retrospective controlled studies showing
that post-implant speech perception of children with
cochleovestibular anomalies is comparable to that of
children with normal inner ear anatomy. Data from the
largest of the three studies also suggest that implantation
of children with malformed cochleas presents additional
intraoperative challenges, and perhaps a more notable
incidence of cerebrospina. fluid leaks.

Although these are retrospective level 3 studies, one
enrolled nearly 300 patients and the other two utilized
matched-pairs analysis in an attempt to minimize bias
from confounders. The largest study included nearly all
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patients with abnormal cochlear anatomy who had been
implanted over a lfl-year period. The timeframe associ
ated with that larger sample size suggests the logistical
difficulty in accruing a reasonable sample size for a pro
spective study. Thus, retrospective data may remain the
highest level of evidence of this topic.

Future research may focus on performing similar
studies with magnetic resonance imaging (MRI), as high
quality detailed MRI of the temporal bones becomes
more widely available. There may be further radiologic
findings that can help explain some of the outcomes in
these patients.



THE EVIDENCE CONDENSED: Cochlear implantation of abnormal inner ears versus normal cochlea

Referen ce

Level (design)

Sample size"

Papsin , 2005

3 (retrospective controlled)

298 : 103 cochleovestibular anomaly, 195 normal anatomy

OUTCO MES

No difference in rate of speech perception improvement

Up to 73 mo postope ratively

Cochleovestibular
anomalies

orrnal anato.my

p Value

Conclusion

Follow-up time

Open-set speech scores

See figure 9.B.I which shows data from the
original publication

See figure 9.B.1 which shows data from the
original publication

>0.05

Closed-set speech scores

See figure 9.B.2 which shows data from the
original publication

See figure 9.B.2 which shows data from the
original publication

>0.05

Inclusion criteria

Exclusion criteria

Malformation group
details

Malformation
definitions

Control group details

Age

Masking

CT details

Cochlear implant
details

Speech testing details

Additional
malformations
studied

Consecutive patients?

Power

Morbidity/
complications

STUDY DESIGN

Children imp lanted 1992- 2002

Chi ldren who were implanted in a normal ear but had cochleovestibular anomaly in unimplanted ear

Common cavity n =8, hypoplastic cochlea n = 16. incomplete partition n =42, isolated EVA n =37 (wide
notch n =30, parallel n =7), concomitant EVA n = IS, posterior labyrinthine dysplasia n =26, narrowing
of lAC or cochlear canal n = II

Common cavity: cystic cavity representing both cochlea and vestibule, or presence of dilated vestibule
and cochlea with marked enlargement of ductus reuniens
Incomplete partition: deficiency in modiolus and incomplete septation within cochlea with <2.5 turns;
usually associated with EVA
Cochlear hypoplasia: cochlea smaller than normal but clearly differentiated from vestibular elements
EVA: isolated finding of aqueduct diameter exceeding diameter of posterior SCC; subtypes from less to
more severe-wide notch (enlargement caused by endolymphatic sac), parallel (enlarged all the way to
the vestibule ), funnel

Double review of CT scan confirming normal cochleovestibular anatomy

Mean 4.9 Y(SO 3.9) for patients with cochleovestibular anomalies; mean 6.0 y (SO 4.4) for patients with
normal anatomy

one specified

l -mm axial and direct coro nal images

ucleus C122. C124, CI24R

Closed-set tests: test of auditory comprehension, WI PI
Open-set tests: Glendonald auditory speech perception test, phonetically balanced kindergarten words and
phonemes

Concomitant anomalies studied:
• Posterior labyrinthine dysplasia: vestibular anomalies other than EVA
• lAC narrowing: <2 mm diameter
Findings: children with narrowed lAC performed significantly worse on WIPI speech testing

ot specified

ot reported

Perilymph/CSF leak n = 9/103, explantation n = 2/103. nonstimulation 2/103, facial nerve weakness 0/103
(abnormal facial nerve course 16%), abnormal middle ear anatomy 18/103; 24% had surgery complicated
by CSF/perilymph leak or challenging anatomy

EVA = enlarged vestibular aqueduct. SCC = semicircular canal. lAC = internal auditory canal. G = Gestell irncgen, CI = confidence interval .
CT = computed tomography. WIl'l = word identification of phoneme index, Sf) = standard deviation. CSF = cerebrospinailluid.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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THE EVIDENCE CONDENSED: Cochlear implantation of abnormal innerears versus normal cochlea

Reference

Level (design)

Sample size'

Eisenman, 200 I

3 (retrospective matched pairs ana lysis)

18 : 9 pairs with data at 24 mo
30: 15 pairs with data at 12 mo
32: 16 pairs with data at 6 mo
(34 : 17 pairs with data initi ally)

OUTCOMES

Median 4, 25th-75th percentil e 3-5 Mean 3.4 (95% CI 2.3-4.7)t

>0.05 for ESP. GASP-W, GASP-S scores at 6 and 24 mo; <0.04 for RM-ANOVA which dem on str ated more
rapid rate of improvem ent in GASP-W testin g (F = 6.20)

Slower rate of improvement with malformation By 24 mo , no significant di fference

6 rno, 12 rno, 24 mo

Coc hleovest ibular
ano ma lies

Norma l ana tomy

p Value

Co nclusion

Follow-u p tim e

Speech gro up sco res at 12 mo

Median 3. 25th-75th percentil e 2-3

Speech gro up scores at 24 Ipo

Mean 4.6 (95% CI 3.7-5.8 )t

Inclu sion crite ria

Exclusio n cri teria

Malform ation gro up
details

Malformation
definition s

Contro l group details

Age

Masking

CT details

Coc hlear implant
details

Speech testin g details

Add itiona l
malformation s
studied

Consec utive pa tients?

Power

Morbidityl
com plications

STUDY DESIGN

All children impl anted with osseou s cochlear malformation s 1991-1 998

Child ren with isolated vestibular abno rma lities

Co mmo n cavity n = 4, hypoplastic cochlea n = 3, incomplete partition n = II , concom itant EVA n = 6

Mild malformation : sim ple incomplete part itioning of the cochlea
Severe malformation: hypop last ic cochlea, common cavity

Pairs mat ched for age at impl antation, duration of deafness, preoperative speech percepti on , primary mode of
communication , device type. Small but statistically significant differences in the age at imp lantation (difference
between means 0.51 y, P = 0.03) and duration of deafness (difference between mean s 0.68 y, P = 0.04 )

1.7- 8.9 Y

Non e specified

Not specified

Nucleus N22, N24M; Med-El co mpressed electrode array, Med-El standard electro de array

Early speech percepti on test, Glendona ld aud ito ry speech percepti on test. Speech perception categor y
assignme nts: 0 no reliable detect ion of speech, I detection of speech signa l, 2 patt ern perception , 3
beginning word ide ntificatio n, 4 word identifi cati on th rou gh vowel recognition , 5 word ident ificati on
through con son ant recogn ition, 6 open-se t word recognition

Non e spec ified

Yes (malformations)

Not reported

CSF outflow fro m cochleostomy site n = 7 (3 slow, 4 profuse)

EVA =enlarged vestibular aqueduct. SCC =semicircular canal. lAC =intern al au dito ry canal , GN =Gestcl/Nimegen, CI =confidence interval.
CT =computed tom ograph y, 'WIl' l =word identi fication of phon eme index. SD =standar d deviation , CSF =cerebros pinal fluid . ESP =Early Speech
Perceptio n test. GASP-W = Glendo nald Auditory Speech Perceptio n test for Words, GASP-S = Glendo nald Auditory Speech Percept ion test for Sentences.
• Samp le size: numbers show n for those not lost to follow-up and those (initially recruited ).
t Values extrapolated from graph.
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THE EVIDENCE CONDENSED: Cochlear implantation of abnormal innerearsversus normal cochlea

Reference

Level (design)

Sample size'

Mylanus, 2004

3 (retrospective matched pairs analysis )

20: 10 pairs

OUTCOMES

Cochleovestibular
anomalies

Normal anatomy

p Value

GN open-set phenomes

40%-95% (n = 8)

230/0-100% (n = 9)

Not reported

Erber closed set

540/0-75% (n =2)

100% (n = 1)

Not reported

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Malformation group
details

Malformation
definitions

Control group details

Age

Masking

CT detail s

Cochlear implant
details

Speech testing details

Additional
malformations
studied

Consecutive patients?

Power

Morbidity!
complications

"No great difference in performance between the two groups"

Average 4.7 y (range 2.0-7.5)

STUDY DESIGN

Children undergoing cochlear implantation 1994-2002

Not specified

Common cavity n = 1, incomplete partition n = 7, EVA n = 3, dysplastic vestibule and canals n = 5

As defined by Iackler [4): tota l aplasia, severe cochlear aplasia, mild cochlear ap lasia (basal turn only),
common cavity, severe incomplete partition, mild incomplete partition

Pairs matched for age at imp lantation, duration of deafness, electrode insertion depth

1.0-7.7 Y

None specified

High -resolution CT scanning interpreted by radiologist specializing in imaging of the temporal bone

Not specified

Tests consisting of lists of CVC monosyllables; GN test, Bosman test

None specified

Not specified

Not reported

CSF gusher n = 1110,aberrant facial nerve n = 1110,exposed carotid artery n = 1110

EVA =enlarged vestibular aqueduct, SCC =semicircular canal, lAC =internal auditory canal, GN =Gcstel/Nimegen, CI =confidence interval,
CT =computed tomography, WIPI =word identification of phoneme index, SD =standard deviation, CSF =cerebrospinal fluid, CVC =consonant
vowel-consonant.
• Sample size: numbers shown for those not lost to follow-up and those (initiall y recruited ).

208



1 .....-0.....Normal ----..- VAS -.....- IP~ Hypo ---+- Comcav I

ComcavHypoIPVASNormal
o

2.5...----------------------,
100 .....----------.------------~

90

(I) 80
o 70e
en 60
"C..
o 50
3=
d.. 40

~ 30
CJ

20

10

o+------------____r------------i

pre post

1..... -0.....Normal ----..- VAS ----.- IP~ Hypo ---+- Comcav I

70 ...,..--------------------------,

Hypo ComcavIPVASNormal

1.5~--------------------,

en 1.6

&= 1.4
e eco 0 1.2
.c :it 1o:C
'0 0 0.8
(1)3=
i~ 0.6
a: II] 0.4

!:. 0.2

o
o+------60101....------____r---------------j

60

! 50oe
en 40
"C..o
3= 30
~

~ 20

10

pre post

1··...-0.....Normal ----..- VAS ---+- IP~ Hypo ---+- Comcav 1

ComcavHypoIPVASNormal

0.6

0.4

0.2

o

0.8

u;= 1.4-r----------------------,
e

(I) ~ 1.2
C) as 1;0
.c(,)
oen
.... (1)

°E
CI)CI)

10 5a::.c
D.
~
In
~

90 -r----------------------------,

80

! 70o
~ 60
(I)

E 50
CI)

5 40
.c
~ 30

~ 20

10

O+------~--------r--------------j

pre post

Figure 9.B.1. The open-set speech perception test scores for children with normal and anomalous cochleovestibular anatomy are
show in the series of the plots. The score for each test is on the y axis. On the x axis is plotted the preimplant score and the best
obtained postoperative score. To the right of each the plot, the rates of progress (best score minus preimplant score/duration of
implant use) are shown for each test. Reprinted from Papsin [1] with permission from Lippincott Williams and Wilkins.
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10 Subglottic Stenosis

Single- versus double-stage laryngotracheal reconstruction: Rate of decannulation, need
for subsequent procedures

Jennifer J. Shin and Christopher J. Hartnick

METHODS

Acomputerized Ovid search ofMEDLINE 1966-Novem
ber 2003 was performed. First, the subject heading
"laryngostenosis" was exploded and combined with all
articles containing the keyword "subglottic stenosis:'
Second, the terms "treatment outcome," "tracheotomy;'
and "tracheostomy" were exploded and combined with
all articles containing the keywords"outcome" or "decan
nulation," Third, articles with the keyword "child,"
"infant;' or "pediatric" and those obtained by exploding
"pediatrics" were combined. These three groups were
then cross-referenced, yielding 338 articles. We then
reviewed these reports, as well as the references of any
summary articles obtained in order to obtain all relevant
references. For inclusion criteria, we required the follow
ing: 1) a distinct population of children :::;19 years old
with subglottic stenosis, 2) management with single
staged laryngotracheal reconstruction (LTR), preferably
in comparison to double-staged LTR, and 3) outcome
measures of decannulation and/or need for subsequent
salvageprocedures. Reports of patients with treatment of
purely tracheal or glottic stenosis were excluded. Two
articles met these criteria with comparison of single- and
double-staged procedures [1, 2]. Five articles met these
criteria without such a comparison [3-7]. One 2000
report [4] included pat ients from a 1995 report [3], and
so only the cumulative 2000 report is reported in
detail.

RESULTS

Outcome Measures. ~~he major outcome measure is
rate of decannulation . This rate can be reported in
two ways.The first is to report "operation specificdecan
nulation rates (OSDR)" either at the time of surgery
(for single-stage procedures) or at a later date where
no other major procedures have been performed in
the elapsed time interval (double-stage procedures) . The
second way of reporting this outcome measure is to
report the "overall decannulation rate" regardless of the
number of procedures this process necessitated; the total
number of salvage procedures required per patient is a
second measure of outcome required for this form of
reporting.

Potential Confounders. Results may potentially be
biased by: 1) the etiology and extent of the stenosis, 2)
the presence of tracheomalacia, gastroesophageal reflux
disease, concomitant glottic/supraglottic stenosis, 3)
surgery as primary or revision procedure, 4) the length
of the postoperative follow-up period, and 5) any simul
taneous additional procedures . All of these factors are
tabulated for the reader in as much detail as the source
articles allow.

Study Designs. There are two retrospective controlled
studies (level 3) and four retrospective uncontrolled
studies (level 4) addressing this topic. The retrospective
study design is limited by the inherent biases that
prompted surgeons to proceed with single- versus
double-stage reconstruction; single-stage reconstruction
is preferred with milder stenosis, which bolsters confi
dence that a tracheotomy will not be replaced. Retro
spective studies such as these can attempt to partially
address these biases by also reporting potential con
founding variables within the two groups and by care
fully limiting conclusions drawn from the study. The
authors of the controlled studies recognize that patients
who are chosen for single-stage reconstruction are more
likely to have milder preoperative stenosis (with a more
favorable prognosis) and use this knowledge to temper
their conclusions. Also,authors of controlled and uncon
trolled studies report most of the potential confounders
discussed above. Because of the limitat ions of the retro
spective study design, we cannot use these studies to
directly compare the effectiveness of the single- and
double -staged approach. Instead, we can only conclude
that properly selected children with subglottic stenosis
can undergo single-stage LTR with acceptable decannu
lation rates.

Highest Level of Evidence. Both of the level 3 studies
show that the rate of decannulation without additional
procedures (OSDC) with single-stage LTR was usually
equal to or greater than with double-stage LTR. Again,
this observation is tempered by the preoperative factors
that drove surgeons to opt for the single- versus double
staged approach. One author attempted to account for
some of these factors with statistical methods; multiple
logistical regression showed that staging was the only
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preoperative variable that was significantly predictive of
decannulation. A higher number of additional proce
dures, however, was predicted by both a double-staged
procedure and a higher grade of stenosis in this report
[2]. The other author sorted the data according to the
specific procedure and severity of the stenosis. Logistic
regression showed no effect of age, in contrast with some
previous reports. The grade of initial stenosis again had
a significant effect on decannulation rates in double
stage procedures and in single-stage procedures after
subsequent salvage reconstructions [1].

Additional evidence is available in the form of ret
rospective case series, which corroborate that 56%-85%
of patients were successfully decannulated after one
single-stage LTR, with better rates reported in more
recent years. In addition, the 86%-96% decannulation
rate after salvage procedures is consistent with the rates
seen in controlled studies. In the largest of these series
[4], moderate (33%-66% occlusion) or severe (>66%
occlusion) tracheomalacia was predictive of the need for
postoperative tracheotomy.

Applicability. These results are applicable to further
testing of the hypothesis that single-stage LTR can
provide acceptable decannulation rates in patients ~19

years of age, with grade 2-4 subglottic stenosis and no
concomitant airway pathology.

Morbidity. Restenosis may occur in the long or short
term. 'Also, short-term postoperative complications of
single-stage reconstruction include mucous plugging,
wound infection, bleeding, pneumothorax, pneumato
cele, and withdrawal from benzodiazepines or narcotics
used with long-term sedation for postoperative intuba
tion. These factors were not reported in detail in a dis
tinct population treated for subglottic stenosis in these
reports.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is level3 evidence to suggest that properly selected
children with subglottic stenosis may undergo single
stage LTR with acceptable decannulation rates of 67%-

Cotton grading system for subglottic stenosis." [8]

Grade 1: 00/0-70% obstruction
Grade 2: 710/0-90% obstruction
Grade 3: 900/0-99% obstru ction
Grade 4: 100% obstru ction

' Based on endoscopic examination

82% (without additional procedures) or 86%-100%
(with subsequent salvage surgery). Also, fewer proce
dures may be required with the single-stage approach,
but these results must be tempered by the knowledge that
single staging was pursued in patients with less severe
preoperative stenosis, in addition to other preoperative
factors. Level 4 evidence corroborates the operation
specificand overall decannulation rates reported in these
controlled studies. With the inherent biases of the retro
spective study design, these studies cannot directly
compare outcomes with the single- versus double-staged
approach, but they do encourage higher-level testing of
the hypothesis that single-staged LTR may be a suitable
alternative to the double-staged approach under appro
priate circumstances.

Such higher-level testing could either focus on the
outcome with single- versus double-staged procedures in
patients in standardized circumstances, or it could
attempt to identify which variables make patients most
suitable for the single-staged approach. For the former,
the impact of single- versus double-staged LTR on decan
nulation and need for subsequent procedures theoreti
cally would ideally be addressed in a randomized
controlled trial of grade-specific, operation-specific, and
etiology-specific subglottic stenosis. For example, the
rate of decannulation with and without subsequent
salvage procedures after primary single- versus double
staged LTR in patients ~18 years of age with grade 2-3
acquired subglottic stenosis and no concomitant airway,
pulmonary, cardiac, or neurologic disease would be
studied; postoperative steroid usage, intubation dura
tion, and sedation , as well as preoperative screening,
incidence, and treatment of gastroesophageal reflux
would be standardized in the two groups. Using the
single-procedure decannulation rates from one of the
controlled studies [2], however, in order to create a study
with 90% power to detect a 5% rate difference, a sample
size of 320 patients would be necessary. Such a study
would require more patients than were included in both
controlled studies combined, one of which took 12 years
to accumulate 199 patients at one of the busiest airway
centers in the United States. Given that we do not expect
the results of such a trial soon, future research may oth
erwise focus on resolving those pivotal preoperative
factors that define the most promising candidates for the
single-stage approach.

Myer-Cotton grading system for subglottic
stenosis.* [9]

Grade 1: 00/0-50% obstruction
Grade 2: 51-70% obstruction
Grade 3: 710/0-99% obstruction
Grade 4: 100% obstruction

•Based on endotracheal tube out er diameter



THE EVIDENCE CONDENSED: Single- versus double-stage laryngotracheal reconstruction

Reference

Level (design)

Sample size

Hartnick, 2001

3 (HC)

199 children

Saunders, 1999

3 (He)

69 children

OUTCOMES

Intervention

Decannulation rate
before subsequent
procedures'

Decannulation rate after
subsequent procedures

Need for subsequent
procedures

Single stage

Grd 2: 82%
Grd 3: 79%
Grd 4: 67%

Grd 2: 100%
Grd 3: 86%
Grd 4: 100%

1.3 procedures
per child (mean)

Double stage

Grd 2: 85%
Grd 3: 37%
Grd 4: 50%

Grd 2: 95%
Grd 3: 74%
Grd 4: 86%

1.6 procedures
per child (mea n)

Single stage

80% (reported 20% of patients
required further reconstruction;
data from all grades combined)

91% (reported 9% still with
tracheostomy; data from all grades
combined)

3.2 procedures per child after LTR
(mean)

Double stage

71% (reported 29% of
patients required further
reconstruction; data from
all grades combined)

62% (reported 38% still
with tracheostomy; data
from all grades
combined)

6.2 procedures per child
after LTR (mean)

STUDY DESIGN

All costal car tilage
Postop indwelling sten t
x3 mo

Mean grd 2.56
Pre-LTR tracheos tomy:
100%

21% congenital
79% acquired

20% with previous
laryngeal su rgery

Mean grd 2.14 (includes no grd 4)
Pre-LTR tracheostomy : 31%

All costal cartilage
Postop intubation x7- 1O d

17% congenital
83% acquired

3% with previous laryngeal surgery

Cotton system

81% costal
cartilage

Grd 2: 22%
Grd 3: 63%
Grd 4: 15%

Isolated subglottic stenosis, further
details R

Children have "often undergone
attempted repair of airway disease
before being seen"

85% costal
cartilage

Procedure tirning t

Procedure details

Myer-Cotton
system

Degree of initial stenosis Grd 2: 49%
Grd 3: 47%
Grd 4: 3%

Etiology of stenosis

Grading

Age:/: 4.28 Y (4.46) 4.62 Y (5.67) 2.9 Y(0.2- 12) 3.4 Y (0.5-15)

Concomitant airway
pathology

one with concomitant glottic,
supraglottic, suprastomal, or trac heal
stenos is

"No concomitant airway surgery was undertaken in any of
the subject group [sic]," furt her details NR

Reflux

Inclusion cr iteria

Exclusion criteria

Time period

R

<18 Yold, preoperative Myer-Cotton
grading system available

Concomitant glottic, supraglottic
disease; concomitant suprastomal
collapse or tracheomalacia; anterior
cricoid split

1988- 2000

NR

Patient s "for whom sufficient data was available at the time
of the study"

Concomitant airway surgery

j R

He = historical cohort, grd = grade. LTR = laryngotracheal reconstruction. R = not reported, postop = postoperative.
• In Hartnick, "operation specific" decannulation rates were reported for the procedure without subsequent open surgical repairs; endoscopic
procedures did not affect these calculations.
t Primary: no previous open airway procedures; salvage: previous open airway procedure; extended: combined with another procedure (i.e.,
expansion cartilage grafting or open arytenoid procedure).
:j:Age is reported as the mean. with either (standard deviation or range).
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THE EVIDENCE CONDENSED: Laryngotracheal reconstruction for subglottic stenosis

Reference

Level (design)

Sample size

Gustafson, 2000

4 (RCS)

190 children, 200 cases

OUTCOMES

Youni s, 2003

4 (RCS)

35 children

Decannulation rate after SS-LTR
alone'

Decannulation rate after SS-LTR
and subsequent procedurest

Need for subsequent procedure

85%
(170/200)

96%
(18211 90)

9 patients required a 2nd procedure (details
2 patients required a 3rd procedure (details
All postop tracheotomy: 30

R) for decannulation
R) for decannulation

83%
(29/35)

R

R

Procedure types

Follow-up time

Grading

Degree of initial stenosis

Etiology of stenosis

Procedure timings

Concomitant airway pathology

Reflux

Age

Inclusion criteria

ETT duration

Time period

STUDY DESIGN

101 ant costal cart ilage gra ft, 39 ant/post costal graft, 29 post costal
graft; 15 ant auric ular cartilage graft, 7 ant costal graft/post cricoid
split,S ant/ lat costal car tilage graft, 3 ant thyroid ala graft, I ant Z
plasty

I-I\.9 y (mean 5.5 y)

Myer-Cotton system

Grd I: 35%
Grd 2: 35%
Grd 3: 28%
Grd 4: 2%
64% tracheotomy dependent

48% premature, further details R

132 primary
68 salvage

18%VCP
37% BPD
35% reactive airway disease
29% tracheo malacia

"Most patient s" received preop and pas top an tireflux thera py

2 mo-I 9 y

All children undergoing SS-LTR with at least I y follow-up

2-1 7 d

1987-1998

All 35 received ant and
post costal cartilage
grafts

3 m0-6y

ot specified

Grd I: 0%
Grd 2: 0%
Grd 3: 60%
Grd 4: 40%

35 acquired
ocongenital

24 primary
II salvage

R

All evaluated by
gastroenterologist

18 mo-9 y

All children who had
SS- LTR

10-24 d

1992-2000

RCS = retros pective case series, SS-LTR= single-stage laryngotracheal recon stru ction , NR = not reported, DS-LTR = double-stage laryngotracheal
reconstruction, VCP = vocal cord paralysis, BPD = bronchopulmonary dysplasia, RLN = recurrent laryngeal nerve, Err = endot racheal tube,
ant = anterior, post = posterior, lat = lateral, preop = preoperative, postop = postoperative.
• These rates are not affected by postoperative intubation with an endotracheal tube in children who did not require additional airway modificat ion.
t This includes children who required postoperative tracheotomy who were subsequently decannulated.
:j:Primary: no previous open airway procedures; salvage: previous open airway procedure ; extended: combined with another procedure (i.e.,
expansion cartilage grafting or open aryteno id procedure).
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THE EVIDENCE CONDENSED: Laryngotracheal reconstruction for subglottic stenosis

Reference

Level (design)

Sample size

Decannulation rate after SS-IIR
alone'

Decannulation rate after SS-LTR
and subsequent procedures'[

eed for subsequent procedure

McQ ueen, 1999

4 (RCS)

28 children

OUTCOMES

79%
(22/28)

86%
(24/28)

7 patients required a second procedure for
decannulation (3 SS-LTR, 1 DS-LTR,3 laser
excision of granulation at graft site) with 3
of these after postop tracheotomy
All postop tracheotomy: 7

STUDY DESIGN

Lusk,1991

4 (RCS)

9 children

56%
(519)

89%
(8/9)

2 patients required a second procedure for
decannulation (2 SS-LTR)
I patient required a 3rd procedure for
decannulation (I DS-LTR then I SS-LTR)

Procedure types II % ant and post grafts, 89% ant grafts only 4 ant cricoid split only, 4 au ricular cartilage,
1 costa l cartilage graft

Follow-up time

Grading

Degree of initial stenosis

Etiology of stenosis

Procedure timingr

Concomitant airway pathology

Reflux

Age

Inclusion criteria

ETT duration

Time period

2 mo-3 y

Cotton system

Grd I: 18%
Grd 2: 43%
Grd 3: 25%
Grd 4: 0%
Grd unknown: 14%
18% tracheotomy dependent

23 acquired
5 congenital

All primary

R

NR

"Child ren"

All ch ildren undergoing SS-LTR

2-14 d

1993-1996

1 y-2 Y3mo

Cotton system

All stages 2 and 3, further breakdown R

5 congenital
9 acquired

8 primary
1 salvage

1 sIp larynge al cleft repair

NR

1 mo-I2 y

Single-stage repair of subglottic stenosis

D-13d

1987-1990

RCS = retrospective case series, SS-LTR= single-stage laryngotracheal recon stru ction , NR = not report ed, DS-LTR = double-stage laryngotracheal
reconstru ction , VCP = vocal cord paralysis, BPD = bro nchopulmonary dysplasia, RL = recurrent laryngeal nerve, ETT = endo tracheal tube,
ant = anterior, post = posterior, lat = lateral, preop = preoperative, postop = postoperat ive, SIP = status post.
• These rates are not affected by postoperat ive intubation with an endotracheal tube in children who did not requ ire additional airway modification .
t This includes children who requir ed postoperative tracheotomy who were subsequently decannul ated.
:j: Primary: no previous open airway procedures; salvage: previous open airway procedure ; extended: combined with another procedure (i.e.,
expansion cart ilage grafting or open arytenoid procedure).
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10 Subglottic Stenosis

Cricotracheal resection: Chance of decannulation, chance of undergoing subsequent
salvage procedure

Jennifer J. Shin and Christopher J. Hartnick

METHODS

Acomputerized Ovid search ofMEDLINE 1966-Novem
ber 2003 was performed as described in Section 10.A.For
inclusion criteria for this clinical query, we required the
following: 1) a distinct population of children ~19 years
old, 2) management with cricotracheal resection (CTR)
for >50% subglottic stenosis, preferably with comparison
to laryngotracheal reconstruction (LTR), and 3) outcome
measures of decannulation and/or need for subsequent
salvage procedures. Articles were excluded if patients '
initial grade was not discernable. For serial reports of
case series of a cumulative patient population from the
same principal author ard institution [1- 9], only the
most recent update for each institution was included [4,
9]. Just one controlled stud y [101 and three uncontrolled
case series [4, 9, 11] met these criteria.

RESULTS

Outcome Measures. The major outcome measure is
rate of decannulation. This rate can be reported either
after CTR alone or after CTR and subsequent salvage
procedures, with the latter being predictably higher. CTR
can be performed as a single- or double-stage procedure.
Also, the percent of CTR patients that go on to require
a subsequent salvage procedure is noted in these reports.
Finally, some reports comment on the postoperative
voice, and these results are tabulated for the reader, but
these outcomes must be viewedwith some caution, given
the vagaries of nonvalidated subjective descriptions of
voice.

Potential Confounders. The stage of stenosis and other
potential confounders are as discussed in Section 10.A.
In addition, another important possible confounder is
the distance of the subglottic stenosis from the true vocal
cords themselves. Likewise, gastroesophageal reflux,
cardiac, pulmonary, and neurologi c disease may alter
out comes.

Study Designs. All studies are retrospective reviews.
Two reported data from prospective databases [4, 10].
One study is comparative, reporting outcomes for both
CTR and LTR. The results from this comparative his
torical cohort are summarized below. With the inherent
biases of case series and such limited comparative data,

these retrospective study designs can suggest correlations
and propose hypotheses, even if they do not establish a
direct cause and effect. This means that they can suggest
a role of CTR in the treatment of subglottic stenosis, but
cannot prove that CTR outcomes are better than or
equivalent to LTR outcomes, as higher level prospective
controlled studies could.

Highest Level of Evidence. This retrospective evidence
suggests that CTR may be an acceptable alternative to
LTR in properly selected patients. The one controlled
historical cohort reported decannulation rates of 67%
100% after CTR with salvage procedures, and 37%-79%
after CTR without subsequent salvage. Likewise, decan
nulation rates were reported of 83%-88% for LTR
without subsequent operations, and 74%- 100% for LTR
with subsequent salvage. Data from uncontrolled case
series are consistent with these results, with 73%- 94%
decannulation after CTR alone and 86%-100% after
CTR and salvage procedures.

Applicability. These results are applicable to patients
~19 years of age with Myer-Cotton grade 2--4subglottic
stenosis, and suggest that future research on the role of
CTR in the management of this disease should focus on
this group .

Morbidity. Complications include recurrent laryngeal
nerve injury, arytenoid prolapse , dehiscence, and reste
nosis in a minority of patients, with further details tabu 
lated for the reader.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

These retrospective studies suggest that CTR is a reason
able alternative to LTR for >50% subglottic stenosis in
carefully chosen patients (Myer-Cotton grade 3--4).
Future research will determine whether CTR versus LTR
will result in higher, lower, or similar rates of decannula
tion, additional procedures, and complications. In an
ideal world, that future research would be performed as
a randomized controlled trial of CTR versus LTR in chil
dren ~19 years old with grade 3--4 subglottic stenosis
with ~3-mm margin 2, 4, 11] of tissue between the
stenosis and vocal cords, and no concomitant airway,
pulmonary, cardiac, or neurologic disease. Preoperative
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screening for gastroesophageal reflux would be standard
ized with prevalence and treatment equal in the two
pretreatment groups. Staging, stenting, and timing of the
procedures (primary or salvage) would also be standard
ized or equally distributed between the two groups. The
primary outcome measure would be operation-specific

decannulation, with secondary outcome measures of
need for subsequent salvage procedure, and validated
and/or subjective voice outcome measures [12-15]. To
achieve a 90% power to detect a 5% rate difference in
decannulation rates of 80% and 85%, a sample size of
492 patients would be necessary. Given that such a study
is not immediately forthcoming, future research may
focus on identifying the preoperative factors that best
predict success with eTR.

THE EVIDENCE CONDENSED (controlled): Cricotracheal resection versus laryngotracheal reconstruction
Decannulation rate

Cricotracheal resection

Doub le stage

No salvage With salvage

Grade 3

Grade 4

Single stage

No salvage With salvage

75% (6/8) 88% (7/8)

100% (III)

75% (6/8)

67% (4/6)

88% (7/8)

83% (5/6)

Laryngotracheal resection

Single stage Double stage

No salvage With salvage No salvage With salvage

79% (34/43) 86% (37/43) 37% (23/6 1) 74% (45/6 1)

67% (2/3) 100% (3/3) 50% (7114) 86% ( 12114)

SOl/Tee: Adapted with permission from Hartnick CJ, Hartl cy BE. L1CY PD. et al. Surgery for pediatr ic subg lottic stenosis: disease-s pecific outco mes.
Ann Oto l Rhino l LaryngoI2001; 11O(I2):I I09-1113 (Anna ls Pub lishing Co.).
This is a level 3 study (histo rical coho rt with control) using the Myer-Cotton classification system.



THE EVIDENCE CONDENSED (uncontrolled): Cricotracheal resection for grade 3 or 4 subglottic stenosis

Reference

Level (design)

Sample size

Decannulation
rate: Cl'R alone

Decannulation:
Cl'R and salvage

eed for
subsequent
procedures

Follow-up period

Inclusion criteria

Exclusion criteria

Procedure timingt

Grading system

Degree of initial
stenosis

Etiology of stenosis

Distance from
stenosis to cords

Concomitant
airway disease

Reflux

Simultaneous
procedures

Age

Stents!staging

Vocal outcome

Morbidity!
complications

Monnier, 2003

4 (RCS)

60

OUTCOMES

ot reported

95%

5% (3 revisions for anastomotic dehiscence )

"~ I O Yin II children;' not otherwise specified

STUDY DESIGN

All who underwent CTR after 1978

None noted

33 primary
27 salvage

Myer-Cotton

2 grade 2
41 grade 3
17 grade 4
(46 tracheotomy dependent)

8 congenital
34 acquired
16 mixed
2 other

II with stenosis in glottis and subglottis
6 with transglottic stenosis

12 with bilateral vocal cord fixation
3 with unilateral vocal cord fixation

Not reported

7 Rethi
2 graft of buccal mucosa
7 pedicled graft of membranous trachea
4 vocal cord separation

:516y

38 single stage
22 double stage

38 "normal voice or slight dysphonia"
18 "moderate to severe dysphonia"

I complete restenosis
I temporary reintubation
I death 6 mo after surgery
I dehiscence
oRL injury

RCS=retrospective case series, LTR=laryngotracheal reconstruction, CfR =cricotracheal resection, VCP =vocal cord paralysis, RLN =recurrent
laryngeal nerve, BPD =bronchopulmonary dysplasia, PPJ =proton pump inhibitor, PRN =as needed, post =posterior, ETT =endotracheal tube.
:j:Primary: no previous open airway procedures; salvage: previous open airway procedure; extended: combined with another procedure (i.e.,
expansion cartilage grafting or open arytenoid procedure).
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THE EVIDENCE CONDENSED (uncontrolled): Cricotracheal resection for grade 3 or 4 subglottic stenosis

Reference

Level (design)

Sample size

Decannulation
rate: CfR alone

Decannulation:
CfR and salvage

eed for
subsequent
procedures .

Follow-up period

Inclusion criteria

Exclusion criteria

Procedure tirningt

Grading system

Degree of initial
stenosis

Etiology of stenosis

Distance from
stenosis to cords

Concomitant
airway disease

Reflux

Simultaneous
procedures

Age

Stents/staging

Vocal outcome

Morbidity/
complications

Rutter, 200 1*

4 (RCS)

44

OUTCOMES

73%

86%

16% (4 LTR. 1 laser resection, 2 temporary T tubes)

12-67 mo

STUDY DESIGN

All who underwent CTR 1993-1998

None noted

16 primary
28 salvage

Myer-Cotton

33 (77%) grade 3
10 (23%) grade 4

24 former premature
1 Wegener's granulomatosis

ot further specified

Ideally ~3 mm below the vocal cords, but not limited to
these patients

3 laryngotracheoesophageal c1efting

14 taking antireflux therapy
6 post -Nissen fundoplication

2 post-cricoid splits
I post-cricoid graft
4 arytenoid lateralizat ion
1 arytenoidectomy

Mean 6 y (range 13 mo-l9 y)

22 single stage/ETl'
16 T tube
4 suprastomal stent
2 no stent

ot reported

"Most" with minor web at the anastomosis
20 arytenoid prolapse (8 required laser arytenoidectomy)
9 restenosis (5 still tracheotomy dependent )
2 RL injury
1 subglottic collapse
odehiscence

TrigIia, 2001

4 (RCS)

16

94%

100%

6% open ( 1 anastomosis repair) and 37%
endoscopic (6 laser resection )

Mean 38 mo. >5 y in 5 children

All who underwent CTR 1993-2000

None no ted

16 primary
osalvage

Myer-Cotton

I grade 2
12 grade 3
3 grade 4
( 10 tracheotomy dependent )

2 congenital
13 acquired
I mixed

"Mi n imal residual subglottic space between the
stenosis and vocal cords"

All with normal vocal cord function

ot reported

one specified

Mean 5 Y (range 7 mo-17 y)

8 single stage with Portex ETT
8 double stage with reinforced silastic stent

8 patients demonstrated within-normal-range
values for intensity pitch or maximum phonatory
time

1 cervical emphysema
2 dehiscence

RCS= retrospectivecase series. LTR = laryngotracheal reconstruction, CTR = cricotracheal resection. VCP = vocal cord paralysis, RL = recurrent
laryngeal nerve. BPI)= bronchopulmonary dysplasia.PPI = proton pump inhibitor. PR = as needed. post = posterior, ETT = endotracheal tube.
• Ruiter et al. reported that 40 of these children were distinct from the 1997 report by Stern [11.
t Primary: no previous open airway procedures; salvage: previous open airway procedure; extended: combined with another procedure (i.e.•
expansion cartilage grafting or open arytenoid procedure).
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11 Measuring Audiometric Outcomes
Christopher F. Halpin

Audiometry provides evidence to 19 of the topic areas in
this book and to much of the otolaryngologic literature.
Audiometric evaluations, consisting of pure tone thresh
olds and word recognition scores are not data points;
they are very general evaluations designed to cover all
reasonable questions about the peripheral auditory
system of the patient. It is clear that audiometric evalu
ations contain a great deal of useful data, and equally
clear that large amounts of the information should be
reduced and refocused in order to serve as useful study
evidence. This chapter will explore some fine points
regarding audiometric data, and attempt to provide
support for the process of data reduction and focus.
Issues related to pure tones will be addressed first, fol
lowed by a discussion of standard word recognition.

PURE TONE THRESHC)LDS

Although pure tone thresholds are often used as direct
measures of the severity of ear disease, the concept of
"hearing loss in db" contains a pitfall to be considered,
particularly in sensorineural cases. Pure tones were orig
inally chosen as clinical stimuli because of their specific
ity in the frequency domain. The object was to excite the
basilar membrane in the most localized manner possible.
What is not always clear is that, whereas an electronic
analysis of the tone may reflect a single point in the fre
quency domain, a single hair cell in the cochlea will
actually respond to a broad range of frequencies, espe
cially over the very large intensity range of the clinical
audiogram. This broad excitation pattern is known as a
tuning curve [1] and an example is shown in Figure 11.1.
A hair cell tuning curve has a best response, or charac
teristic frequency (Cf) shown as the sharp peak at 1 kHz.
As the stimulus moves awayfrom the Cf, more intensity
is required to stimulate the cell, resulting in a steep slope
above the best frequency and a characteristic plateau at
frequencies below. The complete audiogram in Figure
11.1 is the audiometric threshold pattern expected given
a single healthy inner hair cell located at 1 kHz (by
"healthy;' is also implied all other structures necessary
for the normal action of this cell). This means that both
the high- and low-frequency slopes of this audiogram
show the maximum pure tone "loss" expected adjacent
to a healthy cochlear region, because one cell (here at
1 kHz) could be responsible for all these thresholds [2].

Normal audiograms appear flat [near 0 decibel
hearing level (dBHL)] because they reflect the sensitivity
of the tips of thousands of overlapping tuning curves,
each with a different Cf. In the normal cochlear regions,

pure tone thresholds reflect the characteristic frequencies
of the healthy hair cells.As hair cells and other structures
are damaged by cochlear disease, their sensitivity is
reduced or eliminated [3], and the response will arise
from cells (with different Cf''s) whose tuning curve tail
still includes the stimulus region. Even in a region where
hair cells are absent, a threshold may be measured
because of the responses of these adjacent hair cells in a
healthier region of the cochlea. In Figure 11.1, if a cell
normally transducing 2 kHz were to die, the patient
would continue to raise their hand at 70 dBHL, because
the remaining cell at 1 kHz could perceive the 2-kHz
tone at that intensity. Thus, the tuning curve concept
calls into question the use of hearing thresholds as a
continuous scale of severity ("hearing loss in db"). For
example, a patient with an ototoxic reaction and a
"steeply sloping high frequency loss" could be modeled
as having a flat-topped array of many of these curves
(resulting in normal low-frequency thresholds) up to
1 kl-Iz, with the "sloping loss" formed by the high-fre
quency tail of the tuning curve of the last normal cell. In
such a case, pure tone detection arising from the high
frequency response area of that cell (the high-frequency
slope in Figure 11.1) would mask the fact that the cochlear
transduction elements were completely absent above the
I-kHz region. There are many possible combinations of
these relationships, including abnormal tuning curve
shapes not discussed here (c.f, Liberman and Dodds
[4]). However, investigators using "hearing loss in db"
as a continuous severity variable should be cautious as to
whether or not thresholds are likely to reflect graded
changes in their location of interest.

If hearing is to be used as an outcome measure, it is
critical to remember that elevated audiometric thresh
olds are a symptom and not a disease. Thus, grouping
patients or study subjects on the basis of "hearing loss in
db" is analogous to the formulation: "sickness in degrees
of oral temperature," Although it is true that a group of
sick people may exhibit a higher average oral tempera
ture than normals, most would agree that they should be
parsed into disease-mechanism groups and studied sep
arately. When studying ear disease and treatment out
comes, steps beyond numerical audiometric values are
often indicated in order to attempt to study homoge
neous groups. This can be done using history items,
shared environmental factors, family membership, pilot
studies, and more complex use of thresholds and speech
audiometry.

With these cautions in mind, the pure tone thresh
old audiogram remains a critical element in understand-
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Figure 11.1. The tuning curve. This is the hypothetical audio
gram that would be expected to result from a single properly
functioning inner hair cell located at 1 kHz. This tuning curve
represents the limits of cochlear damping on either side of a
cell. Given the verylarge intensity rangeof the clinical audio
gram, thresholds are expected at nearly all frequencies, even
when no other living hair cells are present.Thiscurveplaces a
fundamental limit on the interpretation of pure tone thresh
olds in sensorineural cases.

ing ear cases. For reasons described above, it is best
interpreted in the frequency (or cochlear place) domain
where it remains valid and useful. To return to Figure
11.1, the audiogram, with all its limitations, has correctly
identified the place of the healthy functioning element,
and the regions above and below it which require further
investigation are apparent to the clinical eye.Used appro 
priately, pure tone audiometry is very informative.
However, pure tone thresholds were not designed to
suffice on their own. They deliver useful place informa
tion and are designed to be combined with the more
challenging word recognition tests to form useful models
of cochlear damage [5). This approach will be described
in the word recognition section of this chapter.

Reliability. Threshold audiometry is occasionally chal
lenged as a "subjective" test in that the patient may
choose to respond or not. In addition, audiologists con
fronted with this assertion seem to have complete confi
dence in the objectivity of the results without a clearly
articulated reason. The underlying misunderstanding all
around is that the clinical response in audiometry is not

a handraise, it is control of the handraise by means of the
stimulus. In other words, control must clearly shift from
the patient to the audiologist such that the response can
be automatically elicited under any super-threshold con
dition, at any time, in any order. For example, after a
tentative handraise, as the hand is slowly lowering, the
stimulus can be raised 5 dB and re-presented. The
patient's hand will shoot back up immediately without
conscious thought and this is as "objective" a response
as could be desired. During an evaluation , an audiologist
can reliably tell if they, or the patient, has control.

The reliability of audiometry is also subject to its
physical calibration. The stability of electronic amplifiers
and attenuators has improved such that it is rare to find
them drifting by as much as 1 dB without a total failure.
The transducers (headphones, insert phones, and bone
vibrators) are under more physical stress and it remains
possible for them to fail in a graded manner (-10 dB)
without obviously ceasing to function. Clinical audio
meters are calibrated quarterly to specific American
National Standards Institute (ANSI) standard physical
output values using a sound level meter, an artificial ear
(a 6-cc cylinder with a microphone at the bottom), and
an artificial mastoid to measure the force output of the
bone vibrator. Clinical audiometers are required to have
additional testing of attenuator linearity, cross-talk
(signal leakage), and other functions annually [6). These
physical calibrations are very reliable and can be backed
up by daily listening checks to spot any failures. A good
addition to a study archive is a copy of the calibration
report for the time period during which the data were
taken.

Although a threshold is thought of as the boundary
between hearing and not hearing, in functional terms , it
is a place on the psychometric function of the rising
probability of response with intensity. This place is spec
ified by standardization of the technique for arriving at
the value. Audiologists have standardized the Hughson
Westlake bracketing procedure for this purpose [7). The
key point is that the response is defined as two clear
responses while ascending from below the threshold. A
different (lower) threshold is found when descending,
because of the brain's ability to track a known stimulus
into physiologic noise a little better than it is able to
recognize a signal emerging from it. Even given this
amount of specification,some threshold boundary effects
vary with ear disease. The sharpest response boundaries
are found in cases of cochlear hearing loss. However, at
the extremely low intensities where normal listeners'
thresholds are found, there is more variability (- 5 dB).
This amount of variability is also expected in conductive
loss cases because the effective energy at the cochlea is
the same even though the amount of input sound is
higher. Finally, there can be very large inconsistencies
(-15 dB) when the disease mechanism is retrocochlear
in nature. Because this level of uncertainty can indicate
pseudohypoacusis as well, care must be taken to be sure
which mechanism is responsible.



Response Limits. Some patients do not hear a tone
delivered at the equipment's maximum intensity. The
audiometric maxima (for air conduction) reflect not
only the output limits of audiometers, but also the likely
physiologic range of hearing sensitivity in the majority
of cochleas. Output limits. especially from 1 to 6 kHz
(i.e., 120-125 dBHL) reflect the boundary between the
most severelyaffected cochleas and the threshold of pain
(-130 dBHL). There are exceptions, for example, a very
severe mixed loss where a near-maximal conductive
component would be applied in addition to a severe
(70-90 dB) flat cochlear loss, but these tend to be rare.
Except in these cases, the electronics tend to give out in
about the range where the cochlea itself gives out.

The inability to elicit :1 response at the upper limit
of the audiometer output should not usually be classified
as missing data. Particularly in studies of severe cochlear
effects, the out -at-limits symbol clearly indicates a useful
magnitude, even though it does not reflect the standard
data collection method. Especially when combining
these values into pure tone averages (PTAs), out-at
limits must be assigned a numerical value. One approach
is to extrapolate data to one step (5dB) above the audi
ometer output limit. This is the first possible step where
a response could have been seen, and is therefore a con
servative estimate. Even if a finding of out -at -limits actu
allyrepresents the complete absence of cochlear function,
a number that expresses a high magnitude is often con
sistent with the goals of a well-constructed study.

There are two special (and common) circumstances
in which the magnitude implied by the upper limits of
audiometric data must be handled differently. These are
the vibrotactile response and the apparent air-bone gap
which would result from simply extrapolating the out
at-limits values separately for air and bone conduction.
Clearly, vibrotactile responses do not represent auditory
events at all. However, they do impose an upper thresh 
old value limit, not by an absent response, but by the
presence of a response no : related to audition. An audio 
gram showing the expected thresholds for vibrotactile
responses in adults [8] is shown in Figure 11.2 (at 250
and 500 Hz). Vibration is best perceived at low frequen
cies, high intensities, and also when using the more
effective force coupling of the bone vibrator. Also, these
responses will not be eliminated by the introduction of
masking, so they may appear as either masked or
unmasked thresholds. Vibrotactile response areas are
well known to audiologists and any combination of
transducer, frequency, and intensity approaching these
values should elicit further investigation to determine
whether the patient perceives the stimulus as sound or
vibration. Protocols differ as to whether these levels are
plotted on the audiogram (and discussed in the report)
or simply excluded. Certainly they must be excluded
from any consideration as real values when used in
studies of hearing. Bone vibrators require a great deal of
force to accelerate the head, and so their output limits
are much lower (in dBHL) than those of headphones.
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Figure 11.2. Vibrotactile and transducer limits. The 250- and
500-Hz responses by bone and air conduction represent
responses expected to arise from vibrotactile rather than audi
tory perception. Although they are plotted here for reference,
theymaybe omittedfrom audiograms for clarity and certainly
should not be included in study data as pure tone thresholds.
The border of the light blue area describes typical bone con
duction output limits and the border of the green area, air
conduction.

Also, bone vibrators are much more efficient at eliciting
vibrotactile sensations and so vibrotactile thresholds
occur at lower levelsas well.Eventhough different output
limits and vibrotactile responses for air and bone stimuli
may be marked on an audiogram, they should never be
interpreted as evidence of a real air-bone gap.

The minimum values for audiometric thresholds
typically include responses of -10 or -15 dBHL. Both
zero and negative values should be discussed with anyone
creating data spreadsheets and other such analysis tools.
An entry of zero is synonymous with missing values in
some data schemes, and care must be taken to allow both
audiometric zero and negative threshold values to occur
as real magnitudes and to be accommodated in any data
set. Conversely, a truly missing point must not act as an
audiometric value of zero. There are even instances in
which an event that exceeds audiometer limits can occur
in the healthy direction. In recent studies of superior
semicircular canal dehiscence and other "third cochlear
window" disorders, a hypersensitiv ity to bone-conducted
stimuli has been noted [9]. Here, the pat ient may still be
responding to 250 Hz by bone conduction at the lowest
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possible level.These cases illustrate the need for extrapo
lated measurements (e.g., addition of one 5-dB step) to
appropriately assign a numerical value for what amounts
to an out-at-limits response at the opposite end of the
stimulus intensity scale.

Conductive Effects. Unlike cochlear pathology, elevated
thresholds caused by middle ear disease are more consis
tent with a model of "hearing loss in dB" as a continuous
severity variable. Here, the pure tone thresholds reflect
the attenuation of acoustic energy and the relative inef
ficiency with which it passes through the middle ear
system. This inefficiency can indeed be scaled asdecibels
in the intensity domain. However, it has been shown that
different mechanisms such as middle ear fluid volume
and viscosity,as well as different sites of lesion, from the
tympanic membrane to the stapes footplate, result in
different patterns of attenuation as a function of fre
quency [10]. In general, this means that a fine structure
of frequency-specific effects is expected to exist in middle
ear cases, even though the mechanism can be modeled
as a single load on the system (Le., the presence of a
cholesteatoma). Whether or not it is necessary to report
frequency-dependent effects depends on scientific issues
specific to each study. It is advisable to first assess all
these effects to be sure important frequency-specific
findings are not lost before reducing the data set, or
combining the thresholds into averages.

There is an assumption in interpretation of conduc
tive hearing loss (as air-bone gap) that the sensitivity of
the cochlea is unaffected by the middle ear mechanism.
This allows evaluation of the size of the difference
between the bone conduction and air conduction thresh
olds to be used to scale the disease effect.The well-known
caveat to point out is the phenomenon known as "Car
hart's notch" [11]. In otosclerosis cases, it is clear that
the bone conduction threshold at 2 kHz is elevated (by
as much as 20 dB) as a consequence of stapes footplate
fixation, as opposed to any actual cochlear damage.
Carhart's notch may resolve after stapes surgery, and this
phenomenon requires some accommodation when
studying conductive loss. When subtracting presurgical
air versus. bone data, the middle ear inefficiency is
underestimated. There are several practical ways to
address this issue, including ignoring it after having
assessed the likely impact on a particular study. Other
ways include using the air conduction improvement
alone, or concentrating on frequency regions where the
effect is not expected. One aspect of this conductive phe
nomenon which is less well known is that elevated bone
conduction thresholds are not necessarily restricted to
otosclerosis and are not always narrowly focused on
2 kHz [12]. Here again, knowledge of the disease mech
anism under study can guide the investigator in an
assessment of whether these effects are likely in their

study and how they might be accommodated by using a
carefully selected portion of the audiometric evalua
tion.

Threshold Combinations. A common example of audio
metric data reduction and focusing is the combination
of 0.5-, 1-, 2-, and 3-kHz thresholds into a standard PTA
[13]. The data reduction is achieved by removing 0.25,
4, and 8 kHz and other threshold data, and the focus is
achieved because the central frequencies are those found
to be most contributory to word recognition. The basic
discovery in the area of speech contribution was made
by Fletcher, who demonstrated that frequency bands do
not add to word recognition in the same manner that
they add to loudness. The information content of some
bands, especiallyaround 2 kHz, were found to be higher
than others [14, 15]. A graph of the speech importance
bands is shown in Figure 11.3. Fletcher's predictive
model, which he called the Articulation Index (AI) and
which is now known as the Speech Intelligibility Index
(SII), is a scale of available speech information from 0 to
1.An SII of 1.0 is achieved when all the frequency bands
are fullyaudible. The SII can be thought of as the propor
tion of speech information in the listening situation
given the patient's threshold, the speech level, noise, etc.
With this general value derived from the listening condi
tions, the expected score on any specific speech test can
be calculated. For example, an SII of 0.1 (or 1/10th of all
possible speech information) will predict a score of 500/0
of Spondees (i.e., SRT) but only about 180/0 of standard
word recognition monosyllables (i.e., CID W-22) at the
same level.

Because the SII predicts the score on the standard
monosyllable word recognition tests, this provides a very
useful diagnostic tool where cochlear regions can be
tested as to whether they are actually contributing the
normal amount of information in a specificpatient [16].
Figure 11.3shows that speech information, although best
at 2 kl-Iz, is actually fairly evenly distributed throughout
frequencies from 310 to 4 kHz. Note that the axis of this
graph does not range from 0 to 1.0, but only from 0 to
0.10 because no one band, not even the most important
2-kHz region, contributes as much as one-tenth of the
possible speech information. Speech information and
word scores actually respond most sensitively to the
addition or subtraction of bands. Any set of thresholds
that add up to the same SII would result in the same
predicted word recognition score. Adding frequencies
from 125 up to 750 Hz, or frequencies from 8 down to
2 kHz, or a middle C(most important") set from 1.5 to
3 kHz, each result in an SIIvalue of ......0.4 and a prediction
of ......80% correct for clinical word recognition in all three
cases.

The red lines in Figure 11.3are designed to point out
a possible alternative to the standard PTA that is based
on the behavior of the SII importance values. Most clini
cians would argue that 500 Hz should be included in any
audiometric model of word recognition. In examining



Alternative Pure Tone Average:
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Figure 11.3. Speech importance by frequency. The blue histo
gram bars represent the contribution of each one-third octave
frequency band to speech intelligibility as modeled by the SII.
As can be seen in this figure, no one frequency (even those
around 2 kHz) contrib utes more than one-tenth of the possible
speech information, and the eventual performance is therefore
responsive to the number of available bands. The red lines
indicate why 4 kHz might oe included in those PTA calcula
tions which also include 500 Hz.

Fletcher's importance values, it can be seen that if the
PTA thresholds were restricted to those contributing
approximately 0.05 SII (as 500 Hz does ), then a case
could be made for the inclusion of 4 kHz (also about 0.05
SII). Conversely, if the crt-off was established at 0.07 SII
(the 3-kHz importance value) then the SOD-Hz band
would no t qualify.

The SII has been shown over many years to contain
sufficient complexity to account for most clinically rel
evant aspects of the effec: of thresholds on word recogni
tion [5]. Conversely, simpler methods (such as PTA) can
occasionally fail to accommodate some of these aspects.
This is illustrated in Figure 11.4. In the first panel (Case
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A), an audiogram is shown with a PTA of 22.5 dB.
Because all the frequency bands below 3 kHz contribute
their normal weight and sensitivity, the patient's SRTwill
not be affected (- 9 dBHL). Also, the patient will be able
to demonstrate the ability to recognize whispered words
(94% at 35 dBHL). However, this patient will be very
clear that they are experiencing abnormal hearing as a
result of a significant dysfunction involving the cochlear
base.

The second panel (Case B) shows a case with the
same PTA. Here, the different pattern of thresholds does
not allow the addit ion of many central bands until higher
levels. The result is very different in the clinic. This
patient's SRT will be affected and should rise to more
than 25 dBHL. The patient's ability to recognize whis
pered speech, both at home and in the clinic, will be
remarkably worse (-70% at 35 dBHL). The effects in
both of these cases are captured using the comp lexity of
the SII calculation, and obscured by attempting to sim
plify the speech and level effects using PTA.As a practi 
cal matter, the calculations required for an "instant" SII
calculation were not available during the 1930s when it
was discovered by Fletcher and colleagues. Academic
institutions can assign a programmer to the creation of
small calculation programs (or spreadsheet functions ) if
the relationship of thresholds to word recognition is an
important study consideration. Despite many alternate
proposals in this area in academia, clinicians who wish
to apply a well-accepted calculation method can use the
ANSI standard [17].

A different reason is sometimes given for combining
audiometric thresholds in clinical studies. Some investi
gators would like to use PTA to capture any changes
within a wide range of audiometric frequencies. There
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Figure 11.4. PTAcan obscure disease effects. These three audiograms have the same PTA (0.5, 1,2, -4 kHz). If each represented
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whispered speech or SRT. :t is important to judge the effect of including all such cases in a proposed study based on the magni
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are two important assumptions underlying this approach
that must be carefully considered before using such a
strategy. One is a qualitative principle suggested by the
cases in Figure 11.4. Here, one might imagine a study
participant's audiogram changing from normal to one
of the audiograms A, B, or C. Many clinicians would
interpret these audiograms as evidence of three different
disease processes. A report that PTA had decreased by
15 dB in all cases, although true , would tend to obscure
this aspect of the study population. Once again, the
audiogram, per se, is designed to cover all bases rather
than to specifically track anyone disease effect.

A separate, quantitative effect of attempts to capture
changes by combining thresholds into PTA is illustrated
in Figure 11.5. The assumption underlying PTA is that
the expected effect of the disease will be seen at all PTA
frequencies. If this is so, changes across all frequencies
will cause sensitive changes in the PTA variable. If,
however, changes occur at only one of the PTA frequen-
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cies,the inclusion of the other components of the average
will act to dilute any change in the apparent outcome. In
both cases in Figure 11.5, PTA has decreased by 6.25 dB
during the study. In the top case (Case D), a serious
noise-induced hearing loss has occurred in the expected
4-kHz frequency region. This localized change of 25 dB
is reduced to an apparent change of only 6.25 dB when
forced into the PTA combination. However, the case at
the bottom (Case E) shows that small changes distrib
uted across a flat hearing loss produce the same quantita
tive change of 6.25 dB in the PTAwith a fairly negligible
impact to the clinical observer. Whatever the effects of
combining pure tone thresholds into averages, it is
important to use the same approach in both the initial
and final stages of any study. If, for example, the inclu
sion criteria specifiesloss at only one or two frequencies,
a final report using PTA may dilute the impact of
changes.

Threshold Data Reduction andFocus. The audiometric
effectof the diseaseor treatment mechanism under study
cannot always be known a priori. However, the issues
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Figure 11.5. Equal change in PTA. These two cases both exhibit a change in PTA of 6.75 dB. In the top case (D), a significant
noise-induced hearing loss has developed, but the inclusion of the other PTA frequencies tends to minimize this effect. In Case
E, very little of clinical interest has likelyoccurred, but the fact that the changes are distributed across frequency tends to maximize
the resulting change in PTA.



raised above suggest the value of vigorous attempts to
apply what is known abor.t the clinical entity in order to
reduce and refocus the broad range of information
expected from the clinical audiogram. Both quantitative
and qualitative features of pure tone audiometry suggest
that it is not advantageous to act as if no knowledge exists
apriori, especially if some expectations can be developed
using pilot studies or other means. As is often true in
investigations, there is value in removing information
from the study construct and keeping a smaller set of
variables closely related to the question of interest. One
example might include .racking the progression of a
sloping loss by reporting only the 2-kHz threshold for
each subject [18]. Such an approach does not track all
effects, but the reduced variable lends itself to a helpful
scatterplot, where variability across subjects can be
appreciated by the clinical reader. It is not invalid to
produce several such plots for individual frequencies and
to decide post hoc if choosing one will obscure any sig
nificant aspect of the population behavior. The mecha
nistic approach can, and should be, extended further into
expectations of specific changes within the site of lesion.
Audiometric variables may be focused on changes at the
base of the cochlea in certain ototoxicity studies, on low
frequencies when studying the onset of Meniere syn
drome, etc.

To keep a data set properly focused on one question,
it is often necessary to use different thresholds from the
audiograms collected for a study. The obvious example
is the evaluation of unmasked and masked thresholds in
different cases to arrive at what, in both instances, is an
estimate of cochlear sensitivity, It is the sensitivity of the
cochlea that should remain the target, whereas the means
of arriving at it should be allowed to vary. There is no
symbol on the audiogram for the inefficiency of the
middle ear, the depopulation of the cochlea, or practi
cally any other directly useful data construct. What
actually occurs as these results are used is that a clinician
evaluates each audiogram and finds the particular results
or relationships that answer the question in that patient.
This means that it is expected that some amount of
flexible, secondary processing should be expected when
using audiograms in order to result in directly meaning
ful and comparable data. The audiologist, for example,
could assist by evaluating each audiogram and reporting
(as primary variables) the cochlear sensitivity based on
whichever test values represent the best data within that
case. These are still reported as numbers (in dBHL)
but with the flexibility to decide if masked or unmasked,
air or bone thresholds best represent the desired con
struct' and to properly factor equipment limits, vibrotac
tile responses, pseudo- conductive losses, etc. These
secondary steps should be considered when converting
audiometric evaluations into data, rather than expecting
the useful data to present in the same form in every
case.

Reducing the audio.netric data to focus on specific
disease mechanisms in each study does not mean that
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standard reporting conventions should be abandoned.
Reporting standards reflect valuable efforts to allow good
communication of results across sites. They must neces
sarily be somewhat general and they often include com
bining thresholds [13]. If the disease process affects most
thresholds, the act of combining the data will not obscure
the result. If some aspect under study is more highly
localized, a clear change at one frequency can be obscured
by forcing it into an average with unaffected regions (as
in Figure 11.5). One answer is to start by casting the net
wide, by finding any single-frequency changes, and end
by considering if using a standard reporting method will
preserve those changes when presented to the reader.
Any important differences in the audiometric fine struc
ture that are obscured by the more general standard
reporting convention should be known to the researcher
and presented to the reader.

WORD RECOGNITION

A set of pure tone thresholds may result from the pres
ence of only a few functioning cochlear cells (as in Figure
11.1) or an entire array, thus the pure tone audiogram is
not sufficient for a comprehensive evaluation of cochlear
disease effects. However, accurate word recognition by
the patient requires the combined function of many
healthy cells across a broad region (c.f, Young and Sachs
[19]) and therefore these data do indeed respond to
changes in the health, number, and location of the
cochlear population [3]. However, word recognition
necessarily involves providing a rapidly changing acous
tic stimulus across most of the cochlear array and so the
place specificity of the effects is not revealed by words
alone. This means that both tones and words provide
essential, but fundamentally different, data and one must
be combined with the other in order to form a useful
model of each patient's ear. The original concept of the
audiologic evaluation involved combining the pure tone
thresholds and the word recognition results to arrive at
a working model of the peripheral auditory system [20].
Stated generally, the approach is to evaluate the severity
of missing information using word recognition and then
to build (and test) a frequency map of the areas respon
sible, using the pure tones [5].

Although the principles for combining thresholds
and speech scores diagnostically were introduced more
than 50 years ago, they involved substantial calculation,
and real-time methods for accomplishing this using
computer software [21] are only beginning to be imple
mented. An example is provided here to illustrate how
this approach may become very useful both clinically and
in studies. Figure 11.6 illustrates the completion of the
analysis begun in Figure 11.1. Here again, the hypo
thetical audiogram is drawn which could result from a
very limited patch of functioning cells around 1 kHz.
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What has been added using software is a word recogni
tion analysis box on the left. The vertical axis of this box
is percent correct for monosyllables, and the horizontal
axis is speech level in dBHL. The red bars show the
patient's actual scores (central tic) and the critical differ
ence at the p < 0.05 level (red bar height) . The SII is used
to calculate that ear's performance for monosyllables
across level (the red "S" curve). Because the SII calcula
tion was developed using normals, the plotted curve rep
resents the percent scores expected if the cochlea is fully
populated with useful (but somehow insensitive) recep
tors (i.e., if the hearing problem was attributable exclu
sivelyto a loss of sensitivity from a middle ear pathology).
This line, then, represents the opposite of the tuning
curve hypothesis and, if the patient's actual scores match

the line, this can only result from a near-normal popula
tion of functioning cells in the region being stimulated
by the speech signal [5].

In the top panel of Figure 11.6,when word recogni
tion is tested at 45 dBHL, the speech spectrum presented
is shown by the lower-level green "speech banana" (note
the shape of the speech spectrum marked in green). For
this test condition, only the frequencies near 1 kHz are
sufficiently sensitive to receive the speech information
and a fairly low percent score is predicted (-50%). In this
case, the patient actually gets a score close to that value
(score at base of arrows). The interpretation using both
tones and word recognition is that a portion of the
middle turn of this cochlea is functioning near-normally.
When the speech level is then raised to 90 dBHL, there
are then two possible outcomes (arrows). In one case (a),
the score rises to 92% correct. Because this higher level
(the louder speech banana) exceeds the thresholds from
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Figure 11.6. Combining pure tones and word recognition. This figure shows the resolution of the diagnostic dilemma posed by
Figure 11.1. Here, a speech intelligibility graph is added to the left of the audiogram. The horizontal axis is speech level, and the
vertical is percent score of the standard monosyllable word recognition test. The red "S" curve uses the SII to calculate a best
possible performance function based on the audiogram. Two real tests (red bars) were done for comparison (45 and 90 dB, green
spectra on top audiogram). Of the two major possibilities (arrows a and b) the data best support b, and the bottom case shows
thresholds (regions) hypothetically removed until a narrow region remains which could explain the speech findings.



0.125 to about 2.5 kHz, this high score is evidence that a
large amount of the cochlea is healthy enough to con
tribute to word recognition. The opposite outcome is
seen with the lower arrow (b). Here, the actual score does
not rise with level, even though a broader range of audio
metric thresholds are exceeded at 90 dBHL. This second
interpretation (b) is modeled in the lower panel. Here,
both high and low frequencies are removed from the SII
equation by placing then) out-at -limits. This is acousti
cally impossible as seen in Figure 11.1, but it is not an
impossible model for the actual underlying state of hair
cell survival in a real cochlea [22]. Looking to the newly
drawn model of expected speech function ("5" curve,
lower audiogram) it can be seen that no healthy regions
outside of a narrow range from about 0.75 to 1.5 kHz are
required to account for the patient's actual word recog
nition data. The unknown state of the cochlea when
examined using thresholds alone in Figure 11.1 can now
be resolved into a more useful model by using the audio
gram as its own filter and by combining the SII calcula
tion and the actual speech scores.

What is important about this level of analysis is that
cases described by the two extreme possibilities (Figure
11.6, a versus b) may not belong in the same study. Even
though they have identical audiograms, one case has a
broadly functioning cochlea and the other very narrow.
If studies were then performed on a variety of issues,
e.g., temporal processing, hearing aid benefit, or general
quality of life, the pred.icted outcomes would be very
different. Without adding the word recognition testing,
the pure tone audiograms suggest these cases are identi
cal. It is therefore not surprising that when groups are
formed using only thresholds in the literature, a widely
variable set of results is sometimes found.

Reliability. Unlike pure tones, speech stimuli are not
static in frequency and intensity, Rapid changes in level
and frequency comprise the speech information itself.
However, some relationship to a stable acoustic signal
must be made in order to reliably repeat the test and
report the results in terms of level. Clinical monosyllables
use a steady reference tone (1 kHz) provided along with
the materials. The strategy for use of this tone is that the
audiologist will play the initial tone track (of a tape or
CD) and adjust the sensitivity of the input stage of the
audiometer using a V.U. (volume unit) meter. The cali
bration tone provides a steady input for adjustment of
the ~U. meter to "0." This adjustment is generally accu
rate to within 1 dB. When using the standard CID W-22
monosyllable tests in this manner, each instance of the
repeated carrier phrase "You will say ...» will result in
the ~U. meter reachir.g "0" exactly during the word
"say:' The remainder of the stimulus is allowed to vary
with the "same vocal effort" [23]. Although this may
seem to allow a fair amount of internal variation, it is
consistent with the nature of speech signals.

The patients' vocal response and the audiologist's
"ear" are also factors affectingthe reliability and validity
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of word recognition. Patients as young as 4 years old can
and should be tested using the standard materials. The
fact that a young patient may not understand the meaning
of a word does not invalidate their response. The mono
syllable word recognition test is a test of the peripheral
end-organ transmission of speech information, and
comprehension is not required. If the cochlea picks up
the proper sound and the patient repeats it, the item is
correct. This also applies to testing patients whose native
language is not English. Many patients can at least benefit
from a clinical left versus right ear comparison of scores
using English word materials even if their familiarity
with the language imposes some decrease on those scores.
However, considerable care must be taken when switch
ing to the use of speech materials in another language.
Very good materials exist for this purpose in many lan
guages but the audiologist must be a fluent speaker of
that language such that her/his "ear" is trained to the
specific phoneme boundaries, before judgments of
correct or incorrect responses can be made. When
designing a study, a criterion of "testable in English" may
allow better inclusion of local patient populations than
a more stringent requirement of "English as a first lan
guage:' For children, it is also possible to employ point
ing tasks for words [i.e., the WIPI (Word Intelligibility
by Picture Identification) test] and this can also be
adapted to populations with tracheal tubes, etc.

The Effective Range of Word Recognition Scores. The
original monosyllable recordings have another quality
that makes them remarkably useful for clinical work and
research. A well-designed test will not squander any of
its operating range on cases outside the range encoun
tered in the clinic. For word recognition, this means that
the test will not be so difficult that patients' scores will
decrease into the 70% or 80% range before they begin to
present in the clinic complaining about communication
difficulties. Conversely, a test so easy that people with
significant disease can still score 100% will miss the
milder disease effects. Over the years, it has become
evident that the standard monosyllable tests operate
nearly exactly over the range that covers clinical cases
most efficiently. A study by Roth et al. [24] has shown
that patients begin to come in complaining at about a
94% word recognition score. The standard word recog
nition test will then track dysfunction down to 0% correct
and this range includes the majority of clinical cases and
outcomes.

While standard monosyllables track the likely clinical
cases, this is precisely because a score of 1000/0 does not
reflect a completely healthy cochlea. This relates to the
relationship between the underlying speech information
available to the cochlea (as calculated by SII) and the
prediction of the outcome of a specific test, in this case,
monosyllable word recognition. The healthy ear reflects
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great redundancy in terms ofspeech information and can
absorb significant loss of this ability before standard test
scores begin to fall.For example, the 940/0 score described
above is the result of a calculated SII of -0.5. In other
words, patients lose half of their total ability to receive
speech information before they begin to be sufficiently
challenged to seek care. This level of ability also reflects
the upper range of clinical monosyllable scores.The word
recognition score then, does not directly scale all cochlear
ability, but roughly coincides with the bottom half.

An exception to the useful operating range for stan
dard monosyllables was made apparent as cochlear
implants were introduced to the clinic. It was clear that
00/0 correct for standard monosyllables did not track
auditory abilities all the way down to none. This was seen
when other tests were given with closed sets of responses,
etc. Patients with 0% correct for monosyllables might get
a chance-level score (indicating no auditory informa
tion) or a score higher than chance, indicating some
effect of auditory stimulation on their performance. The
problem introduced was that the patients were evaluated
before implantation with different speech materials than
those that were optimal afterwards. This can be addressed
using a special case of monosyllable scoring. In the stan
dard NU#6 monosyllable and similar tests, each word is
composed of three phonemes (initial consonant, medial
vowel, final consonant). This means that each standard
list of 50 items represents 150 chances to guess these
phonemes from a limited set, giving rise to an a priori
probability of about 4% correct. This allows the full
range standard monosyllable test to operate all the way
down to scaling no auditory ability (chance level for
phonemes), and can then be used after treatment to con
tinue to scalethe outcome as high as it might go.Although
more complex test strategies are possible, outcome
researchers may find it beneficial to maximize the
use of standard materials to allow comparisons across
treatments and populations. Scaling the test difficulty
using sentences, closed set consonants, etc., does not
always allow for this valuable cross-comparison in the
literature.

Word Recognition Variability and Significant
Differences. Standard monosyllable test results are also
useful in studies because their within-subject model of
variance and significant difference have been carefully
specified [25]. Thornton and Raffin noted that word
recognition should be viewed as an accumulation of
binary responses (correct versus incorrect) and therefore
distribute according to a binomial model of variance
(rather than the more common normal, or Gaussian
distribution). They published a table of significant dif
ferences (p = 0.05) from any starting score (reprinted in
Halpin and Rauch [26]). This was necessary because,
unlike the normal variance model, the binomial critical

differences are narrower at the extremes of the range
than they are in the center. For example, comparing a
subject's initial score of 500/0 correct to a post-treatment
outcome of 66% (a 16-point change) shows that such a
change is not significantly different. However, starting
with a score of 2% correct, a post-treatment outcome of
120/0 (a 10-point change) does exceed the critical differ
ence at the p < 0.05 level.What this means is that no one
point-change criterion (i.e., >150/0) will serve in all cases
given the binomial distribution.

It is reasonable to ask "so what?" when considering
factoring this additional complexity into a clinical study.
The impact was recently addressed using a large retro
spective analysis of the audiometric outcomes using oral
steroids for sudden sensorineural hearing loss (n = 318).
The result was a constant failure of correct detection in
about 9% of cases using any fixed criteria [26]. Higher
number criteria (i.e., 15 points change) have few errors
of specificity, but allow many misses. Lower numbers
(i.e., 10 points change) reduce errors of sensitivity, but
allow more false positives. Here again, the apriori expec
tations about the data are important. In studies of con
ductive loss or normal listeners (where scores near 1000/0
are expected), a narrow significance criteria will reveal all
the effects. This is also true when studying cases at the
low end of the range (near 00/0) because there again,
smaller changes are nonetheless significant at the p < 0.05
level. Conversely, a study of late-stage Meniere syn
drome, where many scores fall near the middle of the
range (50% correct), needs a wide criterion to avoid
errors of specificity where significance is claimed when
this is not true mathematically. Put simply, there is no
single point-change criterion that will accommodate
within-subject critical differences properly. Use of the
binomial table is not difficult and in many studies, where
pre- versus postcomparisons within subjects are made,
this level of detail may be indicated.

The critical differences described above assume that
the test was given using the standard recorded materials
and that full 50-item lists were given. The use of recorded
materials is very important, particularly if the results are
to be published as data. These materials can be carefully
specified where the use of"monitored live voice" cannot.
Also, any use of half-lists (25 items) as study data should
be discouraged. This practice has emerged from a basic
misunderstanding about the performance of monosyl
lable tests: Although it is true that the central tendency
of tests of any length tend to be near the true value, the
variability of these lists is very different. The critical dif
ference values for truncated (half) lists are so large that
they are not useful for most study applications.

It is possible to introduce more complex tests, as well
as simply better-quality recordings of standard tests. The
reason to continue to use the standard recordings is not
that better-sounding examples are impossible. Every new
recording or change in test materials implies a new rela
tionship with the SII. The slope of the "S" curve function
in Figure 11.6, for example, is related to the difficulty of



the materials including the brightness and quality of the
recording and even the accent of the speaker. The origi
nal recordings are currently available on compact disc,
and staying with these "older" materials allows com
parison of performance across many years, thousands of
cases, and the full range of disease mechanisms. Many
complex psychophysical tasks also exist, but their results
are typically translated into speech terms for discussion
of clinical impact. What is unique, and valuable, about
the standard monosyllable test in quiet is its very well
understood relationship to cochlear regions (as in Figure
11.3), and its specification in both statistical and acoustic
terms. In many studies, the primary unknown is the
individual health of each patient's ear. When this is the
case, a design in which simple but well-understood tests
are applied across patients is likely to result in a useful
answer.

SUMMARY POINTS

1. The results of audiometry are not expected to act as
data points without some additional specification and
refocusing given the goals of the study. Focusing
audiometric data should include prior knowledge
about the expected mechanism of the disease and the
expected range of the outcome values.

2. In sensorineural cases, pure tone thresholds have
better validity as a map of likelyhealthy and unhealthy
cochlear regions (across frequency) than as a con
tinuous scale of disease severity (in dB). Cochlear
"hearing loss in db" often does not reliably group
homogeneous populations, but when combined with
word recognition, this can be improved.

3. Audiometry is reliable in terms of both physical cali
bration and psychophysical technique.

4. It is recommended to collect and observe the fine
structure of audiometric data and to determine
whether significant findings are obscured using anal
ysesbased on recommended reporting standards (i.e.,
dBPTA). If not, use of the standards is valuable for
effective communication.

5. It is possible to integrate audiometric threshold effects
in terms of speech performance, but this requires the
complexity of the :)11 calculation in order to be
accurate.

6. A monosyllable word recognition test can scale the
entire range of auditory ability, from near normal
down to none by using phonemic scoring. This
approach avoids changing test methods before and
after intervention, and allows comparison of familiar
tests across populations.

7. It is possible to accurately detect significant differ
ences between a subject's pre- and post-treatment
word recognition scores, but this requires the com
plexity of the use cf the binomial difference table,
rather than any sing.e percent-difference criterion.

8. The basis of audiometry is to examine the status of
each ear using highly specified conditions (simple
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stimuli in quiet) which have known relationships to
the location and nature of peripheral physiologic dys
function. Each patient's ear, as revealed by simple
tests, is often the critical unknown when studying
diseases and treatments rather than the general behav
ior of any group on various complex tasks.
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Topical antibiotic versus placebo or antiseptic alone for chronic active otitis media without
cholesteatoma: Impact on resolution of otorrhea

Jennifer J. Shin and ..I. Gail Neely

METHODS

A computerized PubMed search of MEDLINE 1966
December 2005 was performed. The medical subject
heading "otitis media, suppurative" was exploded and the
resulting articles were cross-referenced with those
mapping to the subject headings "anti-bacterial agents;'
"macroIides;' "fluoroquinolones," "clindamycin," or
"lactarns,"yielding 227 publications. These articles were
then reviewed to identi fy those that met the following
inclusion criter ia: 1) patient population without choles
teatoma with discharging ears through a chronic perfora
tion, 2) intervention with topical antibiotic drops versus
placebo or antiseptic drops , 3) outcome measured in
terms of cessation of otorrhea. Because of the richness of
the literature, randomized controlled trials (RCTs) were
specifically extracted as the best evidence available. Arti
cles in which random allocation could not be confirmed
or in which other irr.erventions were allowed were
excluded. The bibliographies of the articles that met
these inclusion criteria and relevant reviews were manu
ally checked to ensure no furt her relevant articles could
be identified. This process yielded eight articles. It was
unknown whether data from one of these articles were
included in the reported 1988 Browning article; there
fore, the Browning article was preferentially reviewed
[1].

RESULTS

We describe herein the results of individual studies. In
the subsequent pages are results for the related meta 
analysis.

Outcome Measures. Successful treatment in four RCTs
was defined in terms o f a dry otomicroscopic examina
tion . The other three RCTs defined outcomes in terms
of the percent with dry ears (unspecified whether by
history or examination ) and the percent with cure or
improvement (not further specified).

Potential Confounders. The antibiotic regimen used
(medication, dose, and duration), compliance, addition
of steroids, additional local care, previous surgery, eusta
chian tube function, and time of follow-up are among
variables that could affect results. These potential con
founders are provided :n as much detail in the adjoining
tables as the origina l reports allow.

Study Designs. All seven of these studies were RCTs
(level 1), but only four of them confirmed that basic
demographic and risk factors (i.e., potential confound
ers) were balanced between the groups at the outset. Six
different topical antibiotic regimens were compared with
either a placebo or antiseptic control: gentamicin, neo
mycin/po lymyxin, ofloxacin, ciprofloxacin, tobramycin,
and chloramphenicol. Within five studies, all patients in
all groups were also treated with aura l toilet. Follow-up
times ranged from 1 to 6 weeks. Five of the RCTs were
double -blinded to reduce bias. Only one study reported
a power calculation , suggesting that with approximately
400 patients they had 80% power to detect a 10% differ
ence between groups . The largest sample size in the
remaining trials was 165 patients. One of the studies also
examined a subgroup of patients with open mastoid
cavities. Based on their data for this subset (38%, n = 9/24
successwith treatment versus 22%, n =4/18 success with
placebo), a minimum of 366 subjects would be required
to achieve a 90% power to detect a 10% difference
between groups with such cavities. Therefore , no defini
tive conclusions can be inferred about cavity case
responses from the currently available subset data.

Highest Level of Evidence. Two RCTs demonstrated
significantly more cessation of otorrhea with topical
antibiotics in comparison to topical placebo (saline). The
remaini ng five RCTs compared topical antibiotic to
topical ant iseptic. Two of these five RCTs showed that
topical antibiotic resulted in significantly more dry ears
than top ical antiseptic. These two RCTs studied cipro
floxacin drops compared with boric acid in alcohol or
Burow aluminum acetate drops; these two RCTs were
also the largest of the studies, with the greatest power to
detect any potential true differences between treatment
regimens. The remaining data showed no significant dif
ference between topical antibioticand anti septic,although
the majority did show a trend toward better outcome
with antibiotic. The disparate results of these remaining
data may be attributable to the following: 1) antib iotics
other than ciprofloxacin were tested, 2) different antisep
tic agents were used (i.e., povidone iodine), 3) sample
sizes were smaller, resulting in less power to find a sig
nificant difference between groups. To better understand
these results, a detailed meta-analysishas been performed
(see the following section) to determine the results of all
of the data combined.
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Only three RCTs contained data for follow-up
periods extending beyond the treatment course. The
Macfadyen trial [4] showed better results with anti
biotic even 18 days after treatment cessation, but the
Iaya RCT [6] showed no difference at the same follow
up time. Browning et al. [1] performed an unofficial
substudy in which they followed 14 medication «suc
cess" subjects, without cavities, for an average of an
additional 6weeks to determine the rate of activity recur
rence and found 430/0 became active again during that
period.

One paper suggested that there was no difference in
outcome with antibiotics versus placebo in patients with
cavities,but as noted above, in order to achieve adequate
power (i.e., ability to find any difference that truly exists),
the study would have needed to accrue a much larger
number of cavity patients.

Applicability. These results are applicable to patients
with suppurative otorrhea in the setting of chronic otitis
media with tympanic membrane perforation.

Morbidity/Complications. No complications were re
ported. However, the data are not sufficiently rigorous to
confirm or refute any ototoxicity related to either treat
ment regimen.



THE EVIDENCE CONDENSED: Topical antibiotics versus control for cessation of otorrhea

Reference

Level (design)

Sample size'

Browning, 1988

1 (RCT)

165 (187)

OUTCO MES

Topical abx

% success
(no pooling of discharge; noninflamed middle car mucosa)

All patients Compliant No cavit y

45.5% (n =40/88 ) 45.8% (n =38/83 ) 48.4% (n =31/64)

Cavity

37.5% (n =9124)

Control

P Value

Conclusion

Follow-up time

25.3% (n = 19175)

=0.009 (;(2)

Abx sig. better

4-6 wk

26.5% (n = 18/68 ) 25.4% (n = IS/59 )

ot reported <0.05

Trend toward abx better Abx sig. better

STUDY DESIGN

22.2% (n = 4/18 )

NS

o difference

Inclusion criteria

Exclusion criteria

Randomization effectiveness

Age

Masking

Antibiotic ear drop regimen

Control regimen

Additional local care

Definition of successful
treatment

Management while in study

Compliance

Criteria for withdrawal

Intention to treat analysis

Power

Morbidity/complications

> 16 Yof age; permanent defect in pars tensa; inflamed middle ear mucosa; mucopurulent d ischarge
after 1 wk of aural toilet and no treatment for 4 wk

Cholesteatoma; aural po lyps

Effective. Comparable groups. Intact canal wall cases (123) and those also associated with open
mastoid cavities (42) were stratified before randomization

2G-79 y

Outcome assessment blinded

Gentamicin with hydrocortisone car drops. 4 drops 4x a day, tragal pumping for 4 wk, with an
additional 2 wk if not successful at 4 wk

Sterile saline, 1 drop 3x a day or oral placebo tablets for 4 wk, with an additional 2 wk if not
successful at 4 wk

Dry mopping with cotton buds before drops in all patients. Aural toilet q wk

Otoscopically inactive (no pooling of discharge; noninflamed middle car mucosa)

Weekly follow-up visits during 4 wk, with aural toilet each visit. If dry (sec "success" above ),
considered successful. If still active, treated for another 2 wk and reassessed

Compliance was assessed by meas uring amount of used medication against amo unt available for usc.
Noncom pliance =<50%. Compliance was recorded in bins of 10% (i.e., 510/0-60%. 61%- 70%, 71°/0
80%, etc.)

Failure to attend visits

All data were reported in I table, by cavity/no cavity, treatment/pla cebo by levels of compliance. The
authors did not usc intention to treat, but took compliance of ~70% as "cut-of-point" for analysis
and found treatment was significantly better than placebo , except in cavities
The anal ysis (reported above ) used all of the data in an intention-to-treat anal ysis and also found
treatment significantly better overall; however , there was not significant difference found in subjects
with cavities (42 of 165 total cases) (p =0.470; power 0.104)

Power = 0.754

Analysis of hearing showed no ototoxicity

Ref =rand omized contro lled trial. S =not significant, abx =antibio tics. sig. =significantly. t.i.d. =three tim es a day.
• Sample size: numbe rs shown for those not lost to follow-up and those (initially recru ited ).
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Reference

Level (design)

Sample size'

Topical abx

Control

p Value

Conclusion

Follow-up time

van Hassell , 2002 Kasemsuwan , 1997

I (RCT) I (RCT)

88 (88) 35 (50)

OUTCOMES

% d ry ears % cure % improved

83% neomyci n (n = 29/35 ) 84% (n = 16/19) 5.3% (n = 1/19)
79% ofloxacin (n = 11/14)

10% (n = 4/39 ) 12.5% (n = 2/16) 31.3% (n = 5/16)

Not reported <0.005 <0.005

Trend toward abx better Abx sig. better Abx sig. better

2wk 7d

STUDY DESIGN

Inclusion criteria

Exclusion cr iteria

Randomization effectiveness

Age

Masking

Antibiotic ear drop regimen

Control regimen

Additional local care

Definition of successful
treatment

Management while in study

Comp liance

Criteria for withdrawal

Intention to treat analysis

Power

Morbidity/complications

Chro nic suppura tive oti tis media

Not specified

ot specified

ot specified

Not specified

0.5% neomycin/D. I% polymyxi n B
0.3% ofloxacin t.i.d. x2 wk

Antiseptic ear dro ps: 2% acetic acid/25% spirit

Suction cleaning for all patients over 2 wk

ot specified

Regular visits over 2 wk

Not specified

Not specified

Not specified

Not specified

ot specified

Mucopurulent otorrhea, perforated tymp anic
membrane >3 mo

Cholesteatoma, pregnancy, "underlying
disease, antibiotics in the previous 2 wk and
during the study"

Not specified

21-66 Y

Double blind

Ciprofloxacin in saline (250 ug/ml.) 5 drops
t.i.d . for at least 7 d

Placebo: saline solution 5 drops t.i.d. for at
least 7 d

Ear cleaning on day 1,4, 7 of treatment

ot specified

Follow-up day 1, 4, 7 over I wk of treatme nt

ot specified

Lack of atte ndance

Not specified

ot specified

ot specified

ReT = randomized controlled trial. S = not significant, abx = antibiotics, sig. = significantly, t.i.d. = three times a day.
• Sampl e size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Cipro vs control, p = 0.02
Tobra vs control, p =0.06

Cipro sig. better than control
Trend to tobra better than con trol
No difference Cipro vs tobra

3wk

Reference

Level (design)

Sample size'

Topical abx

Control

p Value

Conclusion

Follow-up time

Macfadyen, 2005

I (RCT)

413 (427)

Both ears resolved

59.4%,t 66.3%§

31.9%,t 45.5%§

t <O.OOI
§<O.OOI

Abx better

t 2 wk, §4 wk

OUTCOMES

Either or both ears
resolved

63.8%,t 72.6%§

38.1%,t 53.0%§

t <O.OOI
§<O.OOI

Abx better

STUDY DESIGN

Fradis, 1997

I (RCT)

45, 54 ears (51, 60 ears)

% cured

Cipro 47.4%
Tobra 55.6%

23.5%

% improved

Cipro 31.6%
Tobra 16.7%

17.6%

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic ear drop
regimen

Control regimen

Additional local care

Definition of successful
treatment

Management while in
study

Compliance

Criteria for withdrawal

Intention to treat
analysis

Power

Morbidity!
complications

Kenyan children aged ~5 y with purulent aural
discharge for ~14 d, pus in the external canal on
otoscopy, perforation of the tympanic membrane

Children treated for ear infection or who received
abx for any other disorder in the previous 2 wk,
other ear prob lems (preexisting disease, comp licated
otitis media, anatomic abnormalities), allergy to
study drugs

Similar age, sex, presence of bilateral disease, duration
of episode, audiometry, degree of perforation

4. 1-19.3 y

Participants, caregivers, and outcome assessors
blinded

Cipro 0.3% b.i.d. after dry mopping for 10
consecutive school days (no treatment on
weekends )

Boric acid 2% in alcohol 45% after dry mopping
for 10 consecutive schoo l days (none on weekends )

Dry mopping and cleaning by older children

Resolution of aural discharge

Follow-up visits at 2 and 4 wk

7 children switched treatment bottles with others,
resulting in 5 children who received both treatments

Lost to follow-up at 2 or 4 wk

Yes, even 7 children who switched their treatment
bottles with others were analyzed in their or iginal
gro up

80% to detect absolute difference in resolution
rates of 10%, at a 2-sided significance level of 5%

Significantly highe r rates of ear pain, irritation,
bleeding with boric acid

Chronic suppurative otitis media

Aged <18 y, prior middle ear operation, suspicion
of cholesteatoma, general health problems , allergy
to arninoglycosides or fluoroquinolones

More males in the tobra gro up. Otherw ise, age and
sex similar amo ng groups

18-73 y

Double blind

Cipro or tobra 5 drops t.i.d. x3 wk

Burow aluminum acetate 1% solution 5 drops
t.i.d. x3 wk

Not specified

Cessation of otorrhea and eradica tion of
organisms in post -treatment cultures

Otomicroscopy, cultures 24 h after treatment end,
cultures before treatment

ot specified

Lost to follow-up at 3 wk

Not specified

ot reported

Complications "are minor;' not otherwise specified

RCf =randomized controlled trial. S =not significant . b.i.d. =twice daily. t.i.d. =three times daily. Abx =antibiotics. cipro =ciprofloxacin,
tobra = tobrarnycin, sig. = significantl y.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t , § Symbols denote which data comparisons correspond to the referenced p-values and follow-up times.
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Referen ce

Level (design)

Sample size"

Topical abx

Control

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic ear drop
regimen

Control regimen

Additional local care

Definition of successful
treatment

Management while in
study

Compliance

Criteria for withdrawal

Intention to treat analysis

Power

Morbidity/complications

laya, 2003

I (RCT)

36 (40)

OUTCO MES

% inacti ve

90%:1:

88%:1:

=0.81

o difference

1,2,3, :1:4 wk

STUDY DESIGN

Aged >10 y. actively discharging chronic suppurative otitis media
with moderate to large central perforation

Cholesteatoma, aural polyp, impending complications, diabetes
mellitus, renal failure. tuberculosis, AIDS, iodineltluoroquinolone
allergy,systemic or topical abx within 10d

More males in cipro group. Similar age, disease/discharge duration,
otorrhea severity, perforation, middle car mucosa

10 to >40 Y

Double blind

Cipro 0.3% 3 drops t.i.d. by tragal displacement after dry mopping
x lOd

Povidone iodine 5% 3 drops t.i.d. by tragal displacement after dry
mopping xto d

Dry mopping, weekly auraltoilct

No active discharge on atom icroscopy

Otomicroscopy and aural toilet weekly for 4 wk after commencing
therapy

ot specified

Lost to follow-up at time interval examined

ot specified

ot reported

a patient developed allergic manifestations or ototoxicity

Browning, 1983

I (RCT)

38 (NR)

% inactive

16.7%

35.0%

=NS

o difference
Trend toward control better

4 wk

Aged> 16 Ywith active
chronic otitis media

Cholesteatoma, aural polyp

ot reported

ot specified

Control group not blinded

Gentamicin or
chloramphenicol t.i.d. x4 wk

Aural toilet, boric acid/iodine
powder weekly x4 wk

Aural toilet weekly in control
group

Inactive otorrhea

ot specified

oncompliers if <75% of
regimen used

ot specified

ot specified

ot reported

ot reported

Ref = randomized controlled trial, NS = not significant, b.i.d. = twice daily, t.i.d. = three timesdaily, Abx = antibiotics. cipro= ciprofloxacin,
tobra =tobramycin, sig. =significantly.
•Sample size: numbers shown for thosenot lost to follow-up and those(initiallyrecruited).
:j: Symbol denotes that the % inactive was measured at a follow-up timeof 4 weeks.
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META-ANALYSIS

Methods of Meta-Analysis. A meta-analysis may be
useful in considering the data comparing topical antibi
otic to antiseptic, because there are multiple relevant
trials with negative results and individual sample sizes
smaller than that required to provide 900/0 power. A meta
analysis is a way in which data from multiple studies are
pooled together; the pooling creates an increased sample
size, which in turn creates more statistical power to
uncover any difference that could truly exist. Therefore,
to further understand the impact of topical antibiotic
versus topical antiseptic on chronic active otitis media,
the data from the five RCTs that compared these two
regimens have been analyzed. All of the studies included
in this meta-analysis provide level 1 data, and they repre
sent the highest level of evidence comparing these two
regimens. Data have been combined according to follow
up time, antibiotic class, and antiseptic type. Further
details regarding the search and selection process are as
noted in the initial methods of this review.

Results of Meta-Analys,is. First, results were examined
by time of follow-up. At 2 and 4 weeks after treatment,
when all of the data were combined, there was a signifi
cantly better outcome with topical antibiotic as compared
with topical antiseptic. At 2 weeks, odds were 3.7 times
better for a dry ear with antibiotic, with a number needed
to treat of three (i.e., for every three patients treated, one
will benefit). At 4 weeks, odds were 2.7 times better for a
dry ear with antibiotic, 'with a number needed to treat of
four. At 3 weeks, there was no significant difference
between groups, although there was a trend toward more
dry ears with antibiotic. At this 3-week timepoint, there
were fewer data for comparison (90 patients, as compared
with 538 and 469 at 2 and 4 weeks, respectively). The
smaller sample size resulted in less power to detect any
difference that may potentially exist.

Second, results were examined according to the class
of antibiotic. Data from studies comparing topical qui
nolone antibiotics and topical antiseptics were combined
at the latest follow-up times reported (2-4 weeks). With
quinolone drops, there was a 280/0 greater rate of cessa
tion of otorrhea than with antiseptic, with a number
needed to treat of three, Odds for a dry ear with quino
lone were 3.5 times better. Likewise, data from studies
comparing non-quinolone antibiotics were combined at
the latest follow-up times reported (2-4 weeks). Data
from neomycin/polymyxin, tobramycin, gentamicin, and
chloramphenicol drops were pooled, resulting in nearly
600/0 resolution of otorrhea. In comparison, the resolu
tion rate with antisept.c was significantly worse (46.80/0
rate difference). The odds for a dry ear were 4.8 times
better with non-quinolone antibiotic with a number
needed to treat of three,

Third, we sought to determine if the type of antisep
tic could impact results. When the data for studies testing
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iodine were combined, there were similar rates of dry
ears, as compared with the antibiotic group. Even with
combined data, however, the total sample size was only
74, so there is still limited power. Therefore, there is no
evidence to suggest that iodine antiseptic results in a dif
ferent outcome than topical antibiotic, but the limited
sample sizes leave the issue still open to question.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There are two level 1 studies which agree that topical
antibiotic is more effective than topical placebo (saline)
in controlling otorrhea from chronically infected ears
without cholesteatoma during application. However, the
duration of the effect following treatment, recurrence
rates, and efficacy for cavity granulations cannot be
inferred from these two studies.

There are five level 1 studies that compared the
impact of topical antiseptic versus topical antibiotic in
controlling drainage from chronic active otitis media.
Results are mixed, with two studies showing superior
results with antibiotic and the remaining data showing
no difference between treatment groups. The discrep
ancy between the results of these five RCTsmay be attrib
utable to differences in antibiotic and antiseptic regimen
tests, or to the decreased sample size in studies with
negative results; smaller sample sizes may result in
decreased ability to detect any difference that may
exist.

In a meta-analysis of the data comparing topical
antibiotic to topical antiseptic, antibiotic results in a
superior outcome at 2 and 4 weeks, and regardless of
whether quinolone or non-quinolone antibiotics are
analyzed. No difference is demonstrated at 3 weeks and
when iodine antiseptic is considered separately. In both
of these negative instances, however, the sample sizes are
small, providing low power to detect any potential dif
ference between groups.

Future research on this topic may be partially guided
by the concern for ototoxicity in a potentially therapeutic
regimen. For example, some clinicians may hesitate to
use ethanol or iodine containing topical solutions in the
presence of a tympanic membrane perforation unless
they are presented with evidence to assure them of
minimal associated labyrinthine toxicity. Also, in the
future, time-to-event rates and intensity-or-event scales
of resolution, as well as recurrences over at least 1 year,
could be studied to understand more long-lasting effects.
Finally, using known non-ototoxic medications with
specified standard treatment durations and specific end
points designed to identify the necessity and timing of
surgical intervention would be helpful.



Meta-analysis: Topical antibiotics versus antiseptic control, resolution of otorrhea after 2 weeks

Top ical Antibiotics versus Antiseptic Control : Odds Ratio for Reso lution of Otorrhea After Two Weeks

Top ical Antib iotics versu s Antiseptic Control: Risk Differenc e for Resolution of Otorrhea after Two Week s

Van Hassen 0.726 0.569 0.883 9.062 ---Macfadyen 0.276 0.183 0.388 5.837 •Jaya 0.016 ·0 .176 0.208 0.162

0.336 0.263 0.410 8.955 •Total -1.00 -0.50 0.00 0.50 1.00

Fwors AnU..ptlc FaYor.ToptCIIIAntibiotk:t;

p-Value

0.000

0.000

0.871

0.000

Risk difference and 95% CIStatistics for each stud

Risk Lower Upper
difference limit limit Z-Value

Topical Anti septic
antibiotics

Van Hasselt, 2002 29/35 4/39
11/14

Macfadyen, 2005 123/207 65/204

laya, 2003 19/21 16/18

Total 182/277 85/261

Analysis for Publication bias: 29 negative studies
(i.e., no differe nce betwee n gro ups ) would be
required to reverse the positive finding (i.e., a
significant difference betwee n gro ups ) in this
ana lysis.

Stud name Statistics for each stud Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z·Value p-Value

Van Hassell 42.292 10.882 164.366 5.406

~l
0.000

Macfadyen 3.131 2.089 4.693 5.529 0.000

Jaya 1.166 0.150 9.406 0.163 0.671

Total 3.720 2.541 5.446 6.756 0.000

0.01 0.1 10 100

FaYon. AntIu pUc Favor. Topical Antibiotics

Meta-analysis: Topical antibiotics versus antiseptic control, resolution of otorrhea after 3 weeks

Topical Anti septic Topical Antib iotics versus Antiseptic Control: Odds Ratio for Resolution of Otorrh ea After Three Weeks

antibiotics
~name Stat istics for each stud Risk difference and 95% CI

Fradis, 1997 9/19 4/17 Risk Lower Upper

10/18 difference limit Iim~ Z-Value p-Value

laya,2003 18/20 14/16
Fradis 0.238 ·0 .063 0.540 t .546

I I -t1 I
0.122

Jaya 0.025 -0.184 0.234 0.235 0.814

Total 37/57 n =18/33 0.094 -0.078 0.266 1.074 0.283
Total

-1.00 -0.50 0.00 0.50 1.00

Fwors Ant lsepl lc Fwor. Topical Antibiolk:s

Topi cal Antib ioti cs versus Antiseptic Control: Odds Ratio for Resolu tion of Otorrh ea After Three Weeks

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio lim it limit Z·Value p-Value

Fradis 2.925 0.695 12.317 1.463

I l-S I
0.143

Jaya 1.266 0.161 10.299 0.237 0.613

2.243 0.887 7.319 1.338 0.161
Total

0.01 0.1 10 100

farNorsAnU••plk: Favors Topical Antibiot ics
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Meta-analysis: Topical antibiotics versus antiseptic control, resolution of otorrhea after 4 weeks

Topical Antiseptic

a n t ib io t ics

Macfadyen, 20 05 143/1 97 90/198

Jaya , 2003 18/ 20 14/1 6

Browning, 1983 3/18 7/20

Total 1641235 111/234

TapicalAntibiot ics versus Antiseptic ContTol: Risk Difference lor Resolution of Otorrhea Alter Four Weeks

~name Statistics for each stud Risk difference and 95% CI

Risk Lower Upper
difference limn limn Z-Value p-Value

Macfadyen 0.271 0.178 0.365 5.705

-#-1
0.000

Jaya 0.025 -0.184 0.234 0.235 0.814

Brovming -0.183 -0.454 0.087 -1.327 0.185

Total 0.193 0.112 0.274 4.663 0.000

-0.50 -0.25 0.00 0.25 0.50

Fwors AntI••ptlc~ TopicIIAn. lbkJl:1ca

Top ical Antibiotics versus Antiseptic Control: Odds Ratio for Resolution of Otorrhea Alter Fou r Weeks

Study name Stat istics for each stud Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z-Value p-Value

Macfadyen 3.178 2.088 4.836 5.398

t=fl
0.000

Jaya 1.286 0.161 10.299 0.237 0.813
Browning 0.371 0.079 1.738 -1.258 0.208

Total 2.666 1.791 3.968 4.833 0.000

0.01 0.1 10 100

FINora .trnttuptlc Fwor a Tope.- AntibkJtlcs

Meta-analysis: Topical quinolone versus antiseptic control, resolution of otorrhea at last follow-up (2-4 weeks)

Topical An t is ep t ic Study name Statistics for each stud Risk difference and 95% CI

a n t ib io t ics Risk Lower Upper
difference limit limit p-Value

Van H assell , 2002 11/1 4 4/39

-tf
Van Hasselt. 2002 0.683 0.448 0.918 0.000

M acfad yen, 2005 143/197 90/198 Macfadyen. 2005 0.271 0.178 0.365 0.000

Frad is, 199 7 9/19 4/17
Fradis, 1997 0.238 -0.063 0.540 0.122
Jaya. 2003 0.025 -0.184 0.234 0.814

Jaya, 200 3 18/20 14/16 Total 0.280 0.203 0.357 0.000

To ta l 181/250 112/270 ·1.00 -0.50 0.00 0.50 1.00
F...-.AnltHptk: Favors Top6QI

Stud name Statistics for each stud Odds ratio and 95% CI

Odds Lower Upper
rat io limit limit p-Value

Van Hasselt , 2002 32.083 6.204 165.911 0.000

--tflMacfadyen. 2005 3.178 2.088 4.836 0.000

Fradis , 1997 2.925 0.695 12.317 0.143

Jaya.2003 1.286 0.161 10.299 0.813

Total 3.477 2.366 5.107 0.000

0.01 0.1 10 100
F8von AntlM9tk Favors ToplcM

Analysis for Publ icat ion bias: 3 \ negat ive studies
(i.e., no difference between groups) would be
required to reverse the pos itive find ing (i.e., a
significant difference between gro ups) in this
analysis.
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Meta-analysis: Topical non-quinolone versus antiseptic control, resolution of otorrhea at last follow-up (2-4
weeks)

Topical Antiseptic Follow- Topical NOlHluilolone versus Antiseptic Control: Risk Differencefor Resolutionof Otonhea at Last Followup

antibiotics up time
~name Statistics for each stud Risk difference and 95% CI

Van 29/35 4/39 2 wk Risk Lower Upper

Hassell, difference Iim~ limit ZoValue p-Value

2002 Van Hassen 0.726 0.569 0.883 9.062

~.
0.000

Fradis 0.320 0.015 0.626 2.054 0.040
Fradis, 10118 4117 3 wk Brownin9 -0.183 -0.454 0.087 -1.327 0.185

1997 Total 0.468 0.344 0.592 7.390 0.000

Browning, 3118 7/20 4 wk -1.00 -0.50 0.00 0.50 1.00

1983 F.vortAnll..pfc F. vort Toplul Non-quI~

Total 42/71 15/76

Top ical Non-quinolone versus Antiseptic Control : Odds Ratio for Resolution of Otorrhea at Last Followup

Study name Statistics for each stud

Odds Lower Upper
ratio limit limit Z-Value

Van Hassell 42 .292 10.882 164.366 5.406

Fradis 4.063 0.947 17.425 1.887

Browning 0.371 0.079 1.738 -1.258

Total 4.892 2.123 11.275 3.727

Odds ratio and 95% CI

p-Value

0.000

0.059

0.208

0.000

0.01 0.1 10 100

Meta-analysis: Topical antibiotics versus iodine antiseptic control, resolution of otorrhea at 4 weeks

Iaya, 2003

Brown ing, 1983

Total

248

Topical
antibiotics

18/20

3118

21/38

Iodine
antiseptic

1411 6

7/20

21/36

TopicalAntibiotics versus IodineAntiseptic Control : Risk Differencefor Resolutionof Otorrtleaat Four Weeks

Stud narne Statistics for each stud Risk difference and 95% CI

Risk Lower Upper
difference limit limit Z-Value p-Value

Jaya 0.025 -0.184 0.234 0.235 l+rl I
0.814

Brownin9 -0.183 -0.454 0.087 -1.327 0.185

Total
-0.053 -0.218 0.113 -0.624 0.533

-0.50 -0.25 0.00 0.25 0.50

F.vors AntibkJtc Fwors Iodi.....Antiu ptic

Top ical Antibiotics vers us Iodine Antiseptic Control : Odds Ratio for Resolution of Otorrhea at Four Weeks

Study name Statistics for each stud Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit Z·Value p-Value

Jaya 1.286 0.161 10.299 0.237

I t#1 I

0.813

Browning 0.371 0.079 1.738 -1.258 0.208

Total 0.577 0.167 1.993 -0.869 0.385

0.01 0.1 10 100

Fwor s Antibiotk: Fwor. IodineAntlupl:l c
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12.8.
Topical versus systemic antibiotic therapy for chronic active otitis media without
cholesteatoma: Impact on resolution of otorrhea

Jennifer J. Shin and J. Gail Neely

METHODS

A computerized PubMed search of MEDLINE 1966
December 2005 was performed. The medical subject
heading «otitis media, suppurative" was exploded and the
resulting articles were cross-referenced with those
mapping to the subject headings «anti-bacterial agents:'
"macrolides," "fluoroquinolones," "clindamycin," or
"lactams," yielding 227 publications. These articles were
then reviewed to identify those that met the following
inclusion criteria: 1) patients with chronic suppurative
otitis media with chronic perforation and active otor
rhea, 2) intervention with topical antibiotics versus sys
temic antibiotics, 3) outcome measured in terms of
cessation of otorrhea. Because of the richness of the
literature, randomized controlled trials (RCTs) were
specifically extracted as the best evidence available.
Trials in which simultaneous topical and systemic anti
biotics were administered were excluded. Likewise,
articles about patients with cholesteatoma or that com
pared topical and systemic treatment in patients with
inactive chronic otitis media were also excluded. The
bibliographies of the articles that met these inclusion
criteria were manually checked to ensure no further rel
evant articles could be identified. This process yielded
four RCTs [1-4].

RESULTS

Outcome Measures. Successful outcomes were mea
sured as the percent of patients who experienced «clinical
and bacteriological cure" (not otherwise specified), com
pletely dry ear on otomicroscopy, and resolution of
otorrhea.

Potential Confounders. The topical and systemic anti
biotic regimen used (medication, dose, and duration),
compliance, additional local care, previous surgery,
eustachian tube function, age, immune status, and time
of follow-up are among variables that could affect results.
These potential confounders are detailed in the adjoining
table in as much detail as the original reports allow.

StUdy Designs. Four RCTscompared topical to systemic
antibiotic administration. Only one compared different
delivery routes of the same antimicrobial agent (cipro
floxacin). Topical fluoroquinolones were used in three of
the studies, with the fourth testing topical gentamicin or
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chloramphenicol. Systemic antibiotic regimens included
intramuscular gentamicin, as well as oral fluoroquino
lones and lactams. Two RCTs demonstrated that age and
gender were balanced among groups pretreatment. A
third RCT additionally showed that the size of perfora
tion, degree of middle ear mucosal inflammation, and
severity of aural discharge were comparable among the
groups at the outset. In addition, these three RCTs had
no or minimal patient attrition during follow-up. The
fourth RCT did not report its randomization effective
ness or its attrition rate. No study used placebo drops or
pills to mask patients and providers to their treatment
group. Sample sizes were somewhat small, but still
managed to demonstrate a statistically significant differ
ence in three trials.

Highest Level of Evidence. Three of the four RCTs
showed significantly increased rates of dry ears with
topical rather than systemic antibiotic therapy. For otor
rhea cessation, topical ciprofloxacin was superior to both
intramuscular gentamicin and to oral ciprofloxacin.
Likewise,topical ofloxin was superior to oral Augmentin.
The fourth RCT demonstrated no difference in the
percent of dry ears with topical gentamicin or chloram
phenicol versus orallactams. In fact, it suggested a trend
toward a better outcome with systemic antibiotics. The
differing result in this trial may be attributable to several
factors: 1) a different topical regimen was used (i.e., non
fluoroquinolone therapy), 2) a different oral regimen was
used (four different lactams), 3) a smaller sample size was
tested, resulting in less statistical power to identify any
difference that might truly exist, 4) pretreatment groups
may not have been balanced at the outset of the trial
(randomization effectiveness was not demonstrated).
Overall, although the results were not completely homo
geneous, the majority of this level 1 evidence shows more
cessation of otorrhea with topical, rather than systemic
antibiotics.

When the results from all four studies are combined
in a meta-analysis, the overall rate of successful treatment
with topical antibiotics is 34.4% better than with sys
temic antibiotics. These numbers suggest a number
needed to treat of three [95% confidence interval (CI)
2-5], which means that if three patients receive topical
antibiotics rather than systemic antibiotics, one will
receive clear benefit. The comparative numbers also
suggest an odds ratio of 4.6 (95% CI 2.3-9.1); this means



that patients are nearly 5 times as likely to improve with
topical, rather than systemic therapy.

Applicability. These results are applicable to patients
with chronic suppurative otitis media that is actively
draining at the time of treatment initiation. It does not
apply to patients with choiesteatoma,

Morbidity/Complications. No side effects, hypersensitiv
ity reactions, or evidence of ototoxicity was reported in
any of these trials.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were four RCTs that compared topical versus
systemic antibiotic therapy for chronic active suppura
tive otitis media. Three of the four RCTs showed signifi
cantly more cessation of otorrhea with topical therapy,
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whereas one showed no difference between the two
delivery vehicles. The negative study may have had an
alternate result because it tested different antibiotic regi
mens and had a smaller sample size, making it less
powered to detect any difference that might have truly
existed. When all of the data from all four RCTs are
combined in a meta-analysis, it suggests that patients
receiving topical antibiotics are more than 4 times as
likely to develop a dry ear than those receiving systemic
therapy.

Additional research may focus on comparing topical
therapy alone to topical and systemic therapy combined.
In addition, specificantibiotic regimens-particular classes
with and without potential associated ototoxicity-are
also worthy of comparative study.



THE EVIDENCE CONDENSED: Topical versus systemic antibiotics for otorrhea cessation in chronic suppurative
otitis media

Reference

Level (design)

Sample size'

Espos ito, 1992

I (RCT)

60 (60)

OUTCOMES

Esposito, 1990

I (RCT)

40 (40)

Topical antibiotics

Systemic abx

p Value

% cured

83% (n =2S/30 )

43% (n = 13/30 )

<O.OOS

% improved

4% (n = 1/30)

24% (n = 7/30 )

% cured

8S% (n = 17/20 )

40% (n = 8/20)

<0.05

% improved

IS% (n = 3/20)

2S% (n = 5/20)

Conclusion

Follow-up time

Inclusion crite ria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic ear drop
regimen

Systemic antibiotic
regimen

Definition of successful
treatment

Management whi le in
study

Co mpliance

Criteria for withdrawal

Intent ion to trea t analysis

Power

Morbidity/complications

Topical better than systemic

2-3 wk

STUDY DESIGN

Chronic suppurative oti tis media-otitis media
>3 y, purulent otorrhea at least once annua lly,
recurren t episo des of purule nt otorrhea consta nt
for at least IS d; culture pos itive for pseudomo nas
sensitive to cipro and gentamicin

Cholesteatoma, pregnancy, allergy to quinolones or
aminoglycosides, <18 y old, underlying diseases
such as diabetes

Similar age, gender

18-6S Y

R

Cipro 2S0 ug/ rnl, 4 drops b.i.d. xS- I0 d

Gentamicin sulfate 80 mg 1M b.i.d. x S- IOd

Bacteriologic and clinical cure, not otherwise
specified

Examined before, after, and every 2-3 d during
trea tment

ot spec ified

All comp leted study

Not specified

R

No side effect or worsened audiometry

Topical better than systemic

14 d after treatment end

Mild or moderate chronic otitis media in the
acute stage

Cholesteatoma or mastoiditis, p regnancy,
allergy to quinolone, <18 y old, underlying
disease such as diabetes

Similar age, gender

38 y, mean

NR

Cipro 2S0 ug/rnl, 3 drops b.i.d, x5-1O d

Cipro 2S0 mg PO b.i.d. xS- IOd

Bacteriologic and clinical cure, not otherwise
specified

Examined before, after, and every 2-3 d with
treatment

Not specifie d

All completed study

No t spec ified

NR

No side effect or wo rsened audiometry

Ref =randomized controlled trial, 1 R=not reported, b.i.d. =twicedaily, I.i.d. =three times daily,abx =antibiotics, cipro =ciprofloxacin,
1M = intramuscularly.
•Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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THE EVIDENCE CONDENSED: Topical versus systemic antibiotics for otorrhea cessation in chronic suppurative
otitis media

Reference

Level (design)

Sample size'

Topical antibiotics

Systemic abx

p Value

Conclusion

Follow-up time

Inclusion cr iter ia

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic ear drop
regimen

Systemic antibiotic
regimen

Definition of successful
treatment

Management while in
study

Compliance

Criteria for withdrawa l

Intention to treat analysis

Power

Morbiditylcomplications

Yuen, 1994

I (RCT)

56 (60)

OUTCOMES

% dry ear

76% (n = 22/29)

26% (n = 7/27)

<0.001

Topical better than systemic

2wk

STUDY DESIGN

Active chronic suppurative otitis media with central
per foration

Cholesteatoma, discharging mastoid cavit y, au ral polyp, acute
traumatic perforation, acute otitis media, temporal bone
radiation, grommets, otomycosis, prior abx within I wk

Comparable perfo ration size, mucosal inflammation, nature of
aural discharge

18-70 Y

NR

Ofloxi n 0.3% t.i.d. x i wk

Augmentin 375 mg PO t.i .d. x l wk

Completely dry ear

Not specified

Not specified

Failure to follow lip or int olerance of medication

Not specified

NR

No adverse effects or hypersensit ivity reactions

Browning, 1983

I (RCT)

31 ( R)

% in act ive

16.7% (n = 3/18)

38.5% (n = 5/13 )

S

No difference

4wk

>16 Yold with act ive chronic otitis
media

Cholesteatoma, aur al polyp

R

Not specified

NR

Gentamicin or chlo ramp henico l
t. i.d. x4 wk

Cephalexin, flucloxicillin ,
cloxicillin , or amoxicillin 1-2 gld

Inactive otorrhea

ot specified

Nonco mp liers: <75% regim en used

Not specified

Not specified

R

R

Ref = rand omized controlled trial, NR = not reported, b.i.d. = twice daily, t.i.d. = thr ee times da ily, abx = antibiotics, cipro = ciprofloxacin,
1M=intr amu scularly.
• Sample size: numbers shown for those not lost to follow-up and tho se (initially recruited).
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Meta-analysis: Percent (number) of patients with chronic active suppurative otitis media with dry ears
post-treatment

Topical Systemic Topical Antibiotic versus Systemic Antibiotic: Risk Difference for Ces sation of Otorrhea

antibiotics antibiotic
Study name Statistic s for each stud Risk difference and 95% CI

Esposi to, 1992 25/30 13130 Risk Low er Upper
difference limn limn Z·Value p-Value

Esposito, 1990 17/20 8/20
Esposito, 1992 0.400 0.178 0.622 3533

j
0.000

Yuen, 1994 22/29 7/27 Esposito. 1990 0.450 0.184 0.716 3.320 0.001
Yuen 0.499 0.272 0.726 4.309 0.000

Brownin g, 1983 3/18 5/13 BrO'Mling -0.218 -0.534 0.098 -1.354 0.176

Total 67/97 33/90 Tota l 0.344 0.219 0.469 5.392 0.000

· 1.00 -0.50 0.00 0.50 1.00

Favors Systemic Favors Topical

Topical Antibiotic versus Systemic Antibiotic: Odds Ratio for Cessation of Otorrhea

Statistics for each study

Odds Lower Upper
ratio lim it limit Z·Value

Study name

Esposito, 1992

Esposito, 1990

Yuen

Browning

Total

6.538

8.500

8.980

0.320
4.620

1.967 21.739

1.861 38.817

2.678 30.115

0.080 1.698

2.343 9.112

3.063

2.762

3.555
-1.338

4.417

Odds ratio and 95% CI

p-Value

j
0.002

0.006

0.000
0.181

0.000

0.01 0.1 10 100

Favors Systemic Favors Topical
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Topical versus combined topical and systemic antibiotic therapy for chronic active otitis
media without cholesteatoma: Impact on resolution of otorrhea

Jennifer J. Shin and J. Gail Neely

METHODS

A computerized PubMed search of MEDLINE 1966
December 2005 was performed, The medical subject
heading "otitis med ia, suppurative" was exploded and the
resulting articles were cross-referenced with those
mapping to the subject headings "anti-bacterial agents;'
"macro lides," "fluo roquinolones," "clindamycin," or
"lactams," yielding 227 puolications. These articles were
then reviewed to identify those that met the following
inclusion criteria: 1) patients with chronic suppurative
otitis media with chronic perforation and active otor
rhea, 2) intervention with topical antibiotics versus com
bined topical and systemic antibiotics, 3) outcome
measured in terms of cessation of otorrhea. Articles
about patients with cholesteatoma or which compared
topical and systemic treatment in patients with inactive
chronic otitis media were excluded. The bibliographies
of the articles that met these inclusion criteria were man
ually checked to ensure no further relevant articles could
be identified. This proces5 yielded two randomized con
trolled trials (RCTs) [1,2 '.

RESULTS

Outcome Measures. Successful outcomes were mea
sured as the percent of patients who experienced "cure;'
defined as either "a completely dry ear with disappear
ance of middle ear inflam mation and otalgia" or as "clin
ical and bacteriological cure" (not otherwise specified).

Potential Confounders. The topical and systemic anti
biotic regimen used (medication, dose, and duration),
compliance, additional local care, previo us surgery,
eustachian tube function , age, immune status, and time
of follow-up are among variables that could affect results.
In addition, the sensitivity of pathogens to the specific
antibiotics used could affect results: Supiyaphun [1]
reported that 96% of all bacterial isolates were sensitive
to ofloxacin, but only 57% were sensitive to amoxicillin
and chloramphenicol, which would bias results toward a
better outcome with oflcxacin.

Study Designs. There were two RCTs that compared
topical antibiotics with a combination of topical and
systemic antibiotics for chronic active otitis media. The
first [1] compared 2-week courses of topical ofloxacin to
topical chloramphenicol with ora l amoxicillin. Random-

ization was effective in balancing demographic qualities
and multiple potential confounders between groups.
Investigators were blinded, with a use of an oral placebo
to supplement ofloxacin drops. Patients were followed
for 14 days, with good compliance with study med ica
tions in >90%. An a priori power calculation was not
provided.

In the second RCT, topical ciprofloxacin was com
pared with that same drug given both topicallyand orally.
Randomization was effective in balancing demographics
of the two groups. No a priori power calculation was
provided. Patients were followed until 14 days after treat 
ment end.

Highest Level of Evidence. There were two RCTs that
addressed this topic. The larger one [1] suggests that with
the goal of cure, topical ofloxacin is superior to topical
chloramphenicol and amoxicillin in patients. Cultures
from these patients, however, suggest that of all bacterial
isolates, 96% were sensitive to ofloxacin, but only 57%
were sensitive to amoxicillin and chloramphenicol , so the
results may have been caused by the antibiotic sensitivity,
rather than the route of medication delivery. The smaller
study [2] showed a trend toward more cure with topical
ciprofloxacin alone but a trend toward more improve
ment with topical and ora l ciprofloxacin; no significant
difference between these two groups was reported.

Applicability. These results are app licable to adult or
late-teenage patients with chro nic otitis media with active
otorrhea. They are not applicab le to patients with cho
lesteatoma or with underlying systemic disease.

Morbidity/Complications. Deterioration in bone con 
duction was noted after topical chloramphenicol amoxi
cillin therapy, although the mean loss was small.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were two RCTs that compared topical with con
comitant topical and systemic antibiotics. The larger one
suggests that topical ofloxacin alone is better than topical
chloramphenicol with oral amoxicillin, but pathogens'
differential sensitivity to these two antibiotic classes may
have biased the results in this direction. The smaller RCT
suggests that there is no difference between topical versus
topical and systemic cipro floxacin. The samp le size for
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this comparison, however, was 40 patients. To obtain a
90% power to detect a 15% difference in rates of cure
between groups (using an 800/0 estimated cure with
topical alone, based on these published data), a sample
size of more than 200patients would be required. There
fore, a larger sample size is needed to provide convincing
negative data.

Future research on this topic would be beneficial, as
the combination of topical and oral therapy is a regularly
employed regimen when it seems that topical therapy
alone may not sufficefor chronic otitis media with active
otorrhea. The data, however, do not strictly support this

practice. In fact, without the knowledge of the predispos
ing pathogen sensitivity spectrum, it might even be that
combining systemic with topical therapy results in a
worse outcome. Current data suggest that when cipro
floxacin is given systemically in addition to topically,
there is no further benefit, but the associated study's
power is quite limited.

This and the previous two systematic reviews have
suggested that 1) topical antibiotics are superior to topical
placebo or antiseptic, 2) topical antibiotics are superior
to systemic antibiotics, and 3) it is unclear whether the
addition of oral antibiotics provides an advantage over
topical antibiotics alone. Therefore, these overall data
support the strength of topical antibiotic therapy in
chronic active otitis media.



THE EVIDENCE CONDENSED: Topical versus topical and systemic antibiotics for otorrhea cessation in chronic
suppurative otitis media

Reference Supiyaphun, 2000

Level (design) I (RCT)

Sample size" 79 (80)

OUTCOMES

% cured % improved

Topical abx 76.9% (n = R) 92.3% (n = R)

Topical and systemic 37.0% (n = R) 86% (n =NR)
abx

p Value <0.001 S

Conclusion Topical better o difference

Follow-up time 14 d

STUDY DESIGN

Esposito, 1990

I (RCT)

40 (40)

% cured

85% (n = 17/20)

75% (n = 15/20)

ot specified

o large difference

14 d after treatment end

% improved

15% (n =3/20 )

20% (n =4/20 )

Not specified

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Topical antibiotic
regimen

Topical and systemic
antibiotic regimen

Definition of
successful treatment

Management while
in study

Compliance

Criteria for
withdrawal

Intention to treat
analysis

Power

Morbidity/
complications

Age> IS y, purulent or mucopurulent otorrhea, and
central perforations of the tympanic membrane of >21 d
duration

Cholesteatoma or large aural polyp in the middle ear or
mastoid, history of ear surgery within the previous year,
therapy with systemic abx or ototopical agents of any
kind within 2 wk, pregnant or lactating, allergy to
penicillin, chloramphenicol quinolone

Similar age, gender, laterality of infection, size, duration
and cause of tympanic membrane perforation, or
pathogenic organisms were noted between treatment
groups at enrollment

15-78 y old

Investigator-blind

Ofloxacin solution 0.3% 6 drops b.i.d. and oral placebo
t.i.d. xz wk

Chloramphenicol 1% 3 drops t.i.d ., amoxicillin 500 mg
PO t.i.d. x2 wk

Cure = middle ear inflammation and otalgia disappeared
and ear became dry. Improved = symptom/sign scores
decreased at least I level

Examined on day 0, 7, 14 with otalgia, otorrhea, and
middle ear inflammation rated 0 (none) to 3 (severe/
marked)

Compliance was good in >90%, as defined by the number
of times the patient forgot to use the drug within 7 d:
good (0-3), moderate (4-7), poor (>7)

Missed follow-up visits

ot specified

R

Deterioration in bonc conduction from 22.8 ± 10.4 to
24.8 ± 10.4 (p < 0.007 ) after amoxicillin/topical
chloramphenicol; no deterioration after topical ofloxacin.
Fungal superinfection (n = I ofloxacin, n = 2 amoxicillin/
chloramphenicol)

Mild or moderate chronic otitis media in the
acute stage

Cholesteatoma or mastoiditis, pregnancy,
allergy to quinolone, <18 y old, underlying
disease such as diabetes

Similar age, gender

38 Yold, mean

ot reported

Cipro 250 ug/rnl. 3 drops b.i.d. x5- 10 d

Cipro 250 mg PO b.i.d., topical cipro
250 ~g1mL 3 drops b.i.d . x 5- 10 d

Bacteriologic and clinical cure, not otherwise
specified

Examined before, after, and every 2-3 d with
treatment

Not specified

All completed study

ot specified

I R
I 0 side effect or worsened audiometry

Ref =randomized controlled trial , NR =not reported, S =not significant, b.i.d. =twice daily, t.i.d. =three times daily, abx =antibiotics,
cipro = ciprofloxacin.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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12 Chronic Otitis Media
12.D.
Ototopical neomycin: Impact on post-treatment hearing

Jennifer J. Shin, Ming-Vee Lin, and Steven D. Rauch

METHODS

A computerized PubMed search of MEDLINE 1970
December 2004 was performed. The medical subject
headings "neomycin" and "otitis media" were exploded
and the resulting articles were cross-referenced, yielding
33 publications. These articles were then reviewed to
identify those that met the following inclusion criteria:
1) patient population with tympanic membrane perfora
tion or tympanostomy tube, 2} intervention with oto
topical neomycin, ideally versus control, 3) outcome
measured in terms of sensorineural hearing loss. Articles
in which gentamicin 0:: framycetin drops were the
primary focus of the study were excluded, as were articles
in which the exact ototopical regimen was unclear. Like
wise, case reports in which neomycin was used concom
itant with an additional aminoglycoside were also
excluded. The bibliographies of the articles that met
these inclusion criteria, a5 well as several reviews on this
topic, were manually checked to ensure no further rele
vant English articles could be identified. This process
yielded the six articles that are reviewed below [1-6].

RESULTS

Outcome Measures. Outcomes were specifically de
scribed in terms of bone conduction pure tone audiom
etry in four studies. Pediatric audiometry was further
described in the Merifield study as shown in the adjacent
table. Speech reception thresholds were described in the
Welling randomized controlled trial (RCT).

Potential Confounders. There were many potential con
founders: neomycin regimen and duration, carrier sub
stances, concomitant ototopical medications, the extent
and activity of middle ear disease, and patient age and
comorbidities. These factors are detailed in the adjacent
tables.

Study Designs. There was one RCT, three retrospective
controlled studies, one retrospective case series, and one
physician survey that acdressed this issue. In the single
level 1 study [1], children were randomized to have a
single intraoperative Cortisporin dose placed in either
the right or left middle ear space after tympanostomy
tube insertion. The contralateral ear served as a control,
and follow-up time was 4 weeks. Preoperative audiom
etry was similar in both groups. Based on their sample

size, they reported a 99% power to detect a ~5-dB hearing
loss, and a 99.9% power to detect a ~10-dB hearing
loss.

The remaining data were retrospective. In the largest
retrospective controlled trial [2], 2 weeks of dexametha
sone/polymyxin/neomycin drops were compared with
no treatment after 1-3 months follow-up in children
with tympanostomy tubes. Pretreatment sensorineural
thresholds were ::;5 dB in all patients. This study's design
was not immediately apparent in reading the original
report, and it was described as a level 1 study
in a review on this topic, but direct correspondence
with the first author confirmed that it was a retrospec
tive study. In the Podoshin retrospective controlled
trial, several durations of dexamethasone/polymyxin/
neomycin drops were compared with dexamethasone
alone in patients with chronic active otitis media over a
1- to 2-year period. As a second control, hearing in 23
untreated ears with chronic otitis media was compared
to contralateral healthy ears over a 7-year period. In
the third retrospective controlled study, bone conduc
tion thresholds pre-neomycin and post-neomycin
were analyzed in 44 children with tubes. In the retrospec
tive review, evaluation of 134 charts revealed 12 cases
with tympanic membrane perforations which were eval
uated for ototoxicity. The remaining study was a survey
study of 7463 physicians with a 30% response rate
[6].

Highest Level of Evidence. A single dose of dexametha
sone/neomycin/polymyxin resulted in the same hearing
as no treatment in children with tympanostomy tubes in
the lone RCT.

Two retrospective studies analyzed the impact of a
2- to 14-day course (level 3-4 data), and showed no
difference in audiometry after topical neomycin use in
children with tympanostomy tubes. The Rakover retro
spective controlled trial (n =446) showed no difference
in sensorineural hearing loss in children with tubes who
received dexamethasone/neomycin/polymyxin 3 gus
t.i.d. for 2 weeks versus no treatment. The Merifield ret
rospective review showed no difference in pretreatment
versus post-treatment bone conduction thresholds in
children who received neomycin containing ototopicals
for 2 days to 2 weeks.

There were also two retrospective evaluations of
a more prolonged course (level 3-4 data); they
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demonstrated worse hearing after topical neomycin. The
Podoshin retrospective controlled trial showed that sen
sorineural hearing was 7.0 dB worse (p < 0.025) with
dexamethasone/neomycin/polymyxin use versus dexa
methasone alone over 1-2 years. This study, however,
also reported that hearing was worse in untreated
chronically inflamed ears (versus contralateral healthy
ears, 11.2-dB difference in bone conduction, p < 0.001).
The second report [5] of longer term use showed ototox
icity in 1 patient of 12 with tympanic membrane
perforations. This 69-year-old patient used 70 mL of
polymyxin/neomycin over 2 months in one ear (average
23 gtts/day) then 70 mL in the contralateral ear over 3
months (average 16 drops per day).

Thus, the three retrospective studies that included
only children with tympanostomy tubes and short
courses of treatment revealed no hearing loss with oto
topical neomycin versus control or with pre- versus post
neomycin treatment. The other two reports of a decrease
in sensorineural hearing all occurred in populations in
which adults were also studied. The most detailed report
of neomycin-attributed sensorineural loss occurred in a
patient who was nearly 70 years old.

There was also a report of a physician survey (n =
2235 responses to 7463 questionnaires): 3.4% of respon
dents believed that they had witnessed ototoxicity from
ototopical agents, of which 31.6% believed that Cor
tisporin was the offending agent (1.1% of all respon
dents). Cortisporin suspension was used by 94.50/0 of
respondents. There was no response to 70% of question
naires, so data from that 700/0 of polled physicians
remained unknown. No details regarding the extent of
hearing loss or the duration of treatments associated
with ototoxicity were reported. Eightypercent of respond
ers agreed with the statement, "The risk of ototoxicity of
otitis media is as great as or greater than the risk for
ototoxicity of an ototopical preparation."

Applicability. The results from the Welling,Rakover,and
Merifield trials can be applied to children with tympa
nostomy tube placement. The results from the Podoshin
and Linder trials can be applied to older patients with
chronic suppurative otitis media.

Morbidity/Complications. Discussion of associated mor
bidity was limited to hearing loss and occasional vertigo
in these reports.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were six publications focused on the impact of
ototopical neomycin on sensorineural hearing in the
presence of an intubated or perforated tympanic mem
brane. Overall, the data levels and results were mixed
(with some seemingly conflicting results), but suggested

that short courses in children with tympanostomy
tubes may be safe, whereas longer, relatively high-dose
courses in patients with chronic otitis media with tym
panic membrane perforations may result in hearing
loss.

The single RCT demonstrated no significant differ
ence with versus without a single dose of neomycin/
polymyxin/hydrocortisone in children with tympanos
tomy tubes. The power of the study was 990/0 to detect
a 5-dB difference, suggesting that the administration of
a single dose in this intubated pediatric population
should indeed have no notable adverse effects on
hearing.

There were two retrospective studies that addressed
neomycin use for 2-14 days. They showed no difference
in sensorineural hearing with neomycin versus no treat
ment and with pre- versus post-neomycin use in children
with tympanostomy tubes, suggesting that <14-day
courses of neomycin may be safe in children with tym
panostomy tubes.

Two retrospective studies evaluated longer-term use
of neomycin. To place their results into context, the
authors of one of these studies also reported that the
presence of chronic otitis media alone could correlate
with sensorineural hearing loss. The same authors noted
that bone conduction thresholds were significantly worse
with longer courses of topical neomycin in patients with
tympanic membrane perforation and chronic active
otitis media. However, the mean hearing loss over 1-2
years was 7 dB, suggesting that the magnitude of impact
may be small. The second study, a retrospective review of
12 patients with tympanic membrane perforations,
showed a severe sensorineural hearing loss in a 69-year
old patient who used an average of 23 gtts/day of poly
myxin/neomycin for 2 months. This study suggested that
relatively high doses may result in severe sensorineural
hearing loss. It is, however, unclear how frequently such
sensorineural loss occurs, whether it occurs with stan
dard dosing, and whether it is limited to this patient's
demographic group.

With the exception of a single RCT evaluating single
dose therapy, all of the data regarding this topic are level
3-5. Further high-level study on this topic would poten
tially be useful, although it must be undertaken with
caution. First, the impact of short courses of neomycin
containing drops on patients with tympanic membrane
perforation and chronic active otitis media could be
further elucidated with prospective studies that control
for the important confounder of the otic inflammation
itself. The chronically infected ear may already be prone
to sensorineural loss (as suggested by Podoshin). Also,
exudative, thickened mucosa may alter round window
permeability to neomycin. Second, the suggested impact
of age and whether the middle ear space is exposed by a
tube or a chronic perforation is of interest. Third, the
magnitude of any associated hearing loss over time could
be studied. Whereas larger studies suggest a small degree
of hearing loss with long-term use, case reports suggest



that severe, devastating hearing loss may occur. This
magnitude is key in clinical decision making, as some
practitioners and patients may be willing to accept the
risk of a mean 7-dB decrement over a mean 1.5 years (as
suggested by the Podoshin study) in order to gain treat
ment benefits from neomycin-containing drops. Fourth,
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the comparative efficacyand potential adverse effects of
topical nonaminoglycoside therapy are topics for further
consideration.



THE EVIDENCE CONDENSED: Hearing after neomycin drops with tympanic membrane perforatlonlintubation

Reference

Level (design)

Sample size'

Wellin g, 1995

I (randomized controlled trial)

50 (60)

OUTCOMES

Audiometry

Rakover,1989

3 (retrospective controlled study)

446 (446)

eomycin drops

Preop mean

BC PTA: 4.6 dB
SRT' 22 6 dB

Postop mean

BC PTA: 3.\ dB
SRT' 86 dB

Aud iometry

"There was no sensorineural hearing loss."
Specifics not reported

Control BC PTA: 5.4 dB BC PTA: 3.9 dB "There was no sensorineural hearing loss."
SRT: 21.4 dB SRT: \3.5 dB Specifics not reported

p Value S NS Not reported

Conclusion o difference No difference No hearing loss

Follow-up time 4 wk postop \- 3 mo postop

STUDY DESIGN

Inclusion criteria Recurrent acute ot itis media or chronic serous otitis Children undergoing anteroinferior quadrant
med ia necessitating tympanostomy tube insertion, myringotomy and tympanostomy tube
4-\7 y old insertion for serous otitis media

Exclusion criteria <4 y old, >\7 y old S HL, <3 Yold, doubt about cooperation in
study

Pretreatment group
comparison

Age

Masking

The contralateral ear of the same patient was used as
a control

4-17 Y

R

0- to 5-dB sensorineural hearing threshold
throughout, not further specified

3-8 Y

ot applicable

eomycin regimen details Intraoperative 0.5 mL Cortisporin via tube to middle Dexamethasone (\ mg /mL), neo
ear : hydroco rtiso ne (10 mg /mL), neo (3.5 mg /mL), (5 mg /mL), polymyxin B (20,000 U/mL)
polymyxin B (10,000 U/mL), propylene glycol (10%) 3 gtts t.i.d. xz wk

IControl details The con tra lateral ear of the same patien t was used as No treatment
a contro l

Hearing change caused by NR NR
infection

Audiometry measures Pure ton e audio met ry, if possible with extended Pure tone audiograms (250-8 kHz) 2 d
high-frequency aud iogram (8,20 kHz). Speech before and 1- 3 rno postop
recept ion thresholds, within 1 mo before surgery

Preop audiometry Mean 4.8 dB§ (SO 4§) in patients receiving 0- to 5-dB sensorineural hearing th reshold
Cortisporin, 5.\ dB§ (SO 9§) in control patients

Compliance Not specified R

Criteria for withdrawal Oral or other topical antibiotic use during study R
from study

Intention to treat analysis

Power

Morbidity/complications

period, sensitivity to Cortisporin, inability to
complete audiogram, lost to follow-up

R

99% to detect difference of;::5 dB, 99.99% to detect a
difference of z10 dB

Postop otorrhea, 81I00 ears (8%), \ with 45-dB
conductive hear ing loss

ot applicable

R

one reported

Preop =preoperative, postop =postoperative, NR =not repor ted, PTA =pure tone average, t.i.d. =three times a day, BC =bone conduction,
SRT =speech reception threshold, COM =chronic otitis media, neo =neomycin, SNHL =sensorineural hearing loss.
'Sample size for randomized controlled trials: numbers shown for those not lost 10 follow-up and those (initially recruited) .
§ Numbers extrapolated from bar graph.
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THE EVIDENCE CONDENSED: Hearing after neomycin drops with tympanic membrane perforation/intubation

Reference

Level (design)

Sample size'

Podoshin, 1989

3 (retrospective controlled study)

173 ( 124 treated, 26 cnt, 23 not treated)

OUTCOMES

Mean sensorineural hearing

eomycin drops

Continuous

10.9-dB loss]

Off <3 mo

3.6-dB losst

Off 3-6 mo

1.8-dB losst

All use

6.I-dB losst

Control

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Pretreatment group
comparison

Age

Masking

eomycin regimen details

Control details

Hearing change caused by
infection

Audiometry measures

Preop audiometry

Compliance

Criteria for withdrawal
from study

Intention to treat analysis

Power

Morbidity/complications

0.9-dB gaint (treatment duration NR).
Additional control: unilateral ears with COM with no treatment (I 7.8 dB) were compared with the
contralateral healthy ears (6.6 dB):I=

t <0.025, all neo vs all control :1=<0.00 I

Significantly more SNHL with continuous neo use.
COM significant ly more SNHL than healthy ear

tI -2 y, mean 1.5 y
:1=7.1 Y

STUDY DESIGN

COM, as defined by otorrhea, tympanic membrane perforation, and active middle ear cleft disease such
as cholesteatoma or granulation tissue

SNHL from previous ear operation, head trauma, noise exposure, presbycusis , or congenital; <6 or
>65 y old; previous therapy with known ototoxic drug (e.g., gentamicin ); chronic disease (e.g., diabetes,
arteriosclerosis)

Similar age, gender, as well as rates of central perforation, discharge, hearing threshold . Control group
with more tinnitus

39.5% neo treated, 46.5% control group 10-19 y old; others not specified

ot applicable

Dexamethasone ( I mg ), neo (5 mg ), polymyxin B (20,000 U/mL ) 3 drops t.i.d.-regimen a)
continuous, b) with intermissions of <3 mo, c) with intermissions from 3 to 6 mo

A) Control group received dexamethasone ( I mg ) 3 drops t.i.d. B). No treatment group compared
hearing loss in unilateral COM diseased and contralateral healthy ear

Unilatera l ears with COM with no treatment ( 17.8 dB) were compared with the contralateral healthy
ears (6.6 dB), p < 0.001

All patients were tested by the same audiometer and by the same aud iologist at the begin ning of
trea tment and every 2 mo during the period of follow-up

Mean BC threshold 9.3 dB in group before neo treatment, 8.7 dB in dexamethasone control group

ot specified

ot applicable

ot applicable

R

None reported

Preop = preoperative, postop = postoperative, NR = not reported, PTA= pure tone average, t.i.d. = three times a day, BC = bone conduction,
SRT = speech reception threshold, COM = chronic otitis media, neo = neomycin, S HL = sensorineural hearing loss.
• Sample size for randomized controlled trials: numbers shown for those not lost to follow-up and those (initially recruited ).
t. :j:Symbols denote which data comparisons correspond to the referenced p-values and follow-up times.
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THE EVIDENCE CONDENSED: Hearing after neomycin dropswith tympanic membrane perforationlintubation

Referen ce

Level (design)

Sample size

Merifie ld, 1993

3 (retrospective controlled study)

44 (70 ears )

OUTCOMES

Mean BC thresholds"

Post-neomycin drops

Pre-treatment

p Value

Conclusion

3 kHz

9.8 dB

10.1 dB

NS

o difference

4kHz

9.6 dB

10.0 dB

S

o difference

6kHz

8.8 dB

7.6 dB

S

o difference

I
Follow-up time

Inclusion criteria

Exclusion cri teria

Definition of ototoxicity

Age

eomycin regimen details

Consideration of hearing
change caused by middle ear
disease

Audiometry measures

Preoperative aud iometry

ot specified for all, ~6 mo of follow-up no ted in I case

STUDY DESIGN

Treatment with ototopical medications for pers isten t otorrhea unresponsive to ora l antibio tics:
I ) after intubation with previou sly dry ears, 2) no evidence of preexisting sensori neural hearing
loss, 3) one or both ears with chro nic suppurative otitis media characterized by persistent puru lent
oto rrhea

Not specified

~IO dB deterioration in one ear at ~I frequency

8 mo-IO y, 9 mo

Polymyxin B sulfate-neomycin sulfate-hydrocortisone (Pediotic, Cortisporin suspension and
solution); colistin sulfate-neomycin sulfate-hydrocortisone acetate, gentamicin sulfate . Duration of
drops: 2 d-2 wk

ot add ressed

Pre- and post-treatment bone conduction th resholds at 3,4,6 kHz with masking when necessary:
a) eye shift observation and behavioral respo nses for age 8 mo-2 y, b) visually reinforced play
audiometry for age 2-4 y, tradition al ascendi ng thresho lds with button response for ~5 y old

As above

Power Not reported

Morbidi ty/co mplications I patient had a lO-dB change in BC at I frequency which resolved by the 6-mo follow-up

IPTA= pure tone average, t.i.d. = three times a day, Be = bone conduction, TM perf. = tympanic membrane perforation, SNHL = sensorineural
hearing loss, NS = not significant.
• Data extrapolated from line graph .
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THE EVIDENCE CONDENSED: Hearing after neomycin drops with tympanic membrane perforation/intubation

Refere nce

Level (design)

Sample size

Post-neomycin drops

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Definition of ototoxicity

Age

eomycin regimen details

Consideration of hearing
change caused by middle ear
disease

Audiometry measures

Preoperative audiometry

Power

Morbidity/complications

Linder, 1995

4 (retrospective review)

134 charts, 12 with TM perf.

OUTCOMES

n = I patient diagnosed with neomycin
ototoxicity: 69 y old man with slowly progressive
AU hearing loss, active chronic otitis media used
70 cc AD over 2 mo, then 70 cc AS over 3 mo.
He had rapid loss of hearing AU

o comparative statistics

eomycin high -volume usc may result in
ototoxicity

At least 5 mo specified in I patient

STUDY DESIGN

From a computerized database (1953-1993),134
patient charts evaluated by audiology department
for possible ototoxicity attributable to local or
systemic application of various antibiotics. 12 of
the 134 cases assessed antibiotic ear drops in the
presence of TM perf

Insufficiently documented cases

Accelerated hearing loss

69 Y(reported single case)

Otosporin ( I mL containing 10,000 IE
polymyxin B sulfate , 238,000 IE neomycin
sulfate ) 70 cc was used over 2 mo in the right ear
only; then 70 cc over 3 mo in the left ear only

Rate of prior sensorineural hearing loss was slow
in comparison to post-neomycin; otherwise not
specified

Details not specified

Potential confounders: previous progressive
SNHL

Not applicable

As above

Lundy, 1993

5 (opinion survey )

2235 responses (7463 physician questionnaires)

3.4% (n = 76/2235 ) reported inner ear damage
from topicals (31.6% believed Cortisporin was
responsible), S HL extent not noted

I 0 comparative statistics

Physicians attributed ototoxicity to topicals

Not reported

Physician questionnaire

Physician questionnaire

ot specified

Physician questionnaire

94.5% of respondents used Cortisporin
suspension, 50.7% used Cortisporin solution.
Otherwise, not specified

ot specified

Physician questionnaire

Physician questionnaire

Not reported

As above

PTA=pure tone average, t.i.d. =three times a day, Be =bone conduction, TM perf. =tympanic membrane perforation, SNHL =sensorineural
hearing loss, S =not significant, AD =right ear, AS=left ear, AU =both ears.
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12 Chronic Otitis Media

Staging in tympanoplasty: Impact on audiometric outcomes

Jennifer J. Shin and Saumil Merchant

METHODS

Tympanoplasty may be staged for obtaining either a
permanently disease-free ear or for optimal restora
tion of hearing. Intraoperative findings may prompt a
staged approach for several reasons : 1) the discovery of
a fixed footplate during surgery for active infection, 2)
the anticipation of the need to take a "second look"
during the initial cholesteatoma surgery, and 3) the desire
to allow mucosal disease to resolve before endeavoring to
optimize hearing results. In this third scenario, after
granulation and irreversibly diseased mucosa are
removed, plastic sheeting is placed over denuded surfaces
to prevent adhesions and allow for mucosal healing. This
systematic review focused on audiometric outcomes
with no staging versus staged tympanoplasty. Our goal
was to focus specifically on the impact of staging done
for the reason outlined in +3 above (i.e., to allow mucosal
disease to resolve so as to optimize the hearing
outcome).

A computerized PubMed search of MEDLINE
1966-November 2004 was performed. Articles with the
text words "staging:' "stage:' "staged:' "two-stage:'
"staged:' or "unstaged," or "delayed" were identified and
cross-referenced with articles obtained by exploding
the medical subject heading "tympanoplasty:' yielding
121 articles. These articles were then reviewed to iden
tify those that met the following inclusion criteria: 1)
patient population with chronic otitis media, 2) com
parison of no staging versus staged tympanoplasty, 3)
outcome measured in terms of the air-bone gap (ABG)
at least 6 months after surgery, ideally at all frequencies
(250, 500, 1000, 2000, 4000, and 8000 Hz). Studies
reporting results of revision surgeries that occurred >3
years after the original surgery were not included,
because they did not seem to be within a reasonable
timeframe for planned staging; these data were consid
ered more relevant to unplanned revision surgery, a
wholly separate topic. Also excluded were studies in
which air conduction without bone conduction was
measured. Small case series (n < 10 patients) of new
techniques were excluded. The bibliographies of articles
meeting these inclusion/exclusion criteria were manu
ally checked to ensure no further relevant articles could
be identified. This entire process yielded four controlled
studies. The data from these four controlled studies are
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presented herein as the highest level of relevant evidence
[1-4].

RESULTS

Outcome Measures. All four studies reported results in
terms of an ABG. Two studies described the mean ABG
for each group [2,4], one with associated standard devi
ations [4].Allfour articles reported the percent ofpatients
achieving an ABG of<10 dB or <20 dB. In the three cases
in which the audiometry was detailed [2-4], ABG was
measured at 500, 1000, and 2000 Hz, with pure tone
averages. Data regarding low frequencies specifically or
measurements at 250 Hz were not recorded in any case.
Such measurements, however, are often desirable because
tympanic membrane perforations predispose to hearing
loss at low frequencies.

Potential Confounders. Confounders were clearly
present, given the retrospective nature of these studies.
The key confounders were those that influenced
whether no staging versus staged tympanoplasty was
performed: 1) the quality of the mesotympanic
mucosa, 2) the presence of active otorrhea, and 3) the
extent and/or recurrence of cholesteatoma. In addi
tion, several other factors could have potentially influ
enced audiometric outcomes, such as surgical technique,
patient age, graft material, and condition of the stapes.
All of these potential confounders are presented in the
adjacent table in as much detail as the original reports
allow.

Study Designs. All four studies were retrospective com
parative studies, providing level 3 evidence. Thus, these
results must be viewed with an understanding of the
inherent biases of retrospective data. For example, inher
ent biases toward performing a staged procedure with
more active or extensive disease could have resulted in a
group of staged patients that were predisposed to a worse
outcome. Potential confounders, however, were mostly
well detailed, giving more strength to the studies. By
understanding these confounders, readers can identify
potential ways in which these retrospective results may
have been skewed. One of the three studies specified that
consecutive patients were described [4]; in doing so, they
conveyed that all available data were presented, not just



the results from a selected more favorable population.
Also, one study reported the percent of patients that
completed follow-up at intervals up to 10 years, which
elucidated any potential attrition biases [1]. Follow-up
times were at least 6 months after surgery, and were as
long as 10 years.

Highest Level of Evidence. The data from these four
studies showed either an improved outcome with no
staging or no difference between unstaged and staged
procedures. These comparative retrospective results,
however, were tempered by the fact that patients under
going staged procedures had worse disease at the outset.
In addition, only one statistical comparison of the data
regarding no staging versus stagedABG data was reported
[1]. Therefore, in most instances, only trends can be
noted. Several studies did attempt to identify other
potential confounders by subgrouping data according to
whether stapes crura were intact or missing [1, 2], or
whether ears were dry or draining [3]. These data are
presented in the adjacent tables.

Applicability. These studies are applicable to patients
undergoing tympanoplasty over a wide age range, from
children to elderly patients. They are applicable to patients
whose surgeons decide on no staging versus staged tym
panoplasty based on intraoperative characteristics of the
middle ear.

Morbidity/Complications. Postoperative morbidity was
minimally described in these studies. Whereas multiple
studies reported the presence of sensorineural hearing
loss, only one report specified whether they were post
operative losses (i.e., not present preoperatively). Only
one case of sensorineural hearing loss was noted in
that report [3]. Sensorineural hearing loss is an impor
tant secondary outcome measure, as some otologists
believe that each additional otologic surgery places the
patient at risk for it, and therefore attempt to avoid
staging.

Chronic OtitisMedia
267

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were four level 3 studies that reported comparative
data on no staging versus staged tympanoplasties.
Although these data show an improved or equivalent
audiometric outcome with un staged rather than staged
tympanoplasty, conclusions must be tempered by the
inherent biases of these retrospective results, because
patients whose procedures were not staged had preop
erative characteristics making them prone to more favor
able results.

Therefore, there is no study that directly compared
audiometric outcomes after no staging versus staged
tympanoplasty, while controlling for potential confound
ers such as cholesteatoma and mucosal disease. Ideally, a
prospective controlled trial of patients undergoing
unstaged versus staged tympanoplasty would ensure that
these and other potential confounders were either elimi
nated through exclusion criteria or at least balanced
between the two compared groups. For example, patients
requiring tympanoplasty in the presence of mucosal
disease with active otorrhea but without stapes footplate
fixation or cholesteatoma could be selected. Other con
founders such as extent and location of the initial perfo
ration and the presence/absence of stapes crura could
potentially be accounted for by randomization of sub
jects to no staging versus a staged procedure. Outcomes
of ABGs at all frequencies could be measured, both pre
operatively and postoperatively. Using the data from the
largest study as «pilot data," the sample size necessary to
devise a trial with 90% power to detect a 5% difference
between groups can be calculated; 144 patients would
need to complete such a trial, which seems to be a real
istic goal for subject enrollment. In addition, any impact
on sensorineural hearing could also be studied as a sec
ondary outcome measure.



THE EVIDENCE CONDENSED: Audiometric outcome with no staging versus staged tympanoplasty
(controlled studies)

Reference

Level (design)

Sample size'

Nomura, 2001

3 (retrospective comparative study)

236 ears ( 147 no staging, 89 staged)

OUTCOMES

<0.05 ot reported

o staging better bu t with multiple confounders

I y

o stagin g

Staged

p Value

Conclusion

Follow-up time

% with "s uccess" (see below )

73%

55%

ABG PTA (mean ± SO)

14 ± II

18 ± 14

Inclusion crite ria

Exclusion criteria

o staging regimen details

Staged regimen details

Presence of cholesteatoma

Stapes condition

Canal wall condition

Audiometry

Age

Diagnos tic criteria for
"success"

Graft material

Consecutive patients?

Morbidity/complications

STUDY DESIGN

New cases undergoing tympanoplasty for middle ear cholesteatoma

ot specified

ot specified

Indications: cholesteatoma incompletely removed at first operation, TM adherent to promontory
caused difficulty in preparing an aerated mesotympanum in I stage, or granulation tissue and/or
thickened mucosa was present aro und the stapes. Second stage planned 10-18 mo after first
operatio n

All patient s had cho lesteato ma

26% type I tympano plasty, 59% type III tympanoplasty (minor columella, major columella, stapes
columella not specified ), 15% type IV tympanop lasty; no t broken down by no staging vs staged

"All patient s underwent the canal wall reconstruct ion technique in which the cana l was widened";
the antrum was ope ned as necessary to access the attic and mesotympanum

ABG at 500, 1000, 2000 Hz
Bone conduction at 4000 Hz

20 to >60 y

At least 1 of the following: achievement of pos toperat ive hearin g level of ~30 d li, an ABG closure
with in 15 dB, hearing gain >20 dB

Not specified

Yes

ot specified

ABG = air-bone gap, PTA= pure tone average, TM = tymp anic membrane, SD = standa rd deviation .
• Sample size: numbers shown for tho se not lost to follow-up and those (initially recruited).
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THE EVIDENCE CONDENSED: Audiometric outcome with no staging versus staged tympanoplasty
(controlled studies)

Reference

Level (design)

Samp le size'

Cha racho n, 1991

3 (retrospective comparative stud y)

199 patien ts

OUTCOMES

Not report ed Not reported

No staging better but with multiple confo unders

4 rno, t l y. 3 y, :l:5 y, IOY

No staging

Staged

p Value

Conclusion

Follow-up time

Intac t sta pes (n =52)

MeanABG dB
(SD not repo rted)

14.35.t 12.70:1:

27.61.t 28.84:1:

% wit h ABG <20 dB

83%,t 88%:1:

50%.t 41%:1:

Miss ing crura (n = 72)

MeanABG dB
(SD not reported)

19.44,t 17.66:1:

31.72,t 31.27:1:

Not reported

% wit h ABG <20 dB

86%,t 80%:1:

29%,t 28%:1:

Not reported

Inclusion criteria

Exclusion criteria

No staging regimen detai ls

Staged regimen details

Presence of cholesteatoma

Stapes condition

Cana l wall condition

Audiometry

Age

Diagnostic cr iter ia for
"success"

Graft material

Consec utive patients?

Morbidity/complications

STUDY DESIGN

Patien ts undergoing reconstr uctions of "radical mastoi dectomy"; "very often, the previous
procedures were att icotomy or Bondy operation"

Not specified

Used only if the mesotympanu m was covered by normal mucosa, if a stable ossicular
reconstruc tion was possible, and if there was no risk of residual cholesteatoma recur rence

Used if the above criter ia were not mel. The second stage was performed 12- 18 mo later, or
delayed up to 24 mo if the Eustachian tube had been drilled

94 ears with cholesteatoma

Footplate fixed in 4 ears; "usually the ossicular chain was found surrounded and more or less
destroyed by cholesteatoma"

"T he bony canal was lowered to the level of the floor of the ear cana l and to the level of the
facial nerve"

ABG at 500, 1000, 2000 Hz

<10t070y

Not specified

Head of malleus or incus body homograft placed on the head of the stapes; traga l cart ilage
au tograft or incus homograft positio ned on mobile footplate

Not specified

Not specified

ABG = air-bone gap, PTA = pu re tone average, TM = tympan ic memb rane, SD = standard deviatio n.
• Sample size: numbers show n for tho se not lost to follow-up and those (initially recru ited ).
t . :j: Symbols denote which data comparisons cor respond to the referenced p-values and follow-up times.
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THE EVIDENCE CONDENSED: Audiometric outcome with no staging versus staged tympanoplasty
(controlled studies)

Reference

Level (design)

Sample size'

Cha rac hon, 1989

3 (retrospective comparative study)

117 patients ( 19 no staging, 98 staged )

OUTCOMES

% with ABC <10 dB, <20 dB

18%,57%

20%,55%

With missing crura

ot reported

o major difference between groups noted (no statistics reported),
multiple confounders

With intact stapes

31%,87%

22%,55%

Not reported

Trend toward no staging
better (no statistics
reported), multiple
confounders

4 010 (shown), I y, 3 y, 5 Y (ABC for all patients combined remained 19.5-21 dB throughout all
times studied)

Follow-up time

No staging

Staged

p Value

Conclusion

STUDY DESIGN

Inclusion criteria

Exclusion criteria

o staging regimen details

Patients undergoing reconstruction of "old radical mastoidectomy cavities" by obliteration
tympanoplasty; had previously undergone 2-4 surgical procedures (70% radical mastoidectomy,
30% atticotomy or Bondy operation)

Not specified

If the mesotympanum was covered by safe mucosa, a single-stage procedure was performed.

Staged regimen details

Presence of cholesteatoma

Stapes condition

Canal wall condition

If the mucosa in the mesotympanum needed to be dissected, silastic sheeting was placed in the
mesotympanum to prevent adhesions and a second stage was performed 12 or 18 mo later

Cholesteatoma in 41 ears

"Destruction of stapes" in 73 ears, footplate luxation in I ear

"The bony canal was lowered to the level of the floor of the ear canal and to the level of the facial
nerve"

Audiometry

Age

Diagnostic criteria for
"success"

Details not reported

<10 to 60 Y

Not specified

Craft material

Consecutive patients?

Morbidity/complications

Fascia graft underlay, malleus head or incus homograft

ot specified

ot specified

ABG = air-bone gap.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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THE EVIDENCE CONDENSED: Audiometric outcome with no staging versus staged tympanoplasty
(controlled studies)

Reference

Level (design)

Sample size'

Minatogawa, 1990

3 (retrospective comparative study)

32 patients (26 no staging, 6 staged )

OUTCO MES

% success (see below for criteria)

o staging

Staged

p Value

Conclusion

Follow-up time

Dry ears

82% (n = 17)

A (n = 0)

Not reported

o comparison possible in
this subgroup of patients

>6mo

Draining ears

33% (n = 6)

33% (n = 6)

ot reported

o major difference between
groups noted (no statistics
reported), multiple
confounders

All ears

65% (n = 26)

33% (n = 6)

ot reported

Trend toward no staging better
(no statistics reported), multiple
confounders

Inclusion criteria

Exclusion criteria

No staging regimen details

Staged regimen details

Presence of cholesteatoma

Stapes condition

Canal wall condition

Audiometry

Age

Diagnostic criteria for
"success"

Graft material

Consecutive patients?

Morbidity/complications

STUDY DESIGN

Patients undergoing allograft tympanoplasties

ot specified

Allograft tympanic membrane with attached malleus and incus columella trimmed to couple
allograft manubrium to host stapes

In cases of a draining ear, allograft with attached malleus was implanted at the first stage, then
>6 mo later, the incus was trimmed for implantation as the columella

Not specified

ot specified

ot specified

Audiometry at 500, 1000,2000 Hz

Not specified

ABG <20 dB, air conduct ive hearing gain >15 dB, and mean cond uctive hearin g <40 dB

Allograft tympanic membrane with attached malleus and incus

Not specified

I sensorineural hearing loss in no surgery group

ABG = air-bone gap.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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13 Sudden Sensorineural Hearing Loss
•

Systemic steroids versus control: Impact on audiometric outcomes

Jennifer J. Shin and Steven D. Rauch

METHODS

A computerized Ovid search of MEDLINE 197Q-March
2004 was performed. The terms "hearing loss:' "deaf
ness:' "hearing loss, sensorineural," and "hearing loss,
sudden" were exploded and the resulting articles
were combined. These articles were then cross-refer
enced with articles obtained by exploding the term "ste
roid s." This process yielded 320 publications. These
studies were then reviewed to identify those that met the
following inclusion criteria: 1) a discrete set of patients
with idiopathic sensorineural hearing loss (SNHL) of
"acute" or "sudden" onset or occurring over ~3 days, 2)
intervention with systemic steroids versus placebo or
systemic steroids versus no intervention, 3) outcome
measured with standa rd audiometry (i.e., pure tone
and speech reception thresholds, speech discrimination
scores). Studies with the following characteristics were
excluded: a) patients with a known cause of SNHL, non
acute or repetitive SNHL, b) intervention with intratym
panic steroids (see Section 13.D), c) comparison of
steroids with another therapy, d ) amalgamation of
patients receiving other treatments with either the steroid
or nonsteroid treatment groups. The bibliographies of
the articles meeting these inclusion/exclusion criteria
were manually checked to ensure no further relevant
articles could be ident.fied. This entire process yielded
six articles [1-6].

RESULTS

Outcome Measures. Audiometric outcomes can be
reported in a variety of ways. Standard pure tone aver
ages (PTAs) of thresholds at 500, 1000, and 2000 Hz
[1, 3, 4] or extended a\-erages of pure tone thresholds at
frequencies from 250 to 8000 Hz may be used [2]. In
addition, speech reception thresholds and speech intel
ligibility scores may be reported [3, 4] . Furthermore, the
magnitude of recovery in any scale may be in decibels
(dB) or in the percentage of patients who had a defined
minimum improvement, Regardless of the measure
used, it is important to realize that the amount of poten
tial recovery is dependent on the amount of initial
hearing loss; a 30-dH loss can only improve 30 dB,
whereas a 90-dB loss has much more room for improve
ment. Investigators can address this "floor effect" by
measuring the percent of decibel s recovered or by con-

sidering patients with more severe SNHL in a distinct
analysis.

Potential Confounders. Recovery may be influenced by:
1) the severity of the initial loss, 2) the pattern of SNHL
(i.e., high frequency, mid-frequency, low frequency, or
otherwise), 3) the time elapsed between onset and treat
ment, 4) the dosage strength and schedule of the investi 
gated steroid regimen,S) patient comorbidities (especially
vascular, inflammatory, or neurologic), 6) age, 7) pres
ence of vertigo, or 8) the time over which the SNHL
evolved. These potential confounders are tabulated for
the reader in as much detail as the studies allow.

Study Designs. Two randomized controlled trials
(RCTs) addressed this issue [1, 2]. Both strictly defined
inclusion/exclusion criteria, used a placebo control, and
were double blind. Both attempted to control potential
confounders: One reported the degree of effectiveness of
randomization at the outset [2], whereas the second
reported an analysis of the results in which potential
confounders were controlled [1]. The larger [1] of thes e
two RCTs reported data from two centers using nearl y
equivalent steroid doses (high then tapered) over 10-12
days. Th e smaller RCT [2] used a con stant high steroid
dose over 5 days.

In addition to these RCTs, there were several retro
spective studies that compared the results in a steroid
cohort versus an untreated cohort [3-6], but none of
the se control groups were rigorously otherwise matched
(i.e., they were not strict case control studies- see chap
ters 1 and 3). In addition, the retrospective nature of
these studies prevented the implementation of any
uniform strategy for withholding steroids in certain
pati ents. Two of these retrospective studies, however,
defined strict inclusion/exclusion criteria and were
sizable enough for statistical analysis [3, 4].

Highest Level of Evidence. In the largest level 1 study
[1], the steroid group improved significantly more than
the placebo group, with 5 : 1 relative odds of>50% recov
ery of PTA. Furthermore, a "steroid effective zone" was
defined, as subjects with 40- to 90-dB losses experienced
the most benefit from treatment. In contrast, the smaller
RCT [2] demonstrated no difference with or without
steroids; at long-term follow-up, "average" thresholds at
250-8000 Hz (80% versus 81%) and speech discrimina
tion scores (93% versus 91.5%) were similar. The
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difference in the two RCTs' conclusions may be the result
of a lower power in the smaller trial (i.e., a lower prob
ability of demonstrating a true difference because of a
smaller sample size). In addition, variations within the
steroid regimens, inclusion/exclusion criteria, o~outco~e
parameters used could contribute to the seemingly d.Is
parate results of these two RCTs. The four retrospective
studies also had heterogeneous results, although the two
largest and most precisely reported of these studies [3,4]
showed that steroid treatment is correlatedwith improved
outcome.

Applicability. These results apply to patients with idio
pathic SNHL of at least 20-30 dB that occurred over :5;3
days. The results of the highest-level trials apply to
patients who are seen within 10-14 days of onset.

Morbidity. No adverse effects from steroid use were
reported during any of these study periods.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were two level 1 studies and four level 3 studies
that compared outcomes with and without systemic ste
roids. The larger studies showed significant improve
ment with steroids, whereas the smaller studies concluded
that there was no difference. Smaller sample sizes usually
resulted in diminished power, however, or a lesser ability
to identify an effect that was truly present.

Future research may focus on those patients who are
the least likely to undergo spontaneous recovery and
those whose SNHL is so severe that they seem less respon
sive to this intervention. In addition, dose-dependent
effects of steroids on audiometric outcomes may be
investigated. Finally, the administration of steroids
through local application may also be further explored
(see Section 13.D.).



THE EVIDENCE CONDENSED: Systemic steroids versus placebo: Impact on audiometric outcomes

Referen ce

Level (design)

Sample size'

Wilso n, 1980

1 (randomized controlled trial)

67 (67) with 52 additional controls who refused treatment/entry to trial

OUTCOMES

% of patient s with >50% recovery of speech recept ion score or PTA

Steroid

Placebo

Untreated

p Value

Conclusion

Follow-up time

61%

32%

58%

<0.025, steroid vs placebo

Better recovery with steroids

4 wk, 3 mo (shown)

Secondary resu lts: recovery according
to audiogram type

• Mid-frequency loss: all recovered
• Loss at 4 kHz> 8 kHz or loss 8 kHz> 4 kHz: 78% recovery in steroid group vs 38%
recovery in controls
• >90-dB loss in all frequencies: both groups with <20% recovery

STUDY DESIGN

Inclusion criteria • ~30-dB id iopath ic S HL over 3 contiguous frequencies in ~3 d
• <10 d from onset of hearing loss

Exclusion cr iteria Prior treatment; "patients for whom steroids wo uld represe nt a hazard": preg nancy,
dia betes

Steroid regimen details

Randomization effect iveness

MEEI group: methylprednisolone 16 mg PO t.i.d . x3 d, then taper to 4 mg PO q.d.
over the next 9 d: Kaiser group: dexamethasone 4.5 mg PO b.i.d. x4 d then taper to
0.75 mg PO q.d. over the next 6 d

Not specified, although it was repo rted that results were still significant (p < 0.0 17)
when contro lling for MEEI vs Kaiser, age, vertigo

Masking

Age

Double blind

13-89 y, severities evenly distributed across ages

Vertigo Vertigo did not correlate with worse recovery (relative odds 1.3: 1)

Compliance

Criteria for withd rawal

Intention to treat analysis

NR

NR

Not app licable-all patien ts completed the study

NRPre-trial power calculation

Morbidity/complications "All patients were able to tolerate steroids in the dosages prescribed without adverse
effects"; no worsening of hearing on steroids

SNHL =sensorineural hearing loss, PTA=pure tone average (average threshold at 500, 1000,2000 Hz), S =not significant , R =not reported,
PO =by mouth, t.i.d. =three times a day, b.i.d. =twice a day, q.d . =one time per day, SD =standard deviation, MEEI =Massachusetts Eye and Ear
Infirmary, Kaiser = Kaiser Perrnanente.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ) to the randomized controlled trials .
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THE EVIDENCE CONDENSED: Systemic steroids versus placebo: Impact on audiometric outcomes

Reference

Level (design)

Sample size'

Cinarnon, 2001

I (randomized controlled trial )

21 (21)

OUTCOMES

Che n, 2003

3 (retrospective with control)

318 total ; subset of 161 excluded low-frequency
S HL and PTA loss <60 dB

In a subset of patients excludi ng low-frequency
S HL and PTA loss <60 dB, the mean dB
improvement with steroids (28 dB) was
significantly better than with no treatment
( 12.9 dB), p < 0.0 1

Steroid

Placebo

Untreated

p Value

Conclusion

Follow-up time

Secondary results: recovery
according to audiogram type

% of patients with> 15 dB recovery in "average"
pure tone threshold (25D-8000 Hz)

60%

63%

one

NS

o difference with steroids

6 d (shown ), long-term follow-up at 14-90 d
C'average" of 33 d)

• "Ups lopi ng": nonsignificant trend toward
more recovery for all patients
• "Downsloping": nonsignificant trend toward
less improvement for all patients

Mean dB in
PTA recovery
(SO)

16.2 dB (30)

one

11.7 dB (18)

NS

No difference

Not specified

% patients with improved
speech intelligibility

50%

one

35%

<0.03

Steroids better

Inclusion criteria

Exclusion criteria

Steroid regimen details

Randomization effectiveness

Masking

Age

Vertigo

Compliance

Criteria for withdrawal

Intention to treat analysis

Pre-trial power calculation

Morbidity/complications

STUDY DESIGN

• ;<:20-dB idiopathic S HL compared with the
healthy ear, in ;<:3 frequencies, of immediate
onset
• <2 wk from onset

Chronic otologic history, prior sudden deafness,
pathologic otoscopic findings. "Medical
condition that could be a contraindication for
treatment (e.g., hypertension, diabetes, active
peptic ulcer disease, bronchial asthma}"

Prednisone I mglkg PO q.d. xs d

At the outset: placebo group (54 dB) with more
high-tone loss (4-8 kHz) than steroid group
(39 dB); simi lar "average" thresholds (25D
8000 Hz; 41.2 dB steroid, 47.4 dB placebo)

Double blind

12-71 y, no correlation with outcome

o statistically significant trend toward worse
recovery with vertigo

R

R

ot applicable-all patients completed the
study

R

R

• Idiopathic S THL of ;<:25-dB loss at 3
consecutive frequencies, developed within 72 h
• If treated, steroids <I mo from onset

leniere syndrome in either ear, prior ear
surgery, blunt or penetrating ear trauma,
barotrauma or acoustic trauma just before
S HL, luetic deafness, genetic S HL with
strong family history, craniofacial anomalies,
known temporal bone malformations

Steroid treatment was given within I mo of
onset of SNHL

Not applicable

Not applicable

13-89 y, severities evenly distributed across all
ages

NR

ot applicable

Not applicable

ot applicable

ot applicable

R

SNHL =sensorineural hearing loss, PTA=pure tone average (average threshold at 500, 1000,2000 Hz), NS =not significant, R =not reported,
PO =by mouth, t.i.d. =three times a day, b.i.d. =twice a day, q.d . =one time per day, SD =standard deviation, MEEI =Massachusetts Eye and Ear
Infirmary, Kaiser = Kaiser Permanente.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ) to the randomized controlled trials .
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Reference

Level (design)

Sampl e size

Steroid

o treatment .

p Value

Conclusion

Follow-up time

Moskowitz, 1984

3 (retrospective with control)

36

% of patients with >50%
recovery in SRT or PTA

89%

44%

<0.01

Recovery better with steroids

"Several weeks"

Byl, 1977

3 (retrospective with
control)

25

OUTCOMES

% of patients with complete
or "partial" recover y

89%

83%

NR

No difference

Not specified

Simmons, 1973

3 (retrospective with control)

22

% of patients with recover y
to within 10 dB of baseline

55%

63%

R

No difference

Not specified

% of
patients
with no
recover y

9%

36%

Inclusion
crit eria

Exclusion
criteria

Age

Steroid regim en
detail s

Additional
instructions

Reason for no
treatment

Audiogram
"types"

Vertigo

Morbidit y!
complications

Idiopathic S HL, "using the
definitions provided by
Wilson" (see table, page 275)

Known cause for hearing loss;
bilateral hearing loss

70% >40 y, 30% <40 y; no
difference in recovery with age

Decadrons' 0.75 mg/kg
q.i.d . tapered to 0.5 q.d. over
12 d, route of administration
NR

Rest; salt, alcohol , tobacco
restriction

Not specified

No difference in outcome
among mid -frequency,
ups loping, or downsloping
audiograms

22% (14% in recovering
patients, 50% in patients
without recovery)

No adverse effects from the use
of steroids

STUDY DESIGN

Id iopath ic SNHL occurring
over <12 h; pati ent seen
within 10 d of onset

Diagnosis of fluctuant
hearing loss, lueti c
labyrinthitis, Meniere,
vestibular Schwannorna,
C S disease

7-83 Y

Prednisone 60 mg PO q.d .
x4 d then tapered to 0 mg
over 6 more d

Restrict sodium to
<500 mg/d; no stimulants ,
alcohol, o r tobacco

Degree of patient concern
and physicia n preference

Increased sever ity of initial
loss correlates with worse
recovery

Associated with poor
outcome

R

Idiopath ic sudden SNHL, not otherwise
specified

Not specified

"Average" 39 Y« 9 y to >70 y)

R

NR

Physician preference

NR

R

R

S HL = sensorineural hearing loss, PTA = pure tone average (average threshold at 500, 1000,2000 Hz), SRT = speech recept ion threshold ,
eNS= central nervous system, PO = by mouth, q.i.d. = fou r times per day, q.d. = one time per day, R = not repor ted.
"·Partial" recovery was not further defined or specified in the Byl, 1974 paper.
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13.8.
Acyclovir adjunct to steroids versus placebo adjunct to steroids:
Impact on audiometric outcomes

Jennifer J. Shin and Steven D. Rauch

METHODS

A computerized Ovid search of MEDLINE 1966
February 2004 was performed. The terms "hearing loss,
sudden" and "hearing loss sensorineural" were exploded
and the resulting articles were combined. These articles
were then cross-referenced with those obtained by
exploding the term "antiviral agents;' yielding 26 trials.
These articles were then reviewed to identify those that
met the following inclusion criteria: 1) patient popula
tion with idiopathic sensorineural hearing loss (SNHL)
of "acute" or "sudden" onset or occurring over ~3 days,
2) intervention with acyclovirversus placebo, 3) outcome
measured by standardized audiometry. Articles evaluat
ing acute hearing loss in the presence ofa known etiology
(i.e., Meniere syndrome, vestibular Schwannoma) were
excluded. Articles reporting the impact of valcyclovir are
not discussed here but are discussed in the subsequent
clinical query. The bibliographies of the articles meeting
these inclusion/exclusion criteria were manually checked
to ensure no further relevant articles could be identified.
This process yielded three randomized controlled trials
(RCTs) [1-3] .

RESULTS

Outcome Measures. Outcomes are measured in pure
tone averages or in pure tone thresholds at individual
frequencies. All three studies reported each group's
results relative to the combined results for all patients.
Two studies also reported a direct comparison of the
acyclovir versus placebo groups [2, 3].

Potential Confounders. Any effect acyclovir may have
on recovery of sudden SNHL may obviously be affected
by the presence of a virus. In an attempt to account for
this fact, two studies tested viral serologies, which were
positive in 11% of cases. In addition, multiple other
factors may affect the potential for hearing recovery (see
this same section in 13.A). Factors that were balanced
between the intervention and control groups through
randomization and strict inclusion/exclusion criteria are
tabulated for the reader.

Study Designs. Three RCTs compared audiometric
outcomes with intravenous acyclovir adjunct to steroid
therapy versus placebo adjunct to steroid. Randomiza-

tion was demonstrated to be effective in one study [2],
but in the other two trials, randomization did not balance
a potentially key confounder [1, 3]. In both of these
cases, the placebo adjunct group had significantly worse
hearing at the outset. An initially severe hearing loss has
been shown to be predictive of less recovery, which
would potentially predispose the placebo group to a
worse outcome. This predisposition would not hide a
true improvement with acyclovir; it would instead
magnify it. It is also conceivable, however, that a "floor
effect" (see Section l3 .A, Outcome Measures) might be
more pronounced in a group with more mild hearing
loss, which would make it more difficult to demonstrate
improvement in the acyclovir adjunct group. In addi
tion, power may be limited in these trials. As reported in
one article, for an 80% power to detect a 25-dB differ
ence with standard deviation of 20 dB, the sample size
should be 126. The largest sample size completing the
trials described here was 70.All three RCTs have multiple
strengths, in that they all defined unambiguous inclu
sion/exclusion and withdrawal criteria. Also, even with
follow-up periods of 1 year, retention rates were near
perfect in two trials [2,3], with a 77% retention rate in
the third [1]. These relatively high retention rates mini
mized attrition bias.

Highest Level of Evidence. All three trials concluded
that there is no significant difference with acyclovir
versus placebo adjunctive treatment. In addition, when
the data are examined in detail, it is apparent that differ
ences between the intervention and control groups are
<10 dB or <5% in all of the measured outcome variables.
In this regard, there does not even seem to be a trend
toward a difference in the two groups. These results,
however, must be interpreted with respect to the studies'
power and randomization effectiveness (see above, Study
Designs). Overall, there is no evidence to support an
additional benefit from acyclovir therapy, but the
studies may be constrained by limited power to detect a
true difference.

Applicability. These results are applicable to patients
with idiopathic sudden SNHL of ~2o-30 dB in at least
three continuous frequencies who are treated within 7
14 days of the hearing loss, and who are willing to
undergo intravenous therapy.
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Morbidity. Most, if not all, side effects in these studies
were attributed to the concomitant steroid therapy.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were three RCTs that compared the hearing recov
ery after treatment with acyclovir and steroid versus
placebo and steroid; all concluded that there is no addi
tional benefit from acyclovir therapy. The possibility of
a benefit, however, still exists, as power limitations and

potential confounders may limit the studies' conclu
sions. With this conundrum, this topic remains
controversial.

Future research may focus on the realization of
RCTs with increased power. In addition, it would seem
ideal to focus on patients who are the most likely to have
a viral etiology for their idiopathic loss. In these studies,
viral serologies were positive in 11% of cases. The con
centration of patients affected by a virus could poten
tially be increased through inclusion/exclusion criteria
that focused on recent viral symptoms. Alternatively, a
larger overall sample could be recruited to a trial, expect
ing that only a portion of them would have a viral
etiology.



THE EVIDENCE CONDENSED: Acyclovir versus placebo adjunct to steroids for idiopathic sudden hearing loss

Refer ence

Level (design)

Sample size

Acyclovir with steroid

Placebo with steroid

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Acyclovir regimen

Randomization
effectiveness

Age

Masking

Steroid regimen

Viral serology

Criteria for withdrawal from study

Intention to treat analysis

Pre-trial power calculation

Morbidity/complications

Westerlaken, 2003

I (randomized controlled trial )

(70) 91

OUTCOMES

Difference between the PTA recovery of each group and both groups combined

-3.1 dB

+3.5 dB

NS

o difference

I wk,3 mo, 6 mo, 12 mo after discharge

STUDY DESIGN

• Idiopathic S HL of ~30 dB HL for 3 subsequent l-octave steps in frequency in the standard
pure tone audiogram
• Blank otologic history
• HL occurring within a period of 24 h

• >14 d since S HL (though I patient with a 16-d lapse was included by clerica l error)
• Contraindications to use of prednisone or acyclovir

Acyclovir 10 mg/kg IV t.i.d. x7 d

Age, gender equally d ivided between 2 gro ups. Statistically significantdifference in the mean
SNHL at the outset: 62.9 dB HL acyclovir vs 83.6 dB HL placebo (p =O.002)-reported a
compariso n of hear ing recovery for patients with> or < 100-dB HL to address this issue (no
d ifference )

12-80 Y

Double blind

Prednisolone-I mg/kg IV on d I; diminished in equal steps unti l 0 mg/kg IV on d 7

8/70 with positive viral serology

Determination of a nonidiopathic etiology after serology, imaging, and cons ulta nt evaluation

Yes

For 80% power to detect a 25-dB difference with SD of 20, the sample size sho uld be 126

All side effects were thought to be steroid related

S HL=sensorineural hearing loss. HL =hearing loss, PTA=pure tone average (average threshold at 500, 1000,2000 Hz), NS =not significant ,
t.i.d. =three times a day, IV =intravenously, URI =upper respiratory infection.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Reference

Level (design)

Sample size'

Ur i, 2003

I (randomized controlled trial )

60 (60)

OUTCO MES

Acyclovir with steroid

Placebo with steroid

p Value

Conclusion

Follow-up time

Inclusion criteria

Pure tone threshold recovery at each frequencyt

250 Hz 14.0 dB
500 Hz 22.0 dB
I kH z 21.5 dB
2 kH z 17.5 dB
4 kHz 12.0 dB
8 kHz 9.0 dB

250 Hz 19.5 dB
500 Hz 21.0 dB
I kHz 20.5 dB
2 kHz 19.0dB
4 kHz 19.5 dB
8 kHz 13.0 dB

S, all frequencies

o difference

I mo, 3 rno, I y

STUDY DESIGN

• Idiopathic "sudden" SNHL of ~20 dB in at least 3 frequencies

% with> 15 dB recovery in
an impaired frequency

78.6%

77.4%

NS

No difference

Exclusion criteria

Acyclovir regimen

Randomization
effectiveness

Age

Masking

Steroid regimen

Viral serology

Criteria for withdrawal from study

Intention to treat ana lysis

Pre-trial power calculation

Morbidity/complications

• >7 d since SNHL
• <18 Yold, >60 y old
• Hypertension, diabetes , autoimmune, collagen and renal diseases, previou s ear disease, or
known HL

Acyclovir 15 mg/kg/d IV t.i.d. x7 d

No difference in gender, age, day of treatment, presence of tinnitus, presence of dizzines s,
initial SNHL

18-60 Y

ot reported

Hydrocortisone 100 mg IV t.i.d . -od
Also all patients were put on bed rest

Not reported

Not reported

All patients completed the study

ot reported

No side effects (renal, hepatic, or nervous system ) were observed

I

S HL = sensorineural hear ing loss, HL = hearing loss, PTA= pure lone average (average threshold at 500, 1000, 2000 Hz), S = not significant,
t.i.d. = three times a day, IV = intravenously, URI = upper respiratory infection.
• Sample size: numbers shown' for those not lost to follow-up and those (initially recruited).
t Estimated from graph.
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Reference

Level (design)

Sam ple size

Stokroos, 1998

I (rando mized controlled trial )

43 (44)

OUTCO MES

Acyclovir with steroid

Placebo with steroid

p Value

Conclusion

Mean PTA at 12 mo
(from the initial
PTA)

44 dB
(from 67 dB)

49 dB
(from 91 dB)

NS

o difference

% with> I0 dB recover y in PTA

78%

82%

NS

o difference

Follow-up time

Inclu sion crit eria

Exclusio n criteria

Acyclovir regimen

Rando m izat ion
effect iveness

Age

Masking

Steroid regimen

Viral serology

Criteria for withdrawal from study

Intention to treat anal ysis

Pre-trial power calculation

Mo rbidity/complications

I wk, 3 mo, 6 rno, 12 rno after discharge

STUDY DESIGN

• Idiopathic S HL of ~30 dB for 3 subsequent I-octave steps in frequency in the standard
pure tone audiogram
• Blank otologic history
• HL occurring within a period of 24 h

• >14 d since S HL
• Contraindication for use of prednisolone or acyclovir

Acyclovir 10 rug/kg IV t.i.d. -a d

No d ifference in gende r, age, recen t URI, history of herp es labialis or herpes zoster, delay to
treatment.
t Significant di fference in in itial HL with more profound HL in placebo gro up-reported a
covariate ana lysis to address this issue (no difference)

11-71 Y

Double blind

Prednisolone-I mglkg IV on d I; diminished in equal steps until 0 mglkg IV on d 7

5/43 with positive viral serology

One patient was diagnosed with a vestibular schwannoma and was excluded

The remaining 43 patients completed the study

ot reported

o. of pa tients with: headache in 3 placebo, I acyclovir; nausea in I placebo, I acyclovir;
abdominal pain in I placebo; high glucose in I placebo

S HL =sensorineural hearin g loss, HL =hearing loss, PTA=pur e tone average (average thre shold at 500, 1000, 2000 Hz), S =not significant,
t.i.d. =three times a day, IV =intravenously, URI =upper respiratory infection .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Estimated from graph .
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Valcyclovir adjunct to steroids: Impact on audiometric outcomes

Jennifer J. Shin and Steven D. Rauch

METHODS

A computerized search was performed as described in
Section I3.B. These articles were then reviewed to iden
tify those that met the following inclusion criteria: 1)
patient population with idiopathic sensorineural hearing
loss (SNHL) of "acute" or "sudden" onset or occurring
over ~3 days, 2) intervention with valcyclovir adjunct to
steroids, ideally versus placebo adjunct to steroids, 3)
outcome measured by standardized audiometry. Exclu
sion criteria and manual checking was performed as
described in Section I3.B. This process yielded just two
articles: one randomized controlled trial (RCT) and one
retrospective case series [1, 2].

RESULTS

Outcome Measures. In addition to the usual audiomet
ric outcomes (see Sections l3.A and I3.B), the RCT
addressing this issue also used validated instruments that
assess health status. A validated instrument is a question
naire that has been tested to ensure that the following are
true: 1) it measures what it is intended to measure (con
vergent validity, i.e., scores on a valid test of arithmetic
skills correlate with scores on other math tests), and 2)
it does not inadvertently measure irrelevant changes (dis
criminantvalidity, i.e., scores on a valid test of arithmetic
do not correlate with scores on tests of verbal ability) [3,
4], 3) its scores are stable (reliability, i.e., a patient with
the same disease impact will continue to have the same
response) , and 4) it is sensitive to change (responsiveness,
i.e., a patient with a change in disease impact will have a
changed score). Overall, this means that the validated
instrument does in fact measure what it is meant to
measure. In this case, the Hearing Screening Inventory
was used. It is a disease-specific instrument with 12 ques
tions that evaluate the impact of the patient's hearing
ability on common situations.

Potential Confounders. Potential confounders are as
described in Sections I3.A and I3.B.

Study Designs. There was one randomized controlled
trial that addressed this issue [1]. It had extremely well
delineated inclusion/exclusion criteria and outcome
measures. According to the authors' pre-trial calcula-

tions, there was an 80% power (i.e., probability of detect
ing a difference that truly exists) on the basis of 84 subjects.
Comparative data were reported for the 68 patients with
normal contralateral hearing, so power may have been
limited in this subset analysis. In the analysis, one patient
was excluded because of noncompliance with antiviral
medication. Although this precludes the strictest of inten
tion to treat analyses, it is unlikely that the addition ofthis
one patient would have significantly altered the findings.
In addition to this RCT,one retrospective case series also
addressed this issue [2].Without the presence of a control
group, however, results cannot be definitely directly cor
related with the valcyclovir adjunctive therapy. In addi 
tion, in this study a steroid course lasting 3 weeks was
used; the duration of this regimen was longer than
reported in previous trials, also making it difficult to draw
direct parallels with other studies .

Highest Level of Evidence. In the RCT, there was no
difference with valcyclovir versus placebo adjunct to
steroid therapy in the multiple audiometric parameters
that were tested [1]. Results for the Hearing Screening
Inventory were likewisesimilar between groups. As noted
above, however, these results must be considered in light
of potential limitations in the power of their subset anal
ysis. In the retrospective case series, 73% of patients
receiving a l-week course of valcyclovir with a 3-week
course of steroids had recovery of at least 50% in pure
tone thresholds [2]. This was a higher rate of recovery
than noted in other studies, but without an internal
control group and with a longer steroid regimen, no
direct comparisons can be made.

Applicability. These results are applicable to patients
with idiopathic SNHL with ~30-dB hearing loss in three
contiguous frequencies over <3 days who presented
within 7-10 days of the onset of symptoms.

Morbidity. Either no or minimal adverse effects from
antiviral treatment were reported in these trials.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There was one RCT that compared the hearing recovery
after treatment with valcyclovir and steroid versus
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placebo and steroid, and one retrospective case series
of patients who received a combination of valcyclovir
and steroid therapy. As with acyclovir, there is evidence
to suggest that there is no additional benefit from

/

valcyclovir adjunct to steroid therapy, but this claim
could be challenged on the basis of limitations of the
study designs.Therefore, the topic of the use of valcyclo
vir for idiopathic sudden SNHL also remains controver
sial. Future research may be conducted as described in
Section 13.B.



THE EVIDENCE CONDENSED: Valcyclovir adjunct to steroid therapy for idiopathic sudden sensorineural
hearing loss

Reference

Level (design)

Sample size'

Tucci. 2002

I (randomized controlled trial )

84 ( 105). subset of 68 with normal contralateral audiometry was analyzed

OUTCOMES

PTA mean

Improvement in HL from initial score

4000 Hz mean Speech Hearing Screening Inventory
discrimination

Antiviral with steroid

Placebo with steroid

p Value

Conclusion

Follow-up tim e

30.2 dB 19.4 dB 28.5%

43.0 dB 15.6 dB 39.0%

>0.05 >0.05 >0.05

No difference No difference No difference

2 wk, 6 wk

II d median tim e to improvement

8 d median time to improvement

>0.05

o difference

Inclusion criteria

Exclusion criteria

Rand omi zation
effectiveness

Valcyclovir regimen

Steroid regimen

Masking

Age

Co mpliance

Criteria for withdrawal from study

Intention to treat analysis?

Pre-trial power calculation

Morbidity/complications

STUDY DESIGN

~30 dB HL in 3 contiguous frequencies over <3 d in patients with previous audiometry
• "Subjective mark ed loss of hearing in patients with subjectively normal baseline hearing and

no previous record of audiometry"
Seen <10 d from onset of S HL

o und erlying disease that could be associated with sudden S HL as an etiologic factor (see
exclusion criteria )

o contraindications to steroid or antiviral use
Willingness to undergo audiometric. laboratory. and imaging studies

eopla srns, pregnancy. small vessel disease. insulin-dependent diabetes mellitus requiring
treatment for > 10 y. autoimmune disorder with +ANA or +RF, recent barotraumas, congenital
coch lear malformation, otitis media with abnorrna l tympanogram, neurologic disorder that
may predi spose to HL. recent ototoxic medication excluding otic drops. major psychiatric
illness. liver or renal dysfunction. < 18 Yold

No difference in initial PTA, 4000-H z thresholds, speech discrimination scores; age; right or
left ear; sex; race; days to treatment; tinnitus; vertigo; aural fullness; viral illness within the
previous month; days missed from work

Valcyclovir I g PO t.i.d. x lOd

Prednison e PO
Day 1-4: 80 mg
Day 5-6: 60 mg
Day 7-9: 40 mg
Day 10-12: 20 mg

Double blind

18-82 y (mean 55.8 y)

I patient in valcyclovir group with known noncompliance. not otherwise specified

Diagnosis of vestibular schwannoma, positive fluorescent treponemal antibody absorption
test, realization that inclusion criteria were not met on a second evaluation; adverse events

I patient in valcyclovir group who was compliant only with steroid therapy was excluded;
otherwise all patients completed the trial

80% power on the basis of 84 subjects (magnitude of the effect that cou ld be detected not
specified)

2 adverse events ( I hyperglycemia . I gastrointestin al irrit abilit y) both attributed to steroid
therapy; telephone calls to physician in 60% of valcyclovir group vs 37% of placebo group
(p = 0.037)

S HL = senso rineura l hearin g loss, HL = hear ing loss, PTA = pur e tone average (average threshold at 500. 1000,2000 Hz). A A = antinuclear
an tibody, RF = rheuma toid factor, PO = by mou th, t.i.d. = three times a day, q.i.d . = four times per day, q.d. = one time per day.
o Sample size: numbers shown for those not lost to follow-up and those (initially recru ited ).
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Reference

Level (design)

Sample size'

Antiviral with steroid

Placebo with steroid

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Valcyclovir regimen

Steroid regimen

Masking

Age

Compliance

Criteria for withdrawal from study

Intention to treat analysis?

Pre-trial power calculation

Morbidity/complications

Zadeh, 2003

4 (retrospective case series )

51

OUTCOMES

% of patients with 50% recovery

73%

None

Not applicable

Not applicable

2 wk after treatment "in the majority of cases"

STUDY DESIGN

:?:30 dB HL in 3 contiguous frequencies over <3 d
Seen 5,7d from onset of S HL

No audiogram available after treatment; "poor candidates for steroid therapy"

Not applicable

Valcyclovir 500 mg PO t.i.d . x7 d

Dexamethasone PO
Day 0-[4: 4 mg q.i.d .
Day 15-16: 1 mg t.i.d.
Day 17-18: 0.5 mg t.i.d .
Day 19-20: 0.5 mg b.i.d.
Day 21: 0.5 mg q.d.

Not applicable

19-81 y

Not applicable

Not applicable

Not app licable

Not applicable

"Extremely low incidence of side effects"; otherwise not specified

SNHL =sensorineural hearing loss, HL =hearing loss, PTA=pure tone average (average threshold at 500, 1000,2000 Hz), ANA =antinuclear
antib ody, RF =rheumatoid factor, PO =by mouth, t.i.d. =three times a day, q.i.d, =four times per day, q.d. =one time per day.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Intratympanic steroids: Impact on audiometric outcomes

Jennifer J. Shin and Steven D. Rauch

METHODS

A computerized and manual search was performed as
described in Section l3.A. These articles were reviewed
to identify those that met the following inclusion criteria:
1) patients with idiopathic sensorineural hearing loss
(SNHL) of "acute" or "sudden" onset or occurring over
~3 days, 2) intervention with intratympanic steroids, 3)
outcome measured in terms of standard audiometry.
Studies of patients with a known cause of SNHL, non
acute or repetitive SNHL were excluded, yielding four
articles [1--4].

RESULTS

Outcome Measures, Potential Confounders. Outcome
measures and potential confounders were as described
in Section l3.A.

Study Designs. All four studies were uncontrolled
series, with the inherent biases of this study design; these
results can suggest correlations and propose hypotheses,
even if they do not establish a direct cause and effect.This
means that they can suggest a role for intratympanic
steroids in the treatment of sudden SNHL, but cannot
prove that intratympanic delivery caused any improve
ment that was observed.

Highest Level ofEvidence. Four level4 studies addressed
this issue, each showing potential for improvement in

290

the pure tone average, speech discrimination score, and
speech reception threshold in a select group of patients
treated with intratympanic methylprednisolone or
dexamethasone. Potential for improvement was noted
whether steroids were delivered continuously or in dis
crete boluses.

Applicability. These studies are applicable to patients
who had an SNHL of ~20-30 dB over ~3 days, with
failure to respond to 10-14 days of systemic prednisone
therapy, possibly with adjunctive systemic therapies.

Morbidity. Few minor temporary complications were
noted. No worsening of hearing during therapy was
observed.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Four uncontrolled prospective studies suggest a potential
role for treatment of patients with sudden SNHL with
intratympanic steroids, especially those patients who are
unresponsive to systemic steroids. Future higher-level
studies, including a current multicenter randomized
controlled trial, will ideally establish whether intratym
panic steroids are as effective as oral steroids for the
treatment of sudden SNHL.



THE EVIDENCE CONDENSED: Intratympanic steroids for idiopathic sudden sensorineural hearing loss

Reference Gia no li,2001 Parnes, 1999 Kopke, 2001 Lefebvre, 2002

Level (design) 4 (prospective 4 (prospective 4 (prospective 4 (prospective
uncontrolled cohort) uncontrolled cohort) uncontrolled cohort) uncontrolled cohort)

Sample size 23 13 5 6

OUTCOMES

Pure tone average 44% of patients with Not reported 67.5, 26.5, 55.0, 48.8 , 16.3, 17.5, 16.3, 10:
>10 dB recover y; 0.0 dB improvements in 30' dB improvements
15.2 dB average score in score
improvement in score

Speech 35% with improved 53% of patients had 96%, 50%, 0%, 96%, 0% 80%, 40%, 40%, 75%,'
discrimination SDS, 2% average improvements in SDS of improvements in score 75% ' improvements in
score improvement in score ;:::40% score

Speech reception 48% of patients with 53% of patients had Not reported Not reported
threshold SRT improved >10% improvement >20 dB

Follow-up time 1-2 wk after therapy Up to 7y 2-12 mo 11-12 d after therapy

STUDY DESIGN

Inclusion criteria Sudden SNHL of Sudden SNHL Sudden SNHL over Idiopathic SNHL
;:::20 dB in;:::3 <6 wk from onset ::;;3 d >30 dB in 3
contiguous Failure to respond to consecutive l-octave
audiometric 2 wk of oral steroid frequencies over <24 h
frequencies over ::;;3 d therapy (pred nisone Failure to respond to
Failure to improve 60 mg/d ) methylprednisolone
after a course of x l0 d, carbogen
prednisone I mg/kg/ inhalation,
d for z l wk (n =22) nafhydrofuryl,
or inability to tolerate diazepam, and low-
systemic steroids molecular-weight
(n = 1) heparin

Steroid regimen Dexamethasone 0.4- II patients: Methylprednisolone Methylprednisolone
details 0.6 ee of 25 mg/ee or methylprednisolone 0.9 ee (62.5 mg/ee) 10 ~Llh (62.5 mg/ee) 10~Llh

methylprednisolone of 40 mg/ee x2-29 x l4 d; delivery through x8-1O d, delivery at the
125 mg/2 ee x30 min treatments (combined with microcatheter insertion level of the round
4x over 10-14 d; 0.1 ee of I% lidocaine) into round window niche window with an intraear
delivery through a through a cruciate through tympanomeatal microcatheter
posteroinferior posterior myringotomy flap
tympanotomy, under local anesthesia; 4
ventilation tube under patients: dexamethasone
local anesthesia x4-8 treatments

Age 34-83 y 21-70y 48-59 Y 20-79 Y

Time to therapy 0-520 wk 2 d-6wk 4-6wk IOd

Morbidityl I otitis media No long-term negative 3 small tympanic one specified
complications effects membrane perforationst

SDS= speech discrimination score, SRT= speech reception threshold, PTA = pure tone average (average threshold at 500, 1000.2000 Hz),
S HL= sensorineural hearing loss.
• Estimated from graph.
t One patient who was treated with intratympanic steroids after S HL secondary to trauma had worsening of hearing.
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Comparative implant performance in postlingually deafened adults:
Speech recognition outcomes

Pamela Roehm, Richard S. Tyler, Camille Dunn, and Bruce J. Gantz

METHODS

A computerized search of MEDLINE 1966-March 2004
was performed. The term "cochlear implant" (CI) was
exploded and the resulting; articles were limited to adults,
yielding 1246 studies. These articles were then reviewed
to identify those that met the following inclusion criteria:
1) cochlear implantation with multichannel CIs, 2) use
of standardized tools to measure speech recognition
outcomes, 3) follow-up period ~6 months. Exclusion
criteria used were: 1) patient age <18 years at cochlear
implantation, 2) patient age <3 years at onset of severe
profound deafness, 3) study performed before 1985.The
bibliographies of the articles that met these inclusion
criteria were manually checked to ensure no further rel
evant articles could be identified. This process yielded
four reports of randomized controlled trials (RCTs).
Two of these publications reported longer-term results
on the same patients in the initial two trials (VA Clinical
Trial, Iowa Clinical Tria!), so only the longer-term results
are presented here.

RESULTS

Outcome Measures. Clinical effectiveness can be mea
sured with many different tools that assess the recogni
tion of phonemes, words, and sentences in noisy or quiet
environments. The measurements used in this review
consisted of 24 tests that were categorized as measuring:
1) prosodic characteristics, 2) lip-reading enhancement,
3) phonetic level,4) spondee tests, and 5) open -set speech
recognition. These five categories were combined to
form one composite score in the Cohen 1991 study [1].
Other measurement tools used in this review consisted
of the Northwestern University Auditory Test No. 6
(NU-6) words [2], Minimal Auditory Capabilities Battery
(MAC) [3], Iowa Sentence [4], Medial Consonant, and
Medial Vowel tests [4]. These tests measured the listen
er's ability to recognize environmental sounds and to
understand words and sentences.

The NU-6 is composed of four lists of 50 phonemi
cally balanced Consonant-Nucleus-Consonant words
[2]. The MAC is composed of 13auditory tests of varying
levels of difficulty. The tests evaluate prosody, vowels,
consonants, sentences, and word tests [3]. The Iowa Sen
tence test is composed of 100 sentences with 20 different
speakers (IO male and 10 female) [4]. The Iowa Medial

Consonant Test is a 13-alternative forced-choice test in
which consonant sounds are presented in an "ee/Conso
nant/ee" context [4]. The Iowa Medial Vowel test is a
9-alternate forced-choice test in which vowel sounds are
presented in an "h/Vowel/d" context [4]. The Iowa Sen
tence, Medial Consonant, and Medial Vowel tests can be
presented in audition only, audiovisual, or vision-only
test conditions.

Potential Confounders. In the Cohen 1991 study, 20
patients were randomly assigned to receive a single
channel CI that was later withdrawn by its manufacturer.
Additionally, the patients in the Cohen study were
predominantly male [1]. Finally, longer follow-up
results as reported in VA 1993 may have been affected by
the inability of five patients to upgrade to a different
sound processor that was used by the remaining 24
patients [5].

Long-term results of the Iowa 1993study as reported
in Tyler, 1997 were affected by some subjects who chose
to use different coding strategies. Therefore, scores poten
tially showed improvements or decrements attributable
to strategy changes instead of actual changes in perfor
mance [4].

Study Designs. All of the studies reviewed were RCTs
measuring the efficacy of different CIs in postlingually
deafened adults. In the VA 1991 study, age at implanta
tion, duration of deafness, and gender of subjects in the
different cohorts were not mentioned. Only two of the
84 patients were female. Patients were stratified based on
participating institution and results of round window
electrical stimulation, and subsequently randomized to
one of three devices: Nucleus 22, Ineraid 4-channel, or
3MIVienna single channel [1].

In the Iowa 1993 study, patients were randomized to
either Nucleus 21 channel or Ineraid 4-channel CIs. In
this study, the duration of deafness in the Nucleus CI
cohort was 12.8 years [standard deviation (SD) 9.8].
However, the mean age at implantation was significantly
different between the two cohorts, with average age 48
years (SD 15.2) in the Nucleus cohort and 54.9 years (SD
14.5) in the Ineraid group. Gender distribution between
the two cohorts was not mentioned in the study, although
23 of the 49 subjects were female [6].

Neither of the studies was masked. Both employed
adequate follow-up time, with 12 months' follow-up
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available in the VA 1991 study and 9 months' follow-up
data reported in the Iowa 1993 study.

A priori, the power of the VA 1991 study was set at
0.8 with an ex =0.05 for a 50% difference between the
three test cohorts. Although not reported in the Iowa
1993 publication, the power was 0.9 for an ex =0.05 for
a 50% difference between the two test cohorts on a paired
t -test,

Highest Level of Evidence. These two level 1 studies
showed a significant difference in postoperative word
recognition compared with baseline performance with
all of the CI models tested. In the VA 1991 study, patients
implanted with multichannel implants had significantly
better performance on open-set discrimination tests
than patients with single-channel implants (p =0.001)
[1]. Comparison of the Nucleus versus Ineraid multi
channel implants showed significantly better scores for
Nucleus users on NU-6 word testing [7] and on com
posite scores when speech processor upgrades were used
[5].

In the Iowa 1993 study, audiologic performance of
multichannel CI recipients was correlated with different
variables, revealing a few that accounted for ~10% of the
variance. The most significant of these was years of pro
found hearing loss. Other significant factors were the
number of frequencies with detectable hearing before
implantation and age at implantation. The type of mul 
tichannel implant used did not significantly change the
variance in this study [6].

Applicability. Results from either of these studies can be
applied to postlingually deafened adults with nonsignifi
cant benefits from hearing aids.

Morbidity/Complications. Neither of the initial RCTs
mentioned complications. In the continuation of the VA
1991 study, 16 complications out of 80 procedures were
reported [5]. Many of those listed in the paper were
related to the CI pedestal, which is no longer a compo
nent of current CI design . Cohen et al. found in 5/80
patients that the facial nerve was stimulated by the

Characteristics of implants used in these studies

implant. Other complications included 3/80 tympanic
membrane perforations, 1/80 with hematoma, 1/80
wound infection, 1/80 device failure, 2/80 changes in
sense of taste or increased tinnitus.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were two RCTs comparing the impact of different
CIs on speech recognition. Both studies showed a sig
nificant difference in postoperative speech recognition
scores compared with preoperative baselines. The VA
1991 study demonstrated a significant increase in speech
recognition performance for multichannel CIs versus a
single-channel model [1]. Differences between the two
types of multichannel CIs were not significant unless
speech processing upgrades were included; however, the
trend was for improved performance with greater
number of channels. Overall, the data showed that
implantation of multichannel CIs in the postlingually
deafened adult can lead to significant improvement in
speech recognition compared with preimplant perfor
mance using hearing aids.

Additionally, the Iowa 1993 study showed that the
two most powerful predictors of final CI performance
are duration of profound deafness and preoperative
residual hearing at >4 frequencies. Other factors, such as
brand of multichannel CI used, were not predictive of
final performance [6]. These findings have an obvious
impact on choices of which implant to use and which ear
to implant.

Future research will focus on new technologies in
electrode design and in speech processing. Additionally,
studies may focus on bilateral implantation, which can
provide patients with advantages of sound localization
and improvement in speech understanding in noise [8].
An exciting new application is atraumatic short
electrode implantation in patients with retained low
frequency hearing and severe-profound high-frequency
hearing. Initial studies of the short-electrode CI in these
patients coupled with a hearing aid in that ear can
improve speech recognition to >90% word recognition
[9].

Implant type

3MNienna

ucleus single-channel

Ineraid

ucleus 22

No. of cha nnels

4

22

Study using implant type

VA

VA

VA, Iowa

VA, Iowa

No. of patients implanted

n = 21 (30 had been planned; device manufacturing
discontinued during study)

n=1

n =30 (VA)
n = 24 (Iowa )

n =30 (VA)
n = 24 (Iowa)



THE EVIDENCE CONDENSED: Comparative implant performance in postlingually deafened adults: Speech
recognition

Refere nce

Level (design)

Sample size'

Implants tested

Outcome measure

Preoperative speech recognition

Postoperative speech recogni tio n

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Age

Masking

Intervention regimen details

Predictive measures for implant success

Compliance

Criteria for withdrawal from study

Power

Cohen, 1991 (VA trial)

I (randomized controlled trial)

82 (82)

OUTCOMES

Patients randomized to ucleus-Zz, lneraid 4-channel, and 3MIVienna single-channel CI

24 tests were grouped into 5 categories: prosodic characteristics, lip-reading
enhancement, category phonetic level. spondee tests. and open-set speech recognition.
Scores were then calculated and placed into a weighted composite. (Ranges of scores for
individuals were not reported)

Overa ll composite indexes were ID-12 for the 3 groups.

3 of 6 prosodic characteristics tests showed significan t differences betwee n device groups
Lip-readin g category: one of three tests showed a significant d ifference between groups
Phon etic level: five of nin e tests sho wed a significa nt difference between groups
Spon dee and open-se t d iscrimination tests: all showed significant differences between
multichannel and single-channel impl ant gro ups

Multichannel implant users scored higher tha n single-cha nnel CI patients on all test
categories (p = 0.002-0.000 I). Patients with single-c hannel imp lants did score
sign ificantly higher (p < 0.05) on 12 of 26 audiologic tests postoperatively compared with
their preop erat ive scores

Multic hannel implants superior to single-channel Cis. Users of single-channel implants
had improved scores for more tha n half of audiologic tests

3 rno, 12 mo

STUDY DESIGN

>18 Yold. bilateral sensorineural hearing loss. profound hearing loss, postlingually
deafened, English speaking and literate

Benefit from appropriate amplification. open-set speech recognition. medical
contraindications, psychologic instability

3D-80 Y

None

Nucleus-22 (n = 30). Ineraid 4-cha nnel (n = 30), 3MIVienna single-channel (n = 20),
Nucleus single-channel (n =2)

Not repo rted

Not reported

ot specified

0.8

ot reported

CI =cochlear implant. U-6 = orthwestern University Auditory Test No.6. MAC =Minimal Auditory Capabilities Battery. PTA=pure tone
average.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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recognition

Reference

Level (design)

Sample size"

Implants tested

Outcome measure

Preoperative speech recognition

Postoperative speech recognition

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Age

Masking

Intervention regimen details

Predictive measures for imp lant success

Compliance

Criteria for withdrawal from study

Power

Morbidity/complications

Gantz, 1993 (Iowa tri al)

1 (randomized controlled trial)

48 (48)

OUTCOMES

Patient s randomized to Nucleus -21 vs Ineraid 4-channel CI

Iowa Sentence test, U-6, MAC; sound only

All patients scored <4% on the cm W-22 or U-6 word tests

Iowa Sentences at 9 mo postoperatively (range 0%-96%):
• Ineraid mean: 30%
• Nucleus mean: 38%
NU-6 words scores at 9 mo (range 0%-46%)
• Ineraid mea n: 8%

ucleus mean: 12%

o statistically significant differences (p > 0.05) in speech understanding were reported
between ucleus and Ineraid implant groups after 9 mo of implant use

o significant difference in average scores after implantation with Ineraid vs ucleus

9 mo, 12 mo, 24 mo (only data at 9 mo was reported )

STUDY DESIGN

~18 Yold bilateral PTA >90-dB hearing loss, postlingual deafness, and $4% cm,W-22,
or NU-6 at 60-dB hearing loss with best-fitted hearing aid

Severe psychiatric illness or personality disorder, score <74 on Wechsler Adult
Intelligence Scale-Revised

22-73 Y

one

Nucleus-21 (n = 24), Ineraid 4-channcl (n = 24)

A focus of th is paper was to report on audio logic performance after 9 mo of CI usc.
Preoperative predictor measures were put into a single predictive index. For subjects with
a preoperative index of 20. the median predicted performance was about 12% on
Sentence testing at 9 mo. A preoperative predictive index score of 45 achieved ~40% on
the Sentence test. 90% of the recipients with a predictive index score of 60 achieved ~50%

on the Sentence test

ot reported

ot specified

0.9

Not reported

CI = cochlear implant. NU-6 = Northwestern University Audito ry Test No.6, MAC = Minimal Auditory Capabilities Battery. PTA = pure tone
average. CID = Central Institute of the Deaf.
• Sample size: num bers shown for those not los1 10 follow-up and those (initially recruited ).
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Cochlear implantation of prelingually deafened adults: Speech recognition outcomes

Pamela Roehm, Richard S. Tyler, Camille Dunn, and Bruce J. Gantz

METHODS

A computerized search of MEDLINE 1966-March 2004
was performed and supplemented with a PubMed search.
The subject heading "cochlear implant" was exploded
and the resulting articles limited to adults , yielding 199
studies. These articles were then reviewed to identify
those that met the following inclusion criteria: 1) cochlear
implantation with multichannel cochlear implants, 2)
use of standardized tools to measure speech recognition
outcomes, 3) follow-up period ~3 months, 4) English
language studies of English-speaking patients. Studies in
which patients were age <18 years at cochlear implanta
tion, age >3 at onset of severe-profound deafness, single
channel cochlear implant usage, non-English language
studies, and studies performed before 1985wereexcluded.
Teoh et al. [1] have written a recent review that includes
some of the studies excluded by our criteria. The bibli
ographies of the articles that met these inclusion criteria
were manually checked to ensure no further relevant
articles could be identified. This process yielded five
articles [2-6] .

RESULTS

Outcome Measures. Speech perception can be mea
sured with many different standardized tools that record
recognition of phonemes, words, and sentences in noisy
or quiet environments. Delivery of these tests can be
performed with visual cues (lip-reading) to provide
additional assistance to the hard-of-hearing patient. The
studies referenced in this review used published stan
dardized tools to measure speech recognition.

The measurements used in this review consisted
of Consonant-Nucleus-Consonant (CNC) words [7],
Northwestern University Auditory Test No. 6 (NU-6)
words [7], City University New York (CUNY) sentences
[8], Hearing in Noise Test (HINT) sentences [9], and
Central Institute of the Deaf (CID) sentences [10]. The
CNC words consist of lists of 50 phonemically balanced
words. The NU-6 is composed of four lists of 50 phone
mically balanced CNC words. CUNY sentences are com
posed of 72 lists of 12sentences of various lengths. HINT
sentences are made of 25 lists of sentences. The score is
based on identification of either key or all of the words
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in the sentence. CID sentences include a total of 10 lists
with 10 sentences. A total of 50 key words are contained
in the sentences and the total percentage of key words
correctly identified measures speech recognition.

Some subjects can perform at ceiling levels on sen
tence tests, especially in quiet. This ceiling effect can be
partially controlled for by presenting the sentences in
noise. Other subjects can have scores of 0, which also
skews the data. Repeated testing can be skewed by learn
ing the sentences, which can be prevented by the use of
different sentence sets.

Potential Confounders. The degree of speech recogni
tion after cochlear implantation is dependent on age at
onset of deafness, age after implantation, and duration
of cochlear implant use and technology (e.g., type of
cochlear implant and speech processing used). Motiva
tion is also a key factor in determining whether patients
gain sufficient implant usage experience to make optimal
benefits from their implants. Frequently these variables
are not clearly denoted in these case studies. Possibly the
most crucial of these is age at onset of deafness, which is
frequently generalized in these reports as "prelingual"
without being strictly defined.

Study Designs. All studies were retrospective (level 4
case series) with limited numbers of patients. Follow-up
times extended from 4 to 36 months after implantation.
The shorter follow-up times may be inadequate to reflect
optimal benefits from cochlear implant usage.

Highest Levelof Evidence. The highest levelofevidence
found was level 4. All were nonsequential patients. With
the exception of the Waltzman 1992 study [4], all found
the potential for some increase in open-set word and
sentence understanding. These studies found perfor
mance was variable among individual patients, with 5/9
patients in the Schramm study showing no improvement
[5]. Because of the type of studies that are available for
review, substantial selection bias exists, making it diffi
cult to generalize these results to all prelingually deafened
adults .

Applicability. Based on inclusion/exclusion criteria for
these series and selection of appropriate patients,
these data would be applicable to patients implanted at
ages ~18 years with prelingual or congenital deafness.



Because of the difference in cochlear implants and
processing strategy) differences in performance may be
observed.

Morbidity/Complications. None reported.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

There is limited level 4 evidence that cochlear implanta
tion in prelingually deafened adults may yield limited ben
efits to open-set word and sentence recognition. However)
this benefit is substantially less than that found in prelin
gually deafened children or postlingually deafened adults
following cochlear implantation. Adult prelingually deaf
ened patients undergoing cochlear implantation should be
highly motivated and cautioned that their implants will
not yield speech recognition equivalent to these other
groups of cochlear implant recipients.

Future research on this topic ideally will be per
formed in a prospective manner and utilize standardized
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tools for speech recognition measurement. The most
current technology for both the cochlear implant as well
as speech processing should be used because these factors
have shown great influence on speech recognition in
other subsets of cochlear implant users. Additionally) a
clear definition of what constitutes "prelingual" onset of
deafness would be needed in a more rigorous study of
this patient population. It would be difficult to design a
randomized controlled trial (ReT) to explore this topic)
because profoundly deaf patients seeking improved
hearing would likely not agree to randomization to sur
gical intervention versus hearing aids. Additionally) the
ReT format may not be the most appropriate for testing
hearing benefits from cochlear implants in this setting.
Instead) using patients' preoperative scores as their own
controls and matching patients by preoperative hearing
loss levels may be more appropriate.



THE EVIDENCE CONDENSED: Cochlear implant in prelingually deafened adults: Speech recognition outcomes
before and after implantation

Reference

Level (design).

Sample size'

Outcome measure

Preoperative speech
recognition

Postoperative speech
recognition

p Value

Conclusion

Follow-up tim e

Waltz ma n, 2002

4 (case series )

14

OUTCOMES

CNC word s, CUNY sentences, HINT
sentences

Means: 4.8% CNC words, 21.8% CNC
phonemes, 19.5% CU Y sentences in
quiet, 6.5% CUNY in noise, 11.5%
HINT

At latest follow-up CNC words 12.5%,
phonemes 30.2%; CUNY sentences in
quiet 32.6%; CUNY sentences in noise
19.9%; HINT sentences 27.5%

Not reported for adult patients

71% with 4%-46% improvement on
open-set CNC words; 50% with
improvement in CUNY and HINT
sentence recognition from 2% to 98%

6 mo (all), 12 mo ( 10 patients), 24 mo
(5 patients), 36 mo (2 patients)

Waltzman, 1999

4 (case series)

2

NU-6 word s, cm
sentences (patient I ), CNC
words, HINT sentences
(patient 2)

Subject I: 0% NU-6, 6%
cm sentences
Subject 2: 6% CNC word
test, 16% HINT sentences

Subject I: 26% NU-6, 64%
cm sentences
Subject 2: 12% CNC
words, 28% HINT
sentences

Statistical significance not
reported

Some improvement in
open-set word and
sentence recognition for 2
patients

3 y (first patient), 3 mo
(second patient)

Walt zm an , 1992

4 (case series)

3

AB phonemes, AB word s,
cm sentences

9% AB phonemes, AB
word s and CID sentences
not tested preoperatively
with sound on ly; 70% cm
sentences lip-reading plus
aid

15% AB phonemes, 9% AB
words , 2% CID sentences
with CI only, 60% cm
sentences lip-reading plus
CI

Statistical significance not
reported

No statistically significant
difference in preoperative
testing and postoperative
results

4 mo, I y,2 Y

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Intervention regimen
details

Speech processing strategy

Age

Masking

Compliance

Consecutive patients?

Morbidity/complications

Profound congenital hearing loss, ~18 Y
old at implantation

Not otherwise specified

Clarion Multi -Strategy CI with CIS
processing (3 patients); Nucleus CI24M
with ACE (8), SPEAK (3), or CIS ( I)
processing

Results not stratified by implant type or
processing strategy

18-35 y

None

Not reported

No

Not reported

Deafness onset <3y old

Not otherwise specified

Clarion Multi -Strategy CI

Speech processing strategy
not reported

19 y, 20 Y

None

Not reported

No

Not reported

Profound congenital or
prelingual noncongenital
hearing loss

Not otherwise specified

Nucleus multichannel CI

Speech processing strategy
not reported

19-28 y

None

Not reported

No

Not reported

CNC = Co nsonant- Nucleus-Consonant, CUNY = City Universit y New York, HINT = Hearin g in Noise Test, CID = Central Institute of the Deaf,
U-6 = Northwestern Universit y Auditory Test No.6, CI = cochlear implant.

• Sampl e size excludes all patients < 18 y old at cochlear implantation or >3 y old at onset of deafness that may have additionally been reported in
these series.
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THE EVIDENCE CONDENSED: Cochlear implant in prelingually deafened adults: Speech recognition outcomes
before and after implantation

Refere nce

Level (design)

Sample size'

Outcome measure

Preoperative speech recognition

Postoperative speech recognition

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Intervention regimen details

Speech processing strategy

Potential confounders

Age

Masking

Compliance

Consecutive patients?

Morbidity/complications

Sch ramm, 2002

4 (case series)

9

OUTCOMES

PBK or NU-6 words, cm sentences, PIPSL
Questionnaire

Words 00/0-5 %; open-set sentences 10/0-23 %

At 6 mo: for open-set words 4 patients
improved up to 10%, 5 were unchanged or
worse, for open-set words performance
improved up to 30% in 4 subjects,S patients
had no change or decreased scores
At 12 mo: for open-set words 4 patients
improved up to 12%,5 were unchanged or
worse, for open-set sentence onl y 5 patients
had scores and only 2/5 improved 5°/0-20%

with 3/5 worse or the same

Statistical significance not reported

Although some open-set scores can improve
for patients with prclingual deafness,
performance is variable

6mo, 12 mo

STUDY DESIGN

~ 1 2 Yold at implantation, "prelinguistic
deafness:' oral English as primary
communication mode, auditory-oral or
auditory-verbal training during school

Not otherwise specified

Nucleus -22 (5 patients), Nucleus -24 (7
patients), Clarion S-series (3 patients)

Speech processing program not denoted

"Prelinguistic deafness" not clearly defined

20-49 Y

None

Not reported

No

Not reported

Daws on, 1992

4 (case series )

2

MSTP, Picture Vocabulary test, NU -CHIPS,
Segmental Speech Feature Test

Not reported

1 patient scored better on MSTP, Picture
Vocabulary test, and vowel place and
consonant manner
The other patient scored significantly higher
on Segmental Speech Feature in vowel length
and consonant place

Statistical significance not reported

Although some open-set scores can improve,
performance is variable

1 time point after 12 mo CI usage

>12 mo experience with CI

Not otherwise specified

Nucleus-22 in CG mode

One patient onl y used 15 of 22 electrodes
because of short-circuit in the electrode
array

19 y, 20 Y

None

Not reported

No

Not reported

CID = Central Institute of the Deaf, NU-6 = Northwestern University Auditory Test o. 6, CI = cochlear implant.
• Sample size excludes all patients <18 y old at cochlear implantation or >3 y old at onset of deafness that may have additionally been reported in
these series.
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Implantation of adults: Impact on quality of life

Steven Hemmerdinger and Susan Waltzman

METHODS

A computerized PubMed search of MEDLINE 1966
April 2005 was performed. The term s "cochlear implant"
and "quality of life" were exploded and then combined.
Articles were identified that met the following inclusion
criteria: 1) patients>18 years old, 2) intervention with
cochlear implantation versus no surgery, 3) outcome
measured in terms of quality of life (QOL) or health
utility. Studies in which there was no control/nonim
planted group and those prior to 1995 were excluded.
The bibliographies of the art icles that met these inclusion
criteria were manually checked to ensure no furth er rel
evant articles could be identified. This process yielded
five articles [1- 5].

RESULTS

Outcome Measures. Typically, QOL is measured with
various questionnaires. Three studies utilized a health
utility index (HUl ), which is a health- state assessment
that includes several domains, including sensation
(hearing and vision), mobility, emotion, cognition, self
care, pain, and speech [1-3] . The HUI scale is from 0
(death) to 1.0 (perfect health ). The Patient Quality of
Life Form, Index Relative Questionnaire Form (IRQF),
and Nijmegen Cochlear Implantation Questionnaire are
all disease-specific validated instruments regarding an
individual's experience as a hearing- impaired person.
The IRQF is filled out by the subject's relative [3-5]. The
former two are scaled from 1 to 5 (optima!), the latter
from 1 to 100 (optimal). The global QOL instrument
employed is the Short Ferm 36, with scores ranging from
1 to 100 (optimal) [4]. Finally, the Hopkins Symptom
Check List measures depression and anxiety symptoms
ranging from 1 to 4 (most bothered) [4].

Potential Confounders. Overall QOL and how it relates
to hearing loss and its treatment can be impacted by
many factors such as af;e, residual hearing , duration of
hearing loss, and length of implant or hearing aid (HA)
use. These studies uniformly compared the implanted
and control groups and , in general, subjects were not
significantly different before implantation. In one study,
the implant group 's mean age was older and they were
significantly more likelyto be more than 64 years old [1 ].
Only one study mentior ed the duration of HA use in the

control group , which was significantly greater than the
duration of implant use in the study group [5]. In the
same study, 85% of control subjects used bilateral HAs,
whereas only 14% of implanted patients used a contra
lateral HA [5]. This study was also influenced by a high
nonresponder rate among controls and lack of HA use
in 21%. However, these differences would all seem to
underestimate the QOL impact of cochlear implants
relative to HAs. One study noted an association between
QOL benefit and younger age both at intervention and
at study enrollment across both group s [5]. The same
study evaluated for associations between duration of
deafness or time since intervention and QOL benefit
from implantation and found none [5]. Two studies that
measured cost per quality-adjusted life-year (QALY)
used different values for life expectancy. Because cost per
QALY is dependent on length of implant use, both life
expectancy and age at implantation are major factors in
its calculation [1,2 ].

Study Designs. One study was a level 2 prospectivecon
trolled study with a follow-up time of 12 months [1].The
other four studies were level 3 retrospective or cross
sectional controlled studies, with the longest mean
implant use being 6.3 years. All except one study com
pared the implant subjects' QOL results to those of the
controllnonimplanted group. This exception compared
postoperative versus preoperative QOL within implanted
subjects [3]. Therewere no significant differencesbetween
the control group QOL scores and the implant subjects'
preoperative QOL scores. However, the final results may
have been less significant if the implanted subjects' post
operative QOL was compared directly with the control
group. The two studies that analyzed preimplant QOL
retrospectively are subject to recall bias [3, 5].

Highest Level of Evidence. Although these studies used
various instruments to ascertain QOL in persons with a
cochlear implant compared with non implanted hearing
impaired subjects, each concluded that overall QOL and/
or specific doma ins were significantly improved by
cochlear implantation. With the use of HUl, the evidence
reveals a significantly better health state among implant
recipients and cost-utility analysessuggest that implanta
tion is at least as cost-effective as many common inter
ventions considered to be worthwhil e based on their
reduction of morbidity and mortality [1, 2].
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Applicability. This data can be applied to multichannel
cochlear implant recipients 18 years of age and older.

Morbidity/Complications. Only one study addressed
complications of cochlear implantation, with six and
nine patients reporting one or more minor complica
tions at 6 and 12 months after surgery, respectively [1].

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

QOL is an important outcome measure in the evaluation
of cochlear implantation, because its effect is not pro
duced by preventing disease or mortality as are other
common interventions. These studies document the
QOL impact provided by implantation. This effect is
most pronounced on measures of speech and hearing as
well as the more general categories of social functioning,
emotion, and mental health. Results such as these, along
with the cost-utility analyses presented, show that the

impact of cochlear implantation is comparable to hemo
dialysis, cardiac surgery, and knee replacement surgery
(cost/QALY of $86,198, $64,033, and $49,700, respec
tively) [2].

Numerous studies have documented the audiologic
improvements that are seen after cochlear implantation.
These are sure to improve with advancements in implants
and speech processing strategies. If an association exists
between hearing test results and QOL after implantation,
future implant recipients could have greater QOL
benefits.

A randomized cochlear implant study is unlikely to
be undertaken so more prospective studies comparing
implant recipients to other hearing-impaired individuals
are needed. Ideally, all subjects will have at least 1°years
of postimplant follow-up. As the criteria for implanta
tion expand, QOL benefits can be measured according
to residual hearing levels. In addition, the impact ofbilat
eral implantation and pediatric implantation on QOL
should be studied. Finally, the potential socioeconomic
impact of implanted patients entering the workforce and
mainstream schools, as well as having an improved life
time earning potential, should be analyzed.
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Reference

Level (design)

Sample size>

Palmer, 1999 Wyatt, 1996

2 (PCT) 3 (CSCS)

Implant 46 (62), control 16 (22) Implant 229 (301), control 32
(38)

Krabbe, 2000

3 (RCS)

Implant 45 (46), control 46 (53)

OUTCO MES

QOL measures

Implanted subjects

Control

I' Value

Additional measures/
subdo main analysis

Audiologic perfo rmance
and correlation with
QOL

Cost-utility analysis

Conclusion

Follow-up time

HUI at enrollment, 6 mo, 12 mo

Preop 0.58
6 mo: 0.76
12 mo: 0.78

Enrollment 0.58
6 mo: 0.57
12 mo: 0.58

Preop NS
6 mo <0.001
12 mo <0.01

Preop: mobility
6 mo: hearin g, sensation
12 mo: hear ing, sensatio n,
speech

Significant improvements in
speech recognition at 6 mo,
12 mo (no correlations made)

Cost per QALY 14,670

Implants significantly improved
ratings of health utility within
6 mo of surgery

12 mo

Ontario HUI Mark III

0.793

0.589

<0.000 1

Hearing: p < 0.001
Speech: I' < 0.00 I
Vision: I' = 0.026
Emot ion: p = 0.003
Cog nit ion: I' =0.0 17

ot reported

Cost per QALY$15,928

Implants improved ratings of
health utility. Cost compares
favorably with other widely
accepted interventions

/A

CIQ, SF-36, HUI Mark II

CIQ (total)
Post-CI: 68.5

Pre-C I: 36.8
Control: 38.8

Post- vs pre-CI
<0.00 1

HUI post- vs pre-CI
Diff. 0.28, I' < 0.00 1
SF-36 post vs pre
Vitality, pain NS
All others I' < 0.0 I

ot reported

ot reported

Implants led to a significant
improvement in health- related
QOL

/A

STUDY DESIGN

ot reported

5y

Adult subjects who received a CI
from 1989 to 1997

Prelingual deafness, single-cha nnel
impl an t

CI

CI candidates
Not used in statistical analysis

Subjects acted as own controls,
recall bias

CI mean 50 y, con tro l mean 5 1 y

Nucleus 22-channel CI

Not reported

CI mean 57 y, control mean
55 y

4.6 Y

ot reported

Assumed LE 80 Y

CI

Candidates awaiting surge ryImplant candidates

Subjects >65 y, assumed LE 78 Y

CI

> 18 Yold with postlingual
deafness, speech disc rim. <30%

Not implant ed with Nucleus
22-channel device

Poten tial confou nde rs

Inclusion criteria

Exclusion criteria

Age 18 Yor older (CI mean 56 y,
control mean 49 y)

6 mo, 12 mo

6 mo: 2 wound infection,
5 vertigo, 2 tinnitus
12 mo: I facial nerve
stimulation, others not reported

PCf =prospective controlled trial . RCS =retrospective controlled study. CSCS =cross-sectional controlled study, QOL =qualit y of life, QALY =
quality-adjusted life-year. HUI =health utilit y index, CIQ =Nijmcgen Cochlear Implantation Questionnaire, PQLF =Patient Quality of Life Form.
IRQF =Index Relative Questionnaire Form. SF-36 =Short -Form 36. HSCL-25 =Hopkins Symptom Check List,
CI =cochlear implant, HA =hearing aid. preop =preoperative, HL =hearing loss, /A =not applicable, NS =not significant , PIPSL =Performance
Inventor y for Profound and Severe Loss. LE=life expectancy, discrim =discrimination. Diff. =difference.
Mo et al.: non -CI A subjects met criteria for implantation bu t awaiting surgery. non- CI B subjects did not meet implant criteria.
HUI dom ains: vision. mobilit y}emotion. cognition. self-care, pain. speech. hearing.

CIQ domains: basic sound perception. advanced sound perception. speech production. self-esteem . activity. social interaction.
SF-36 domains: menta l health . vitality, pain . physical functioning, general health. social functioning. role functioning (physical/emotional).
• Samp le size: numbers shown for those com pleting study and (initially recruited ).
t Implan t usc: mean usc (range, if repor ted).

Implant uset

Morbidity/complicatio ns
of surgery

Surg ical group

Contro l
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Reference

Level (des ign)

Sample size'

QOL measures

Impl anted subjects

Co ntro l

p Value

Additi on al measures/
subdo main ana lysis

Audiolog ic performan ce
and correlation with
QOL

Cost- utility analysis

Co nclusion

Follow- up tim e

Inclu sion cr iteria

Exclusion crite ria

Surg ical Grou p

Co ntro l

Poten tial confo unders

Age

Impl ant uset

Morbid ity/ co mplications
of surge ry

Mo,2004

3 (CSCS)

Impl ant 84 (93) , contro l 95 (125)

OUTCOMES

PQLF, IRQF, SF-36, HSCL-25

PQLF (tota l) 3.53

A 3.37, B 3.28", HA 3.57

A NS (0. 11), B 0.05" , HA S

SF-36 gene ral health
CI vs contro ls: NS
HSCL-25
CI vs non-CI A: p =0.01

PQL F correl ates with social hearing abili ty (PIPSL),
p < 0.00 I, not speech recognition

N/A

Variable disease-specific QOL benefit with Cl.
Better QOL associated with younger age, less
anx iety/de pression, better PIPSL score

N/A

STUDY DESIGN

Multi channel CI recipients

Psychiatric disease, implant not used

CI

HA: n = 60, mean 56 y
Non -CI (A = 9/ B = 16)"
Mean 50.7 y

No significant confounders

18 Yor older, mean 54 y (3 were < 18 y at
implantation )

6.3 y (8 010-1 4.5 y)

Not reported

Cohen, 2004

3 (RCS)

Implant 24 (27), co ntro l 27 (49)

NC IQ, before HA/Cl, and at enro llme nt

QOL benefit sco re 23.6

QOL benefit sco re 12.0

0.082 (NS)

Basic so und percepti on p < 0.00 I

QO L benefit co rrelates with speech recognition
improvem ent , p =0.03

N/A

Trend of greater overa ll QOL benefit in CI users
vs HA users, significant improvem ent in basic
sound percept ion

N/A

HA/CI use > 12 010, use began >50 y of age

No mailin g add ress

CI

I-I A users
Mean use: 120 010

Length HA/CI used , bin aura l aid rat e, recall bias

CI mean 67.2 y, HA mean 77.1 y, di fference NS

53 010 ( 12-156)

Not reported

per =pros pective contro lled trial, RCS =retrospective controlled study, CSCS =cross-sect ional controlled st udy, QO L =quality of life, QALY =
qu ality-adjusted life-year, HUI =health ut ility index, NCIQ =Nijmegen Cochlear Implantation Questionnaire, PQ LF =Patient Q uality of Life Form,
IRQI' =Index Relative Q uest ion naire Form, SF-36 =Sho rt-Fo rm 36, HSCL-25 =Hopkins Symp tom Check List,
CI =cochlear imp lant, HA =hearin g aid, preop =preoperative, HL =hearin g loss, N/A =not applicable, NS =no t significan t, PIPSL =Performan ce
Inventory for Profound and Severe Loss, I.E = life expectancy.
..Mo ct al.: non -CI A subjects met criteria for implant ation but awaiting surgery, no n-C I B subjects did not meet implant criteria.
HUI dom ain s: vision, mobilit y, emo tion, cognition, self-care, pain, speech, hearing.
NCIQ dom ains: basic sound perception , advanced sound perception , speech prod uction , self-esteem, activity, social interaction .
SF-36 dom ains: mental health , vitality, pain, physical fun ctioning, general health , social functio ning, role funct ioning (physical/emotio nal).
• Sample size: number s show n·for those completing study and (initially recruited ).
t Implant use: mean use (range, if reported ).
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Implantation of older adults: Speech recognition outcomes

Rita M. Roure and J. Thomas Roland

METHODS

A computerized PubMed search of MEDLINE 1966
March 2005 was performed. First, articles that mapped
to the exploded medical subject headings "cochlear
implantation" or "cochlear implants" or the text words
"cochlear implantation" or "cochlear implant" were com
bined to create one group. Second, the keywords"elderly"
and "older" were exploded and combined to create a
second group. Third, articles mapping to the exploded
medical subject headings "audiometry" and "treatment
outcome" were combined with those mapping to the
textword "speech." These three groups were
cross-referenced, and articles mapping to the subject
headings "infant" and "child" were excluded, yielding 23
articles. These articles were then reviewed to identify
those that met the following inclusion criteria: 1) patient
population 65 years and older with postlingual deafness,
2) intervention with cochlear implantation, and 3)
outcome measured in terms of preoperative and postop
erative audiologic testing. The bibliographies of the arti 
cles that met these inclusion/exclusion criteria were
manually checked to ensure no further relevant articles
could be identified. This process yielded five articles
[1-5].

RESULTS

Outcome Measures. Speech recognition was measured
with various speech perception measures using monosyl
labic words (Northwestern University Test No.6) or
sentence recognition (Center for the Institute of the
Deaf Sentences). In addition, the Consonant-Nucleus
Consonant, Word Recognition Scores, and Hearing in
Noise Test were used. Elderly patients were defined as
>65 years old, with the exception of one study [1] which
defined elderly as >70 years old. Although audiologic
testing varied from one study to another (see chart), they
all compared preoperative aided audiologic testing to
results after cochlear implantation. All of the studies
except one [5] compared the postoperative audiologic
testing results of the elderly group with a control study
of adult patients <65 years old.

Potential Confounders. Different audiologic testing
techniques and cochlear implants used by each study
may alter results and make comparison difficult. Also,

308

one study [4] noted that patients were divided by their
age at the time of the study, which resulted in a lower
mean age at time of surgery when compared with other
studies. The time period between surgical implantation
and audiologic testing (used for comparison) ranged
between 6 months and 2 years which could also poten
tially alter results. Furthermore, the difference in mean
duration of deafness between the elderly and control
groups could also affect results and was not fully reported
by the Chatelin group [1].

Study Designs. All of these studies were retrospective
chart reviews. One study [4] matched die control group
«60 years old) based on years of profound sensorineural
hearing loss and implant coding strategy to control for
the disparity between these two groups. They also defined
the age as 65 years at the time of the study, whereas the
others defined the age at the time of surgery. All of the
other studies, except Waltzman, compared the elderly
group to other adults <65 years old who had received
cochlear implantation in that same time period.

Highest Level of Evidence. Allfive studies weredesigned
to determine the benefits of cochlear implants in the
elderly population (adults >65 years old). The oldest
study [5] demonstrated that there is a statistically sig
nificant improvement in hearing after cochlear implan
tation in the elderly. The other more recent studies went
further and compared the postoperative audiologic
improvement in the elderly to that of younger adult
patients receivingcochlear implantation. Yet, two studies
[1,2] did not perform statistics comparing the preop 
erative audiologic results to the postoperative audiologic
results in the elderly. All four studies except one [1]
arrived at the same conclusion: there is no significant
difference in the postoperative improvement in hearing
for the elderly after cochlear implantation when com
pared with patients <65 years old. Chatelin, however,
noted that even though the elderly received significant
auditory improvement postoperatively, they did not
perform as well as the younger patients in all three mea
surements tested in this study (see table).

Applicability. Based on the inclusion/exclusion criteria
for these trials, these results can be applied to adults
>65 years old with postlingual profound sensorineural
hearing loss.



Morbidity/Complications. The reported surgical mor
bidity was very low in all of these studies, as further
detailed in the adjoining table. No adverse vestibular
outcomes were reported.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There are multiple retrospective chart reviews demon
strating the benefits of cochlear implantation in the
elderly population. Even though they have the inherent
biases of retrospective studies, the standardized nature
of the audiologic testing contributes to the validity of
the results. These studies demonstrate the strong
potential for benefit from cochlear implantation in the
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elderly population with profound sensorineural hearing
loss.

As cochlear implantation technology improves, we
look forward to further evaluation of evolvingtechniques
for the implantation of patients with the high-frequency
hearing loss so commonly seen in older patients. Data
regarding hybrid cochlear implants which preserve resid
uallow-frequency hearing in individuals with poor word
understanding is currently emerging. Data regarding the
resulting audiometric outcomes, quality of life, and asso
ciated complications with this newer technology will
determine how widespread hybrid implants become.
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Reference

Level (design)

ample size'

Cha telin, 2004

3 (retrospective controlled)

65 (study) 101 (control)
(166)

Pasanisi, 2002

3 (retrospective controlled )

30 (34)

OUTCOMES

Pre-Cl Post-CI Pre-CI Post-CI

Elderly C C9% 36% WRSO% 72.5%
Word and sentence em 17% 62% Sentences 0% 72.5%
recognition HI T 18% 62%

Younger C C4% 45% WRSO% 82%
Word and sentence ern 17% 78% Sentences 0% 65.7%
recognition HINT 11 % 79%

P Value for pre- vs post-CI in ot reported Not reported
elderly patients

p Value for elderly vs younger
patients post-Cl

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Audiologic testing details

Device type

Duration of deafness

Age

Morbidity/complications

CNC-p = 0.03
HINT-p = 0.07
C C-p=0.07

Marked improvement in auditory performance
post-CI in elderly subjects, but less performance
enhancement in CNC words when compared
with younger patients

1y

STUDY DESIGN

>70 Yold who underwent cochlear implantation
and random selection of patients <70 y old who
underwent cochlear implantation in the same
time period, preoperative and postoperative
audiologic testing available

ot reported

All subjects underwent standardized open-set
speech recognition testing before implantation
(aided) and at 3, 6, and 12 mo postoperatively

Clarion or Nucleus device

Mean duration of deafness
Elderly-6 y
Young-not specified

70-91 y-study group (mean 76)
24-69 y-control group (mean 48)

Study group-6 patients complained of taste
alteration
Control-I incomplete placement of electrodes,
1 hematoma/wound infection

WR5-p = 0.160
Sentences-p = 0.098

Significant open-set speech recognition benefits
from cochlear implantation in elderly patients.
No significant difference between the elderly
and younger adults

I y

>41 Yold, full insertion of all active electrodes,
a duration of deafness of <36 mo, a nucleus
multichannel cochlear implant programmed
with speak coding strategy, and at least I-y
follow-up. All were postlingually deaf.

ot reported

Results of word and everyday sentence
recognition tests were obtained preoperatively
and at I y postoperatively. The speech materials
were presented in hearing-only conditions

Nucleus CI 22M, CI 24M devices

Mean duration of deafness
Elderly-2lA mo
Young-22.7 mo

65-74 y-study group (mean 66.8)
41-59 y-control group (mean 51.2)

one

CI = cochlear implant, RCR = retrospective chart review, CNC = Consonant- Nucleus-Consonant words. CID = Central Institute for the Deaf
sentences. HINT =Hearing in oise Test. WRS =word recognition scores.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Reference

Level (design)

Sample size'

Labadie, 2000

3 (retrospective controlled)

16 (study), 20 (control), 36

OUTCOMES

Elderly
Word and sentence
recognition

Younger
Word and sentence
recognition

p Value for pre- vs post -CI in
elderly patients

p Value for elderly vs
younger patients post -CI

Pre-CI

CNC6%
em 21%

CNC 2%
cio 22%

Elderly patients p < 0.001
(Younger patients p < 0.005)

Two age groups-p > 0.05
Improvement in both age groups-p > 0.05

Post-CI

30%
70%

36%
70%

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Audiologic testing details

Device type

Duration of deafness

Age

Morbidity/complications

Highly significant improvement in audiologic performance in both age gro ups. No significant
differences in post -Cl performance between the age groups

6mo

STUDY DESIGN

>18 Yold who underwent cochlear implantation at their institution for postlingua l deafness and
who underwent both preoperative and postoperative audiologic testing

Prelingual deafness

All subjects underwent standardized open-set speech recognition testing before implantation
(aided) and at 3 and 6 mo postoperatively

Clarion cochlear imp lant device

Mean duration of deafness
Elderly-I 2.5 y
Young-9.6y

>65 y-study group (71.5)
18-64 y-control groups (46.9)

Study group- I transient facial paralysis
Control-none

CI = cochlear implant, RCR = retro spective chart review, CNC = Consonant-Nucleus-Consonant words, CID = Central Institute for the Deaf
sentences, HINT =Hearing in Noise Test, WRS =word recognition scores.
• Sampl e size: numbers shown for those not lost to follow-up and those (initially recruited).
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Reference

Level (design)

Sample size'

Kelsall, 1995

3 (retrospective controlled)

28

Waltzman, 1993

3 (retrospective controlled)

20

Elderly
Word and sentence
recognition

Younger
Word and sentence
recognition

Pre-CI

NU-6 Word 0.65%
NU-6 Phoneme 4.6%
cm 1.5%

NU-6 Word
NU-6 Phoneme
cm

OUTCOMES

Post-CI

15.3%
32.4%
45.6%

19.2%
40.9%
46.5%

Pre-CI

4-choice spondee
31.1%
NU-60%
cm 0.25%

None

Post-CI

66.3%
10.3%
20.8%

None-but in the
Discussion section they
noted that only 45% of
the elderly patients
received> I0% on both
the NU-6 and cm
sentence test in
comparison to 65% of the
younger adults that
achieve this degree of
benefit

p Value for elderly pre- vs
post-CI

p Value elderly vs younger
patients post-Cl

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Audiologic testing details

Device type

Duration of deafness

Age

Morbidity/complications

p = 0.0001

p = 0.288-0.896

Elderly recipients of cochlear implants perform
comparably on audiologic testing to other adult
patients.

I y

STUDY DESIGN

>65 Yold who underwent cochlear implantation
and patients <60 y old who were matched based
on years of profound SNHL and implant coding
strategy

Not reported

Results of pre- and postoperative audiologic
testing. They tested using the best aided
condition preoperatively and with the cochlear
implant postoperatively

Nucleus 22-channel device

Mean duration of deafness
E1derly-13.6 y
Control-I 5.4 y

Study group-65-82 y (mean 68 y at
implantation)
Control group-23-59 y

Study group-l patient developed flap necrosis
and another a wound infection

p = 0.001-0.002

Not reported

The geriatric population with bilateral
profound SNHL obtains significant benefit
from cochlear implantation.

I y

>65 Yold who underwent cochlear
implantation with pre/postoperative
audiologic testing

Not reported

All patients underwent audiologic as well as
standard pure tone audiometry preoperatively
(aided) and postoperatively at 3 mo and I y

Nucleus 22-channel device

Mean duration of deafness
Elderly-25.3 y

65-85 Y (mean 70.9 y)

One patient had partial insertion (15
electrodes)

RCR =Retrospective chart review, NU-6 =Northwe stern University Test No.6, cm =Central Institute for the Deaf, SNHL =sensorineural hearing
loss.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Post-implant surgical-site infection: Management with antibiotics, nonexplant surgery,
or explantation

Rita M. Roure and J. Thomas Roland

METHODS

A computerized PubMed search of MEDLINE 1966
March 2005 was performed. Articles mapping to the
medical subject headings "cochlear implants" or "cochlear
implantation" were exploded and combined. These com
bined articles were then cross-referenced with those
obtained by exploding the medical subject headings
"central nervous system infections" or "infection" as well
as those mapping to the textword "wound infection."
This search strategy resulted in 168 publications. The
titles, abstracts, and bibliographies of these publications
were then reviewed to identify those that met the follow
ing inclusion criteria: 1) children and/or adults undergo
ing cochlear implantation with postoperative surgical-site
infection (minor or major) , 2) treatment with conserva
tive (i.e., nonsurgical) and/or with surgical treatment
(i.e., local surgery or explantation), and 3) outcomes
measured in terms of avoidance of explantation. Publica
tions were excluded if the treatment method for the post
implant infections was not specified. The bibliographies
of the articles that met these inclusion criteria were man
ually checked to ensure no further relevant articles could
be identified. This process yielded nine art icles regarding
localized wound infection, which are reviewed here [1
9]. There were also 9 publications regarding meningitis,
and these data are shown in the subsequent review.

RESULTS

Outcome Measures. Post-implant surgical-site infec
tions included local wound infections, complicated otitis
media, abscess, and meningitis . Cunningham et al. [3]
further characterized infections as major and minor.
Major infections were identified as those which resulted
in device explantation, surgical wound revision , hospi
talization, intravenous antibiotics, or meningitis. Minor
complications were identified as those requiring local
wound care and/or oral antibiotics.

Potential Confounders. The use of perioperative antibi
otics, the time of wound surveillance and follow-up, the
threshold for diagnosing local infection, the type of
implant (especially the presence of external pedestal) ,
and the immune status of the implanted hosts could all
influence the study results . The status of these confound
ers varied among studies. For example, patients in the
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Cunningham study [3] did not receive perioperative
antibiotics, but those in the Bhatia report [1] received 24
hours of perioperative antibiotics. Yu et al. [2] reported
that two of the four patients with a major postoperative
infection had an underlying primary immunodeficiency
and one of these two patients required the only explanta
tion in this study. The other studies did not specify any
potential impact of their patients' immune status.

StUdy Designs. All nine studies regarding post-implant
surgical -site infection were retrospective studies. None
of these studies were controlled. Three of the nine studies
either entirely or partially focused specifically on post
implant infections, and therefore provided substantial
related data on their patients. The remaining six studies
focused on post-implant complications in general;
because these studies provided little or no infection
related patient characteristics, these six studies are
described in the adjacent tables in an abbreviated form.
All except one of these studies were retrospective chart
reviews (level 4). The exception was a survey of surgeons
which, after consultation with the Center for Evidence
Based Medicine (the source for levels of evidence) , was
also rated as a level 4 study. Follow-up times were often
not reported, but were >1 year in some instances. The
specific timing relative to implantation within these
follow-up periods was not clearly specified.

Highest Level of Evidence. Rates of post-implant surgi 
cal-site infection ranged from 1% to 12%.Within infected
patients, three potential management options were
described. First, data from these studies suggested that a
wide range (0%-83%) of post-implant infection
responded to treatment with oral or intravenous antibi
otics alone. Second, the percent of patients requ iring
surgery without explantation ranged from 0% to 75%.
These local surgeries included abscess drainage and local
flap and pedestal revisions. Third, explantation rates
ranged from 3% to 45%. It was not always entirely clearly
specified that patients were explanted only after conser
vative measures failed (rather than as an initial treat
ment), but such a stepwise approach was described in
several publications. The majority of studies did not elu
cidate what risk factors increased the chance of post
implant infection and eventual explantation of the
implant, but Cunningham et al. [3] noted an increased
risk of explantation if the device was exposed.



Applicability. These studies included patients of all ages
who underwent cochlear implantation.

Morbidity/Complications. There were no reported
adverse effects of antibiotics or surgical interventions
performed during these studies. Bhatia et al. [1] noted
one episode of facial nerve palsy with a suppurative
acute otitis media. Both problems resolved with oral
antibiotics.

CLINICAL SIGNIFICANCE AND
FUTURE RESULTS

These nine level 4 studies suggest that 55%-970/0 of
patients with post-implant surgical-site infection can
avoid explantation. Other successful management
options include oral or intravenous antibiotics or more
minor surgical intervention. Thus, it seems reasonable to
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attempt conservative antibiotic treatment and more
minor surgery before explantation, despite some infec
tious disease tenets that would favor removal of any
infected foreign-body implants.

This topic would prove difficult to investigate with
a higher-level study. Statistically meaningful studies
comparing explantation and antibiotic therapy are dif
ficult because of the small percentage of patients with
postoperative infections. Retrospective data are therefore
likely to continue to be the best evidence available in the
near future. Future studies may focus on identifying cor
relations which may help determine which patients are
most likely to respond to antibiotics alone, as well as
which situations require intravenous instead of oral anti
biotic therapy as an initial treatment.



THE EVIDENCE CONDENSED: Post-implant infection management

Reference

Level (design)

Sample size

Total % with post -CI
infection

% of total responding to
antibiotic alone

% of total requiring
nonexplant surgery

% of total explanted
because of infection

p Value

Conclusion

Follow-up time

Bhati a, 2004

4 (retrospective review)

300

OUTCOMES

4% (n = 12/300)

S3% (n = 10/12 )

o (n = 0112)

17% (n = 2/12)

Not applicable

The majority of patients responded to
antibiotics alone

4y

Yu,200 1

4 (retrospective review)

241

1.7% (n = 4/241 )

o(n = 0/4 )

75% (n =3/4 )

Incision and drainage of
abscess

25% (n = 1/4 )

ot applicable

The majority of patients
required surgery but
avoided explantation

Not reported

Cunningham, 2004

4 (retrospective review)

733

4.1% (n = 30/733)

5.9% pediatrics (n = 16/272 )

3.0% adults (n = 14/462)

26.7% (n = S/30 ) oral
antibiotics
13.3% (n = 4/30 ) intravenous
antibiotics

23.3% (n =7/30)

Surgical wound revision

36.7 % (n = 11130)

Not applicable

More than one -third of
infections were treated with
explantation

43 mo

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Prophylactic perioperative
antibiotics

Post-implant infection
details

Immunologic status of
subjects

Age

Additional potential
confounders

Morbidity

Children (o-S y old ) that had been
implanted by the authors consecutively
including reimplantations and referrals

Reimplantations and referrals from
other programs. Age >S y

Cephradine-I dose at induction and 2
further doses within 24 h

Discharging wound infection (n = 2)
Acute otitis media with eardrum
perforation (n = 2)
Suppurative otitis media (n = I)
Flap infection (n = 7)

None

5.1 Y(Q-Sy)

One of the patients that was explanted
had a complicated intraoperative
course that required a canal wall down
procedure

Facial nerve palsy was associated with
infection

Adults who underwent
implantation between
1991-2000 at UCSF and
1997-2000 at University
of Iowa

l one given

Not reported

Mastoid abscess (n = 4)

Two patients with post 
implant abscesses were
diagnosed with
immunodeficiency.

Adult and pediatric
patients

Immunodeficient patients
included

ot reported

All patients undergoing
cochlear implant surgery
between January 1993 and
October 2002

Use of perioperative
antibiotics (started at this
institution in October 2002 )

o subjects received
perioperative antibiotics

Wound infections (n = 26)

With device exposure (n =
9/26)

omplicated acute otitis
med ia (n = 4)

None

271 patients « IS y)
462 patients (> IS y)

Exclusion of patients that
received perioperative
antibiotics

ot reported

UCSF = University of California at San Francisco. CI = cochlear implant.
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Reference

Level (design)

Sample size

Total % with post-CI
infection

% of total responding to
non surgical treatment

% of total requiring
nonexplant surgery

% of total explanted
because of infection

Hoffman, 1995

4 (retrospective review)

3064 adults
1905 children

1.2% (n = 37/3064) adults
0.73% (n = 14/1905) children

% responding to outpatient
treatment:
32.4% (n = 12/37) adults
42.9% (n = 6/14 ) children
% responding to intravenous
antibiotics:
8.1% (n = 3/37) adults
28.6% (n = 4/14 ) children

13.5% (n = 5/37) adults
14.3% (n = 2/14) children

45.9% (n = 17/37) adults
14.3% (n = 2/14) children

Webb,1991

4 (retrospective review)

253

OUTCOMES

4.3% (n = 11 /253)

54.5% (n = 6/11 )
"uncomplicated" wound
infections, not otherwise
specified

27.3% (n = 3/11) "severe
but controlled" wound
infections, not otherwise
specified

18.2% (n =2/11)

Cohen, 1988

4 (survey of surgeon recollection )

107 questionnaires returned from 108
surgeons [152 questionnaires sent to
115 surgeons (37 were duplicates/non
implant surgeons)]

5.5% (n = 25/459) flaplscalp problems
reported as a broad category, including
local infections

Not reported

64% (n = 16125 ) "local treatment of
flap problem"

3% (n = 9125 ) "scalp breakdown,
removal of implant"

p Value

Conclusion

Follow-up time

ot applicable

The majority of patients did not
require explantation

Not specified

Not applicable

The majority of patients
had uncomplicated
wound infections

Not specified

Not applicable

The majority of patients had local
treatment of flap problems

Not specified

STUDY DESIGN

Inclusion criteria

CI = cochlear implant.

Data were provided by imp lant
device manufacturers

The first 153 multiple
channel cochlear imp lant
operations performed at
the Medizinische
Hoch schule in Hannover
and the first 100
implantations at the
University of Melbourne
Clinic

Returned questionnaire. Questionnaires
were sent to all surgeons presently
imp lanting the Nucleus 22-channel
device, based on the mailing list from
Cochlear Corporation
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Reference

Level (design)

Sample size

Rubinstein, 1999

4 (retrospective review)

290

Green, 2004

4 (retrospective review)

214

Proops, 1999

4 (retrospective review)

100

12.0% (n = 12/200)

91.6% (n = 11112) wound
infection, minor

OUTCOMES

4.2% (n =9/2 14)

55.5% (n = 5/9 ) resolved
with intravenous antibiotics
alone

I l.l % (n = 1/9) persistent
infection with intact skin
around their implants

4.4% (n = 4/90)

None reported

75% (n = 3/4) responded to
local wound (pedestal)
revision and systemic
antibiotics

% with post-Cl infection

% of total responding to
antibiotics alone

% of total requiring nonexplant
surgery

% of total explanted because of
infection

I' Value

Conclusion

Follow-up time

25% (n = 1/4) explantation
and immediate
reimplantation after soaking
in antibiotic solution

ot applicable

The majority of infections
responded to local wound
revision and antibiotics

Up to 9y

33.3% (n = 3/9 ) implant
extrusion or explantation
from infection

ot applicable

The majority of infections
responded to intravenous
antibiotics alone

ot specified

8.3% (n = 1112) explanted
because of cholesteatoma

Not applicable

The majority of infections were
minor wound infections

Up to 6y

STUDY DESIGN

Inclusion criteria Implants performed at the
University of Iowa Hospitals
and Iowa City Veterans
Administration

Adult cochlear implants in
Manchester between 1988
and 2002-all were
available for review

The first 100adult patients
implanted on the Midland
Cochlear Implant Program

CI =cochlear implant.
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Cochlear implantation: Risk of postoperative meningitis

Rita M. Roure and J. Thomas Roland

METHODS

A computerized PubMed search of MEDLINE 1966
March 2005 was performed. The terms "cochlear
implants" or "cochlear implantation" were exploded and
the resulting articles were cross-referenced with those
mapping to the keywords "central nervous system infec
tions;' "infection;' or "meningitis." This search resulted
in 62 publications. These articles were then reviewed to
identify those that met the following inclusion criteria:
1) patients undergoing cochlear implantation, 2) articles
that included the incidence of postoperative meningitis.
Articles focusing on prophylactic measures, such as peri
operative antibiotics, were excluded. (Perioperative anti
biotics for otologic surgery is reviewed in another chapter
in this text.) Editorials without associated data were
excluded. The bibliographies of the articles that met
these inclusion criteria were manually checked to ensure
no further relevant articles could be identified. This
overall process yielded 9 publications [1-9 J.

RESULTS.

Outcome Measures. The primary outcome was the inci
dence of meningitis. The criteria used to diagnose men
ingitis were not described in detail by most authors.
Reefhuis et al. [1], however, did define symptoms consis
tent with the presence of bacterial meningitis to include
two or more of the following: fever (temperature >38°C),
stiff neck or nuchal rigidity, lethargy or altered mental
status, and headache. Also, abnormal cerebrospinal fluid
was defined by two abnormal findings (protein level
>55 mg!dL, white-cell count>10/mm3

, and glucose level
of ~40 mg!dL). The diagnosis of meningitis was further
classified as definite, probable, or possible (see table) .

Potential Confounders. The quality of these data
depended primarily on the accuracy of reporting, either
the reporting of adverse events to the manufacturers or
the reporting of survey respondents. Such data collection
could have been prone to recall bias or underreporting.
In addition, the criteria used by respondents for diagno
sis of meningitis could have altered results. Such criteria
were specified in detail by Reefhuis et al. (see table).

Study Designs. The highest level of evidence was pub
lished by Reefhuis et al. [1J, and takes the form of a case
control study (nested within a larger cohort study) . In a

case control study, patients who have one outcome are
compared with those who do not have that outcome; in
the Reefhuis case control study, the authors compared 24
cases with meningitis to 186 controls without meningitis.
In an attempt to identify risk factors for meningitis, they
assessed a number of factors in the medical history: men
ingitis before implantation, tympanostomy tube place
ment, otitis media, ventriculoperitoneal shunt placement,
chronic medical conditions that could increase the risk
of systemic infections, ossification of the cochlea, vacci
nation status (pneumococcal, meningococcal, Haemoph
ilusinfluenza type b), radiographic evidence of inner ear
malformations, sex, age at implantation, year of implan
tation, race, and geographic regions. In addition, surgery
related factors were examined: use of a positioner,
incomplete insertion of the electrode, presence of a cere
brospinal fluid leak, the use of antibiotics before/during!
after the procedure, more than one implant, and signs of
middle ear inflammation at the time of surgery. Both a
univariate and multivariate analysis were performed.

Reefhuis also provided uncontrolled data regarding
the overall incidence of meningitis in young children who
received a cochlear implant between 1997and 2002.They
collected data in the following ways: 1) survey of manu
facturing companies, 2) questionnaires to all the patients'
parents and their primary care providers, and 3) review
of available medical records. The incidence of meningitis
in the study population was calculated as the number of
reported cases of meningitis per person-years from
implantation. To place their results in context, Reefhuis
also provided previously available historical information
about meningitis in the general population.

Uncontrolled data were additionally reported in
2004 by Cohen et al. [2J, who surveyed all of the North
American cochlear implant centers, as well as manufac
turing companies (Advanced Bionics Corporation,
Cochlear Corporation, Med-EL Corporation). All three
manufacturing companies responded, and of the 401
centers surveyed, 130 replied, for a 32.4% response rate.
They estimated that of the 24,000 implants performed,
18,000 were included in this study.

There were four other retrospective reviews [3-6J
whose sample sizes were 1-2 orders of magnitude smaller
than the two uncontrolled studies already discussed.
Because the above studies were designed to be inclusive
of these smaller studies' patients, the smaller studies are
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not discu~sed in .detail, but their numbers are briefly
presented In an adjacent table. Likewise,three case reports
[7-9] are briefly presented in tabular format.

Highest Level of Evidence. There are level 3-4 data
regarding meningitis post-cochlear implantation. Level3
data from the Reefhuis study includes a multivariate
analysis that identified the use of a positioner and the
presence of inner ear abnormalities as potential risk
factors for meningitis in children. Multiple other poten
tially related medical and surgical factors were evaluated
(see details under "Study Design"), but had no significant
correlation with meningitis. The level 4 data describe
incidence data from children (Reefhuis) or overall
(Cohen) with specific numbers as reported in the adja
cent table. To put their data in context, Reefhuis noted
that the incidence of streptococcal meningitis in the
general population was 1/30 of that in implanted chil
~ren. Even when only children implanted without a posi
tioner were considered, meningitis was still 16 times
more common.

Applicability. These results are applicable to patients
undergoing cochlear implantation with devices available

between 1997 and 2002 from the three manufacturers
listed.

Mortality. One meningitis-related death was reported in
the Cohen and Reefhuis studies.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

~evel 3-4 data suggest that meningitis is potentially
Increased after cochlear implantation. These studies
also provide correlational data regarding which patients
may be at increased risk for meningitis postoperatively,
such as those implanted with a positioner or in the pres
ence of inner ear anomalies. Based on these data the. '
Implant with a positioner was removed from the market. '
servI~g as an example that evolving evidence changes
pracnce,

Future research may focus further on the identifica
tion of risk factors for post-implant meningitis, as well
as the impact of vaccination. Ideally, through further
research, the risk ofmeningitis to those receiving implants
may someday be indistinguishable from those who have
not. The achievement of this goal will become more and
more desired as the technology improves and the indica
tions for cochlear implantation expand.



THE EVIDENCE CONDENSED: Post-cochlear implant meningitis

Refer en ce

Level (design)

Samp le size'

Reefhu is, 2003

3 (case control)

24 (29) cases with bacterial meningitis
186 (200) rand om controls

OUTCOMES

Reefhui s, 2003

4 (retrospect ive coho rt)

4264 impl ant ed subjects

These two risk factors significantly correlate with post-Cl
meningitis

Co nclusion

Follow- up tim e

Facto rs associated with meningitis

Multi variate analysis

Use of a position er

Inn er ear malfor mation with CSF
leak

3 mo-5 y

Odds rat io
(95% confidence interval)

4.5 (1.3-17.9)

6.3 (1.2-94.5)

Men ingitis details

n = 24 definit e cases
n = 5 possible cases

n = 9 $30 d postoperatively
n = 20 >30 d postop eratively

Incidence 239.3/100,000 (95%
con fidence interval, 156.4
350.6) person -years for the
who le gro up

Meningitis post-CI is present at
a mean incidence of
239.3/100,000

3 mo-5 y

STUDY DESIGN

Inclu sion crite ria All child ren with cases of bacterial men ingitis and a rand om All children <6 y old who
sample of 200 childre n who did not have post-implantation received cochlear impl ant ation
meningitis (selected with stra tified approach so that distributions between Janu ary I, 1997-
of year of implant ation and of manufacturers were August 6, 2002, as identified by
proportionate to those in the total coho rt, but controls were not warrant y lists of the 3
individually matched to child ren with meningit is) companies mark etin g Cis

(estima ted to be 95% com plete)

Exclusio n criter ia Not further specified Not further speci fied

Meningitis case identi ficat ion Reports to com panies, Food and Dru g Administ ration adverse event reporting system,
surve illance systems of Centers for Disease Control as well as state and local health department s,
quest ionnaire to all fami lies of child ren in the study population (57.3% respon se rate)

Meni ngitis d iagnostic criteria Definite meningitis = isolation of bacteria from CSF or isolation of bacteria from blood with
abno rmal CSF and sympto ms consistent with the presence of bacterial meningitis. Probable
meningitis = abnormal CSF,sympto ms consistent with bacterial men ingitis, and evidence of
bacter ia in CSF, o r histopathologic evidence of bacteri al meni ngitis on aut opsy. Possible
meningitis =abnormal CSF,sympto ms consistent with bacterial menin git is, no evide nce
suggesting a non bacter ial cause or death afte r an un explained illness with compatible symptoms

Age

Most commo n path ogens

Mor tality

<6y

Streptococcus pneumoniae
Haemophilus injluenzac

I death from menin gitis

<6 Y

CI =cochlear implant, CSF =cerebrosp inal fluid. ABC =Advanced Bion ics Corporation, Cochlear =Cochlear Corpo ration. Med-EI =Med-EI
Corpora tion.
To provide context: historica l data reported by Rccfhuis et al.-Centers for Disease Contro l report ed the incidence of streptococcal meningitis in the
genera l population of children <6 y old during the same time perio d as 4.0/100,000 person -years. Data for that time period for children with severe
profound sensorineural loss was not available.
• Sample size: num bers show n for those not lost to follow-up and those (in itially recrui ted) .
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Referen ce

Level (design)

Sample size'

Cohe n, 2004

4 (manufacturer and center survey to obtain their retro spective dat a)

3 manufacturers
130 centers (401 cent ers surveyed)
18,000 estimated (24,488 implants)

OUTCOMES

ABC Coc hlear Med-El

Conclusion

Follow-up time

Manufacturer surve y

Center survey

Manufacturer + center (accounts for
overlap )

Meningitis is a potential problem post-CI

Not specified

n=4

n=8

n = 8/727 1

n =10 n =O

n =6 n =O

n = 13/16,517 n = 0/700

Inclusion criteria

Exclusion criteria

Meningitis case identification

Men ingitis diagnost ic criteria

Age

Most common pathogens

Mortality

STUDY DESIGN

I ) The 3 manufacturers active in the North American market (ABC, Cochlear, Med-el)
2) Response to surve y instrument to query CI centers in North Ameri ca, using the mailin g lists
of all 3 manufacturers with follow-up e-mail, fax, or telephone

Not further specified

Not specified

Not specified

Not specified

Streptococcuspneumoniae
Haemophilus influenzae

2 deaths ( I deemed unrelated)

CI = cochlear implant , CSF = cerebrospinal fluid, ABC = Advanced Bionics Corporation, Cochlear = Cochlear Corporation, Med-EI= Med-E I
Corporation.
To provid e context: historical data report ed by Reefhuis et al.-Centers for Disease Control report ed the incidence of streptococcal menin gitis in the
general population of children <6 y old during the same time period as 4.0/100,000 person -years. Data for that tim e period for child ren with severe
profound sensorineural loss was not available.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruit ed).
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Intratympanic gentamicin: Impact on vestibular complaints

Ching Anderson and John P. Carey

METHODS

A computerized PubMed search of MEDLINE 1966-May
2005 was performed. The terms "Meniere disease" and
"gentamicin" were exploded, and the resulting articles
were combined. The terms "intratympanic" and "trans
tympanic" were entered as text words as the search term
"intratympanic OR transtympanic," and the results were
combined with the Meniere disease/gentamicin articles.
The resulting 136 articles were limited to the English
language, leading to the selection of 115articles that were
reviewed in detail. These articles were reviewed to iden
tify those that met the following inclusion criteria: 1)
distinct patient populations defined as those adults with
definite Meniere disease, as defined by the 1985 [1] or
1995 [2] guidelines of the Committee on Hearing and
Equilibrium of the American Academy of Otolaryngol 
ogy-Head and Neck Surgery (AAO-HNS), who had
failed medical management, 2) intervention with unilat
eral intra tympanic gentamicin therapy, and 3) outcome
measures consisting of quantitative or semiquantitative
evaluation of vestibular complaints. The bibliographies
of the articles that met these inclusion criteria were man
ually checked to ensure all relevant articles could be iden
tified. This search strategy yielded four publications
[3-6]. There was one randomized controlled trial (RCT)
report [3] and one prospective study [4] with a control
group consisting of patients who refused any surgical
treatment. The remaining two reports [5,6] were meta
analyses that each included several prospective and ret
rospective caseseries,but only one prospective controlled
trial [4].

RESULTS

Outcome Measures. The impact of intratympanic gen
tamicin on vestibular complaints was assessed by com
paring the frequency of vertigo episodes before and
after treatment. Stokroos and Kingma [3] reported the
number of vertigo attacks per year for each study subject
before and after treatment, for both gentamicin and
placebo groups; the time period following treatment for
reporting frequency of vertigo episodes was not stan
dardized across all subjects. The remaining three studies
[4-6] reported the AAO-HNS-defined class of vertigo
control, which compared the number of vertigo episodes
during the 6 months before treatment to the number

of episodes 18-24 months after treatment [1, 2]. The
AAO-HNS classes of vertigo control are as follows:
Class A is complete elimination of vertigo, Class B is
reduction of episodes to $;40% of pretreatment frequency,
Class C is reduction in number to 41%-80% of pretreat
ment frequency, Class D is change in number by 81%
120% of pretreatment frequency, Class E is an increase
in number by >120%, and Class F is defined by the
initiation of secondary treatment because of persistent
or recurrent vertigo. Of note, the Chia [6] meta-analysis
used the AAO-HNS vertigo control classification
scheme but allowed for the inclusion of data that did
not meet the AAO-HNS 24-month follow-up period
requirement.

Potential Confounders. Given the episodic course of
Meniere disease, the frequency of vertigo episodes expe
rienced may fluctuate with time, even in the absence of
treatment. This fluctuation may have contributed to the
placebo effect seen in the Stokroos and Kingma study
[3], in which patients receiving placebo also had a statis
tically significant decrease in vertigo frequency. Differ
ences in gentamicin dosage, deliverytechnique, treatment
protocols , and follow-up period among the four studies
may also have led to variability in results. Accordingly,
details about these issues are tabulated for the reader.
The two meta-analyses examined each included only one
prospective controlled trial, with the remaining trials
consisting of prospective and retrospective case series
without internal control groups, so the level of evidence
of the majority of the data used for these meta-analyses
was low. Furthermore, publication bias in the otolaryn
gology literature [7] may have led to inclusion of more
positive studies in these meta-analyses, thus potentially
overestimating the success rate of intratympanic genta
micin treatment.

Study Designs. One study [3] was a double-blinded
RCT (level 1), one study [4] was a prospective controlled
trial (level 2), and the remaining two studies [5,6] were
meta-analyses of mostly prospective and retrospective
case series (level 4). In the RCT, one major limitation
of the study design was that the groups were not
comparable in pretreatment vertigo frequency; the
placebo-treated group had significantly fewer vertigo
attacks. The study was small (12 subjects received genta
micin, 10 placebo), based on their power calculation
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to detect a 500/0 reduction in the frequency of vertigo
spells. The follow-up period was relatively short, ranging
from 6 to 28 months after treatment. Vertigo frequency
before and after treatment was compared within the gen
tamicin and placebo groups, but no statistical analysis
directly comparing gentamicin and placebo groups was
presented.

In the prospective controlled trial, the control group
was self-selected, not randomized. The gentamicin and
control groups were' similar in age and disease duration,
although the pretreatment mean and standard deviation
of vertigo frequency was greater in the gentamicin group
(statistical significance was not reported). This potential
pretreatment difference in the frequency of vertigo
should be considered when interpreting the data from
this trial.

Both meta-analyses used well-defined apriori inclu
sion and exclusion criteria, clearly specified outcome
measures, and quantitative analyses. The Cohen-Kerem
meta-analysis had a smaller sample size, because of the
exclusion of studies of <10 subjects or follow-up period
of <2 years. No requirement for minimal follow-up
period was noted in the Chia meta-analysis. The latter
meta-analysis was designed primarily to compare the
effectiveness of different gentamicin delivery techniques,
but overall effectiveness (taking into account all forms of
gentamicin delivery) was calculated as well. The Cohen
Kerem meta-analysis used the random effects model for
data analysis. The Chia meta-analysis used the paramet
ric empirical Bayes (PEB) analysis with a ~ previous and
the binomial generalized linear model with backward
selection.

Highest Level of Evidence. All four studies suggest
that intratympanic gentamicin is >900/0 effective in
achieving complete or substantial control of vertigo. The
level 2 Quaranta prospective controlled study was the
only one to directly compare gentamicin-treated subjects
to a control group, and it found statistically greater
control of vertigo after gentamicin treatment. Although
the Stokroos RCT does represent level 1 evidence, its
limitations included the relatively short follow-up time,
lack of a standardized follow-up period for comparison,
and lack of statistical analysis on the difference between
gentamicin and placebo outcomes.Although not reported
by the RCT authors, the response rate (i.e., those who
reported at least some effect on vertigo frequency) to
gentamicin treatment (1000/0) was greater than the
response rate to placebo (600/0) (p = 0.03, Fisher's exact
test). Results from the level 1 RCT and the level 2 pro
spective controlled trial indicate that vertigo control is
considerable even with placebo alone or no surgical
treatment at all, respectively. These findings are consis
tent with a previous study from Silverstein et ale [8]
which found that 570/0 of patients with Meniere disease

who declined surgical treatment had control of vertigo
at 2 years.

Applicability. Based on the inclusion/exclusion criteria
for these studies, the results can be applied to patients
with Meniere disease. The Stokroos and Quaranta studies
can be more specifically applied to patients with Meniere
disease who have failed medical treatment.

Morbidity/Complications. Sensorineural hearing loss
as a result of gentamicin ototoxicity is the morbidity
most often addressed in studies of intratympanic genta
micin treatment for Meniere disease. The impact of
intratympanic gentamicin on audiometry in patients
with Meniere disease is examined in the following
review. Quaranta et al. [4] also discussed the effects of
vestibular hypofunction as a result of intratympanic
gentamicin treatment. All treated patients had experi
enced temporary oscillopsia and dysequilibrium, but
these symptoms disappeared within 1-24 months after
treatment. In general, the need for vestibular physical
therapy/rehabilitation after intratympanic gentamicin
treatment was not well addressed in any of the studies
reviewed.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is sparse high-level evidence demonstrating that
intratympanic gentamicin treatment is effective in re
ducing the frequency of vertigo episodes in patients
with Meniere disease. The single level 1 study available
showed that intratympanic gentamicin significantly
reduced the frequency of vertigo attacks. However,
placebo also was shown to decrease the frequency of
vertigo attacks, again emphasizing the confounding
tendency of episodic vertigo to resolve spontaneously
in Meniere disease. The single level 2 study available
showed a statistically significant improvement in vertigo
control with intratympanic gentamicin compared with
no surgical treatment. However, one major limitation
of that study was the lack of randomization among
study subjects. The two meta-analyses presented rely on
level 4 evidence (a mixture of prospective and retrospec
tive case series without controls) to demonstrate that
intratympanic gentamicin is effective in controlling
vertigo. These meta-analyses did not examine vertigo
control rates in untreated control subjects for statistical
comparison.

Although the current literature does suggest that
intratympanic gentamicin is effective in controlling
vertigo, the paucity of controlled trials makes it difficult
to determine how much more beneficial intratympanic
gentamicin treatment is than placebo or medical treat
ment alone. Ideally, future research would include large
multi-institutional double-blind, randomized placebo
controlled trials that are sufficiently powered to deter
mine the true effectiveness of intratympanic gentamicin
for vertigo control in Meniere disease.



AAO-HNS classes of vertigo control

Intratympanic therapies offer an advantage over
endolymphatic sac or destructive surgeries in that injec
tions can be repeated with minimal costs and morbidity,
and may be titrated to clinical response. The 1995 AAO
HNS outcomes criteria, requiring 2-year follow-up, were
developed with one-time surgical interventions in mind.
The advent of intratympanic therapies calls for a reth ink
ing of outcomes criteria. Specifically, does the need for a
repeat injection after months or years of symptomatic
relief really const itute treatment "failur e"? Given the ten
dency of Meniere attacks to spontaneously decrease in
frequency over a few months in any prospective study,
future designs should include shorter interval measures
of vertigo frequency while still respecting the need for
long-term follow-up.

Class A

Class B

Class C

Class 0

Class E

Class F
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Complete elimination of vertigo

Reduction of episodes to $40% of pretreatment
frequency

Reduction in number to 41%- 80% of
pretreatment frequency

Change innumbcr by 81%-120% of
pretreatment frequency

Increase in number by >120%

Initiation of secondary treatment because of
pers istent or recurrent vertigo



THE EVIDENCE CONDENSED: Intratympanic gentamicin for vestibular complaints in Meniere disease

Reference

Level (design)

Sample size"

Stokroos, 2004

I (RCT)

22 (22)

Quaranta, 2001

2 (PCT)

30 (30)

OUTCOMES

6-28 mo

Gentamicin (pre vs post ): 0.002 Placebo (pre vs post ): 0.028

Comparison of response rate for gentamicin (100%) vs placebo
(60%): 0.03

Both groups with significantly better vertigo control

Outcome measure

Intratympanic

gentamicin

Control

p Value or 95%

CI

Conclusion

Follow-up time

No. of vertigo attacks per year

Pre-treatment:
74 ± 114 (AAO-H S Class B-C)

Pre-treatment:
25 ± 31 (AAO- HNS Class B-C)

Post-treatment:
o (AAO-H S Class A)

Post -treatment:
II ± 10 (AAO- H S Class B)

1995 AAO-H S vertigo class

Class A: 86%
Class B: 7%
Class C: 0%
Class D: 0%
Class E: 7%
Class F: 0%

Class A: 27%
Class B: 20%
Class C: 20%
Class D: 26%
Class E: 0%
Class F: 7%

<0.05

Significantly better control of vertigo than
control group

2y

STUDY DESIGN

Not reported

Self-selected control group consisted of
patients who declined surgical treatment.
Similar age, disease duration. Difference in
mean vertigo frequency, PTA, and SDS, but
statistical significance not reported

Two initial doses of 0.5 mL intratympanic
gentamicin (20 mglmL, pH 7.8) injected
once a week, additional doses given if

recurrence of vertigo symptoms

2.7 ± 0.82 doses

Recurrent episodic rotational vertigo, aural

fullness. tinnitus, and fluctuating sensory
hearing loss, absence of vestibular

symptoms between vertigo attacks. failure
of medical treatment

Evidence of otosyphilis, autoimmune or
allergic disorders, and other presumed

causes of secondary hydrops

Active unilateral Meniere disease (1995 AAO-HNS criteria) with

no known primary underlying etiology, vertigo attacks at least
monthly, failure of at least 6 mo of medical treatment

Contralateral neurotologic pathology. ipsilateral middle ear
pathology, allergy to arninoglycosides, cumulative gentamicin
dose ~360 mg for 12 applications, cumulative treatment time
>6 rno, hearing loss ~15 dB for 2 successive frequencies

Similar age. Gender and side of treated ear for each group not
reported. Gentamicin group with greater mean and variation in
number of vertigo attacks before intervention, but statistical
significance not reported

Intratympanic application of either gentamicin (30 mglmL in
buffer solution, pH 6.4 ) or buffer solution alone repeated every

6 wk until control of symptoms or one of the exclusion criteria
met

Gentamicin: 1.5 ± 0.51 doses
Placebo: 2.8 ± 2.7 doses

Powered a priori (but power value not reported) to detect a 50%

decrease in number of vertigo attacks, with sample size of 16-22
patients

Ref =randomized controlled trial. Pef =prospective controlled trial. MA =meta-analysis. CI =confidence interval. PTA=pure tone average of
threshold (values at 0.5. I. 2. and 3 kl-lz), SDS =speech discrimination score.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).

Power

Inclusion criteria

Intervention

regimen details

Exclusion criteria

Randomization
effectiveness!
confounding
factors

o. of treatment
doses
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THE EVIDENCE CONDENSED: Intratympanic gentamicin for vestibular complaints in Meniere disease

Reference

Level (design)

Sample size'

Outcome measure

Intratympanic
gentamicin

Control

p Value or 95%
CI

Conclusion

Follow-up time

Cohen- Kerem, 2004

4 (MA )

580 (627)

1985 or 1995 AAO-H S vertigo class

Class A: 74.7%
Both Class A and B: 92.7%

Not applicable

Class A: 67.80/0-81.5 %
Both Class A and B:
89.50/0-96.0%

Effective in control of vertigo

2y

Chia, 2004

4 (MA)

980 (980)

OUTCOMES

1995 AAO-H S vertigo class, with exception of 24-mo
follow-up period requirement

Complete vertigo control (Class A): .73.6%
Effective vertigo control (both Class A and B): 90.2%

Not applicable

Not reported

Effective in control of vertigo

at reported

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization
effectiveness/
confounding
factors

Intervention
regimen details

o. of treatment
doses

Power

Studi es publi shed in years 1985-2003 with ~ 1 0

subjects, Men iere disease definition and result s
reported in accordance with 1985 or 1995 AAO
H S guidelines

ot reported

Mixture of pro spective and retro spective studies,
with different gentamicin dosages and dosing
regimens

2 groups of gentamicin delivery techniques:
1) fixed dose protocol; and 2) titrated dose
protocol

Variable; range 1-24 doses

ot applicable

English langua ge studies publi shed in years 1978-2002,
clear description of gentamicin delivery technique, vertigo
control results , reports of hearing loss post-treatment

Not reported

Mixture of prospective and retrospective studies, with
different gentamicin dosages and dosing regimens

5 groups of gentamicin delivery techniques: 1) multiple
daily dosing; 2) weekly dosing; 3) low-dose technique;
4) continuous microcatheter technique; and 5) titration
technique

Variable; range not reported

at applicable

Ref =rand omized controlled trial, Pef =prospective contro lled tr ial, MA =meta-analysis, Cl =confidence interval, PTA =pure tone average of
threshold (values at 0.5, 1, 2, and 3 kHz), SDS = speech discrimination score.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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15 Meniere Disease

Intratympanic gentamicin: Impact on audiometry

Ching Anderson and John P. Carey

METHODS

A computerized PubMed search of MEDLINE 1966-May
2005 was performed. The terms "Meniere disease" and
"gentamicin" were exploded, and the resulting articles
were combined. The terms "intratympanic" and "trans
tympanic" were entered as text words as the search term
"intratympanic OR transtympanic," and the results were
combined with the Meniere disease/gentamicin articles.
The resulting 136 articles were limited to the English
language, leading to the selection of 115 articles that were
reviewed in detail. These articles were then reviewed to
identify those that met the following inclusion criteria :
1) distinct patient populations defined as those adults
with definite Meniere disease, as defined by the 1985 [1]
or 1995 [2] guidelines of the Committee on Hearing and
Equilibrium of the American Academy of Otolaryngol
ogy-Head and Neck Surgery (AAO-HNS), who had
failed medical management, 2) intervention with unilat
eral intratympanic gentamicin therapy, and 3) outcome
measures consisting of pure tone averages (PTA) and/or
speech discrimination scores (SDS) at 1-4 years after
intratympanic gentamicin therapy. The bibliographies of
the articles that met these inclusion criteria were manu
ally checked to identify any further relevant articles. The
search strategy yielded three articles [3-5], which were
reviewed in detail: one prospective controlled trial [3],
and two meta-analyses [4, 5], each of which included
several prospective and retrospective case series.

RESULTS

Outcome Measures. In all three studies, hearing out
comes in subjects after intratympanic gentamicin treat
ment were based in part on the 1995AAO-HNS guidelines
for determining hearing change, by using 1) PTA of
thresholds at 0.5, 1,2, and 3 kHz; and 2) SDS. Clinically
significant hearing change was defined as a change of
~10 dB in PTA or a change of ~150/0 in SDS at 18-24
months after treatment, with PTA change determining
the overall nature of hearing change in situat ions of
change in opposing directions [2]. Both the Quaranta
prospective controlled trial [3] and the Cohen-Kerern
meta -analysis [4] adhered to the AAO-HNS guidelines
for data from the 18- to 24-month follow-up period,
whereas the Chia meta-analysis [5] did not. The Quar
anta study [3] grouped subjects into one of three catego-

ries-"better;' "same," or "worse" hearing-based on
these guidelines. The Cohen-Kerern meta-analysis [4]
compared the mean values of PTAand SDS from pooled
data for before and after treatment, but did not analyze
the data in terms of clinically significant change. This
approach to data analysis unfortunately does not neces
sarily reflect the intrasubject change in hearing, which is
clinically relevant given the fluctuating nature of hearing
loss in Meniere disease. The Chia meta-analysis [5] used
these same AAO-HNS guidelines, but only reported the
percentage of subjects in whom hearing worsened, of
which a subset had profound hearing loss, defined by the
authors as "anacusis or complete loss of speech discrim
ination." Validity of the findings presented in this meta
analysis is weakened by the authors' inclusion of data
from studies that did not have 24-month follow-up;
hearing outcomes data at variable time periods following
treatment are pooled together.

Potential Confounders. As addressed in the previous
section on the impact of intratympanic gentamicin on
vestibular complaints, potential confounding factors
in these three studies include differences in gentamicin
dosage, delivery technique, treatment protocols, and
follow-up period (see Table). The control group in the
Quaranta study [3] was not randomized, and this lack of
randomization may be a confounding factor when com
paring results between the gentamicin-treated and control
groups. The level of evidence for data used in the two
meta-analyses [4, 5] examined was low; each included
only one prospective controlled trial, with the remainder
of the data coming from prospective and retrospective
case series without internal control groups. Publication
bias in the otolaryngology literature [6] may have led
these meta-analyses to include more studies that demon
strate gentamicin's effectiveness in vertigo control ,perhaps
concomitant with higher dosages of gentamicin and thus
higher rates of hearing loss. Alternatively, eagerness of
authors and journals to demonstrate the low morbidity
of intratympanic gentamicin may lead to publication bias
in favor of studies showing very little hearing loss, thus
underestimating the extent of hearing loss that occurs
with the full range of doses used in clinical practice.

Study Designs. Study designs for these three studies
have been discussed in the previous section on the impact
of intratympanic gentamicin on vestibular complaints,
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and the relevant points are again presented here. The
studies examined included one prospective controlled
trial [3] (providing level 2 evidence), and two meta-anal
yses [4, 5] of mainly prospective and retrospective case
series (level 4 evidence). The control group in the pro
spective trial [3] was self-selected, not randomized.
Although gentamicin and control groups were similar in
age and disease duration, the gentamicin group seemed
to have worse hearing before treatment [higher mean
PTA (p <0.04,t-test for difference ofmeans), lower mean
SDS (p < 0.001)]. As stated earlier, both meta-analyses
[4, 5] had well-defined a priori inclusion and exclusion
criteria, clearly specified outcome measures, and quanti
tative analyses. The smaller sample size of the Cohen
Kerem meta-analysis was the result ofexclusion ofstudies
with <10 subjects or follow-up periods of <2 years. The
Chia meta-analysis did not require studies to have a
minimal follow-up period for inclusion. Although
designed primarily to compare hearing outcomes of dif
ferent gentamicin delivery techniques, the Chia meta
analysis did report overall hearing outcome for all forms
of gentamicin delivery. The Cohen-Kerem meta-analysis
used the random effects model for data analysis. The
Chia meta-analysis used the parametric empirical Bayes
analysis with a Pprevious and the binomial generalized
linear model with 'backward selection.

Highest Level of Evidence. The level 2 Quaranta study
[3] and the level 4 Cohen-Kerem meta-analysis [4] both
suggest that intratympanic gentamicin does not affect
hearing outcomes in treated patients with Meniere
disease. The Quaranta study provides level 2 evidence in
that it directly compared gentamicin-treated and control
groups with respect to changes in hearing and found no
statistical difference between the two groups at 24 months
follow-up. The results of the Cohen-Kerem meta-analy
sis, showing no statistically or clinically significant differ
ence in mean PTA and SDS scores when comparing
subjects before and after gentamicin treatment, seem to
support the findings of the Quaranta study. The findings
of the level 4 Chia meta-analysis [5], when viewed in the
context of the natural history of Meniere disease, also
suggest that hearing outcome is not much affected by
intratympanic gentamicin. The authors found that 250/0
of gentamicin-treated subjects experienced hearing loss,
comparable in percentage to the 220/0 of medically
managed patients with Meniere disease who were found
to have hearing loss at 24 months' follow-up in a study by
Santos et al. [7]. Statistical power is an issue here, however.
The standard deviation of the rate of hearing loss in the
Chia meta-anlysis [5] seemed to be approximately 20%.
This means that any study attempting to detect a 100/0
greater rate ofhearing loss in gentamicin-treated subjects
over that seen in controls with 900/0 power would require
about 70 patients in each group. The number ofgentami-

cin patients observed in individual studies frequently sur
passed this number, but no trial has simultaneously
examined a similar number of control subjects.

Applicability. These results can be applied to patients
with Meniere disease, and the Quaranta study can be
more specifically applied to .patients with Meniere disease
who have failed medical treatment.

Morbidity/Complications. Hearing loss itself is a mor
bidity associated with intratympanic gentamicin treat
ment. Other morbidities associated with intratympanic
gentamicin have been discussed in the prior section, and
are presented again here. Vestibular hypofunction is
addressed in the Quaranta study [3]. All treated patients
reported temporary oscillopsia and dysequilibrium, but
these symptoms resolved within 1-24 months after treat
ment. As stated earlier, the need for vestibular physical
therapy/rehabilitation after intratympanic gentamicin
treatment was not well addressed in any of the studies
reviewed.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Hearing loss resulting from intratympanic gentamicin
treatment seems to be minimal, with the rate of occur
rence comparable to that of patients treated with medical
management alone. This conclusion is based on limited
high-level evidence. The only level 2 study [3] in the
literature does not show a statistically significant differ
ence in hearing outcome between gentamicin-treated
and control groups, but lack of randomization between
treatment groups may be a confounding factor. Further
more, with 15 subjects in each of the treatment groups,
the study had 900/0 power to detect a 220/0 or greater dif
ference in hearing loss between the groups. A smaller
difference might be clinically significant but still unde
tected. The two meta-analyses presented used mainly
level 4 evidence (a mixture of prospective and retrospec
tive case series without controls) as data sources for
evaluating hearing outcome after intratympanic genta
micin; hearing outcomes in untreated control subjects
were not analyzed for statistical comparison.

Intratympanic gentamicin seems to be effective in
controlling vertigo in patients with Meniere disease, with
little proven detriment to hearing beyond what is to be
expected from the natural history of the disease. Assum
ing that intratympanic gentamicin is indeed more effec
tive at controlling vertigo than placebo or medical
management alone (see "Clinical Significance" discus
sion in the prior section regarding the impact of genta
micin on vestibular complaints), the low rate ofassociated
hearing loss makes intratympanic gentamicin an attrac
tive treatment option for patients with Meniere disease.
Ideally, the same large multi-institutional double-blind,
randomized placebo-controlled trials needed to further
establish the effectiveness of intratympanic gentamicin
treatment for vertigo control would provide high-quality
evidence regarding hearing outcome as well.



THE EVIDENCE CONDENSED: Effects of intratympanic gentamicin for Meniere disease on audiometry after1-4 years

Follow-up time 2 y

Reference

Level (design)

Sample size'

Outcome
measure

Intratympanic
gentamicin

Control

p Value or 95%
CI

Conclusion

Quaranta, 2001

2 (PCf)

30 (30)

Change in PTA ;:::10 dB or SDS
;:::15%

Improved: 40%
Unchanged: 53%
Worse: 7%

Improved: 27%
Unchanged: 33%
Worse: 40%

ot reported, but "no
significant difference between
the two groups"

Similar hearing outcomes
between gentamicin and
control groups

Cohen-Kerern, 2004

4 (MA)

PTA: 549 (627)
SDS: 395 (627)

OUTCOMES

PTA

Mean (95% cn
Baseline: 56.6 dB
(47.6 to 65.6 )
Follow-up: 58.2 dB
(46.6 to 69.8 )
Change: 1.5 dB
(- 12.0 to 9.1)

Not applicable

95% CI includes
the value 0; no
significant
difference in PTA

o statistically or
clinically significant
difference in PTA
after gentamicin

2y

SDS

Mean (95% cn
Baseline: 56.7%
(39.1 to 74.3)
Follow-up: 55.4%
(36.3 to 74.4 )
Change: 2.0%
(-16.5 to 20.4)

95% CI includes
the value 0; no
significant
difference in SDS

o statistically or
clinicallysignificant
difference in SDS
after gentamicin

Chia , 2004

4 (MA)

980 (980)

% overa ll hear ing loss based on PTA
~ IO dB or SQS ~15%

% profound hearing loss (anacusis or
complete loss of speech discrimination )

Overall loss Profound loss
25.1% 6.6%

Not ap plicable

ot reported

Overall hearing loss in 25.1% of
subjects after gentamicin, with 6.6%
profound hearing loss

Not reported

Inclusion
criteria

Exclusion
criteria

Randomization
effectiveness!
confounding
factors

Intervention
regimen details

o.of
treatment doses

Power

Recurrent episodic rotational
vertigo, aural fullness, tinnitus,
and fluctuating sensory hearing
loss, absence of vestibular
symptoms between vertigo
attacks, failure of medical
treatment

Evidence of otosyphilis,
autoimmune or allergic
diso rders, and ot her presumed
causes of secondary hydrops

ot randomized: control group
consisted of patients who declined
surgical treatment. Similar age,
disease duration. Difference in
mean vertigo frequency, PTA,
and SDS, but statistical
significance not reported

Two initia l doses of 0.5 mL
intra tympanic gentamicin
(20 mg/m l., pH 7.8) injected
once a week, additional doses
given if recurrence of vertigo
symptoms

2.7 ± 0.82 doses

ot reported

STUDY DESIGN

Studies published in years 1985-2003
with ~ 10 subjects, Meniere disease
definition and results reported in
accordance with 1985 or 1995 AAO
H S guidelines

Not reported

Mixture of prospective and
retrospective studies, with different
gentamicin dosages and dosing
regimens

2 groups of gentamicin delivery
techniques: I) fixed dose protocol; and
2) titrated dose protocol

Variable; range 1-24 doses

Not reported

English language studies published in
years 1978-2002, clear description of
gentamicin delivery technique, vertigo
control results, reports of hearing loss
after treatments

Not reported

Mixture of prospective and
retrospective studies, with different
gentamicin dosages and dosing
regimens

5 gro ups of gentamicin delivery
techniques: I ) multip le dai ly dosing; 2)
weekly dos ing; 3) low-dose technique;
4) continuous microcathe ter technique;
and 5) titration technique

Variable; range not reported

ot reported

per = prospective controlled trial , MA = meta -analysis, CI = confidence interval, PTA = pure tone average (of threshold values at 0.5, 1,2, and
3 kHz), SDS = speech discrimination score.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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15 Meniere Disease

Endolymphatic shunt surgery versus "sham" surgery or medical therapy:
Impact on control of vertigo

Walter Kutz and William H. Slattery III

METHODS

A computerized PubMed search of MEDLINE 1966
August 2005 was performed. The term "endolymphatic
sac/surgery?" was exploded and limited to those in the
English language, which revealed 251 articles. These arti
cles were then limited to clinical trials, resulting in 32
articles. The references of the 32 articles were manually
cross-checked, and no additional articles were identified.
The articles were then reviewed to identify those patients
that met the following inclusion criteria : 1) patients with
Meniere disease who underwent endolymphatic mastoid
or subarachnoid shunt procedure, 2) outcomes measured
in terms of vestibular complaints, 3) comparison groups
with either "sham" surgery or medical treatment as con
trols. This search strategy and inclusion criteria resulted
in four articles [1-4). Two of the articles are randomized
controlled trials (RCTs)comparing endolymphatic shunt
surgery to sham procedures and the other two articles are
retrospective controlled studies with medical treatment
alone as the comparison group .

RESULTS

Outcome Measures. In an attempt to standardize results
after treatment for Meniere disease, the Committee on
Hearing and Equilibrium of the American Academy of
Ophthalmology and Otolaryngology published guide
lines for the diagnosis and evaluation of therapy for
Meniere disease in 1972. These guidelines were updated
in 1985 and 1995 by the American Academy of Otolar
yngology-Head and Neck Surgery (AAO-HNS) Com
mittee on Hearing and Equilibrium. Three of the articles
used these guidelines for comparison of outcomes
between the patients undergoing endolymphatic shunt
placement and control groups [2-4). The other study by
Thomsen [1) compared outcomes using a patient-rated
scale evaluating vertigo severity, frequency, and duration
recorded daily and averaged monthly. This article did not
provide actual numerical data, but rather described the
data in graphical format.

Potential Confounders. The definition of Meniere
disease is often difficult and tends to be subjective. In
response to this, the Committee on Hearing and Equi
librium of the AAO-HNS published more specific crite
ria for the definition of Meniere disease in 1995. In

retrospective trials, however, it is often difficult to accu
rately establish the criteria for diagnosis. In addition,
these guidelines are dependent on patients differentiat
ing definite spells of vertigo from other symptoms and
accurately recalling the number of vertiginous episodes.
Finally, most controlled trials use patients who refused
surgery as the control group. It may be argued these
patients may not have as severe symptoms as patients
electing surgical intervention.

Study Designs. Two RCTs addressed the issue of vertigo
control, comparing endolymphatic shunt surgery versus
placebo or sham surgery [1, 2). In addition, the study
comparing endolymphatic mastoid shunt to cortical
mastoidectomy was double-blinded, states specific exclu
sion criteria, and demonstrated effective randomization
[1). The second study by Thomsen [2) was not blinded
because of the presence of a postauricular incision in
patients who had endolymphatic shunt surgery, did not
include exclusion criteria, and had a difference in gender
distribution between the two groups.

In addition, two retrospective studies compared
endolymphatic shunt procedures with medical therapy
alone. The control group was self-selected because
patients that declined recommended endolymphatic
shunt procedures were used as controls. Patients not
willing to undergo surgery may have less severe disease
and this is reflected in the study by Silverstein in which
reduced vestibular response was lower in the control
group compared with patients undergoing endolymphatic
shunt, 12.3% compared with 25.7%, respectively [3].

Highest Level of Evidence. The first RCT by Thomsen
demonstrated a significant improvement in dizziness
and vertigo scores for patients who received endolym
phatic mastoid shunt surgery compared with control
who underwent mastoidectomy alone. The authors argue
that the results would not be significant if the two patients
in the placebo group that developed more severe symp
toms after treatment were excluded. The second RCT by
Thomsen demonstrated complete or substantial control
of vertigo in both patients who underwent endolym
phatic mastoid shunt surgery and tympanostomy tubes,
53% and 55%, respectively, at 1 year [2J. Both RCTshad
small sample sizes and did not include power analysis.

The two retrospective studies that compared endo
lymphatic shunt surgery to medical treatment alone had
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conflicting results. The Quaranta study demonstrated a
statistical improvement in regard to substantial vertigo
control with endolymphatic mastoid shunt compared
with medical treatment alone at 2 and 4 years postop
eratively, but not 6 years or at last follow-up postopera
tively [4]. The Silverstein study showed no statistical
difference in vertigo control between patients who
received endolymphatic subarachnoid shunt and medical
treatment alone [3]. As mentioned previously, the
patients who declined surgical intervention in the Silver
stein study had less reduced vestibular response and
fewerepisodesof vertigo per month, making comparison
between groups difficult.Overall,the results of endolym
phatic shunt surgery compared with other treatments in
the management of Meniere vertigo are conflicting,with
two studies showing significant results in vertigo control
[1,3].

Applicability. Based on the inclusion/exclusion criteria,
these results can be applied to adult patients with a diag
nosis of classic Meniere disease.

Morbidity/Complications. Only one study reported an
adverse outcome of sensorineural hearing loss after

endolymphatic mastoid shunt surgery [2].There were no
deaths or meningitis reported.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

The data concerning the efficacy of endolymphatic shunt
surgeryfor the treatment of vertigoin Meniere diseaseare
conflicting. Patients do show improvement of vertigo
symptoms after endolymphatic shunt surgery, but some
studiesdemonstrate similar improvements with interven
tions designedto produce a placeboeffector usingmedical
therapy alone. Currently there is a need for a high-power
prospectivetrial comparing the efficacy of endolymphatic
shunt surgeryversusother treatment modalities.

Ideally, trials concerning vertigo control after inter
vention for Menierediseasewould haveuniform outcome
measures to allowcomparison between studies.Adhering
to the AAO-HNS CHE guidelines could help achieve
such uniformity. Future improvements in these guide
lines may include a more objectiveassessment of vertigo
severity. In addition, chemical labyrinthectomy is rapidly
becoming a popular treatment intervention for patients
with Meniere diseaserefractiveto medical therapy.Future
studies may compare the outcomes of chemicallabyrin
thectomy with endolymphatic shunt surgery.



THE EVIDENCE CONDENSED: Endolymphatic shuntsurgery versus "sham" or placebo surgery

Reference

Level (design)

Sample size"

Endolymphatic shunt surgery results

Sham/placebo procedure; results

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusioncriteria

Randomization
effectiveness

Age

Masking

Intervention regimen details

Diagnostic criteria for vertigo

Management of acute symptoms while in study

Additional management while in study

Compliance

Criteria for withdrawal from study

Intention to treat analysis

Power

Morbidity/complications

Thom sen, 1981

I (randomized controlled trial)

15 (15) patients underwent endolymphaticshunt surgery compared with 15 (IS )
who underwent cortical mastoidectomy as a "sham" procedure

OUTCOMES

Patient-rated scale (0-3 for vertigo severity,duration, and frequency) recorded
daily and averaged monthly

15 of 15 with improved symptoms (p < 0.01)

Cortical mastoidectomy
13 of 15 with improved symptoms (p < 0.01 )

<0.05

Slight significant improvement of vertigo with endolymphatic mastoid shunt,
although improvement seen in both groups

12 mo

STUDY DESIGN

Presence of typical attacks of fluctuating hearing loss, tinnitus, and vertigo (at
least I attack every 2 wk)

Symptoms <6 mo or >5 y

Equal gender, comparable age, random assignment

2~9y

Double blind

Endolymphatic mastoid shunt with insertion of silastic into the sac, draining
out to the mastoid cavity

Patient-rated scale as described in Outcomes section

Not reported

Not reported

None reported

one reported

ot applicable

ot reported

one reported

AAO-H S CHE = American Academy of Otolaryngology-Head and eck Surgery Committee on Hearing and Equilibrium.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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12 mo postoperative (Class):
A: 36%
B: 29%
C: 21%
D- F: 14%

Reference

Level (des ign)

Sample size'

Endo lymphatic shunt surgery result s

Sham/ placebo pro cedure; result s

p Value

Conclusion

Follow-up tim e

Inclu sion criteria

Exclusion criteria

Randomization
effectiveness

Age

Maskin g

Int ervention regimen detail s

Diagnostic criteria for vertigo

Management o f acute sym ptoms while in study

Additi onal managem ent while in study

Co mpliance

Criteria for withdrawal from study

Intenti on to treat analysis

Power

Morbidity/complications

Thomsen, 1998

I (randomized contro lled tri al)

IS (IS) pati ent s underwent endolymphatic shunt compared with 14 (14) who
underwent placem ent of a tympanostomy tube

OUTCOMES

Verti go contro l according to the guidelines o f th e AAO- HNS CHE ( 1995)
(Results determined after 6 and 12 molt

6 mo postoperative (Class) : 12 mo postoperative (Class):
A: 33% A: 33%
B: 27% B: 20%
C: 0% C: 0%
D-F: 40% D-F: 47%

Insertio n of tympan ostomy tube

6 mo postoperative (C lass) :
A: 43%
B: 36%
C: 7%
D- F: 14%

>0.05

No sign ificant benefit in control of vertigo symptoms between the two gro ups,
alth ough both groups demonst rated a significant improvement in dizziness
sym pto ms after treatment

12010

STUDY DESIGN

Typical attacks of vert igo, hearing loss, and tinnitus, and symptoms refractor y
to medi cal treatment

Non e reported

High er ratio of males to females in group undergoing endolymphatic mastoid
shunt, equal mean age and symptoms' duration, random assignment,
significance not reported

27-71 y

Not blinded (postauricular incision indica ted shunt pro cedure)

Routine endolympha tic mastoid shunt insertion

Outcomes as specified by guidelines of the AAO-HNS CHE ( 1995)

Non e reported

None reported

Non e reported

None reported

Not appli cable

Not reported

I pati ent with anacusis after endolymphatic ma stoid shunt pro cedure

AAO-HNS CHE = American Academy of Otolaryngology-Head and Neck Surgery Committee on Hearin g and Equilibr ium.
• Sample size: numbers shown for those not lost to follow-up and those (initially recrui ted).
tVertigo results reported for both 1985 and 1995 criteria by a Numer ical Value = (X/Y) x 100 rounded to the nearest whole number, where X is the
average number of definitive spells per month for the 6 mo after treatment (18-24 mo) and Y is the average number of definite spells per month for
the 6 mo before treatm ent. 0 =A (complete control of definitive spells), 1-40 =B (substantial contro l of definitive spells), 41-80 =C (limited control
of definitive spells), 81-120 =D (insignificant contro l of definit ive spells), > 121 =E (poo rer control of definitive spells), F =secondary treatm en t du e
to disability per month for the 6 mo before treatment.
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THE EVIDENCE CONDENSED: Endolymphatic shunt surgery versus medical therapy alonefor control of vertigo

Reference

Level (design)

Sample size'

Results of endolymphatic
shunt procedures

Results of medical therapy
only

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Intervention regimen details

Group assignment

Data collection

Age

Masking

Diagnostic criteria for vertigo

Management of episode while
receiving study treatment

Compliance

Criteria for withdrawal from
study (if prospective)

Consecutive patients?

Morbidity/complications

Silvers tein. 1989

3 (retrospective with control)

30 (89) underwent endolymphatic shunt surgery compared with 23 (50) who refused
recommended endolymphatic shunt surgery and continued medical treatment alone

OUTCOMES

Vertigo control according to the AAO-H S CHE ( 1985) guidelinest

2 Yfollow-up:
40% complete control of vertigo (Class A)
27% substantial control of vertigo (Class B)

3 or more y follow-up:
77% complete control of vertigo (Class A)
10% substantial control of vertigo (Class B)

2 Yfollow-up:
51% complete control of vertigo (Class A)
22% substantial control of vertigo (Class B)

3 or more y follow-up:
74% complete control of vertigo (Class A)
13% substantial control of vertigo (Class B)

Not significant

Endolymphatic shunt procedure offered no benefit over patients declining surgery and
continuing medical therapy

Minimum 2 y. mean 8.7 y

STUDY DESIGN

Episodic vertigo. tinnitus. and S HL. failed medical therapy for at least 3 mo

"Vestibular" or bilateral Meniere disease

Endolymphatic subarachnoid shunt

Patients chose whether to have surgery

Retrospective questionnaires

49.3 y (all patients undergoing endolymphatic shunt surgery)

one reported

AAO-H S CHE (1985) guidelines

Not reported

Not applicable

Not applicable

Original cohort was consecutive; however. 38.1% response rate to questionnaires

one reported

AAO-H S CHE =American Academy of Otolaryngology-Head and eck Surgery Committee on Hearing and Equilibrium, SD =standard
deviation, S HL =sensorineural hearing loss.
o Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Vertigo results reported for both 1985 and 1995 criteria by a Numerical Value = (XI V) x 100 rounded to the nearest whole number, where X is the
average number of definitive spells per month for the 6 mo after treatment ( 1&-24 mol and Y is the average number of definite spells per month for
the 6 mo before treatment. 0 = A (complete control of definitive spells), 1-40 = B (substantial control of definitive spells), 41-80 = C (limited control
of definitive spells), 81-120 = D (insignificant control of definitive spells), >121 = E (poorer control of definitive spells), F = secondary treatment due
to disability per month for the 6 mo before treatment.
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Reference

Level (des ign)

Sample size'

Results of endolymphatic
shunt procedures

Results of medical therapy
only

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Intervention regimen details

Group assignment

Data collection

Age

Masking

Diagnostic criteria for vertigo

Management of episode while
receiving study treatment

Compliance

Criteria for withdrawal from
study (if prospective)

Consecutive patients?

Morbidity/complications

Quaranta, 1998

3 (retrospective with control)

20 (26) underwent endolymphatic shunt surgery compared with 18 (59) who refused
recommended endolymphatic shunt surgery and continued medical treatment alone

OUTCOMES

Vertigo control according to the AAO-H S CH E (1995 ) guidelines measured in the 6 mo before
follow-up evaluation']

2 y follow-up:
65% complete or substantial control of vertigo (Class A or B)

4 yr follow up :
85% complete or substantial control of vertigo (Class A or B)

Last follow-up:
85% complete or substantial control of vertigo (Class A or B)

2 Y follow -up:
32% complete or substantial control of vertigo (Class A or B)

4 Y follow-up :
50% complete or substantial control of vertigo (Class A or B)

Last follow-up:
72% complete or substantial control of vertigo (Class A or B)

2 YP< 0.03; 4 y P< 0.04; last follow-up p > 0.05

Endol ymphatic shunt surgery decreased the number of definite vertigo episodes in 2 or 4 y
follow-up, but did not differ from medical therapy in follow-up >6 y

Mean 12 y (SD =3.3 y)

STUDY DESIGN

Clinical findings consistent with Menierc disease, failed medical therapy

None reported

Endolymphatic mastoid shunt

Patients chose whether to have surgery

Retrospective questionnaires

54 Y(SD = 9.4 y)

one reported

AAO-H S CHE (1995 ) guidelines

None reported

Not applicable

ot applicable

Original cohort was consecutive; however, 46% with adequate follow-up data

ot reported

AAO-H S CHE =American Academy of Otolaryngology-Head and eck Surgery Committee on Hearing and Equilibrium, SD =standard
deviation , SNHL = sensorineural hear ing loss.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Vertigo results reported for both 1985 and 1995 criteria by a Numerical Value = (XI Y) x 100 rounded to the nearest whole number, where X is the
average number of definitive spells per month for the 6 mo after treatment ( 18-24 mo ) and Yis the average number of definite spells per month for
the 6 mo before treatment. 0 = A (complete control of definitive spells), 1-40 = B (substantial control of definitive spells), 41-80 = C (limited control
of definitive spells), 81-1 20 = D (insignificant control of definitive spells), > 121 = E (poorer control of definitive spells), F = secondary treatment due
to disability per month for the 6 mo before treatment.
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Endolymphatic shunt surgery versus "sham" surgery or medical therapy:
Impact on audiometry

Walter Kutzand William H. Slattery III

METHODS

A computerized PubMed search of MEDLINE 1966
August 2005 was performed. The term "endolymphatic
sac/surgery*" with articles limited to English was
exploded, revealing 251 articles. These were then limited
to clinical trials, resulting in 32 articles. The references of
the 32 articles were then manually cross-checked, and no
additional articles were identified. These articles were
then reviewed to identify those patients that met the
following criteria: 1) patients with Meniere disease
who underwent endolymphatic mastoid or subarach
noid shunt procedures, 2) measurement of preoperative
and postoperative hearing levels, 3) were compared to
either placebo intervention or medical therapy alone.
This search strategy yielded four articles [1-4]. Two of
these articles are randomized controlled trials (RCTs)
comparing endolymphatic mastoid shunt to either
"sham" surgery or placebo surgery. The other two arti
cles are retrospective controlled studies with medical
treatment alone as a control group.

RESULTS

Outcome Measures. In 1972, the Committee on Hearing
and Equilibrium of the American Academy of Ophthal
mology and Otolaryngology published guidelines for the
diagnosis and evaluation of therapy for Meniere disease
in an attempt to standardize findings. These guidelines
were updated in 1985and 1995.Three of the four articles
reviewed herein followed these guidelines, although the
article by Thomsen [2] did not compare at an 18- to
24-month postoperative interval specified by the 1995
guidelines. Pure tone average (PTA) and speech discrim
ination scores were used as outcome measures in all four
studies.

Potential Confounders. Becausefluctuating hearing loss
is a distinct finding in patients with Meniere disease, a
single audiogram may not be reflective of a patient's
overall hearing. The American Academy of Otolaryngol
ogy-Head and Neck Surgery Committee on Hearing
and Equilibrium (AAO-HNS CHE) guidelines of 1985
and 1995addressed this by suggesting the comparison of
the worst audiogram 6 months before intervention with
the worst audiogram in a period between 18 and 24
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months after intervention. Of the three articles published
after these guidelines, only the article by Goin [4] strictly
adhered to this specific time frame and used the worst
audiogram. Another potential confounding factor in the
articles by Quaranta and Goin [3,4] is the self-selected
control group (patients offered surgery but declining and
continuing medical therapy). It is possible these patients
did not choose surgery because they had less severe
disease.A trend in this direction is demonstrated in the
article by Goin in which the control group had a preop
erative PTA of 42.94 compared with 47.67 in the
operated group (p =0.09) [4].

Study Designs. Two trials were RCTs that compared
endolymphatic shunt procedures versus placebo inter
ventions, mastoidectomy and tympanostomy tubes [I,
2]. The first RCT by Thomsen that compared endolym
phatic mastoid shunt with mastoidectomy alone was
double blinded, included specific exclusion criteria, and
demonstrated effective randomization [1]. The second
study by Thomsen was not double blinded because of the
presence of a postauricular incision in patients who had
endolymphatic shunt surgery, did not include specific
exclusion criteria, and had a difference in gender distri
bution between the two groups.

The other two trials were retrospective controlled
trials using a comparison group-medical intervention
only in the Goin study [4] and vestibular nerve section
and medical therapy in the Quaranta study [3].

Highest Level of Evidence. The first RCT by Thomsen
demonstrated significantly better hearing in the endo
lymphatic mastoid shunt group after 1 year only at
250 Hz [1]. The other frequencies demonstrated no sig
nificant change in hearing between endolymphatic
mastoid shunt and mastoidectomy. Also, there was no
significant change in hearing after intervention in either
group. The other RCT by Thomsen showed no statistical
difference in hearing after intervention or between
endolymphatic mastoid shunt and tympanostomy tube
placement.

The remaining two articles used retrospective con
trols that were self-selectedwhich introduced bias as dis
cussed earlier. The study by Quaranta failed to reveal a
significant change in hearing between patients treated
with endolymphatic mastoid shunt, vestibular nerve



section) or medical therapy [3].All groups had increased
auditory thresholds with time but this is likely reflective
of the natural course of Meniere disease. The study by
Goin also demonstrated no significant difference in
change of hearing between patients undergoing endo
lymphatic mastoid shunt versus medical therapy using
the AAO-HNS CHE 1995 guidelines [4].

Applicability. Based on the inclusion/exclusion criteria)
these results can be applied to adult patients with a diag
nosis of classic Meniere disease.

Morbidity/Complications. The second article by
Thomsen reported one patient with anacusis and one
patient with sensorineural hearing loss after surgery. The
other three papers did not mention any postoperative
complications. There were no reported cases of menin
gitis or death.
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CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

The current evidence does not suggest that endolym
phatic shunt surgery alters the long-term deterioration
in hearing experienced by many Meniere patients)
although data may be limited by the power of the studies.
Future research should be directed to new therapies
directed at restoring auditory function.

The AAO- HNS CHE guidelines attempt to unify
reported data on the diagnosis and treatment results for
patients with Meniere disease. Adhering to these guide
lines will allow better comparison of data between
authors and perhaps more meaningful meta-analysis.



THE EVIDENCE CONDENSED: Endolymphatic shunt surgery versus "sham" surgery: Impact on audiometry

Reference

Level (design)

Samp le size'

Tho msen, 1981

I (randomized controlled trial)

30 (30)

Thomse n, 1998

I (randomized controlled trial )

29 (29)

Endolymphatic shunt
surgery results

Sham procedure; results

p Value

Conclusion

Follow-up tim e

OUTCOMES

PTA (250 Hz, 500 Hz, 1 kHz)

8 of 15 with improvement in PTA (p = S)

Cortical mastoidectomy
6 of 15 with improvement in PTA (p = NS)

At 250 Hz, patients undergoing
endolymphatic mastoid shunt surgery had
better hearing results (p < 0.05), P = NS at
500 Hz, 1 kHz, 2 kHz, 4 kHz

Slightly significant improvement in hearing
in patients undergoing endolymphatic
mastoid shunt at 250 Hz

12 mo

PTA (50Q--4000 Hz), SDS using median values
following the guidelines of the AAO-H S CH E
(1995) (results determined after 6 and 12 mo )t

Postoperative PTA did not change at 6 or 12 mo
Postoperative SDS did not change at 6 or 12 mo

Insertion of tympanostomy tube
Postoperative PTA did not change at 6 or 12 mo
Postoperative SDS did not change at 6 or 12 mo

Not significant

No significant change in either treatment group and
no significant change between the two treatment
groups

12 mo

one reported

None reported

PTA and SDS

Not reported

None reported

one reported

Higher ratio of males to females in group und ergoing
endolymphatic mastoid shunt, equal mean age and
symptoms' duration, random assignment, significance
not reported

27-71 y

ot blinded (postauricular incision indicated shunt
procedure)

Routine endolymphatic mastoid shunt insertion

Typical attacks of vertigo , hearing loss, and tinnitus,
and symptoms refractory to medical treatment

ot reported

ot reported

one reported

one reported

ot applicable

ot reported

None reported

25-69 Y

Double blind

Endolymphatic mastoid shunt with insertion
of silastic into the sac, draining out to the
mastoid cavity

PTA

STUDY DESIGN

Presence of typical attacks of fluctuating
hearing loss, tinnitus, and verti go (at least I
attack every 2 wk)

Symptoms <6 mo or >5 y

Equal gender, comparable age, random
assignment

ot applic able

ot reported

1 patient with anacusis after endolymphatic mastoid
shunt procedure

NS = not significant, PTA = pur e tone average, SDS = speech discrimination score, AAO-HNS CHE = Amer ican Academy of Otol aryngology-Head
and eck Surgery Committee on Hearin g and Equilibrium.
• Sampl e size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Pretreatment hearing level determined by the lowest level in the 6 mo before interv ention and post-treatment hearin g level is determined by the
lowest level in the period between 18 and 24 mo after intervention.

Age

Masking

Inclusion criteria

Diagnostic criteria for
hearing loss

Management of acute
symptoms while in study

Additional management
while in study

Compliance

Criteria for withdrawal
from study

Intention to treat analysis

Power

Morbidity/complications

Intervention regimen
detail s

Exclusion criteria

Randomi zation
effectiveness
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Reference

Level (design)

Sample size'

Results of endol ymphatic
shunt procedures

Results of alternative
therapy

p Value

Conclusion

Follow-up tim e

Inclusion criteria

Exclusion criteria

Intervention regimen
details

Group assignment

Data collection

Age

Masking

Diagnostic criteria for
vertigo

Management of episode
while receiving study
treatment

Compliance

Criteria for withdrawal
from study (if prospective)

Consecutive patients?

Morbidity/complications

Qu ar anta, 1997

3 (retrospective with control)

17 ( 17) underwent endolymphatic shunt surgery
compared with 29 (29) who underwent vestibular
nerve section or 22 (22) who refused surgery and
continuing medical therapy alone

OUTCOMES

PTA (500 Hz, 1 kHz, 2 kHz) and SDS according to the
AAO-HNS CHE (1985 ) guidelinest

PTA worsened by 13.3 dB and SDS decreased by 25.9%

Medical therapy alone
PTA worsened by 18.1 dB and SDS decreased by 19%
Vestibular nerve section
PTA worsened by 9.3 dB and SDS decreased by 13.2%

Not significant

Endolymphatic mastoid shunt does not improve
hearing results when compared with vestibular nerve
section or medica l therapy alone

~5 y, mean 12.8 y

STUDY DESIGN

Clinical findings consistent with Meniere disease, failed
medical therapy

Bilateral Meniere disease

Endolymphatic mastoid shunt

Patients chose whether to have surgery

Retrospective study

23-68 y

None reported

PTA and SDS

Not reported

Not applicable

Not appl icable

Yes

None reported

Goin, I992

3 (retrospective with control)

30 ( 10I) underwent endolymphatic shunt
surgery compared with 30 ( 178) who were
used as a historical control group that
continued medical therapy alone

PTA (250 Hz, 500 Hz, 1 kHz, 2 kHz) and
SDS according to the AAO-HNS CHE
( 1985) guidelines measured in the 6 mo
before follow-up evaluation j

PTA worsened by 8.81 dB (p < 0.01) and
SDS decreased by 16.3% (p < 0.0 I )

Medica l therapy alone
PTA worsened by 2.8 dB (p = NS) and SDS
decreased by 8.37% (p < 0.02)

PTA P=0.10
SDS P = 0.21

No significant difference in long-term
hearing outcomes in either PTA or SDS
between endolymphatic mastoid shunt and
medical therapy alone

Mean 46 mo, minimum 2 y

18-60 Yold , ~20-dB hearing impairment,
documented cochlear involvement
(fluctuating hea ring, EcochG, positive urea
test )

Patients >60 y old must not have signs of
presbycusis in unaffected ear, >60-dB
hearing loss, or normal hearing

Endolymphatic mastoid shunt

Patients chose whether to have surgery

Retrospective study

18-60 y

None reported

AAO-HNS CHE (1985 ) guidelines

Not reported

Not applicable

Not applicable

Yes

None reported

PTA = pur e tone average, SDS =speech discrimination score, AAO-HN S CHE =American Academ y of Otolaryngology-Head and Neck Surgery
Committee on Hearin g and Equilibrium, NS = not significant.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Pretreatment hearing level determined by the lowest level in the 6 010 before intervention and post-treatment hearin g level is determined by the
lowest level in the period between 18 and 24 01 0 after intervention.
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15 Meniere Disease

Surgical labyrinthectomy versus other procedures: Chance of decreased
vestibular complaints

Walter Kutz and William H. Slattery III

METHODS

A computerized PubMed search of MEDLINE 1966
August 2005 was performed. The terms "labyrinth/
surgery" or "labyrinth disease/surgery" and "Meniere
disease" with articles limited to English were exploded
revealing 732 articles. These articles were then reviewed
to identify those that met the following inclusion criteria :
1) patients with Meniere disease who underwent trans
mastoid or transcanal labyrinthectomy, 2) controlled
study with a comparison procedure included in the data
analysis, 3) outcomes measured in terms of vertigo
control. Three articles that met these criteria were identi 
fied and are described below [1-3). The references of
these articles were manually cross-checked to ensure any
additional articles would be included and none were
identified .

RESULTS

Outcome Measures. In an attempt to standardize results
after treatment for Meniere disease, the Committee on
Hearing and Equilibrium of the American Academy of
Ophthalmology and Otolaryngology (AAOO) published
guidelines for the diagnosis and evaluation of therapy for
Meniere disease in 1972. These guidelines were updated
in 1985 and 1995 by the American Academy of Otolar
yngology-Head and Neck Surgery Committee on
Hearing and Equilibrium (AAO-HNS CHE). Two articles
used the AAOO (1972) guidelines or the AAO-HNS
(1995) CHE [2,3). The other study used subjective relief
from vertigo as the outcome measure [1].

Potential Confounders. It is difficult to compare laby
rinthectomy to other forms of treatment for Meniere
disease because this is an ablative procedure. In addition,
if labyrinthectomy is offered as a treatment option,
patients in general will have significant disability and
hearing loss. This makes designing a control group dif
ficult. Also, reporting by the AAOO 1972 classification is
difficult because the classification uses hearing and
vertigo in the same scale, resulting in either relief of
vertigo (Class C) or no relief of vertigo (Class D) in
patients after labyrinthectomy. One article used relief
from vertigo as the outcome measure but does not give
a further definition of this term [1J.

Study Designs. Two studies compared labyrinthectomy
to middle fossa craniotomy with vestibular nerve section
[1,3). The study by Kayliecompared labyrinthectomy to
either endolymphatic mastoid shunt or suboccipital cra
niotomy with vestibular nerve section [2). Only the study
by Kaylie used statistical analysis to evaluate for a differ
ence between groups [2]. All three studies were retro
spective, with the inherent biases of this type of study.

Highest Level of Evidence. The three studies that met
inclusion criteria were level3 evidence. Control of vertigo
after labyrinthectomy was 100% in two studies [1, 2).
The Glasscock study demonstrated a 93% control of
vertigo in patients undergoing labyrinthectomy [3). Two
articles compared labyrinthectomy to middle fossa ves
tibular nerve section and found no statistical difference
between the groups [1, 3]. Two articles compared laby
rinthectomy to middle fossa vestibular nerve section and
found greater than 93% vertigo control in both groups
[1, 3]. There was, however, no statistical analysis to allow
direct comparison of labyrinthectomy and vestibular
nerve section. Level3 data suggests that labyrinthectomy
is more effective in controlling vertigo than endolym
phatic shunt procedures (p =0.047) [2).

Applicability. Based on the inclusion/exclusion criteria,
these results can be applied to adult patients with a diag
nosis of classic Meniere disease.

Morbidity/Complications. Complications were uncom
mon with three reported wound infections. There were
no reported cases of meningitis or death.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Labyrinthectomy is highly successful in controlling
vertigo symptoms in patients with Meniere disease. This
procedure is most often used when hearing is poor. Ves
tibular nerve section offers similar results with the poten
tial of hearing preservation, although this procedure
carries more risk, higher cost, and longer recovery.

Future studies will compare surgical labyrinthec
tomy to chemical ablation procedures. Finally,new treat 
ment options are required for Meniere disease that allow
hearing restoration and vertigo control.
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Reference

Level (design)

Sample size'

Labyrinthectomy results

Results of comparison
group(s)

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Intervention regimen details

Design concern #1

Design concern #2

Age

Masking

Diagnostic criteria for vertigo

Management of episode
while receiving study
treatment

Compliance

Criteria for withdrawal from
study (if prospective)

Consecutive patients?

Morbidity/complications

Gacek,1996

3 (retrospective with control)

59 (59) patients underwent surgical
labyrinthectomy compared with 30 (30)
patients who underwent vestibular nerve
section through middle fossa craniotomy

OUTCOMES

Subjective relief of episodic vertigo

100% relief of ep isodic vertigo in patients
with Men iere disease

Middle fossa craniotomy with vestibular
nerve section:
96.7% relief from episodic vertigo

No statistical comparison

Both labyrinthectomy and vestibular nerve
section are successful in relieving vertigo in
the vast majority of patients and the choice of
procedure depends on preoperative hearing

At least 12 mo

STUDY DESIGN

Unilateral disease, disabling vertigo that failed
medical management, hearing thresholds
>50 dB SRT and a <50% SDS

None reported

Transcanal Iabyrinthectomy

Subjective outcome

Retrospective study

21-81 y

None reported

None reported

Not reported

Not applicable

ot applicable

No

None reported

Kaylie, 2005

3 (ret rospective with control)

32 (32) patients underwent surgical
labyrinthectomy compared with 74 (74) patients
who underwent endolyrnphatic shunt and 83 (83)
patients who underwent SOVNS

Vertigo control according to the guidelines of the
AAO-H S CHE (1995 )t

Class A: 95.2%
Class B: 4.8%

Endolymphatic shunt:
Class A: 47.3%
Class B: 25.5%

~

Class A: 70.6%
Class B: 11.8%

Endolymphatic shunt: p = 0.047
SOVNS: p = 0.167

Patients that underwent labyrinthectomy had
better control of vertigo than patients undergoing
endolymphatic shunt or vest ibu lar nerve section

Mean 5.1 y, range 2.8-8.5 y

All patients met diagnosis of Meniere disease by
AAO-HNS CHE (1995) criteria

Bilateral Meniere disease

Translabyrinthine labyrinthectomy

No predetermined criteria for selection of
procedure type

Some patients had prior procedures

50.5 y, range 13.3-84.1 y

None repor ted

AAO-HNS CHE (1995 ) guidelines

None reported

Not applicable

Not applicable

No

I cerebrospinal fluid leak

AAO-HNS CHE = American Academy of Oto laryngology-Head and Neck Surgery Committee on Hearing and Equilibrium. SOVNS = suboccipital
vestibular nerve section. SRT = speech reception threshold, SDS = speech discrimination score.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited) .
t Vertigo results reported for both 1985 and 1995 criteria by a Numerical Value = (XI Yj x 100 rounded to the nearest whole number. where X is the
average number of definitive spells per month for the 6 rno after treatment (18- 24 mo l and Y is the average number of definite spells per month for
the 6 mo before treatment. 0 = A (complete control of definitive spells). 1-40 = B (substantial control of definitive spells), 41-80 = C (limited control
of definitive spells), 81-120 ='0 (insignificant control of definitive spells). >121 = E (poorer control of definitive spells), F = secondary treatment as a
result of disability per month for the 6 mo before treatment.
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Reference

Level (design)

Sample size'

Labyrinthectomy results

Results of comparison
group(s)

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Intervention regimen details

Design concern #1

Design concern #2

Age

Masking

Diagnostic criteria for vertigo

Management of episode
while receiving study
treatment

Compliance

Criteria for withdrawal from
study (if prospective)

Consecutive patients?

Morbidity/complications

Glassco ck, 1980

3 (retrospective with control )

7I (71) patients underwent surgical labyrinthectomy compared with 55 (55) patients who
underwent middle fossa craniotomy with vestibular nerve section

OUTCOMES

Vertigo control according to the AAOO ( 1972) guidelines. Patients relieved of vertigo Class C
and those not relieved are Class D

Class C: 93%
Class D: 7%

Middle fossa craniotomy with vestibular nerve section
Class A-C: 96%
Class D: 4%

No statistical comparison

Both labyrinthectomy and vestibular nerve section are successful in relieving vertigo in the vast
majority of patients and the choice of procedure depends on preoperative hearing

15 mo-9 y

STUDY DESIGN

Classic unilateral Meniere disease, all failed medical management

None reported

Translabyrinthine labyrinthectomy

Subjective outcome

Retrospective study

Not reported

None reported

Not reported

Not reported

Not applicable

ot applicable

o

2 wound infections

AAOO = American Academy of Ophthalmology and Otolaryngology.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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16 Tinnitus
16.A.
Antidepressant agents versus placebo for idiopathic subjective tinnitus:
Impact on symptom control

Josh Finnell and Jay F. Piccirillo

METHODS

A computerized PubMed search of MEDLINE 1966
October 2005 was performed. The terms "tinnitus" and
"antidepressant-agents" were exploded and the resulting
articles were cross-referenced, yielding 26 articles. An
additional search of the following subject headings
was performed: "tinnitus" was cross-referenced with the
textwords and medical subject headings "antidepressive
agents;' "antidepressive;' "antidepressant;' "amitripty
line;' "clomipramine;' "cyclobenzaprine," "desipramine,"
"desmethyldoxepin," "dothiepin," "doxepin," "imipra
mine;' "iprindole," "lofepramine," "metaprarnine," "mir
tazapine," "nortriptyline;' "opipramol," "protriptyline,"
"tianeptine," "trimipramine," These resulting articles
were then reviewed to identify those that met the follow
ing inclusion criteria : 1) patients with subjective tinnitus
of ~6-month duration between the ages of 18 and 70, 2)
treatment with antidepressant agents versus placebo, 3)
outcomes measured in terms of validated scales, and 4)
randomized controlled trials. The bibliographies of the
articles that met these inclusion criteria were manually
checked to ensure no further relevant articles could be
identified. This overall process yielded four articles.

RESULTS

Outcome Measures. Tinnitus can be measured in mul
tiple ways, including visual analog and numeric scales
[1-4). The Iowa Tinnitus Handicap Questionnaire
(ITHQ) is a 27-item self-assessment scale composed of
three subscales or factors: factor 1 (15 items) assesses the
patient's physical health and emotional status and the
social consequences of tinnitus; factor 2 (8 items) evalu
ates hearing and communication difficulties relating to
tinnitus; and factor 3 (4 items) considers the patient's
personal viewpoint of tinnitus. The Multidimensional
Pain Inventory scale is a six-point Likert-type scale that
assesses disruption of 11 separate daily activities. The
Internal Disability Scaleis a 0 to 7 visual analog scale that
assesses life disruption caused by tinnitus. The Tinnitus
Patient Survey [1] and Tinnitus Questionnaire [3] rate
tinnitus severity on a scale from 0 to 7 and also provide
information concerning the quality, duration, localiza
tion, and other attributes of their tinnitus.

The Mini-Mental Status Exam (MMSE) [2] is an
important diagnostic tool used to evaluate a patient's

orientation, concentration, and memory. The MMSE is
scored out of a total of 30 points. A score of 24 or higher
is considered within normal range. The frequency and
intensity of tinnitus can be determined using auditory
brain stem response (ABR) [1-4]. Auditory brainstem
response audiometry is a neurologic test of auditory
brainstem function in response to auditory stimuli.

Potential Confounders. All four randomized controlled
trials (RCTs) introduced a sampling error by checking
the response to treatment at variable times. Although the
ABR,ITHQ, and visual analog scalesmay be reliable, they
may reflect natural variations in a patient's tinnitus.
Moreover, tinnitus reporting may be affected by the
natural fluctuations of a patient's mood or attitude
toward a patient's symptoms. In addition, only two
studies [2, 4] screened for depression and controlled the
outcome for an independent measure of depression.
Thus, the other studies [1, 3] cannot determine whether
the antidepressant directly improved tinnitus or it
improved depression which improved tinnitus coping or
intrusiveness .

Study Designs. These studies were all double-blind
RCTs with placebo control. All four confirmed no statis
tical differences in age, gender, or other pretreatment
characteristics in the antidepressant and placebo groups .
Only one study used subjective tinnitus ratings as the
primary outcome measure . The other two studies used
both a subjective tinnitus rating and either ABR or fre
quency and intensity matching. Both studies reporting
randomization efficacy had more patients in the active
drug group than in the placebo group. None of the four
RCTs showed a priori tabulation of a power calculation.

Highest Level of Evidence. Two of the studies showed
no statistical difference in reported subjective tinnitus
measures between the antidepressant and placebo groups .
The other two studies reported a significant decrease in
tinnitus among patients in the active drug group.
However, both studies that reported a decrease in subjec
tive tinnitus measures found no statistically significant
change in ABR.

Applicability. The results of these studies are applicable
to patients with tinnitus of~6 months' duration between
the ages of 18 years at the youngest and 80 years at the
oldest. They are not applicable to children younger than
18 years of age. Further details of the inclusion/exclusion
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criteria for specific studies are tabulated for the reader
below.

Morbidity/Complications. Three studies [1,2,4] reported
antidepressant-related morbidity. Amitriptyline was
associated with mild sedation and dryness of mouth in
all subjects. Nortriptyline was associated with anticholin
ergic-type side effects as an adverse event. There were no
reports of morbidity with trimipramine.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is level 1 evidence regarding the effects of antide
pressants on tinnitus, although limited in scope and with
somewhat conflicting results. Two RCTsdid report a sig
nificant decrease in tinnitus among patients in the active
drug group, but no statistically significant change in
ABR. Only one of the negative studies was adequately
powered to find any true difference that existed; this
study found no statistically significant difference in the
subjective tinnitus measurement and no clinical signifi
cance in the ABR between the two groups.

If further research on this topic is performed, it
may be best focused on the development of a standard
ized measure of tinnitus that accounts for the natural
fluctuation in a patient's experience. Moreover, future
studies should screen and control the outcome for an
independent measure of depression to determine whether
antidepressants directly or indirectly improve tinnitus.
Also, it would be of interest to have clear reporting of a
priori power calculations for studies, especially when the
results show no significant difference between groups.
No study used confidence intervals or reported how
much of a difference in tinnitus would be clinically
significant.

Overall, assessing the efficacy of drug therapy for
tinnitus is difficult as objective measures of tinnitus are
problematic and subjective measures are open to wide
interpretation. A large simple trial taking in a broad
range of tinnitus sufferers, applying one or more treat
ments, and then performing a factor analysis or discrim
inant analysis or principal components analysis on the
data would potentially define meaningful tinnitus sub
groups based on shared clinical features and/or response
to therapy. Such objectively defined groups could then
become cohorts in subsequent future studies of etiology,
mechanism, diagnosis, or treatment.



THE EVIDENCE CONDENSED: Antidepressant agents versus placebo for idiopathic sUbjective tinnitus

Referen ce

Level (design)

Sample size>

Scoring system

Intervention

Placebo

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Rand omi zation
effectiveness

Age

Duration of tinnitus

Intervention regimen detail s

Man agement of episode while in study

Co mpliance

Criteria for withdrawal from study

Intenti on to treat analysis

Power

Morbidity/complications

Bayar, 2001

I (RCT)

37

OUTCOMES

TPS
Range 1-7
I = very mild
7 = very severe

Amitriptyline (20 patients)
RBT = 4.25 ± 3.0S
RAT = 1.30 ± 1.49
LBT = 4.35 ± 3.45
LAT= I.S0 ± 2.40

Lactose ( 17 patients)
RBT = 4.00 ± 3.32
RAT= 4.06 ± 3.44
LBT = 4.53 ± 3.2S
LAT= 4.71 ± 3.37

TPS = P < 0.05

Amitriptyline decrea ses severity of
tinnitus

R

STUDY DESIGN

?:6-mo duration

Cardiac pathology

More patients (20) in the
amitriptyline group

IS-64 y

10 pat ients < I y
I I patients 1-2 y
12 patients 2-5 y
I patient 10-20 y

50 mglnight for 1 wk
100 mglnight for 5 wk

R

R

R

R

R

( R% ) mild sedati on
( R%) dr y mouth

Sulli van , 1993

I (RCT)

92 (I 17)

MPI
6-po int Likert-t ype scale
lD VAS
Range 0-7

Nortriptyline (49 patients)
MPI/BT = 2.S ± I.I
MPIIAT = I.S ± 1.3
!D/BT = 4.0 ± 1.9
!D/AT = 2.5 ± 2.0

Lactose (43 patients)
MP I/BT = 2.2 ± 1.3
MPIIAT = 2.4 ± 1.3
!DIBT = 4.0 ± I.S
!D/AT = 3.4 ± 1.6

MPI=p <O.OI
!D = P < 0.05

Nortriptyline decreases tinnitus disabilit y

6 wk

50-SO Yold
?:6-mo duration
Forego other tinnitus treatm ent s

Otologic disorder
Drug or alcohol abu se
TMJ, CMS
Score ?:25 on MMSE

More patients (49) in the nortriptyline group.
Groups differed on level of depression

50-SO y

All subjects
13.7 ± 11.5y

25-150 mg for 6 wk

R

Assessed blood levels

NR

R

R

(NR%) anticholinergic side effects

Ref = rand omi zed contro lled trial. AIlR = auditory brainstem respon se, ITHQ = Iowa Tinnitus Handi cap Qu estionnaire, MMSE = Min i-Ment al
Status Exam. 1D = Intern al Disabilit y Scale. VAS = visual analog scale, TPS = Tinnitus Patient Survey, MPI = Multidimensional Pain Inventor y, RIlT
= right ear before treatment, LilT = left ear before treatment. RAT= right car after treatment. LAT= left ear after treatment, IlT = before treatment.
AT = after treatment, TMJ = temp oromandibular joint syndrome, e MS = cervical musculo skeletal problem. NR = not reported.
• Sample size: numbers shown for tho se not lost to follow-up and tho se (initially recruited).
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Reference

Level (design)

Sample size

Scoring system

Intervention

Placebo

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Duration of tinnitus

Intervention regimen details

Management of episode while in study

Compliance

Criteria for withdrawal from study

Intention to treat analysis

Power

Morbidity/complications

Mihail,1988

I (RCT)

19 (26)

OUTCOMES

VAS

Range 1-7
I = very mild
7 = very severe

Trimipramine ( R)

VAS/BT=4.3
VAS/AT= R

Lactose
VAS/ BT = 4.0
VAS/AT = NR

R

o difference

NR

STUDY DESIGN

;::6-mo duration

Hearing aid
Drug or alcohol abuse
High blood pressure
Cardiac problems

R

29-67 Y

5 patien ts 6 mo-l y
7 patients 1- 5 y
6 patients 6-10 y
4 patients 11- 20 Y
4 patients ;::20 y

ISO mg for 6 wk
Rest for 4 wk
ISO mg for 6 wk

R

Assessed blood levels

R

R

R

( 100%) dry mouth

Dobie, 1993

I (RCT)

92 (I17)

ITHQ
Range 0-100
o= no difficulty
100 = great difficulty

Nortriptyline (49 patients)
ITHQ/BT = 64.888
ITHQ/AT = 59.661

Lactose
ITHQ/BT = 63.574
ITH Q/AT = 56.335

ITHQ = P > 0.05

o difference

6wk

;::6-mo duration
Score ;::40 on ITHQ

Otologic disorder
Pregnancy
TMj,CMS
Score ;::25 on MMSE

More patients (49) in the nortriptyline group. Groups
differed on level of depression.

50-80 y

All Subjects
13.7± I I.5 y

25-150 mg for 6 wk

R

Assessed blood levels

R

R

R

( R%) anticholinergic side effects

Ref =randomized controlled trial, ABR=auditory brainstem response. ITHQ =Iowa Tinnitus Handicap Questionnaire. MMSE =Mini -Mental
Status Exam. ID =Internal Disability Scale. VAS =visual analog scale, TPS =Tinnitus Patient Survey. MPI =Multidimensional Pain Inventory, RBT
=right ear before treatment. LBT=left ear before treatment, RAT=right ear after treatment, LAT=left ear after treatment. BT =before treatment.
AT=after treatment, TMJ =temporomandibular joint syndrome, eMS =cervical musculoskeletal problem. R =not reported.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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16 Tinnitus

Anticonvulsant agents versus placebo for idiopathic subjective tinnitus:
Impact on symptom control

Josh Finnell and Jay F. Piccirillo

METHODS

A computerized PubMed search of MEDLINE 1966
October 2005 was performed. The terms "tinnitus" and
"anticonvulsant-agents" were exploded and the resulting
articles were cross-referenced, yielding 61 articles. An
additional search of the following subject headings was
performed: "carbamazepine," "phenytoin," "valproic
acid," "ethosuximide;' "clonazepam," "primidone," "felb
amate," "gabapentin," "lamotrigine," "levetiracetam,"
"oxcarbazepine," "tiagabine," "topiramate,""zonisamide,"
The resulting articles were then reviewed to identify
those that met the following inclusion criteria: 1) patients
with subjective tinnitus of ~6 months' duration between
the ages of 18 and 70 years, 2) treatment with anticon
vulsant agents versus placebo, 3) outcomes measured in
terms of validated scales. The bibliographies of the arti 
cles that met these inclusion criteria were manually
checked to ensure no further relevant articles could be
identified. This overall process yielded three articles: a
randomized controlled trial (RCT) [1], a retrospective
study [2], and a study with no internal control group
[3].

RESULTS

Outcome Measures. Tinnitus was measured in multiple
ways, including visual analog and patient response. In
two studies [1,2], patients were instructed to mark their
experience of tinnitus on a 100-mm line at which 100
represented their worst tinnitus and 0 the absence of tin
nitus. The frequency and intensity was determined using
audiologic measurements such as pitch matching. The
third trial was a review of medical charts in which the
primary outcome measure was the patient's opinion of
the treatment results.

Potential Confounders. Two of the studies introduced a
sampling error by checking the response to treatment at
variable times. Although audiologic and visual analog
scales may be reliable, they may reflect natural variations
in a patient's tinnitus. Moreover, tinnitus reporting may
be affected by the natural fluctuations ofa patient's mood
or attitude toward a patient's symptoms.

Study Designs. The first study was a double-blind RCT
with placebo control. There were no statistical differences
in age, gender, or other pretreatment characteristics in
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the anticonvulsant and placebo groups. This study used
a combination of subjective tinnitus ratings and audio
logic measurement as the primary outcome measure.
This study did not show a priori tabulation of a power
calculation. The second study was a level 3 retrospective
case control study. Records were reviewed to find subjects
who had an outcome of tinnitus improvement; these
subjects constituted the "case" group. Then records were
reviewed to find patients who showed no improvement
of tinnitus; these subjects constituted the "control" group.
The third study was a level 4-designed study containing
no internal control group. The results of intervention
were reported in one group of patients without a com
parison group.

Highest Level of Evidence. The level 1 study showed no
statistically significant difference in reported subjective
tinnitus measures or audio logic tests between the anti
convulsant and placebo groups. Moreover, the study
revealed fairly poor agreement between the question
naires and the audiologic test results. Both the level3 and
level 4 studies suggest the potential for anticonvulsant
drug therapy to ameliorate tinnitus symptoms.

Applicability. The results of this study are applicable
to patients with tinnitus of at least 6 months' duration
between the ages of 18 years of age at the youngest and
79 years at the oldest. They are not applicable to children
under the age of 18 years or women who are pregnant.
Further details of the inclusion/exclusion criteria for spe
cific studies are tabulated for the reader on the adjacent
page.

Morbidity/Complications. All three studies reported
anticonvulsant-related morbidity. Lamotrigine caused
nausea, vomiting, and headache as an adverse event in
3% of the study population. Carbamazepine caused a
rash in 3% of the study population. Nausea, mild seda
tion, and headache were also reported. Clonazepam
caused drowsiness, depression, nightmares, and a lower
libido in 16.9% of the study population.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is minimal level 1 evidence regarding the effects
of anticonvulsants on tinnitus. The single RCT was not
adequately powered to find a difference if one truly



existed. Clearly,the response to lamotrigine has not been
sufficient to make it a first choice as a treatment for
tinnitus. Both carbamazepine and clonazepam show
promise as drug therapy treatments for the relief of tin
nitus and should be tested under a level I-designed RCT.

If further research on this topic is performed, it may
be best focused on the development of a standardized
measure of tinnitus that accounts for the natural fluc
tuation a patient experiences.Also,it would be of interest
to have clear reporting of an a priori power calculation
for studies, especially when the results show no signifi
cant difference between groups. The use of confidence
intervals would help the reader interpret the results of
the study especiallyif combined with a statement of how
much of a difference would be clinically significant.

Tinnitus
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Overall, assessing the efficacy of drug therapy for
tinnitus is difficult as objective measures of tinnitus are
problematic and subjective measures are open to wide
interpretation. A large simple trial taking in a broad
range of tinnitus sufferers, applying one or more treat
ments' and then performing a factor analysis or discrim
inant analysis or principal components analysis on the
data would potentially define meaningful tinnitus sub
groups based on shared clinical features and/or response
to therapy. Such objectively defined groups could then
become cohorts in subsequent future studies of etiology,
mechanism, diagnosis, or treatment.



THE EVIDENCE CONDENSED: Antleplleptic agents versus placebo for idiopathic subjective tinnitus

Reference

Level (design)

Sample size'

Intervention

Placebo

p Value

Conclusion

Follow-up time

Simpson , 1999

I (randomized controlled trial)

31 (33)

VAS
Range 0-100
o= no tinnitus
100 = worst tinnitus

Baseline
52.8 (SD ± 4.8)
After placebo
58.5 (SD ± 4.8)
After lamotrigine
60.8 (SD ± 4.4)

Lactose

NR

No significant difference

NR

Melding, 1979

4 (case series)

98 (125)

OUTCOMES

VAS
Range 0-100
0= no tinnitus
100 = worst tinnitus

Carbamazepine
56% = good or excellent
response
24% = partial response
Diphenylhydantoin
No scores reported

NR

NR

Carbamazepine is effective
in suppressing tinnitus in
some patients

2-3 wk

Gananca, 2002

3 (case control study)

1020

Patient response
Asymptomatic: complete remission
Improved: partial remission
Unimproved: no change

Clonazepam
326 (32%) = asymptomatic or
improvement of tinnitus

NR

NR

Clonazepam is a very usefu l and safe
drug for the symptomatic treatment
of patients with tinnitus

R

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Intervention regimen
details

Diagnostic criteria

Management of episode
while in study

Duration of tinnitus

Compliance

Criteria for withdrawal
from study

Intention to treat analysis

Power

Morbidity/complications

Patients with tinnitus >6 mo

Age <18 Yor >75 y
Pregnant women
Use of antiepileptic drugs
GI, hepatic, or renal insufficiency
Score of <5 on VAS
Patients with tinnitus <6 mo

More males than females

Male 53 (SD ± 3)
Female 58 (SD ± 3)

Lamotrigine
25 mg I PO t.i.d. 2 wk
50 mg I PO t.i.d. 2 wk
100 mg 1 PO t.i.d . 4 wk

VAS

NR

NR

R

R

R

NR

(3%) Reported all or some:
ausea

Vomiting
Headache

NR

R

R

22-79 Y

Carbamazepine
100 mg 3 PO t.i.d . for 3 mo
Diphenylhydantoin
if carbamazepine was not
tolerated

VAS

R

2 mo-37 y

Assessed with blood levels

R

R

R

(3%) rash
( R%) mild sedation
(NR%) nausea
( R%) headache

Patients with vestibular disorder that
had been treated with clonazepam as
the only antivertigo medication

Patients treated with antivertigo
medication other than clonazepam

R

18-37 y, mean 49 y

Clonazepam
0.5 or 1.0 mg 60-180 d

Patient response

R

Average 1.6 Y

R

R

R

R

(16.9% ) Reported all or SOIllC:

Drowsiness
Depression
Nightmares
Lower libido

VAS =visual ana log scale, GI =gastrointestinal tract, NR =not reported, t.i.d. =three times a day, SD =standard deviation.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited) .

358



REFERENCES

1. Simpson JA, Gilbert AM, Weiner GM, Davies WE. The
assessment of lamotrigine, an antiepileptic drug, in the
treatment of tinnitus. JLaryngol OtoI1999;20:627-631.

2. Melding PS, Goodey RJ.The treatment of tinnitus with oral
anticonvulsants. JLaryngol OtoI1979;93:111-122.

Tinnitus
359

3. ?ananca MM, Caovilla HH, Gananca FF, et aLClonazepam
In the pharmacological treatment of vertigo and tinnitus.
Int Tinnitus J2002;8(1):50-53.



16 Tinnitus

Tinnitus retraining therapy: Impact on loudness, annoyance, and habituation to tinnitus

Carol Bauer and Thomas J. Brozoski

METHODS

A computerized PubMed search of MEDLINE 1966
2004 was performed. The terms "retraining therapy" and
"tinnitus" were exploded and the resulting articles were
cross-referenced, yielding 12 tri als. These articles were
then reviewed to identify those that met the following
inclusion criteria: 1) patient population with chronic tin 
nitus present at least 1 year, 2) intervention with tinnitus
retraining therapy (TRT) versus placebo or other treat
ment, 3) objective outcome measures of tinnitus loud
ness and validated assessment of subjective tinnitus
impact. Studies in which there were no measurements of
objective or subjective features of tinnitus using validated
instruments were excluded. The bibliographies of the
articles that met these inclusion criteria were manually
checked to ensure no further relevant articles could be
identified. This process yielded three articles [1-3].

RESULTS

Outcome Measures. The effect of an intervention on
the loudness and annoyance of tinnitus is a challenging
outcome to study. Tinnitus is a subjective sensation that
is modulated by many factors, which can be difficult to
accurately identify and control. Objective outcome mea
sures relevant to tinnitus include audiologic measures of
hearing thresholds, tinnitus pitch and loudness match
ing, and minimal masking levels [1]. Psychologic out
comes of interest are measures of tinnitus impact (the
Tinnitus Reaction Questionnaire, the Derogatis Stress
Profile, and the Ways of Coping Check List) and self
rated assessment of tinnitus loudness, annoyance, and
coping (visual analog scales). The Dineen study appro
priately evaluated both objective and subjective features
of tinnitus. The outcome measures in the Folmer study
were limited to subjective evaluations of tinnitus severity
and self-rated emotional distress.

Potential Confounders. Study subjects were randomly
allocated to treatment groups in the Dineen study, but
the details of the process were not reported. There may
have been an unintended systematic bias in the preferred
coping style of subjects allocated to the different treat
ment groups and this may have affected the response to
treatment. Neither subjects nor investigators were blinded
to the treatment interventions. In the Folmer and Berry
studies, there was no control group to compare treat-
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ment outcomes. None of the studies monitored compli
ance with sound therapy, and there was no uniformity
in the clinical follow-up between initial treatment and
outcome assessment. The Folmer data were based on
questionnaire responses and only 190 of 300 question
naires were returned, posing a possible response bias.
The Berry study was a prospective evaluation of patients
enrolled in a clinical TRT program, with possible bias
related to the cognitive dissonance of subjects who
enrolled in a fee-for-service treatment program.

Study Designs. There is only one randomized con
trolled trial (RCT) available for review and the random
ization procedure for allocation was not reported. The
follow-up period of 6-12 months is appropriate for
studying the effects of TRT. Neither subjects nor investi
gators were blinded to the treatment group assignments
in any of the studies . The a priori power analysis was
appropriate and the investigators correctly performed a
post hoc analysis comparing groups [2].

Highest Level of Evidence. There are significant dis
crepancies in the conclusions regarding TRT among the
three studies outlined here. Studying a subjective sensa
tion such as tinnitus, which can have significant associ
ated chronic disability, is easily biased by a number of
confounding factors. The level 1 study, whereas not
strictly limited to studying TRT, can be used to assess the
efficacy of the use of sound therapy in conjunction with
counseling in facilitating habituation to tinnitus. Only
limited conclusions can be determined from the level 3
and 4 studies described herein. Tinnitus management
training does have a significant influence on the level of
tinnitus habituation. However, there was no difference in
effectiveness of different treatment strategies (counseling
alone, sound therapy plus counseling, relaxation therapy
plus counseling) in the outcomes of tinnitus habituation
and coping ability. There were conflicting outcomes in
two studies that examined the effect of sound therapy on
the minimal masking level of tinnitus.

Applicability. The efficacy of TRT has been reported to
apply to tinnitus of any etiology, although this assertion
has never been investigated. It is unknown if the thera
peutic efficacy is modulated by tinnitus severity or dura
tion . The Dineen study suggests that an individual's
preferred coping strategy impacts the effectiveness of the
treatment.



Morbidity/Complications. There were no reported nega
tive effects of treatment from any of the studies.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Tinnitus is a common and potentially debilitating chronic
disorder that affects 170/0 of the general population.
Many patients seek treatment for this symptom and con
sequently are at risk for investing time and money in
pursuing interventions that have no evidence for thera
peutic efficacy. Clinicians are often frustrated by their
inability to offer safe, effective, reliable treatments to
their patients who experience tinnitus. Although there
has been no evidence of complications resulting from
treatment with TRT,it is an expensive and time-consum-
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ing therapy that may not be appropriate for all people
with tinnitus. The Dineen study demonstrated the posi
tive impact of any form of intervention, without the need
for inclusion of sound therapy to achieve improved
coping and habituation to tinnitus.

An RCT, with appropriate blinding of participants
to the treatment allocation, is necessary to adequately
assess the efficacyof TRT.Appropriate assessment would
include evaluation of objective measures of tinnitus
(loudness match) and auditory function (dynamic range,
hyperacusis), combined with validated subjective mea
sures of tinnitus impact (annoyance, sleep disturbance,
quality of life).



THE EVIDENCE CONDENSED: Tinnitus retraining therapy versus counseling with or without relaxation training
for chronic tinnitus

Loudness: NS
Annoyance: 0.0006
Coping: NS
TRQ: 0.009

Reference

Level (design)

Sample size'

Tinnitus retraining therapy

Control

p Value

Dineen, 1999

I (randomized controlled trial )

65 (96)

OUTCOMES

Changes in subjective ratings of tinnitus loudness, annoyance, and coping ability (VAS),
and reaction to tinnitus (TRQ)

TRT
Loudness: -0.3
Annoyance: - 1.9
Coping: +1.4
TRQ: -8.1

Information alone
Loudness: -0.7
Annoyance: -1.4
Coping: +0.3
TRQ:-6.6

Loudness: NS
Annoyance: 0.0004
Coping: NS
TRQ:NS

Conclusion

Follow-up time

Information and sound therapy significantly
decreases the annoyance but not the
loudness of tinnitus

12 mo

STUDY DESIGN

Information alone is as effective as
information combined with sound therapy
in decreasing the annoyance of tinnitus

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age; gender

Masking

TRT regimen details

Compliance

Criteria for withdrawal from study

Intention to treat analysis

Power

Morbidity/complications

Age >18 Y

Not reported

No significant differences in tinnitus severity, duration, gender between treatment groups

Range 22-87 y; 43 male, 22 female

Not done

Counseling was identical for the TRT, and counseling-alone group

Unknown

Unknown

NA

n =30 for power 0.80 and alpha 0.05

None reported

VAS= visual analog scale, TRQ = Tinnitus Reaction Questionnaire , TSI = Tinnitus Severit y Index, BDI = Beck Depre ssion Index , TH I = Tinnitus
Handicap Inventory, LDL = loudness discomfort level. MML = minimal masking level, TRT = tinnitus retraining therapy, NS = not significant,
NA = not applic able , RT = relaxation training.
• Sampl e size: numbers shown for those not lost to follow-up and those (initially recruited).
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THE EVIDENCE CONDENSED: Tinnitus retraining therapy versus counseling with or without relaxation training
for chronic tinnitus

Reference

Level (desig n)

Sample size

Tinni tus retrainin g therapy

Control

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion crite ria

Randomization
effectiveness

Age; gender

Masking

TRT regimen details

Co mp liance

Cri teria for withd rawal from study

Intention to treat analysis

Power

Morbidity/complications

Folmer, 2002

4 (retrospective case series )

190 (300)

OUTCOMES

Changes in subjective ratin gs of tinnitus
loudness, TSI, BDI

Co mp rehensive tinn itus man agement
program including counseli ng and sound
therapy

No control

TSI: 0.004
Decrease in the nu mber of subjects reportin g
depression: 0.02

A comprehensive tinnitus management
program involving education/counseling and
sound therapy significa ntly reduces the
subjective rating of tin nit us severity

6-36 mo (mea n 22 mo)

STUDY DESIGN

Participat ion in treatment program

ot reported

A

Range 17-87 y; 133 male, 57 female

A

Intervention was individu alized for each
subject, and included education, counseling
and sound therapy

Unk now n

NA

A

A

one reported

Ber ry, 2002

4 (prospective case series )

32

THI, pure ton e th resholds, LDLs, MM Ls,
tinn itus aware ness .

TRT

No control

LDL (n = 9): 0.01
LML (n = 12): 0.38
MML (n = 9): 0.16
THI (n = 32): 0.001

TRT is effective in improving the
subjective rating of tinnitus d isability,
and improving the dyna mic range of a
subse t of subjec ts

6 mo

ot repo rted

ot reported

A

Range 18-76 y; 25 male, 7 fema le

A

Co unseling and sound therapy were
performed using the last reboff protocol

[41

Unknow n

A

A

ot reported

None reported

VAS =visual analog scale, TRQ =Tinnitus Reaction Questionnaire, TSI =Tinnitus Severity Index, BDI =Beck Depression Index, TH I =Tinnitus
Handicap Inventory. LDL =loudness discomfo rt level, MML =minima l maski ng level, TRT =tinnitus retrai ning the rapy, NS =not significant.
NA = not applicable. RT = relaxatio n traini ng.
• Sample size: numbers show n for those not lost to follow-up and those (ini tially recrui ted ).
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Lidocaine versus placebo: Impact on loudness and annoyance of tinnitus

Carol Bauer and Alison Perring

METHODS

A computerized PubMed search of MEDLINE 1966
2004 was performed. The terms "lidocaine" and "tinni
tus" were exploded and the resulting articles were
cross-referenced, yielding 63 trials. These articles were
then reviewed to identify those that met the following
inclusion criteria: 1) evaluation of adult patients with
tinnitus, 2) intervention with intravenous lidocaine
versus placebo, 3) outcome measured in terms of an
objective measurement of tinnitus loudness and/or vali
dated assessment of subjective tinnitus impact, 4) ran
domized controlled trials. Studies in which there were no
measurements of objective or subjective features of tin
nitus using validated instruments were excluded. Studies
using any route of administration other than intravenous
were excluded.

The bibliographies of the articles that met these
inclusion criteria were manually checked to ensure no
further relevant articles could be identified. This process
yielded six articles [1-6].

RESULTS

Outcome Measures. The effect of an intervention on
the loudness and annoyance of tinnitus is a challenging
outcome to study. Tinnitus is a subjective sensation that
is modulated by many internal and external factors,
which can be difficult to accurately identify and control.
Objective outcome measures included hearing thresh 
olds, tinnitus pitch, and loudness matching. Subjective
measures of tinnitus loudness and annoyance were visual
analog scales and Likert rating scales. Studies that
combine both objective and subjective measures yield
important information on the effects of interventions on
both the sensory features as well as the emotional and
cognitive impact of tinnitus.

Potential Confounders. The primary bias inherent in all
the studies relates to the inability to adequately mask sub
jects to the lidocaine infusion. Most subjects experienced
side effectsduring lidocaine treatment, and therefore were
not blinded to the intervention. The duration of tinnitus
experienced by subjects before study enrollment was large
(4 months to 40 years). Inclusion of acute-onset tinnitus
with chronic tinnitus may affect study outcome.

StUdy Designs. The data were obtained in randomized
controlled trials using within -subject comparisons and

repeated measures (level 1). The methods used for ran
domizing the order of intervention (saline versus lido
caine)werenot specifiedin anyof the studies,and therefore
the possibility of inadequate randomization and blinding
of subjects and investigators must be considered. Allof the
studies examined the acute effects of lidocaine, which is
appropriate given the intravenous method of delivery.
Some trialsweredesigned to measure bidirectional changes
in tinnitus and in fact showed that tinnitus was worsened
by lidocaine in some cases [1, 3-6] .

Highest Level of Evidence. All the trials utilized within
subject comparisons of change in tinnitus after lidocaine
compared with saline infusions . The studies demon
strated a significant temporary reduction in tinnitus
loudness, annoyance , and distress after lidocaine in the
majority of subjects. Only short-term response to lido
caine was reported in these studies because time periods
longer than 30 minutes were not studied.

Applicability. Most of the studies involved subjects with
tinnitus from a variety of etiologies.The Baguley study [6]
uniquely examined tinnitus in a population of subjects
with tinnitus after translabyrinthine excision of acoustic
neuroma. Notably, there was only a transitory positive
effect,which was not sustained 20 minutes after infusion.

Morbidity/Complications. Although side effects during
lidocaine infusion were frequently reported, there were
no serious complications or mortality associated with the
treatment. Twelve to thirty-two percent of patients expe
rienced a transient worsening of tinnitus loudness and
annoyance after lidocaine infusion.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is a long history of searching for a reliable medical
intervention that successfully alleviates tinnitus in the
majority of patients. Although many reports documented
successful use of lidocaine , even the highest level of evi
dence available is subject to the criticism of inadequate
or incomplete blinding of subjects, which may signifi
cantly influence the reported outcomes.

Although lidocaine will not likelybe a useful clinical
treatment for chronic tinnitus because of the transient
nature of the drug's effect, future studies with lidocaine
may be useful in investigating tinnitus mechanisms that
are unique for different etiologies.
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THE EVIDENCE CONDENSED: The effect of intravenous lidocaine versus saline on tinnitus

Reference Bagule y, 2005 Isr ael, 1982 Majumdar, 1983

Level (design) I (RCT) I (RCT) I (RCT)

Sample size' 16 26 20

OUTCO MES

Subjective ratings of tinnitus loudness. pitch. and annoyance or distress

Lidocaine results

Placebo results

p Value

Loudness: -5
Distress: -2

Loudness: +3
Distress: +4

5 min: p < 0.05
20 min: NS

Tinnitus improved in 73%

Tinnitus improved in 15%

Tinnitus improved in 65%

Tinnitus improved in 16%

0.01 (Xl) for ~20% change in
VAS intensity (0-100)

Co nclusio n

Follow-up time

Improved loudness. pi tch. and annoyance of tinnitus after lidocaine infusion

5 min and 20 mi n 30 min 5 min

STUDY DESIGN

Any etio logy and severity

Unknown

Injection order randomized

Severe tinnitus

Unknown

Injection order not
randomized

Lidocaine IV. 1.5mglkg administered over 5 min

Translabyrinthine surgery

Unknown

Injection order randomized

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Lidocaine regimen details

Placebo regimen details

Age; gender

Saline IV I-wk separation from lidocaine infusion

50-66 y; 12 male. 4 female I R; 16 male, 10 female

Saline IV before lidocaine

20-65 Y

Masking

Intervention regimen
details

Diagnostic cr iteria for
improvement

Criteria for withdrawal
from study

Power

Morbidity/complications

ot done

Lidocaine and saline were
administered I wk apart

Unknown

Unk now n

R

Loudness. pitch. and distress
were worse in 12.5% after

lidocaine. One subject had
transient slurred speech and
somnolence after lidocaine

Drug infusion and data
collection by separate
investigators

100% experienced side effects
during lidocaine infusion.
Lidocaine and saline were
administered I wk apart

Tinnitus improved or absent

Unknown

NR

Tinnitus worse after lidocaine
in 4 of 26 subjects

R

Threshold was a 20% change
(13/19 controls)

Severity scale NS

Unknown

NR

NR

1 R=not reported. NA=not applicable, Ref =randomized controlled trial. VAS =visual analog scale, IV=intravenous.
•Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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THE EVIDENCE CONDENSED: The effect of intravenous lidocaine versus saline on tinnitus

Reference Duckert, 1983 Ma rtin, 1980 Hu lshof, 1984

Level (design) I (RCT) I (RCT) 1 (RCT)

Sample size' 50 32 (34) 22

OUTCOMES

Subjective ratings of tinnitus loudness, and objective
measures of tinnitus loudness

Lidocaine results

Placebo results

p Value

Tinnitus improved in 40%
and worsened in 32%

Tinnitus improved in 20%
and worsened in 0%

0.00 I (X2
) for 20% change in

VAS intensity (- 100 to
Oto+IOO)

Tinnitus improved in 78%

Tinnitus improved in
12.5%

0.05 (X2
)

0.05 (t-test)
0.001 (Me erna r's)

Likert scales rating tinnitus
disturbance

Tinnitus improved in 82%

Tinnitus improved in 22%

0.002, Fisher 's test

Conclusion

Follow-up time 5 min

Improved loudn ess, pitch, and annoyance of tinnitus after lidocaine infusio n

5 mi n 5 min

STUDY DESIGN

Inclusion cri teria

Exclusion criteria

Randomization
effectiveness

Lidocaine regimen details

Placebo regimen details

Age; gender

Masking

Intervention regimen
details

Diagnostic criteria for
improvement

Cr iteria for withd rawal
from study

Power

Morbidity/complications

Any etio logy and severity

Medica l contraindication

Injection order randomized

Lidocaine 100 mg
administered over 3 min

Saline IV

Range 19-65 y; 45 male. S
female

Subjects were masked

Equal volumes of saline and
lidocaine were administered
on the same day

Thresho ld for change was
25%

NR

NR

32% reported worse tinnitus
after lidocaine

Medical contraindication

Lidocaine 2% 1.5 mg/kg

Saline IV

Range 19-70 y; 17 male , 15
female

Subjects were masked

Saline and lidocaine
injections were performed
on the same day

NR

NR

R

Loudness increased in 6%
after lidocaine

Unknown

Injection order randomized
Method unknown

Lidocaine 1.5 mg/kg

Saline IV after lidocaine

20-67 y; 11 male, 11 female

R

82% experienced side effects during
lidocaine infusion.
There was an injection order effect
on response

NR

NA

R

Loudness increased in 1 of 11
subjects after lidocaine

R =not reported, A =not applicable, Ref =randomized controlled trial, VAS =visual analog scale, IV =intravenous.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).

367



Tinnitus
368

REFERENCES

1. Martin FW,Colman BH. Tinnitus: a double-blind crossover
controlled trial to evaluate the use of lignocaine. Clin Oto
laryngol Allied Sci 1980;5(1):3-11.

2. Majumdar B, Mason SM, Gibbin KP. An electrocochleo
graphic study of the effects of lignocaine on patients with
tinnitus. Clin Otolaryngol Allied Sci 1983;8(3):175-180.

3. Israel JM, Connelly JS,McTigue ST,Brumme RE, Brown J.
Lidocaine in the treatment of tinnitus aurium. A double
blind study. Arch OtolaryngoI1982;108(8):471-473.

4. Hulshof JH, Vermeij P. The effect of intravenous lidocaine
and severaldifferent doses of oral tocainide HCI on tinnitus.
A dose-finding study. Acta OtolaryngoI1984;98(3-4):231
238.

5. Duckert LG, Rees TS. Treatment of tinnitus with intrave
nous lidocaine: a double-blind randomized trial. Otolaryn
gol Head Neck Surg 1983;91(5):550-555.

6. Baguley DM, Jones S, Wilkins I, Axon PR, Moffat DA. The
inhibitory effect of intravenous lidocaine infusion on tin
nitus after translabyrinthine removal of vestibular
schwannoma: a double-blind, placebo-controlled, cross
over study. Otol NeurotoI2005;26(2):169-176.



17 Bell's Palsy

Systemic steroids alone versus placebo: Impact on recovery to normal or near-normal
function

Mark Syms and Mitchell Ramsey

METHODS

A computerized Ovid search of MEDLINE 1966-2005
was performed. The terms "facial paralysis" and "Bell's
palsy" were exploded, resulting in 1043 articles. These
results were limited to English language and therapy
related subheadings yielding 293 trials, which were
reviewed. Trials evaluating steroid treatment were
reviewed to identify those that met inclusion criteria
consisting of: 1) patients with Bell's palsy (idiopathic
facial nerve paralysis), 2) intervention with systemic ste
roids, 3) treatment within 10 days of onset, 4) outcome
measures consisting of normal motor facial recovery
[House-Brackmann (HB) or similar scale]. Exclusion
criteria included: 1) trials including multiple etiologies
of facial paralysis, 2) multiple interventions, 3) treatment
initiated after 10 days of onset. The references of these
articles were then reviewed and manually cross-checked
to ensure all applicable literature was reviewed. This
search yielded five randomized controlled trials (RCTs)
[1-5] and four systematic reviews [6-9] that met inclu
sion criteria.

RESULTS

Outcome Measures. The primary outcome measures
included: 1) recovery of facial motor function to normal/
near normal, and 2) incidence of complications of steroid
treatment. The most frequently used assessment tool for
facial recovery is the HB system [10]. In this system, a
HB grade I-II represents normal or near-normal func
tion, or good recovery.A more detailed analysis of facial
recovery was not possible because of trial variations and
the lack of stratification. Only one trial [2] stratified
recovery based on severity of impairment. Stratification
is relevant because recovery is better in incomplete paral
ysis;94% of patients with paresis have full recovery com
pared with 61% of patients with complete paralysis [11].
Other outcome measures including time to recovery,
synkinesis, or crocodile tears (gustolacrimal reflex) were
not assessed.

Potential Confounders. Three possible confounding
factors between studies include diagnostic certainty,
steroid dose, and facial assessment. Bell's palsy is a diag
nosis of exclusion. It is possible that other etiologies of
facial paralysis may have been included in the study pop
ulation; however, all RCTs have sufficient exclusion cri-

teria that make this unlikely. The dose of steroids
administered varied widely among the RCTs. One trial
administered a total prednisone equivalent dose of
200 mg [1], another 410 mg [2], and a third 4500 mg [5].
Lastly, the assessment method of facial motor recovery
varied among trials. In one trial, the method of motor
recovery assessment was based on the clinical examina
tion and considered complete or partial, but not other
wise detailed [1] whereas another divided patients into
complete return, fair return, and poor return [2]. Despite
these variations, it seems that a "successful" outcome
(meaning recovery to normal) for the RCTs was
comparable.

Study Designs. All five RCTs reported effective ran
domization of the study population. Two trials were
double blinded [2, 5] and one single blinded [1]. Two
trials were of lesser quality [3,4] because they were not
blinded and they did not have a placebo-treated control
group. The follow-up period was adequate for four trials
(6 months minimum), but only 2-3 months for the last
[1]. Trial sizewas small for the majority of RCTs. No trial
calculated a priori sample size. Only one of the trials [2]
provided outcome stratification based on severity of
facial dysfunction. Details of the methods and outcomes
of the RCTs are listed in the table "Systemic steroids
versus placebo, randomized controlled trials."

The four meta -analyses used typical methods for
analyzing data, assessing homogeneity, and pooling
results. Review of the meta -analyses demonstrated mild
methodology differences, which produced variations in
trial inclusion and exclusion. One systematic review [8]
included a trial that had unclear methodology [12] and
two systematic reviews [6,8] included an RCT with 71%
completion rate [13]. In the fourth review [7], the authors
limited the analysis to the treatment effect of steroids on
patients with complete paralysis. This review included
one RCT with 71% completion rate [13] and one non
randomized prospective trial [14].

Highest Level of Evidence and Study Results. Five
trials were evaluated as level 1 trials, but two were con
sidered lesser quality because of potential bias from lack
of blinding [3, 4]. No single RCT demonstrated a statis
tically significant improvement in recovery with steroid
treatment compared with the control group; further
more, none was adequately powered. No trial demon
strated any significant adverse effects resulting from
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treatment. One trial demonstrated a favorable difference
with treatment in the clinical evolution represented by
an early worsening of facial strength in the control group
[5]. A statistically significant difference in recovery was
present at 1 month; however, at 12 months no difference
existed. Because the power of individual trials is in ques
tion, these studies may fail to uncover any difference that
may truly exist.

Four meta-analyses from systematic reviews were
assessed. Three of the reviews included all grades of facial
impairment in their analysis [6, 8, 9]. One found no
benefit [9] and two [6, 8] found evidence of a possible
positive treatment effect. The fourth review assessed only
patients with complete paralysis and demonstrated a
possible benefit with treatment [7]. Each meta-analysis
and the trials included in them are listed in the table
"Systemic steroids versus placebo, meta-analyses." The
variations in their inclusion criteria, as well as the selec
tion of lower quality trials in the three reviews showing
possible benefit, limits the collective interpretation of
their findings.

Applicability. Based on the inclusion and exclusion cri
teria of these trials, the population studied likely con
sisted of patients with Bell's palsy or idiopathic facial
nerve paralysis. Bell's palsy has an acute onset of unilat
erallower motor neuron facial motor paresis or paralysis
not associated with other otologic, neurologic, traumatic,
or systemic disease. The results of this review should be
applied to patients with Bell's palsy.

Morbidity/Complications. No trial indicated significant
complications associated with steroid use. The only
quantified side effect of steroids was temporary sleep
disturbance noted in 3 of 30 patients [5].

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Five RCTs evaluated the effect of steroid treatment for
Bell's palsy by comparing systemic steroids against
placebo or no treatment. No RCT demonstrated a statis
tically significant treatment benefit in facial motor
recovery. Four systematic reviews with meta-analyses
have been performed. Three suggest a possible benefit,
and one does not. The four reviews are inconsistent and
demonstrate methodologic variation. Although some
evidence suggests steroids may be effective, the collective
available evidence is moderate and lacks uniformity. A
definitive treatment effect remains unproven.

Additional research is necessary to determine the
efficacy of steroids. Trial design will require adequate
sample size and stratification. Working from the available
natural history data, if a 10% difference in the rate of
complete recovery is expected, each control and treat
ment arm will need 310 patients (Fisher's exact test, two
tailed analyses, with significance level of 0.05 and power
of 800/0). If a larger effect is expected, i.e., 20%, then the
numbers in each arm decrease to 71 (Fisher's exact test,
two-tailed analyses, with significance level of 0.05 and
power of 800/0). Future studies need clear stratification
based on degree of pretreatment dysfunction, or at the
very least stratification into incomplete and complete
categories.



THE EVIDENCE CONDENSED: Systemic steroids versus placebo, randomized controlled trials

Reference

Level (design)

Sample size'

Steroid group
Complete recovery/total in group

Control group
Complete recoveryltotal in group

OR (95% COt
RR (95% COt
Chi-square Mantel-Haenszel p valuet

Results of treatment on facial motor
recovery to HB grade 1111

Stratification

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Steroid regimen details

Control regimen details

Diagnostic evaluation

Compliance

Criteria for withdrawal from study

Intention to treat analysis

Stratification

Method of facial assessment

Power

Morbidity/complications

Taverner, 1954

I (randomized controlled trial)

26 total; 14 in treatment group, and 12
in control group (initial recruitment 26)

OUTCOMES

n = 10/14

n = 8/12

1.25 (0.25-6.21 )

1.07 (0.67-1.73)

P = 0.797

No difference

No

2-3 mo

STUDY DESIGN

Unilateral peripheral facial paralysis ,
other etiologies ruled out; evaluated
within 10 d

Evidence of otologic or CNS disease

Good. Master sheet

12-75 y, mean 40 y

Cortisone 200 mg x3 d, 100 mg x3 d,
50 mg x2 d. Total dose I g

Lactose

History and physical examination, EMG

100%

Not reported

Not reported

No

Clinical, not otherwise detailed

Not reported

Not reported

May, 1976

I (randomized controlled trial)

51 total; 25 in treatment group and 26 in
control group (initial recruitment 51)

n =15/25

n = 17/26

0.79 (0.26-2.43 )

0.92 (0.61-1.39)

P = 0.69

No difference

No

3 wk, then monthly until 6 mo

Unilateral peripheral facial paralysis; evaluated
within 2 d

Otologic, neurologic, neop lastic, or traumatic
causes. History of familial or recurrent disease

Good. Biostatistician designed

Not reported

Prednisone 410 mg in descending dose over
IOd

Vitamin

History and physical examination

100%

Not reported

Not reported

Partial

Recovery was graded as complete, fair, or poor

Not reported

Not reported

OR = odds ratio , RR = relative risk, eNS = central nervous system. EMG = electromyography.
• Sample size: numbers are those completing trial and (initially recruited ).
t These values were generated using the data for the primary outcome measure of normal/near-normal facial motor recovery.
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THE EVIDENCE CONDENSED: Systemic steroids versus placebo/control, randomized controlled trials

Reference

Level (design)

Sample size'

Steroid group
Complete recovery/total in group

Control group
Complete recovery/total in group

OR (95% COt

RR (95% COt

Chi-square Mantel-Haenszel p valuet

Results of treatment on facial motor
recovery to HB grade 1111

Stratification

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Steroid regimen detail s

Control regime n details

Diagnos tic evalua tion

Compliance

Criteria for withdrawal from study

Intention to treat ana lysis

Stratification

Method of facial assessment

Power

Morbidity/complications

Lagalla,2002

1 (randomized controlled tria l)

58 total ; 30 in treatment group and 28 in control group (initial recru itment 62)

OUTCOMES

n =25/30

n = 21/28

1.667 (0.48- 5.75)

J.l II (0.86-1.39)

P = 0.438

No lon g-term difference. An early worsening of motor stre ngth was noted witho ut
treatm ent (p =0.008) but did no t persist over the lon ger term . Also, tim e to recovery was
better in treatment group (p = 0.005)

No

1 wk, then at 1, 3, 6, and 12 mo

STUDY DESIGN

Unilate ral per ipheral facial paral ysis; evaluated within 3 d

Otologic or other disease causing facial paral ysis. Prior treatment, presentation >3 d,
pregnancy, peptic ulcer disease, hypertension, or diabetes

Potential confounde rs appear balanced between groups. Performed with random number
list

15-84 y, mean 47.5 y

Intravenous predn ison e, 1 g daily for 3 d then 0.5 g daily for 3 d with intramuscular
polyvitami n thera py over IS d

Polyvitaminic therapy

Histor y and physical examination, MRI or CT, IgM and IgG antibodies against multiple
infectiou s agents

100%

Positive titers for ot her infectio us causes (4 with herpes zoster excluded)

Yes

o

House-Brackmann system

ot reported

3/32 patients had temporary sleep dist urbances.

OR =odds ratio, RR =relative risk, MRI =magnetic resonance imaging, cr =computed tomo graphy, Ig =immunoglobulin.
• Sampl e size: numbers shown for those not lost to follow-up and those (initially recru ited ).
t These values were calculated from the data for the primary ou tcome measure of normal/n ear normal facial motor recovery.
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THE EVIDENCE CONDENSED: Systemic steroids versus placebo/control, randomized controlled trials

Refere nce

Level (design)

Sample size'

Steroid group
Complete recovery/total in group

Control group
Complete recovery/total in group

OR (95% CI) t

RR (95% CI) t

Chi-square Mantel-Haenszel p valuet

Results of treatment on facial motor
recovery to HB grade 1111

Stratification

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Steroid regimen details

Control regimen detai ls

Diagnostic evaluation

Compliance

Criteria for withdrawal from study

Intention to treat analysis

Stratification

Method of facial assessment

Power

Morbidity/complications

Unuvar, 1999

I (randomized, untreated control
group, nonblinded)

42 total; 2 I in treatment group, and 21
in control group (initial recruitment
42)

OUTCOMES

n=21 /21

n = 21/21

1.0 (0.43- 2.34)

1.0 (0.65-1.53)

NS

No difference

No

21 d; 4, 6, and 12 mo

STUDY DESIGN

Severe unilateral peripheral facial
paralysis (HB grade IV-V); evaluated
within 3 d

Otologic, neurologic, or chronic
systemic diseases , contraindication to
steroid treatment

Potential confounders appear balanced
between groups. Performed with
computer randomization

(Pediatric study) 24-74 mo. Mean age
46.9 mo

Methylprednisolone I mg/kg/d xrod
then 3-5 d taper

No placebo

History and physical examination

100%

Not reported

Not reported

All patients had complete or near
complete paralysis

House-Brackmann system

ot reported

o complications of steroid treatment

Wolf, 1978

I (randomized, untreated control group,
nonblinded)

239 total; 107 in treatment group, and 132 in
control group (initial recruitment 239)

n = 94/107

n = 106/132

1.774 (0.87-3.6 I)

1.094 (0.97-1.20)

p= 0.117

No difference. A significant difference was noted
in the control group for autonomic synkinesis
(p < 0.01)

No

Monthly until full recovery or I y

Severe unilateral peripheral facial paralysis;
evaluated within 5 d

Otologic, traumatic, neoplasm, disease or
evidence of herpes zoster oticus
Contraindication to steroid treatment

o statistical difference between groups

5-70 Y

Prednisone 60 mg/d x lOd, then 40 mg/d x2,
then 20 mg/d x2, then 10 mg/d xt d

No placebo

History and physical examination. EMG and
nerve latency testing. Blood sugar testing

100%

Not reported

ot reported

No

Paralysis was rated as none, mild, moderate, or
severe <complete)

ot reported

No complications of steroid treatment

OR = odds ratio, RR= relative risk, MRI= magnetic resonance imaging, cr = computed tomography, Ig= immunoglobulin, S = not significant.
•Samplesize: numbers shown for those not lost to follow-up and those (initially recruited).
t These valueswere calculated from the data for the primary outcome measure of normal/near normal facial motor recovery.
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THE EVIDENCE CONDENSED: Systemic steroids versus placebo, meta-analyses

Reference Grogan, 2001 Salina s, 2004 Willi amson, 1996 Ramsey, 2000

Level (design) Meta -analysis Meta-analysis Meta -analysis Meta -analysis

Included trials I. May I . May 1. Taverner I . May
2. Taverner 2. Lagalla 2. May 2. Austin
3. Brown 3. Taverner 3. Wolf 3. Shafshak
4. Austin 4. Unuvar 4. Austin

Pooled OR (95% CI) 1.16 ( 1.05-1.29) Not reported 1.63 (Mantel-Haenszel 3.27 (0.76-14. 10)
method ) ( 1.01-2.64)

Relative Risk (95% CI) ot reported 0.86 (0.47-1.59) Not reported 0.17 (ra te difference)
(0.0 Hl.32 )

Treatment results Possibly effective o evid ence for effect Possibly effect ive Possibly effective

Methodology highlights Includes Brown and one Includes Wolf and Includes Shafshak and
Austin Austin Austin

OR=odds ratio. CI =confidence interval.
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.8

Antiviral therapy versus control: Impact on recovery to normal or near-normal function

Mitchell Ramsey and Mark Syms

METHODS

A computerized Ovid search of MEDLINE 1966-2005
was performed. The terms "facial paralysis" and "Bell's
palsy" were exploded, resulting in 1043 articles. This
group was then limited to English language and therapy
related subheadings yielding 293 trials, which were
reviewed. Trials evaluating antiviral treatment were
reviewed to identify inclusion criteria which consisted of:
1) patient's with Bell's palsy (idiopathic facial nerve
paralysis), 2) intervention with antiviral medication, 3)
treatment initiated within 10 days of onset, 4) outcome
measures consisting of normal motor facial recovery
[House-Brackmann (HB) or similar scale]. Exclusion
criteria included: 1) trials including multiple etiologies
of facial paralysis, 2) treatment initiated after 10 days of
onset. The references of these articles were then reviewed
and manually cross-checked to ensure all applicable lit
erature was reviewed. This search produced two random
ized controlled trials (RCTs) [I, 2] and one retrospective
review [3].

RESULTS

Outcome Measures. The primary outcome measures
were: 1) recovery of facial motor function to normal/near
normal, and 2) incidence of complications of antiviral or
steroid treatment. Any scale or measure that indicated
recovery to normal was accepted. The most frequently
used scale is the HB system [4]. An HB grade I-II repre
sents normal or near-normal function, or good recovery.
A more detailed analysis of recovery could not be per
formed because stratified outcomes were not reported.
Other outcome measures including time to recovery,
synkinesis, or crocodile tears (gustolacrimal reflex) were
not evaluated.

Potential Confounders. Both RCTs used acyclovir with
similar dose and duration. There was a difference in
severity of facial motor dysfunction: one trial had a 20%
incidence of complete paralysis whereas the other had a
1% incidence. Neither trial indicated existing comor
bidities affecting neural function.

Study Designs. Both RCTs were effectively randomized
with similarly matched treatment and control groups.
One trial did have a significant randomization difference
for hypertension but further analysis showed no differ-

ence in outcomes [2]. One RCT compared steroid and
acyclovir versus steroid alone [l]. The other RCT com 
pared acyclovir to prednisone [2]. One RCT is clearly
double blinded [1], but the level of masking in the other
trial is unclear [2]. Neither trial calculated apriori sample
size or provided outcome stratification based on severity
of facial dysfunction. Both trials used steroid treatment
rather than placebo in the control group.

Highest Level of Evidence. Two levell RCTs were iden
tified [1, 2]. One RCT compared steroid and acyclovir
against steroid with placebo [1], whereas the other com
pared acyclovir alone to steroid alone [2]. One RCT dem
onstrated a statistically significant benefit in favor of the
acyclovir-prednisone group over the placebo-predni
sone group (p = 0.02) [l]. The rate of complete facial
recovery (FPRPlO) was 92% for the treatment group
(acyclovir-prednisone) and 76% for the control group
(placebo-prednisone). In contrast, the other RCT dem
onstrated a beneficial effect for the steroid-only group
over the acyclovir-only group [2]. Their data showed that
the incidence of complete recovery (graded by HB scale
and FPRP) was statistically significant in favor of steroid
treatment.

Applicability. Based on the inclusion and exclusion cri
teria of these trials, the population studied likely consists
of patients with Bell's palsy or idiopathic facial nerve
paralysis . Bell's palsy is an acute onset of unilateral lower
motor neuron facial motor paresis or paralysis not
associated with other otologic, neurologic, traumatic, or
systemic disease. Bell's palsy, idiopathic facial nerve
paralysis, is considered a virally mediated inflammation.
If this is the etiology of Bell's palsy, then antiviral medi
cations may have an impact on the recovery of patients.

Morbidity/Complications. Neither RCT reported com
plications association with treatment. One trial noted
that gastrointestinal complaints were the most common,
but no data were provided [1]. Both prednisone and
acyclovir seemed to be associated with a low incidence
of serious side effects in these trials .

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

Two RCTs evaluating acyclovir for Bell's palsy were
reviewed. The first trial demonstrated a statistically sig-
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nificant treatment benefit with acyclovir-prednisone
therapy compared with prednisone-placebo [1]. The
second trial found a statistically significant treatment
benefit with prednisone therapy compared with acyclo
vir [2]. Methodology variations prevent a meta-analysis.
The design differences also limit comparison of the trials
to substantiate their outcomes. The data support that
steroids combined with acyclovir are more effective than
steroids alone, and that steroids are more effective than
antivirals alone in improving outcomes in patients with

Bell's palsy. However, a direct comparison of acyclovir to
placebo was not performed; therefore, no recommenda
tion can be made regarding the use of acyclovir as a sole
agent for Bell's palsy.

Considering the prevailing concept that Bell's palsy
is a virally mediated condition, further research is
warranted to confirm this and determine the treatment
effect of antiviral medication. In light of the first section
of this chapter, which does not show indisputable evi
dence for a beneficial treatment effect with steroids,
future research should involve a well-designed RCT with
at least one arm designed to compare antiviral medica
tion to placebo.



THE EVIDENCE CONDENSED: Antiviral treatment of Bell's palsy

Reference

Level (design)

Sample size

Adour, 1996

I (randomized controlled trial )

99 total patients; 53 in acyclovir-prednison e
group (treatment) and 46 patients in placebo
prednisone group (control). 20 patients lost
from trial (Initial recruitment 119)

De Diego, 1998

I (randomized controlled trial )

101 total patient s; 54 patients in acyclovir group
(treatment) and 47 patients in prednisone group
(control) (Initial recruitment 113)

To recovery or 4 mo

92% of patients in steroid group recovered to
an FPRP of 10 (I-m grade I) compared with
76% in the acyclovir group

Recovery in the acyclovir-prednisone group
was significantly better than the placebo
prednisone group (p = 0.02)

3.85 ( 1.18-12.39)

1.22 ( 1.03-1.36)

0.02

Minimum of 3 mo

0.239 (0.068-0.852)

0.831 (0.760-0.977)

0.026

n = 44/47

n = 42/54

Prednisone

Acyclovir

93.6% of patients in steroid group recovered to HB
grade ll or better compared with 77.7% in the
acyclovir group

Recovery in the steroid group was significantly better
than the acyclovir group (p = 0.0016)

OUTCOMES

n = 49/53

n =35/46Placebo-prednisone

Acyclovir-prednisone

p Value

OR (95% CI)

RR (95% CI)

Chi-square Mantel 
Haenszel P value"

Follow-up time

Antiviral group
Complete recovery/total
in group

Control group
Complete recovery/total
in group

Comparative results

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antiviral regimen details

Control regimen details

Diagnostics

Compliance

Withdrawal criteria

Intention to treat analysis

Morbidity/complications

STUDY DESIGN

Peripheral facial para lysis, ~18 y, treatment
started within 3 d, without contraindications
to steroid treatment

Contraindication to steroid treatment,
pregnancy, I< 18 Yold, evaluation >3 dafter
onset

Potential confounders appear balanced
between groups

Average 41.9 Y(acyclovir-prednisone) 46 y
(placebo-prednisone)

Double blinded

Acyclovir: 2000 mg x io d
Prednisone 30 mg (minimum) b.i.d. x5 d.with
taper to 10 mg q.d. over 5 more days

This group received a placebo with above
steroid dose

History and physical examination ,
electrophysiology

Loss of 20 patients, 17%

Not reported

Not reported

GI complaints were most frequently reported.
None required treatment

Peripheral facial paralysis of acute onset evaluated
within 4 d without contraindication to steroid
treatment

Associated middle ear disease, cranial or oto logic
trauma, known neurologic disorders, autoimmune
disease, tumors, and herpes zoster oticus.
Contraindication to steroid treatment

Incidence of hypertension was found to be statistically
different between the 2 groups; however, there was no
difference in recovery between groups

Ranged from 14 to 85 Ywith average of 43 y

Unclear if double blinded

Acyclovir 800 mg t.i.d. for 10 d (2400 mg) vs
prednisone I mglkgld x lOd with taper over 6 d

Prednisone was prescribed as a single daily dose of
I mglkg for 10 d, and then tapered over the next 6 d

History and physical examination

Loss of 12 patients, 11%

Not reported

Not reported

23.4% of prednisone patients, and 24.1% of acyclovir
patients had sequelae not otherwise specified

FPRP =facial paralysis recovery profile (a score of 10 is equivalent to normal facial functi on [51), HB =House-Brackmann, OR =odd s ratio.
CI =confidence interval. b.i.d. =twice a day, t.i.d. =three times a day. q.d. =one time per day, GI =gastrointestinal.
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Facial nerve decompression: Impact on recovery to normal or near-normal function

Mitchell Ramsey and Mark Syms

METHODS

A computerized Ovid search of MEDLINE 1966-2004
was performed. The terms "facial paralysis" and "Bell's
palsy" were exploded, resulting in 1043 articles. This
group was limited to therapy-related subheadings yield
ing 293 trials that were reviewed to identify trials involv
ing surgical decompression. Articles were reviewed to
identify inclusion criteria which consisted of: 1) patients
with Bell's palsy (idiopathic facial nerve paralysis),
2) surgical decompression of the meatal foramen ,
labyrinthine segment , and geniculate ganglion of the
facial nerve, 3) treatment initiated within 14 days of
onset of paralysis, 4) outcome measures consisting of
facial recovery [House-Brackmann (HB) or similar
scale]. Exclusion criteria included: 1) trials including
multiple etiologies of facial paralysis, 2) treatment
init iated after 14 days of onset. The references of these
articles were then reviewed and manually cross-checked
to ensure all applicable literature was reviewed. This
search produ ced no randomized control trials and one
level 2 study.

RESULTS

Outcome Measures. The primary outcome measures
included 1) recovery of facial motor function to
normal (HB grades I-II ), and 2) incidence of surgical
complications.

Potential Confounders. The treatment and cont rol
group s were well matched. Potent ial confounding factors
include variations in surgical techn ique and extent of
decompression. This trial was conducted at multipl e
centers and some variation probabl y existed but it seems
to be min imal. Inclusion criteria were stringent and it is
unlikely that major variation in severity of facial nerve
dysfunction existed within and between the group s. The
study was nonblinded and this may be considered a
source of bias.

Study Design. Patients were offered surgical decom
pression if they met inclusion criteria. The treatment
was not randomized and patients self-selected surgical
decompression or medical treatm ent. The study was per
formed at multiple sites. Initially, 14 sites were selected
to participate in the study. Only three centers entered
patients. The study was initiated in 1982 and the results

were published in 1999.Initially, decompression was per
formed within 3 weeks of onset of paralysis. A few years
into the study, the time was changed to 2 weeks. Data are
only considered for the patients decompressed within 2
weeks.

Highest Level of Evidence. The best evidence available
is a level 2 nonrandomized, prospective cohort study [1].
This study had a control group that self-selected for
steroid treatment. Patients were treated with prednisone
80 mg per day for 7 days then rapidly tapered over days
8 through 14 (comparable dose to many other steroid
trials). The control and surgical group were matched in
term s of severity of facial paralysis and age. None of the
control group and only two from the surgical group had
diabetes. Follow-up time was a minimum of 7 months.
A priori calculation of sample size necessary to achieve
an adequate power was not performed; however, using
the available outcome data from the study, to achieve a
power of 90% (p ~ 0.05) a sample size of 21 patients in
each arm is necessary (see table:"Surgical decompression
versus steroid therapy").

Study Results. Individuals with Bell's palsy who have
~90% degeneration demonstrated by electroneuronog
raphy (ENoG) within 14 days of onset of total paralysis,
who have no motor unit potentials on voluntary electro
myogram (EMG), and undergo decompression of the
meatal foramen, labyrinthine segments, and the genicu
late ganglion, have a 91% chance of recovery to an HB
grade I or II 7 months after paralysis. Those patients with
the same ENoG and EMG parameters who are treated
with steroids only have a 42% chance of an HB grade I
or II. This difference was found to be statistically signifi
cant (p = 0.0002). Refer to table "Surgical decompression
compared with steroid treatment" for details.

Applicability. The study applies to pat ients with Bell's
palsy who have ther apy initiated within the first 2 weeks
of onset. It is important to und erstand that these results
were obtained by very experienced surgeons.

Morbidity/Complications. Of the 19 patient s treated at
the primary center, one patient had a conductive hearing
loss and one patient had a cerebrospinal fluid leak treated
with a lumbar drain. There were no dead ears, intracra
nial compl ications, or other surgical morbidity in the
surgical groups .
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CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

The surgical management of Bell's palsy has been a
source ofcontroversy for many years.Many confounding
factors have limited our understanding of the role of
surgery. One prospective trial evaluating decompression
of the facial nerve including the labyrinthine segment
demonstrated a statistically and clinically significant
improvement in the appropriately selected patients [1].
This was a multicentered trial with strict inclusion and
exclusion criteria. A steroid control group with similar
severity of facial paralysis was analyzed for outcome
comparison. The authors found that surgical decompres
sion results in improved facial motor recovery. The rate
difference, or absolute risk reduction, demonstrates a

490/0 improvement in facial recovery with surgical
decompression compared with steroid treatment (950/0
confidence interval 0.29-0.60). The series reported a low
complication rate, noting one episode of conductive
hearing loss and one episode of cerebrospinal fluid leak.
It is also relevant to point out that these results come
from very experienced surgeons. Based on these results,
surgical decompression probably improves facial recov
ery in the appropriately selected patients.

The best evidence of surgical efficacyis a prospective
nonrandomized, nonblinded trial. Additional research to
confirm these results would be ideal. However, higher
quality research is unlikely because of the obvious
limitations and difficulty in developing a randomized,
placebo-controlled, double-blinded study with a surgical
arm. In addition, the proportion of Bell's palsy patients
likely benefiting from surgery is small and a prolonged
multicenter trial would be necessary to reevaluate the
impact of surgical therapy.



THE EVIDENCE CONDENSED: Surgical decompression versus steroid therapy

Reference

Level (design)

Sample size'

Intervention

Gantz, 1999

2 (prospective, nonrandomized, controlled , non blinded)

70 total, 34 in surgical group, and 36 in steroid group

Surgical decompression vs steroid

HB I-II, n =31

HB III-IV, n = 3

HB I-II, n = IS

HB III-IV, n = 21

OUTCOMES

HB II, n =17

HB IV, n = I

HB II, n = 10

HB IV, n = 2

HB I, n = 14

HB III, n = 2

HB I, n =5

HB III, n = 19

Minimum of 7 mo

Surgical group had a significantly higher proportion of patients recovering to an HB grade I or
II. p = 0.0002

Surgical group HB I-II

Surgical group HB III-IV

Control group HB I-II

Control group HB III-IV

Follow-up time

Conclusion P value

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Pretreatment group comparison

Age

Masking

Surgical regimen

Control regimen

Diagnostics

Surgical complications

Intention to treat analysis

Morbidity/complications

Complete paralysis, >90% degeneration on E oG, no voluntary motor unit EMG, <14 days
after onset

<90% degeneration on ENoG or voluntary EMG response

Preintervention comparison of treatment and control group not provided

Treatment group mean age 47 y
Control group mean age 32 y

No

Middle cranial fossa facial nerve decompression

Prednisone 80 mg x7 d then tapered over next 7 d

History and physical examination, blood sugar and sedimentation rate, audiogram, ENoG, and
EMG. Imaging for surgical group

1 episode of conductive hearing loss, 1 cerebrospinal fluid leak

Not stated

No data regarding complications of steroid treatment provided

HB = House-Brackmann, ENoG =e1ectroneuronography, EMG =electromyogram.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Perioperative systemic antibiotics versus control for myringoplasty: Impact on surgical site
infections, graft success

Jennifer J. Shin and Marlene Durand

METHODS

A computerized PubMed search of MEDLINE 1966
November 2004 was performed. Articles mapping to any
of the following medical subject headings were exploded
and combined: "antibiotic prophylaxis;' "antibacterial
agents;' "lactams," "fluoroquinolones," "macrolides,"
"clindamycin." These articles were then cross-referenced
with those mapping to either the exploded medical
subject heading "myringoplasty" or textword "myringo
plasty." This process yielded 21 trials. These articles were
then reviewed to identify those that met the following
inclusion criter ia: 1) a distinct patient population under
going myringoplasty alone, 2) intervention with periop 
erative systemic antibiotics versus placebo or other
no-antibiotic control, 3) outcome measured in term s
of postoperative surgical site infections' and/or graft
success, 4) randomized controlled trials (RCTs). The
outcome of graft successwas considered relevant because
SSIs have been correlated with graft failure. Articles
in which the use of randomization was not clearly
specified were excluded. Articles were excluded here if
specific data from myringoplasties could not be extracted
because it was grouped with data from other procedures,
but those articles are discussed in Section 19.D. Studies
of patients undergoing tympanoplasty both with or
without mastoidectomy were excluded here but are dis
cussed in review 19.B. The bibliographies of the articles
that met these inclusion/exclusion criteria were manually
checked to ensure no further relevant art icles could be
identified. This process yielded three RCTs [1-3]. Two of
these tr ials were conducted by the same set of authors,
and report data from a subset of overlapping patients
[1,2] .

RESULTS

Outcome Measures. Infectious outcomes were reported
as the absolute number of patients with SSI [2, 3] or
percent with pathogens on postoperative ear swab [1]. In
this instance, pathogens were defined as Staphylococcus

I Surgical site infection (55!) is the term used by the Centers for Disease
Control to specify an infection at the operative site, usually within 30
postoperative days [4]. This term excludes infections at other sites, such as
pneumonias.

aureus, Pseudomonas, Streptococcus pyogenes, coliforms,
and anaerobes. Graft outcomes were reported in terms
of the percent of patients with graft success [1, 2]. None
of the three articles defined 5SI, but it is understood that
it is clinically diagnosed (rather than by laboratory data
with positive cultures from ear drainage).

Potential Confounders. Many factors besides systemic
antibiotics could influence postoperative infections or
graft success,and are discussed in further depth in Section
2l .D. These factors are detailed in the adjoining tables
and include the exact ant ibiotic regimen, details of any
preoperative infection, types of otologic procedures
studied, method of preoperative sterilization in the oper
ating room, use of topical antibiotics or antiinflamma
tory medicines, and compliance with study medications .

Study Designs. Three RCTs addressed the impact of
systemic antib iotics on outcomes after myringoplasty.All
three studies focused solely on this population. Only one
trial commented on the effectiveness of randomization
in balancing potential confounders between groups at
the outset [2]. All three studies were blinded (double
blind [3],observer-blind [1], or unspecified [2]). The same
ampicillin and flucloxacillin regimens were tested in two
trials [1, 2], with the third trial testing a sulfamethoxazole
regimen [3]. None of the studies used anti-Pseudomonal
coverage, although it is unclear whether this would have
impacted results. Topical antibiotics were used dispa
rately; details are in the adjoin ing table [1-3].

Highest Level of Evidence. The dearth of SSIs that
occurred in both study groups made it impractical to
draw meaningful conclusions about this particular
outcome in the first RCT [2J.The second RCT reported
that there was no significant difference between the two
groups, but the statistical power to detect any actual dif
ference was limited in this study because of the relatively
small sample size (n =96 patients completing the study)
[3]. Using figures suggested by this article's data at 10
days postoperatively, in order to obtain a 90% power to
detect a 5% difference in groups with 95% confidence
intervals, data from 2812 patients would be needed . The
third RCT did not report data in terms of a clinical SSI.
Two studies showed no correlation with preoperative
"pathogens" on culture and SSIs or graft take [1, 3J.
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Graft success was also reported in the two trials
with overlapping patient populations. Neither trial
reported the comparative statistics, but the differences in
the percent of patients with graft success was ~2% in
both reports. Again, however, study power was quite
limited.

Applicability. These data are applicable to patients
undergoing myringoplasty, with further details regarding
inclusion/exclusion criteria provided in the adjacent
table. The data regarding graft success are applicable to
patients who have not required antibiotic eardrops or
oral antibiotics within 1 month of surgery.

Morbidity/Complications. Adverse reactions to systemic
antibiotics were reported in one article [3] and were

comparable in the two groups, although again sample
size may limit these conclusions.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There are three RCTs that addressed the impact of sys
temic antibiotics on infectious and/or graft outcomes
after myringoplasty. The data regarding infectious out
comes are indeterminate, given the limited power of the
sample sizes studied and the lack of statistical analysis.
The data regarding graft outcomes are highly suggestive
of perioperative systemic antibiotics making no impact
on graft success, but again study power is limited, so
conclusions are not definitive.

Future research into the impact of perioperative sys
temic antibiotics on SSIand graft success after myringo
plasty would ideally be performed with an initial sample
size associated with a 900/0 study power.



THE EVIDENCE CONDENSED: Systemic antibiotics versus no antibiotics for myringoplasty

Reference

Level (design)

Sample size"

Joh n, 1988

I (randomized controlled tria l)

130 ( 130)

OUTCOMES

Antibiotic

o antibiotics

p Value

Conclusion

Follow-up time

No. with surgical
site in fect ion s

n = 1Il30 wound
infectio n, group not
specified

Indeterminate

8wk

% graft success

85%

87%

Not reported

No difference

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Systemic antibiotic regimen
details

Use of topical antibiotics

Diagnostic criteria

Procedural details

Management of infection
while in study

Infection sequelae

Timing of first antibiotic
dosej

Criteria for withdrawal from
study

Power

Morbidity/complications

STUDY DESIGN

All patients underwent endaural approach using underlay temporalis fascia graft

Antibiotic ear drops or oral antibiotics within I mo of surgery

Lower percentage of wet ears in antibiotic group, not otherwise specified

14-61 Y

" Blind," not otherwise specified

Ampici llin 250 mg 1M x i and flucloxacillin 250 mg 1M x i I h preoperatively, then ora l
continuation of both x5 d

Not routi ne: canal packi ng was impregnated with bismuth, iodoform, and paraffi n paste

"Successful surgery" not overtly defined, but implied as successful closure of perforation

Endaural approach taking temporalis fascia, posterior tympanomeatal flap, unde rlay graft

ot reported

Not repo rted

Appropriate

None specified

Not reported

Not reported

NS = not significant, 1M= intramuscularly, b.i.d. = twice a day, t.i.d. = thre e times a day.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
=1= Timing of first antibiotic dose is considered "appropriate" if given within the 2 h preceding the incision .
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THE EVIDENCE CONDENSED: Systemic antibiotics versus no antibiotics for myringoplasty

Reference

Level (design)

Sample size'

Donald son, 1966

I (randomized controlled trial)

94 (96)

Carlin, 1987

I (randomized controlled tria l)

71 (71)

Antibiotic

o antibiotics

p Value

Conclusion

OUTCOMES

No. of pati ent s with surgica l site
infections t

n = 1/47, n = 3/47

n =3/49, n =6/49

NS

o difference

% graft success

82.4%

83.7%

Statistics not reported

o difference

% with pathogens on ear swab

29.4%, 17.6%,0%

24.3%, 27.0%, 0%

Statistics not reported

Trend toward antibiotics better
at3 wk

Sulfonamide allergy, rheumat ic hear t
disease requiri ng prophylactic
penicillin

Not repo rted

Follow-up time

Inclusion criter ia

Exclusion criteria

Randomization
effectiveness

10 d, 6 wk

Myringop lasty

I wk, 3 wk, 8 wk

STUDY DESIGN

Patients admitted for routine myringoplasty: endaura l
approach using und erlay temporalis fascia graft

Antibio tic ear drops or oral antibio tics within I mo of
surgery

ot reported

Age

Masking

Systemic antibiotic regime n
details

Use of topica l antibiotics

Diagnos tic criteria

Procedural details

Manageme nt of infection
while in study

Infection sequelae

Timing of first an tibiotic
dosct

Criteria for withdrawal from
study

Power

Morbidity/complications

ot repor ted

Double blind, placebo controlled

Sulfamethoxazole 2 g x i the evening
before surge ry, then I g b.i.d. x to d if
>80 lb.; 75% dose if 60-80 lb., 50%
dose if 4G-60 Ib

Postoperative packing was soaked in
polymyxin, neomycin, hydrocortisone
otic drops

Criteria for diagnosis of
postoperative infectio n not specified

Preparation : auricle and adjacent
areas were scrubbed with 3%
hexachloroph ene liquid soap for
10 min

ot specified

Not specified

Not appropriate

Later determination that 2 patients
had tra nscanal tyrnpanoplasty, 2 had
radical mastoidectomy

ot reported

"Side effects were no mo re common
in the patient receiving the active
medication than the placebo."

ot specified

Observer was blinded

Ampicillin 250 mg 1M x l and flucloxacillin 250 mg 1M x l
I h preoperatively, then oral continuation of both x5 d

If ear was wet at 3-wk visit, then polymyxin /neomycin/
hydrocortisone gets tid. x 2 wk

Pathogens: Staphylococcus aureus, Pseudomonas,
Streptococcus pyogenes, coliforms , anaero bes

"The ope rative procedure was standardized as much as
possible . .. an endaura l approach was used, taking
temporalis fascia. A posterior tymp anom eatal flap was
elevated and the graft was inserted as an und erlay."

Not repo rted

ot report ed

Appropriate

one specified

ot reported

ot repo rted

NS =not significant, 1M =intramuscularly, b.i.d. =twice a day, t.i.d, =three times a day.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Figures are extrapolated from repor ted data: n =47 in antibiotic group; n =49 in placebo group; n =10 patien ts (in which groups not reported ) did
not follow up at 10 d; n = 2 patients (in which groups not reported ) did not follow up at 10 d.
:t: Timing of first antibiotic dose is considered "appropriate" if given within the 2 h preceding the incision .
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Perioperative systemic antibiotics versus control for tympanoplasty with or without
mastoidectomy: Impact on surgical site infections, graft success

Jennifer J. Shin and Marlene Durand

METHODS

A computerized PubMed search of MEOLINE 1966
November 2004 was performed. Articles mapping to any
of the following medical subject headings were exploded
and combined: "antibiotic prophylaxis," "antibacterial
agents," "lactams," "fluoroquinolones," "macrolides,"
"clindamycin." These articles were then cross-referenced
with those mapping to either the exploded medical
subject heading "tympanoplasty" or the textwords "tym
panoplasty" or "tympanomastoidectomy" This process
yielded 48 trials. These articles were then reviewed to
identify those that met the following inclusion criteria:
1) distinct patient population undergoing tympanoplasty
with or without mastoidectomy, 2) intervention with
perioperative systemic antibiotics versus placebo or other
no-antibiotic control, 3) outcome measured in terms of
postoperative surgical site infections' and/or graft success,
4) randomized controlled trials (RCTs).Articles in which
the use of randomization was not clearly specified were
excluded. Data for subsets of patients undergoing tym
panoplasties that were reported in larger studies of mul
tiple otologic procedures were included. If data specific
to tympanoplasties could not be extracted because they
were grouped with data from other procedures, they were
excluded here, but are discussed in Section 19.0. Articles
with data for patients undergoing myringoplasty alone
were excluded here but are presented in review 19.A. The
bibliographies of articles meeting these inclusion/exclu
sion criteria were manually checked to ensure no further
relevant articles could be identified. This process yielded
five RCTs [1-5].

RESULTS

Outcome Measures. Infectious outcomes were mea
sured in terms of the percent of patients with 551 [3] or
percent with draining ear [4]. Graft outcomes were
reported in terms of the percent of patients with graft
success [2,4], number of patients with graft failure [1],
or percent of patients with graft perforation or nonepi-

I Surgical site infection (55!) is the term used by the Centers for
Disease Control to specify an infection at the operative site within 30
postoperative days [6]. This term excludes infections at other sites, such as
pneumonias.
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thelialization [5]. Graft and infectious outcomes were
grouped together in one trial [5].

Potential Confounde.... Asnoted in Section 21.0, many
factors besides systemic antibiotics could influence post
operative infections or graft success. These factors are
detailed in the adjoining tables.

Study Designs. Five RCTs addressed the impact of sys
temic antibiotics on outcomes after tympanoplasty with
or without mastoidectomy. Twostudies focused solely on
this population [4, 5]. Three studies reported a larger
patient population undergoing all otologic procedures,
but reported a separate analysis for the subset under
going tympanoplasty with or without mastoidectomy
[1-3]. Only one trial characterized the preintervention
characteristics in detail [2], however, and none provided
clear statistical comparisons of the antibiotic and control
groups after randomization. Placebo and masking (i.e.,
blinding the patient and/or the surgeon to whether sub
jects were in the antibiotic or control group) were used
in three studies. A variety of antibiotic regimens were
tested, including cephalothin or cefazolin, cefuroxime,
ceftazidime, penicillin, ampicillin, and clindamycin with
or without gentamicin. Topical antibiotics were used
disparately, with further details in the adjoining table
[1-3].

Highest Level of Evidence. Three studies reported the
rate of postoperative SSL One RCT focused on patients
with actively draining ears which were culture positive
for Pseudomonas at the time of surgery; the antibiotic
group had a significant improvement in the percent of
patients with postoperatively draining ears, but it was not
placebo controlled [4]. Therefore, it may be prone to
expectation bias, favoring a better outcome with antibi
otics. The second RCT reported no difference in 551 [3].
The third study grouped data from infectious and graft
outcomes together and found no difference in this com
bined outcome measure [5]. In these two RCTs with
negative results, sample size was small, which translates
to a limited statistical power to detect any difference that
truly exists.

Graft success was also reported in two trials, both of
which found no significant difference in outcome with
antibiotics versus none [2,4]. Sample sizes were 27 and



2186, so one of the studies was well powered to detect a
significant difference between the groups. Another trial
reported the number of patients with graft failures in the
antibiotic versus control groups, but did not note the
total number of patients in each study group, so it was
not possible to interpret the percent of patients with graft
failure in each group [1].

Applicability. These data are applicable to a variety of
patients undergoing tympanoplasty with or without
mastoidectomy, with further details regarding inclusion/
exclusion criteria provided in the adjacent table.

Morbidity/Complications. Adverse reactions to systemic
antibiotics were mild and occurred at a rate of ~1 0/0.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Five RCTs addressed the impact of perioperative antibi
otics on patients undergoing tympanoplasty with or
without mastoidectomy. Two studies demonstrated no
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difference in SSIs whether antibiotics were used or not,
but small sample sizes limited those studies' power to
detect any difference that truly exists. One study demon
strated an improvement in the percent of patients with
a draining ear, but this study was not placebo controlled,
so may have been biased toward this result. None of the
four RCTs that evaluated the graft result with versus
without antibiotics demonstrated a significant differ
ence. One of these trials had a sample size of >2000
patients, making it highly likely to have identified any
difference that does exist. In this study, the empiric use
of first-generation cephalosporins was found to have no
impact on the graft outcome.

Future research may focus on identifying any subsets
of patients undergoing tympanomastoidectomy who
would be more likely to benefit from antibiotic interven
tion, such as those with preoperatively draining ears (see
review 19.C).



THE EVIDENCE CONDENSED: Systemic antibiotics versus no antibiotics for tympanoplasty with/without
mastoidectomy

Reference

Level (design)

Sample size'

Jackson, 1988

I (randomized controlled tria l)

2136 [the originally recru ited tympanoplasty subgroup size was not reported; for the total sample undergoing
all oto logic procedures n = 3481 (4000) J

OUTCOMES

Antibiotic

No antibiotics

p Value

Conclusion

Follow-up time

% with 551

No comparative data
reported for the
subgroup undergoing
tympanoplasty

3 wk (SSI and graft)

% graft success

98.8%

98.5%

NS

No difference

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Systemic antibiotic
regimen details

Use of topical
antibiotics

Diagnostic criteria

Procedural details

Management of
infection while in
study

Infection sequelae

Timing of first
antibiotic dose t

Criteria for
withdrawal from
study

Power

Morbidity/
complications

STUDY DESIGN

Otologic surgery; a subgroup undergoing tympanic membrane grafting in tympanoplasty with or without
mastoidectomy was identified

Antibiotic requirement for other conditions within 7 d preoperatively or within postoperative follow-up period

Overall population very well characterized, not described in terms of antibiotic versus control group

All ages

Operating surgeon was blinded

Cepha lothin or cefazolin
If immediate and severe penicillin allergy: vancomycin
Protocol: 1 g 1M preoperatively, then "appropriate dose" IV q 6 h x 24 h postoperatively

COM surgery: postoperative pack with Polysporin ointment

"Clean contaminated": dry COM ears
"Contaminated": discharging COM ears

All cases prepared identically: povidone iodine 10% soap and preparation solution x lOmin . Preoperatively
draining ears n = 370

Not specified

Graft failure vs take with 50% vs 6.6% wound infection rate (n =2135, P < 0.05)

Appropriate

Unavailable follow-up, requiring antibiotics within this time period for reasons other than surgical infection,
incomplete data for the variable under consideration

Not specified

In the larger group of 3481 enrolled patients: 1 dermatologic reaction to cephalosporin, 1 anaphylaxis to
oxacillin

SSI =surgical site infection, NS =not significant. 1M=intramuscularl y, IV =intravenously, COM =chronic otitis media .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Timing of first antibiotic dose is considered "appropriate" if given within the 2 h preceding the incision.
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THE EVIDENCE CONDENSED: Systemic antibiotics versus no antibiotics for tympanoplasty with/without
mastoidectomy

Reference

Level (design)

Sample size

Govae r ts, 1998

I (randomized controlled trial)

The size of the tympanoplasty subgroup was not reported; the total sample of all otologic procedures was 750

Antibiotic

o antibiotics

p Value

Conclusion

Follow-up time

% with ssn
o comparative data

reported for the subgroup
undergoing tympanoplasty

Up to 14 d (SS\)

OUTCO MES

No. of graft failures

2

Not reported

Indeterminate

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Systemic antibiotic
regimen details

Use of topical
antibiotics

Diagnostic criteria

Procedural details

Management of
infection while in
study

Infection sequelae

Timing of first
antibiotic doset

Criteria for
withdrawal from
study

Power

Morbidity/
complications

"All patients undergoing ear surgery"

Otoneurosurgery or cochlear implant surgery, systemic antibiotics during the week preceding the procedure,
diabetes or immunodeficiency, requirement for endocarditis prophylaxis

ot reported

All ages

Double-blind, placebo controlled

Cefuroxime 1.5 g IV at induction (approximately 30 min before the incision), 6 h later, and 12 h later if the
procedure was >6 h long

Postoperative packing was impregnated with oxytetracycline and polymyxin B ointment

Wound infection: one of the following: fever, wound inflammation, wound secretion, myringitis, or otitis
media

"Surgical procedures were carried out according to the general ru les of sterility. Surgery for otosclerosis was
performed by means of the stapedotomy technique with a whole Teflon prosthesis interposition. Most
tympanoplasties made use of the tympanossicular allograft technique"

"The surgeon was allowed to break the code of the drug and prescribe proper antibiotic therapy"

All infections occurred in the tympanoplasty group: 2 graft necroses in cefuroxime group, I in placebo group

62% appropriate (received the first dose within 2 h before incision); 38% not appropriate (received the first
dose after incision)

one specified

"Able to detect a reduction in postoperative infection by factor 3 or more"

0.3% (I patient) with mild allergic reaction to cefuroxime

SSI = surgical site infection, NS = not significant, 1M= intramuscularly, IV = intravenously, COM = chronic otitis media .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Numbers obtained from bar graphs presented in the original report.
:J: Timing of first antibiotic dose is considered "appropriate" if given within the 2 h preceding the incision.
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Reference

Level (design)

Sample size'

Antibiotic

No antibiotics

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Systemic antibiotic
regimen details

Use of topical
antibiotics

Diagnostic criteria

Procedural details

Management of
infection while in
study

Infection sequelae

Timing of first
antibiotic doset

Criteria for
withdrawal from
study

Power

Morbidity/
complications

Eschelma n, 1971

I (randomized controlled trial)

74 (74)

OUTCOMES

% SSI

Penicillin: 11.5%, ampicillin 17.4%

Placebo 16%

Not reported

No large difference

ot specified

STUDY DESIGN

Tympanomastoidectomy or tympanoplasty was reported as a subset of larger group undergoing all
otolaryngologic surgeries

Penicillin allergy, patients receiving surgical treatment for acute infection, patients in whom exposure of the
vestibule or labyrinth occurred in the presence of chronic supurative disease, patients having endoscopy,
tonsillectomy/adenoidectomy, or myringotomy with or without tubes

Not specified

Not specified

Double-blind, placebo controlled

Penicillin G 600,000 U 1M XI, then Betapen-VK 250 mg PO q 6 h. Ampicillin 500 mg 1M x l , then 500 mg PO
q6h
Duration of each PO regimen: 5 d or until all packs and drains were removed, for a maximum of 10 d

AOM after myringoplasty with perforation of graft was treated with Cortisporin drops

"Postoperative infections ... were defined on clinical terms "

35 tympanomastoidectomies for cho lesteatoma, 39 tympanoplasties and tympanomastoidectomies without
cholesteatoma

Not specified

3 postoperatively infected TM perforations: 2 TMs closed after treatment with erythromycin/Cortisporin,
I graft did not take and required reoperation; 2 labyrinthitis "treated with antibiotics, antihistamines, and
bed rest," 0 resulting dead ears

Not reported

Not reported

Not reported

In the larger group of 330 patients undergoing a range of otolaryngologic procedures-penicillin group: 2
rash, I hand swelling, 2 vomiting/diarrhea; placebo: I nausea

SSI = surgical site infection , NS = not significant , 1M= intramuscularly, IV = intravenously, t.i.d. = three times a day, COM = chronic otiti s media,
AOM = acute otitis media, TM = tympanic membrane.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Timing of first antibiotic dose is considered "appropriate" if given within the 2 h preceding the incision .
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THE EVIDENCE CONDENSED: Systemic antibiotics versus no antibiotics for tympanoplasty withlwithout
mastoidectomy

Reference

Level (design)

Sample size

Winerman , 198 1

I (rando mized con trolled trial )

72 (72)

OUTCOMES

LindhoId t, 1986

I (rando m ized cont rolled trial )

26 (27)

% SSI, graft reperfo ra t ion or nonepitheIiaIiza t ion % draining ear % graft success

Ant ibiotic

o an tibiotics

p Value

Concl usio n

Follow-up time

Inclu sion criteria

Exclusion criter ia

Rando mization
effect iveness

Age

Masking

Systemic antibiotic
regimen detai ls

Use of topical
antibiotics

Diagnos tic criter ia

Procedural details

Management of
in fection while in
st udy

Infection sequelae

Timing of first
antibiotic do set

Criteria for
withdrawal from
study

Power

Morbidity!
complications

11.1%

15.6%

ot reported

o large d ifference

3 mo

STUDY DESIGN

Tympa no mastoid surge ry (close d cavity) for ch ro nic m iddl e
ear infection

Not specified

Not specified

8-67 Y

o placebo

Clindamycin 300 mg IV t.i.d. for 3 d preoperatively and II d
pos toperatively
Gentamicin 3-6 mglkgld divided into 3 doses daily for 3 d
preoperatively and 7 d postoperatively; gentamicin was not
given to 6 patients who received c1indamycin alone because no
gram-negative bacilli were identified on preoperative cultures

ot specified

Defini tio ns for " infec ted o pera tive wound" not spec ified

Closed cavi ty procedure, 40 had cho lesteato ma, 32 had
chronically dischargin g ear

Not specified

Not specified

Potentially not appropriate

ot specified

ot specified

Not spec ified

14.3%,7.1 % 71.4%

83.3%, 58.3% 50.0%

<0.001 S

Antibiotics be tte r 0 di fferen ce

"Postoperatively," 2 mo

Adult referred for surgica l treatment of
CO M with 'I'M perforat ion for >3 rno,
preop erative draining ear with cultures
growing Pseudomonas

Dry ear preopera tively

Multiple background variables reported, but
no mathematical analysis

Mean age 37-44 y

Surgeon not blinded, no placebo

Ceftazidime 2 g IV x l the evening before the
procedure, and 2 g q 8 h x 24 h, then I g q
8 h xsd

ot specified

Cr iteria for d iagn osis of pos to perative
infec tio n not specified

No t specified

ot specifie d

ot specified

Not appropriate

ot specified

Not reported

"No adverse reactions to ceftazidime were
noted ."

551=surgical site infection , NS =not significant, 1M=intramuscularly, IV =intravenously, t.i.d. =three times a day, COM =chronic otitis media,
AOM = acute otitis media, TM = tympanic membrane .
• Sample size: numbers shown for those not lost to follow-up and tho se (initially recrui ted ).
t Timing of first antib iotic dose is considered "appropriate" if given withi n the 2 h preceding the incision.
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Perioperative systemic antibiotics in patients with actively draining ears:
Impact on postoperative infection, graft success

Jennifer J. Shin and Marlene Durand

METHODS

Because the rate of postoperative infection has been
noted to be higher in draining (17%) versus nondraining
ears (5%) [1], we reviewed the literature specific to drain
ing ears. A computerized PubMed search of MEDLINE
I966-November 2004 was performed. Articles mapping
to any of the following medical subject headings were
exploded and combined: "antibiotic prophylaxis,"
"antibacterial agents:' "lactams," "fluoroquinolones,"
"macrolides," "clindamycin." These articles were then
cross-referenced with those mapping to the exploded
medical subject heading "otologic surgical procedures."
This process yielded 266 trials. These articles were then
reviewed to identify those that met the following
inclusion criteria: 1) a patient population with actively
draining ears that was undergoing otologic surgery,
2) intervention with systemic antibiotics versus placebo
or other no-antibiotic control, 3) outcome measured in
terms of postoperative surgical site infections' and/or
graft success, 4) randomized controlled trials (RCTs).
Articles in which the use of randomization was not
clearly specified were excluded. The bibliographies of the
articles that met these inclusion/exclusion criteria were
manually checked to ensure no further relevant articles
could be identified. This process yielded two RCTs [1, 2].

RESULTS

Outcome Measures. Outcomes were measured in terms
of the percent of patients with an SSI (wound or external
auditory canal) [1], percent with postoperatively drain
ing ear, and/or the percent of patients with graft success
[2]. The outcome ofgraft success was considered relevant
because postoperative infections have been correlated
with graft failure, a finding corroborated in one of these
trials [1].

Potential Confounders. As discussed in Section 21.D,
many factors besides systemic antibiotics could influence
postoperative infections or graft success. Such factors are
detailed in the adjoining table.

I Surgical site infection (SSI) is the term used by the Centers for Disease
Control to specify an infection at the operative site, usually within 30
postoperative days [3J. This term excludes infections at other sites, such as
pneumonias.

Study Designs. Two RCTs addressed a set of patients
with preoperatively draining ears [1, 2], with one focus
ing on only Pseudomonas-infected ears [2]. Although
these were randomized trials, the effectiveness of that
randomization was not demonstrated; it was not clearly
delineated that potential confounders were balanced
between the two study groups before treatment with
either antibiotic or control. Neither study was placebo
controlled, but the surgeon was blinded in one of the
studies [1]. The surgical preparation was standardized
and reported in one trial [1]. Two first-generation ceph
alosporins (cephalothin and cefazolin) were tested in one
trial, with vancomycin for patients with penicillin allergy
[1]. The second RCT examined ceftazidime, a third
generation cephalosporin with anti-Pseudomonal activ
ity, because this organism was found in preoperative
cultures of all patients included in this study [2]. The use
of topical antibiotics was described in one of the studies
[I].

Highest Level of Evidence. The two RCTsthat addressed
this issue had varying results. One trial showed that anti
biotics significantly decreased the percent of patients
with a draining ear "postoperatively" (exact time interval
not specified) and 2 months after the procedure. There
was a rate difference (see Chapter 3 for definition) of
69.0% "postoperatively" and 51.2% at 2 months. These
figures translate to numbers needed to treat (see Chapter
3 for definition) of two, which means that two patients
with Pseudomonas-infected draining ears must be treated
with ceftazidime in order to prevent one of them from
having a draining ear after surgery. It should be noted,
however, that both patients and physicians knew whether
antibiotics were administered or not, so a potential
placebo effect could create a bias toward a better outcome
with antibiotics. This same trial showed a trend toward
improved graft success, but with no significant difference
whether antibiotics were used or not [2].

The second trial to address this issue found no
significant difference whether first-generation cephalos
porins were given or not. The antibiotic regimen,
however, was empiric, and not based on culture results
[I]. The lack ofantibiotic impact may therefore be attrib
uted to the use of an antibiotic regimen without activity
against potentially relevant organisms such as Pseudomo
nas. Neither study reported an a priori power calculation.
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Applicability. These data are applicable to patients with
actively draining ears who are undergoing otologic
surgery. One study is potentially applicable to patients
undergoing empiric treatment [1], whereas the other is
only applicable to patients with Pseudomonas infection
treated with an anti-Pseudomonal agent [2].

Morbidity/Complications. Adverse reactions to systemic
antibiotics were mild and occurred at a rate of ~1 0/0.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Two RCTs addressed the impact of systemic antibiotics
on outcomes in patients undergoing otologic procedures
with actively draining ears. They had disparate results,
but measured different outcomes in different popula
tions. One demonstrated a significant improvement in

postoperative drainage caused by Pseudomonas after
treatment with an anti-Pseudomonal antibiotic. The other
showed no difference in 551 when a first-generation
cephalosporin was used empirically.These varying results
may be related to the lack of placebo use in the first
trial and lack of culture-driven therapy in the trial
showing no difference. In addition, the disparity may be
caused by the use of antibiotics for prophylaxis (clean
contaminated surgery) versus for treatment (contami
nated or infected surgery).

To address the impact of prophylactic antibiotics on
draining ears, a placebo-controlled trial utilizing empiric
antibiotics directed at all major pathogens in chronic
otitis media (including Staphylococcus aureus and Pseu
domonas) would be necessary. Using the data from the
Jackson study, the sample size necessary to achieve a
90% power to detect a 10% difference in infection rate
with 950/0 confidence intervals can be calculated at 622
patients (Jackson study had 370 patients). To detect a
5% difference in infection rates, 3230 patients would be
necessary.



THE EVIDENCE CONDENSED: Systemic antibiotics versus no antibiotics for surgery on actively draining ears

Reference

Level (design)

Sample size'

Jackson, 1988

I (randomized controlled trial )

370 [original size of this subset with preoperatively draining
ears was not specified, but for the entire group 3481 (4000)]

OUTCOMES

Lindholdt, 1986

1 (randomized controlled trial)

26 (27)

% with surgical site infection (wound, canal, total)

Antibiotic 3.8%,13.0%,16.8%

No antibiotics 6.5%,11.4%,17.9%

P Value NS, NS, NS

Conclusion ' No difference

Follow-up time 3 wk

% with postoperatively
draining ear

14.3%,7.1%

83.3%, 58.3%

<0.001, <0.01

Antibiotics better

"Postoperatively," 2 mo

% graft success

71.4%

50.0%

NS

No difference

2 mo

Inclusion
criteria

Exclusion
criteria

Randomization
effectiveness

Age

Masking

Systemic
antibiotic
regimen details

Use of topical
antibiotics

Diagnostic
criteria

Procedural
details

Management of
infection while
in study

Infection
sequelae

Timing of first
antibiotic dose t

Criteria for
withdrawal
from study

Power

Morbidity!
complications

STUDY DESIGN

Subset of patients with discharging ears undergoing
otologic surgery

Antibiotic requirement for other conditions within 7 d
preoperatively or within postoperative follow-up period

Overall population very well characterized, not described
in terms of antibiotic vs control group

All ages

Operating surgeon was blinded

COM: cephalothin or cefazolin
Neurotologic cases: oxacillin
If immediate and severe penicillin allergy: vancomycin
Protocol: 1 g 1M preoperatively, then "appropriate dose" IV
q 6 h x24 h postoperatively

COM surgery: postoperative pack with Polysporin
ointment

"Clean surgery": neurotologic cases
"Clean contaminated": dry COM ears
"Contaminated": discharging COM ears

All cases prepared ident ically: povido ne iodine 10% soap
and preparation solution x 10 min; iodophor drapes with
neurotologic cases. Tympanoplasty n = 2136; stapedectomy
n =341; CPA tumor n =431; multiple other otologic
surgery types. Preoperatively draining ears n = 370

Not specified

Graft failure vs take with 50% vs 6.6% wound infection
rate (in a larger group of patients undergoing
tympanoplasty n =2135, P < 0.05)

Appropriate

Unavailable follow-up, requiring antibiotics within this
time per iod for reasons other than surgica l infection,
incomplete data for the variable under consideration

Not specified

In larger group of n = 3481 patients: 1 dermatologic
reaction to cephalosporin, 1 anaphylaxis to oxacillin

Adult referred for surgica l treatment of COM with a
TM perforation observed for >3 mo, preoperative
draining ear with cultures containing Pseudomonas
aeruginosa

Dry ear preoperatively

Multiple background variables reported, but no
mathematical analysis

Mean 37 y (antibiotic group), 44 y (placebo group)

Surgeon not blinded, no placebo

Ceftazidime 2 g IV x l the evening before the
procedure, and 2 g q 8 h x24 h, then 1 g q 8 h x5 d

Not specified

Criteria for diagnosis of postoperative infection not
specified. Graft success specified as a graft that was
intact and in place (d istinction from a perforated or
displaced graft )

Not specified

Not specified

Not specified

Not appropriate

Not specified

Not reported

"No adverse reactions to ceftazidime were noted"

NS =not significant , COM =chronic otitis media, TM =tympanic membrane, 1M=intramuscularly, IV =intravenously, CPA =cerebellopontine angle.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Timing of first antibiotic dose is considered "appropriate" if given within the 2 h preceding the incision .

397



Perioperative Antibiotics for Otologic Surgery
398

REFERENCES

1. Jackson CG. Antimicrobial prophylaxis in ear surgery.
Laryngoscope 1988;98(I 0):1116-1123.

2. Lindholdt T, Felding JV, Iuul A, Kristensen S, Schouenburg
P. Efficacy of perioperative ceftazidime in the surgical

treatment of chronic otitis media due to Pseudomonas
aeriginosa. Arch OtorhinolaryngoI1986;243(3):167-169.

3. Managram AJ,Horan TC, Pearson ML, SilverLC,JarvisWR.
Guideline for Prevention of Surgical Site Infection. Centers
for Disease Control, VS Department of Health and Human
Services, 1999.



18 Perioperative Antibiotics for Otologic Surgery

Perioperative systemic antibiotic prophylaxis for all types of otologic surgery combined:
Impact on postoperative infection, graft success

Jennifer J. Shin and Marlene Durand

METHODS

Although ideally only procedure-specific data would be
presented, an analysis of all studies that analyzed data
from any type of otologic surgery is also presented. This
additional review was undertaken because of the large
sample sizes necessary to achieve a study of adequate
power on this topic (See reviews 21.A and 21.B); accept
ing data from trials that included a wider variety of
procedures was hoped to provide larger sample sizes. In
the spirit of a systematic review, all relevant papers are
presented, including those already shown in reviews
21.A-21.C.

A computerized PubMed search ofMEDLINE 1966
November 2004 was performed. Articles mapping to any
of the following medical subject headings were exploded
and combined: "antibiotic prophylaxis;' "antibacterial
agents; ' "lactams," "fluoroquinolones," "macrolides,"
"clindamycin." These articles were then cross-referenced
with those mapping to the exploded medical subject
heading "otologic surgical procedures." This process
yielded 266 trials. These articles were then reviewed to
identify those that met the following inclusion criteria:
1) patient population undergoing otologic surgery other
than just tympanostomy tube placement, 2) intervention
with systemic antibiotics versus placebo or other no
antibiotic control, 3) outcome measured in terms of
postoperative surgical site infection I and/or graft success,
4) randomized controlled trials (RCTs).Articles in which
the use of randomization was not clearly specified were
excluded. The bibliographies of the articles that met
these inclusion/exclusion criter ia were manually checked
to ensure no further relevant articles could be ident ified.
This process yielded nine RCTs [1-9 J.

RESULTS

Outcome Measures. Outcomes usually were measured
as the percent of patients with postoperative infections,
often localized specifically to the wound or the canal.
Only one of these trials, however, detailed the exact spec
ifications for the diagnosis of an SSI [5J. One trial
reported the "relative factor of protection from infection"

I Surgical site infection (SS!) is the term used by the Centers for Disease
Control to specify an infection at the operative site, usually within 30
postoperative days [10]. This term excludes infections at other sites, such
as pneumonias.

[5], which was calculated by dividing the percent of
placebo-consuming patients with postoperative infec
tions by the percent of antibiotic-consuming patients
with postoperative infection. In doing so, they calculated
the relative risk of postoperative infection with placebo
versus antibiotics. Two RCTs also reported the percent
of patients with pathogens in cultures taken from
postoperative ear swabs [1, 2J.Several trials also reported
the percent of patients with a successful tympanoplasty
graft; in fact, one trial reported results as the percent
having either SSI or graft complication as one variable
[9J. Graft outcome was considered relevant because
postoperative infections have been correlated with
graft failure, a finding corroborated in one of these
trials [6J.

Potential Confounders. Asdetailed in review 19.A,many
factors besides systemic antibiotics could influence
postoperative infection . These factors are detailed in the
adjoining tables and include: the exact antibiotic regimen,
details of any preoperative infection, types of otologic
procedures studied, method of preoperative sterilization
in the operating room, use of topical ant ibiotics or anti
inflammatory medicines, and timing of administration
of study medications.

The timing of the first dose of antibiotics is a key
potential confounder. This initial dose should be given
within the 2 hours preceding the surgical incision [10,
11J. In the Lindholdt, Winerman, Bagger-Sjoback, and
Donaldson studies, antibiotics may not have been given
within the appropriate timeframe, which may have influ
enced their results.

The organisms covered by the antibiotic used is
another important potential confounder. Antibiotics that
cover Pseudomonas [8, 9], Staphylococcus aureus [2, 3],
but neither Pseudomonas nor Staphylococcus [1, 4-7]
were used. Inadequate coverage of appropriate organ
isms may clearly affect results. In one study, for example,
all graft necroses occurred in the presence of gram-neg
ative rods with a resistance pattern suggestive of Pseudo
monas,but the antibiotic prophylaxis studied (cefuroxime)
did not cover Pseudomonas [5].

StUdy Designs. Nine RCTsaddressed the impact of sys
temic antibiotics on infectious outcomes after otologic
surgery. Only one trial characterized the preintervention
characteri stics in detail [6J, however, and none provided
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clear statistical comparisons of the antibiotic and control
groups at the outset. All studies except two [8,9] were at
least single, if not double blinded. The surgical prepara
tion was standardized in two cases.A variety of systemic
penicillins and cephalosporins were tested, along with
sulfamethoxazole and clindamycin with or without gen
tamicin. Topical antibiotics were used disparately, with
further details in the adjoining table.

Highest Level of Evidence. Two of the nine RCTs
showed a significant improvement in the infectious
outcome with systemic antibiotics. One of these trials
demonstrated that patients with preoperatively draining
ears caused by Pseudomonas were less likely to have per
sistent drainage at up to 2 months after surgery if treated
with an anti-Pseudomonal antibiotic [8]. This result may
not be surprising, as this may represent "contaminated"
surgery, and antibiotics would therefore be therapeutic
rather than prophylactic. Rate differences were 69.0%
and 51.2%, suggesting numbers needed to treat of two.
In the second trial, patients who received cefuroxime
were 3.1-3.4 times as likely to remain infection-free at
2-7 days [5]. This protective effect, however, dissipated
at 14 days.

Six other RCTs showed no noteworthy difference
in the rate of postoperative infections, with specified
follow-up times between 6 days and 3 months [1-4,6,7,
9]. The largest and highest powered trial was among
those to demonstrate no difference (at 3 weeks follow
up) [6]. This trial also included an analysis of a smaller
subset of patients with preoperatively draining ears
in which there was no demonstrated difference between
the antibiotic and control groups (see review 19.C).
These negative trials had later follow-up periods of ~1

week; further details are provided in the adjoining
chart.

Using figures suggested by one article's data [3], in
order to obtain a 90% power to detect a 5% difference in
groups with 95% confidence intervals, data from 2812
patients would be needed. Only one of these studies had

Surgical wound classification [10]

a sample size of this magnitude [6], and only one other
came close [5].

Applicability. These data are applicable to a variety of
patients undergoing otologic surgery, with further details
regarding inclusion/exclusion criteria provided in the
adjacent table.

Morbidity/Complications. Adverse reactions to systemic
antibiotics were mild and occurred at a rate of ~1%.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were nine RCTs that addressed the impact of sys
temic antibiotics on otologic surgery outcomes. The
major ity of data (including data from one study with
more than adequate power to identify a difference that
truly exists) demonstrated no difference with empiric
perioperative antibiotics , with follow-up times typically
exceeding 1week.There was, however,one trial that dem
onstrated a significant improvement in SSI rate with
antibiotics that occurred only within the first postopera
tive week. In addition, another trial (whose results are
limited by lack of a placebo control) demonstrated effi
cacy when culture-driven (i.e., Pseudomonas-specific )
perioperative antibiotics were administered.

Future research may focus more specificallyon par
ticular otologic procedures or subsets of patients under
going a particular procedure, in order to identify those
patients that would most benefit from this intervention.
Grouping together data from clean and clean/contami
nated and contaminated surgery may confound results,
so these categories of procedures are best studied sepa
rately. Given the larger sample sizes needed to achieve
adequate power for clean ear surgery (lower overall rates
of infection make it harder to demonstrate a difference
that truly exists), it may be necessary to focus on clean
contaminated surgeries with their higher rates of post
operative infection. When planning future research, there
are three key outcomes to consider: SSI,graft failure, and
persistent otorrhea. Each of these outcomes should be
clearly defined, especially SSI,which has the potential for
a broader clinical interpretation.

Clean

Clean -contaminated

Contaminated

Dirty

Uninfected wound with no entry
into respiratory or alimentary
tract

Controlled entry into respiratory
or alimentary tract

Incision into acute nonpurulent
inflammation

Wound with existing clinical
infection or retained devitalized
tissue

Primary closure with or without a
closed drain

o unusual contamination

Open, fresh, accidental wounds or
major break in sterile technique

Organisms causing postoperative
infection were present in the operative
field prior to surgery

Antibiotic use is prophylaxis

Antibiotic use is prophylaxis

Antibiotic use is prophylaxis

Antibiotic use is therapeutic
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Reference

Level (design)

Sample size'

Jackso n, 1988

I (randomized controlled trial )

3481 (4000)

% infected: wound, canal

OUTCOMES

% graft success % preoperati ve wet ears infected: wound, can al

Antibiotic

o antibiotics

p Value

Conclusion

Follow-up rime

1.4%,4.6%

I. 7%, 4.0%

S, S

No difference

3wk

98.8%

98.5%

S

o difference

3.8%, 13.0%

6.5%, 11.4%

S, S

o difference

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Otologic surgery

Antibiotic requ irement for other cond itions within 7 d preoperatively or within postoperative follow-up
period

Overall population very well characterized, not described in terms of antibiotic versus control group

Age

Masking

Systemic antibiotic
regimen details

Use of topical
antibiotics

Diagnostic criteria

Procedural details

All ages

Operating surgeon was blinded

COM: cephalothin or cefazolin
eurotologic cases: oxacillin

If immediate and severe penicillin allergy: vancomycin
Protocol: I g 1M preoperatively, then "appropriate dose" IV q 6 h x24 h postoperatively

COM surgery: postoperative pack with Polysporin ointment

"Clean surgery": neurotologic cases
"Clean contaminated": dry COM ears
"Contaminated" : discharging COM ears

All cases prepared identically: povidone iodine 10% soap and preparation solution x lOmin; iodophor
drapes with neurotologic cases. Tympanoplasty n = 2136; stapedectomy n = 341; CPA tumor n = 431;
multiple other otologic surgery types. Preoperatively draining ears n = 370

Management of
infection while in study

Infection sequelae

Not specified

Graft failure vs take with 50% vs 6.6% wound infection rate (n = 2135, P < 0.05)

Timing of first
antibiotic doses

Criteria for withdrawal
from study

Appropriate

Unavailable follow-up, requiring antibiotics within this time period for reasons other than surgical
infection, incomplete data for the variable under consideration

ot specified

I dermatologic reaction to cephalosporin, I anaphylaxis to oxacillin

Power

Morbidity!
complications

S =not significant. 1M=intramuscularly. IV =intravenously, COM =chro nic otitis media. CPA=cerebellopontine angle.
, ample size: numbers shown for those not lost to follow-up and those (initially recru ited).
§Timing of first antibiotic dose is considered "appropriate" if given with in the 2 h preced ing the incision.
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Refere nce

Level (design)

Sample size'

Govae rts, 1998

1 (randomized controlled trial )

ot specified (750)

OUTCOMES

Antibiotic

o antibiotics

p Value

Conclusion

Follow-up time

Relat ive factor of protection fro m infecti on

3.I,t 3.4:1:

1.0,t 1.0:1:

t<0.05, :1:<0.05

Antibiotics better

t 2 d,:j:7 d,14 d

Infection ra te overall

3.1%

4.7%

S

o difference

14 d

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Systemic antibiotic
regimen detail s

Use of topical
antibiotics

Diagnostic criteria

Procedural details

Management of
infection while in study

Infection sequelae

Timing of first
antibiotic dose§

Criteria for withdrawal
from study

Power

Morbidityl
complications

STUDY DESIGN

"All patients undergoing ear surgery"

Otoneurosurgery or cochlear implant surgery, systemic antibiotics during the week preceding the
procedure, diabetes or immunodeficiency, requirement for endocarditis prophylaxis

Not reported

All ages

Double-blind, placebo controlled

Cefuroxime 1.5 g IV at induction (approximately 30 min before the incision ), 6 h later, and 12 h later
if the procedure was >6 h long

Postoperative packing was impregnated with oxytetracycline and polymyxin B ointment

Wound infection: one of the following : fever, wound inflammation, wound secretion, myringitis, or
otitis media

"Surgical procedures were carried out according to the general rules of sterilit y. Surger y for
otosclerosis was performed by means of the stapedotomy technique with a whole Teflon prosthesis
interposition. Most tympanoplasties made use of the tympanoossicular allograft technique"

"The surgeon was allowed to break the code of the drug and prescribe proper antibiotic therapy"

All infections occurred in the tympanoplasty group: 2 graft necroses in cefuroxime group, I in
placebo group

62% appropriate (received the first dose within 2 h before incision); 38% not appropriate (received
the first dose after incision )

one specified

"Able to detect a reduction in postoperative infection by factor 3 or more "

0.3% ( 1 patient ) with mild allergic reaction to cefuroxime

S =not significant, 1M=intr amu scularly, IV =intr avenou sly, COM =chro nic otitis med ia.
• Sample size: numbers shown for those not lost to follow-up and tho se (initially recruit ed).
t. :J:Symbols den ote which data comparisons correspond to the referenced p values and follow-up times.
§ Timing of first antibiotic dose is considered "appropriate" if given within the 2 h precedin g the incision .
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Referen ce

Level (design)

Sampl e size'

John, 1988

I (randomized controlled trial)

130 (130)

OUTCO MES

Antibiotic

o antibiotics

p Value

Conclusion

Follow-up time

Wound infection

n = 1/130 wound infection,
group not specified

No conclusion

8wk

% graft success

85%

87%

ot reported

o difference

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Systemic antibiotic
regimen detail s

Use of topical
antibiotics

Diagno stic criteria

Procedural detail s

Management of
infection wh ile in study

Infection seque lae

Timing of first
antibiotic dose t

Criteria for withdrawal
from study

Power

Morbidityl
complications

STUDY DESIGN

All patients underwent endaural approach using underlay temporalis fascia graft

Antibiotic ear drops or ora l antibiotics within I mo of surgery

Lower percentage of wet ears in antibiotic group, not otherwise specified

14-61 Y

" Blind;' not otherwise specified

Ampicillin 250 mg 1M x l and flucloxacillin 250 mg 1M x t I h preoperatively, then oral continuation
of both x5 d

ot routine: canal packing was impregnated with bismuth, iodoform, and paraffin paste

"Successful surgery" not overtl y defined , but impli ed as successful closure of perforation

Endaural approach taking temporalis fascia, posterior tympanomeatal flap, underlay graft

ot reported

Not reported

Appropriate

one specified

Not reported

ot reported

S =not significant, 1M=intr amu scularly, b.i.d . =twice a day, t.i.d. =three times a day.
• Sample size: numbers shown for those not lost to follow-up and those (initially recru ited).
t Timing of first antibiotic dose is considered "appropriate" if given within the 2 h preceding the incision.
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Reference

Level (design)

Sample size'

Donaldson, 1966

I (randomized controlled trial )

94 (96)

Carlin, 1987

I (randomized controlled trial)

7 1 (71)

Antibiotic

No antibiotics

p Value

Conclusion

Follow-up time

OUTCOMES

% with infectionst % with pathogens on ear swab % graft success

n = 1!47, n = 3!47 29.4%, 17.6%,0% 82.4%

n = 3!49, n = 6/49 24.3%, 27.0%, 0% 83.7%

NS Statistics not reported Statistics not reported

No difference Trend toward antibiotics better o difference
at 3 wk

10 d, 6 wk I wk, 3 wk, 8 wk

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Systemic antibiotic
regimen details

Use of topical
antibiotics

Diagnostic criteria

Procedural details

Management of
infection while in study

Infection sequelae

Timing of first
antibiotic dose:j:

Criteria for withdrawal
from study

Power

Morbidity!
complications

Myringoplasty

Sulfonam ide allergy, rheumatic heart
disease requ iring prophylactic penicillin

Not reported

Not reported

Double-blind, placebo controlled

Sulfamethoxazole 2 g x l the eveni ng before
surgery, then I g b.i.d. xrod if >80 lb.; 75%
dose if 60-80 lb., 50% dose if 40-60 lb.

Postoperative packing wassoaked in polymyxin,
neomycin, hydrocortisone otic drops

Criteria for diagnosis of postoperative
infectio n not specified

Preparation: auricle and adjacent areas were
scrubbed with 3% hexachlorophene liquid
soap for 10 min

Not specified

Not specified

Not appropriate

Later determination that 2 patients had
transcanal tympanoplasty, 2 had radical
mastoidectomy

Not reported

"Side effects were no more common in the
patient receiving the active medication than
the placebo"

Patients admitted for routine myringoplasty: endaural
approach using underlay temporalis fascia graft

Antibiot ic ear drops or oral antibiotics within 1 mo of
surgery

Not reported

Not specified

Observer was blinded

Ampicillin 250 mg 1M x l and flucloxaci llin 250 mg 1M
x l I h preoperatively, then ora l continuation of both x 5 d

If ear was wet at 3-wk visit, then po lymyxin!neomycin!
hydrocort isone gtts t.i.d. x 2 wk

Pathogens: Staphylococcus aureus, Pseudomonas,
Streptococcus pyogenes, coliforms, anaerobes

"The operative procedure was standardized as much as
possible . .. an endaural approach was used, taking
temporalis fascia. A posterior tympanomeatal flap was
elevated and the graft was inserted as an underlay"

Not reported

Not reported

Appropriate

None specified

Not reported

Not reported

NS =not significant , 1M=intramuscularly, b.i.d. =twice a day, t.i.d. =three times a day.
• Sample size: numbers shown for those not lost to follow-up and those (initiall y recruited ).
t Figures are extrapolated as best possible from reported data: n =47 in antibiotic group; n =49 in placebo group; n =10 patients (in which groups
not reported ) did not follow up at 10 d; n =2 patients (in which groups not reported ) did not follow up at 10 d.
+Timing of first antibiotic dose is considered "appropriate" if given within the 2 h preceding the incision .
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Reference

Level (design)

Sample size'

Antibiotic

No antibiotics

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Systemic antibiotic
regimen details

Use of topical
antibiotics

Diagnostic criteria

Procedural details

Management of
infection while in study

Infection sequelae

Timing of first
antibiotic dose t

Criteria for withdrawal
from study

Power

Morbidity/
complications

Eschelman, 1971

I (randomized controlled trial )

107 (107)

OUTCOMES

% in fected: wound, middle ear

Penicillin 7.9%. ampicillin 16.7%

12.1%

NS

No difference

Not specified

STUDY DESIGN

All surgical patients undergoing otologic procedures (subset of larger group undergoing all
otolaryngologic surgeries)

Penicillin allergy, patients receiving surgical treatment for acute infection, patients in whom exposure of
the vestibule or labyrinth occurred in the presence of chronic suppurative disease , patients having
endoscopy, tonsillectomy/adenoidectomy, or myringotomy with or without tubes

Not specified

Not specified

Double-blind, placebo controlled

Penicillin G 600,000 U 1M xt, then Betapen-VK 250 mg PO q 6 h. Ampicillin 500 mg 1M x i , then
500 mg PO q 6 h
Duration of each PO regimen: 5 d or until all packs and drains were removed, for a maximum of 10 d

AOM after myringoplasty with perforation of graft was treated with Cortisporin drops

"Postoperative infect ions ... were defined on clinica l terms"

35 tympanomastoidectomies for cholesteatoma, 39 tympanoplasties and tympanomastoidectomies
without cholesteatoma, 33 stapedectomy or exploratory tympanotomy

Not specified

3 postoperatively infected TM perforations: 2 TMs closed after treatment with erythromycin/Cortisporin,
I graft did not take and required reoperation. 2 labyrinthitis "treated with antibiotics, antihistamines, and
bed rest;' 0 resulting dead ears

Not reported

Not reported

Not reported

Penicillin group: 2 rash, I hand swelling, 2 vomiting/diarrhea. Placebo: I nausea

NS =not significant, 1M =intramuscularly,b.i.d. =twicea day,TM =tympanic membrane. AOM=acute otitis media.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Timing of first antibiotic dose is considered "appropriate" if given within the 2 hours precedingthe incision.
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Reference

Level (design)

Sample size'

Bagger-Sjoback, 1987

I (randomized controlled trial )

91 ( 100)

OUTCO MES

Antibiotic

o antibiotics

p Value

Conclusion

Follow-up time

% with clinical infection po stoperatively

19.1%

22.7%

S

No difference

6-8 d

% with pathogen microbiologic growth po stoperatively

78.7%

95.5%

<0.041

Antibiotics better

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Systemic antibiotic
regimen details

Use of topical
antibiotics

Diagnostic criteria

Procedural details

Management of
infection while in study

Infection sequelae

Timing of first
antibiotic dose t

Criteria for withdrawal
from study

Power

Morbidity!
complications

STUDY DESIGN

Admitted for middle ear surgical procedure, >15 yold

Allergy to penicillin or cephalosporin, other antibiotics within 7 d before surgery

Similar rates of preoperative infection, microbiologic growth

>15 Y

Double-blind, placebo controlled

Phenoxymethylpenicillin (penicillin V) 1 g administered the evening before a morning case or the
morning of an afternoon case, then 1 g PO b.i.d. x6-8 d postoperatively

o topical antibiotics were used

Criteria for diagnosis of postoperative infection not specified

51 myri ngoplasty, 30 ossiculop lasty, 15 revision surge ry, 7 combined approach tympano plasty, 6
radica l mastoidectomy, 5 stapedectomy. Postoperative packing for radica l masto id surgery was soaked
in a I% hydrocortisone solut ion x6-8 d

Patients were withdrawn so known antibiotic regimen could be administered

ot specified

ot appropriate

4 patients developed infections and were withdrawn for proper antibiotic treatment; 5 patients were
withdrawn because of "nonfulfillment of surgical criteria, incomplete forms, etc."

Not reported

Not reported

S =not significant, 1M =intramuscularly, b.i.d. =twice a day, TM =tympanic membrane, AOM =acute otitis media .
• Sample size: numbers shown for those not lost to follow-up and those (initiall y recruited ).
t Timing of first antibiotic dose is considered "appropriate" if given within the 2 hours preceding the incision .
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Reference

Level (design)

Sample size'

Winerma n, 1981

I (randomized controlled tr ial)

72 (72)

OUTCOMES

Lindholdt, 1986

I (randomized contro lled trial)

26 (27)

% SSI, gra ft reperforation or non epithelialization % draining ear % graft success

Antibiotic

No antibiotics

p Value

Conclusion

Follow-up time

11.I%

15.6%

Not reported

No large difference

3 mo

14.3%,7. 1%

83.3%, 58.3%

<0.00 1

Antibiotics better

"postoperatively:' 2 mo

71.4%

50.0%

NS

No difference

Inclusion criteria

Exclusion criteria

Randomi zation
effectiveness

Age

Masking

Systemic antibiotic
regimen details

Use of topical
antibiotics

Diagnostic criteria

Procedural deta ils

Management of
infection while in study

Infection sequelae

Timing of first
antibiotic doset

Criteria for withdrawal
from study

Power

Morb idity!
compl ication s

STUDY DESIGN

Tympanomastoid surgery (closed cavity) for
chronic middle ear infection

Not specified

Not specified

8-67 Y

No placebo

Clindamycin 300 mg IV t.i.d. for 3 d preoperatively
and 11 d postoperatively
Gentamicin 3-6 mglkgld divided into 3 doses daily
for 3 d preoperativel y and 7 d postoperatively;
gentamicin was not given to 6 patients who received
c1indamycin alone because no gram -negative bacilli
were identified on preoperative cultures

Not specified

Definitions for "infected operative wound" not
specified

Closed cavity procedure, 40 had cholesteatoma, 32
had chronically discharging ear

Not specified

Not specified

Potentially not appropriate

Not specified

Not specified

Not specified

Adult referred for surgical treat ment of COM with
a TM perforation observed for >3 mo, preoperative
draining ear with cultu res conta ining Pseudomonas
aeruginosa

Dry ear preope ratively

Multiple backgroun d variables reported, but no
mathematica l analysis

Mean 37-44 y

Surgeon not blinded, no placebo

Ceftazidime 2 g IV x i the evening before the
proced ure, and 2 g q 8 h x24 h, then I g q 8 h
x5 d

Not specified

Criteria for diagnosis of postoperative infection
not specified

Not specified

Not specified

Not specified

Not appro priate

Not specified

Not reported

"No adverse reactions to ceftazidime were
noted"

NS = not significant, COM ", chronic otiti s media, TM = tympa nic membrane. SSI= surgical site infection , IV = intravenously, t.i.d. = three times a day.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
tTiming of first antibiotic dose is considered "appropriate" if given within the 2 h preceding the incision . :
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19 Tonsillectomy in Adults

Tonsillectomy for recurrent pharyngitis in adults: Impact on clinical improvement

Michael G. Stewart and Christopher Prichard

METHODS

A computerized PubMed search of MEDLINE 1966
February 2005 was performed. The terms "tonsillitis,"
"tonsil;' and "tonsillectomy" were searched, and the
resulting articles were cross-referenced, yielding 2020
articles. The search was limited to adult data; this yielded
476 articles. The titles or abstracts of these articles were
then reviewed to identify those that met the following
entry criteria: 1) adults with recurrent pharyngitis, 2)
intervention with tonsillectomy, ideally versus nonsurgi
cal treatment, and 3) comparative outcomes of post
treatment symptoms. One randomized controlled trial
(RCT) and two retrospective reviews of outcomes after
tonsillectomy met these criteria. The bibliographies of
these articles and several narrative review articles were
manually checked to ensure no further relevant article s
could be identified. This process yielded no additional
studies. In addition, we reviewed three published system
atic reviews [1-3] on tonsillectomy for recur rent tonsilli 
tis. Those reviews used strict entry criteria and included
RCTs only; all reviews reported no appropriate RCTs for
adults.Therefore, this overall processyielded three studies
[4-6] .

RESULTS

Outcome Measures. In the single RCT, a patient ques
tionnaire was the primary and only outcome measure. In
the two case series, utilization data and a post-treatment
interview were used, and in one study a retrospective
quality of life instrument was used, the Glasgow Benefit
Inventory (GBI). The GBI is an 18-item postintervention
questionnaire designed for retrospective evaluation of
improvement in quality of life after otolaryngology inter
vention. It was not designed for any particular disease,
but seems to be sensitive to differences in treatment
outcome.

Potential Confounders. In all studies-even the RCT
the questionnaires were completed only after treatment,
introducing the possibil ity of recall bias. In addition,
there is a strong possibility of expectation bias from the
treatment (placebo) effect. In the two uncontrolled case
series, the possibility of regression to the mean also exists.
Regression to the mean refers to the tendency in popula
tions for most subjects to cluster near the overall mean.
Subjects that are outliers, such as thos e with multiple

infections, tend to move back toward the overall popula
tion mean over time, i.e., have fewer infections. There
fore, when only studying patients with more significant
disease, it is possible that any reduction in severity or
frequency is attributable to regression to the mean.
Finally, response rates were suboptimal, introducing
potential responder/nonresponder bias.

Study Designs. There was only one RCT, and two ret
rospective case series. Although the methods seem ade
quate, the description of randomization protocol in the
RCT was quite limited, and it was impossible to use
masking in outcome assessment because all patients
knew whether or not they had undergone surgery. There
was no a priori power analysis; because the study was
very small , and the final result was "no difference;' there
is a strong possibility that the study did not have enough
subjects to detect a difference that truly exists. Using
their data and sample size studied, we calculated that the
study had a power of approximately 35% to predict a
20% difference in response/cure rate between the two
groups. To detect a larger difference, 30% for example,
the study had only 59% power. The methodology and
data collection techniques in the retrospective case series
were adequate, but they have the inherent underlying
biases of the retrospective study design .

Highest Level of Evidence. The single level 1 study
found a trend toward im provement after tonsille ctomy
which was not statistically significant. The sample size,
however, was small with a resulting limited power; there
fore, a type II error cannot be excluded using their data
(i.e., the results may falsely show no difference with
versus without tonsillectomy when in reality a true dif
ference exists). The two retrospective case series showed
significant improvements with surgery. These retrospec
tive studies are subject to recall bias, treatment bias, and
regression to the mean. One study was based on medical
records data, which should reduce bias, although patients
might voluntarily seek less medical attention after surgi
cal treatment. Even though statistical analysis of a quality
of life instrument designed for retrospective use was per
formed in one study, and statistically significant improve
ment was noted, the uncontrolled retrospective nature
of the study still limits interpretation.

Applicability. The single comparative study is quite
small, which limits its potential generalizability. However,
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there are no other factors that would limit the applicabil
ity of these results to other patients.

Morbidity/Complications. No significant morbidity or
mortality was reported in any studies.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were one level 1 study and two level 4 studies that
addressed the impact of tonsillectomy in adults with
chronic tonsillitis. The ReT showed a trend toward
improvement after tonsillectomy which was not statisti
callysignificant, but the study's sample sizegaveit limited
power to demonstrate a significant difference that might

truly exist. The level 4 evidence showed that tonsillec
tomy is beneficial in the treatment of recurrent tonsillitis.
Retrospective case series are prone to recall bias and
treatment placebo bias, but improvements after tonsil
lectomy in adults are demonstrated in a significant way
by these data.

Larger level 1 studies comparing surgery versus
observation or antibiotics are clearly needed. Also, the
outcome measures in such studies should be carefully
considered. Although the frequency of infection is an
important outcome measure, infection severity and other
symptoms-such as chronic throat pain, and quality-of
life impact-should be assessed as well. In addition,
because some adult patients that meet criteria for tonsil
lectomy will have resolution of infections even without
tonsillectomy, identification of factors that could predict
which patients are likely to improve without surgery
would be a very helpful tool for clinicians.



THE EVIDENCE CONDENSED: Tonsillectomy versus no surgery for recurrent tonsillitis

Reference

Level (design)

Sample size

Tonsillectomy

No surgery

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Intervention regimen details

Diagnostic criteria for infectious episode

Management of tonsillitis while in study

Data acquis ition

Management while in study

Compliance

Criteria for withdrawal from study

Intention to treat analysis

Power

Other outcome measures

Morbidity/complications .

Stafford, 1986

I (randomized controlled trial)

40 (40)

OUTCOMES

Qu estionnaire: "cured" of symptoms

18 of 20 (90%)

14 of 20 (70%)

= 0.24 (Fisher's exact test)

No significant difference

18 mo

STUDY DESIGN

4 episodes tonsillitis per year for 2 y; good health between episodes; normal blood count
and negative Paul Bunnell test

one specified

Apparently good; details not specified

~16y

one

Surgery group: tonsillectomy within 6 wk of trial entry. Technique not specified.
Observation group: PC V 250 mg q.i.d. for 8 d after each infectious episode (if PC
allergy, treatment also defined )

Criteria for infectious episode clearly defined (sore throat, dysphagia, pyrexia, malaise
for ~3 d )

Each episode of tonsillitis treated with 8 d of antibiotics (PCN, or erythromycin or
cotri moxazo le if PCN-allergic). Patients were seen every 3 mo

Patients seen every 3 mo and questionnaire completed (data not repo rted) . Patients
could opt out of observation gro up and have surgery if desired

Defined above

100% follow-up

ot defined, but no withdrawals

Yes (no crossover )

ot defined

In the tonsillectomy group, the 2 patients not "cured" still rated their outcome as
" improved"
6/6 ( 100%) of patients who failed medical therapy rated themselves "cured" after
tonsillectomy

o difference between 2 groups in bacteriologic results taken at study entry

None

q.i.d. = four times a day, URI = upper respiratory tract infection, HMO = health maintenance organization, peN = penicillin,
NA = not applicable, SD = standard deviation, QOL = quality of life.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Reference

Level (design)

Sample size

Mui,1998

4 (retrospective case series)

147 (254)

OUTCOMES

Tonsillectomy

No surgery

p Valuc

Conclusion

Follow-up time

Mean n um ber of clinic visits for URI or
tonsillitis

Before surgery: 3.9
After surgery: 0.4

NA

<0.001

Significant improvement after surgery

24 mo

Antibiotic prescriptions

Before surgery: 2.2
After surgcry: 0.1

NA

<0.001

Significant improvement after surgery

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Intervention regimen details

Diagnostic criteria for infectious episode

Management of tonsillitis while in study

Data acquisition

Management while in study

Compliance

Criteria for withdrawal from study

Intention to treat analysis

Power

Other outcome measures

Morbidity/complications

STUDY DESIGN

Underwent tonsillectomy without adenoidectomy in a single HMO hea lth system
between 1988-1993
Followed 2 y before and after tonsillectomy

None specified

ot randomized

~16y

A

Surgical technique not specified
Medical management before and after tonsillectomy was not specified

Criteria for infectious episodes as preoperative criteria were not clearly defined
Final review revealed that 68 patients had surgery for "chro nic" tonsillitis, and 65 for
"recur rent" tonsillitis; 133 of 147 (90.5%) had surgery for infections (remainder were for
sleep apnea, asymmetry, etc. )

Not ad d ressed

Med ical records reviewed for physician visits, infec tions, and prescriptions. For cha rt
review, infec tio n criteria were sta ndardized somewha t (symptoms or physicia n diagnosis).
Pat ients tha t could be reached by telephone (60 of 147) were interviewed wit h a set of
standard questions

Not addressed

Only patients who completed follow-up were included

A

A

ot reported

Telephone interview of 60 patients: 88% reported fewer sorc throats after surgery, 87%
reported fewer severe sore throats, 90% reported fewer sick days, and 88% would
recommend tonsillectomy to others. Before surgery 59% reported missing ~6 d from
work or school per year, and after surgery only 10% reported missing ~6 d per ycar
(Only 39/60 could estimate accurately the number of days missed)

Not reported

q.i.d. =four times a day, URI=upper respiratory tract infection, HMO =health maintenance organization, peN =penicillin, NA =not applicable,
SD = standard deviation, QOL = quality of life.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Reference

Level (design)

Sample size"

Tonsillectomy

o Surgery

p Value

Conclusion

Follow-up time

Bhattacharyya,2001

4 (retrospective case series)

65 (247)

OUTCOMES

Glasgow Benefit Inventory score

Total: +27.09
Subscales-
General health: +34.68
Social function: +14.36
Physical function: +9.49

A

<0.00 I for all scales

Significant improvement after surgery

I y minimum (mean = 42.6 mo)

STUDY DESIGN

Patient survey: antibiotic prescriptions

Before surgery: mean = 6.9 (SO 7.0)
After surgery: 0.6 (0.9)

A

<0.001

Significant improvement after surgery

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Intervention regimen details

Diagnostic criteria for infectious episode

Management of tonsillitis while in study

Data acquisition

Management while in study

Compliance

Criteria for withdrawal from study

Intention to treat analysis

Power

Other outcome measures

Morbidity/complications

Underwent tonsillectomy without adenoidectomy for "chronic infectious tonsillitis ."
Tonsillectomy between January I, 1994 and December 31, 1998

Tonsillectomy for suspected neoplasm; simultaneous uvulopalatopharyngoplasty

ot randomized

>16y

A

Surgical technique not specified
Medical management before and after tonsillectomy was not specified

Criteria for infectious episodes as preoperative criteria were not clearly defined

Not addressed

Medical records reviewed for demographic data
Pat ients complete d a retrospective survey on time taking anti biotics, workdays missed,
and physician visits
Patients also completed the Glasgow Benefit Inventory, a validated retros pective QOL
instrument, with positive scores for improvement in QOL after treatment, and negative
scores if QOL worsened

ot addressed

26% response rate. Mean age, gender, and year of surgery were not different between
responders and nonresponders

A

A

ot reported

Other patient survey data:
Workdays missed, mean = 8.0 (SO 11.3) before surgery, 0.5 ( 1.4) after surgery
Physician visits, 5.8 (5.9) before surgery, 0.3 (0.8) after surgery
p < 0.001 for both comparisons

ot reported

URI =upp er respiratory tract infection. HMO =health maintenance organi zation, peN =penicillin, NA =not applicable, SD =standard deviation.
QOL = qu ality of life.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Perioperative antibiotics versus placebo: Impact on postoperative symptom control

Michael G. Stewart and Christopher Prichard

METHODS

A computerized PubMed search of MEDLINE 1966
February 2005 was performed. The terms "tonsillec
tomy" and "tonsil" were exploded and the resulting
articles were combined. These articles were then cross
referenced with those obtained by exploding "anti
bacterial agents," "antibiotic prophylaxis:' "lactams,"
"macrolides," "clindamycin," or "fluoroquinolones,"
This process yielded 295 trials, of which 33 were ran
domized controlled trials (RCTs). These articles were
~hen ~eview:d ~o identify those that met the following
inclusion cntena: 1) a distinct patient population ~12
years old undergoing tonsillectomy or adenotonsillec
tomy, 2) intervention with systemic antibiotics versus
placebo/no antibiotics, 3) outcome measured in terms
of postoperative pain scores, analgesic use, or time with
pain. Articles regarding studies of topical or local appli
cations of antibiotics were excluded. Articles in which
data from children younger and older than 12 years were
pooled together with adult data, were also excluded. The
bibliographies of the articles that met these inclusion
criteria were manually checked to ensure no further rel
evant articles could be identified. This process yielded
three articles which represent the highest level of
evidence [1-3].

RESULTS

Outcome Measures. The Grandis and Cannon studies
[1: 2) used logbooks kept by patients for 7 days. The
o Reillystudy [3) evaluated daily pain scores for 10 days
and conducted interviews at 14 days. Symptom evalua
tion was fairly standard, with minimal patient burden to
complete, but diagnostic criteria were not standardized.
There was also no external verification of symptom eval
uation, i.e., no validated instrument, culture result, vital
signs, or other method used to corroborate findings .

Potential Confounders. Recall bias was a potential
problem, particularly for interviews conducted 2 weeks
postoperatively. Recall bias would also be amplified if
logb?ok~ were not completed each day. Perioperative
medications besides antibiotics could also influence
postoperative symptoms. Moreover, patients lost to
follow-up could have had different outcomes than
patients completing the study.

Study Designs. There were three RCTs (level 1 evi
dence ) that compared the impact of antibiotics on post
operative pain. Randomization was well described and
effective in balancing potential confounders between
groups. All three RCTs were placebo controlled to min
imize bias. Follow-up time was adequate and covered the
~ime period of clinical interest. The Grandis report [1)
mcluded a power analysis showing that 150 patients were
needed to achieve a power of 90% to detect a difference
of 1day). Although more than 150subjects were enrolled,
only 101 patients completed the study. There was no
power analysis reported in the Cannon study [2J,and the
?verall sa~ple .size was fairly small, raising the possibility
It could fail to Identify a difference that might truly exist.
Likewise, the O'Reilly study [3) also found no difference
between treatment groups, but no power analysis was
reported. To detect a 20% difference in pain scores, 104
patients would be needed in each group. Using calcula
tions from their data (and an estimated standard devia
tion, because it was not reported), the Cannon study's
sample size provided a 16% power to detect a difference
of 20% in pain medication utilization, and a 70% power
to detect a 50% reduction. The O'Reilly study seems to
have a 75% power to detect a 20% difference in cumula
tive pain score.

S!udy Re~ults. None of the three RCTs showed a sig
nificant difference in overall pain (measured either as a
pain score or analgesic medication use) with antibiotic
versus placebo. However, two studies did show some
beneficial e~e~ts of ~nt!biotic .use. The Grandis study
showed statistically significant Improvements in certain
symptoms-mouth odor, time to return of regular diet,
and resu~ptionof routine activities-even though pain
was not Improved. Although the Cannon study showed
~o statistically significant differences, the study popula
tion was small, and there was a trend toward selected
i~proved ou.tcomes in the antibiotic assembly. In par
ticular, fever III the first 48 hours, halitosis, and return to
diet trended toward better outcomes in the antibiotic
group.

Applicability. These results are applicable to adults
undergoing tonsillectomy.

Morbidity/Complications. No unexpected or significant
adverse effects of antibiotics were reported. The reported
secondary hemorrhage rate in one study was fairly high
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for all patients, but this included many patients with
mild or minimal hemorrhage.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were three level 1 studies that addressed this issue
in adult tonsillectomy. No significant difference was
noted in pain scores in any study, but they all had sample
sizes/powers that might fail to identify any difference that
might truly exist. Other symptoms, however,which seem

clinically important-such as time to return of diet, and
mouth odor-were improved; in the largest study, the
improvements were statistically significant, and in one
smaller study there was a trend toward significance.
Although the improvements in symptom control after
antibiotics were not consistently seen in all three studies;
no symptom was worse with antibiotic treatment, and
there were no significant complications of antibiotic
use.

This topic has been studied more thoroughly in chil
dren, and antibiotics are clearly beneficial. Because two
adult studies show some benefit, and it is a biologically
plausible effect, there does not seem to be a significant
demand for further immediate study in adults.



THE EVIDENCE CONDENSED: Antibiotics versus placebo for post-tonsillectomy symptom control

Reference

Level (design)

Sample size"

Grandis, 1992

I (randomized controlled trial)

101 (198 )

OUTCOMES

Antibiotic

Placebo

p Value

Conclusion

Follow-up time

Mea n pain sco re (I least seve re
to 10 most severe)t

4.1

4.42

S

o significant d ifference

7 d postoperat ively

STUDY DESIGN

Mo ut h odor (days with severe odor-scal e: 1 none.
2 moderate. 3 severe)

2.5 d

4.2 d

0.004

Improved on antibiotics

Inclusion cri teria

Exclusion cri teria

Randomization
effectiveness

Age

Masking

Antibiotic regimen details

Placebo details

Diagnostic criteria

Indication for tonsillectomy

Analgesic while in study

Surgical technique

Compliance

Crite ria for withdrawal fro m study

Inten tion to treat ana lysis

Power

Other outcome parameters

Morbidity/complications

~ 12 Yold, ton sillectom y with or witho ut ade noidec to my

Medical condition requiring periope rative antibio tics, history of penicillin allergy,
antibiotics administered within I wk of ton sillectomy

Autho rs reported no significa nt difference in age, sex, o r early discont inu ation of
medication
Male/female: 36%:64%; no p value. Table cited in text (Table I) does not con tai n age/sex
da ta

12-48 Y

Double blind

3.1 g ticarcillin and clavulanic acid IV q 6 h x3 doses after removal of tonsils, then
amoxicillin/clavulanic acid 250 mg PO t.i.d . x 7 d

Saline IV q 6 h x3 doses then placebo PO t.i.d . x7 d

Not defined-patient logbooks used

Not reported

Acetaminophen with codeine

Electroca utery hemostasis for adenoids
Hot vs cold tonsillectom y not specified

198 patien ts recru ited; 156 left hospital on stu dy medication (55 did not com plete data
booklets. II patient s discontinued study medicat ion for odyno phagia (8), nausea (2), rash
( I)

Failure to receive study medicat ion or complete logbooks: No difference in tho se
comp leting and not completing the study in age, sex, or treatment gro up assignment

Yes (no crossovers)

A priori calcu lation: for 90% power to discern a l-d difference in sym ptom duration with
an alpha value of 0.05, 150 patients would be needed

Significantly better with antibiotics: time with mo uth odor, time to return to regu lar diet,
time to return to work
Trend toward improvement with antibiotics but no significant difference in fever >99.9°F,
ota lgia, headache, number of ana lgesic doses
Trend toward improvement with placebo but no significant difference: nausea. vomiting,
diarrhea

o significant difference in nausea, vomiting, dia rrhea, otalgia, postoperative bleeding,
rash , headache

NS = not significant, IV= intravenou sly, t.i.d. = three times a day.
t Standard deviation not reported.
•Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Reference

Level (design)

Sample size'

Cannon, 1996

1 (randomized controlled trial)

46 (50)

OUTCOMES

Antibiotic

Placebo

p Value

Conclusion

Follow-up time

Mea n nu mber of analgesic doses

19.45 (range 6-33)

19.23 (range 6-41)

NS

No significant difference

7 d postoperatively

Days to soft d iet

41.7% on soft diet at d 3

27.3% on soft diet at d 3

NS

No significant difference

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic regimen details

Placebo details

Diagnostic criteria

Indication for tonsillectomy

Analgesic while in study

Surgical technique

Compliance

Intention to treat analysis

Power

Other outcome parameters

Morbidity/complications

STUDY DESIGN

~12 Yold, tonsillectomy

Medical condition requiring perioperative antibiotics, history of allergy to penicillin or
cephalosporin, antibiotics within I wk of tonsillectomy

Fewer preoperative infections and more males in the cefonicid group; no comment on
whether differences were statistically significant

13-40 Y

Double blind

Cefonicid I g IV x i before initiation of tonsillectomy

Placebo IV x l before initiation of tonsillectomy

ot defined-patient logbooks used

Recurrent episodes of acute tonsillitis "fo r most of the patients in the group." 27 patients
with 4-6 infections in preceding year, 14 with >6 infections

Acetaminophen with codeine

Blunt dissection with snare and electrocautery hemostasis

50 patients enrolled; 46 completed study (4 did not complete their logbook)

Yes (no crossovers)

Not reported

No significant difference in rates of trismus, postoperative bleeding, eschar, day of highest
fever, activity level, or weight loss
Trend toward improvement with antibiotics but no significant difference: halitosis, time to
resumption of soft diet

No allergic reactions, no phlebitis

NS = not significant, IV = intravenously, t.i.d. = three times a day.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Reference

Level (design)

Sample size

O'Reilly, 2003

I (randomized controlled trial)

95 (200)

OUTCOMES

Antibiotic

Placebo

p Value

Conclusion

Follow-up time

Mean sum pain score (lleast severe to 10 most
severe su mmed da ily for 10 d)

32.59 (range 19-46 )

31.89 (range 19-50 )

S

No significant difference

14 d postoperatively

Requ est for ad di tio nal analgesics

43%

46%

S

o significant difference

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic regimen details

Placebo details

Diagnostic crite ria

Indication for tonsillectomy

Analgesic while in study

Surgical technique

Compliance

Cr iteria for withdrawal from study

Intention to treat analysis

Power

Other outcome parameters

Morbidity/complications

STUDY DESIGN

~16 Y old, ton sillectomy

Failure to attend follow- up visit or adeq uately com plete quest ionnai re

Aut ho rs repo rted no significant difference in age or sex betwee n treatment/placebo
Preoperat ive an tib iotics had been taken by more of the placebo group (stated in text,
although data tab le shows more in active )

16-53 Y

Double blind

250 mg IV amoxicillin after anesthesia induction, then amoxici llin 250 mg PO t.i.d. x 7 d

o IV placebo, then placebo PO t.i.d, x 7 d

ot defined-patient logbooks and interview used

"Elective tonsillectomy for nonmalignant disease"

Acetaminophen with codeine, diclofenac

"Most used electrodissection"

200 pat ients enrolled; 95 attended follow- up visit and completed data booklet

Failure to attend follow-up visit or adequa tely comp lete questionnai re

Yes (no crossovers)

Not reported

o significant difference in rates between groups for subsequent consultation to general
practitioners for pain, additional antibiotic prescriptions, or secondary hemorrhage

24% secondary hemorrhage rate-mild to major (2 of 95 had major hemorrhage:
"requiring transfusion or surgery")

S = not significant , IV = intravenously. t.i.d. = three times a day.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Monopolar cautery versus cold dissection tonsillectomy: Impact on operating time,
intraoperative blood loss, postoperative pain, return to normal diet,
and/or postoperative bleeding

James Denneny and Wade Chien

METHODS

A computerized PubMed search of MEDLINE 1966-May
2006 was performed. Articles mapping to the exploded
medical subject heading "tonsillectomy" were obtained ,
yielding 5497 reports. Given the richness of the litera
ture, these publications were then limited to randomized
controlled trials (RCTs), yielding 395 articles. An addi
tional search, which collected articles with the terms
"electrocoagulation" or "cautery" or "bovie" or "cautery"
or "hot" and "cold" or "dissection snare" or "dissection
snare" or "sluder" or "guillotine" or "sharp" or "knife"
and cross-referenced them with those obtained by
exploding the medical subject heading "tonsillectomy"
was also performed, yielding 41 trials. The 395 and 41
articles were then reviewed to identify those that met the
following inclusion criteria: 1) patients undergoing ton
sillectomy, 2) intervention with monopolar versus cold
dissection for the procedure, 3) outcome measured in
term s of operating time, intraoperative blood loss, post
operative pain, return to normal diet, and/or postopera
tive bleeding. In addition, only RCTs were included. The
bibliographies of the articles that met these inclusion
criter ia were manually checked to ensure no furth er rel
evant articles could be identified. This process yielded
eight art icles [1-8].

RESULTS

Outcome Measures. Outcome measures included: 1)
the time required to perform the pro cedure, 2) intraop
erative blood loss, 3) postoperative pain, 4) the time
required to return to normal diet, and 5) postoperative
hemorrhage. There were different methodologies used to
quantify postoperative pain, but within each study the
same scale was used. Pain measures ranged from the
validated FACES pain scale to simply asking patients who
had monopolar tonsillectomy on one side and cold dis
section on the other side to pick the more painful side.
The remaining parameters were objectively measured.

Potential Confounders. Results after tonsillectomy can
be dependent not only on technique, but also on the
patient population and perioperati ve management. Sub
jects in these studies represent a variety of ages with
outlier s in terms of bleeding disorders and chronic illness

excluded. Attempts were made to limit the number of
operators performing the surgery. Antibiotic and steroid
usage were standardized, as were postoperative analgesic
choices. Pain could be affected by the use of electrocau
tery to obtain hemo stasis following the tonsillectomy
when performed using the "cold" technique. Attempts
were made to minimize this factor. In most of the studies,
there were several different operators performing the
surgery, but all had similar experience.

Study Designs. All eight RCTs compared monopolar
cautery to cold dissection tonsillectomy. Monopolar ton
sillectomies were performed with the Bovie or suction
cautery. Cold tonsillectomies were performed with the
knife, the snare, the microdebrider, or blunt dissection.
A wide variety of patient ages were represented in the
study, ranging from 2 to 42 years old. Most studies
included all patients undergoing tonsillectomy, regard
less of indication, but one study reported only on patients
undergoing surgery for obstructive symptoms. Most
studies reported all of the listed outcome measures.
Follow-up times ranged from 4 hours to 1 month.

Highest Level of Evidence. Each RCT measured mul
tiple parameters, and results overall were mixed. In the
simplest of term s, monopolar cautery was associated
with a faster operating time, less intraoperative blood
loss, and similar postoperat ive pain, return to normal
diet, and postoperative hemorrh age. The key to data,
however, often lies in und erstand ing the subtleties, and
so the results are discussed in more detail below.

Operating time was measured in six studies. Mono 
polar cautery was significantly faster in three studies, but
slower in one study, whereas two studies showed no dif
ference. In two of the three studies showing monopolar
cautery to be faster, the microdebrider was used for the
cold dissection arm . In the third of those studies, cold
dissection was performed with the snare. Overall, their
average operating time differed by <10 minutes.

Intraoperative blood loss was compared in seven
RCTs. Microdebrider usage resulted in significantly more
blood loss than monopolar cautery in one trial. Cold
knife with snare dissection resulted in significantly more
blood loss than monopolar cautery in three trials. In
addition, another tr ial reported an average of 66 cc
of blood loss with cold dissection versus 11 cc with

423



Tonsillectomy in Adults
424

monopolar cautery; although there was no statistical
comparison reported, this wide discrepancy is again sug
gestiveof more blood loss with cold dissection. The two
remaining RCTs suggested no difference in intraopera
tive bleeding.

Postoperative pain was measured in all eight RCTs,
and results were mixed. Pain was significantly less with
monopolar cautery in two trials, but significantly worse
with monopolar cautery in another two trials. The
remaining four trials showed no significant difference
between groups.

As a corollary to postoperative pain measurements,
the time to return to normal diet was compared in three
RCTs. Again, results were heterogeneous, with one trial
showing faster normal oral intake with the microde
brider than monopolar cautery, another trial showing
faster results with dissection snare than with monopolar
dissection, and yet another trial showing no difference.

Finally, postoperative hemorrhage was compared.
Of the five RCTs that addressed this issue, none showed
a significant difference between groups. None of these
studies, however, were powered to address this specific
question. When the incidence of an event is low (~so/? in
these studies for this parameter), very large sample SIzes
are required to detect a significant difference between
groups. Thus, the postoperative bleeding resul~s are not
completely definitive, even though they are uniform,

Applicability. These studies are applicable to patients
undergoing tonsillectomy for the range of indications.
Each individual study is more specifically applicable to

the patient population admitted according to their inclu
sion/exclusion criteria, as described in the adjacent
table.

Morbidity/Complications. The main morbidity of ton
sillectomy lies in pain, inability to tolerate a normal diet,
and blood loss-both intraoperative and postoperative.
These parameters were discussed as the main results of
these trials (see above).

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were eight RCTs that compared tonsillectomy
using monopolar cautery versus cold techniques. Each
RCT measured multiple parameters, and results overall
were mixed. In the simplest of terms, monopolar cautery
was associated with a faster operating time and less intra
operative blood loss, although results were not com
pletely uniform among all studies. Results regarding
postoperative pain and return to normal diet were vari
able, with balanced numbers of trials showing opposite
results or no difference. Postoperative hemorrhage was
not significantly different in any of the trials, although
these studies were not powered to detect differences in
low incidence events such as the <5% rate of bleeding.

Future studies may use uniform outcome measures
with clear measures of variance to allow for clean meta
analysis of all reported data. Further studies regarding
intracapsular techniques with attention to longer-term
regrowth of tonsillar tissue would also be of use. Return
to regular activities in addition to diet would be valuable
data when considering «total cost" of the various tech
niques.



THE EVIDENCE CONDENSED: Monopolar electrocautery versus cold dissection tonsillectomy

Reference

Level (design)

Sample size>

Mann, 1984

I (randomized controlled trial)

92 (95)

Sobol, 2006

I (randomized controlled trial )

74

OUTCOMES

surgery

Electrocautery was faster with less blood loss, but
with greater pain (not statistically verified) Postop
bleeding was equal

7-10 d

10.1 min 12.4 min NR

11.8 mL 66.3 mL R

POD I n = 22 POD I n = 22 NR
worse with worse with cold
electrocautery POD 7 n = 3
POD 7 n = 3 worse worse with cold
with cold

NR NR NR

n = 1/51 n = 1/41 NR
<24 h from surgery <24 h from

Microdebrider tonsillectomy was slower, higher
blood loss, but had a shorter time to
resumption of normal diet

10 d

Micro debrider Monopola r
intracap sul ar cautery
(n =38) (n =36)

20.9 min 16.6 min

45.0 mL 30.0 mL

4.6 d to little or 3.9 d to little
no pain or no pain

pValue

0.04

NS

0.001

0.01

>0.05

4.4 d

n = 1/36,
delayed

2.7 d

None

p ValueCold dissection
(n =41)

Monopolar cautery
(n =51)

Follow-up time

Operating time

Intraoperative blood loss

Postoperative pain

Conclusion

Techniques studied

Time to normal diet

Postoperative hemorrhage

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization process

Age

Method of tonsillectomy

Indications for
tonsillectomy

Variables studied

All patients meeting criteria for tonsillectomy

None stated

By 55#, each patient was their own control, with
electrocautery used on one side and cold
dissection on the contralateral side. Not otherwise
specified

NR

Monopolar electrocautery was used on one side.
Scissors, snare used on contralateral side

NR

OR time, blood loss, postop pain, postop
hemorrhage

All patients not meeting exclusion criteria

All patients <3 y or >7 y, history of
adenotonsillectomy, nonobstructive indication
for tonsillectomy, craniofacial syndrome,
developmental delay, mucopolysaccharidoses,
expressive language disorders, hematologic and
wound-healing disorders, necrotizing
dermatoses

Sealed envelopes that were to be opened only
on the morning of surgery; family was blinded
to this process. Children were randomized in
blocks of 10 into either group

3-7 y

Microdebrider intracapsular tonsillectomy vs
monopolar electrocautery

NR

OR time, blood loss, days to ncar-normal diet,
near-normal activity, litt le or no pain, little or
no medication use

Pain measurement

Power

Patients were asked to select which side was more
painful

NR

FACES pain scale

For a sample size of 40 control and 40
experimental subjects, there is a 75% power to
detect a moderate improvement and 99%
power to detect a large improvement
(a = 0.05)

NR = not reported, POD = postoperative day, NS = not significant , postop = postoperative, OR = operating room.
' Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Reference

Level (design)

Sample size

Derkay, 2006

1 (randomized controlled trial )

300

Techniques studied

Operating time

Intraoperative blood loss

Postoperative pain

Time to normal diet

Postoperative hemorrhage

Electroca utery (150)

8 min

99% <25 mL

3 on FACES pain scale

3.5 d

n = 2/150

OUTCOMES

Microdebrider (150)

10min

97% <25 mL

3 on FACES pain scale

3d

n = 1/150

pValue

0.0001

NR

NS

NS

NS

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization process

Age

Method of tonsillectomy

Indications for
tonsillectomy

Variables studied

Pain measurement

Power

Microdebrider was slower, patients returned to normal activity faster, stopped taking pain medications
sooner, were more likely to have residual tonsillar tissue

14 d-I mo

STUDY DESIGN

Children >2 y of age undergoing tonsillectomy for hyperplasia

History of recurrent tonsillitis, craniofacial syndrome, hematologic disorder, severe developmental
disorder, or severe comorbid factors

Random-number generator was used to assign patients into either group. Surgeon was notified of the
group status immediately before surgery

Mean 5 Yin both groups

Pencil electrocautery vs microdebrider tonsillectomy

NR

OR time , blood loss, pain level at discharge, pain medication dosing, time to return to normal diet,
postop suffering, complications

FACES pain scale

Designed to detect difference between groups in time to normal activity in 2 days with a power of
89% (ex =0.05)

NR = not reported. POD = postoperative day, NS = not significant, postal' = postoperative, OR = operating room.
' Sample size: numbers shown for those not lost to follow-up and tho se (initially recruited ).
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Reference Young, 2001

Level (design) I (randomized controlled tria l)

Sample size' 50

OUTCOMES

Techniques studied Monopolar cautery Cold dissection p Value
(27) (23)

Operating time 7.18 min 16min <0.05

Intraoperative blood loss 4.92 mL 32.17 mL <0.05

Postoperative ~ain 0.869 at 2 h postop; 1.66 at 2 h 0.001
0.826 at 4 h postop postop; 1.58 at

4 h postop

4 h postop

Suct ion cautery has less ope rat ive time, less intraop
blood loss, and less postop pain

Nunez, 2000

I (randomized controlled trial)

50 (54)

<0.001

<0.05

pValue

<0.05

>0.05

Cold dissection has a highe r EBL, less postop
pain (lesser requirement of postop analgesic),
shorter time to nor mal diet, less postop throat
pain, and less postop genera l practitioner
consultation

2wk

Monopolar Cold
cau tery (24) dissection

(26)

ot recorded ot recorded

15.1 mL 33.7 mL

26.7 doses of 19.2 doses of
postop postop
analgesic in analgesic in
12 d 12 d

7.5 d 5.0 d

n = 2/24 n = 1/26

NR

NR

NR

NR

Follow-up time

Time to normal diet

Postoperative hemorrhage

Conclusio n

Inclusion criteria

Exclusion criteria

Randomization process

Age

Method of tonsillectomy

STUDY DESIGN

Children between 2-16 y undergoing
tonsillectomy, either alone or with adenoidectomy

Bleeding disorder, craniofacial abnormalities

Surgical method determined by a random draw at
the time of surgery

2-15 y, with mean of 7 y

Suctio n caute ry vs cold knife dissection with snares

Children diagnosed with recurrent tonsillitis
and/or upper airway obstruction

Patients with allergy, intercurrent disease,
bleeding tendencies, using antibiotics, or
unable to attend follow-up

NR

Mean 6.4 Y in both groups

Diathermy dissection tonsillectomy vs cold
dissection with a Gwynne-Evans dissector and
Eves snare

Indication s for
tons illectomy

Variables stud ied

Pain measurement

Power

NR

Intraop blood loss, ope rat ive time, postop fluid
intake and pain

A simple descriptive word pain scale with levels as
none, mild, moderate, severe, or excruciating was
used. The descriptives were given a numerical
indicator to calculate significance (not shown)

R

NR

Postop analgesic consumption, time to regain
normal diet and activity levels, and
complications

The number of ana lgesic doses used was
recorded

22 children in each arm could show a
difference of I SD or greater with a of 0.05
with a power of 0.9

NR =not reported, POD =postoperative day, 5 =not significant, postop =postoperative, intraop =intraoperative, URI =upper respiratory
infection, OR =operating room, SO =standard deviation, EBL=estimated blood loss.
o Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Reference

Level (design)

Sample size'

Tay, 1996

I (randomized controlled tria l)

105

OUTCOMES

There was less pharyngeal pain on the diathermy side on POD I, but there was no significant
difference in pharyngeal pain and otalgia for the remainder of the postop period

Tech niques studied

Operating time

Intraoperative blood loss

Postoperativ~ pain

Time to normal diet

Postoperative hemorrhage

Conclusion

Unipolar diathermy

NR

NR

4.76/10 on POD I

NR

n = 1/105 (within 24 h)

Ligation

NR

NR

5.23/10 on POD I

NR

n = 1/105 (POD 6)

pVaIue

0.028

NS

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization process

Age

Method of tonsillectomy

Indications for
tonsillectomy

Variables studied

Pain measurement

Power

2 wk

STUDY DESIGN

All pat ients >7 y admitted for elective tonsillectomy were entered into the study

Patients with URI during the 6 wk before admission, and patients who had adenotonsillectomy or
other concurrent operations

The side of diathermy hemostasis was decided by selecting sealed instructions from a bag in OR

Mean 17.9 Y

Each patient was his/her own control. Tonsillectomy was performed by blunt dissect ion. Diathermy
was used for hemostasis on one side, and suture ligation on the other side

NR

Postop pharyngeal pain, otalg ia, number of patients on analgesics on PODs 7 and 14, and postop
hemorrhage

A scale of 0-10 was used, with 0 being no pain, and 10 being very severe pain

85 patients needed for 80% chance of demonstrating a 50% difference in postop pain response

NR =not reported. POD =postoperative day. NS =not significant. postop =postoperative, intraop =intraoperative. URI =upper respiratory
infection. OR = operating room, SD = standard deviation.
• Samp le size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Reference Leach, 1993

Level (design) \ (randomized controlled trial )

Sample size' 28

OUTCO MES

Tech niques studied Monopolar cautery Cold dissection p Value

Operating time 13.5 min 9.9 min <0.0\

Intraoperative blood loss 26.6 mL 78.4 mL <0.0\

Postoperative pain 7.3/10 4.8/10 <0.05

4-7 d

Cautery has a longer operative time, lower blood
loss, and greater postop pain

Trent, 1993

1 (randomized controlled trial )

29

NS

pValue

>0.05

>0.05

>0.05

Monopolar Epinephrine
cautery injection cold

dissection

5.4 min 6.\ min

6.7mL 8.2 mL

4/27 patients 6/27 patients
had more pain had more
on POD 0; 8/25 pain on POD
on POD \; and 0; 5/25 on
8/24 on PODs POD \; and
4-7 7/24 on PODs

4-7

NR NR

None n = 1/29

There is no difference between cautery and
cold dissection in intraop blood loss, operating
time, postop pain, or postop hemorrhage

7-\Od

NS

NR

None

NR

n = 1/28

Follow-up time

Postoperative hemorrhage

Conclusion

Time to normal diet

Inclusion criteria

Exclusion criteria

Randomization process

Age

Method of tonsillectomy

Indications for
tonsillectomy

Variables studied

Pain measurement

Power

STUDY DESIGN

All patients meeting criteria for tonsillectomy for
recurrent tonsillitis

Aspirin use within 2 wk before surgery, OSA,
history of bleeding disorder, acute tonsillitis within
6 wk before surgery. Patient <\3 y or >50 y

R

\3-32 y, mean \7.9 y

Each patient was his/her own control.
Electrocautery was done on \ side, and cold
dissection with a Fisher knife and snare was do ne
on the ot her side

~7 episodes of tonsillitis in \ y; ~5 episodes per y
for 2 y; or ~3 episodes per y for 3 y

Operative time , intraop blood loss, postop pain ,
and postop hemorrhage

A scale of 0-10 was used, with 0 being no pain,
and \0 being severe pain

NR

All patients meeting criteria for tonsillectomy

Patients with hypertension, blood dyscrasia,
allergy to lidocaine, history of peritonsillar
abscess

Randomization using last digit of patient's
medical record number: even-cold dissection,
and odd-cautery

3-42 y, mean \4 y

Bovie tonsi llectomy vs epinephrine-injected
cold dissect ion (injection of epinephrine into
tonsillar fossa, and dissection with no. \2
blade)

NR

Operative time, intraop blood loss, postop
pain, and postop hemorrhage

Pain was assessed by asking patients which side
(if either) hurt more on POD 0, 1, and on first
postop visit (PODs 4-7)

R

POD =postoperative day, NR =not reported, postop =postoperative, intra op =intraoperative, OSA =obstructive sleep apnea.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Bipolar cautery versus cold dissection tonsillectomy: Impact on operating time,
intraoperative blood loss, postoperative pain, return to normal diet,
and/or postoperative bleeding

James Denneny and Wade Chien

METHODS

A computerized PubMed search of MEDLINE 1966-May
2006 was performed. Articles mapping to the exploded
medical subject heading "tonsillectomy" were obtained,
yielding 5497 reports . Given the richness of the litera
ture , these publications were then limited to randomized
controlled trials (RCTs), yielding 395 articles. An addi
tional search, which collected articles with the terms
"electrocoagulation" or "cautery" or "bovie" or "cautery"
or "hot" and "cold" or "dissection snare" or "dissection
snare" or "sluder" or "guillotine" or "sharp" or "knife"
and cross-referenced them with those obtained by
exploding the medical subject heading "tonsillectomy"
was also performed, yielding 41 trials. The 395 and 41
articles were then reviewed to identify those that met the
following inclusion criteria: 1) patient population under
going tonsillectomy, 2) intervention with bipolar versus
cold dissection tonsillectomy, 3) outcome measured in
terms of operating time, intraoperative blood loss, post
operative pain, return to normal diet, and/or postopera
tive bleeding. In addition, only RCTs were included. The
bibliographies of the articles that met these inclusion
criteria were manually checked to ensure no further rel
evant articles could be identified. This process yielded six
articles [1-6].

RESULTS

Outcome Measures. Outcome measures included: 1)
the time required to perform the procedure, 2) intraop
erative blood loss, 3) postoperative pain, 4) the time
required to return to normal diet, and 5) postoperative
hemorrhage. There were different methodologies used to
quantify postoperative pain, but within each study the
same scale was used. Pain was measured on scales of 1 to
10 or 1 to 4. The remainder of the parameters were able
to be objectively measured.

Potential Confounders. Potential confounders are
similar to those described in the previous section.

Study Designs. These six RCTs compared bipolar
cautery to cold dissection tonsillectomy. Bipolar devices
included the microbipolars, the LigaSure Vessel Sealing
System, and the bipolar scissors. Cold dissections

included knife, dissection ligation, and blunt dissection
with snares. A wide age range was studied, spanning
patients from 2 to 54 years old. Three studies included
patients undergoing tonsillectomy for any reason,
whereas two focused only on patients undergoing tonsil
lectomy for recurrent sore throat. The remaining study
did not provide details regarding their tonsillectomy
population. All studies were randomized to attempt to
balance potential confounders between groups. Follow
up times ranged from 10 to 17 days.

Highest Level of Evidence. These RCTs investigated
multiple postoperative parameters after bipolar versus
cold tonsillectomy. Overall, results seemed to favor a
faster operation and less intraoperative blood loss with
the bipolar. Postoperative pain and hemorrhage results
were mixed; less pain and postoperative bleeding was
seen with the bipolar in some trials, but a similar number
of other trials showed no difference. More specificdetails
are as follows: 1) Bipolar cautery was faster than cold
dissection in five of the six RCTs. The sixth trial showed
a trend toward bipolar cautery being slower, but no sta
tistical analysis specific to this parameter was reported.
2) Intraoperative blood loss was significantly less with
bipolar cautery in three RCTs. The other trials did not
report a relevant statistical analysis.3) Postoperative pain
was found to be significantly less with bipolar cautery in
two of the trials whereas two others found no difference.
4) One trial showed a faster return to normal diet with
bipolar cautery, whereas another RCT showed no differ
ence. 5) Two RCTs showed significantly fewer postop 
erative hemorrhages with bipolar cautery as compared
with cold dissection. Three RCTs showed no significant
difference in the same parameter.

Applicability. These studies are applicable to patients of
a wide age range undergoing tonsillectomy. Each indi
vidual study is more specificallyapplicable to the patient
population admitted according to their inclusion/exclu
sion criteria, as described in the adjacent table.

Morbidity/Complications. The main morbidity of ton
sillectomy lies in pain, inability to tolerate a normal diet,
and blood loss-both intraoperative and postoperative .
These parameters were discussed as the main results of
these trials (see above).
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CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were six RCTs that compared results after bipolar
tonsillectomy versus cold dissection tonsillectomy. The
majority of results supported a faster operation and less
intraoperative blood loss with the bipolar. In addition)

postoperative pain and hemorrhage was less with the
bipolar in some trials) but a similar number of other
trials showed no difference.

Future research may focus on reporting uniform
outcome measures of pain so as to facilitate clean meta
analyses of these and future data. Future research may
also focus on specific patient populations according to
age or indications for tonsillectomy. Studies will evolve
further as new techniques are developed for this ubiqui
tous procedure.



THE EVIDENCE CONDENSED: Bipolar electrocautery versus cold dissection tonsillectomy

Reference

Level (design)

Sample size'

Lacha nas, 2005

I (randomized controlled tria l)

200

Raut,2002

I (randomized controlled trial )

50

OUTCOMES

Bipolar cautery Cold dis section pValue
(n = 108) (n =92)

15 min 21 min <0.001

one 125 mL R

3.63/10 5.09/10 <0.001

Techn iques studied

Operating time

Intraoperative blood loss

Postoperative pain

Time to normal diet R R NA

Bipolar cautery Cold dis section pValue
(n = 18) (n = 32)

10.5 min 14.5 min 0.001

6mL 86mL <0.001

Overall score Overall score >0.05
43.1 45.7

R NR A

12.5% for 0.253
seconda ry bleed

16.6% for
seconda ry
bleed

Bipolar cautery is faster and has less intraop
blood loss

Rn = 1/92 for
pr imary; 2/92
for seconda ry

Bipolar cautery is faster and has less postop
pain

n = 2/108 for
secondary

Postope rative hemorrhage

Concl usion

Follow-up time 14 d 15-1 7 d

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization process

Age

Method of tonsillectomy

Indications for tonsillectomy

Variables studied

Pain measuremen t

Power

200 consecutive adu lt patients mee ting cri teria
for tonsillectomy

Patients undergoing adenoidectomy or other
concurrent procedures, histo ry of peritonsillar
abscess, bleeding disorders

R

16-46 y, mean 25.3 y

Bipolar tonsillectomy with LigaSure Vessel
Sealing System, vs cold knife tonsillectomy

Chron ic tonsillitis, OSA

Operative time, intraop blood loss, pos top
pain, hemorrhage

A scale of Q.- I0 was used , with 0 being no pain,
and 10 being intolerable pain

R

All children >10 y old with recurrent sore throats
(>5 attacks/y)

History of peritonsillar abscess, patients
undergoing adenoidectomy or other concurrent
procedures, Hx of bleeding disorder, craniofacial
anomalies, chronic debilitating diseases

Block randomization involving balancing the
number of patients recruited in both arms afte r
every 20 recruits

IQ.-16y, mean 14.3 y

Bipolar scissors vs cold blunt dissect ion with
snares

Recurrent ton sillitis

Operative time, intraop blood loss, postop pain ,
hem orrhage

VAS, with a scale of 0-10

R

NR =not reported, NA =not applicab le, postop =postoperative, intraop =intraoperative, VAS =visual analo g scale.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Reference

Level (design)

Sample size"

Raut,2001

I (randomized controlled trial )

183 (200)

OUTCOMES

Techniques studied

Operating time

Intraoperative blood loss

Postop erative pain

Time to norm~1 diet

Postoperative hemorrhage

Bipolar cautery (n = 91)

13 min

5 mL

6.9/10

R

15% for adults, and 16.6% for children

Cold dissection (n =92)

20 min

115mL

6.9/10

NR

21.3% for adu lts, and 12.9% for children

pValue

<0.001

<0.001

>0.05

NA

>0.05

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization process

Age

Method of tonsillectomy

Indications for tonsillectomy

Variables studied

Pain nleasurement

Power

Bipolar cauter y is faster and has less intraop blood loss

IS d

STUDY DESIGN

All adu lts and all children >10 y old with recurrent sore throats (>5/y)

History of peritonsillar abscess, patients undergoing adenoidectomy or other concurrent procedures,
Hx of bleeding disorder, craniofacial anomalies, chronic debilitating diseases

Block randomization involving balancing the number of patients recruited in both arms after every
20 recruit s

10-54 y, mean 22 y

Bipolar scissors vs cold blunt dissection with snares

Recurrent tonsillitis

Operative time, intraop blood loss, postop pain, hemorrhage

VAS, with a scale of0- IO

R

R =not reported, A =not applicable, postop =postoperative, intr aop =intraoperat ive, VAS =visual analog scale.
• Sample size: numbers shown for those not lost to follow-up and tho se (initially recruited).
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Reference

Level (design)

Sample size'

AtaIIah, 2000

I (randomized controlled trial )

50 (70)

Pizzutto, 2000

I (randomized controlled trial )

400 (420)

OUTCOMES

Cold dissection ligation technique takes longer, but
has less postop pain after POD 2

15 d

4.32 min 10.32 min <0.0005

NR NR NR

1.8/4 in first 2 2.4/4 in first 2 <0.05 for data
PODs; but PODs; but in the first 2
worse than cold better than cold PODs; NR
dissection after dissection after for the
POD 2 POD 2 remainder

NR NR

None None

10-14d

Bipolar cautery has less postop hemorrhage
and shorter interval to return to school

NR

<0.001

7.5 days

n = 24/193

7.1 d

n=9/188

Bipolar Cold (n = 100) p Valu e
cautery and hot (n =
(n = 200) 100) dissect ion

24.2 min 18.8 min NR

19.6mL 26.4 mL NR

NR NR

p ValueBipolar cautery Cold dissectio n

Follow-up time

Operating time

Intraoperative blood loss

Postoperative pain

Techniques studied

Time to normal diet

Postoperative hemorrhage

Conclusion

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization process

Age

Method of tonsillectomy

Indications for
tonsillectomy

Variables studied

Pain measurement

Power

All patients meeting criteria for tonsillectomy> lOy
of age

Children <10 y of age

Each patient was his/her own control. The side of
cold dissection was determined through a random
drawing at the time of surgery

10-37 y, mean 22 y

Bipolar clectrodissection vs dissection ligation
technique

NR

Operative time, postop pain

A scale of Q-4 was used, with 0 being no pain, and 4
being very severe pain .

NR

Patients 2-16 Yof age meeting criteria for
tonsillectomy with/without adenoidectomy

History of bleeding disorder, craniofacial
anomalies, diabetes, sickle cell disease,
developmental delay, chronic medical
problems interfering with expected
recovery. patients undergoing other
concurrent procedures

Computerized randomization was used for
treatment assignment

2-16 Y

Microbipolar dissection vs monopolar
electrocautery vs cold knife dissection

NR

lntraop blood loss, operative time, postop
hemorrhage and other complications,
duration of returning to school and normal
diet, doses of acetaminophen used

NR

NR

NR = not reported. POD = postoperative day. postop = postoperative. intraop = intra operative.
' Sample size: numbers shown for those not lost to follow-up and those (initi ally recruit ed).
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Reference

Level (design)

Sample size'

Brod sky, 1996

I (randomized controlled trial)

129

OUTCOMES

Bipolar cautery takes longer, has greater intraop blood loss, bu t has a shorter duration to normal diet
and less postop hemor rhage

10 d

Tech niques stud ied

Operating time

Intraoperative blood loss

Postoperative pain

Time to normal diet

Postoperative hemorrhage

Conclusion

Follow- up time

Bipolar cautery

5 min more than cold dissectio n

15-45 m L greater

NR

Soo ner in bipolar cautery

n = 1 (1.5%)

Cold d issection

5 min less than bipolar

14-45 mL less

NR

Slower

n = 7 ( 10% )

pValue

<0.05

<0.05

<0.0 1

<0.03

Inclusion criteria

Exclusion criteria

Randomization process

Age

Met hod of tonsillectomy

Ind ications for
tons illectomy

Variab les studied

Pain measurement

Power

STUDY DESIGN

Patients undergoing ton sillectom y, not ot he rwise specified

Chronic illness, craniofacial anomalies, planned admission to intensive care un it or known
coagulopathy

Standard randomization table st rat ified for ages 2-6 y and 7-16 y

2-16 Y

Micro bipolar dissection vs cold kni fe tonsillectomy with suct ion cautery for hemostasis

NR

Operative tim e, intraop blood loss, dura tio n of returning to schoo l and normal diet, postop
appearance of ton sillar fossa, and postop hemorrhage

NR

NR

NR = not repor ted, POD = postoperative day, postop = postoperative, intraop = intraoperative.
• Samp le size: numbers shown for those not lost to follow-up and those (initially recruited ).
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19.C.iii.
Monopolar cautery versus ultrasonic/harmonic scalpel tonsillectomy: Impact on operating
time, intraoperative blood loss, postoperative pain, return to normal diet,
and/or postoperative bleeding

James Dennenyand Wade Chien

METHODS

A computerized PubMed search of MEDLINE 1966-May
2006 was performed. Articles mapping to the exploded
medical subject heading "tonsillectomy" were obtained,
yielding 5497 reports. Given the richness of the litera
ture, these publications were then limited to randomized
controlled trials (RCTs), yielding 395 articles. An addi
tional search, which collected articles with the terms
"electrocoagulation" or "cautery" or "bovie" or "cautery"
or "hot" and "cold" or "dissection snare" or "dissection
snare" or "sluder" or "guillotine" or "sharp" or "knife"
and cross-referenced them with those obtained by
exploding the medical subject heading "tonsillectomy"
was also performed, yielding 41 trials. The 395 and 41
articles were then reviewed to identify those that met the
following inclusion criteria: 1) patient population with
chronic tonsillitis or tonsillar hypertrophy who met cri
teria for tonsillectomy, 2) intervention with monopolar
cautery versus ultrasound/harmonic scalpel tonsillec
tomy, 3) outcome measured in terms of operating time,
intraoperative blood loss, postoperative pain, return to
normal diet, and/or postoperative bleeding. In addition,
only RCTs were included. The bibliographies of the arti 
cles that met these inclusion criteria were manually
checked to ensure no further relevant articles could be
identified. This process yielded three articles [1-3] .

RESULTS

Outcome Measures. Outcome measures included: 1) the
time required to perform the procedure, 2) intraoperative
blood loss, 3) postoperative pain, 4) the time required to
return to normal diet, and 5) postoperative hemorrhage.
There were different methodologies used to quantify
postoperative pain, but within each study the same scale
was used. Pain was measured on scales of 1 to 10 or in
terms of the number of patients requiring narcotics.

Potential Confounders. Potential confounders are
similar to those described in Section 19.C.i.

Study Designs. All three RCTs compared monopolar
cautery to ultrasound/harmonic scalpel tonsillectomy.
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Patients undergoing tonsillectomy for the gamut of indi
cations were included in each study. Patients up to age
19 years were investigated in two studies, with the third
study not specifying the age of their subjects. Random
ization was shown to balance age, sex, race, and preop
erative diagnoses in two RCTs. The randomization
effectiveness was not reported in the third trial. None of
the studies reported a priori power calculations. Follow
up times were up to 15 days.

Highest Level of Evidence. These three RCTs concurred
that monopolar operating time was faster and that
there were no major differencesin postoperative discom
fort or intraoperative and postoperative bleeding,
but results regarding return to normal oral intake
were mixed. Operating time was significantly less with
monopolar cautery in the two RCTs that analyzed
this parameter. In one case, it took half as much time to
do monopolar cautery tonsillectomy. There was no
significant difference in intraoperative blood loss or
postoperative pain in any of the studies. The time
before return to a normal diet was significantly better
with ultrasonic/harmonic scalpel tonsillectomy in one of
the three studies. There was no difference in this param
eter in the other study that analyzed this variable, but it
had, as its authors admitted, only a 6% power to detect
a difference in the time-to-normal-diet variable. There
were no notable differences in postoperative hemor
rhage, but again, the studies were not powered to come
to a definitive conclusion regarding this particular
outcome.

Applicability. These studies are applicable to patients
undergoing tonsillectomy with either monopolar cautery
or ultrasound/harmonic scalpel. Each individual study
is more specifically applicable to the patient population
admitted according to their inclusion/exclusion criteria,
as described in the adjacent table.

Morbidity/Complications. The main morbidity of ton
sillectomy lies in pain, inability to tolerate a normal diet,
and blood loss-both intraoperative and postoperative.
These parameters were discussed as the main results of
these trials (see above).



CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

There were three RCTs that compared the impact of
mo~opolar ca~tery versus ultrasonic/harmonic scalpel
on mtraoperatrve and postoperative parameters. There
was consensus among studies, as all three concluded that
the procedure was faster with monopolar cautery, but
th~t ther~ were no significant differences in postoperative
pam or Intraoperative and postoperative hemorrhage.
Results regarding return to normal oral intake were
mixed, but colored by the lesser power/sample size in the
negative study.
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Future research may focus on reporting uniform
o~tcomes when comparing these two operative tech
mques. Reporting uniform outcomes may allow for
future meta-analyses that could pool data for increased
power to help determine whether certain differences in
results (i.e., bleeding, pain) truly exist.



THE EVIDENCE CONDENSED: Monopolar electrocautery versus ultrasound/harmonlc scalpel tonsillectomy

Referen ce

Level (design)

Sample size'

Walker, 2001

I (randomized controlled trial )

172 (316)

OUTCOMES

Willging, 2003

I (randomized controlled trial )

117(120)

I primary 3 secondary NS
5 secondary

No significant difference

Trend toward better scores with
harmonic scalpel

Techniques stud ied

Operating time

Intraoperative blood loss

Postoperative pain

Time to normal diet

Postoperative hemorrhage

Monopolar
cautery (n =75)

NR

<25 cc

73% took
narcotics

POD 1 22%
POD 3 46%

5.6%

Harmonic scalpe l p Value
(n =97)

R NA

<25 cc S

68% took S
narcotics

POD 144% POD I
POD 3 74% <0.003

POD 3
<0.001

3.2% R

Monopolar
cautery
(n =59)

4 min 33 s

NR

Harmonic
scalpel
(n =61)

8 min 45 s

NR

p Valu e

<0.001

S

S

NA

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Method of tonsillectomy

Ind ications for
tonsillectomy

Variables studied

Pain measurement

Power

Harmonic scalpel offered faster return to normal
diet with no increase in operative or postop blood
loss

10-14 d

STUDY DESIGN

All patients meeting criteria for ton sillectomy

one stated

ot specified

l-19y

Monopolar electrocautery
Harmonic scalpel

NR

Blood loss, postop pain, return to normal diet,
postop hemorrhage

Number of patients taking narcotics

NR

No statistically significant difference in blood
loss, postop pain or postop hemorrhage was
noted. OR time was greater with harmonic
scalpel

Days 1-7 , 14

Recurrent ton sillitis, adenotonsillar
hypertrophy, asymmetry

Malignancy, HIV, peritonsillar abscess , mono

Similar age, sex, race, hypertrophied tonsils

3-18 Y

Harmonic scalpel
Monopolar electrocautery: 10 W to dissect,
15 W to cauterize

Recurrent tonsillitis, ade notonsilla r
hypertrophy, asymmetry

OR time, blood loss, postop pain, postop
hemorrhage

Wong -Baker FACES pain rating scale

NR

NR =not reported, NA =not applicable , NS =not significant, POD =postoperative day, postop =postoperative, HIV =human immunodeficiency
virus, OR =operating room .
• Sample size: numbers shown for tho se not lost to follow-up and those (initially recruited).
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THE EVIDENCE CONDENSED: Monopolar electrocautery versus ultrasoundlharmonic scalpel tonsillectomy

Reference

Level (design)

Sample size'

Parson s, 2006

I (randomized controlled trial )

61 ( 134)

OUTCOMES

Tech niques studied

Operating time

Intraoperative blood loss

Postoperative pain

Time to normal diet

Postoperative hemorrhage

Monopolar cautery (n =43)

21 min

11.3cc

3.84

n = 2/41

Harmonic scalpel (n =44)

31.5 min

18.2 cc

4.20

Similar number of days required

n = 1143

pValue

0.003

S

S

0.08

NS

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Method of tonsillectomy

Indications for
tonsillectomy

Variables studied

Pain measurement

Power

Surgical time was less for electrocautery; blood loss, postop bleeding, return to normal diet and
activity were not statistically different

Days 1-10 postop

STUDY DESIGN

Chronic tonsillitis, tonsillar hypertrophy

ot stated

Similar age, sex, preoperative diagnoses before intervention

ot stated

Monopolar electrocautery
Harmonic scalpel
Coblation

Chronic tonsillitis, tonsillar hypert rophy

OR time, blood loss. postop pain, retu rn to diet and activity, postop hemorrhage

Wong-Baker FACES visual ana log scale (0 best to 10 worst)

80% power to detect differences in pain scores, 6% for time to normal food intake

R = not reported, NA = not applicable. NS = not significant. POD = postoperative day. postop = postoperative, HIV= human immunodeficiency
virus. OR = operating room .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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19 Tonsillectomy in Adults
19.C.iv.

Radiofrequency/plasma (coblation) versus cold dissection tonsillectomy: Impact on
operating time, intraoperative blood loss, postoperative pain, return to normal diet,
and/or postoperative bleeding

James Denneny and Wade Chien

METHODS

A computerized PubMed search ofMEDLINE 1966-May
2006 was performed. Articles mapping to the exploded
medical subject heading "tonsillectomy" were obtained,
yielding 5497 reports. Given the richness of the litera
ture , these publications were then limited to randomized
controlled trials (RCTs), yielding 395 articles. An addi
tional search, which collected articles with the terms
"electrocoagulation" or "cautery" or "bovie" or "cautery"
or "hot" and "cold" or "dissection snare" or "dissection
snare" or "sluder" or "guillotine" or "sharp" or "knife"
and cross-referenced them with those obtained by
exploding the medical subject heading "tonsillectomy"
was also performed, yielding 41 trials. The 395 and 41
articles were then reviewed to identify those that met the
following inclusion criteria: 1) patient population with
chronic tonsillitis or tonsillar hypertrophy who met cri
teria for tonsillectomy, 2) intervention with radiofre
quency/plasma/coblation versus cold tonsillectomy, 3)
outcome measured in terms of operating time, intraop
erative blood loss, postoperative pain, return to normal
diet, and/or postoperative bleeding. In addition, only
RCTs were included. The bibliographies of the articles
that met these inclusion criteria were manually checked
to ensure no further relevant art icles could be identified.
This process yielded four articles [1-4] .

RESULTS

Outcome Measures. Outcome measures included: 1)
the time required to perform the procedure, 2) intraop
erative blood loss, 3) postoperative pain, 4) the time
required to return to normal diet, and 5) postoperative
hemorrhage. There were different methodologies used to
quantify postoperative pain, but within each study the
same scale was used. Pain was measured with Likert
scales or in terms of analgesics used.

Potential Confounders. Potential confounders are
similar to those described in the previous section com
paring monopolar cautery to cold dissection.

Study Designs. Four RCTs compared results after radio
frequency/plasma/coblation versus cold tonsillectomy.
Sample sizes ranged from 20 to 200 patients. Patients of
all ages were studied, ranging from 9 to 51 years of age,
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and tonsillectomies were performed for a variety of indi
cations. Follow-up times were up to 3 weeks. Only one
study reported an apriori power calculation.

Highest Level of Evidence. The four RCTs that com
pared coblation to cold dissection showed very hetero
geneous results, with some contradictory data. First,
results regarding operative time were mixed, with one
study showing faster results with coblation, whereas the
other showed faster results with cold dissection. There
were no clear differences in the cold dissection technique
used in each study. Ages, however, were very different,
with one study (coblation better) focusing on children
and the other study (coblation worse) focusing on adults.
The other two studies did not consider this parameter.
Second, intraoperative blood loss was significantly less
with coblation according to one trial, but another RCT
showed the exact opposite result. The other two RCTs
did not analyze this variable. Third, postoperative pain
was significantly better with coblation on postoperative
day 1 according to one study, but afterward there was no
difference. Also,three other studies showed no difference
between coblation and cold dissection.Although it would
seem that there wassome evidence that coblation resulted
in somewhat less pain, analysis of the adjunctive variable
of time to return to normal diet suggested the opposite
result in another study. Resumption of regular oral intake
was shorter with cold dissection according to one RCT.
It is difficult to reconcile these two findings. Fourth,
there were no major differences in postoperative hemor
rhage in any of the studies, although several were too
small to be adequately powered to definitively demon
strate no difference in a low-incidence occurrence such
as postoperative hemorrhage.

Applicability. These studies are applicable to patients
undergoing tonsillectomy with cold dissection versus
coblation/radiofrequency/plasma dissection. Each indi
vidual study is more specificallyapplicable to the patient
population admitted according to their inclusion/exclu
sion criteria, as described in the adjacent table.

Morbidity/Complications. The main morbidity of ton
sillectomy lies in pain, inability to tolerate a normal diet,
and blood loss-both intraoperative and postoperative.
These parameters were discussed as the main results of
these trials (see above).



CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were four RCTs that compared results in patients
undergoing coblation tonsillectomy versus cold dissec
tion tonsillectomy. The results of these trials are con
tradictory' with trials coming to opposite conclusions
regarding the comparative impact of the two tonsillec
t?my te~hni~ues on intraoperative bleeding, postopera
trve pain, time to resumption of normal diet and
intraoperative time. There were no major differen~es in
post?perative hemorrhage in any of the studies, although
studies were not powered to provide a definitive answer
regarding this parameter.

Tonsillectomy in Adults
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Future studies should be utilized to clarify the issues
of op~rating times and blood loss. Attempts to clarify
these Issueswould require separating the cohorts both by
a.ge g~oups and indications for tonsillectomy. In addi
non, It would be useful to ensure that only experienced
operators are performing the surgery. These studies
should include detailed return to diet and work/school
data. In addition, it would be useful to provide uniform
outcome measures so as to facilitate future meta
analyses.



THE EVIDENCE CONDENSED: Radiofrequency/plasma versus blunt/cold tonsillectomy

Reference

Level (design)

Sample size'

Ragab,2005

I (randomized controlled tria l)

184 (200)

OUTCOMES

Back, 2001

I (randomized controlled trial )

37 (40)

Techniques studied

Operating time

Intraoperative blood loss

Postoperati~e pain

Time to normal diet

Bipolar Cold dissection pValue
radiofrequency (n =93)
(n =91)

8.5 min 15.5 min <0.00 1

13 cc 82 cc <0.001

Median 8, range Median 9, range <0.05 on POOl,
6-10 7-10 NS after POOl

Not specified Not specified NS

Coblation Cold
(n = 18) di ssection

(n = 19)

27 min 18 min

80mL 20mL

Median 37, Median 36,
range 16-98 range 17-87

NR NR

pValu e

<0.001

<0.002

NS

NA

Postoperative hemorrhage

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Method of tonsillectomy

Indications for tonsillectomy

Variables studied

Pain measurement

Power

Primary 0 Primary I NR
Secondary I Primary 2

Bipolar radiofrequency tonsi llectomy offered shorter
OR times with less blood loss and similar postop pain
and complicat ions as standard cold dissection
tonsillectomy

Days 1, 4, 7, 14

STUDY DESIGN

Chronic tons illitis, tonsillar hypertrophy

Quinsy, bleeding disorder, craniofacial abnormalities,
chronic disease

Double blind rando mizat ion, comparative gro up
information not specified

9-16 Y

Bipolar radiofrequency
Cold dissection

Not stated

OR time, blood loss, postop pain, return to die t, pos top
bleeding

Visual analog scale

NR

Primary 5 Primary 3 NR
Secondary 9 Secondary 8

Operating time and blood loss was
greater with cob lation . Postop pa in was
similar and postop bleeding was not
statistically significant

3wk

Recurrent or chronic tonsillitis,
obstructive hypertrophy, quinsy

Pneumonia, unilateral removal, bleeding
disorders. chronic disease

Similar age, weight, sex, history of
chronic/recurrent tonsillitis

18-65 Y

Coblation at power level 5-7 (192-160
VRJvlS)
Cold dissection

Chronic infection, hypertrophy, quinsy

OR tim e, blood loss, postop pain, postop
bleeding, protein C, ESR

Median doses of pain medicine taken

NR

NR =not reported. NA =not applicable, POD =postoperative day, NS =not significant, OR =operating roOI11. postop =postoperative,
ESR= erythrocyte sedimentation rate.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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THE EVIDENCE CONDENSED: Radiofrequency/plasma versus blunt/cold tonsillectomy

Reference

Level (design)

Sample size'

Saengpanich, 2005

1 (randomized controlled trial)

20

OUTCOMES

Techniques studied Bipolar radiofreq uency Cold dissection pValue

Operating time NR NR NA

Intraoperative blood loss NR NR NA

Postoperative pain - 0.8 to 3/5 from POD Q-6 -0.3 to 3.2/5 from POD Q-6 >0.05

!

Time to normal diet NR NR NA I

Postoperative hemorrhage NR NR NA

•
Conclusion Bipolar radiofrequency tonsillectomy did not show any difference in postop pain compared with

cold dissection

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Method of tonsillectomy

Indications for tonsillectomy

Variables studied

Pain measurement

Power

6d

STUDY DESIGN

Patients undergoing tonsillectomy

Asymmetric tonsillar hypertrophy, history of peritonsillar abscess, having other concurrent
procedures, abnormal coagulability, hypertension, and diabetes

Single blind randomization, with each patient serving as his/her own control. The side of
radiofrequency tonsillectomy was randomly selected at the time of surgery

13-51 y, mean 29.9 y

Radiofrequency bipolar tonsillectomy vs cold blunt dissection with loop ligation

Chronic tonsillitis

Postop pain

A scale of 0-5, with 0 being no pain, and 5 being intractable pain

NR

NR =not reported, NA=not applicable, POD =postoperative day, NS =not significant, OR =operating room, postop =postoperative.
• Samp'lesize: numbers shown for those not lost to follow-up' and those (initially'..;r,;;,ec;;,;r.,;;u,;,;il;;,;ed;;t,;.' ...
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THE EVIDENCE CONDENSED: Radiofrequency/plasma versus blunt/cold tonsillectomy

Reference

Level (design)

Sample size

Philpott, 2005

I (random ized contro lled trial)

92

OUTCOMES

Techniq ues studied

Operating time

Intraoperative blood loss

Bipolar radiofrequency (n = 43)

NR

NR

Cold dissection (n = 49)

NR

NR

pVa lue

NA

NA

Postoperative pain

Time to normal diet

Postoperative hemorrhage

Similar analgesic usage, severity of pain in both groups

Longer than cold dissection Shorter than radiofrequency

n = 11/43 n = 8/49

NS

0.032

S

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomizat ion
effectiveness

Age

Method of tonsillectomy

Indications for tonsillectomy

Variablesstudied

Pain measurement

Power

Use of radiofrequency tonsillectomy does not confer any symptomatic benefit over cold dissection

14 d

STUDY DESIGN

Adult patients with recurrent tonsillitis meeting criteria for tonsillectomy

NR

Randomization occurred in the OR by means of a closed-envelope system to allocate patients to
radiofrequency or cold dissection group

18-45 Y

Bipolar radiofreque ncy tonsillectomy vs cold dissection

Recurrent tonsillitis

Postop pain, time to norma l diet and normal daily activities. postop hemorrhage

6-point visual analog scale

Able to tell a difference between 2 groups of 2 on the visual analog scale with a power of 80% and
a of 0.05

NR =not reported, NA =not app licable, NS =not significant. postop =postoperative. OR =operating room .
• Sample size: numbers shown fur those nut lust tu follow-up and those (initially recruited) .
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20 Obstructive Sleep Apnea in Adults
20.A.
Continuous positive airway pressure versus placebo: Impact on sleepiness, quality of life,
and driving performance in patients with obstructive sleep apnea

David P. White and Roger S. Smith

METHODS

A computerized PubMed search of MEDLINE 1966
February 2006 was performed. The terms "CPAP" (con
tinuous positive airway pressure ) and "randomized
clinical trial" were exploded and the resulting articles
were cross-referenced, yielding 322 trials. These articles
were then reviewed to identify those that met the follow
ing inclusion criteria: 1) patient population with obstruc
tive sleep apnea of all severity levels, 2) intervention with
CPAP for at least 1 month, and 3) used a realistic placebo
methodology (subtherapeutic or sham CPAP [1-3 J). All
outcomes were examined. Articles in which a pill was
used as the placebo were excluded [4-8]. The bibliogra
phies of the articles that met these inclusion criteria were
manually checked to ensure no further relevant articles
could be identified. This process yielded three articles.

RESULTS

Outcome Measures. In two of the studies, the primary
outcomes assessed were measures of sleepiness and
quality of life (QOL). In one study [1], these were only
assessed with validated questionnaires [Epworth Sleepi
ness Scale (ESS, range 0 best to 24 worst), Functional
Outcomes Sleep Questionnaire (FOSQ, lower mean
scores represent worse dysfunction), and Short Form 36
(SF-36, range 0 worst to 100 best)] . In the second study
[2], sleepiness was assessed both subjectively (ESS and
SF-36) and objectively [modified Maintenance of Wake
fulness Test (MWT, minutes to sleep onset )]. In the third
study [3], driving ability was assessed on a computer
driving simulator.

Potential Confounders. In the first study [1], residual
confounding did occur despite randomization. Body
mass index (BM!) and current smoking were both higher
in the sham CPAP group. There was no residual con
founding in the remaining two studies [2,3] for either
demographic variables or baseline values for the outcome
measures.

Study Designs. All studies examined were randomized
clinical trials with reasonably effective randomization
with minimal remaining confounding (see above). The
blinding in all three studies was adequate in that the
investigator testing the subject was blinded to the form of
therapy. Subject blinding with sham CPAP can be diffi-

cult. However, in all three studies only CPAP-naive sub
jects were included and the machines were identical
(appearance, noise) for both real and sham or subthera
peutic CPAP. Thus true masking was accomplished. All
three studies were of relatively short duration (1 month
6 weeks) which could have affected outcomes, because
longer-duration CPAPmay have yielded further improve
ment in the outcome measures. In the first study [1] the
power calculation was determined before initiation of the
study whereas in the later two studies [2,3] final power
calculations were reported only after an interim analysis.

Highest Level of Evidence. The two studies that
addressed subjective and objective sleepiness found
CPAP to be clinically and statistically more effective than
sham CPAP. The ESS, FOSQ, and the MWT all improved
more with CPAP than sham CPAP and, in most cases,
returned to relatively normal values. QOL improved
more with CPAP in one study [2], with no difference in
this outcome between CPAP and sham CPAP being
observed in another [1]. The explanation for this differ
ence between studies is unclear although the smaller
sample size, lower compliance rate, and confounding by
BMI and smoking status in the negative study [1] may
have contributed to the inabilit y of these investigators to
find a difference in QOL between groups. The third
study [3] demonstrated CPAP to be far superior to sham
CPAP in improving driving performance on a simulator.
However, even after 1 month of real CPAP, the driving
performance did not return to completely normal values
based on a control group. Whether performance would
have reached truly normal levels had the study been of
longer duration is unclear. Thus , all conclusions are
limited because of the short duration of the studies. Oth
erwise the conclusions can likely be generalized to most
populations of obstructive sleep apnea patients.

Applicability. All studies included patients with mild to
severe obstructive sleep apnea with an apnea-hypopnea
index>1O. All patients were also subjectivelysleepy at the
start of the studies. Thus, the findings in these studies
may not apply to asymptomatic apnea patients. Exclu
sion criteria did not otherwise importantly reduce the
ability to generalize the findings of these studies to most
apnea patients.

Morbidity/Complications. No adverse events were
reported in any of the three studies.
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CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

These studies reviewed here stronglysuggest that obstruc
tive sleep apnea has an important adverse effect on sub
jective and objective sleepiness, QOL, and driving
performance. These effects can be substantially reversed
with nasal CPAP which did not occur, or occurred to a
significantly lesser extent, in the sham CPAP group. In
most cases the outcomes returned to normal or near
normal levels suggesting that the cognitive consequences
of sleep apnea are largely reversible. However, driving
performance did not fully return to normal. Whether this

would have occurred with longer-duration CPAP is
unclear.

Although these studies indicate that many of the
consequences of sleep apnea are reversible, a number of
outcomes were not examined and the studies were of
relatively short duration. Tests of neurocognitive func
tion such as attention, memory, learning, and executive
function were not examined and need to be. A growing
literature suggests that sleep apnea may lead to adverse
cardiovascular outcomes (stroke, myocardial infarction,
and congestive heart failure). However, there have been
no randomized clinical trials assessing whether these
adverse outcomes can be prevented with treatment of the
apnea. Thus, long-term, randomized trials are needed to
address these important questions.



THE EVIDENCE CONDENSED: CPAP versus sham CPAP for the treatment of obstructive sleep apnea

Reference

Level (design)

Sample size'

Outcome
measures

Montserrat, 2001

1 (randomized controlled trial)

45 (48)

OUTCOMES

ESS (range, 0 = best to 24 =worst ), FOSQ (lower
scores worse), and SF-36 (0 = worst to 100 = best)

Jenkinson , 1999

I (randomized controlled trial)

101 (107)

ESS (range, 0 = best to 24 = worst) , MWT (minutes to
sleep), and SF-36

CPAI'

Sham CPAI'

I' Value

Pretreatment Post-t rea tment

ESS 16.1 ± 1.0 6.7 ± 0.7

FOSQ 84.45 ± 4.63 109.43 ± 2.63

SF-36 46.5 ± 1.9 50.7 ± 1.6

ESS 16.9 ± 1.2 14.6 ± 1.1

FOSQ 86.16 ± 5.96 100.66 ± 4.39

SF-36 4 .5 ± 2.2 47.2 ± 1.9

ESS: <0.001
FOSQ: NS to <0.009
SF-36: NS

ESS

MWT

SF-36 (physical)

ESS

MWT

SF-36 (physical )

ESS: <0.000 I
MWT: <0.005
SF-36: NS to <0.0001

Pretreatment

15.5 (10-23)

22.5 (7.6-40)

43.7 ± 11.6

15.0 (9-22.5)

20 (3.5-40)

42.6 ± 10.1

Post-treatment

7.0 (0.7-17)

32.9 (11.6-40)

49.4± 10.1

13.0 (4-19)

23.5 (7-40)

45.5 ± 10.4

Conclusion CPAI' leads to improvement in sleepiness, vigilance.
and general productivity, but not global QOL

Follow-up time 6 wk

CPAI' leads to improvement in subjective and objective
sleepiness plus energy, vitality, and mental summary
(SF-36)

1 mo

Inclusion
criteria

Exclusion
criteria

STUDY DESIGN

I) Symptomatic: excessive daytime sleepiness I) ESS> 10
2) Sleep apnea : AHI > 10 2) ~IO fallsof~4% in Sa02per hour during sleep study

Only not meeting inclusion criteria Selected other therapy, need urgent CPAI'. may lose job
because of sleepiness, and mental disability

Randomization
effectiveness

Age

CPAI' regimen
details

Compliance

Criteria for
withdrawal
from study

Power

Morbidity!
complications

Significant differences remained for BMI and
smoking status. No difference in age, AHI, or
alcohol use

CPAI': 55.7 i 9.4 Y
Sham : 52.6 ± 10.9 Y

Titrated CPAI' versus sham CPAI'. All subjects also
encouraged to lose weight and given sleep hygiene
regimen

CPAI': 4.25 ± 2. h
Sham: 4.5 ± 2 h

None

90% at a level of P < 0.05

None listed

No significant difference in all primary variab les (age,
BMI, ESS,MWT, SF-36, and >4% Sa02dips!h)

CPAP: 48 Y(36-68 y)
Sub-CPAP: 50 y (33-71 y)

Autotitrated CPAI' in lab compared with CPAI' set at
1em H20. Managing nurse blinded to treatment type

CPAI': 5.4 h (2.2-7.4 h)
Sub-CPAP: 4.6 h (0.7- 8.5 h)
These values are significantly different

one

Interim analysis suggested that 100 subjects was adequate
to demonstrate difference of I' < 0.01

one listed

CPAI' = continuous positive airway pressure , ESS = Epworth Sleepine ss Scale. FOSQ = Functional Outcomes Sleep Questionnaire. SF-36 = Short
Form 36, SD = standard deviation. 'tT L = time prior to crash , OFE = off-road events, QOL = quality of life. NS = not significant, AHI = apnea
hypopnea index . 8MI = bod y mas, index, OSA = obstructive sleep apnea, Ul' Pl?= uvulopalatopharyngoplasty. Number ± number = mean ± SD,
Ranges are reported as number-number) .
• Sampl e size: numbers shown for thos not lost to follow-up and tho se (initially recruited).
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THE EVIDENCE CONDENSED: CPAP versus sham CPAP for the treatment of obstructive sleepapnea

Reference

Level (design)

Sample size"

Outcome
measures

Hack, 2000

I (randomized controlled trial )

59 (69)

OUTCOMES

Steering SD, deter ioration of SD, TIC, OFE, reaction time

CPAP

Sham CPAP

SD

TIC

ORE

SD

TIC

ORE

Pretreatment

0.36 (0.15-1.12)

24.8 (7.6-30)

17.8 (0.4- 149)

0.35 (0.15-1.17)

27.6 (10.9-30)

34.8 (0.9- 149)

Post-treatment

0.21 (0.14-0.63)

30 (17.6-30)

9.0 (0-76)

0.30 (0.14- 1.1 9)

26.9 (9.1- 30)

23.0 (0-150)

p Value Steering SD: p = 0.03
Deterioration of SD: p = 0.04
Reaction time: p = 0.04
Others were NS

Conclusion CPAP led to significantly better driving performance com pared with both baseline and subtherapeutic CPAP

Follow-up time I mo

STUDY DESIGN

Inclusion
criteri a

Exclusion
criteria

Randomization
effectiveness

Age

CPAP regimen
details

Compliance

Criteria for
withdrawal
from stud y

Power

Morbidity!
complications

I) ESS > 10
2) ~10 ~4% falls in Sa02 per hour during sleep study

Selected other therapy, need urgent CPAP, may lose job because of sleepiness. and mental disability

o significant difference in all primary variables (age, BMI, ESS, MWT, SF-36, and >4% Sa02dips!h ) nor in
baseline driv ing variables

CPAP: 50 Y(38-68 y)
Sub-CPAP: 50 y (35-64 y)

Autot itra ted CPAP in lab compared with CPAP set at I ern Hp. Managing nurse blinded to treatment type

CPAP: 5.6 h (3.0-7.2 h)
Sub-CPAP: 5.0 h (1.2-8.5 h)
These values are not significantly different

one

Interim analysis suggested that 69 subjects was adequate to test the hypothesis

one listed

CPAP =continuous positive airway pressure, E S =Epworth Sleepiness Scale. FOSQ =Functional Outcomes Sleep Questionnaire, SF-36 =Short
Form 36. SD =standard deviation, TIC =time prior to crash. OFE =off-road events, QOL =quality of life. NS =not significant. AHI =apnea
hypopn ea index. BM! =body mass index, OSA =obstructive sleep apnea. UPPP =uvulopalatoph aryngoplasty. umber ± number =mean ±SD.
Ranges are report ed as number-number}.
• Sample size: numbers shown for tho se not lost to follow-up and those (initially recruited).
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Continuous positive airway pressure versus uvulopalatopharyngoplasty in the treatment of
obstructive sleep apnea

David P. White and Roger S. Smith

METHODS

A computerized PubMed search of MEDLINE 1966
January 2006 was performed. The terms "CPAP" (con
tinuous positive airway pressure) and "UPPP"
(uvulopalatopharyngoplasty) were exploded and the
resulting articles were cross-referenced, yielding 50 trials.
These articles were then reviewed to identify those
that met the following inclusion criteria: 1) adult
patient population with obstructive sleep apnea, 2) inter
vention with both CPAP and UPPP in the same
study, 3) comparative outcomes including symptom
measures, sleep study data, and mortality. Articles in
which only CPAPor UPPP was used as intervention were
excluded. The bibliographies of the articles that met
these inclusion criteria were manually checked to ensure
no further relevant articles could be identified. This
process yielded six articles, which are discussed below in
detail [1-6].

RESULTS

Outcome Measures. Because there were so few studies
directly comparing UPPP and CPAP, all such studies
were considered regardless of outcome measure. Thus,
the outcome measure of death was used in four studies,
oxygen desaturation episodes and sleepiness in one study,
and respiratory disturbance index, sleep variables, and
multiple sleep latency test (MSLT) in one study.Although
death would seem to be a definitive outcome, in one
study this was only confirmed by relatives [5] and in
another only from coded medical records [2]. Both can
have errors . In one study [1] sleepiness was quantified
subjectively by visual analog scale.

Potential Confounders. Because all of the studies
reviewed were either nonrandomized trials or retrospec
tive studies, confounding was an important problem.
The greatest such confounder was that in all studies the
choice of CPAP versus UPPP was based on multiple
nonstandardized variables (likelihood of success, the
treatment available at the time in that institution, patient
preference) or was not defined. In addition, because of
the nature of retrospective or nonrandomized trials,
many potentially confounding variables turned out to be
poorly matched between groups. This included body
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mass index [3,5], gender [3], follow-up time [3,5], and
disease burden [3, 5]. Thus, the groups often could not
be fairly compared.

Study Designs. As stated above, all studies addressing
this topic were either retrospective or nonrandomized
trials. Asa result, the baseline characteristics of the groups
being compared were often statistically different and the
treatment choice was based on subject characteristics. In
addition, CPAP compliance was often not monitored or
reported. Thus, the conclusions that can be reached from
such studies are limited.

Highest Level of Evidence. The trials assessed indicated
the following: 1) death occurred more commonly in
patients treated with UPPP in one study [5], in patients
treated with CPAP in one study [2], with no difference
between treatment modalities being reported in two
studies [3, 4], and 2) CPAP generally improved sleep
disordered breathing, daytime symptoms, objective sleep
quality, and MSLT more than UPPP [1, 6]. However,
because of the problems with study design and con
founding described above, no strong conclusions
are possible. That being stated, the cumulative data
would suggest that death from all causes is likely similar
between patients treated with CPAPand UPPP.However,
CPAP seems to reduce apnea severity more effectively
than UPPP leading to less subjective and objective sleep
mess.

Applicability. All studies assessed included patients with
mild to severe obstructive sleep apnea with fewexclusion
criteria. Several were consecutive series. Thus the results
and conclusions described above are likely applicable to
the general sleep apnea population and not a more
limited segment of patients with this disorder.

Morbidity/Complications. Few complications were
reported with CPAPalthough compliance, when assessed
and reported, was often relatively low. One study did
report rhinorrhea, dry nose and mouth, mask discom
fort, and problems with machine noise in a minority of
patients using CPAP. UPPP was associated with velo
pharyngeal insufficiency, infection, and the need for tra
cheostomy in a small number of patients. However,
complications with either treatment were not often sys
tematically assessed.



CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH

These studies suggest that CPAP is probably more sue
cess~l at reducing apnea severity and improving sleep
quahty than UPPP. However, CPAP compliance is a
problem. Thus, when subsequent death was assessed as
the primary outcome measure, no clear differences were
obvious between the treatment approaches. This could be
a product of similar long-term efficacy of the two treat
ment modalities or could indicate that sleep apnea does
not have an important influence on long-term survival.

For the reasons stated above, there is a real need for
randomized clinical trials comparing CPAP and UPPP.
It would not likelybe possible to blind such trials although
outcomes could be assessed in a blinded manner. The
outcomes measured should include standard ones such
as residu~l apnea/hypopnea frequency and objective
sleep quahty. However, these studies should also include
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~ore me~ningful outcomes such as subjective and objec
trve sleepiness, neurocognitive function, reaction times,
a~d.other measures of vigilance. This will provide a more
clinically relevant comparison of the two treatment
modalities. Such trials should be of a reasonable duration
as well, this likely being at least 1 year.

It is not likely possible at this time to compare the
two treatment modalities using hard cardiovascular end
points such as stroke or myocardial infarction in a ran
domized trial. However, intermediate outcomes such as
endothelial function, inflammation (CRP), blood pres
sure, and insulin regulation could certainly be assessed
and ~ould add importantly to our understanding of the
relative efficacy of these quite different treatment
approaches.



THE EVIDENCE CONDENSED: Nasal continuous positive airway pressure versus uvulopalatopharyngoplasty for
all outcomes

Reference

Level (design)

Sample size

Lojander, 1996

2 (prospective tria l)

76 (21 CPAP, 18 surg, 37 conserv therapy)

Weaver, 2004

3 (retrospective study)

20,826 (18,754 CPAP and 2072 UPPP)

OUTCOMES

Outcome
measures

Intervention

p Value

Conclusion

Follow-up time

Oxygen desaturation episod es and subjective
sleepiness

UPPP: OD! (4%) 45 (21-72) to 14 (3-54) at
12 mo.
CPAP: OD! (4%) 25 (10-92) to 0 (0-2) at 12 mo

Oxygen desaturation: UPPP, p < 0.02
Oxygen desaturation: CPAP,p < 0.00I
Sleepiness: UPPP, p < 0.05
Sleepiness: CPAP, p < 0.01
No statistical comparison between UPPP and
CPAP gro ups

CPAP group all imp roved, but compliance on ly
62%
Surg group only norma lized oxygen desaturation
in 39%. Symptoms did improve

I y

Death rate

UPPP (possibly plus another surgica l procedure, number,
% dead ): 71,3.4%
CPAP (number, % dead ): 1339, 7.1%

P = 0.03 adjusted for confounders in favor of UPPP vs CPAP

UPPP had a significantly better survival. There was a 31%
greater mortality in CPAP- vs UPPP-treated subjects after
controlling for age, gender, race, dat e of treatment, and
comorbidities

1-5 y, mean 2.75 ± 1.21 Y

STUDY DESIGN

Inclusion
criteria

Exclusion
criteria

Intervention
regimen details

Confounders

Data quality

Age

Diagnostic
criteria for OSA

Compliance

Criteria for
withdrawal
from study

Consecutive
patients?

Morbidity/
complications

OD! > 10, daytime sleepiness, and snoring

BMI > 40, asthma, COPD, hypothyroid , other
serious illness, sleepiness a risk

CPAP (21) vs conserv therapy (23) randomized.
UPPP (12) UPPP + mandib surg (5) vs conserv
therapy (14) randomized

Patients selected for therapy group based on
likelihood of success (not randomized)

Sleep apnea diagnosi s/therapy results only based
on oxygen desaturation episodes

3D-65Y

Sleep apnea diagnosed based on oxygen
desaturation episodes

CPAP 62%, surg 100%, conserv 89%

CPAP: noncompliance (n = 8)
Symptomatic need for therapy in conservatively
managed group (n = 4, I CPAP and 3 UPPP )

Yes, although man y refused to participate or met
exclusion criteria

Surg: 2 velopharyngeal insufficiency, I
trach eotomy, 2 infected material needing
remo val
CPAP: 7 rhinorrhea, 2 dr y nose or mouth, 2
mask discomfort, I machine noise

Diagnosis of OSA plus either CPAP code or UPPP code.
Data from 10/97 to 9/0 I. Must have I y of previous
comorbidity data and 1 y follow-up

oth ing oth er than not meeting inclusion criteria

All participants either initiated on CPAP or underwent a
UPPP (possibly with anoth er surgical procedure). Follow-up
per medical records

Onl y veteran s studi ed and comorbidities onl y controlled for
statistically

All data acquired from coded medical records (may be
subject to error). No sleep data (apnea severity) or CPAP
compliance data available

57 ± 12 Y

Coded as OSA from medical records plus CPAP code or
UPPP code. No actual sleep data

o data on CPAP compliance

Retrospective study, thu s no withdrawal

All patients coded as above (OSA ± CPAP or UPPP) at all
US VA hospitals from 10/97 to 9/0 1

Death was the pr imary outcome variable

OSA =obstructive sleep apnea, CPAP =continuous positive airway pressure, UPPP =uvulopalatoph aryngoplasty, surg =surgery, conserv =
conservative treatment, BMI =body mass index, aD! =oxygen desaturation index, NS =not significant, AHI =apnea-hypopnea index, AI =apnea
index, capo = chronic obstructive pulm onary disease.
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THE EVIDENCE CONDENSED: Nasal continuous positive airway pressure versus uvulopalatopharyngoplasty for
all outcomes

Reference

Level (design)

Sample size

Outcome
measures

Intervention

p Value

Conclusion

Follow-up time

Inclusion
criteria

Exclusion
criteria

Intervention
regimen details

Confounders

Data quality

Age

Diagnostic
criteria for OSA

Compliance

Criteria for
withdrawal
from study

Consecutive
patients?

Morbidity/
complications

Keen an , 1995

3 (retrospective study)

362 (154 UPPP, 208 CPAP)

OUTCOMES

Death rate

UPPP: (number. % dead): 6.4.0%
CPAP: (number, % dead ): 3. 2.5%

NS for all patients and only patients with an AI > 20

There was no difference in long-term survival between OSA patients treated with CPAP vs UPPP

43 ± 13 mo for UPPP
20 ± 14 mo for CPAP

STUDY DESIGN

Diagnosis of OSA (AI> 5 or AHI > 15)
Treated with either CPAP or UPPP between 1/84 and 4/90

Subsequent CPAP use for UPPP patients
Discontinued CPAP use during follow-up

Either placed on CPAP per titration or underwent UPPP with follow-up polysomnogram

Multiple confounders: BMI greater in CPAP group. follow-up longer in UPPP group, more males in UPPP
group. AI higher in UPPP group

Dead determined by phone calls to patients, families, and physicians plus British Columbia Vital Statistics

UPPP: 50 ± 11 y. CPAP: 52 ± 12 Y

Sleep apnea defined as AI> 5 or AH I > 15

Self-report of using or not using CPAP

Retrospective study, thus no withdrawal

All patients treated with CPAP or UPPP between 1/84 and 4/90

Death was primary outcome

OSA = obstructive sleep apnea . CPAP = continuous positive airway pressure. UPPP = uvulopalatopharyngoplasty, surg = surgery. conserv =
conservative treatment. BMI = body mass index. 001 = oxygen desaturation index, NS = not significant. AHI = apnea -hypopnea index. AI = apnea
index. capo = chronic obstructive pulmonary disease.
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THE EVIDENCE CONDENSED: Nasal continuous positive airway pressure versus uvulopalatopharyngoplasty for
all outcomes

Reference

Level (design)

Sample size

Outcom e
measur es

Ma rti. 2002

3 (retrospective study)

444 (88 UPPP and 124 CPAP)

Death rate

He. 1988

3 (retrospective study)

385 (60 UPPP and 25 CPAP)

OUTCO MES

Death rate

Zorick, 1990

2 (nonrandomized trial)

92 (46 UPPP and 46 CPAP)

RDI. PSG sleep variables, and MSLT

Intervention

p Value

Conclusion

Follow-up time

UPPP (number. % dead ): 3.3.4%
CPAP (number, % dead): 6,4.8%

Not reported. posthoccalculation.
p= NS

No significant difference in
survival between CPAP and UPPP

UPPP: 7.1 =2.0 y.
CPAP: 5.2 ± 1.9 Y

UPPP (number. % dead ): 8.
13.3%
CPAP (number. % dead ): 0.0%

Not reported. posthoccalculation.
p = 0.06

Trend toward better survival with
CPAP

UPPP: 8 y, CPAP: 5 y

UPPP: RDI: 71 ± 30 to 43 ± 30
MSLT: 4.1 ± I to 5.5 ± 0.9 min
CPAP: RDI: 76 ± 23 to 7 ± 9
MSLT: 4.4 ± 0.9 to 10.3 ± l.l min

p < 0.001

CPAP improved sleep, RDI, and
MSLT more tha n UPPP

6wk

Inclu sion
criteria

Exclusion
criteria

Intervention
regim en details

Study design
issues

Confounders

Age

Diagnostic
criteria for
described

Management of
episode while
on study
treatment

Diagnosis of OSA between 1/82
and 12/92 and could be located in
1996

<16 Yold, trach, hypothyroid .
acromegaly, malformation of skull
base. not treated after 1988

Either placed on CPAP per
titration or underwent UPPP
(others treated with diet or not
treated)

Retrospective study with no
randomization of therapy

Multiple confounders: age. BMI.
and coronary disease greater with
CPAP. follow-up longer with
UPPP

UPPP: 50 ± 10 y,
CPAP: 54 ± 9 Y

Sleep apnea defined as AHI > 10

Retrospective study. no such
management described

STUDY DESIGN

Diagnosis of OSA between 1978
and 1986 and returned
questionnaire

<15 y old. did not return
questionnaire

Either placed on CPAP per
titration or underwent UPPP
(others treated with trach or not
treated)

Retrospective study with no
randomization of therapy

Success of UPPP not known if
many patients. Almost 50% did
not return questionnaire. Death
documented only by relatives

UPPP: 48.2 ± 11.2 y.
CPAP: 50.2 ± 12.2 Y

Sleep apnea defined as AI > 5

Retrospective study, no such
management described

Consecutive patients with a history
of loud snoring and daytime
sleepiness plus OSA on PSG

one other than not meeting
inclusion criteria

Either placed on CPAP per titration
or underwent UPPP

o randomization. Follow-up at
only 6 wk

Patients assigned to therapy based on
anatomy, patient preference, and
medical indications

UPPP: 47.2 ± 13.7 y,
CPAP: 51.7 ± 10.3 Y

Sleep ap nea criteria on PSG not
defined

None described

one reported

o information on CPAP
compliance

Yes

o information on CPAP
compliance

All patients diagnosed with OSA
between 1978 and 1986 who
returned the questionnaire

Death was the primary outcome

Subjective: CPAP 6.9 ± 1.7 hlnight
CPAP compliance only subjective

All patients with OSA diagnosed
from 1/82 to 12192 who could be
located in 1996

Death was the primary outcomeMorbidityl
complications

CPAP =continuous positiveairway pressure, UPPP=uvulopalatopharyngoplasty, RDI =respiratory disturbance index, MSLT =multiple sleep latency
test, OSA=obstructivesleepapnea, BM I =body mass index, NS =not significant, AHI =apnea-hypopnea index,AI =apnea index, trach =
tracheotomy, PSG =polysomnogram.

Co nsecutive
patients?

Compliance
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Uvulopalatopharyngoplasty versus oral appliance: Impact on apnea index and quality of life

Mary Beauchamp and Regina P. Walker

METHODS

A computerized PubMed search of MEDLINE 1966
November 2004 was performed. Three groups of articles
were identified: 1) articles mapping to the subject head
ings "sleep apnea, obstructive" or "Pickwickian syn
drome" were combined; 2) articles mapping to the
medical subject heading "orthodontic appliances, func
tional" were combined with those mapping to the
textwords "mandibular advancement device;' "oral
appliance;' "appliance;' "splint;' or "device"; 3) articles
mapping to the subject heading "otorhinolaryngologic
surgical procedures" were combined with tho se mapping
to the textwords "uvulopalatopharyngoplasty" (UPPP)
"pharyngoplasty," "palatopharyngoplasty," "surgery;'
"surgical;' or "operative:' These three groups were then
cross-referenced, yielding 24 studies. These articles were
then reviewed to identify those that met the following
inclusion criteria: 1) patient population with obstructive
sleep apnea (OSA), 2) intervention with oral appliance
versus UPPP, and 3) outcome measured in terms of
quali ty of life, treatment success, and long-term compli
ance and complications. The bibliographies of the articles
that met these inclusion criteria were manually checked.
This process yielded three art icles [1-3]. All three articles
refer to overlapping patient groups.

RESULTS

Outcome Measures. In two of the studies, successful
treatment was defined as a 50% decrease in or normal
ization of the apnea index (AI), with the AI defined as
the average number of apneas per hour of sleep. Apneas
were measured utilizing an in-home portable sleep unit,
as these studies were completed in Sweden where the
authors had vast experience with these in-home units.
(Currently, portable sleep studies are not accepted as the
standard of care in the United States for the diagnosis of
OSA.) In the third study, subjective success was deter
mined using a validated instrument that was completed
in the physician's office [3]. Quality of life was measured
using the validated Minor Symptoms Evaluation-Profile.
Although not specifically designed to evaluate patients
with OSA, it measures vitality, contentment, and sleep.

Potential Confounders. Outcome measures used in
these publications included post-treatment sleep studies,
subjective questionnaire data , and a quality of life
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measure. These measures were influenced by other
factors; age, weight , and body mass index were evaluated
as potential confounders, and no statistically significant
differences were identified before intervention. In report
ing the outcomes, there was a detection bias. The patients
that withdrew from the oral appliance arm of the study
were not included in the final comparison between the
two treatment arms in all three studies. Also, compliance
was not an issue in a surgically treated group whereas it
was a major factor in treatment outcome when a patient
had to use a device every night. In the end, only the suc
cessful oral appliance users were compared with the
entire surgical group.

Study Designs. All three studies were randomized con
trolled studies of pat ients with OSA. Patients were diag
nosed with OSA if they had an AI> 5 or apnea-hypopnea
index (AHI) >10 after an in-home sleep evaluation mea 
suring five parameters. As above, the AI was defined as
average number of apneas per hour of sleep, whereas the
AHI was defined as the average number of apneas plus
hypopneas per hour of sleep. After a diagnosis of OSA,
patients fulfilling inclus ion criteria were randomized
using a closed-envelope system in sequential order. All
three studies involved the same patient groups undergo
ing treatment with either oral appliance or UPPP. UPPP
was performed using the technique described by Fujita,
1981. The oral appliance that was used advanced the
patient's mandible to 50% of the maximum protrusive
capacity. Success at 1 year of treatment was evaluated in
the first study. The second study looked at the quality of
life of these patients after 1 year of treatment. The third
study evaluated these pat ients at 4 years for success of
treatment, compliance, and morbidity. The technician
evaluating the sleep studies was blinded to treatment
group. Before initiation of the studies, it was determined
that at least 35 patients in each group were required in
order to detect a significant difference (alpha 0.05, beta
0.20). To compensate for potential withdrawals, 45
patients in each group were deemed necessary. Ninety
five patients were recruited, 80 pat ients completed l-year
follow-up , and 72 patients completed 4-year follow-up.
Therefore, these studies were adequately powered in
their design.

Highest Level of Evidence. The three studies cited in
this review are based on one patient group followed for
4 years. One year into treatment, compliance with the



oral appliance was 820/0, compared with 100% compli
ance in the UPPP group. There was a significant differ
ence in favor of the oral appliance at 1 year compared
with AI and AHI [3]. There was a significant difference
in the normalization rate of the AHI and AI in favor of
the oral appliance (630/0) compared with the UPPP
(33%) at 4 years. However, the compliance rate with the
oral appliance at 4 years was 620/0 [2]. When comparing
the quality of life between the two treatments, the UPPP
showed a significantly higher level of contentment at 1
year than with the oral appliance [1].

Applicability. These studies are applicable to patients
20-65 years old with mild to moderate OSA (AHI > 10,
and/or AI > 5). These results do not apply to patients
with AI > 25, mental illness, drug misuse, significant
nasal obstruction, insufficient teeth to anchor an oral
appliance, periodontal disease, pronounced dental mal
occlusion, severe cardiovascular disease, neurologic
disease, and respiratory disease.

Morbidity/Complications. Perioperative complications
associated with UPPP were not reported. Long-term
follow-up of the patients undergoing UPPP showed that
8% of these patients had nasopharyngeal regurgitation
and 10% of patients reported some difficulty swallowing.
Of the patients who were randomized to treatment with
the oral appliance, one patient dropped out of the study
as a result of recurrent aphthous ulcers. On long-term
follow-up including dental evaluations, maximum
mouth opening capacity did not change significantly,
and there were no changes in protrusive capacity.
However, one patient did develop temporomandibular
joint syndrome (TMJ), two patients developed TMJ
crepitus and/or clicking that were not present before the
study, and four patients had minor changes in tooth
contacts at intercuspidation.
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CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is level 1 data comparing oral appliance to UPPP
for GSA which suggests that sleep studies are improved
or normalized significantly more with oral appliance, but
that patient contentment is significantly better with
UPPP. Both the sleep study and quality-of-life data are
important outcome measures, and so it is somewhat dif
ficult to reconcile these two results. An inherent difficulty
in treating OSA lies in striking the balance between con
tentment/compliance and normalization of sleep study
parameters. Patients' quality of life is important in con
tributing to the success of OSA treatment. Even though
oral appliance proved more successful in terms of sleep
study outcomes, the efficacyof oral appliance is partially
invalidated secondary to issues surrounding compliance
and patient contentment. In contrast, a patient undergo
ing a UPPP is 1000/0 compliant and remains treated
during each night of sleep,but has a lower normalization
rate of sleep study parameters.

Future research comparing UPPP to oral appliance
should address long-term efficacy of clinically relevant
outcomes, including nadir oxygensaturation and daytime
sleepiness, because this chronic and prevalent disease
may have a significant impact on work productivity and
driving safety. In addition, it would be beneficial to
determine the results of a stratified approach with initial
oral appliance use with UPPP for patients who cannot
adequately comply.



THE EVIDENCE CONDENSED: Oral appliance versus uvulopalatopharyngoplasty for obstructive sleep apnea

Reference

Level (design)

Sample size'

Wilhe lmss on, 1999

1 (randomized controlled trial )

80 (95)

Walker-Engstrom, 2000

I (randomized controlled trial)

80 (95)

Quality-of-life scores
(lower scores better)

Vitali ty Contentment

26.4 27.4

31.6 33.7

uppp

Oral appliance

p Value

OUTCOMES

Success rate ]' ormalization
ratet

Al AHI AI or AHI

70% 60% 51%

95% 81% 78%

<0.01 <0.05 <0.05 NS <0.05

Sleep

25.2

29.2

S

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Intervention regimen
details

Diagnostic criteria for OSA

Management while in
study

Compliance

Criteria for withdrawal
from study

Power

Morbidity/complications

OA with significantly better sleep study results
than UPPP at 1 y

1Y

STUDY DESIGN

Male patients with AHI > 10, AI > 5 between
ages of 20 and 60 y
Mild to moderate apnea

AI > 25, mental illness, drug misuse, significant
nasal obstruction, insufficient teeth to anchor
an appliance, pronounced dental malocclusion,
severe cardiovascular disease, neurologic or
respiratory disease

Patients randomized using closed-envelope
system in sequential order, sleep studies'
evaluator blinded to study treatment
There was not a significant difference between
age, weight, and BMI for both groups

20-60 y

Dental appliance-evaluation dentist with
fashion of appliance used at pm vs UPPP
(Fujita)

Questionnaire/home sleep study
Fiberoptic examination/Muller maneuver

Repeat evaluat ion 6 mo/1 y

OA 82%/UPPP 100%

ot satisfied with appliance or outcome of
appliance

o withdrawal after UPPP unless lost to follow
up

80% (beta = 0.20)

1 with aphthous ulcers, 1 with TMj symptoms

UPPP contentment significantly better than OA
at I y

1Y

Male patients with AHI > 10, AI> 5 between ages
of 20 and 60 y
Mild to moderate apnea

AI > 25, mental illness, drug misuse, significant
nasal obstruction, insufficient teeth to anchor an
appliance, pronounced dental malocclusion,
severe cardiovascular disease, neurologic or
respiratory disease

Patients randomized using closed-envelope system
in sequential order, sleep studies' evaluator
blinded to study treatment
There was not a significant difference between age,
weight, and BMI for both groups

20-60 y

Dental appliance-evaluation dentist with fashion
of appliance used at pm vs UPPP (Fujita)

Questionnaire/home sleep study

Evaluatio n after I y

A

A

80% (beta =0.20)

ot reported

OA = oral appliance, u ppp = uvulopalatopharyngoplasty, OSA = obstructive sleep apnea, AI = apnea index, AHI = apnea-hypopn ea index, S = not
significant, BMI = bod )' mass index, TMI = temporomandibular joint syndrome, NA = not applicabl e.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruit ed).
t Success rate defined as percentage of patients with at least a 50% reduction in AI.*Norm alization defined as AI < 5 or AHI < 10.
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Referen ce

Level (design)

Sample size'

Walker-Engstrom, 2002

I (randomized controlled trial)

72 (95)

OUTCOMES

Success rate t ormalization rate:j:

UPPP

Oral appliance

p Value

AI

53%

81%

<0.05

AHI

35%

72%

<0.01

AIor AHI

33%

63%

<0.05

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Intervention regimen
details

Diagnostic criteria for OSA

Management wh ile in study

Compliance

Criteria for withdrawal
from study

Power

Morbidity/complications

OA with significantly better sleep study results than UPPP at 4 y; significant decrease in compliance
withOA

4y

STUDY DESIGN

Male patients with AHI > 10, AI> 5 between ages of 20 and 60 y
Mild to modera te ap nea

AI > 25, mental illness, drug misuse, significant nasal obstruction, insufficient teeth to anchor an
appliance, pronounced dental malocclusion, severe cardiovascular disease, neurologic or respiratory
disease

Patients randomized using closed-envelope system in sequential order, sleep studies' evaluator
blinded to study treatment
There was not a significant difference between age, weight, and BMI between groups

20-60 Y

Dental appliance-evaluation by dentist with fashion of appliance used at night vs UPPP (Fujita)

Questionnaire/home sleep study

Repeat evaluation 4 y

OA 62%/UPPP 100%

ot satisfied with app liance or outcome of appliance
o withdrawal after UPPP unless lost to follow-up

80% (beta = 0.20)

UPPP: 8% nasopharyngeal reflux, 10% difficulty swallowing
OA: I TMJ, 2 TMJ sounds, 4 minimal

OA = oral appliance, UPPP = uvulopalatopharyngoplasty, OSA = obstructive sleep apnea, AI = apnea index. AHI = apn ea-hypopnea index, NS = not
significant, BI,II = bod y mass index . TMJ = temporomandibular joint syndrome, A = not applicable.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Success rate defined as percentage of patients with at least a 50% reduction in AI.
:j: ormalization defined as AI < 5 or AHI < 10.
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Tongue suspension: Impact on quality of life, polysomnography, and excessive
daytime sleepiness

Kenny Pang and B. Tucker Woodson

METHODS

A computerized PubMed search of MEDLINE 1966
April 2006 was performed. Articles mapping to the
exploded medical subject head ings "obstructive sleep
apnea" and "tongue" were cross-referenced, yielding 122
articles. For inclusion criteria, we required the following:
1) adult patients (>20 years old) with obstructive sleep
apnea (OSA), 2) intervention with tongue base suspen
sion (TS), 3) outcome measures in terms of quality of
life (QOL), objective polysomnographic data, or a vali
dated daytime sleepiness measure such as the Epworth
Sleepiness Scale.The resulting articles were reviewed and
their references manually crossed-checked for any rele
vant articles. Studies that evaluated glossectomy or radio
frequency ablation of the tongue were excluded from this
analysis. Articles that compared palatal surgery to oral
appliance or continuous positive airway pressure were
excluded from this review, but are discussed in the adja
cent reviews in this chapter. There were seven articles that
met these specific inclusion/exclusion criteria.

RESULTS

Outcome Measures. Results of surgical intervention for
OSA can be measured in a number of ways. In general,
it is well accepted that successful intervention will reduce
the postoperative apnea-hypopnea index (AH!) to half
its original preoperative AHI and bring the AHI to <15
(mild levels). Reducing AHI levels to <15 reduces the
long-term effects of hypertension, ischemic heart dis
ease, and cerebrovascular accidents. QOL in a patient
with OSA is also important. Parameters including
daytime alertness, sleepiness, and snore scores do relate
to QOL in patients with OSA. The Epworth Sleepiness
Scale is frequentl y used as an outcome measure as
well. It is a validated measure of daytim e sleepiness in
which patients rate their likelihood of falling asleep in
eight circumstances. Scores range from 0 (best) to 24
(worst).

Potential Confounders. The pathophysiology of upper
airway collapse during sleep is affected by multiple
factors. Most authors would concur that OSA is funda
mentally a balance between the container (the orofacial)
skeleton and the contents (the soft tissues in the oral
cavity) [1]. It is the vibration of these soft tissues during
sleep that results in snoring, and the collapse, partial or

complete, of these structures that lead to upper airway
obstruction during sleep. Patients with retrognathia
(small orofacial skeleton) will have less space available,
therefore increasing the likelihood of airway compro
mise during sleep [1]. The level of upper airway collapse
is important in patients with OSA; some patients have
collapse predominantly in the retropalatal area, whereas
others collapse mainly in the retrolingual area [2]. Clin
ical examination and assessment have a crucial role in
the management algorithm; however, these may not be
consistent in various clinical studies. Different surgical
techniques address different levelsof obstruction, making
comparison of such techniques difficult unless site-spe
cific diagnoses and surger y are performed. Moreover,
different authors used patients with varying body mass
index (BM!), age, race, and gender in their series, influ
encing the overall success rates for surgery and other
interventions.

Study Designs. There were seven articles that evaluated
results after tongue suspension surgery. One publication
was a randomized controlled trial (RCT) which com
pared results with tongue suspension versus tongue
advancement (TA) procedures. This RCT focused on
patients with moderate or severe OSA, who had multi
level obstruction and had failed continuous positive
airway pressure . Follow-up time was 6 months. The
remaining six papers were prospective and retrospective
cohort studies that compared preoperative versus post
operative data in patients undergoing tongue suspen
sion. Five of these six papers, however, had a key
confounder in that the authors studied patients who not
only underwent TS, but also underwent uvulopalatopha
ryngoplasty (UPPP) . Thus, it is difficult to discern
whether changes in AHI, QOL, or daytime sleepiness
were attributable to TS or UPPP or the combination of
the two procedures. Follow-up periods ranged from 2
months to 3 years.

Highest Level of Evidence. The RCT that compared TS
to TA showed a small but statistically significant better
postoperative daytime sleepiness score with TS [14]. The
same study showed a trend toward better AHI as well,
although it was not a statistically significant difference.
The single cohort study that evaluated patients undergo
ing TS alone [8] showed significant improvements in
QOL, AHl , and daytime sleepiness after 2 months in
patients with preoperative AHI 15-60. The five remain-
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ing studies, which evaluated TS in conjunction with
UPPP, showed either a trend toward, or a statistically
significant improvement in most parameters after 3
months to 3 years.

Although one might intuitively expect that AHI
improvement would correlate with QOL or excessive
daytime sleepiness (EDS) improvement, this correlation
was not always seen. Discordance between the sleep
related respiratory events (polysomnographic results)
and QOL have been shown by two separate articles
[4,6].

Applicability. These results are applicable to patients
with multilevel obstruction.

Morbidity. The morbidity from upper airway surgery
was low. These reports did not have any significant
mortality.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There are seven studies that focused on the impact of TS
on AHI, QOL, and EDS in patients with OSA. Results
suggest a somewhat better result than with TA, and
suggest that either TS alone or TS with UPPP can result
in postoperative improvement in sleep parameters.

Future research in this area should standardize
patient parameters (e.g., age, BMI, comorbidities, sever
ity of OSA,clinical examination, and surgical technique).
In addition, a study comparing the impact of UPPP
alone versus UPPP with TS would be useful.
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Woodson, 2001

4 (prospective cohort)

28

Reference Thomas, 2003

Level (design) I (randomized controlled trial )

Sample size 17

Study groups 9 TS, 8 TA

QOL AHI

TS Preop 9.3 ± 1.0 57%

Postal' 3.3 ± 2.1 achieved a
surgical
response

TA Preop 9.3 ± 1.0 50%
Postal' 5.0 ± 0.6 achieved a

surgical
response

OUTCOMES

EDS

Preop 12.1 ± 7.2
Postal' 4.1 ± 3.4

Preop 13.3 ± 4.5
Postal' 5.0 ± 3.5

28 pts TS

QO L

Preop 3.9 ± 0.7
Postal' 2.4 ±
1.0

at applicable

RDI tota l

Preop 35.4 ± 13.7
Postal' 24.5 ± 14.5

EDS

Preop 13.8 ± 3.9
Postal' 8.8 ± 2.8

Preop vs postal',
p < 0.02

Preop vs postal',
p < 0.009

Preop vs
postal',
p = 0.04

Improvements in EDS, AHI

2 rna

TSvs TA

P = 0.007
TS, P = 0.007,
TA, P :5 0.002

NSTS vs TA not
reported; TS
preop vs postal',
p < 0.02; TA
preop vs postal',
p < 0.04

TS slight advantage over TA in EDS

6mo

p Value

Conclusion

Follow-up time

STUDY DESIGN

Inclusion
criteria

Exclusion
criteria

Randomization
effectiveness

Moderate and severe OSA, multilevel obstruction,
Fujita 2, failed CPAP

Fujita I, mild OSA

Similar age, BMI, and ESS scores in both groups at
the outset

AHI < 15 (snorers) , AHI > 15 (OSA)

AHI > 60, LSAT< 80% , BMI > 34

onrandomized

Age

Masking

Intervention
regimen details

QOL measure

EDS measure

Criteria for
withdrawal
from study

Intention to
treat analysis

Power

Morbidity!
complications

45 Y

Not reported

Success rate of about 60% noted in the TS group,
slight advantage over the TA group

at repor ted

ESS

Lost to follow-up

Not reported

Tot reported

Pain , limited tongue protrusion

47.5 ± 8 Y

at reported

AHI decreased in OSA, p < 0.00, multi -institutional 7 sites,
effect size for total FOSQ 0.74-0.79, ESS 1.23-1.00

Functional outcomes of sleep

ESS,VAS 10-pt scale

Failure to follow-up with PSG. a statistical diffe rence
between study group and lost to follow-up group

at reported

at reported

15% (4 with sialadenitis, I dehydration, I GI bleed )

u ppp = uvulopalatoph aryngoplast y, pts = patient s, EDS = excessive daytime sleepiness, QOL = qualit y of life, OSA = obstru ctive sleep apnea, ESS =
Epworth Sleepiness Scale, CPAP = continuous positive airway pressure, AHI = apnea hypopnea index, BMI = bod)' mass index, TS = tongu e
suspension, preop = preoperative, postop = postoperative, S = not significant, PSG = polysom nogr am, TA = tongue advancement, VAS = visual
analog scale, GI = gastrointestin al, FOSQ = functional outcomes of sleep questionnaire, RDI = respiratory disturbance index.
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Reference Vicente, 2006

Level (design) 4 (prospective cohort)

Sample size 55

OUTCOMES

Stud y groups 55 UPPP TS

QOL AHI EDS

TS Not reported Preop 52.8 ± 14.9 ESSscore:
Postop 14.1 ± 23.5 Prcop 12.2 ± 3.3

Postop 8.2 ± 6.1

p Value Not applicable p < 0.001 P = 0.002

Conclusion

Follow-up time

Long-term results show that UPPP TS significantly improve AH I and EDS

3y

Inclusion
criteria

STUDY DESIGN

AHI > 30, severe OSA, failed CPAP, multilevel obstruction, Fujita 2

Exclusion
criteria

Randomization
effectiveness

8MI > 40, age> 70 y

Nonrandomized

ot reported

ESS 12.2 to 8.2

Not reported

Patient moved to another location

Not reported

Not reported

50 ± 5 Y

Not reported

8M I no change, 21 pts also had septoplasty, 78% success rate at 3 y (AHI 50% reduction and < 15)

Age

Masking

Intervention
regimen detail s

QOL measure

EDS measure

Criteria for
withdrawal
from study

Intention to
treat analysis

Power

Morbidity/
complication s

UPPP =uvulop alatoph aryngoplasty, pts =patient s, EDS =excessive daytime sleepiness, QOL =qua lity of life, OSA =obstructive sleep apn ea, ESS=
Epworth Sleepiness Scale, CPAP =continuous positive airway pressure, AHI =apnea hypopn ea index, BMI =bod y mass index, NS =not significant,
TS =tongu e suspension, preop =preoperative, postop =postoperative, NS =not significant, PSG =polysomnogram , TA =tongue advancement,
VAS =visual analog scale, GI =gastrointestinal.
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14 UPPP TS

QO L RDI
mean

DeRowe, 2000

2 (prospective cohort )

16

28 UPPP TS

QOL AHI

Kuhnel, 2005

2 (prospective cohort )

28

9 ±4

EDS

12 ± 4

28 ± 28

41 ± R
ot

reported

Terris, 2002

3 (retrospective cohort )

19

OUTCOMES

16 pts UPPP TS

EDS QO L AHI EDS

42.8 ± 24.8 11.06 ± .5.4
ot ot

reported reported 14.4 ± NR 5.4. ± 3.817 ± 8

35± 16.5Snoring
as
reported
by bed
partner
improved
in all
cases

Preoperative

Postoperativ~

Study groups

Reference

Level (design)

Sampl e size'

6mo

TS associated with significant
postoperative improvements in EDS.
AHI

p Value Not p =0.00 I
reported

Conclusion TS associated with significant
postoperative improvement in
RDI

Follow-up time 3 mo

P <0.01 p < 0.005 Not Not
repo rted reported

TS associated with trend toward
improvement in AHI, EDS

1Y

Inclusion
criteria

Exclusion
criteria

Randomization
effectiveness

All OSA with multilevel
obstruction, Fujita 2, failed CPAP

Fujita I

onrandornized phase I trial

STUDY DESIGN

AHI> IS (OSA), moderate and severe
OSA, Fujita 2, failed CPAP

AHI < IS, BMI > 34

onrandomized

Failed CPAP, multilevel
obstruction. Fujita 2

BMI > 40, age> 70 y

onrandomized

Age

Intervention
regimen detail s

QOL measure

35-74 Y

Success rate of about 51.4% noted
in the TS-treated pts

Snori ng as reported by bed
partners

44.9 ± 14.2 Y

AH I decrea sed in OSA, p < 0.01, AHI
decreased by 51.7%, Al decreased by
81.4%, success rate 67%

Not reported

50 ± 5 Y

Posterior airwa y space widened
by 2 mm in 60% of pts. 67%
improved ESS, 55% improved
AHI

Not reported

EDS measure

Criteria for
withdrawal
from study

Intention to
treat anal ysis

Power

Morbidity!
complications

ESS

Lost to follow-up

ot reported

ot reported

Pain. limited tongue protrusion,
mouth floor cyst

ESS

Failure to follow up with PSG

ot reported

ot reported

Transient VPI. limited tongue
movement

ESS 19 to 9

Lost to follow-up

ot reported

Not reported

Not reported

UPPP =uvulopalatoph aryngoplasty, pts =patient s. EDS =excessive daytim e sleepiness, QO L=quality of life, AHI =apnea hypopn ea index,
CPAP =continuous positive airway pressure , BMI =body mass index, S =not significant. ESS=Epworth Sleepiness Scale, TS =tongue suspension.
PSG = polysornn ogram , RDI = respirator y distur bance index.
• Sample size: numbers shown for those not lost to follow-up and those (initially recru ited).
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Reference

Level (design)

Sample size'

Study groups

Omur,2005

3 (retrospective cohort )

22 UPPP + TS

OUTCOMES

<0.05 <0.05 <0.05

TS and UPPP reduce RD[ and ESScompared with UPPP alone.

6mo

Preoperative

Postoperative

p Value

Conclusion

Follow-up time

Snoring score

8.72 ± 1.83

3.04 ± 2.35

RDI mean

47.50 ± 15.74

17.31 ± [4.17

EDS

13.9 ±2.15

SAO ± 4.27

Inclusion crite ria

Exclusion cr iteria

Age

Intervention regimen results

Snoring measure

EDS measure

Criteria for withdrawal from study

Intention to treat ana lysis

Power

Morbidity/complications

STUDY DESIGN

Severe OSA (RD[ ~ 3D/h)

Simple snori ng, mild and moderate OSA (RD[ < 3D/h)

32-60 y

ESS decreased from 13.9 to SA (6 1.15%); RDI decreased from 47.5 to 17.31 (63.58%) ; VAS
decreased from 8.72 to 3.04 (72.72%)

VAS

ESS

ot reported

Not reported

Not repo rted

Bleeding, bro ken suture, infection

u ppp = uvulopalatopharyngoplasty. EDS = excessive daytime sleepiness, ESS= Epworth Sleepiness Scale, TS = ton gue suspension, VAS = visual analog
scale, RDI = respirator y disturbance index.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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21 Allergic Rhinitis
21.A.
Intranasal steroids versus nonsedating antihistamines: Impact on symptoms of seasonal
allergic rhinitis

Melissa Pynnonen and Jeffrey Terrell

METHODS

A computerized PubMed search of MEDLINE 1966
March 2005 was performed. The subject headings "his
tamine HI antagonists" and "steroids" were exploded
and cross-referenced with "intranasal." The resulting 63
articles were limited to "randomized controlled trial;'
"human;' and "English language" resulting in 35 publica
tions. The subject headings "histamine HI antagonists"
and "steroids" were exploded and limited to "humans,"
"English language;' and "meta-analysis" resulting in two
publications . These two searches were combined, result
ing in 37 publications whose titles and abstracts were
reviewed. Bibliographies were also reviewed to identify
other relevant publications [1, 2). These articles were
then reviewed to identify those that met the following
inclusion criteria: 1) patient population with seasonal
allergic rhinitis confirmed by skin testing, 2) intervention
with oral antihistamine versus intranasal corticosteroid
spray, and 3) outcome measured in terms of relief of
rhinitis symptoms or rhinitis quality of life improve
ment. Articles that contained combination therap y were
included if the study design contained treatment arms of
intranasal corticosteroid spray and oral antihistamine as
monotherapy, and if sufficient data were reported to
permit comparison. Articles that contained study drugs
no longer available (astemizole or terfenadine) , or in
which the comparator antihistamine was a traditional,
sedating, antihistamine (dexchlorpheniramine) were
also excluded.

RESULTS

Outcome Measures. Allergic rhinitis can be measured
and reported in terms of an overall rhinitis score, or as
individual symptoms of obstruction, rhinorrhea, sneez
ing, and nasal pruritus.Ocular symptoms may be assessed
as well [2,3] . Symptomatic response to treatment may
be reported as the frequency of symptom-free days [3-5)
or change in symptom severity [2,3,6). The Rhinocon
junctivitis Quality of Life Questionnaire (RQLQ) is a
validated instrument designed to assess rhinoconjuncti
vitis health status longitudinally and provides a more
indirect measure of disease burden [6). As a global
measure of health status, one study [6) utilized the RQLQ
whereas two other studies [4, 5) utilized a simple visual
analog scale.

Potential Confounders. Each study confirmed the diag
nosis of seasonal allergic rhinitis with skin testing and
performed the trial during the relevant season. Three
studies considered perennial rhinitis an exclusion crite
rion [2,3,5) but only one of them [2) actually tested and
attempted to control for perennial allergens. Immuno
therap y was a variable exclusion criterion: one study
excluded patients who were in the first month of treat
ment [2), another excluded patients in the dose escala
tion phase [5),and three others [3,4,6) made no mention
of this factor. Medications and dosages were similar: four
of the fivestudies utilized fluticasone 220 ugdaily and/or
loratadine 10 mg daily.

Study Designs. All five studies were randomized con
trolled trials that compared the relative benefit of relief
of allergic rhinitis symptoms of oral antihistamine
therapy versus intranasal corticosteroid spray. Four
studies were designed to evaluate intranasal steroid (INS)
versus oral antihistamine as monotherapy; one study [6)
was designed to evaluate these modalities as combined
therapy. This latter study also included monotherapy
treatment arms and those data were extracted for this
review. All studies were double blinded, placebo con
trolled, parallel group designs. Daily individual symptom
measures were obtained from subject diaries [2-6) and
periodic global symptom measures were obtained with a
visual analog scale [4-6) .Surrogate measures of symptom
improvement, such as a clinician's rating of symptom
atology [2,4-6] or measurement of nasal peak inspira 
tory flow [3) were deemed less meaningful to the patient
than the patients' reported symptoms and thus were not
considered in this analysis. Each study reported on ran
domization effectiveness, showing mostly similar base
line characteristics before treatment. One study [3] found
a greater prevalence of pre-trial use of antihistamines
among subjects randomized to the antih istamine treat
ment arm. This may have biased the study results and the
need for rescue therapy (see below). In the only study
that reported compliance rates [6), they were very good:
97%-98% of subjects in each treatment arm achieved at
least 80% medication compliance. Three studies [3-5)
allowed the use of rescue medications and two of them
[3, 5) found greater use of rescue antihistamine among
subjects in the antihistamine group than in the nasal
steroid group. The one study that found no difference in
the use of rescue medication [4) offered only ophthalmic
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cromolyn drops as rescue therapy. Two studies reported
statistical size calculations [3, 6] with 800/0 and 90%
power, respectively,although the latter study did not pre
cisely state the sample-size estimate necessary to reach
this power.

Highest Level of Evidence. These level 1 studies dem
onstrated consistently greater relief of nasal symptoms of
seasonal allergic rhinitis with INS spray versus nonsedat
ing, oral antihistamine. This result was consistent across
all five studies. Confidence levels were not reported, but
were calculated from the data reported in two studies [2,
5]. There were fewer data regarding the relief of ocular
symptoms although the data showed a trend toward
greater improvement with INS.

Applicability. These data can be applied to patients age
12 years and older with seasonal allergic rhinitis con
firmed by skin testing.

Morbidity/Complications. Treatment-related adverse
events that resulted in subject withdrawal included:
seizure in a patient with a history of seizure disorder (n
= 1), dizziness (n = 1), sweating and weakness (n = 1),
gastritis (n =1), eczema (n =1), and drowsiness (n =3).
Other adverse effects attributed to medication were gen
erally minor, and seemed to be similarly distributed
between the two treatment arms, although the details of
the data varied substantially among the studies. The

overall rate of epistaxis was 40/0-80/0 without definite pre
ponderance with either treatment modality [3,6]. One
study [3] noted a higher incidence of headache in the
INS group, but as with epistaxis, the data provided were
limited. The similar rate of epistaxis between the two
treatment modalities is surprising, as minor epistaxis is
anecdotally believed to be a common side effect of INS
use. Notably, four of the studies excluded subjects with
structural abnormalities. Abnormalities such as severe
nasal septal deflection may result in greater medication
deposition on the septum and an increased risk of bleed
ing, as well as poor drug distribution and lower efficacy.
Thus, exclusion of patients with such abnormalities may
have been a factor in minimizing the rates of epistaxis in
these studies.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

These data support the use of INS spray as monotherapy
for symptomatic treatment of seasonal allergic rhinitis.
Nasal steroids consistently show greater benefit versus
nonsedating antihistamines for relief of allergic rhinitis,
particularly the nasal symptoms. There are fewer data
regarding the relief of ocular symptoms, although the
data show a trend toward greater improvement with INS.
Both medications are generally well tolerated.

Directions for future study include evaluation of the
efficacyof intranasal antihistamine versus intranasal cor
ticosteroid as well as evaluation of combined antihista
mine and INS use versus either therapy alone.



THE EVIDENCE CONDENSED: Intranasal steroids versus nonsedating antihistamines: Impact on symptoms of
seasonal allergic rhinitis

Reference

Level (design)

Sample size'

Symptom measure

INS

Blockage PM

Blockage AM

Sneezing '

Pruritus

Rhinorrhea

Eye

AH

Blockage PM

Blockage AM

Sneezing

Pruritus

Rhinorrhea

Eye

Statistical analysis

Blockage PM

Blockage AM

Sneezing

Pruritus

Rhinnorhea

Eye

Conclusion

Inclusion criteria

Exclusion criteria

Randomization effectiveness

Age

Intervention regimen details

Management of episode while
in study

Rescue medications

Compliance

Criteria for withdrawal from
study

Intention to treat analysis

Source of funding

Power

Jordana, 1996

I (RCT)

242 (257)

OUTCOMES

Symptom-free days (28-d study)
Median %

14t

36

SOt
56t

56t

47t

Ot
7.7

17t
35

26

56

p < 0.0001

p = 0.0001

p = 0.0015

p = 0.03

p < 0.0001

p=0.14

Fluticasone more effective than loratadine for relief of nasal symptoms. No statistical difference in
eye symptoms

STUDY DESIGN

SAR

Perennial rhinitis. sinusitis, structural abnormalities, recent AH, corticosteroids or sodium
cromoglycate

More patients in the AH group reported pre-trial use of AH

12-17 Y

Fluticasone 200 ug vs loratadine 10 mg

Rescue AH usage:
21% INS group
39% AH group. p < 0.0025
No difference in use of rescue eye drop or bronchodilator

Terfenadine: naphazoline/pheniramine eye drop; inhaled salbutamol

NR

5 subjects withdrew because of treatment failure ( I INS,4 AH)

242 subjects randomized; only 240 included in analysis

Glaxo Canada

0.9 to detect a 20% difference

RCT =randomized controlled trial , INS =intranasal steroid , AH =antihistamine, NR =not reported, SAR =seasonal allergic rhinitis (confirmed by
skin testing ), URI = upper respiratory infection, NA = not applicable.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t Estimated from graph.
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Reference

Level (design)

Sample size'

Symptom measure

INS

Blockage PM

Blockage AM

Sneezing '

Pruritus

Rhinorrhea

Eye

AH

Blockage PM

Blockage AM

Sneezing

Pruritus

Rhinorrhea

Eye

Sta tistical ana lysis

Blockage PM

Blockage AM

Sneez ing

Pruritus

Rhinnorhea

Eye

Conclusion

Inclusion criteria

Exclusion criteria

Randomization effectiveness

Age

Inte rvention regimen details

Managem ent of episode while
in study

Rescue medications

Co mpliance

Criteria for withdrawal from
study

Intention to treat anal ysis

Source of funding

Power

Schoenwetter, 1995

I (RCT)

274 (298)

OUTCOME

Nasal symptom sco res (range 0-3)
Mean change

NR

- 0.89

- 1.13

-1.05

- 1.05

-0.8

NR

-0.43

-0.68

-0.76

- 0.52

- 0.69

NR

95% C I:j: = - 0.61 and - 0.28

95% CI:j: = -0.63 and - 0.27

95% CI:j: = - 0.46 and - 0.11

95% CI:j: =- 0.70 and - 0.36

95% C I:j: = -0.28 and 0.065

Significantly great er improvement in individual and total rhinitis sym ptoms with INS; trend for
greater improvement in ocular symptoms as well

STUDY DESIGN

SAR

Recent AH , corticosteroid, or cromolyn. Sinu sitis, rhinitis medicamentosa, fungal infecti on, or
st ructur al abnormality. Recent initiation of immunotherapy. Excluded perennial rhinitis by testin g

No differences noted

12-70 Y

Triamcinolone acetonide 220 ug vs loratadine 10 mg

Non e

NA

NR

16 INS patients withdrew
14 AH patients withdrew

No

Rhone-Poulenc Rorer Pharmaceuticals

NR

RCT =rand omi zed cont rolled trial, INS =intranasal stero id , AH =antihistamine, NR =not reported, SAR =seasonal allergic rhinitis (confirmed by
skin testing), URI = upp er respir ator y infection , NA = not applicable.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
=1= Confidence intervals calculated from data provided.
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Reference

Level (design)

Sample size'

Symptom measure

INS

Blockage PM

Blockage AM

Sneezing '

Pruritus

Rhinorrhea

Eye

AH

Blockage PM

Blockage AM

Sneezing

Pruritus

Rhinorrhea

Eye

Statistical analysis

Blockage PM

Blockage AM

Sneezing

Pruritus

Rhinnorhea

Eye

Conclusion

Inclusion criteria

Vervloe t, 1997

I (RCT)

237 (238)

OUTCOMES

Symptom-free days (21-d study)
Mean %

57

53

46

58

58

NR

30

31

32

42

33

NR

95% CIt = 18 and 32

95% Ci t = 13 and 31

95% CIt = 6.2 and 22

95% CIt = 7.0 and 25

95% CIt = 8.4 and 26

NR

Fluticasone more effective than cetirizine for relief of rhinitis

STUDY DESIGN

SAR

Global effectiveness

88%

62%

p < 0.001

Exclusion criteria

Randomization effectiveness

Age

Intervention regimen details

Management of episode while
in study

Rescue medications

Compliance

Criteria for withdrawal from
study

Intention to treat analysis

Source of funding

Power

PAR, structure abnormality, sinusitis, URI, recent allergy medication usc, current immunotherapy
in dose escalation

Yes

~12 Y

Fluticasone 200 Ilg vs cetirizine 10 mg

Rescue AH usage (% of days without rescue medication )
87% INS
80% AH, P < 0.05
No difference in use of rescue eye drop

Terfenadine; sodium cromoglycate eye drops

NR

5 subjects in AH group withdrew because of adverse event s

238 subjects randomized, only 237 analyzed

Glaxo Wellcome

NR

RCT = randomi zed controlled trial, INS= intranasal steroid, AH = antihistamine, NR = not reported, SAR= seasonal allergic rhinitis (confirmed by
skin testing), URI = upper respiratory infection, NA= not applicable, PAR = perennial allergic rhinitis.
• Sample size: number s shown for those not lost to follow-up and those (initially recruited).
:j:Confidence intervals calculated from data provided.
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Reference

Level (design)

Sample size'

Ratner, 1998

I (RCT)

569 (600)

OUTCOMES

Gehanno, 1997

I (RCT)

103 (J 14)

Symptom measure

INS

AH

p Value

Conclusion

Inclusion criteria

Total nasal symptom
score (0-400) rated on
VAS (mean at end of
14-d study)

145t

208t

<0.001

Fluticasone more
effective than loratadine

SAR

RQLQ (mean change
from baseline)

Global -2.2
Nasal-2.5
Eye -1.9
Activities - 2.3
Practical problems -2.5
Sleep -2.1
Emotional-1.9
Other -1.9

Global-I.3
Nasal-IA
Eye-1.3
Activities -1.5
Practical problems -1.3
Sleep -1.2
Emotional -1.1
Other -1.1

<0.05 for all domains

STUDY DESIGN

Mean symptom-free days
for combined symptoms
(obstruction, sneezing,
itching, rhinorrhea)

21%

4%

<0.001

SAR

Improvement in total
nasal symptoms rated
on VAS

72%

49%

0.009

Fluticasone more
effective than loratadine

Exclusion criteria

Randomization
effectiveness

Age

Intervention regimen
details

Rescue medications

Management of episode
while in study

Compliance

Criteria for withdrawal
from study

Intention to treat analysis

Source of funding

Power

Recent AH, corticosteroid, or cromolyn use;
structural abnormality, septal perforation, or
prior septoplasty. Did not exclude concurrent
immunotherapy

No differences noted

~12 Y

Fluticasone 200 IJg vs loratadine 10 mg

None

NA

Fluticasone 97.9% (~80% compliance)
Loratadine 97% (~80% compliance)

28 patients withdrew (8 adverse events, 13 lack of
efficacy, 7 other reasons; evenly distributed)

No

Glaxo Wellcome

0.80 to detect a 30-point mean change in total nasal
symptom scores, with ISO patients in each group

Recent corticosteroid or cromolyn
Did not exclude recent antihistamine use or
concurrent immunotherapy

No differences noted

~12 Y

Fluticasone 200 IJg vs loratadine 10 mg

Ophthalmic cromolyn

INS 14% P = 0.89
AH 13%

NR

2 INS patients withdrew
9 AH patients withdrew

Yes

Glaxo Laboratories

NR

ReT = randomized controlled trial, VAS = visual analog scale, INS = intranasal steroid, AH = antihistamine. NR = not reported, SAR = seasonal
allergic rhinitis, RQLQ = Rhinoconjunctivitis Quality of Life Questionnaire. NA = not applicable.
' Sample size: numbers shown for those not lost to follow-up and thos e (initially recruited ).
t Estimated from graph.
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Antihistamines versus montelukast versus antihistamine plus montelukast versus placebo
for seasonal allergic rhinitis: Impact on symptoms of seasonal allergic rhinitis, and
disease-specific quality of life

Jeffrey Terrell and Melissa Pynnonen

METHODS

A computerized PubMed search of MEDLINE 1966
March 2005 was performed using the subject "leukotri
ene antagonists" [pharmacological action] and the
medical subject headings "rhinitis, allergic, perennial" or
"hay fever." The resulting 28 articles and abstracts were
reviewed to identify those that met the following inclu
sion criteria: 1) patient population with seasonal allergic
rhinitis confirmed by skin testing, 2) an intervention
with an oral second-generation, currently marketed anti
histamine versus leukotriene modifier or some combina
tion thereof, and 3) clinical outcomes measured in terms
of relief of rhinitis symptoms and/or improvement in a
validated rhinitis quality of life (QOL) instrument. Arti
cles that contained other forms of therapies or combina
tion therapies (antihistamine, corticosteroid, or mast
cell stabilizer) were included if the study design also
contained treatment arms of leukotrienes and oral anti
histamine as monotherapy or combined therapy, and if
sufficient data were reported to permit comparison. Arti
cles that focused on relief of only a single symptom, such
as nasal obstruction, were excluded. The bibliographies
of the articles that met these inclusion criteria were man
ually checked to ensure no further relevant articles could
be identified. This process yielded eight articles, which
are summarized in the adjoining tables and within the
text of this review [1-5, 8-10].

RESULTS

Outcome Measures. Outcome measures for allergic rhi
nitis are most often reported as individual nasal symp
toms scores (congestion, rhinorrhea, sneezing, pruritus
most frequently) and eye symptoms (pruritus and lacri
mation). Specific details regarding each study are pro
vided in the adjoining tables.Asvalidated rhinitis-related
QOL instruments have become available, changes in
QOL scores are becoming more common primary or
secondary endpoints. The Rhinoconjunctivitis Quality
of Life Questionnaire (RQLQ) is a frequently used vali
dated instrument with 28 items in seven domains (sleep,
nonrhinoconjunctivitis symptoms, practical problems,
nasal symptoms, eye symptoms, activity limitations, and
emotional function) [6]. Patients rate each item on a
seven-point scale, ranging from 0 (not troubled) to 6
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(extremely troubled). Mean changes in RQLQ score of
more than approximately 0.5 can be considered clinically
important [7].

Potential Confounders. Each study confirmed the diag
nosis of seasonal allergic rhinitis with skin prick testing
and performed the trial during the relevant season. Block
randomization was frequently used to maintain similar
treatment group sizes. Groups were similar in demo 
graphics and clinical parameters within any particular
study. A run-in period, before intervention or placebo,
was frequently used. To prevent bias and dropout, all
studies excluded patients with asthma that was more
severe than mild, intermittent.

Study Designs. All eight studies were randomized con
trolled trials that compared the relief of allergic rhinitis
symptoms from antihistamines versus montelukast or a
combination of antihistamine plus montelukast. Five
studies also included a placebo control. Twostudies com
pared one antihistamine with a different antihistamine
combined with montelukast [1, 4]. All studies were
blinded, placebo-controlled, parallel group designs. All
except one of the eight studies were double blinded. The
one single-blinded study was a crossover study. Daily
individual symptom measures were obtained from
subject diaries. QOL measures were used in six studies.
One study used an objective measure of nasal function
(a home peak inspiratory flow meter with nasal attach
ment), which correlated well with nasal obstruction
symptoms [4]. Seven of the eight studies commented on
the details of randomization effectiveness and dropout
rates, neither of which were concerning. Several studies
specified whether an intention to treat analysis was
performed. For example, Nayak et al. [2] performed
an efficacy analysis for all endpoints in a modified
intention-to-treat patient population that included all
randomized patients who had a baseline and at least one
post-treatment symptom evaluation, as well as no with
drawal from removal of consent, protocol deviations,
adverse events, or lack of efficacy. Pullertis analyzed an
intent-to-treat population consisting of all subjects who
were randomized to treatment and who received at least
one dose of study medication. Three studies reported
statistical size calculations, each with at least 80% power
to detect a clinical change. Several studies were only



powered to detect a clinical change compared with
placebo, rather than the second active drug [2,3,8].

Highest Level of Evidence. Multiple studies demon
strated that montelukast and the second-generation anti
histamines, as well as the combination of the two,
consistently outperformed placebo control [2,3,5,8,9].

Six of the eight studies reported no statistical differ
ences between the combination of newer antihistamines
(loratadine, fexofenadine) with montelukast versus either
agent alone. Two studies, however, suggested that the
addition of montelukast to antihistamine may improve
results. Kurowski et al. [10] suggested that the addition
of montelukast to cetirizine resulted in better relief of
rhinorrhea, nasal itching, and eye itching than cetirizine
alone. Similarly, Meltzer et al. [8] demonstrated signifi
cantly improved nasal symptoms (except nasal conges
tion) with montelukast and loratadine versus either agent
alone or placebo. Results from the RQLQ were not clearly
significantlydifferent when comparing combined therapy
to unimodality therapy. Several studies had limited power
to demonstrate a true significant difference between
montelukast with antihistamine versus single-agent
therapy, as some studies were designed primarily to test
both interventions versus placebo. In fact, only three of
the studies reported the associated power calculations.

None of the studies reported statistical differences
between these newer antihistamines and montelukast
(mostly because of intentional study design/limited
power) although three studies showed consistent trends
that loratadine was associated with better daytime symp
toms, eye symptoms, and QOL scores, but not better
nocturnal symptoms [2, 3, 9]. This may be the result of
a lesser decongestant effect of antihistamines.

Applicability. These data can be applied to adults with
seasonal allergic rhinitis confirmed by skin-prick testing,
but mayor may not apply to patients with perennial
allergicrhinitis or allergicrhinitis with more severeasthma.

Morbidity/Complications. Treatment-related adverse
events were infrequent, mild, and self-limited. Headache
and upper respiratory infections were most common,
but these occurred at similar rates as placebo (or less
frequently). Laboratory abnormalities were infrequent
and similar among treatment groups in these studies.
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CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

These data support the use of montelukast for seasonal
allergic rhinitis, either alone or combined with a second
generation antihistamine. Montelukast alone yields con
sistently improved symptoms when compared with
placebo. However, when montelukast was compared with
loratadine, loratadine consistently trended toward
(although not statistically significantly) giving more
daytime and eye symptom relief in three similar studies
[2, 3, 9]. As a single agent for seasonal allergic rhinitis,
second-generation antihistamines may show more
promise, but a future well-powered randomized trial or
meta-analysis is needed to definitively answer this ques
tion. For patients who experience inadequate relief with
antihistamines alone or montelukast alone, the addition
of montelukast yields better control of nasal symptoms
when compared with antihistamine alone, according to
the results of two trials.

It is possible that patients may have comorbidities or
preferences that might be strong drivers of physician
prescribing behaviors: a deviated septum or nosebleeds
may preclude steroid sprays as an option for combined
therapy; concomitant persistent asthma may sway a pre
scriber toward a leukotriene inhibitor as a primary or
secondary therapy. This review does not consider the
recognized benefit of leukotriene inhibitors for the treat
ment of persistent asthma [11]. Patients with concurrent
persistent asthma and allergic rhinitis may obtain
improvement in asthma and allergic rhinitis with mon
telukast alone. Patients with persistent asthma and aller
gic rhinitis may also benefit from montelukast plus
antihistamine (which demonstrated incremental benefit
as noted above) or possibly montelukast plus corticoste
roid nasal spray, which was not within the scope of this
particular review.

Further studies comparing various combinations of
corticosteroid nasal sprays, antihistamines, and leukotri
ene inhibitors may be beneficial if they are adequately
powered. Cost-effectiveness studies would also be
beneficial.



THE EVIDENCE CONDENSED: Antihistamines versus montelukast versus antihistamine plus montelukast for
allergic rhinitis

Reference

Level (design)

Sample size

Measures

Outcome

Meltzer, 2000

I (randomized controlled trial)

Total n =458
Placebo (91) , ML 10 mg (95), ML 20 mg (90), LRT 10 mg (92), MNT 10 mg + LRT 10 mg (90)

OUTCOMES

Day symptom scores, nig ht symptom sco res, scores on RQLQ instrument

Change in least square mean from baseline symptom scores

Day Sx Day eye Noc Sx Composite

Placebo

ML 10mg

Antihistamine

ML + antihistamine

-0.25

-0.36

-0.34

-0.61

-0.28 -0.11 -0.24

-0.28 -0.29 -0.39

-0.25 -0.19 -0.32

-0.46 -0.33 -0.54

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Medication restrictions

Randomization effectiveness

Age

Allergy regimen

Outcome measures

Compliance

Criteria for withdrawal from
study

Power

Morbidity/complications

<0.05 for ML + AH vs placebo, vs ML alone, vs AH alone

ML + AH improved each nasal symptom compared with all other treatment groups, except for
nasal congestion score, which was not significantly different from ML 10 mg alone.

2wk

STUDY DESIGN

Healthy men and women, ages 15-75 y, with seasonal AR, positive skin test to I of 8 grass or tree
pollens

Pregnant, unstable asthma, asthma agents other than short-acting inhaled beta-agonists, prolonged
QTc interval, recent nasal surgery, recent URI

Recent astemizole, systemic corticosteroids; cetirizine, zileuton, zafirlukast, oral or inhaled beta
agonists, recent antihistamines or decongestants, immunotherapy initiated <6 mo before the entry
into the study

No clinical differences between groups for demographics, baseline symptoms, secondary diagnoses,
concomitant drug therapies

15-75 Y

I wk placebo run-in, then 2 wk of double-blinded placebo or intervention during allergy season

Daytime nasal symptom scores, daytime eye symptoms scores, night-time symptoms, and RQLQ
scores

Medication compliance not reported

25 patients withdrew from the study, evenly distributed among groups

Study powered for 80% power to detect (alpha = 0.05, s-sided test ) a between-treatment difference
of 0.25 in score change from baseline

No different from placebo group

ML = montelukast, LRT = loratadine, RQLQ = Rhinoconjunctivitis Quality of Life Questionnaire, AH = antihistamines, URI = upper respiratory
infection, NA = not applicable, NSAlDs = nonsteroidal antiinflammatory drugs, Sx = symptoms.
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THE EVIDENCE CONDENSED: Antihistamines versus montelukast versus antihistamine plus montelukast for
allergic rhinitis

Reference

Level (design)

Sample size

Measures

Outcome

Kurowski,2004

I (randomized controlled trial)

Total n = 60 in four arm study
Placebo ( In, ~IL ( I I ), cetirizine ( 19) , cetirizinc + ML ( 19)

OUTCOMES

Symptoms of AR and conjunctiviti s in dail y dia ries (congestion, rhinorrhea, itching, sneezing,
and eye symptoms)

Mean in scores in each of sympt oms below

Congest Rhin Itch Sneeze Eye Sx

Placebo

ML 10 mg

Antihistamine

ML + antihistamine

1.83

0.93

1.72

t
0.9 \

0.41

1.63

1.02

0.53

2.20

0.92

2.01

1.16

0.54

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Medication restrictions

Randomization effectiveness

Age

Allergy regimen

Outcome measures

Compliance

Criteria for withdrawal from
study

Power

Morbidity/complications

Fur bolded comparisons between ML + CT vs cetirizine alone, p < 0.05.

Compared with cetir izine alone, ML + cetirizine gave better relief of rhinorrhea, nasal itching, and
eye itching when taken before and dur ing grass allergy season

6 wk before season, 6 wk after season

STUDY DESIGN

Adults with allergic rhinitis with AR for 2 y, positive skin-prick test to grasses and grass/cereal
allergens

Patients with bronc hial asthma, polyvalent pollen allergy, non-pollen-associated rhin itis, on
immunotherapy, long QT interval, septal deviation, recent nasal surgery, pregnant

Excluded medications: topical or systemic steroids. cromolyns, NSAlDs. top ical or systemic
anti histamines, leukotriene modifiers, macrolide antibiotics, imidazole ant ifungal drugs

No differences in age and sex

11l- 35 Y

Patients randomized to placebo, ML only, cetirizine on ly,or ML + cetirizine for period of 6 wk
before and after the start of grass allergy season (endpoint)

Self-reported symptom scores on 6-point Likert scale

Medication comp liance not report ed

48 of the 60 patients completed the study, about evenly distr ibuted among the treatment group s

ot repor ted

Not specified

ML =montelukast, LRT =loratad ine, RQI.Q =Rhin oconjunctiviti s Qu alit y of Life Questionnaire , AH =antihistamines, URI =upper respiratory
infection. NA =not appli cable , NSAIDs =non steroidal antiinflammator y d ru g' . Sx =symptoms.
t ML + cetirizinc was associated with a sign ificantly better score on rhin orrhea qu estion (p < 0.05), but numerical data was not reported,
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THE EVIDENCE CONDENSED: Antihistamines versus montelukast versus antihistamine plus montelukast for
allergic rhinitis

Reference

Level (design)

Sample size

Measures

Outcome

ML 10mg .

Philip, 2002

Randomized, do uble-blind, parallel-group tria l ML vs LRT vs placebo

Total n = 1302
ML (348), LRT (602), placebo (352)

OUTCOMES

Day symptom scores, night symptom scores, scores on RQLQ instrume~t

Least square mean difference from placebo

Day Sx Noc Sx Eye Sx RhCQol

-0.13 -0.14 -0.20 -0.89

Antihi stamine

ML + antihistamine

- 0.24

NA

-0.09 -0.20 - 0.99

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Medication restrictions

Randomization effectiveness

Age

Allergy regimen

Outcome measu res

Compliance

Criteria for withdrawal from
study

Power

Morbidity/complications

Both different from placebo, no comparisons between active interventions

Loratadine tended to give more day, and eye symptoms relief and improvements in RQLQ scores,
but no statistical comparisons between active interventions

2wk

STUDY DESIGN

Adults with allergic rhinitis, spring exacerbations, positive skin- prick test to spring allergen, and
mild to moderate symptom severity

Asthmat ics requ irin g more than short-acting B-2 inhalers, structural nasal disorder, URI, sinusitis,
ocular infection , preg nant or lactating women

Other allergy medications stopped but stable dosing of immunotherapy allowed

No differences in demographics, sex, race, allergic history, baseline symptoms

15- 81 Y

3- to 5-day placebo run-in, followed by 2 wk of study drug or placebo with symptom scores
recorded after each dayti me

Symptom scores recorded after each daytime or night , Likert scale for nasal (congestion, rhinorrhea,
pruritus, and sneezing) symptoms, eye symptoms, and sleep. Rhinoconjunctivitis QOL scores using
validated inst rument

99% compliance by pill counts, all groups

Patients discontinued at sim ilar rates for reasons of lack of efficacy, adverse experience, protocol
deviation, lost to follow-up, withdrew con sent, or other

Not reported

No differences betwee n placebo, ML, and LRT in adverse symptoms or labs

ML = montelukast, LRT = loratadin e, RQLQ = Rhino conjunctiviti s Qu ality of Life Questionnaire, AH = antihistamines, URI = upper respiratory
infection, NA = not applicable, NSAlDs = non steroidal antiinflammatory drugs, Sx = sym ptoms.
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THE EVIDENCE CONDENSED: Antihistamines versus montelukast versus antihistamine plus montelukast for
allergic rhinitis

Reference

Level (design)

Sample size'

Measures

van Ade lsbe rg, 2003

I (randomized controlled trial)

Total n =1191 (1214)
ML 10 mg In = 501 (522)]. LRT 10 mg In = 165 (171)] , placebo In = 492 (521)] x 2 wk

OUTCO MES

Mcan changc from baseline

Outcome

Score ranges

Placebo

ML

AH

ML+AH

Composite symptom scores Patient's global evaluation

obest to 3 worst

-0.25 2.49

-0.34 2.18

-0.39 2.19

NA NA

Rhinoconjunctivitis QOL

obest to 6 worst

-0.9

-0.66

-0.98

NA

I' Value, ML vs placebo

I' Value, AH vs placebo

I' Value, other

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Medi cation restrictions

Randomization
effectiveness

Age

Allerg y regimen

Outcome measures

Masking

Co mpliance

Criteria for withdrawal
from study

Power

Morbidity/complications

<0.002 0.00 I 0.001

<0.00 I 0.023 <0.00 I

NR, ML vs AH NR, ML vs AH NR. ML vs AH

ML and AH had better symptom scores, global evaluation. and QOL than placebo. Trend toward ML better for
cosinophil count, AH better for daytime nasal symptoms

2 wk

STUDY DESIGN

Outpatients. 15-85 Yold with seasonal allergic rhinitis with at least 2 y of documented clinical history of allergic rhinitis
symptoms during thc spring; minimum predefined 3-d cumulative score of 18 on the dail y diary, positive skin -prick test
to I of the allergens active during the study season (wheal diameter ~3 nun greater than diluent control), nonsmokers.
good mental and physical health

URI. sinusitis, infectious rhinitis, ocular infection, perennial rhinitis, clinically significant structural nasal obstruction

Nasal. ophthalmic. inhaled, oral and parental corticosteroids; AH ; nasal, ophthalmic, and inhaled cromolyn and
nedocromil ; oral and long-acting inhaled beta-agonists: inhaled anticholinergic agents; theophylline: other
antileukotriencs

No difference in baseline demographics. daytime nasal symptom score. allergic history

15-82 Y

3- to 5-d placebo run-in period. followed by 2 wk of double-blinded treatment: 1) ML 10 mg, 2) LRT 10 mg , or 3)
placebo. Patients received 2 tablets for each da y of each treatment period. All medications were taken once daily at
bedtime. irrespective of food

Primary efficacy endpoint was daytime nasal symptoms score, defined by congestion, rhinorrhea, pruritus, and sneezing,
Secondary endpoints were night-time symptoms score (defined by difficulty going to sleep, night-time awakenings, nasal
congestion on awakening) and daytime eye scores, global evaluations, and rhinoconjunctivitis QOL scores

Double blind

Not specified

Requirement of medication other than study medication for treating allergic rhinitis

1000 patients (300 + 300 + 100) to have a 93% power to detect a 0.15 difference between ML and placebo

Clinical adverse experiences, n =89 (17% ),26 (15% ), and 83 ( 16%) patients in the ML. l.RT, and placebo treatment
groups. respectively

ML = montelukast, LRT = loratadinc, SD = standard deviation, SEM = standard error of the mean, QOL = quality of life. AH = antihistamines, RQLQ
= Rhinoconjunctivitis Quality of Life Questionnaire, URI = upper respiratory infection, NA = not applicable. NS = not significant, NR = not reported.
' T he first sam ple sizes shown are for those who completed the study and those (initially recruited ).
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THE EVIDENCE CONDENSED: Antihistamines versus montelukast versus antihistamine plus montelukast for
allergic rhinitis

Reference

Level (design )

Sample size'

Measures

Nayak,2002

I (randomized controlled trial )

Total n =872 (907)
ML 10 mg (155), LRT (301). ML and LRT (302). placebo (149 )

OUTCOMES

Mean difference from placebo

Outcome

Score ranges

Placebo

ML

AH

ML+AH

Daytime nasal symptoms

NA

-0.23 (-0.35, -0.11)

-0.26 (-0.37, -0.16)

-0.32 (-0.42, -0.2\ )

Composite symptom scores

obest to 3 worst

NA

-0.20 (-0.31, -0.10)

-0.21 (-0.30, -0.12)

-0.25 (-0.34. -0.16)

Rhinoconjunctivitis QOL

obest to 6 worst

-0.80 (-0.98, -0.63)

- 1.09 (- 1.26. - 0.92)

-1.06 (-1.19, -0.93)

-1.16 (- 1.29, -1.03)

I' Value, ML vs placebo

I' Value, AH vs placebo

I' Value, other

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Medication restrictions

Randomization
effectiveness

Age

Allergy regimen

Outcome measures

Masking

Compliance

Criteria for withdrawal
from study

Power

Morbidity/complications

<0.001 <0.001 0.020

<0.00 I <0.00 I 0.016

<0.001. ML + AH vs placebo <0.001, ML + AH vs placebo <0.001, ML + AH vs placebo

ML. AH. and ML + AH had better symptom scores than placebo. No difference between ML vs AH vs ML + AH

2 wk

STUDY DESIGN

Nonsmoking adults, aged 15 to 85 y, symptomatic during the fall allergy season. documented histor y of seasonal allergic
rhinitis of at least 2 y. Eligible patients exhibited a positive skin test (wheal diameter ~3 mm greater than saline control )
to I of the regional allergens active during the study season and a predefined level of daytime nasal symptoms that was
at least mild to moderate in severity, as rated daily by patients. Patients with mild asthma were allowed to participate.
provided they used only inhaled, short-acting beta -agonist bronchodilators to treat their asthma

Perennial rhiniti s with little or no seasonal flare-ups; rhinitis medicamentosa; nonallergic rhinitis; substantial . structural
nasal obstruction; severe asthma that had required emergency room treatment within I mo or hospitalization within
3 mo before the trial; URI; acute or chronic pulmonary disorder; initiation of allergen immunotherapy within the
previous 6 mo; pregnant or lactating women ; hospitalized patients and patients who had recently undergone a major
surgical procedure or who had another clinically significant disorder

Other AH; inhaled, oral. parenteral, nasal. and ophthalmic corticosteroids; cromolyn sodium; nedocromil; inhaled
anticholinergics; oral or long-acting inhaled beta-agonists; theophylline, and other leukotriene modifiers; decongestants
and anti -inflammatory drugs. No allergic rhinitis rescue medications were permitted during the stud y

There were no clinically meaningful differences among the treatment groups for any baseline characteristic, including
baseline symptom scores. secondary diagnoses. and concomitant drug therapies

15-82 Y

I) ML 10 mg and LRT 10 mg, 2) LRT 10 mg, 3) ML 10 mg. or 4) placebo. All stud y medications were taken once daily at
bedtime

Primary endpoint was daytime nasal symptoms score (mean of 4 individual scores: nasal congestion, rhinorrhea, nasal
pruritus, and sneezing ). Each symptom was scored on a scale: 0, none (symptom not noticeable ); 1, mild (symptom
noticeable but not bothersome); 2. moderate (symptom noticeable and bothersome some of the time); and 3, severe
(symptom bothersome most of the time and/or very bothersome some of the time ). Secondary endpoints were: I) night -time
symptoms score, 2) daily composite symptoms score. 3) daytime eye symptoms score, 4) individual daytime nasal symptoms,
5) individual night -time symptoms, 6) global evaluation of allergic rhinitis. 7) RQLQ, 8) peripheral blood eosinophils

Double blind

Study medication compliance rates in the 4 treatment groups, as measured by tablet counts, were similar (approximately 99%)

Withdrawal of consent. protocol deviations. adverse events, lack of efficacy, lost to follow-up

With 300 patients per group. the stud y had 80% power to detect a 0.12 difference in change from baseline in daytime
nasal symptom score between the combination MLlLRT and ML groups

Overall, 17% of patients in each of the active treatment groups and 20% of patients in the placebo group experienced I
or more adverse events. The 3 most common adverse events were headache, dry mouth, and asthenia/fatigue. No serious
adverse events were recorded in any group

ML =monteIukast, LRT=loratadine, SD =standard deviation, SEM =stand ard error of the mean , QOL =quality of life, AH =antihistamines, RQLQ
=Rhinoconjunctivitis Quality of Life Questionnaire, URI =upper respiratory infection, NA =not applicable, S =not significant. NR =not reported .
• The first sample sizes shown are for those who completed the stud y and those (initially recruited ).
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THE EVIDENCE CONDENSED: Antihistamines versus montelukast versus antihistamine plus montelukast for
allergic rhinitis

Reference

Level (design)

Sample size'

Measures

Puller tis, 2002

1 (randomized controlled trial)

Total n =49 (49)
ML 10 mg (16), ML 10 mg and LRT 10 mg (15), placebo (18)

OUTCOMES

Mean score ± SD/SEM

Outcome

Score ranges

Daytime scores

obest to 4 worst

Night -time scores

obest to 4 worst

Placebo

ML

AH

ML+AH

I' Value, ML vs placebo

I' Value, AH vs placebo

I' Value, other

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Medication restrictions

Randomization
effectiveness

Age

Allergy regimen

Outcome measures

Masking

Compliance

Criteria for withdrawal
from study

Power

Morbidity/complications

Wk 1-2: 3.5 ± 004 Wk 1-2: 2.1 ± 004
Wk 3-5: 5.9 ± 0.6 Wk 3-5: 3.6 ±0.5
Wk 6-8: 3.3 ± 0.3 Wk 6-8: 2.3 ± 0.3

Wk 1-2: 2.6 ± 0.5 Wk 1-2: 1.8 ± 004
Wk 3-4: 404 ± 0.6 Wk 3-5: 2.8 ± 0.5
Wk 6-8: 2.2 ± OAt Wk 6-8: 1.5 ± 0.3

NA NA

Wk 1-2: 2.1 ± 0.5t Wk 1-2: 1.3 ± 004
Wk 3-5: 4.0 ±0.7t Wk 3-5: 2.7 ±0.6
Wk 6-8: 1.5 ± OAt Wk 6-8: 1.2 ± 0.3t

t p <0.05, ML vs placebo. Other scores NS

NA NA

t p <0.05, ML + AH vs placebo. Other scores NS

ML better daytime scores than placebo at 6-8 wk. ML + AH better scores than placebo at 1-8 wk. Other scores no
difference

up to 8 wk

STUDY DESIGN

15-50 Yold, known history of allergic rhinitis during the grass pollen season for at least the 2 previous years, allergy to
grass pollen confirmed by means of a positive skin-prick test response to the mixture of grass pollen allergens, as well as
to 3 locally common grass pollen extracts tPhleum pratensc, Loliumperenne, and Festuca pratensis) separately

A positive skin -prick test response against tree pollens (which pollinate earlier in the year), perennial rhinitis,
concurrent purulent nasal infection, use of steroids in any form during the course of the study, or the presence of any
serious or unstable concurrent disease

For rescue medication, patients were provided with cromoglycate eyedrops and a limited amount of additional LRT
tablets , and patients were instructed to record any use of rescue medication in the daily record cards

The patients in the different treatment groups resembled each other regarding age, sex distribution, and duration of
allergic rhinitis. No statistically significant differences between treatment groups were observed during the run-in period

18-50 Y

I) Active ML, 10 mgld + placebo nasal spray + placebo capsules for LRT,2) active ML, 10 mgld, + active LRT, 10 mgld +
placebo nasal spray, 3) placebo capsules and nasal spray. Patients were instructed to start treatment on the same
predetermined date approximately 2-3 wk before the expected beginning of the grass pollen season. All treatment was
administered once a day in the morning and lasted for a total of 50 d, covering the whole pollen season

Primary endpoint in the study was the patient's recorded nasal symptom score; for nasal blockage: 0, breathing through
the nose freely and easily; 1, slight difficulty breathing through the nose; 2, moderate difficulty breathing through the
nose; 3, severe difficulty breathing through the nose; and 4, breathing through the nose is very difficult or impossible;
for sneezing, rhinorrhea, and nasal itching, scores of 0-4 indicated no, mild, moderate, severe, and very severe
symptoms, respectively

Double blind

Not specified

Not specified

Not specified

Not specified

ML =montelukast, LRT =loratadine, SD =standard deviation, SEM =standard error of the mean, QOL =quality of life, AH =antihistamines, RQLQ
=Rhinoconjunctivitis Quality of Life Questionnaire, URI =upper respiratory infection, NA =not applicable, NS =not significant, NR =not reported.
'The first sample sizes shown are for those who completed the study and those (initially recruited) .
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THE EVIDENCE CONDENSED: Antihistamines versus montelukast versus antihistamine plus montelukast for
allergic rhinitis

Reference

Level (design)

Sample size'

Measures

Moinuddin, 2004

I (randomized controlled trial )

Total n = 68 (72)
Fexofenadine 60 mg + pseudoephedrine 120 mg twice daily (n = 34), LRT 10 mg + ML 10 mg once
daily (n = 34)

OUTCOMES

Median total change from baseline

Outcome

Placebo

ML

AH

ML+AH

p Value, AH vs placebo

p Value, ML + AH vs placebo

Sneezing Runny nose Stuffy nose

NA NA NA

NA NA NA

-7.5 - 7.0 -11.5

-0.5 0.0 - 15.5

<0.05 at days 1-12

<0.05 at days 2-4 , 8-12

RQLQ

<0.05

<0.05

p Value, AH vs ML + AH NS NS NS NS

Conclusion

Follow-up time

Nasal scores: AH better than placebo , ML +
AH better than placebo; no difference with
AH vs ML+AH

12 d

STUDY DESIGN

QOL: AH better than placebo, ML + AH better
than placebo; no difference with AH vs ML + AH

Inclusion criteria

Exclusion criteria

Medication restrictions

Randomization
effectiveness

Age

Allergy regimen

Outcome measures

Masking

Compliance

Criteria for withdrawal from
study

Power

Morbidity/complications

Ragweed seasonal allergic rhinitis, 18-45 y of age, in excellent health, positive puncture skin test
result to the ragweed antigen extract and a positive history of allergy symptoms on exposure to
ragweed during at least the past 2 y

Health problems that required daily medications; pregnant or lactating women (urine test to rule
out pregnancy was performed on all female participants); use of systemic glucocorticosteroids in
the past 30 d, intranasal steroids in the past 2 wk, oral AH or decongestants in the past 7 d, or
topical AH or decongestants in the past 24 h

The only additional medications allowed during this investigation were acetaminophen, birth
control pills, or medroxyprogesterone acetate

The demographic characteristics of age, sex, and race, as well as skin test reactivity as gauged by
wheal size, showed no significant differences between the 2 study groups. The QOL questionnaire
data analysis showed the 2 treatment groups to be similar at baseline in all domains except for the
eye symptom domain, for which the group taking fexofenadine-pseudoephedrine had a higher
score (worse QOL ) than the LRT-ML group

18-45 Y

2 wk of: I) fexofenadine hydrochloride, 60 mg, + pseudoephedrine hydrochloride, 120 mg twice
daily; or 2) combination of LRT 10 mg + ML 10 mg daily

I) Rhinoconjunctivitis QOL instrument; 2) symptom diary card on which patients recorded their
symptoms twice a day before taking their medication. Symptoms of sneezing, rhinorrhea, nasal
congestion, and itchy eyes were recorded: 0 indicates no symptoms; I, mild symptoms; 2, moderate
symptoms; and 3, severe symptoms;. 3) nasa l peak inspiratory flow, measured by flow meter

Double blind

Noncompliant patients were excluded

2 patients from each treatment group dropped out because of noncompliance with the study
protocol

Not specified

Not specified

SAR =seasonal allergic rhinitis, ML =montelukast, LRT=loratadine, QOL =quality of life, AH =antihistamines, RQLQ =Rhinoconjunctivitis
Quality of Life Questionnaire, NA =not applicable, NS =not significant.
'The first sample sizes shown are for those who completed the study and tho se (initially recruited ).
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THE EVIDENCE CONDENSED: Antihistamines versus montelukast versus antihistamine plus montelukast for
allergic rhinitis

Reference

Level (design)

Sample size'

Outcome

Score ranges

Placebo

ML

AH

ML+AH

p Value, AH vs placebo

p Value, ML + AH vs placebo

p Value, AH vs ML + AH

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Medication restrictions

Randomization
effectiveness

Age

Allergy regimen

Outcome measures

Masking

Compliance

Criteria for withdrawal from
study

Power

Morbidity/complications

Wilson, 2002

1 (randomized crossover trial)

Total n = 37 (46)

OUTCOMES

Nasal peak flow Total nasal symptom score Daily activity

Llmin obest to 24 worst obest to 3 worst

102 (98-107) 7.4 (6.7-8.0) 1.3 (1.1-1.5)

NA NA NA

111 (107-116) 5.0 (4.3-5.7) 0.7 (0.5-0.9)

113 (109-118) 4.0 (3.3-4.7) 0.5 (0.3-0.8)

<0.05 <0.05 <0.05

<0.05 <0.05 <0.05

NS NS NS

Nasal peak flow and symptom scores: AH better than placebo, ML + AH better than placebo; no
difference with AH vs ML + AH

2wk

STUDY DESIGN

Symptomatic SAR, positive skin-prick test to grass pollens, present and past history of SAR
requiring treatment

History of persistent asthma, requirement for inhaled corticosteroids, FEV\ <90% predicted, history
of nasal polyps or aspirin sensitivity, occlusive septal deviation (>50%), requirement for oral
prednisolone or antibiotics within the preceding 6 mo

Permitted to use rescue treatment with ocular cromoglycate for eye symptoms up to 4 times per
day. Intranasal steroids, nasal decongestants, other AH were stopped before the study

No differences were shown before each active treatment

Mean age 37 y (standard error 2 y)

I) Fexofenadine 120 mg daily, or 2) LRT 10 mg daily + ML 10 mg daily

I) Nasal inspiratory flow (main endpoint); 2) nasal symptoms "runny nose," "blocked nose," "itchy
nose," and "sneezing:" 0 no symptoms to 3 severe symptoms; 3) eye symptoms; 4) rating of
interference of symptoms with daily activity: 0 none to 3 maximal

Single blind

>90% compliance with study medications required for completion of study

Patients with <90% compliance were excluded; patients chose withdrawal due to social or other
commitments, exacerbations of SAR

Not specified

I dry throat, 3 sleepiness, 2 headaches, I diarrhea, I increased thirst

SAR =seasonal allergic rhinitis, ML =montelukast, LRT =loratadine, QOL =quality of life, AH =antihistamines. RQLQ =Rhinoconjunctivitis
Quality of Life Questionnaire. NA =not applicable, NS =not significant.
• The first sample sizes shown are for those who completed the study and those (initially recruited) .
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22 Chronic Rhinosinusitis in Adults
22.A.
Comparative oral antibiotic regimens: Impact on rates of cure, failure, relapse

Stacey Gray, Jennifer J. Shin, and Ralph Metson

METHODS

A computerized PubMed search of MEDLINE 1966
April 2006 was performed. Articles mapping to the
medical subject heading "sinusitis" and textwords
"chronic" or "recurrent" were obtained, yielding 2503
studies. These articles were then cross-referenced with
those publications mapping to the medical subject head
ings "anti-bacterial agents" or "quinolones" or "penicil
lins"or "macrolides" or'lcephalosporins" or "clindamycin"
or the textwords "antibiotics" or "antimicrobials." This
search strategy yielded 447 articles. These publications
were then reviewed to identify those that met the follow
ing inclusion criteria: 1) adult patient population (>15
years old) with chronic or recurrent rhinosinusitis, 2)
intervention with comparative oral antibiotic regimens,
3) outcome measured in terms of clinical improvement,
4) randomized controlled trials (RCTs).Articles focusing
only on patients with acute rhinosinusitis were excluded.
Also excluded were articles in which data from patients
with chronic rhinosinusitis or acute exacerbations thereof
were pooled with data from patients with acute rhinosi
nusitis alone, such that the data from the chronic popu
lation could not be separately analyzed. Articles that
included pediatric populations were excluded from this
review, but are addressed in Chapter 8. The bibliogra
phies of the articles that met these inclusion criteria were
manually checked to ensure no further relevant articles
could be identified. This process yielded the three articles
that are presented herein [1-3].

RESULTS

Outcome Measures. The primary outcome measure in
the Legent study [1] was the disappearance of nasal dis
charge. In addition, the authors analyzed postnasal drip,
intermittent nasal obstruction with or without pain, and/
or tenderness in the sinus area. They categorized their
patients according to their reported symptoms: 1) cured
(nasal discharge had disappeared, together with preexist
ing pain symptoms) at 10 and 40 days, 2) improved
(persistent mucous discharge), or 3) failures (purulent
discharge or pain symptoms continued). Huck [3] cate
gorized patients with more emphasis on the overall clin
ical examination; patients were reported as having had:
1) improvement (signs and symptoms improved during
therapy), 2) relapse (signs and symptoms recurred by

2-4 days after treatment ended), or 3) failure (obvious
therapeutic failure by clinical examination at any time
during therapy). Namyslowski [2] described results sim
ilarly, classifying patients as cured (complete resolution
of signs and symptoms of infection) or failures (incom
plete resolution of signs and symptoms of infection,
requiring alternative therapy).

Potential Confounders. One of the key potential con
founders in all studies on this topic is which patients are
included in a population labeled as having "recurrent or
chronic rhinosinusitis." All three RCTs included patients
who were required to have sinonasal symptoms but the
specific symptoms varied (see adjoining table). All three
studies used either endoscopy or radiology as adjunctive
diagnostic measures. Legent used either a computed
tomography scan from the previous 6 months or nasal
endoscopy, whereas the Huck and Namyslowski studies
used roentgenograms. Two studies defined chronic rhi
nosinusitis as disease of more than 3 months' duration,
whereas the third study simply defined it as nonresolving
disease. Other potential confounders include whether
patients had prior sinus surgeries, the number of previ
ous antibiotic courses failed, the duration of symptoms
before initiation of treatment. These confounders were
not addressed by all studies specifically, although ran 
domization should theoretically balance these factors
between the two groups at the outset.

Study Designs. There were three RCTs (level 1 data)
that questioned whether one oral antibiotic regimen can
provide better symptom improvement and cure rates
than another. The Legent study compared 9-day courses
of amoxicillin/clavulanic acid (AMXJCA) versus cipro
floxacin in patients with chronic rhinosinusitis. Ran
domization was shown to be effective in balancing
demographic and prior sinus-related treatments in the
study groups at the outset. This study was double blind,
and thus minimized expectation bias. An intention to
treat analysis was not specified, but their attrition rates
were low. Although no significant differences were found
in their primary endpoints, an apriori power calculation
was not reported. A reassurance of strong power could
help minimize concern that a study might find that there
is no difference when in reality a difference exists.Follow
up time was 5-6 weeks.

The Namyslowski RCT compared 14-day courses of
AMXJCA versus cefuroxime in patients with chronic rhi-
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nosinusitis. Randomization was reported to result in a
similar age, severity of infection, and most clinical signs
and symptoms in both groups before treatment. This
study was not blinded, so expectation bias may have had
some role in the final outcomes; if clinicians or patients
were more inclined to believe they would improve on
AMXJCA, for example, then results could be biased
toward a better outcome with AMXJCA. An intention to
treat analysis was performed, so other potential biases
were removed. Power calculations were also not described
in this study. Follow-up time was up to 4 weeks.

The Huck study compared lO-day courses of AMX
(no CA) versus cefaclor in patients with chronic or recur
rent rhinosinusitis. Randomization balanced demo
graphic factors in both groups. This study benefited from
being double blind. There was, however, no power
description and this study had the relevant smallest
sample size. Follow-up time was up to 3 weeks.

Highest Level of Evidence. Three RCTscompared rates
of cure, failure, and relapse of one antibiotic regimen in
comparison to another. Overall, three sets of conclusions
were drawn: 1) There seemed to be no significant differ
ence when AMXJCA and ciprofloxacin were compared,
although there was a trend toward better results with
ciprofloxacin. 2) When AMXJCA and cefuroxime were
compared, there was significantly less relapse with AMXI
CA, and a nearly significant trend toward more cure with
AMXJCA. There was no significant difference in failure
rates. 3) When AMX and cefaclor were compared, overall
no significant differences were reported, although sample
sizes were small. Small sample sizes may limit a study's
ability to demonstrate a difference that truly exists. Spe
cificresults and trends are described in the adjoining table.

Applicability. These results are applicable to adult
patients with chronic or recurrent rhinosinusitis.

Morbidity/Complications. Adverse effects were minimal
and infrequent, and occurred in all treatment groups in
all studies. Further details are shown in the adjoining
table.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were three RCTsthat compared the clinical impact
of different antibiotic regimens on chronic and recurrent
rhinosinusitis. First, cure rates were nearly significantly
better with AMXlCA, as compared with cefuroxime.
There was no significant difference between cures with
AMXlCA versus ciprofloxacin, or with AMX versus cefa
clor. Second, failure rates were examined, and no signifi
cant differences were found in any of the comparisons.
Third, relapse rates were considered.AMXlCAwas shown
to be superior to cefuroxime in preventing relapse, but
no different from ciprofloxacin. There was no difference
between AMX and cefaclor.

Interpretation of the results must be tempered by the
lack of blinding in the one study that did demonstrate a
significant difference, as well as the unreported power of
studies with multiple negative results. When considering
potential benefits of these antibiotics, the risks must also
be considered; adverse reactions were infrequent, and
occurred similarly in all antibiotics considered.

Future research may focus on longer durations of
antibiotic treatment, as courses longer than 9-14 days are
frequently used for chronic rhinosinusitis. In addition,
longer follow-up times with outcomes measured in terms
of a validated instrument or avoidance of surgery may
prove more useful.



THE EVIDENCE CONDENSED: Comparative antibiotic regimens for chronic and recurrent rhinosinusitis

Reference

Level (design)

Sample size'

Legent, 1994

I (randomized controlled tria l)

241 (251)

OUTCOMES

Cure

Failure

Relapse

Amoxicillin/clavulanate

50.4%t

17.1% (n = 211123)

31.6%§ (n = 39/95)

Cipro floxacin

57.6% t

12.7% (n = 151118)

22.I %§ (n = 21/95)

p Value

NS

NS

NR

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Intervention regimens

Diagnostic criteria for
rhinosinusitis

Definition of outcomes

Criteria for withdrawal

Intention to treat analysis

Power

Morbidity/complications

Trend toward more cure, less failure and relapse with ciprofloxacin, but no significant difference

ti~ d, §40 d

STUDY DESIGN

~18 Yold, unilateral or bilateral chronic sinus itis of more than 3 mo duration (with the exception of
nasal polyposis

Patients with nasal polyposis or fungal sinus infections
Patients who had received penicillin or fluoroquinolone within a month of presentation, or other
infections requ iring antibiotics
Patients with hepatic or renal insufficiency, pregnant or lactating patients

The 2 groups were equivalent for all characteristics except age; the mean age was higher in the AMXlCA
group

Ciprofloxacin group = 41.7 Y

AMX/CA group = 47.3 Y

Double blind

Ciprofloxacin 500 mg b.i.d. or AMXlCA 500 mg t.i.d. for 9 d

Chronic sinusitis was defined as symptoms of 3 mo duration
Sinusitis was diagnosed by the presence of purulent or mucopurulent nasal discharge or postnasal drip,
and intermittent nasal obstruction with or without pain/tenderness in sinus area
Sinus endoscopy was performed if computed tomography scan reports were not available from within
the preceding 6 mo

Cured-nasal discharge had disappeared, together with preexisting pain symp toms
Improved-persistent mucous discharge
Failure-purulent discharge or pain symptoms continued

Completion of <7 d of treatment, absence of initial rhinorrhea, withdrawal of consent

Not specified

NR

AMXlCA: n = 311124; most frequently reported were GI related (diarrhea, loose stools, abdominal pain,
nausea/vomiting). Ciprofloxacin: n = 151121; most frequently reported were GI related. One case of
allergy to ciprofloxacin occurred (with facial edema) and required short-term steroid treatment

NS = not significant , NR = not reported, AMXlCA = amoxicillin/clavulanic acid, b.i.d. = twice a day, t.i.d. = three times a day, GI = gastrointestinal.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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THE EVIDENCE CONDENSED: Comparative antibiotic regimens for chronic and recurrent rhinoslnusltls

Reference

Level (design)

Sample size'

Namys lowski, 2002

I (randomized controlled trial )

(206) 231

OUTCOMES

Amoxicillin/c1avu lan ate Cefuroxime pValue

Cure

Failure

Relapse

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Intervention regimens

Diagnostic criteria for
rhinosinusitis

Definition of outcomes

Criteria for withdrawal

Intention to treat ana lysis

Power

Morbidity/complications

95%:j: (n =991104) 88%:j: (n =901102) 0.07

3%:j: (n =31104) 8%:j: (n =81102) NR

0%11 (n =0/98 ) 8%1 1(n =7/89) 0.0049

Significantly less relapse with AMX/CA. Trend toward higher cure and less failure with AMX/CA, but
no significant difference

:j: 15-18 d,112-4 wk

STUDY DESIGN

Hospitalized and nonhospitalized patients, ~18 y old, presenting with either chronic sinusitis or acute
exacerbation of chronic sinusitis, requirement to submit to antral sinus puncture <48 h before
treatment, evidence for presence of infection for which AMX/CA or cefuroxime was appropriate

History of hypersensitivity reaction to beta-Iactam antibiotics or receiving antibiotic therapy within
2 wk before inclusion, presence of serious underlying disease or concomitant infection that would
preclude evaluation of patient response to study medication, confirmed or suspected allergic rhinitis,
intraorbital or intracranial complications that would interfere with interpretation of X-ray investigation
of sinuses; scheduled surgery for treatment of sinuses, renal impairment, hepatic impairment, planned
or existing pregnancy or lactation

Similar age, severity of infection, and most clinical signs and symptoms in both groups. Slightly more
females, fever, number of patients with more than 3 episodes in I y in the AMX/CA group

Mean age at enrollment: 37 y (AMx/CA), 41 Y (cefuroxime)

None (open label)

AMX 875 mglCA 125 mg PO b.i.d. x l4 d or cefuroxime acetil 500 mg PO b.i.d.

Chronic sinusitis: at least I symptom (postnasal discharge, rhinorrhea, or cough ) together with
appropriate constitutional symptoms (headache, facial pain, tooth pain, halitosis, sore throat, earache,
increased wheeze, or fever) plus abnormal X-ray assessment (opacification, abnormal air-fluid levels,
>5 mm mucosal swelling) lasting for >3 mo

Cure: complete resolution of signs and symptoms of infection
Failure: incomplete resolution of signs and symptoms of infection, requiring alternative therapy

Violation of assessment visit schedule, adverse events, insufficient therapeutic effect, lost to follow-up

Yes

NR

4 diarrhea, I urticaria, I eye disorder, I cardiovascular disorder

NS = not significant, NR = not reported, AMXlCA = amoxicillin/clavulanic acid, b.i.d. = twice a day.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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THE EVIDENCE CONDENSED: Comparative antibiotic regimens for chronic and recurrent rhlnosinusitis

Reference

Level (design)

Sample size'

Huck, 1993

1 (randomized controlled trial )

40 (NR)

OUTCOMES

Cure

Improvement

Failure

Relapse

Amoxicillin

NR

RS: 56% (n =5/9 )
CS: 40% (n = 4/10 )

RS: 44% (n =4/9 )
CS: 60% (n = 6/10 )

RS: 0%
CS: 0%

Cefaclor

NR

RS: 56% (n =9/16 )
CS: 20% (n = 115 )

RS: 31% (n = 5116)
CS: 80% (n =4/5 )

RS: 13% (n = 2/16 )
CS: 0%

pValue

NR

RS: NR
CS:NR

RS: NR
CS: NR

RS: NR
CS: NR

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Intervention regimens

Diagnostic criteria for
rhinosinusitis

Definition of outcomes

Criteria for withdrawal

Intention to treat analysis

Power

Morbidity/complications

Trend toward less failure but more relapse of recurrent sinusitis with cefaclor. Trend toward more
improvement, less failure for chronic sinusitis with amoxicillin. Overall, no significant differences reported

10-12 d, 16-18 d

STUDY DESIGN

>15 years old, symptoms of acute (results of patients with acute sinusitis were excluded in this review),
recurrent, and chronic maxillary sinusitis (facial pain and/or purulent discharge ), sinus roentgenogram
(Waters view) consistent with maxillar y sinusitis (air fluid levels, opacity, mucosal thickening at the
lateral angle of the sinus )

Hepatic or renal disease, condition that would preclude evaluation of response to therapy, necessity for
other systemic antibiotics between pretherapy and posttherapy evaluation, pregnancy

Similar age and gender in both groups, although there were more males in the amoxicillin group

16-73 Y

Double blind

Cefaclor 500 mg PO b.i.d. x l0 d, amoxicillin 500 mg PO t.i.d. x lO d

Recurrent sinusitis: sinusitis (facial pain and/or purulent discharge) accompanied by >1 episode per
year of acute sinusitis with clinical improvement between episodes
Chronic sinusitis: nonresolving sinus disease

Improvement: end of therapy clinical examination revealing the patient's signs and symptoms had
improved during therapy
Relapse: signs and symptoms recurred by 2-4 d after treatment ended
Failure: obvious therapeutic failure by clinical examination at any time during therapy

No pretreatment or negative pretreatment roentgenogram, no pretherapy culture, assessment of "unable
to evaluate" for symptomatic response

NR

NR

Cefaclor: n = 2/54 adverse events (vaginitis)
Amoxicillin: n = 5/54 (vaginitis, epistaxis, diarrhea, edema, herpes simplex )

NR =not reported. RS=recurrent rhinosinusiti s, CS = chronic rhinosinusitis, b.i.d. =twice a day, t.i.d. =three times a day.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Oral antibiotic therapy for one month or longer: Impact on sinonasal symptoms,
quality of life

Stacey Gray, Jennifer J. Shin, and Ralph Metson

METHODS

A computerized PubMed search of MEDLINE 1966
April 2006 was performed. Articles mapping to the
medical subject heading "sinusitis" and textwords
"chronic" or "recurrent" were obtained, yielding 2503
studies. These articles were then cross-referenced with
those publications mapping to the medical subject head
ings "anti-bacterial agents" or "quinolones" or "penicil
lins"or "macrolides"or "cephalosporins"or "clindamycin"
or the textwords "antibiotics" or "antimicrobials." This
search strategy yielded 447 articles. These publications
were then reviewed to identify those that met the follow
ing inclusion criteria: 1) adult patient population (>15
years old) with chronic rhinosinusitis, 2) intervention
with an oral antibiotic regimen of at least 1 month dura
tion, 3) outcome measured in terms of clinical improve
ment, 4) comparative data, either as antibiotic versus
placebo or pretreatment versus posttreatment. Articles in
which the specific numerical results were not reported
were excluded. Articles focusing only on patients with
acute rhinosinusitis or only on microbiological culture
data were excluded. Articles that included pediatric pop
ulations or patients treated with intravenous antibiotics
were excluded from this review, but are addressed in
Chapter 8. Isolated case reports were excluded. The bib
liographies of the art icles that met these inclusion criteria
were manually checked to ensure no further relevant
articles could be identified. This process yielded the four
articles that are presented herein [1-4].

RESULTS

Outcome Measures. All four papers used numerical
scalesthrough which patients rated their sinonasal symp
toms. For example, Cervin et al. [2] asked patients to rate
symptoms on a visual analog scale of 0 (best) to 100
(worst) . Wallwork et al. [1] used symptom scales and the
Sinonasal Outcome Test 20 (SNOT-20), which is a vali
dated, rhinosinusitis-specific instrument in which
patients are asked to answer 20 questions regarding their
nasal symptoms and quality of life. Subramanian et al.
[3] reported radiographic outcomes, in addition to
symptom scores. They described radiographic disease,
using the Lund-Mackay system, in which each sinus is
graded as: 0 normal, 1mild mucosal thickening or opaci
fication, or 2 extensive mucosal thickening or opacifica-
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tion; total scores range from 0 (best) to 24 (worst).
Hashiba et al. [4] used both symptom scores and clinical
examination. They rated observed changes as"excellent;'
"good;' "fair;' "no change;' or "worse;' based on numeri
cal ratings (see adjoining table for further details).

Potential Confounders. Potential confounders include
the antibiotic regimen used, the duration of treatment,
and the severity of diseasebefore treatment. Other poten
tial confounders include whether patients had prior sinus
surgeries, the types of antibiotics to which patients had
previously been exposed, the number of previous antibi
otic courses failed, and the duration of symptoms before
initiation of treatment. These potential confounders are
detailed as much as the original publications allow in the
adjoining tables.

Another key potential confounder in all studies on
this topic is which patients are included in a population
that has "chronic rhinosinusitis,"Two of the four papers
specified that they used diagnostic features based on con
sensus statements (Rhinosinusitis Task Force, American
Academy of Otolaryngology-Head and Neck Surgery).
Understanding the specifics of these consensus state
ments can help readers understand which patients may
derive similar results from the interventions described.

Study Designs. There was one randomized controlled
trial (RCT), two prospective studies, and one retrospec
tive study that addressed symptom control with at least
1 month of oral antibiotic therapy. The RCT compared
symptom scores and SNOT-20 scores in patients receiv
ing 3-month courses of roxithromycin versus placebo.
Patients were included if they met the diagnostic criteria
defined by the most recent Rhinosinusitis Task Force.
The diagnosis was further confirmed with computed
tomography (CT), using the Lund-Mackay scoring
system. The study was double blinded, minimizing
expectation bias. Also, they exceeded the sample size
required to achieve power of 80% at the 1% level of
significance in their reported a priori power analysis.

The remain ing three studies compared pretreatment
results with posttreatment results. These studies (two
prospective, one retrospective) showed improved symp
toms after treatment with prolonged antibiotic courses.
The regimens studied prospectively were: 1) erythromy
cin succinate 250 mg PO b.i.d. or clarithromycin 250 mg
PO daily for 3-12 months, and 2) clarithromycin 200 mg



PO b.i.d. x8-12 weeks. The retrospective report analyzed
results after multiagent therapy that included antibiotics
for 4-8 weeks, oral steroids for 10 days, nasal saline irri
gation, and intranasal steroids. The three lower-Ie:el
studies did not note whether they reported consecutive
patients, or whether outcomes were meas~red by blinded
observers. No placebo controls were used In the prospec
tive studies. The Subramanian study has the limitations
of the retrospective study design.

Highest Level of Evidence. The highest level of evidence
was provided by the RCT, which showed that treatment
of chronic rhinosinusitis with 3 months of roxithromy
cin resulted in better symptom scores and quality of life
scores than treatment with 3 months of placebo. This
effect was shown to be statistically significant at 3 months
(i.e., at the completion of treatment). By 6 months,
however, the effect was lessened; although there was still
a trend toward a better quality of life with roxithromycin,
results were no longer statistically significant.

Two prospective studies evaluated two other macro
lides: clarithromycin and erythromycin. The results of
these studies showed that sinonasal symptom scores were
improved after 2-3 months of treatment. Cervin et al.,
who focused on the population that had already under
gone sinus surgery, showed statistically significa.nt
improvements, whereas Hashiba et al. reported no statis
tical comparisons. Cervin et al. showed that sinonasal
symptoms were significantly improved even after 1 ye.ar.
General well-being, however, was improved, but not SIg
nificantly so. All of these results may have been influ
enced by expectation bias, given that no placebo control
was used. Overall, these results mimic those of the RCT,
except that they continued to show significantly better
results at longer follow-up times.

The fourth study was retrospective, and showed
better symptom and CT scores in a case series treated
with 4-8 weeks of antibiotics in combination with other
treatments. Specific antibiotic regimens were not
described and it may be difficult to determine whether
results were attributable to the antibiotics or to the other
medicines administered.

Applicability. These results are applicable to adult
patients with chronic rhinosinusitis, based on th~ ~i~g

nostic criteria specified in the reports (see adjoining
table). The results of the Cervin study are more specifi
cally relevant to patients who have chronic rhinosinusitis
even after previous sinus surgery.
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Morbidity/Complications. Only one study reported the
details ofadverse effects and these were limited to nausea/
vomiting with roxithromycin.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were four studies that investigated the symptom
impact of oral antibiotics administered for 1 month or
longer in patients with chronic rhinosinusitis. The highest
level ofevidence was provided by one RCT,which showed
significantly better symptoms and quality of life after 3
months of roxithromycin (versus placebo). There was
still better quality of life at 6 months, but differences were
no longer statistically significant in this study. Level 2 and
4 data echoed these results, also suggesting improvement
in symptoms with prolonged antibiotic courses.

Future research may focus on long-term treatments
with comparative antibiotics or on comparing other
antibiotics (i.e., nonmacrolides) with placebo. Ideally,
prospective RCTs will be performed with long follow-up
times, given the chronic nature of this disease. Future
research may also continue to utilize standardized defini
tions of chronic rhinosinusitis, as well as validated
outcome instruments to measure symptoms and disease
specific quality of life.

ChronicRhinosinusitis Task Force: Clinical
criteria to diagnosechronicrhinosinusitis

• Continuous symptoms for more than 12 consecutive
weeks or more than 12 weeks of physical findings.

• One sign of inflammation (i.e., discolored nasal drainage,
edema or erythema of the middle meatus or ethmoid
bulla, generalized or localized erythema, edema, or gran
ulation tissue, or confirmation from a computed tomo
graphy scan or plain sinus radiograph) must be present
and identified in association with ongoing symptoms of
chronic rhinosinusitis.

This definition has been endorsed by the American Academy
of Otolaryngology-Head and Neck Surgery, the American
Academy of Otolaryngic Allergy, the American Rhinologic
Society, and the Sinus and Allergy Health Partnership.



THE EVIDENCE CONDENSED: Prolonged oral antibiotic regimens for chronic and recurrent rhinosinusitis

Reference

Level (design)

Sample size"

Wallwork, 2006

I (randomized controlled trial )

64 (64)

Cervin, 2002

2 (prospective with pretreatment control)

n = 12/17 completed 12 mo
n = 5/17 completed 3 mo

tJ 2 wk, :1:24 wk

SNOT-20 score: SNOT-20 score:
2.34 ± 0.19t 2.88 ± 0.12t p < 0.05
2.49 ± 0.18:1: 2.84 ± 0.15 :1: p =NS

Roxithromycin with significantly better patient symptoms at
12 wk. No difference in SNOT-20 scores at 24 wk

Symptom scale 0 best to 100 worst

Significantly better nasal congestion at 3 and
12 mo. Significantly better headache, rhinorrhea
at 12 mo. No change in general well-being, sense
of smell, cough

Pretreatment,3 rno, 12 mo

p < 0.01 post- vs
pretreatment

p = NS post - vs
pretreatment

Nasal 48,8, 18
congestion

General well- 24, 18,5
being

p < 0.01

OUTCOMES

P ValuePlacebo

Patient scale: 3.84
± 12"

Roxithromycin

Patient scale:
3.11 ± 0.17t

Follow-up time

Conclusion

STUDY DESIGN

Inclusion
criteria

Exclusion
criteria

Randomization
effectiveness

Age

Masking

Intervention
regimens

Diagnostic
criteria for
rhinosinusitis

Definition of
outcomes

Criteria for
withdrawal

Intention to
treat analysis

Power

Morbidityl
complications

>18 Yold, history consistent with diagnosis of chronic
rhinosinusitis as outlined by the Rhinosinusitis Task Force.
CT confirmation of diagnosis with Lund -Mackay scoring
system

History of cystic fibrosis, primary ciliary dyskinesia, immune
deficiency, allergic fungal sinusitis, nasal polyposis, impairment
of liver or renal function, pregnant, breast-feeding, taking
medication with known adverse interaction with rnacrolides,
history of macrolide sensitivity, use of topical or systemic
corticosteroids within 4 wk of entry into the study

No significant differences between groups in terms of age, sex,
immunoglobulin E, CT scores, baseline values of SNOT-20
scores , peak nasa l inspiratory flow, saccharine transit time,
nasal endoscopy, olfactory function scores, and lavage data

>18 y

Double blinded

Roxithromycin 150 mg PO daily for 3 rno, or placebo PO
daily for 3 mo

As outlined by the Rhinosinusitis Task Force

Patient response scale (primary outcome): linear rating
scale-I completely improved, 2 much improved, 3 slightly
improved, 4 not improved, 5 slightly worse, 6 much worse

Adverse effects (2 placebo, I roxithrornycin), lost to follow
up ( I from each group)

Not specified

A priori power analysis predicted sample sizes of 25 in each
group would be required to achieve power of 80% at the 1%
level of significance

Placebo n =2 (rash, abdominal pain ), roxithromycin n = I
(nausea/vomiting)

Persistent symptoms of chronic sinusitis after I or
several functional endoscopic sinus surgeries,
previously treated with systemic steroids and
long-term antibiotics other than macrolides

Immunodeficiency

NA

18-67 Y

NA

Erythromycin succinate 250 mg PO b.i.d, or
c1arithromycin 250 mg PO daily for 3 mo. If
patients responded, treatment was continued and
reassessed after 12 mo of treatment. If no
response, then treatment was discontinued

Chronic sinusitis as defined by the American
Academy of Otolaryngology-Head and Neck
Surgery

Median visual analog scale at 3 and 12 mo: 0 no
discomfort, 100 worst possible discomfort

Yes

Not reported

Not specified

Not specified

NS = not significant, cr =computed tomography, SNOT-20 =Sinonasal Outcome Test 20. NA = not applicable , b.i.d. =twice a day.
• Sample size: numbers shown for those not lost 10 follow-up and those (initially recruited ).
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Referenc e

Level (design)

Sample size'

Sub ramanian, 2002

4 (retrospective case series)

40 (NA)

Hashiba, 1996

2 (prospective with pretreatment control)

34 (42)

OUTCOMES

The majority of patients had better symptom
scores after treatment

Symptom scores

47.7% "good'Tn = 21/44 ) at 4 wk
62.8% "good'{ n =37/43) at 8 wk
70.6% "good" (n = 24/34) at 12 wk

At end of treatment: n = 14 excellent, n = 18
good, n = II fair, n =2 no change

Statistical comparisons not reported

0.0005

0.0005

5.4 ± 3.7

3.8 ± 2.3

Pretreatment Posttreatment p Value

10.9 ± 48

7.8 ± 1.9

Relapse

CT score

Symptom
score

n = 14 patients relapsed symptoms
necessitating re-treatrnent within 8 wk of
their initial treatment

Symptoms and CT findings improved sign ificantly after
treatment

Conclusion

Follow-up time 6-8wk Up to 12 wk

ot reported

Not reported

Not reported

No side effects were observed

Not specified

Subjective symptom scale (r hinorrhea,
postnasal dr ip, nasa l obstruction): 0 no
symptoms to 3 severe o r high ly pronounced
Observed changes: excellent = 4 points (3~0
or 2~0), good = 3 points (3~1 or I~O), fair
=2 points (3~2, 2~ I), no change = I point,
worse

Chronic sinusitis patients, principally
comprising intractable cases refractory to
surgical and other types of therapy, duration
~2 y, clearly known therapeutic history during
the 3 mo before c1arithromycin therapy

Not specified

18-78 y

Clarithromycin 200 mg PO b.i.d. x8-12 wk
Continuation of already existing nebulizer
therapy was permitted

Not reported

Not reported

Not reported

Not specified

17-78 y

Antibiotics for 4-8 wk, "chosen for broad-spectrum
coverage "
Prednisone 20 mg PO b.i.d, x5 d, then 20 mg PO daily xs d
Adjunctive therapy: nasa l saline irrigation, intranasal
steroids
Leukotriene blocke rs used in 14 patients

Not specified, but symptom scores were based on
Rhinosinusitis Task Force definitions

First relapse: time inte rval starting at the end of antibiotics
treatment at which recurrence of symptoms necessitated
reinstitution of ant ibiotics and/or steroids
Radiographic response graded according to Lund-Mackay
system 0 best to 24 worst: each sinus graded 0 normal, I
mild mucosal thickening or opacification, 2 extensive
Symptom score: 0 none, I mild, 2 moderate, 3 severe

NA

STUDY DESIGN

ewly referred or established patients who were undergoing
intensive therapy for chronic sinusitis for the first time

Morbidity/
complications

NS =not significant , cr =computed tomography, SNOT-20 =Sinonasa l Outcome lest 20, NA =not applicab le, b.i.d, =twice a day, RS=recurrent
rhinosinusitis, CS = chronic rhinosinusitis, CT = computed tomography.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).

Criteria for
withdrawal

Consecutive
patients

Power

Inclusion criteria

Exclusion criteria

Diagnostic criteria
for rhinosinusitis

Definition of
outcomes

Age

Intervention
regimens
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Aerosolized antibiotics: Impact on sinonasal outcomes

Stacey Gray, Jennifer J. Shin, and Ralph Metson

METHODS

A computerized PubMed search was performed as
described in the previous two reviews. The 447 resulting
publications were then reviewed to identify those that
met the following inclusion criteria: 1) adult patient pop
ulation with chronic rhinosinusitis, 2) intervention with
intranasal antibiotic compared with intranasal control, 3)
outcome measured in terms of clinical improvement and/
or quality of life. Articles in which a combination of
topical and oral antibiotics was used without comparative
control data were excluded. Articles without sufficient
numerical data (i.e., regimen was used in 50 patients but
the number of successes/failures not reported) were
excluded. Articles reporting noncontrolled data from
topical antibiotics used only in combination with other
treatments (topical decongestants, steroids) were also
excluded. Articles focusing only on acute sinusitis were
excluded. The bibliographies of the articles that met these
inclusion criteria were manually checked to ensure no
further relevant articles could be identified . This process
yielded three articles, one of which was a retrospective
case series and two of which were the randomized con
trolled trials (RCTs) that are presented herein .

RESULTS

Outcome Measures. Outcome measures included
quality of life and symptom scores. The Juniper Rhino
conjunctivitis Quality of Life Questionnaire and a visual
analog symptom scale were used in the Desrosiers et al.
study [11 . Sykes et al. [2] measured the percent with
symptomatic improvement, radiographic improvement,
or overall improvement.

Potential Confounders. One of the key potential con
founders in all studies about chronic rhinosinusitis has
been defining which patients carry that diagnosis. One
study provided their working definition; the diagnosis
was made based on a modified version of previously
published recommendations. Prior sinus surgeries could
have also influenced results, and the smaller RCT focused
only on postsurgical patients. Intranasal antibiotics could
have theoretically been more readily delivered in patients
who had surgically widened sinus ostia. Other potential
confounders included the number and type of previous
antibiotic courses received (in one RCT, all patients
received a recent course of oral antibiotics) and the dura-

tion/severity of symptoms before initiation of treatment.
These potential confounders are detailed as much as the
original reports allow in the adjacent table.

Study Designs. Two RCTs compared topical antibiotic
to topical control in patients with chronic rhinosinusitis.
The larger study compared topical neomycin -dexameth
asone-tramazoline versus dexamethasone-tramazoline
alone versus placebo in patients with chronic mucopu
rulent nasal discharge. Randomization resulted in similar
symptoms and radiographic findings in all three groups
before treatment. This study was double blinded, mini
mizing expectation bias. A priori power calculations for
the study were not reported, and sample sizes were small
for each group (n = 10-20 patients per group), making
it difficult to accept a negative result as definitive.

The smaller RCT compared topical tobramycin solu
tion with topical placebo in patients with chronic rhino
sinusitis, diagnosed as defined by previously published
recommendations from Lanza and Kennedy [31. Sample
size was small, with 18 total patients completing the
Juniper Rhinoconjunctivitis Quality of Life Question
naire and a visual analog symptom scale that were used.
Thus, again, negative results were not definitive.

Highest Level of Evidence. There were two RCTs that
compared results of topical antibiotic with topical control.
The larger study showed that both neomycin-dexametha
sone-tramazoline and dexamethasone-tramazoline alone
had significantly more symptom and radiographic
improvement than placebo, but no difference when com
pared with each other. Thus, it would seem that dexa
methasone-tramazoline alone is enough to improve
symptoms in comparison to placebo.The study was small,
however, and so a result that shows no difference cannot
be accepted as definitive, because power is limited.

The smaller study showed no difference in quality of
life with topical tobramycin versus placebo. Pain was
improved more with antibiotics at 2 weeks, but this
improvement did not last even as long as the 4-week
treatment course. Also, nasal congestion was worse than
with placebo at 2-8 weeks. Individual symptom scores
showed no significant difference in postnasal drip,
mucosal edema , or secretions. Again, however, sample
size limits the power of this study, so that a negative result
is not definitive.

Applicability. These results can be applied to adult
patients with chronic rhinosinusitis. More specifically,
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the results of the Desrosiers paper can be applied to
patients whose symptoms persist despite endoscopic
sinus surgery and medi-cal management.

Morbidity/Complications. Reported morbidity was
minimal. The only adverse event noted occurred in a
placebo group; one patient developed pneumonia and
was treated with oral antibiotics.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Two RCTs compared intranasal antibiotics to intranasal
control for adults with chronic rhinosinusitis. One study

showed that the addition of neomycin to a topical steroid
decongestant regimen resulted in no significant addi
tional benefit. The other RCT showed that pain was
significantly better with antibiotic, but only transiently.
Meanwhile, nasal congestion was worse with antibiotic
and quality of life was no different. Neither publication,
however,reported the power associatedwith their sample
sizes, leaving a negative result open to question. Using
the percent with symptom improvement in the Sykes
study for estimates, the sample size necessary to achieve
a 90% power to identify a 15% difference between
response rates (alpha 0.05)can be calculated; 326patients
would be required in each group to minimize the prob
ability of falsely accepting the null hypothesis to 10%.
Further research is therefore needed to definitively
confirm or refute the effect of topical antibiotic therapy.



THE EVIDENCE CONDENSED: Topical antibiotics for chronic and recurrent sinusitis

Reference

Level (design)

Sample size'

Desrosiers, 2001

I (randomized controlled trial )

18 (20)

Tobramycin Placebo

OUTCOMES

P Value

QOL t

Paint

Congestionj .

2.5, 2.5, 2.3

30,38,28

39,50,49

2.2, 2.1, 1.8

35,28,35

40,30,28

NS

<0.05 at 2 wk

<0.05 at 4, 8 wk

Conclusion

Follow-up time

Inclu sion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Intervention regimens

Diagnostic criteria for
sinusitis

Definition of outcomes

Criteria for withdrawal

Power

Morbidity/complications

No significant difference in QOL. Pain significantly better with tobramycin at 2 wk. Nasal congestion
significantly better with placebo at 4, 8 wk

2,4,8 wk

STUDY DESIGN

Patients who had undergone successful ESS but who presented with symptoms of rhinosinusitis that
persisted beyond the normal 8- to 12-wk healing period after surgery who failed further medical
management. An additional 21 d of abx therapy was administered to all patients before their entry into
the study

Severe renal insufficiency, allergies to tobramycin or quinine, patients using loop diuretics, patients with
preexisting hearing loss, isolated frontal rhinosinusitis

There was no difference between the placebo and treated groups in distribution of demographic
parameters or in organisms cultured

Mean 49 y (range 23-89 y)

Double blind

Abx: 4 mL of a 20 mg/mL solution of tobramycin applied t.i.d. for 4 wk. Aerosols were introduced into the
sinus cavities with the RinoFlow Nasal and Sinus Wash System
Placebo: 4 mL of 0.9% sodium chloride with quinine ( I mg/mL) to duplicate the bitter taste of
tobramycin. This was applied t.i.d, for 4 wk with the RinoFlow Nasal and Sinus Wash System

Symptoms of persistent rhinosinusitis were adapted from the "consensus group" recommendations for
chronic rhinosinusitis

QOL measured with Juniper Rhinoconjunctivitis Quality of Life Questionnaire.
Symptom measurement with visual analog scale
Sinonasal endoscopy for assessment of sinonasal mucosa

Not specified

NR

One patient developed pneumonia and was treated with oral abx (occurred in the placebo group)

Abx =antibi otics. NS =not significant, NR =not reported, q.i.d. =four times a day, t.i.d. =thr ee tim es a day, dex =dexamethasone , tram =
tramazoline, QOL = quality of life.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruit ed).
t p Values reported for abx-dex.tram vs dex-tram, abx-dex .tram vs placebo, dex-tram vs placebo.
:t: Numbers as extrapolated from reported line graph s.

501



THE EVIDENCE CONDENSED: Topical antibiotics for chronic and recurrent sinusitis

Reference

Level (design)

Sample size'

Sykes, 1986

I (randomized controlled trial )

50 (50)

OUTCOMES

Placebo

14%-20%

12%

0%

Dex-tram

45%

55%-72%

60%

pValue t

NR

NS,
<0.05,
<0.05

NS,
<0.05,
<0.05

Both neomycin-dex-tram and dex-tram alone had significantly better symptom and radiographic
improvement than placebo, bu t no difference when compared with each other

2 wk, further follow-up not specified

50%

Abx-dex-tram

60%-80%

62%

Follow-up time

Conclusion

% Radiographic
improvement

Overall response rate

% Symptom
improvement

STUDY DESIGN

Inclusion criteria Chronic mucopurulent rh inosinusitis: chronic anterior and/or posterior purulent nasa l discharge

Exclusion criteria Nasal polyps

Randomization
effectiveness

Similar symptoms and sinus radiograph abnormalities; similar number of atopic patients

Age

Masking

Intervention regimens

20-70 Y

Double blind

I) 100 ug neomycin, dex 20 /lg, tram 120 ug q.i.d. x2 wk
2) Dex 20 ug, tram 120 ug q.i.d, x2 wk
3) Placebo : propellant alone q.i.d. x2 wk

Diagnostic criteria for
sinusitis

Definition of outcomes

Criteria for withdrawal

Power

Morbidity/complications

100% with mucopurulent nasal d ischarge, not otherwise specified

Response to treatment was judged to have occurred if symptoms completely cleared or were greatl y
improved; if nasal airways resistance decreased by ~50%; if nasal mucociliary clearance was >30 min and
improved by >20 min; if a pathogenic microorganism isolated before treatment was eradicated; if
mucosal th ickening or opacity on sinus radiographs cleared ; or if intranasal mucosal inflammation and/
or hypertrophy resolved

Not specified

NR

NR

Abx =antibiotics, NS =not significant, NR =not reported, q.i.d. =four tim es a day, t.i.d. =thr ee times a day, dex =dexamethasone , tram =
tramazoline, QOL = quality of life.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
t p Values reported for abx-dex.trarn vs dex-tram , abx-dex.tram vs placebo, dex-trarn vs placebo.
:j:Numbers as extrapolated from reported line graph s.
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Intranasal antifungal therapy: Impact on computed tomography, symptoms, quality of life,
and endoscopy

Stacey Gray, Jennifer J. Shin, and Ralph Metson

METHODS

A computerized PubMed search of MEDLINE 1966
February 2005 was performed. The terms "sinusitis" and
"antifungal agents" were exploded and the resulting arti
cles were cross-referenced, yielding 295 articles. These
articles were then reviewed to identify those that met the
following inclusion criteria: 1) adult patient population
with chronic rhinosinusitis, 2) intervention with intra
nasal antifungal treatment, 3) outcome measured in
terms of change in mucosal thickening on computed
tomography (CT) scan, change in endoscopic examina
tion, and/or change in symptom scores. Articles that ana
lyzed the impact of oral antifungal treatments were
excluded. Pilot studies from the same authors who pub
lished later higher-level studies were likewise excluded.
The bibliographies of the articles that met these inclusion
criteria were manually checked to ensure no further rel
evant articles could be identified. Among the resulting
articles were two randomized controlled trials (RCTs),
which are presented as the highest level of evidence.

RESULTS

Outcome Measures. Multiple outcome measures were
used in these two RCTs. Both groups used the CT scan
as the main outcome measure. In the Ponikau study [1J,
a graphics program was used to digitally measure the
extent of mucosal thickening before and after treatment.
The reproducibility of this method was independently
confirmed by three blinded investigators. In the Weschta
study [2J, a modified Lund and Mackay CT score was
applied that classifiedsinus opacification into fivestages:
onot opacified, 1 less than 1/3 opacified, 2 between 1/3
and 2/3 opacified, 3 more than 2/3 opacified, but still
air-containing, 4 complete opacification (no air). Each
maxillary, anterior and posterior ethmoidal, sphenoidal
and frontal sinus was evaluated to give an overall score.

These studies also scored quality of life, symptom,
and endoscopy as secondary outcomes. Ponikau used the
Sinonasal Outcome Test 20, a validated, rhinosinusitis
specific instrument with 20 questions regarding nasal
symptoms and quality of life. Ponikau also rated endo
scopic findings: 0 no evidence of disease, 1 inflammatory
mucosal changes confined to the middle meatus superior
to the lower edge of the middle turbinate, 2 polypoid

changes between the lower edge of the middle turbinate
and the root of the inferior turbinate, 3 polypoid changes
between the root of the inferior turbinate and the lower
edge of the inferior turbinate, and 4 polypoid changes
below the lower edge of the inferior turbinate. The stages
of the two sides were added to produce a total score of 0
(best) to 8 (worst).

The Weschta study used the rhinosinusitis quality of
life score, based on subjective estimates on a seven-point
scale:a(not troubled by nose symptoms) to 6 (extremely
troubled by nose symptoms). Symptom scores were
assessed with a visual analog scale. Patients were asked
about nasal blockage, facial pain, smell disturbance, nasal
discharge, and sneezing. Endoscopy scores were classified
from 0 (no polyps) to 3 (polyps fill whole nasal cavity)
for each side.

Potential Confounders. Potential confounders included
the antifungal regimen used, the duration of treatment,
prior medical and surgical therapies, and the severity of
symptoms before initiation of treatment. For this par
ticular topic, there was also the important confounder
that not all patients with chronic rhinosinusitis have a
fungal etiology for their inflammation, which could
blunt the reaction to the intervention that these authors
hoped to test.

Study Designs. There were two RCTsthat compared the
impact of intranasal amphotericin B with intranasal
placebo on chronic rhinosinusitis. The Ponikau study
evaluated the effect of intranasal amphotericin irrigation
versus placebo for 6 months. The Weschta study analyzed
results after treatment with amphotericin or placebo
nasal spray for 8 weeks. Both studies showed that ran
domization was mostly effective in creating two similar
patient groups before treatment. There were, however,
significantly more males in the amphotericin group in
the Weschta study. Both studies reported a priori power
calculations that showed a need to recruit 60-70 patients
to achieve an 80% power. One of the studies achieved
this recruitment goal, but the other accrued just 30
patients. Negative results in a low-powered study must
be viewed with caution.

Highest Level of Evidence. There were two RCTs that
compared treatment of chronic sinusitis with intranasal
amphotericin versus intranasal placebo. CT scan change
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was used as the primary outcome measure for these
studies, and results were dissimilar. The Ponikau study
showed a significantly better CT scan score with antifun
gal treatment, whereas the Weschta study showed no dif
ference. Some differences between the two study designs
may explain this discrepancy; different methods were
used to score CT findings, deliver study medications, and
to include/exclude patients with previous sinus surgery.

Whereas one study showed that CT scores were
better with antifungal, the other found that symptom
scores were better with placebo. Weschta demonstrated
that symptom scores improved significantly more after
placebo. Both studies, however, showed no significant
difference in quality of life measures, and there was a
trend toward posttreatment improvement with both
intranasal antifungal and with placebo. The Ponikau
study likewise showed no significant difference in endos
copy scores when antifungal was compared with
placebo.

Applicability. These results are applicable to adult
patients with chronic rhinosinusitis who are not preg
nant or immunocompromised.

Morbidity/Complications. Several patients withdrew
from the study because of nasal burning or irritation in
the antifungal treatment group. No major morbidity or
complications occurred.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were two RCTs focusing on this topic, one of which
showed better CT scores with antifungal treatment, and
one of which showed better symptom scoreswith placebo.
There was no significant difference in other scores,
including measures of quality of life. The actual impact
of intranasal antifungal therapy thus remains elusive,and
more study is needed to provide a definitive answer.
Future research may ideally include high power RCTs
that focus on subpopulations of adult chronic rhinosi
nusitis patients with eosinophilic disease or proven anti
fungal allergy.



THE EVIDENCE CONDENSED: Intranasal antifungal treatment for chronic rhinosinusitis

Reference

Level (design)

Sample size'

Outcome
measure

Ponikau, 2005

I (RCT)

24 (30)

OUTCOMES

Reduction from baseline in percentage of
inflammatory mucosal thickening on CT scan;
change from baseline of mucosa l thickening on
endoscopic staging; SNOT-20 to measu re disease
specific quality of life

Weschta, 2004

I (RCT)

60 (78)

CT scan score, modified after Lund and Mackay (score
0-4); symptom score (G-30) and RQL assessment of
quality of life score; endoscopic score (G-6)

Intranasal
antifungal

Intranasal
placebo

p Value

Conclusions

CT score mean Endoscopy
change score median

change

-8.8% -1.3

+2.5% 0

0.03 NS

Antifungal better No significant
difference

SNOT-20
med ian
change

-0.3

-0.3

NS

No significant
difference

CT score
median pre/
posttreatment

29/26.5

28.5/26.5

NS

No significant
difference

Symptom score
median pre/
posttreatment

28/26

26.5116.5

<0.005

Placebo better

RQL score median
pre/posttreatment

22.5/20.5

20110

NS

No significant
difference

Follow-up time 6 mo 8wk

STUDY DESIGN

Inclusion
criteria

Exclusion
criteria

Randomization
effectiveness

Age, mean
(range)

Antifungal
regimen details

Placebo
regimen details

Compliance

Power

Morbidity/
complications

CRS symptoms for >3 mo
Mucosa l thickening on coronal CT >5 mm in ~2

SInuses
Patients were recruited regardless of medications or
previous ESS

Patients <18 Yold, pregnantllactating,
immunocompromised patients, orbital or CNS
complications of CRS, antibiotics use in last 7 d,
systemic steroid use in last 3 mo, systemic antifungal
use in last 7 d

There was similar age, sex, asthma rates, previous
sinus surgery in both groups. The amphotericin
group was somewhat older with a longer mean
duration of sinusitis

Placebo: 49.7 Y(33-75 y)
Antifungal tx: 56.9 y (27-85 y)

20 cc amphotericin B solution (250 ug/cc dissolved
in sterile water) to each nostril b.i.d, with bulb
syringe for 6 mo

20 cc steri le water colored with yellow dye to each
nostril b.i.d , with bulb syringe

5 patients in antifu ngal group did not complete
study; I patient in placebo group did not complete
study

Study was designed to enro ll 70 patients (35 per
gro up) for 80% chance of detecting a 20% difference
between the group means

2 patients in antifungal group had a burning
sensation on intranasal application

Age >18 y; symptom score >14; endoscopy score >2; CT
score >19

Pregnantllactating; recent ESS; mental impairment or
severe illness; recent start on antiallergic immunotherapy,
steroid therapy, antihistamines, ASA desensitization;
antimycotic or immunosuppressive therapy; clinical
suspicion of AFRS

Demographic and clinica l characteristics were similar in
both groups, except sex. There were significan tly more
males in the amphotericin group

Placebo: 48 Y(25-77 y)
Antifungal tx: 54 y (37-67 y)

2 puffs per nostril q.i.d. (total daily dose of 4.8 mg
amphotericin B) for 8 wk
Solutions freshly prepared every 2 wk

2 puffs per nostril q.i.d. control spray containing
tartrazine, chinin sulfate in 5% glucose solution

15 study withdrawals-intolerance to study medication (6
antifungal group, I placebo group), discontinuation after
acute exacerba tion of CRS in I patient in antifungal group

80% with sample size of 30 patients per group

No significant side effects

RCT =randomized controlled trial, CT =computed tomography, SNOT-20 =Sinonasal Outcome Test 20, RQL =rhinosinusitis quality of life,
NS =not significant, b.i.d. =twice a day, q.i.d. =four times a day, CRS =chronic rhinosinusitis, ESS=endoscopic sinus surgery.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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Endoscopic sinus surgery: Impact on disease-specific quality of life

Jennifer J. Shin and Gregory W. Randolph

METHODS

A computerized Ovid search of MEDLINE 1966-March
2004 was performed. The articles that mapped to the
terms "quality of life;' "outcome and process assessment
(health care);' or "treatment outcome" were pooled
together. These articles were then cross-referenced with
those articles obtained by exploding the terms "sinusitis"
and "endoscopy."This process yielded 197 articles. These
articles were then reviewed to identify those that met the
following inclusion criteria: 1) patient population with
chronic or recurrent acute sinusitis, 2) prospective inter
vention with endoscopic sinus surgery (ESS), ideally
versus medical therapy, 3) preoperative and postopera
tive symptomatic outcome measured by a validated
instrument. Studies that used nonvalidated question
naires, nonvalidated modifications of instruments, or
that used validated instruments to assess neurotic ten
dencies only were excluded. Retrospective studies that
reported only postoperative scores were excluded. The
bibliographies of the articles that met these inclusion
criteria were manually checked to ensure no further rel
evant articles could be identified. This rigorous process
yielded eight articles (two with overlapping study popu
lations) using disease-specific instruments, which are
discussed herein [1-8]. This process also yielded four
articles using global instruments which are discussed in
the next section.

RESULTS

Outcome Measures. A validated instrument has been
tested to ensure that the following are true : 1) it measures
what it is intended to measure (convergent validity, i.e.,
scores on a valid test of arithmetic skills correlate with
scores on other math tests), and 2) it does not inadver
tently measure irrelevant changes (discriminant validity,
i.e., scores on a valid test of arithmetic do not correlate
with scores on tests of verbal ability) [9,10], 3) its scores
are stable (reliability, i.e., a patient with the same disease
impact will continue to have the same response), and
4) it is sensitive to change (responsiveness, i.e., a patient
with a change in disease impact will have a changed
score). Overall, this means that the validated instrument
in fact measures what it is meant to measure.

These studies used five validated instruments to
evaluate sinusitis-specific symptoms: Chronic Sinusitis

Survey [1-4], Rhinosinusitis Symptom Inventory [5],
Quebec French Rhinosinusitis Outcome Measure [6],
Sinonasal Outcome Test 20 [7], and Sinonasal Assess
ment Questionnaire [8]. More than 20 sinusitis-specific
instruments have been critiqued and reviewed in the
literature [11]. The Chronic Sinusitis Survey is a dura
tion-based (8 weeks), sinus-specific health survey con
taining a symptom subscale and a medication subscale.
The Rhinosinusitis Symptom Inventory catalogs major
and minor symptoms of sinusitis, medicine use, physi
cian visits, and missed workdays. The Quebec Measure
is based on a validated translation of the Rhinosinusitis
Outcome Measure of the American Academy of Otolar
yngology-Head and Neck Surgery Foundation (AAO
HNSF). The Sinonasal Outcome Test20 assesses physical,
functional, and emotional problems from sinusitis. The
Sinonasal Assessment Questionnaire is an instrument
with 11 questions developed to ensure that symptoms
of nasal obstruction and hyposmia are specifically
assessed.

Potential Confounders. The extent of initial disease,ESS
technique and indications, otolaryngologic comorbidi
ties such as nasal allergies or polyps, and the length of
follow-up could all influence outcomes . These factors,
among others , are cataloged for the reader in the adjacent
table.

StudyDesigns. These prospective outcomes studies that
compared disease-specific quality of life before and after
ESS provide level 2 evidence. One team additionally
compared pre-ESS and post-ESS data with data from a
group who underwent medical intervention only [2,4].
One study specifically examined frontal sinus surgery
[3]. Four teams specified the inclusion of consecutive
patients, in order to minimize selection bias [1-5]. Most
studies specifiedclinicalcriteria for ESS, often asdescribed
by the AAO-HSNF 1997 Task Force recommendations
[12]. Follow-up times ranged from 3 months to more
than 1 year. There were no level 1 studies (i.e., random
ized controlled trials) that addressed this issue.

HighestLevel of Evidence. In all seven studies, post -ESS
scores were statistically significantly better than pre-ESS
scores. This conclusion did not differ, regardless of
changes in the instrument used, the institution/surgeon,
nuances in the indications for surgery, or the time of
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follow-up. Also, one study showed that scores after
medical intervention were improved over time, but not
as improved as scores after surgery. The medical treat
ment group, however, was different from the surgical
group at the outset; the medical group had significantly
more females, fewer comorbidities, and higher baseline
scores on the Chronic Sinusitis Survey. Thus, although
the medical group improved less, they also had less room
for improvement (statistical floor effect).

Applicability. These results are applicable to adult
patients undergoing ESS for chronic or recurrent acute
sinusitis. These results may not be applicable to patients
with severe comorbidities such as cystic fibrosis.

Morbidity. Complications were usually not described.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were seven level 2 studies that compared disease
specific quality of life scores in patients before and after
ESS for chronic or recurrent acute sinusitis. In each case,
scores were significantly improved after surgery. One
study compared outcomes after medical treatment alone
versus after surgery, and found that whereas both groups
improved, those in the surgical group improved signifi
cantly more. This result suggests that both groups have
the potential to improve, so that the severity of the disease
at the outset must be carefully considered when deciding
on treatment. (Similar conclusions were made from the
randomized controlled trials evaluating the role of ton
sillectomy in treating pediatric recurrent sore throats; see
Section 4.A.) Future research may therefore focus on
defining exactlywhat severity ofdisease warrants medical
versus surgical therapy.



THE EVIDENCE CONDENSED: Disease-specific quality of life before versus after endoscopic sinus surgery

Reference

Level (design)

Sample size'

Validated instrument

Scale

Pre-ESS score

Post-ESS score

p Value

Medical therapy only (no
ESS) score

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Selection bias minimization

Age

Preoperative disease details

ORL-related como rbidities

ESS deta ils

Morbidity/compli cation s

Wang, 2002

2 (prospective outcomes study )

230 (230)

OUTCOMES

Chronic Sinusitis Survey (Chinese
tran slation )

Total score: mean ± SO

o(worst) to 100 (best)

63 ± 20.3

83.9 ± 18.8

0.0001

None

Post-ESS better than pre-ESS

6 mo

STUDY DESIGN

ESS for chronic sinusitis, as defined by the
1997 AAO-HNSF Rhinosinusiti s Task
Forcet

Not specified

Consecutive patients

Mean 40.1 ± 14.6 y

Lund-Mackay CT staging system [14]:
51.3% 0-4, 23.5% 5-8

Nasal allergy 47%, asthm a triad 0.9%,
anatomic variation 62%

"ESS was performed using the standard
anterior to posterior approach ... with or
without resident s"

8.6% hemorrhage, 0.4% lamina injury, 0%
dura or nasolacrimal duct injury

Gliklich, 1997; Metson, 2000

2 (prospective outcomes study)

160 (160)

Chronic Sinusitis Survey

Total score: mean ± SO

o(worst) to 100 (best)

39.1 ± 19

61.7 ±23

<0.0001

Medical group also improved (from 30.4 to 43.9)
after 3 mo (p < 0.007), but surgical group improved
even more (p =0.00 I)

Post-ESS better than pre-ESS, post-ESS better than
medical mana gement alone

3,6,1 2 mo

ESS for chronic sinusitis, defined by symptoms/s igns
of sinusitis (facial pressure, pain, headache;
rhinorrhea or postn asal drainage; nasal congestion
or obstruction) for more than 3 mo

Previous nasal or sinus surgery

Consecutive patients, fewer males and comorbidities
in medical (vs surgical) group

20-76 Y

Surgical cohort: CT stagingt [15]: 0 4%, I 19%, II
29%, III 26%, IV 22%; 37% with polyposis
Medical cohort: 8% polyps

Surgical cohort: 36% asthma, 50% allergies, 2%
Sarnter 's triad , 74% nasal septal deviation. Medical
cohort: 13% asthma, 62% septal deviation

87% ethmoidectomy with maxillary antrostom y,
43% sphenoidotomy, 9% frontal sinusotomy

Non e noted

so =standa rd deviation , ESS=endosco pic sinus surgery, AAO-HNSF =American Academy of Otolaryngo logy-Head and Neck Surgery Foundat ion,
cr =comp uted tom ography.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruit ed).
tThe 1997 AAO-HNSF Task Force on Rhinosinusitis defined the clinical diagnosis of chro nic sinusitis: duration > 12 wk, stro ng histor y as defined by
>2 major facto rs (facial pain/pressure, facial congestion/ fullness, nasal obstruction/blockage, nasal discharge/purulence/di scolored postnasal drainage,
hyposmia/anosmia, purulence in nasal cavity on examination) or 1 major factor and 2 minor facto rs [headache, fever (nonacute), halitosis, fatigue,
dental pain, cough, ear pain/pressure/fullnessI or nasal purulence on examination [12].
:to cr staging system: Stage I anatomic abnormalities, Stage II bilateral ethmoi d disease with involvement of I dependent sinus, Stage III bilateral
ethmoid disease with 2 or more dependent sinuses on each side, Stage IV diffuse sinonasal polyposis [151.
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Reference

Level (design)

Sample size'

Validated instrument

Scale

Pre-ESS score

Post -ESS score

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusio n criteria

Selection bias minimization

Age

Preoperative d isease details

ORL -related comorbidities

ESS details

Morbidity/complications

Bhattacharyya, 2003

2 (prospective outcomes study)

100 (ISO)

OUTCOMES

Rhinosinusitis Symptom Inventory

Total score: mean

45.1

19.4

<0.001

Post -ESS better than pre -ESS

Mean 19 mo (range 6.4-36.6 mo l

STUDY DESIGN

ESS for chronic sinusitis , as defined by the
1997 AAO-HNSF Task Porce. t radiographic
evidence [13 J, no response to >12 wk of
topical nasal stero ids and broad-spectrum
antibiotics

Not specified

Consecutive patients

Mean 41 Y

As defined in the inclusion cr iteria

None specified

"Standard technique in outpatient sett ing ...

extent of surgery determined according to
preoperative CT and nasa l endoscopy"

None noted

Metson, 1998

2 (prospective outcomes study)

53 (63)

Chro n ic Sinusitis Survey

Total score: mean ± SD

o(worst) to 100 (best)

46.4 ± 19.5

62.2 ± 18.9

<0.01

Post -ESS better than pre -ESS

3, 6, 12 mo po stoperatively

Frontal sinus ESS for CT evidence of frontal sinusitis
or recurrent frontal headaches with radiologic or
endoscopic evidence of paranasal disea se

Frontal sinus drillouts were anal yzed in a separate
retrospective study (most also had relief with surgery)

Consecutive patients

24-76 Y

CT stager [15]: III 55.6%, IV 44.4%

None specified

Frontal recess was opened and frontal ostium

probed or enlarged

None noted in this group

SD = standard deviation. ESS = endoscopic sinus surgery. AAO-HNSF = American Academy of Otolaryngology-Head and Neck Surger y Foundation.
cr =computed tom ograph y.
• Sample size: numbers shown for those not lost to follow-up and tho se (initiall y eligible).
t The 1997 AAO-HNSF Task Force on Rhinosinusitis defined the clinical diagnosis of chronic sinusitis: duration > 12 wk. strong histor y as defined by
>2 major factors (facial pain/pressure. facial congestion /fulln ess, nasal obstru ction /blo ckage. nasal dischar ge/purulence/di scolored postn asal dr ainage.
hyposmia/ano smia, purulence in nasal cavity on examination) or 1 major factor and 2 minor factors [headache, fever (nonacute), halitosis. fatigue,
dent al pain . cough, ear pain/pressure/fullne ssJ or nasal purulence on examination [12J.
:j:CT staging system: Stage I anatomic abnormalities. Stage II bilateral ethmoid disease with involvement of I dependent sinus. Stage III bilateral
ethmoid disease with 2 or mor e dependent sinuses on each side. Stage IV diffuse sinonasal polyposis.
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2 (prospective outcomes study)

Total score Total score

Post-ESS better Post-ESS better
than pre-ESS than pre-ESS

o(best) to 100 (worst) 0 (best) to 80
(worst)

20.9

0.005

31.9

o(best) to 100
(worst)

Total score

Sinonasal Outcome
Test 20

0.0001

Fahmy, 2002

27 (40)

Post-ESS better than pre-ESS

2 (prospective outcomes study)

<0.05 (extrapolated from text)

OUTCOMES

Jones, 1998

49 (55)

Sinonasal Outcome Test 20 Sino-Nasal
Assessment
Questionnaire-II

Reference Durr, 2003

Level (design) 2 (prospective outcomes study)

Sample size 51 (58)

Validated Quebec French Rhinosinusitis
instrument Outcome Measure

First set Second set

Scale o (best) to 7.5 I (best) to 4
(worst) (worst)

Pre-ESSscore 4.7 ± 1.6 2.8 ±0.5

Post-ESS score 2.1 ± 1.7 1.9 ± 0.7

p Value <0.001 <0.001

Conclusion Post-ESS better than Pre-ESS

Follow-up time 3 mo 6 mo 6 mo postoperatively

STUDY DESIGN

Inclusion
criteria

Recurrent acute chronic sinusitis,
chronic rhinosinusitis, or nasal
polyposis "as confirmed by history,
endoscopic exam, and computed
tomography"; nomenclature based
on the Task Forcet

Adult patients undergoing
sinus surgery

Patients participating in the Royal
College of Surgeons Endoscopic Sinus
Surgery National Comparative Audit

Exclusion
criteria

Other severe disease (e.g.• cystic
fibrosis), previous sinus surgery

Lack of follow-up, unavailable
CT scans

Not specified

Consecutive
patients?

Not specified Not specified Not specified

Age Mean 43.7 Y 17-71 Y 18-68 Y

Preoperative
disease details

9.8% recurrent acute rhinosinusitis,
37.3% chronic rhinosinusitis,
52.9% nasal polyposis

55% chronic sinusitis, 45%
recurrent acute sinusitis or
predisposing conditions. 46.9%
had prior surgery,53% after 28-d
antibiotic trial, "a combination
of chronic and/or acute sinusitis
with predisposing conditions"

Not specified

ORL-related
comorbidities

31% asthma, 59% inha lent allergies
confirmed by skin testing

6% asthma. 4% polyps Not specified

ESSdetails Not reported Not reported Not reported

Morbidity/
complications

None noted None noted None noted

CT = computed tomography. ESS = endo scopic sinus surgery. ORL = otolaryngology.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t The 1997 AAO-HNSF Task Force on Rhinosinusitis defined the clinical diagn osis of chronic sinusitis: duration > 12 wk. strong histor y as defined by
>2 major factors (facial pain/pressure. facial congestion/fullnes s. nasal obstruction/blockage. nasal discharge /purulence/discolored postnasal drainage.
hyposrnia /anosmia, purulence in nasal cavity on examin ation ) or I major factor and 2 minor factors [headache. fever (nonacute), halitosis. fatigue.
dental pain . cough. ear pain/pre ssure/fullne ss] or nasal purulence on examination [121 .
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22 Chronic Rhinosinusitis in Adults
22.E.ii.
Endoscopic sinus surgery: Impact on global quality of life

Jennifer J. Shin and Gregory W. Randolph

METHODS

A computerized and manual search of the literature from
1966 to March 2004 was performed as described in
Section 4.C.1. This section discusses the articles using
instruments assessing global quality of life [1-5].

RESULTS

Outcome Measures. Validated instruments have the
advantages described in Section 4.C.1. These four studies
used the Short Form 36 (SF-36) instrument, a validated
survey that assesses overall health-related quality of life.
This instrument does not focus only on rhinosinusitis
related symptoms, as did the disease-specific instruments
discussed in 4.C.1. In the SF-36, eight domains are
assessed:physical functioning, role functioning-physical ,
bodily pain, general health , vitality, social functioning,
role functioning-emotional, and mental health. Scores
are standardized to a scale of 0 (worst ) to 100 (best) , and
population norms are available.

Potential Confounders. The extent of initial disease,
endoscopic sinus surgery (ESS) technique and indica
tions, the length of follow-up, and general comorbidities
such as hypertension and tobacco use could all influence
outcomes. These factors, among others, are cataloged for
the reader in the adjacent table.

StUdy Designs. These studies provide level 2 evidence
regarding preoperative and postoperative global health
related quality of life scores. Three of the four studies
specified the use of consecutive patients [1-5]. No studies
compared SF-36 scores of a parallel group receiving only
medical treatment with post -ESS scores. One study spe
cificallyexamined frontal sinus surgery. Follow-up times
ranged from 3 to 12 months.

HighestLevel of Evidence. In all four studies, improve
ment was seen in some or all domains of the SF-36. The
study that focused on frontal sinus surgery showed an
improvement in only one domain at 12 months, but had
demonstrated improvement in domains of general
health, vitality, mental health, and social functioning
at 6 months, before losing sample size with subject attri
tion at the 12-month follow-up point. In each study,
most or all SF-36 scores reached population norms
postoperatively.

Applicability. These results are applicable to adult
patients undergoing ESS for chronic or recurrent acute
sinusitis. These results may not be applicable to patients
with severe comorbidities such as cystic fibrosis.

Morbidity. One study noted that there were no orbital or
central nervous system complications. None were
reported in other studies.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were four level 2 studies that compared global
quality of life scores in patients before and after ESS for
chronic or recurrent acute sinusitis. Scores in some or all
domains of the SF-36 instrument were significantly
improved after surgery. These results suggest that overall
health-related quality of life was improved in patients
who qualified for ESS in these studies. Future research
may therefore focus on further delineating those clinical
criteria that make patients the best candidates for ESS, or
on a direct comparison of selected patients who receive
medical versus surgical therapy. Results of an ongoing
randomized controlled trial comparing medical to surgi
cal intervention are eagerly awaited.
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Referenc e

Level{design}

Sample size'

Gliklich, 1997; Metson , 2000

2 {prospective outcomes study}

160 (l60)

SF-36 domain mean score PF
RP
BP
GH
SF
VT
RE
MH

Pre-ESS

85.1
60.4
64.6
67.8
73.0
52.5
81.8
72.6

Post-ESS

89.0
73.9
74.2
69.3
83.7
60.0
86.6
76.7

pValu e

<0.01
<0.01
<0.001
NS
<0.001
<0.001
NS
<0.01

Post-ESS score vs population norm

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Selection bias minimization

Preoperative disease details

General health comorbidities

ESS details

Morb idity/complications

Mean normative values reached by 6 mo postoperatively in all domains
except RP

Post-ESS improved from pre-ESS

3,6,12 mo

Chronic sinusitis, as defined by the presence of symptoms and signs of
sinus itis {facial pain, pressure or headache, rhinorrhea or postnasal
drainage, nasal congestion or obstruction} for >3 mo

Previous nasal or sinus surgery

Consecutive patients

Surgical cohort: CT staging t: 0 4%, I 19%, II 29%, III 26%, IV 22%; 37%
with polyposis

II % smokers, 9% hypertension, 2% congestive heart failure, 4% previous
myocardial infarction, 5% depression, 2% diabetes mellitus

87% ethmoidectomy with maxillary antrostomy, 43% sphenoidotomy, 9%
frontal sinusotomy

Not reported

ESS=endoscopic sinus surgery, SF-36 =Short Form 36, NS =not significant ; SF-36 domains: PF =physical functioning, RP =role physical, BP =
bodil y pain, GH =general health . VT =vitality, SF =social functioning, RE =role emotional, MH =mental health .
t cr staging system: Stage I anatomic abnormalities, Stage II bilateral ethmoid disease with involvement of 1 dependent sinus, Stage III bilateral
ethmoid disease with 2 or more dependent sinuses on each side, Stage IV diffuse sinonasal polyposis .
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All four studies used the SF-36 Health Survey
Scale 0 {worst)- IOO(best)

Pre-ESS Post-ESS pValue Pre-ESS Post-ESS pValue

SF-36 PF 82.8 91.2 <0.05 90.1 92.3 NS
domain RP 43.5 81.7 <0.05 68.9 79.2 NS
mean BP 53.9 73.2 <0.05 52.4 55.0 NS
score GH 61.5 70.6 <0.05 70.7 70.3 NS

SF 65.4 79.4 <0.05 81.7 90.8 NS
VT 45.4 56.2 <0.05 57.5 63.1 NS
RE 65.4 82.4 <0.05 87.3 89.1 NS
MH 64.2 73.8 <0.05 76.5 79.9 <0.05

Reference

Level (design)

Sample size'

Post-ESS score vs
population norm

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Selection bias
minimization

Preoperative
disease details

General health
comorbidities

ESSdetails

Morbidity/
complications

Winstead, 1998

2 (prospective outcomes study)

84 at 6 rno, 40 at 12 mo (i25)

Post-ESS scores at 6 and 12 mo
without significant variance from
population norms

Post-ESS improved from pre-ESS

6, 12 mo (only 12 mo shown)

All patients scheduled to undergo
ESS; all had unresponsive chronic
sinusitis, defined as >3 mo of facial
pressure , pain , headache, or
recurring episodes of acute
rhinosinusitis associated with
abnormalities on the CT and/or
nasal endoscopic examination

Cystic fibrosis, ESS for drainage of
subperiosteal orbital abscess, repair
of cerebrospinal fluid fistula, or
excision of inverted papilloma

Consecutive patients

CT staging]: I 23%, II 26%, III
43%, IV 7%

37% tobacco use, 22 depression,
1.5% diabetes mellitus

"Surgical technique in all patients
was uniform with strict adherence
to the functional concepts of
Starnmberger": 41% with
concomitant septal surgery

No orbital or central nervous
system complications

Mets on, 1998

2 (prospective outcomes study)

56 (63)

OUTCOMES

Mean normative scores were
reached in all domains except BP,
VT

Post-ESS improved from pre-ESS

3,6, 12 mo postoperatively

STUDY DESIGN

Frontal sinus ESS for CT evidence
of frontal sinusitis or recurrent
frontal headaches with radiologic
or endoscopic evidence of
paranasal disease

Frontal sinus drillouts were
analyzed in a separate retrospective
study (most also had relief with
surgery)

Consecutive patients

CT stage [6]: III 55.6%, IV 44.4%

23.8% with z I comorbidity,
hypertension most common

Frontal recess was opened and
frontal ostium probed or enlarged

None noted in this group

Durr,2003

2 (prospective outcomes study)

51 (58)

Pre-ESS Post-ESS pValue

80.0 82.0 NS
53.1 70.4 0.01
54.9 62.8 NS
61.0 61.5 NS
24.2 60.5 <0.001
47.9 80.6 <0.001
63.8 80.4 0.01
62.8 68.1 NS

Not reported

Post-ESS improved from pre-ESS

3 mo

Recurrent acute chronic sinusitis,
chronic rhinosinusitis, or nasal
polyposis "as confirmed by history,
endoscopic exam, and computed
tomography"; nomenclature based
on the Task Force meeting,
Alexandria VA, 1996=1:

Other severe disease (e.g., cystic
fibrosis), previous sinus surgery

Use of consecutive patients not
specified

9.8% recurrent acute rhinosinusitis,
37.3% chronic rhinosinusitis, 52.9%
nasal polyposis

14% smokers, not otherwise specified

Not reported

Not reported

ESS =endoscopic sinus surgery, SF-36 =Short Form 36, NS =not significant, cr =computed tomography; SF-36 domains: PF =physical functioning,
RP =role physical, BP =bodil y pain, GH =general health, vr =vitality, SF =social functioning, RE=role emotional, MH =mental health .
• Sample size: numbers shown for those not lost to follow-up and tho se (initially recruited ).
t cr staging system: Stage 1anatomic abnormalities, Stage II bilateral ethmoid disease with involvement of 1 dependent sinus, Stage III bilateral
ethmoid disease with 2 or more dependent sinuses on each side, Stage IV diffuse sinonasal polyposis.
:f: The 1997 AAO-HNSF Task Force on Rhinosinusitis defined the clinical diagnosis of chronic sinusitis: duration 2:12 wk, strong history as defined by
2:2 major factors (facial pain/pressure, facial congestion /fullnes s, nasal obstruction/blockage, nasal discharge /purulence/discolored postnasal drainage,
hyposmia/anosmia, purulence in nasal cavity on exam ) or 1 major factor and 2 minor factors [headache, fever (nonacute), halitosis, fatigue, dental
pain , cough, ear pain/pressure/fullness ] or nasal purulence on examination [7J.
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23 Adult Laryngopharyngeal Reflux

Proton pump inhibitor therapy versus placebo: Impact on symptom scores and
laryngeal signs

James Hartman

METHODS

A computerized PubMed search of MEDLINE 1966
January 2006 was performed using the terms "laryngo
pharyngeal reflux" (LPR) and "supraesophageal reflux
disease."The resulting articles were combined into a first
group and cross-referenced with a second group of arti
clesusing the keywords"treatment of reflux."This process
yielded 91 articles which were reviewed. Their references
were manually cross-checked for any further relevant
articles which yielded three additional pertinent studies.
This search was reverified by cross-referencing studies
that mapped to both the medical subject heading "gas
troesophageal reflux" and "laryngeal disease."All of these
articles were reviewed to determine which met the fol
lowing inclusion criteria: 1) distinct patient population
of adults (~I8 years old) with symptoms and signs sug
gesting LPR, 2) intervention with a proton pump inhib
itor (PPI) versus placebo, 3) outcome measured by
patient questionnaire and video laryngoscopy. Studies
were excluded if a) medical treatment other than PPIs
was used, b) surgical treatment was used, and c) laryngeal
diagnoses other than those caused by reflux were studied.
This process yielded five level 1 articles [1-5].

RESULTS

Outcome Measures. LPR is typically diagnosed empiri
cally by history of associated symptoms and findings of
posterior laryngitis. Questionnaires have been estab
lished to score patients' reflux histories and videolaryn
goscopy has been used to score laryngopharyngeal
findings [1-5]. The presence of LPR can also be estab
lished by a 24-hour dual pH probe, as was required for
entry into four trials [2-5J. This probe, however, remains
an uncomfortable test for patients and therefore can be
an arduous diagnostic tool for routine use. In accordance
with this realization, Steward et al. [1] modified their
protocol to make the probe optional when accrual
became threatened. In addition, only two reports [2, 4J
had follow-up pH probes in their protocol and these
were performed only in some patients. Finally, quality
of life measurements (Short Form 36) of the impact a
condition has on an individual were utilized in one
study [1].

Potential Confounders. Lifestyle choices may result in
activities that have a proclivity for causing gastroesopha-

geal reflux. Two studies controlled for these lifestyle
choices [1, 4] and demonstrated no significant difference
between intervention and placebo groups. In addition,
compliance with study medication, as well as the dosage
and duration of treatment could affect results. Details of
treatment regimens are detailed in the adjoining table.

Study Designs. These five studies are all double-blind
randomized controlled trials (RCTs) with placebo control.
One study is also a crossover study with a 2-week washout
in between treatment regimens [2]. All of the studies
used reflux symptom questionnaires. Four used video
laryngoscopy grading, whereas a fifth [5] used laryngos
copy grading. Four required pH studies for entry [2-5].

All five studies demonstrated to different degrees
that the patients who were to receiveeither PPI or placebo
were similar before receiving the different therapies.
Three of the studies confirmed that there were no statis
tical differences in demographic data [1,3, 4J, whereas
one study did not reveal demographic data but did note
that there was no significant difference in pH study
results at the outset [2J. The remaining study demon
strated only minor demographic differences between its
two groups but did not statistically evaluate them [5J. In
addition to demographic comparisons, there were also
analyses of reflux severity at the outset. In one study [5],
the group treated with placebo then a PPI had worse
esophageal scores but no difference in laryngeal symptom
scores. Pretreatment comparisons of videolaryngoscopy
scores were not reported. Two studies concluded that
there was no significant difference in baseline laryngeal
measures [1, 4J, but one study showed some differences
in initial symptom scores [3J. When statistically evalu
ated, however, only the difference in initial hoarseness
scores was found to have been significant. The PPI
treated group was initially more hoarse and this group
had a significantly greater response than did the placebo
treated group. Such a difference in hoarseness creates
concern for a potential floor effect, i.e., the amount of
potential recovery is dependent on the severity of initial
symptoms.

Follow-up evaluation ended at the conclusion of
treatment: 2 months in two studies [1,3], 3 months in
two studies [4, 5J, and in 6.5 months in the crossover
study [2J.Masking was adequate as each study wasdouble
blinded. An a priori calculation of the sample size needed
to demonstrate a declared power was performed in three
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studies [1,2, 4]. An intention to treat analysis was per
formed in two studies [I, 4], whereas all five studies
tabulated their attrition.

Highest L~vel of Evidence. The five RCTs had disparate
results, with two studies showing significantly better
results with PPI than with placebo and three studies
showing nodi.fference between the two types of therapy.
The two studies that demonstrated statistically signifi
cant improvement in laryngopharyngeal symptoms did
not s~ow.a notable difference in the laryngopharyngeal
examination for the group treated with a PPI versus
p.lacebo [3,4]. This result suggests that signs may not be
rigorously correlated with symptoms of LPR. Of the
three studies that showed no statistically significant dif
ference for adults with laryngopharyngeal reflux treated
with PPI versus those treated with placebo [1,2,5], there
was a trend toward a better result with PPI in two of the
st.udies. Althoug~ not statistically significant, one study
did show greater Improvement in nearly all measures for
the PPI-treated group [1]. The greatest impact on results
in that study, however, was linked to lifestyle modifica
tions; when r~ported by patients, they were significantly
correlated with global symptom improvement in the
total population and the control group. All three studies
that showed no difference in outcome may have been
s~bject to limitations in power because of small sample
SIze. For example, the authors of one study, which 36
subjects completed, noted a need for 66 patients even
while assuming a large difference in response rate of 670/0
versus 330/0. Thus, there may not have been sufficient
en:ollment t? uncover any differences that may truly
eXISt. The wide 95% confidence intervals, because of
small sample size, for all the studies suggest that defini
tive conclusions about clinical effectiveness are difficult
to make.

Applicability. The results of these studies are applicable
to ~dult patients presenting with symptoms and signs
attributable to laryngopharyngeal reflux in the absence
of other identifiable causes for laryngopharyngeal
symptoms.

Morbidity/Complications. None ofthese studies reported
any serious morbidity and only one patient with
drew because of drug-related side effects (abdominal
complaints) [4].

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is conflicting level! evidence regarding the impact
of PPIs on symptomatic adults with laryngopharyngeal
reflux. Two RCTsshowed a significantly better result with
P~I, whereas three RCTs showed no benefit compared
WIth placebo. All studies had small sample sizes, with
associated wide ranges in confidence intervals around the
~ifference between PPI and placebo. Therefore, it is pos
siblethat among the negative studies, based on statistical
significance (i.e., p value > 0.05), a clinically significant
e~ect cannot be ruled out. Likewise, a clinically insig
nificant effect could also be possible among the statisti
cally significant studies. Unfortunately, multiple different
scales of measurement were used for measurement of
outcomes, making meta-analysis to increase power a less
attractive option. One of the RCTs did find significant
benefit to the utilization of lifestyle modifications; the
authors even suggested that a 2-month trial of these
modifications was a reasonable alternative to medical
therapy. There were almost no reported adverse effects of
PPIs in the trials, suggesting that the risk of PPI therapy
may be low. When the positive impact found in two of
the studies are considered with the very low adverse reac
tions rate, an empiric trial of a PPI remains an attractive
therapy alternative.

If further research on this topic is performed, the
impact of lifestyle modifications should be studied. For
example, a prospective trial of modifications versus a
medication group could be performed. More accurate
power calculations with larger subject accrual would
likely serve to address the conflicting results of the cur
rently available studies. All future studies should ideally
have a longer treatment period (preferably at least 3
months) and utilize the same validated reflux symptom
questionnaire and reflux sign grading system to facilitate
the ability to analyze pooled data.



THE EVIDENCE CONDENSED: Proton pump inhibitor therapy for adult laryngopharyngeal reflux

Reference

Level (design)

Sample size'

Reflux measures

PPI-treated group

Placebo-treated group

Difference of mean
changes: PPI vs control

Conclusion

Time of assessment

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Patient characteristics

PPI regimen

Other treatment used
for reflux

Masking

Pretrial power
calculation

Morbidity

Steward, 2004

I (RCT)

36 (42)

OUTCOM ES

Reflux symptom scores.
Sum of scores Q-4 for severity and frequen cy for 9 symptoms.
Maximum 72

Videolaryngoscop y
Reflux grade 0
Sum of scores to 4 for 6 items
Maximum 24
Lifestyle questionnaire (SF-36)
Mental and physical components

Mean change in total reflux score of 9.7, p $ 0.002
Mean change in laryngoscopy grade 0.6, p $ 0.19
Mean change in SF-36 mental 0.03, p $ 0.99
Mean change in SF-36 physical-2.1, p $ 0.64

Mean change in total reflux score of 6.6, p $ 0.03
Mean change in laryngoscopy grade 0.5, p $ 0.44
Mean change in SF-36 mental -0.9, p $ 0.64
Mean change in SF-36 physical 1.2 p s 0.51

Total reflux score: -3.06 (95% CI: -10.99 to 4.86) [p = 0.44]
Laryngoscopy Grade: -0.11 (95% CI: - 1.65 to 1.43) [p = 0.691
SF-36 mental: -0.92 (95% CI: - 7.36 to 5.51) [p = 0.771
SF-36 physical: 3.34 (95% CI: - 2.71 to 9.40) [p = 0.27J
Negative values indicate more improvement from PPI

No statisticall y significant differences between the 2 groups though greater improvement for most
outcome measures was seen in the PPI-treated group

Entry, 2 mo

STUDY DESIGN

Patients :2: 18 Yold with history of hoarseness, throat clearing, dry cough, globus, or sore throat >4 wk.
Physical examination consistent with diagno sis of laryngopharyngeal reflux. pH probe opt iona l

Previous reflux surgery or current tracheostomy, gastrostomy, hypersecretory disorder, recent use of a PPI
or H2 blocker, allergy to PPls, current systemic steroid use, history of laryngeal or pharyngeal tumor or
neck irradiation, recent intubation, vocal cord paralysis, or granulomatous disease

o significant difference in reflux symptoms scores, laryngeal reflux grade , or SF-36 summary

:2:18 Yold
Mean 52.8 y
Male 23.8%

Rabeprazole 20 mg b.i.d. for 2 mo

Lifestyle modifications (reflux precautions) both groups

Doub le blind

33 patients in each group with assumption that PPI to placebo response was 670/0-30 % (5% alpha error,
power =80% with 10% dropout rate )

No serious adverse events

Ref =randomized controlled trial. SF-36 =Short Form 36, PPI =prot on pump inhibit or, ANCOVA =analysis of covariance, Cl =confidence
interval, b.i.d. = twice a day.
• Sample size: numbers shown for tho se completing the trial and those initially enrolled.
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Reference

Level (design)

Sample size'

Reflux measures

Crossover group
results

Difference of mean
changes: PPI vs contro

Conclusion

Time of assessment

Inclusion criteria

Exclusion criteria

Rand omi zation
effectiveness

Patient characteristics

PPI regimen

Other treatm ent used
for reflux

Masking

Pretrial power
calculation

Morbid ity

Ehe rer, 2003

I (RCT crossover)

14 (2 1)

OUTCOMES

Reflux symptom scores.
Sum of frequency scores~ multipl ied by the intensity score 0-3, esophageal~8, laryngeal 0-72

Videolaryngoscopy
Scores 1- 3
10 items. maximum score of 30

Mean change for laryngeal symptom scores:
PPIIplacebo group 8.3
Placebo/PPI group 10.3
Mean change for esophageal scores:
PPIIplacebo group 2.2
Placebo/PPI group SA
Mean change for laryngeal signs scores:
PPIIplacebo 8.0
Placebo/PPI 5.6

Laryngeal symptom scores: -2.0 (95% CI: - 13.151 to 9.151) [p = 0.7107J
Esop hageal scores: -3.20 (95% CI: - 9.777 to 3.377) [p = 0.3202J
Laryngeal signs scores : 2.40 (95% CI: -3.804 to 8.604) [p = 0.4270J

PPls may be helpful in reflux laryngitis patient s but the long-term advanta ge over placebo is not clear

Entry. 3 rno, 6.5 mo

STUDY DESIGN

Patients :2: 18 Yold with hoar seness. other laryngeal symptoms of 2 mo duration , and laryn gitis on
examination, and abnormal 24-h dual pH prob e

Smo kers, other identifiable causes of laryngitis, laryngeal malignancy or histor y of laryngeal surgery

Not reported

20-70 y old
Mean 48 y
Male 76.2%

Pantoprazole 40 mg b.i.d. for 3 rno, followed by a 2-wk washout then a crossover to placebo b.i.d. for 3 mo
or vice versa

Not reported

Doubl e blind

IS total pat ients with assumption placebo was half as effective as treatm ent (5% alpha error, power of 0.8)

No adverse events

Ref = rand omized contro lled trial. SF·36 = Shor t Form 36. PPJ = proton pump inhibitor. ANCOVA= analysis of covariance. CI = confidence
interval, b.i.d. =twice a day.
• Samp le size: numbers shown for those completing the trial and those initially enro lled.
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Reference

Level (design)

Sample size'

Reflux measures

PPI-treated group

Placebo -treated group

Difference of mean
changes: PPI vs control

Conclusion

Time of assessment

Inclusion criteria

Exclusion crite ria

Randomization
effectiveness

Patient characteristics

PPJ regimen

Other treatment used
for reflux

Masking

Pretrial power
calculation

Morbidity

Noordzij.2001

I (RCT)

30 (30)

OUTCOMES

Reflux symp toms questionnaire
Laryngeal score sum of 6 items severity 0-100 x frequency in past 14 d
Maximum is 1400 for each symptom

Videostrobolaryngoscopy
Scores 0-3 for 5 items

Mean change in laryngeal score 976.4
p = 0.039 from repeated-measures ANCOVA
Range of mean changes for 5 signs 0.00-0.08

Mean change in laryngea l score 454.4
p = 0.827 from repeated-measures ANCOVA
Range of mea n changes for 5 signs -0.13 to 0.21

Laryngeal sco re:
p =0.098 from repeated-measures ANCOVA (nonsignificant for all 5 signs )
Difference of mean changes: 522 (95% CJ: - 962.35 to 2006.35 )

Significant improvement in laryngeal symptom score occurred for the Pl'l -t rcated group vs the control
group; however, endoscopic signs did not change significantly.

Entry, I rno, 2 mo

STUDY DESIGN

Adult patie nts with at least I symptom of reflux lar yngitis for 3 mo and >4 episodes of laryngopharyngeal
reflux on 24-h dual pH probe

Infectious laryngitis, laryngeal cancer, vocal fold lesions, seasonal allergies, occupat iona l lar yngitis

No significant difference in laryngeal reflux scores, lar yngeal reflux signs, o r LPR episodes on pH probe

Adults
Mean 48.7 y
Male 53.3%

Omeprazole 40 mg b.i.d. for 2 mo

Lifestyle modificat ions were discouraged .

Doub le blind

Not reported

No adverse reactions

RCT =randomized controlled tria l, SF-36 =Shor t Form 36, PPI =proton pump inh ibitor, ANCOVA =ana lysis of covariance . CI =confidence
inter val, b.i.d. = twice a day. .
• Sample size: numbers shown for those completing the trial and those initially enrolled.
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Reference

Level (design)

Sample size'

Reflux measures

PPI-treated group

Placebo- treated group

Difference of mean
changes: PPI vs control

Conclusion

Tim e of assessment

Inclusion criteria

Exclusion criteria

Rand omi zation
effectiveness

Patient charac teristics

PPI regimen

Other treatm ent used
for reflux

Masking

Pret rial power
calculation

Morbidity

EI-Serag,2001

1 (RCT)

20 (22)

OUTCOMES

Reflux symptoms (8) items.
Complete resolution of all 8 or not

Videolaryngoscopy
signs (4), complete resolution of all 4 or not

6 symptom complete responders and 6 partial responders
2 signs complete responders
5 parti al responders

1 symptom complete responder and 9 parti al responders
osigns complete responders and 3 partial responders

Symptom resolution: Difference of proportions: 40% (95% CI: 0.9%54.9%) [p = 0.04491
Signs resolution: Differen ce of proportion s: 28.3% (95% CI: -13.2% to 59.7%)

Significant symptomatic benefit to adult patients with reflux laryngitis when treated with a PPI; however,
laryngoscopy signs did not change significantly.

Entry, 6 wk, 3 mo

STUDY DESIGN

Adult patients with idiopathic chronic laryngiti s with hoa rseness, th roat clearing , dr y cough, globus, or sore
throat for at least 3 wk, and physical findings of posterior laryngitis. Pathologic reflux on 24-h dual pH prob e

Infectiou s or allergic causes of laryngitis, aerodige stive cancers, history of radiation or gastrointestinal
surgery

No significant difference in laryngeal reflux symptoms or signs, or results from 24-h dual pH prob e

Adult s
Mean 61.7 y
Male 95.5%

Lansoprazole 30 mg b.i.d, for 3 mo

Not report ed

Doub le blind

11 patient s in each group to detect 70% difference in efficacy (5% alpha error, 20% beta error)

Not reported

Ref =random ized controlled trial, SF-36 =Shor t For m 36, PPJ =prot on pump inhibitor, ANCOVA =analysis of covariance, CI =confidence
interval, b.i.d . = twice a day.
• Sample size: numbers shown for those completing the trial and those init ially enro lled.
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Reference

Level (design)

Sample size'

Reflux measures

PPI-treated group

Placebo-treated group

Difference of mean
changes: PPI vs control

Conclusion

Time of assessment

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Patient characteristics

PPI regimen

Other treatment used
for reflux

Masking

Pretrial power
calculation

Morbidity

Havas, 1999

I (RCT)

15 (20)

OUTCOMES

Reflux cervical symptom scores.
Sum of scores 0-3 for severity and 0-4 for frequency for 4 items. Maximum 28

Laryngoscopy signs staged 0-5

Mean change in symptoms score 3.875
Mean change in laryngoscopy grade 1.25

Mean change in symptom score 3.860
Mean cha nge in laryngoscopy grade 1.17

Cerv ical Sym ptoms: 0.015 (95% CI: -6.43 to 6.46) [I' = 0.9961]
Laryn goscop y grade : 0.08 (95% CI: - 1.52 to 1.68) [I' =0.921

PPI treatment was no better than placebo in the treatment of patients with posterior pharyngolaryngitis.

Entry, 6 wk, 12 wk

STUDY DESIGN

Adult patients with posterior laryngitis

Patients with neurologic disorders, chronic airway obstruction, use of current antisecretory medicines,
severe erosive esophagitis, and professional voice users

No significant difference in reflux symptoms or laryngeal grade

32-76 Yold
Mean 53.6 y
Male 46.7%

Lansoprazole 30 mg b.i.d. for 3 010

ot reported

Double blind

Not reported

No adverse reactions

RCT = rand omized controlled trial, SI'-36 =Short Form 36, PPI =proton pump inhibitor, ANCOVA =an alysis of covariance, CI =confidence
inter val, b.i.d. =twice a day. .
• Sample size: numbers shown for tho se completing the trial and those initi ally enrolled.
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24 Unilateral Vocal Cord Paralysis

Unilateral vocal cord paralysis: Introductory overview

Randall C. Paniello

METHODS OVERVIEW

For initial inquiries into this topic, a computerized
PubMed search of Medline listings from 1966-2005 was
performed in January, 2006, using key words "vocal",
"fold" or "cord", "paralysis" or "paresis" or "immobility"
or "movement impairment", and "treatment," The search
was filtered to include only papers published in English,
involving human subjects, and including abstracts. This
process yielded 1,930 publications. The search was then
further limited by excluding single case reports, papers
on the incidence or etiology of vocal fold paralysis, review
articles with no new patient data (except meta-analyses),
duplicate or follow-up papers, and papers focusing on
non-voice outcomes such as swallowing. The remaining
papers were reviewed and graded for their level of evi
dence, and then categorized into the subheadings of this
charter to the extent possible. The bibliographies of the
selected papers were reviewed to determine whether any
additional studies had been missed in the search, and
these were added.

DATA OVERVIEW

The final list included 154 studies. Most studies focused
on a single treatment method-a certain injectable agent
or operation. A few studies compared two varieties of the
same operation, such as two different injectable agents
or two different types of medialization surgery; such
studies are considered in their respective topic-specific
section below. Other studies compared two completely
different approaches to treating unilateral vocal fold
paralysis (UVFP), such as medialization versus reinner
vation; these studies were considered in a separate section
to emphasize their importance.

Thus, the set of papers was further organized into
the following topics for this chapter on UVFP.

Vocal fold injection methods (24.B)
Laryngeal framework surgery methods

Medialization laryngoplasty (24.C.i)
Arytenoid adduction (24.C.ii)

Laryngeal reinnervation (24.D)
Studies comparing methods from above groups (24.E,

24.F)

A number of important topics related to vocal fold
paralysis were omitted from this review because of the

relative paucity of relevant publications. These include
vocal fold paralysis in children; diagnostic studies such
as electromyography; intraoperative monitoring of the
laryngeal nerves; and the role of primary voice/speech
therapy for treatment.

POTENTIAL COMMON CONFOUNDERS
AND BIASES

One problem common to every paper reviewed was that
the criteria for the diagnosis of vocal fold paralysis were
not specifically defined. Many otolaryngologists believe
that the range of possible vocal fold mobility follows a
continuum from normal, to mild-moderate-severe
weakness (paresis), to complete adductor paralysis.Thus,
it is never entirely clear where an author draws the dis
tinction among normal, paresis, and paralysis. For this
review, the authors' diagnoses were accepted as pub
lished, but it is clear that some cases of moderate to
severe paresis were included in some papers that would
have been excluded from others.

Another problem common to most of these papers
was the relatively small number of subjects. Some of the
papers included patients with vocal fold paralysis as well
as patients with other diagnoses that had undergone the
same treatment (e.g., vocal cord injection for UVFP or
for vocal fold atrophy). In the summary tables, the
numbers of patients listed include only the subgroups
that had the diagnosis of vocal fold paralysis. Also, most
of the studies included no untreated patients or other
control groups.

The studies that compared two different general
approaches to treating UVFP, such as medialization
versus reinnervation, comprise the most interesting
papers in this chapter, but they share a common short
coming: they are not randomized. Instead, the patients
were assigned to one group or the other by the surgeon(s),
based on some typically undefined criteria . Typicallythis
was done because the surgeon believed the patient would
be better treated by a particular procedure; for example,
some surgeons use injection to medialize the vocal folds
of patients with small glottal gaps, and use an open
implant technique for patients with larger gaps. Thus, the
two patient groups could be fundamentally different
because of a very strong selection bias.

A potential confounder common to several of these
studies relates to the use of speech therapy. Some of the
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publications indicate that speech therapy was used in
some cases during the follow-up period to augment the
result. This creates a significant problem) as it then cannot
be determined how much of any measured benefit should
be attributed to the primary surgical intervention) and

how much to the speech therapy. Furthermore) speech
therapy tends to be highly individualized and thus
very difficult to standardize; it may be best to hold any
speech therapy until after the observation period and
exclude any patient that violates this restriction. Most
of the studies do not specifically state that speech
therapy during the observation period was prohibited
or regulated.
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Vocal fold injection: Impact on subjective and objective measures of voice

Randall C. Paniello

METHODS

A computerized PubMed search of MEDLINE listings
from 1966 to 2005 was performed, using keywords
"vocal;'"fold" or "cord.T'paralysis" or "paresis" or"immo
bility" or "movement impairment;' and "treatment." This
process yielded 1930 publications. Papers were reviewed
to identify those that met the following inclusion criteria:
1) adult patient population with unilateral vocal cord
paralysis, 2) intervention with injectable material to
medialize the paralyzed cord, 3) results reported in terms
of subjective or objective measures of voice. The search
was then further limited by excluding single case reports,
papers on the incidence or etiology of vocal fold paral y
sis, review articles with no new patient data (except
meta -analyses), duplicate or follow-up reports, and
papers focusing on nonvoice outcomes such as swallow
ing. The bibliographies of the selected papers were
reviewed to determine whether any additional studies
had been missed in the search, and these were added. A
total of 42 papers met the search criteria [1-42] .

RESULTS

Outcome Measures. The goal of injection laryngoplasty
is to move the vocal fold toward the midline by injecting
a selected material lateral to the vocal fold. All of the
studies attempted to report both subjective and objective
data regarding the functional effect of this procedure.
The subjective data were most frequently a qualitative
rating provided by the patient, or by one or more "expert"
judges that listened to recordings of the patients' voices.
The judges' training or qualifications for rendering these
evaluations was usually not given, except to state what
professional training they had (speech pathologist, oto
laryngology resident, etc.); the basis criteria for such
judgments was not reported. The objective data were
usually measurements of the maximum phonation time
(MPT), the fundamental frequency range (FOr), or com
puterized analyses of a sustained vowel sample, for the
frequently cited relevant waveform measurements. Vid
eostroboscopy was often described either qualitatively, or
more quantitatively by a measure of open quotient or
membranous contact quotient. In addition to MPT, other
aerodynamic measures such as airway pressure were
often reported.

Potential Confounders. There is significant potential
variation in the technique of vocal fold injection: loca
tion (anterior-posterior, medial-lateral, intramuscular
or paraglottic), volume, transcervicalltransoral, etc. This
problem could potentially be overcome by using a pro
spective study design in which the injection site and
method are prespecified.

Study Designs. Within the 42 relevant studies identi
fied, the injectable materials studied included autologous
fat (14), collagen (5), acellular dermis (3), fascia (5),
Teflon (4), silicone (5), and others/mixed (6). The injec
tion material and evidence level provided by these studies
are summarized in tabular format below. Eight of the
studies are highlighted in additional detail in an adjoin
ing table [2-9].

The study by Hertegard et al. [6] is one of only two
prospective randomized controlled trials (RCTs) in the
unilateral vocal fold paralysis (UVFP) literature. The
injectable material (bovine collagen versus hyaluronan)
was randomized and the patient (but not the surgeon)
remained blinded to the assignment. The patients were
all evaluated by a speech pathologist preoperatively, and
those judged appropriate received voice therapy before
entry in the study. One problem with this study is that
both study arms included equal numbers of patients with
paralysis and with glottal insufficiency because of vocal
fold bowing, and the data were not formally segregated
by diagnosis (although it is stated that there was no dif
ference in results between these two groups). It is not
stated in the article how many patients with UVFP were
randomized into each arm.

The remaining studies lacked a separate control
group. In these studies, patients received the intervention
and their postoperative results were reported in either a
prospective or retrospective manner. A wide variety of
injection techniques were analyzed, such as transoral,
transnasal, and transcutaneous approaches. Specific
aspects of the technique of injection were nonuniformly
reported.

Highest Level of Evidence. Among these papers, only
two studies were prospective RCTs,providing level 1 evi
dence. Hertegard et al. reported a significantly better
result with hyaluronan than with collagen; hyaluronan
resorbed less and lasted longer over a period of 1 year.
There were also 16 level 2 studies, 13 level 3 studies, and
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11 level 4 studies. All 42 studies reported favorable voice
outcomes with cord injection and their details are shown
in the adjoining tables. Similar results were found using
all of the different materials reported. Overall, the results
supported the use of injection laryngoplasty for patients
needing 6 weeks to 12+ months of benefit, or for patients
willing to undergo repeat injections as needed for longer
term benefit.

Applicability. The patients in these studies were all
adults with unilateral vocal fold paralysis with diverse
etiologies, and the results are applicable to this patient
population.

Morbidity/Complications. There were very few compli
cations in any of the studies. The bovine collagen injec
tion studies used a subcutaneous test injection to verify
that the patients did not have an allergy. All of the injec
tion materials, given transorally or transcutaneously,
seemed to have been well tolerated by the patients. Long
term problems from the injected materials (e.g., granu
lomas) were not observed, although the follow-up periods
were 1 year or less.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

The role of injection laryngoplasty is not yet fullydefined,
and continues to evolve. These studies demonstrate,
mostly with level2 or 4 evidence, that voice improvement
can be expected if the vocal fold is moved toward the
midline, irrespective ofwhich material is used. The time
frame of that effect, however, is variable. The continued
search for an ideal injection material relates to the dura
tion of effect. Initial publications focused on Teflon, col
lagen, and liquid silicone papers , whereas later papers
moved toward autologous fat, micronized acellular
dermis, and calcium hydroxylapatite injectables. Overall,
the roles of injection laryngoplasty at present seem to be
1) a temporizing maneuver for patients with acute UVFP
who need immediate improvement, but in whom some
recovery or compensation is considered likely; or 2) a
reasonable minimally invasive option for terminal

patients (frequently,with UVFPas a result oflung cancer)
or for other patients whose medical condition precludes
an open procedure such as thyroplasty.

The RCT by Hertegard et al. demonstrates that ran
domized trials can be successfully performed in this
patient population. If an injectable material is found that
offers longer-lasting benefit, it would be reasonable and
valuable to perform a prospective RCT comparing that
injection to an open procedure such as type I thyroplasty.
(Thyroplasty is discussed in the following section.) The
ease of performing vocal fold injections in an outpatient
setting has led some to conclude that the injection
approach may be preferable to an open procedure, even
if it needs to be repeated periodically. A longitudinal
randomized study, focusing on quality of life issues,
would be the best way to weigh the "hassle factor" of
returning to the clinic for repeat injections against the
simplicity of avoiding an open neck procedure. Such a
comparison may be the most feasible, because accumu
lating untreated control groups willing to remain
untreated for long follow-up times may be difficult; most
patients do present to the clinic requesting some treat
ment and thus may be unlikely to agree to a prolonged
untreated period.

Future studies should also increase the number of
patients enrolled. Only one paper in this group had more
than 30 patients in the study. None of the papers reported
a formal power analysis, but clearly the statistical power
of these studies can be a critical issue.

Vocal fold Injection: Data overview

Evide nce level

Injection mat erial 2 3 4 Tota l

Fat 0 6 7 14

Collagen 0 0 3 2 5

Acellular dermis 0 3 0 0 3

Fascia 0 5 0 0 5

Teflon 0 2 4

Silicone 0 3 2 0 5

Other/mixed 2 3 0 I 6

Total 2 16 13 II 42



Publications meeting criteria

First author, year Level (design) Sample size Material used

Pearl 2002 2 (prospective) n = 14 AlloDerm

Milstein 2005 2 (prospective) n = 20 AlloDerm

Karpenko 2003 2 (prospective) n = 10 AlloDe rm

Ford 1986 3 (retrospective) n = 54 Collagen

Ande rson 2004 4 (retrospective) n=2 Collagen

Remade 1999 3 (retrospective) n=8 Collagen

Remade 1999 3 (retrospective) n = 13 Collagen

Sagawa 1999 4 (retrospective) n = 17 Collagen

Rihkanen 1998 2 (prospective) n=9 Fascia

Rihkanen 1999 2 (prospective) n = 18 Fascia

Saari nen 2000 2 (prospective) n = 10 Fascia

Reijonen 2002 2 (prospective) n = 14 Fascia

Rihkanen 2004 2 (prospective) n = 14 Fascia

Shaw 1997 2 (prospective) n = 22 Fat

Hsiung 2000 3 (retrospective) n=9 Fat

McCulloch 2002 3 (retrospective) n =44 Fat

Brandenburg 1996 4 (retrospective) n = 10 Fat

Brandenburg 1992 3 (retrospective) n= 11 Fat

Mikaclian 1991 4 (retrospective) n=3 Fat

Umeno 2005 3 (retrospective) n =41 Fat

Havas 2003 4 (retrospective) n = 45 Fat

Tucker 2001 3 (retrospective) n = 23 Fat

Oluwole 1996 4 (retrospective) n = 14 Fat

Shindo 1996 4 (retrospective) n = 21 Fat

Laccourreye 1998 4 (retrospective) n=3 Fat

Laccourreye 1999 3 (retrospective) n = 20 Fat

Laccourreye 2003 4 (prospective case series ) n = 80 Fat

Belafsky 2004 2 (prospective) n = 14 Calcium hydroxyapati te

Rosen 2004 2 (prospective) n = 11 Calcium hydroxyapatite

Harries 1998 2 (prospective) n=8 Teflon

Ch u 1997 3 (retrospective) n = 20 Teflon

McCaffrey 1989 4 (retrospective) n = 19 Teflon

Weber 1985 3 (retrospective) n= III Teflon

Duruisseau 2004 3 (retrospective) n = 19 Silicone

Iwatake 1996 3 (retrospective) n = 30 Silicone

Hira no 1995 2 (prospective) n = 240 Silicone

Hirano 1990 2 (prospective) n = 42 Silicone

Hirano 1988 2 (prospective) n = 10 Silicone

Hallen 2001 2 (prospective) n=6 Ot her

Sittel 2000 4 (retrospective) n=7 Ot her

Hertega rd 2004 I (randomized) n = 70 Ot her

Hertegard 2002 I (randomized) n = 83 Other
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Reference Hertegard, 2002 Hirano, 1995 Harries, 1998 Rihkanen , 2004

Level (design) I (randomized controlled tria l) 2 (prospective 2 (prospective 2 (prospective
comparative) comparative) comparative)

Sample size 29 with uni lateral 240 8 12
paralysis, 83 total

Material(s) Hyalu ron an Co llagen Silicone Teflon Fascia

OUTCOMES

Objective MPT 9.3 ~ 11.7, MPT 9.6 ~ 9.5, MPT 4.3 ~ 10.6, MPT 3 ~ 8, Gap index 7.2 ~ 1.7,
variables, results MCQ 0.52 ~ 0.73 MCQ 0.38 ~ 0.66 FOr 15.2 ~ 18.6, SPLmax 79 ~ 96, MPT 5.8 ~ 1104, Grade

SPL 20.8 ~ 29.2 SNR 4.7 ~ 11.1 3.3 ~ 7.6, NHR 0048~
0.19

Subjective Self-rated 100-pt VAS: Self-rated 100-pt Self-eval. 100-pt Self-rating voice Listener panel: better
variables, results H 38 ~ 61 VAS: 35 ~ 59 scale 23.8 ~ 68.8 204 ~ 6.7 ro ughness and

breathiness

Duration of effect 12+mo 12+mo 12+mo 6+wk 12+mo

Control None None None None None

p Value <0 .05 vs baseline NS <0.05 vs baseline <0.01 <0.05 <0.00 I to <0.002
vs collagen NS vs hylan B

Conclusion Hylan B better result than collagen, resorbs Highly effective Good short-term Safe and effective
less and lasts longer result

Follow-up time I y I d-9 y, mean 6wk Mean 13 mo
8 mo

Inclusion criteria

Exclusion criteria

Intervention

regimen details

Age range (mean)

Masking

Morbidi ty!
complications

UVFP

<18 Yold; prior Rx;
alle rgy to Rx;
pregnant;
inflammatory disease

Transoral, transnasal,

or suspension DL

23-90 Y (66 y)

Patients blinded to
study arm

3: local inflammation
at I wk

None

STUDY DESIGN

UVFP UVFP, terminal UVFP, failed voice
therapy

NR NR Age <10 or >80 y,
revisions

Transcutaneous Transcutaneous Suspension DL
injection with injection with
FOE monitor FOE monitor

17-86 y (59 y) 41-72 Y (67 y) 42-73 Y (59 y)

NR NR NR

7: dyspnea, I: None NR
granuloma

NR =not reported, DL =direct laryngoscopy, NS =not significant, VAS =visual analog scale, MI'T =maximum phonation time, 1'0r =fundamental
frequency range, MCQ =membranous contact quotient, SPL =sound pressure level, SNR =signal -to-noise ratio , NHR =noise-to-harmonic ratio,
FOE =fiberoptic examination, UVFI' =unilateral vocal fold paralysis, pt =point.
When a study reported a change in a parameter from pretreatment to posttreatment, this is indicated in the table by the two values separated by an
arrow (e.g., 4. 1 -t 11.5).
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Reference Shaw, 1997 Ford, 1986 Pearl, 2002 Belafsky, 2004

Level (design) 2 (prospective 3 (retrospective 2 (prospective 2 (prospective
comparative) comparative) comparative) comparative)

Sample size II 56 14 14

Material(s) Fat Collagen AlloDerm CaHA

OUTCOMES

Objective variables, FOr 102 -7 168, OQ 0.887 MPT 16 -722, V. MPT 3.8 -7 6.7, Videostrobe-good
results -70.690, intensity 70 -7 74, jitter 5.14 -7 2.31, mucosal waves

closure 1.8 -7 4.0, FO 160 -7 160 shimmer 10.86 -7 3.74
Grade 4.7 -7 2.9

Subjective variables, Self-rat ing effort 3.7 -7 1.5, Improved subjective VHI 62.8 -7 37.5 Glottic closure index

results sound 4.3 -7 1.7, parameters 15 -7 5
function 4.3 -7 1.8

Duration of effect 12-18+ mo 12+mo 3+ mo TBD

Control None None None None

p Value <0.05 NR <0.0I to <0.05 <0.0001

Conclusion Highly effective Good results are Safe,good shor t-term Likely safe and
technique-related results effective

Follow-up time I y I Y 3 mo mean 20 wk

STUDY DESIGN

Inclusion criteria UVFP with gap <5 mm UVFP with GI "Permanent" UVFP UVFP

Exclusion criteria NR D RTC; positive skin R R
test

Intervention regimen Suspension DL Transoral injection Suspension DL Suspension DL
details

Age range (mean) 28-81 y (55 y) 26-77 Y(55 y) 39-87 Y(58 y) (62 y)

Masking R NR R NR

Morbidity/complications NR R 2/14 p-op stridor 2: resorption at 3 mo

R =not reported, GI =glottic insufficienc y, DL =direct laryngoscopy, VHI =voice handicap index, NS =not significant, MPT =maximum
phonation time, FOr=fundamental frequency range, OQ =open quotient, SPL =sound pressure level, CaHA =calcium hydroxylapatite, THD =to
be determined, UVFP = unilateral vocal fold paralysis, DNRTC = did not return to clinic .
When a study reported a change in a parameter from pret reatment to posttreatment, this is indica ted in thc tab le by the two values separated by an
arrow (e.g., 4.1 ~ 11.5).
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Open medialization with implant: Impact on subjective and objective measures of voice

Randall C. Paniello

Laryngeal framework surgery for unilateral vocal cord
paralysis includes two complementary but different
approaches to achieving vocal fold medialization. The
first approach comprises medialization procedures
involving an implant, similar to Isshiki's type I thyro
plasty. In medialization laryngoplasty (ML), the vocal
fold is pushed toward the midline by placing an implant
between the vocal fold and the inner aspect of the thyroid
cartilage. An additional approach (arytenoid adduction)
is discussed in the subsequent section.

METHODS

A computerized PubMed search of MEDLINE listings
from 1966 to 2005 was performed, using keywords
"vocal.Tfold" or "cord:"'paralysis" or "paresis"or"immo
bility" or "movement impairment:' and "treatment." This
process yielded 1930 publications. Papers were reviewed
to identify those that met the following inclusion criteria:
1) adult patient population with unilateral vocal cord
paralysis, 2) intervention with ML (i.e., placing a solid
implant between the vocal fold and the inner aspect of
the thyroid cartilage to medialize the paralyzed cord), 3)
outcome measured in terms of subjective or objective
measures of voice. The search was then further limited
by excluding isolated case reports of single patients,
papers on the incidence or etiology of vocal fold paraly
sis, review articles with no new patient data (except
meta-analyses), duplicate or follow-up papers, and papers
focusing on nonvoice outcomes such as swallowing. In
addition, articles that focused on bilateral vocal cord
paralysiswere excluded.The bibliographies of the selected
papers were reviewed to determine whether any addi
tional studies had been missed in the search, and these
were added. A total of 52 papers met the search criteria
[1-52].

RESULTS

Outcome Measures. Several of these studies used Hira
no's GRBAS scale (Grade, Roughness, Breathiness,Asthe
nia, Strain), a perceptual rating system that can be taught
and standardized. Also frequently reported were other
objective measures based on computerized waveform
analysis of sustained vowels, especially noise-to-har
monic ratio (NHR), jitter percent, and shimmer percent .
The NHR is directly related to the amount of random

vibration that occurs from a flaccid, paralyzed fold that
is not making good contact with the opposite side (i.e.,
it is a measure with high sensitivity for the condition
under study). Maximum phonation time was used as
an indirect measure of the glottal gap in some studies.
Most studies did not directly measure glottic gap by
videostroboscopy.

Potential Confounders. Potential confounders are mul
tiple, as described in the initial overview in this chapter.
For example, the use of concomitant voice therapy should
ideally be taken into account. The additional variable of
voice therapy may influence results in addition to the
implant that is the focus of the study. More than half of
the patients in the Schneider study had preoperative and
postoperative speech therapy, whereas the authors of the
McLean-Muse study specificallynoted that none of their
patients underwent voice therapy between preoperative
and postoperative evaluations.

StudyDesigns. Within the 52 relevant studies, the types
of implant material included silastic (20) , the Montgom
ery implant (silicone) (5), GORE-TEX (expanded
polytetrafluoroethylene, or ePTFE) (6), titanium/metal
lic (6), and others (6). Ten of the reports did not spe
cifically state which implant type was used. There were
20 level 2 studies, 24 level 3 studies, and 9 level 4 studies,
which were categorized by the type of implant and study
design as shown in the table below.

Sevenstudies (selectedby the criteria described in the
overview to this chapter) are highlighted in additional
detail in the adjoining table [10-16]. The paper by Plant
et al. is presented in detail because it was the only study to
use an untreated control group. For this "observation"
group, voice recordings were made at two separate points
in time (interval not reported) with no treatment per
formed between recordings. Nouwen et al. compared two
types of ML (Montgomery implant versus GORE-TEX
implant), but it is noted in the paper that "the decision of
which technique to choose was left to the surgeon's dis
cretion." This discretion, which may have favored the use
of one implant in more affected patients, as well as the
difference in the pretreatment voice severity scores
between the two groups, must be taken into account with
the direct comparison of the two implants.

The majority of studies regarding this topic com
pared preoperative to postoperative results. In the Haijoff
study, 27 patients underwent silastic implantation; they
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completed preoperative and postoperative vocal perfor
mance questionnaires; the Nottingham Health Profile
(NHP); instrumental analyses of jitter, shimmer, and
NHR; and perceptual analysesof GRBAS. The McCulloch
paper compared preoperative and postoperative voice
scores with expanded polytetrafluoroethylene (GORE
TEX) ML in 16 patients. In the Lu study, 53 patients with
unilateral vocal fold paralysis (UVFP) underwent vocal
function evaluation preoperatively and up to 6 months
postoperatively.Vocal-function assessment included vid
eostrobolaryngoscopic examination, acoustical and aero
dynamic analysis, and perceptual judgment of voice
characteristics. In the McLean-Muse study, 43 patients
who were treated with the Montgomery Thyroplasty
Implant System underwent preoperative and postopera
tive videostroboscopic, acoustic, aerodynamic, and clini
cal evaluations. Schneider reported the results with a
titanium medialization implant in 28 patients; perceptive
voice sound analysis, voice range profile measurements,
videostroboscopy, and pulmonary function tests were
performed. Most studies in this group had relatively
short follow-up periods, with most patients followed for
only 1-4 months, although follow-up was as long as 30
months in selected reports.

Highest Level of Evidence. Among these studies, nearly
all showed improvement after this procedure. There were
some patients in most studies that had little benefit and
a rare patient that was worse, but the vast majority were
better after medialization in every study.

The level 2 studies highlighted in this section
showed that ML was an effective treatment for patients
with UVFP. In the Plant study, the observation group
showed a very slight deterioration in voice rating, com
pared with a significant improvement in rating in the
postoperative group. In the Haijoff study, significant
improvements were found in instrumental, perceptual
and self-assessment of voice and the energy, social, and
emotional dimensions of the NHP. Three patients had
initially poor results but were successfully revised. The
Lu study showed significant improvements in glottic-gap
size, maximum phonation time, glottic-flow rate, jitter,
NHP, breathiness, hoarseness, loudness, and phrasing
after thyroplasty and remained stable as early as 1 month
postoperatively, with only slight fluctuations over a 6
month period. The McLean-Muse team reported
improvements in postoperative glottal closure, vocal fold
amplitude, mucosal wave activity, average intensity,
maximum intensity range, maximum phonation time,
glottal airflow, average sound pressure, and subglottal
pressure. They also noted that a majority of patients
expressed satisfaction with the surgery and resulting
voice quality. In the Schneider study, all voice-related

parameters showed a significant improvement after tita
nium implantation.

Applicability. These studies included only adult patients
with UVFP. A minority of subjects had undergone previ
ous vocal fold injection or arytenoid adduction.

Morbidity/Complications. The complication rate in
these studies was small. The most significant complica
tion was the need to place a tracheotomy in one patient.
Among 236 patients in seven publications, there were five
cases of implant extrusion (2.1%), and three cases of
implant malpositioning (1.3%). Occasional minor
medical complications, consistent with UVFP patients'
underlying disease processes, were also reported.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There are 52 studies that focus on patients who under
went ML for adult UVFP. All papers showed that the
majority of patients improved after medialization. Also,
one study (Plant et al.) showed that patients who were
implanted had significantly better voice outcomes than
those who underwent observation alone. One additional
study compared two types of ML (Montgomery implant
versus GORE-TEX implant), but differences in the pre
treatment voice severity scores between the two groups
temper interpretation of their results.

Some authors have reported that the initial benefit
from ML may diminish with time, because of late vocal
fold atrophy (up to 2 years post-onset). In considering
future research,longer follow-up periods would be helpful
in determining whether any of the ML implants is more
robust against the effects of atrophy. Future studies may
followthe example of Plant et al.byincluding an untreated
observation group. In addition, potential confounders
such as the concomitant use of voice therapy could be
strictly controlled. In addition, there are multiple vali
dated instruments to measure voice outcomes that could
be utilized further in prospective studies.

Open medialization with implant: Data overview

Evidence level

Implant type 2 3 4 Total

Silastic 0 6 II 3 20

Not stated 0 6 0 4 10

Montgomery 0 2 2 5

GO RE-TEX 0 3 3 0 6

Titanium/metal 0 0 6 0 6

Other 0 3 2 6

Total 0 20 24 9 52

Composite total is not additive because one study used both GORE
TEX and Montgomery implants.



Publications meeting criteria

Firs t author, year Level (design) Sample size Material used

Gray 1992 2 (prospective) n = 15 Not specified

Harri es 1995 2 (prospective) n = 10 Not specified

Adams 1996 2 (prospective) n=9 Not specified

Plant 1997 2 (prospective) n = 16 Not specified

Hajio ff 2000 2 (prospective) n = 27 Not specified

Sridhara 2003 2 (prospective) n = 15 Not specified

Hamdan 2004 4 (retrospective) n =NA Not specified

Rosingh 1995 4 (retrospective) n = 29 Not specified

Kumar 2001 4 (retrospective) n = 10 Not specified

Bryant 1996 4 (retrospective) n =4 Not specified

Ramadan 1996 3 (retrospective) n = 29 Silastic-
Gorham 1998 3 (retrospective) n = 38 Silastic

Lundy 2000 3 (retrospective) n = 26 Silastic

Lu 1996 2 (prospective) n = 49 Silastic

Lundy 2004 2 (prospective) n= 20 Silastic

Billante 200 1 2 (prospective) n = 28 Silastic

Billante 2002 2 (prospective) n =40 Silastic

Billante 2002 4 (prospective) n = 35 Silastic

Sasaki 1990 2 (prospective) n = 13 Silastic

Kou fman 1986 3 (retrospective) n= 11 Silastic

Mori 1994 3 (retrospective) n = 21 Silastic

Omori 1996 3 (retrospective) n= 20 Silastic

Omori 1996 3 (retrospective) n = 22 Silastic

Omori 2000 3 (retrospective) n = 18 Silastic

Hogikyan 2000 3 (retrospective) n = 30 Silastic

Shin 2002 2 (prospective) n = 20 Silastic

Kraus 1996 4 (retrospective) n = 48 Silastic

LaBianee 1992 3 (retrospective) n=8 Silastic

Abraham 2002 4 (retrospective) n= 11 Silastic

Abdel-Aziz 1998 3 (retrospective) n = 12 Silastic

Gliklich 1999 2 (prospective) n = 56 Montgomery

Mclean-Muse 2000 3 (retrospective) n = 43 Montgomery

Laccourreye 2005 3 (retrospective) n = 96 Montgomery

Montgomery 1997 4 (retrospective) n = 176 Montgomery

Nouwen 2004 2 (prospective) n = 57 GORE-TEX or Montgomery

McCulloch 1998 2 (prospective) n = 16 GORE-TEX

Seiber 2003 2 (prospective) n= 14 GORE-TEX

Cohen 2004 3 (retrospective) n = 16 GORE-TEX

Giovanni 1999 3 (retrospective) n = 13 GORE-TEX

Stasney 2001 3 (retrospective) n = 26 GORE-TEX

Dulguerov 1999 3 (prospective) n = 22 Other

Hong 2001 2 (prospective) n =6 Other

Nishiyama 2002 2 (prospective) n=8 Other

Alves 2002 2 (prospective) n = 16 Other

Tanaka 2004 4 (retrospective) n =9 Other

Sakai 1996 3 (retrospective) n = 10 Other

Schneider 2003 3 (retrospective) n = 14 Titanium/metallic

Schneid er 2003 3 (retrospective) n = 28 Titanium/metallic

Schneider 2003 3 (retrospective) n = 28 Titanium/metallic

Schneider 2003 3 (retrospective) n= 30 Titanium/metallic

Dean 2001 3 (retrospective) n = 53 Titanium/metallic

Friedrich 1999 3 (retrospective) n = 20 Titanium/metallic
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Reference

Level (design)

Implant type

Sampl e size

~cLean-~use,2000

3 (retrospective
comparative)

Montgomery

43

Nouwen, 2004

2 (prospective comparative)

GO RE-T EX Montgomery

24 33

OUTCOMES

Schneider, 2003

2 (retrospective
comparative)

Titanium

28

Objective variable s, results ~PT 7.5 ~ 15.7,
~IR 34.5 ~ 43.4,
~Wn1 13 ~ 3 1

Shimmer % 12.5~ 8.6,
NHR 0.26 ~ 0.2,
SR 116~ 130

Shimmer % 8.9 ~. 5.3, s/z 3.4 ~ 1.7,
NHRO.17~0.14, VDI2.6~ 1.3
SR 129~ 149

Subjective variabl es,
results

Untreated control

p Value

Conclusion

Follow-up time

80% of voices judged
improved 80% of
patients satisfied

None

<0.05

Implant system work s as
well as ot her methods

1.5- 30 mo

Self-assessment: "improved" 100%

None

<0.05

Montgomery implant better results than GORE
TEX; study limited by certain biases

I mo

Grade 2.7 ~ 1.0,
rough 2.6 ~ 1.0,
breathy 2.4 ~ 0.7

None

<0.001

Easy, worked well, all
parameters improved

6-30 mo

n = 3: unable to insert Montgomery, used GORE-TEX
n = 2: late-implant extruded/dislodged

Inclusion criteria

Exclusion criteria

Age range (mean)

Mask ing

Morbidity/complications

UVFP

NR

19- 83 Y(59 y)

Panel blinded to pre- or
postoperative

NR

STUDY DESIGN

UVFP

NR

35-86 Y (53 y)

NR

32-84 Y (57 y)

UVFP

NR

19-84 Y (57 y)

Not specified

n = 7: small
hematoma
n = I: repositioned

UVFP = unilat eral vocal fold paralysis, NHR = noise-to-harmonic ratio, MPT = maximum phonation tim e, MW = muc osal wave, MIR = maximum
intensity range, SR = speech rate (words/ min), VOl = voice dysfunction ind ex, NR = not reported.
When a study reported a change in a parameter from pretreatment to posttre atment, thi s is indi cated in the table by the two values separated by an
arrow (e.g., 4.1 ~ 11.5).
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Reference Hajioff, 2000 Plant , 1997 Lu, 1996 McCullough, 1998

Level (design) 2 (prospective 2 (prospective 2 (prospective 2 (prospective
comparative) comparative) comparative) comparative)

Implant type Silastic ot specified ot specified GORE-TEX

Sample size 27 16 49 16

OUTCO MES

Objective variables, results Jitter %. shimmer %. Pitch amplitude +1.51 GGap 3.3 ~ 1.2. R
NHR. MPT6~11 .

GRBAS improved jitter % 70 ~ 5

Subjective variables. results VPQ 35 ~ 18. Perceptual rating -1 .0 I Loud 2.4 ~ 3.7. Grade 2.3~ 1.1.
HPE 61~ 24. units breathy 2.5~ 0.75. breathy 2.0~ 0.4
HPS 10~ 0 hoarse 2.0~ 1.2

Untreated control one Untreated UVFP one None

p Value <0.001 <0.01 <0.05 <0.01

Conclusion Qua lity of life Pitch amplitude best Benefit at I 010 lasts to Works well. easy. can
improveme nt because correlate to perceptual 6 mo but never normal be combined with
of voice improvement rating other procedures

Follow-up time 1-14 010 (mean 4) 1- 10 wk (mean 3) 6010 1-1 2 010 (mean 6)

STUDY DESIGN

Inclusion criteria UVFP UVFP UVFP UVFP

Exclusion criteria R R Revisions R

Age range (mean) 44-91 y (66 y) (58 y) IfrSl y(52y) 13-83 Y(62 y)

Masking R Panel blinded to study Treating SLP R
group nonblinded ratings

Morbidity/complications n = I: pneumonia. R n = 3: late implant n = I: late trach
n = I: stridor extrusion n = 2: revisions

UVFP = unilateral vocal fold paralysis. HR= noise-to-harmonic ratio. GGap = glottal gap. R= not reported.VPQ = vocal performance
questionnaire. NHPE= ottingham Health Profile/Energy. HPS = Nottingham Health Profile/Social Isolation. SLP = speech language pathologist.
Whena study reported a change in a parameter from pretreatment to posttreatment. this is indicated in the table by the two values separated by an
arrow (e.g.. 4.1 ~ 11.5).
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Medialization laryngoplasty alone versus medialization with arytenoid adduction:
Comparative voice outcomes

Randall C. Paniello and Jennifer J. Shin

Arytenoid adduction (AA) procedures reposition the
arytenoid cartilage to move the vocal fold toward the
midline; traction on a suture passed through the muscu
lar process rotates the arytenoid so that the vocal process
moves medially.

METHODS

A computerized PubMed search of MEDLINE listings
from 1966 to 2005 was performed, using keywords
"vocal,""fold" or "cord.Tparalysis" or "paresis" or"immo
bility" or "movement impairment:' and "treatment." This
process yielded 1930 publications. Papers were reviewed
to identify those that met the following inclusion criteria:
1) adult patient population with unilateral vocal cord
paralysis, 2) intervention with medialization laryngo
plasty (ML) alone versus AA with ML, 3) outcome mea
sured in terms of subjective or objective measures of
voice. Studies that reported combined data (i.e., pooled
data from AA + ML combined with ML alone) from
which comparative data could not be extrapolated were
excluded. Also excluded were isolated case reports of
single patients, papers on the incidence or etiology of
vocal fold paralysis, review articles with no new patient
data (except meta-analyses), duplicate or follow-up
papers, and papers focusing on nonvoice outcomes such
as swallowing. The bibliographies of the selected papers
were reviewed to determine whether any additional
studies had been missed in the search, and these were
added. A total of three papers met the inclusion/exclu
sion criteria [1-3].

RESULTS

Outcome Measures. The Abraham report focused on
laryngoscopic estimates of the glottal gap and patient
report of symptomatic improvement. The McCullough
study measured patient ratings of voice discomfort and
quality of life. Measures of voice effort and GRBAS
(Grade, Roughness, Breathiness, Asthenia, Strain) scale
ratings were also used. Thompson used trained observer
evaluations of videostroboscopy recordings.

Potential Confounders. In these retrospective studies,
key confounders include the potential factors that would
prompt a surgeon to choose AA + ML instead of AA
alone. Even when some pretreatment group differences
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are acknowledged, there may be other intrinsic pretreat
ment differences of which the deciding surgeon is
unaware. Such pretreatment differences make it difficult
to determine whether posttreatment differences are
attributable to different treatments or to a preexisting
condition. In addition, the type of material and indi
vidual methods of medialization thyroplasty or adduc
tion could influence results. Also, the use of speech
therapy in one or both groups could alter outcomes.

Study Designs. There were three studies that provided
comparative data, all from retrospective case series. The
Abraham study was the largest; it compared symptom
improvement and glottic gap outcomes in nearly 200
patients. Patients who underwent ML alone were more
likely to have had a previous procedure. Having more
distortions from previous laryngeal surgeries in one
group could impact comparative results. Also, the group
treated with ML alone had been paralyzed longer than
the combined group, possibly affecting the degree of
atrophy present. Most of the patients in the study had
been treated for lung cancer, and about halfofthe patients
in each study arm had been previously treated with
radiation therapy to the chest (and possibly the neck),
making the results less generalizable to the noncancerous
population.

McCulloch also reported retrospective comparative
data. In this study, the combined ML + AA group were
younger and had wider pretreatment glottal gaps, with
>50% paralyzed from skull base surgery (high vagal inju
ries). These investigators attempted to address these dis
crepancies in noting that the preoperative voice
parameters were very similar. The McCulloch study also
included several patients who had already had prior
injections (58% of the ML-only patients versus 32% of
the ML + AA group). Follow-up times were approxi
mated to be one year or more .

The Thompson study provided additional retro
spective comparative data from 12 patients regarding ML
versus ML + AA. They reported a trend toward better
voice outcomes with ML + AA,but no statistical analysis
was reported and sample sizes were small. Follow-up
times ranged from 5 weeks to 15 months.

Highest Level of Evidence. There were three studies
that directly compared ML alone with ML +AA.All three
studies suggested that both procedures resulted in



improvements in patient symptoms and glottic closure.
McCulloch and Thompson reported a trend toward
more improvement with AA, but none of the three
studies demonstrated a statistically significant difference
between the two groups. Power calculations were not
reported. One study did not comment on group com
parison before treatment, but two studies noted that
there were differences in the groups even before treat
ment. As noted above, such pretreatment differences
make it difficult to determine whether posttreatment dif
ferences are attributable to the treatment or a preexisting
condition.

Applicability. All of the patients in these studies were
adults with unilateral vocal fold paralysis, from diverse
etiologies. Most of the Abraham et al. study patients had
a history of lung cancer; in fact, 470/0 of their study pop
ulation was dead ofdisease within 1year of implantation.
Thus, their data are more applicable to the patient popu
lation with cancer as compared to other data.

Morbidity/Complications. Two of the papers [17, 19]
included data on complications. There were five trache
otomies needed following combined AA + ML proce
dures (4.30/0), but no tracheotomies in the ML-only
groups. The Abraham et al. study reported complication
rates of 14% and 190/0 for the ML-only and AA + ML
groups, respectively, with about half of these complica
tions "significant enough to warrant intervention." There
were three implant extrusions, all in the ML-only
group.
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CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were three retrospective studies comparing voice
outcomes with medialization alone versus medialization
with AA. Both approaches result in voice improvement
by repositioning the paralyzed vocal fold in the midline.
Overall, no statistically significant differences have been
uncovered comparing the two procedures. To determine
what magnitude of study would be needed to uncover
such a difference, the data from these studies can be used
to calculate the sample size needed to uncover a clinically
meaningful difference between groups. Using the post
operative McCulloch patient quality of life data for cal
culations, 220 patients would be required to achieve a
900/0 power. Using the postoperative hoarseness data
from the Thompson study, >300 patients would be
required to achieve a 90% power. Thus, large sample sizes
are needed. The Abraham study numbers approached
these sample sizes and found no significant difference
between groups.

Future research may focus on providing prospective
data with larger sample sizes. In addition, there are mul
tiple validated instruments that assess the impact of a
treatment on vocal quality of life.Treatment of vocal fold
paralysis confers not only a change in voice, but also a
change in swallowing. Such swallowing outcomes are
worthy of further analysis.



THE EVIDENCE CONDENSED: Medialization laryngoplasty alone versus medlalization and arytenoid adduction

Reference

Level (design)

Sample size

Abraham, 2001

3 (retrospective comparative study)

n = 98 type I thyroplasty alone
n = 96 thyroplasty with AA

McCulloch , 2000

3 (retrospective comparative study)

n = 72 procedures, 44 of which had preoperative and
postoperative video/stroboscopic data

OUTCOMES

Medialization
thyroplasty

Medialization.
andAA

Symptom
improvement

94%

93%

Mean postoperative
vocal fold gap

0.2mm

0.1 mm

Preoperati ve

Patient rating: 4.5 ± 1.4
QOL: 4.4 ± 1.4
MPT: 8.3 ± 5.0

Patient rating: 4.2 ± 1.5
QOL: 3.8 ± 1.6
MPT: 6.9 ± 4.1

Postoperative

Patient rating: 2.8 ± 1.3
QOL: 1.9 ± 1.6
MPT: 9.9 ± 5.6

Patient rating: 1.6 ± 1.4
QOL: 1.2± 1.8
MPT: 16.7 ± 9.1

Both groups improved postoperatively. No
difference noted between groups

Not specified. 47% of patients were dead of
disease within I y of imp lantation

p Value

Conclusion

Follow-up time

NS NS Not reported Not reported

Postoperatively, both groups trended toward improvement.
Trend toward more improvement with adduction

"Mean follow up time for nearly all patient data sets
approximates or exceeds I year"

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Comparison of
groups before
treatment

Age

Outcome
measurements

Consecutive
patients?

Morb idity/
complications

All pat ients who underwent unilateral vocal
cord media lization surgery with type I
thyroplasty with or without AA at Memorial
Sloan Kettering Cancer Center 1991-1999

Not specified

Baseline characteristics similar between the 2
groups, except for history of previous vocal
fold medialization (more in thyroplasty
alone group) and timing of operation
relative to sacrifice of recurrent laryngeal
nerve

Mean 62 Y

Percent of patients who reported
improvement in symptoms.
Glottic gap as measured by flexible fiberoptic
examination

Not specified

Mean time of surgery and mean hospital stay
was increased with AA (p < 0.0001). Overall
complication rates (wound hematoma or
infections, implant extrusion) were 14% with
thyroplasty, 19% with added add uction

Patients who had undergone previous GOR-TEX medialization
with or without AA with preoperative and postoperative voice
data

Patients undergoing medialization for nonparalysis laryngeal
problems

Preoperative voice evaluations of the 2 groups were nearly
identical. AA group younger and more with surgically induced
paralysis. Revisions: IS medialization alone, 6 adduction and
medialization

Average age with medialization 66 y, AA and medialization 52 y

Voice dysfunction severity was rated by patient on a scale of 0
(normal voice) to 6 (worst voice you can imagine ). Vocal QOL
was rated by patient on a scale of 0 (no quality of life impact)
to 6 (voice quality affecting everything in life). Voice effort was
evaluated as percent requi red to produce sound for speech (i.e.,
100 normal effort, 200 twice normal effort). Subjective voice
rating was measured with GRBAS scale: 0 normal to 3 severely
abnormal. Maximum phonation time measured in seconds

Not specified

2 patients with episodic dyspnea, one of which had later
tracheotomy, after GOR-TEX thyroplasty with AA

AA = arytenoid adduction, QOL = quality of life, NS = not significant. GRBAS= Grade, Roughness. Brcathiness, Asthenia. Strain , MPT = maximum
phonation time .
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).

542



THE EVIDENCE CONDENSED: Medlallzatlon laryngoplasty alone versus mediallzation and arytenoid adduction

Reference

Level (design)

Sample size'

Thompson, 1995

3 (retrospective comparative study)

n = 12 patients

OUTCOMES

Medialization
thyroplasty

Medialization
andAA

% Resolved hoarseness

75% (n =3/4)

87.5% (n =7/8)

% Con sistent complete glottic closure'

0% (n =0/4)

62.5% (n = 5/8)

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Comparison of
groups before
treatment

Age

Outcome
measurements

Consecutive
patients?

Morbidityl
complications

Not reported Not reported

Trend toward more improvement with adduction. No significant difference noted between groups

5 wk-IS mo (mean 5 mo)

STUDY DESIGN

Unilateral vocal cord paralysis undergoing type I thyroplasty with or without AA with sufficient clinical
information, preoperative and postoperative videotape recordings

Paralysis previously treated by Teflon, collagen, or thyroplasty, or the non paralyzed vocal cord had been
previously traumatized either chemically or surgically

Not specified

36-72 Y

Videostroboscopy recordings were randomized and evaluated separately by 3 judges (2 otolaryngologists, I
speech pathologist). Judges were blinded to the identity of the patient but preoperative and postoperative data
were reviewed consecutively for each patient. Each judge individually rated the vibratory patterns of each vocal
fold: mucosal wave, amplitude, phasic timing, glottic closure, closure consistency. Concordance rate was 94%

Not specified

Not specified

AA = arytenoid adduction, QOL = quality of life, NS = not significant, GRBAS = Grade, Roughness, Breathiness, Asthenia , Strain.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Laryngeal reinnervation for unilateral vocal cord paralysis: Impact on voice outcomes

Randall C. Paniello

Laryngeal reinnervation procedures seek to restore some
neural input to the paralyzed hemilaryngeal muscles,
increasing the chronic tonicity and causing the vocal fold
to drift toward the midline using the natural vectors of
muscle action on the arytenoid cartilage.

METHODS

A computerized PubMed search of MEDLINE listings
from 1966 to 2005 was performed, using keywords
"vocal,""fold" or "cord;'"paralysis"or "paresis" or"immo
bility" or "movement impairment;' and "treatment."
This process yielded 1930 publications. Papers were
reviewed to identify those that met the following inclu
sion criteria: 1) adult patient population with unilateral
vocal cord paralysis, 2) intervention with reinnervation
of the paralyzed cord, 3) results reported in terms of
subjective or objective measures of voice.The search was
then further limited by excluding single case reports,
papers on the incidence or etiology of vocal fold paraly
sis, review articles with no new patient data (except
meta-analyses), and papers focusing on nonvoice out
comes such as swallowing. The bibliographies of the
selected papers were reviewed to determine whether any
additional studies had been missed in the search, and
these were added. A total of 11 papers met the search
criteria [1, 11].

RESULTS

Outcome Measures. Most of the reports included fre
quently cited voice parameters similar to the papers on
laryngeal framework surgery in the preceding sections,
such as maximum phonation time, noise-to-harmonic
ratio, and GRBAS (Grade, Roughness, Breathiness.Asthe
nia, Strain) scores. Videostroboscopic assessment of
atrophy and glottal gap was also included . In one report,
the author's subjective evaluation of the patients' voice
results was reported as the only data.

Potential Confounders. When considering the impact
of reinnervation, multiple variables must be considered
that could impact the speed and efficacy of restoration
of muscle function and/or tone. For example, the time
elapsed since paralysis, the age of the patient, and the
length of recurrent nerve that was sacrificed could all
impact results. In addition, results could vary according
to the multiple methods of reinnervation that have been
reported: direct anastomosis to the ansa cervicalis, anas-

tomosis to the hypoglossal, and transfer of nerve-muscle
pedicle (i.e., ansa with omohyoid). In addition, because
the effect of reinnervation may not be appreciated for
several months after the procedure, concomitant proce
dures are also often performed; the effects of such con
comitant procedures may confound the results of the
reinnervation process.

Study Designs. There were 11 studies that reported
voice outcomes after reinnervation procedures . One
study was prospective, although it reported on a non 
comparative cohort. There were three retrospective com
parative studies, as well as seven retrospective case series.
Severalmethods of reinnervation were studied, including
transfer of nerve-muscle pedicle (i.e., ansa with omohy
oid), as well as direct anastomosis to the hypoglossal or
ansa cervicalis nerves. For all of the studies, the selection
criteria for choosing reinnervation over other procedures
for cord paralysiswere not stated. Follow-up times ranged
from 2 months to 5 years.

Highest Level of Evidence. Overall, the results showed
either a statistically significant improvement or a
trend toward improvement in voice parameters after
reinnervation.

Applicability. These data are applicable to adults with
unilateral vocal cord paralysis, with individual studies'
more specific applicability varying according to the
inclusion/exclusion criteria tabulated for the reader.

Morbidity/Complications. No complications were repor
ted in three of the studies. Tucker reported one delayed
tracheotomy (2%) and two late implant extrusions (4%);
the extrusions, however, were likely related to the medi
alization laryngoplasty (ML) component of the com
bined procedure, not the reinnervation component.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were 11 studies that suggested that reinnervation
procedures offer voice improvement for patients with
unilateral cord paralysis.Improvement has been reported
with anastomosis to the ansa cervicalis or hypoglossal, as
well as with nerve-muscle transfer.

A number of clinical questions remain unanswered:

• Are the voice results from reinnervation better than
those from the best framework procedure? If the answer
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depends on the specific clinical scenario, what guide
lines should be followed?

• If reinnervation results are better than medialization
results, is the additional benefit worth waiting a few
extra months to achieve? What degree of additional
benefit would be considered clinically significant?

• If ML givesa better short-term benefit, and reinnerva
tion a better long-term benefit, should both procedures
be performed in every patient? If not all patients, which
ones (Le., is there some criterion such as electromyog
raphy that would indicate that reinnervation is unlikely
to result in more innervation than that which has
already occurred spontaneously?)

Each of these questions would ideally be answered by a
randomized clinical trial (RCT). To perform an RCT on
this subject, however, a large number of patients would
be needed. Patients must be asked to forego speech
therapy until after the observation period, which should
be at least 1year, and they must be willing to be random
ized among two or more surgical options. The patients
must also be willing to return to the medical center for
data collection at the prescribed intervals. A project of
this nature requires significant support in this era of
ever-shrinking grant availability.

This author recently attempted to lead a multicenter,
prospective RCT comparing reinnervation (using ansa
cervicalis) to medialization (participating surgeon's

choice of technique). A grant from NIH-NIDCD
(National Institutes of Health-National Institute on
Deafness and Other Communication Disorders) was
awarded, and several subsites were recruited to enroll
patients. After 3 years of accrual, the study had enrolled
only about 200/0 of the accrual target. There were many
reasons for this shortfall, but the primary reason was that
patients were frequently unwilling to be randomized
between the two surgical approaches. They were told that
both approaches give good results, that we do not pres
ently have any scientific rationale for choosing one pro
cedure over the other, and that if they did not get the
results they were hoping for, with either approach a revi
sion would be possible. But many patients presented with
a bias toward one approach (some wanted reinnervation,
some wanted medialization) and were unwilling to risk
being randomized to the opposite procedure. Because of
low accrual and some other administrative issues, this
study has been closed and the limited data obtained are
undergoing analysis.

This experience should not deter investigators
from pursuing additional RCTs on this topic, however.
Some of the research questions above may be more
acceptable to patients. For example, the question of
ML versus ML + reinnervation could be successfully
randomized; in either arm the patient would obtain
the early result from the ML. There are also nonran
domized study designs that can yield useful results,
provided enough patients are enrolled and the data
are collected carefully and analyzed in a blinded
manner.



THE EVIDENCE CONDENSED: Reinnervation versus no reinnervation for unilateral vocal cord paralysis

Reference

Level (design)

Sample size

No reinnervation

Post reinnervation

Nonparalyzed
control .

p Value

Conclusion

Follow-up time

Inclu sion criteria

Exclusion criteria

Intervention
regimen details

Method of voice
evaluation

Age

Masking

Consecutive
patients?

Morbidity!
complications

Miyauch i, 1998

3 (retrospective controlled)

45

OUTCOMES

Maximum phonation time mean: men 10.1 ± 5.3 s,
women 6.5 ± 4.5 s

Maximum phonation tim e mean: men 26.2 ± 13.0 s,
women 17.2 ± 5.2 s

Maximum phonation time mean: men 28.6 ± 10.8 s,
women 16.7 ± 5.1 s

Postreinnervation vs no reinnervation: men < 0.02 ,
women < 0.000 I

Significant improvement in maximum phonation time with
reinnervation

Measurements were taken 12 mo postoperatively. Patients were
followed for 1.1-10.7 y [mean (SO) 4.2 (2.3) y].

STUDY DESIGN

Reconstructed RLN in patients who had unilateral vocal co rd
paralysis or who se unilateral RLN or vagus was to be sacrificed
becau se of various diseases

Not reported

The recon struction was done at the time of surgery for primary
or recurrent thyroid cancer. The ends of the severed RLN were
anastomosed directly if possible. If the defect was long, a free
nerve graft taken from the transverse cervical nerve,
supraclavicular nerves , or ansa cervicalis was used to fill the
defect. In cases in which both the RLN and vagus nerves were to
be sacrificed, the proximal end of the vagus was anastomosed to
the distal end of the RLN. When there was no dista l port ion of
th e RLN left below the Berry 's ligam ent, the inferior pharyngeal
constrictor mu scle was divided along the lateral edge of the
thyroid cartilage to find the distal stump of the RLN. The thyroid
cartilage was retracted, and the cricothyroid joint opened, if
necessary. The most posterior branch was not used for the
ana stomosis because it cou ld innervate the posterior
cricoarytenoid muscle, which is the abductor of the vocal cord

Maximum phonation time [the duration of sustained phonation
of the vowel (a) after maximum inspiration ] was measured at
12 mo postoperatively and periodically

23-73 Y(mean 52 y)

None

No

Not reported

Olson, 1998

3 (retrospective comparative)

12

Mean percent improvement
post reinnervation compared with
prereinnervation: dysphonia 28%,
roughness 22%, breathiness 27%, asthenia
15%, strain 10%

Not applicable

Dysphonia <0.05, roughness NS,
breathiness <0.05, asthenia <0.05, strain
NS, respectively

Significant improvement in dysphonia,
breathiness, and asthenia with
reinnervation

At least 8 mo

With exception of clear cases of traumatic
transection of RLN, a minimum of I y
had elapsed since the onset of vocal cord
paralysis, with a maximum of 6 y

Lack of preoperative vocal analysis

Gelfoam injection into paralyzed fold
concomitantly with reinnervation. Ansa
cervicalis to RLN anastomosis

The voice samples from the patients were
randomized with age- and sex-matched
samples from normal subjects and judged
by trained listeners for overall dysphonia,
roughness, breathiness, asthenia, and strain

25-73 y (46 y)

Voice samples from patients randomized
with age- and sex-matched samples

No

Not reported

RLN = recurrent laryngeal nerv e, NS = not significant.
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Referen ce Tucker, 1989 Tucker, 1997 Tucker, 1981 Zhe ng, 1996

Level (design) 4 (retrospective review) 4 (retrospective review) 4 (retrospective review) 4 (retrospective review)

Sample size 70 52 31 8

OUTCOMES

Postreinnervation vs 25% normal 72% normal/great 84% normal/great 88% return to normal/
prereinnervation 58% greatly improved improvement improvement great improvement

5% somewhat improved
12% not improved

p Value ot reported Not reported Not reported ot reported

Conclusion Voice in the majority of Voice in the majority of Nerve-muscle pedicle Voice in the majority of
patients with uni lateral patients undergoing reinnervation may be patients with unilateral
cord paralysis improved combined nerve -muscle used as a means of cord paralysis improved
after reinnervation pedicle reinnervation reanimation of unilaterally after reinnervation

and surgical paralyzed vocal cords
medialization improved with good-to-excellent

results within 4 mo in
carefully selected patients

Follow-up time 2-6 mo, I y At least 2 y At least 6 mo At least I y

STUDY DESIGN

Inclusion criteria Unilateral vocal cord Unilateral vocal fold Unilateral vocal cord Minimum 6 mo after
paralysis, patients chosen paralysis >6 mo paralysis, indicated interest paralysis
for reinnervation only if in nerve-muscle pedicle Minimum follow-up of
voices were critical to reinnervation, counseling I y
livelihood by surgeon and speech

pathologist preoperatively

Exclusion criteria Not reported Fixation or limitation of Not reported Multiple cranial nerve
motion of vocal fold, deficits
adequate voice return
after compensation or
speech therapy, health
problems preventing
surgery

Intervention regimen Nerve-muscle pedicle Surgical medialization Nerve-muscle pedicle Main branch of ansa
details transfer: obtained from of the paralyzed vocal transfer: obtained from adductor of RLN

anterior belly of omohyoid cord with simultaneous anterior belly of anastomosis for
muscle and transferred to nerve-muscle pedicle omohyoid muscle and unilateral vocal cord
lateral thyroarytenoid reinnervation under transferred to lateral paralysis
muscle bed local anesthesia thyroarytenoid muscle

bed

Method of voice Voice graded subjectively at Voice graded subjectively Voice graded subjectively 3 speech pathologists
evaluation 1 y by surgeon, speech when compared with by surgeon, speech and 3 doctors listened

pathologist, and patient as preoperative voice by pathologist, and patient to each audio tape and
normal, greatly improved, speech pathologist, I as normal, greatly rated each for perceived
somewhat improved, or otolaryngologist, and I improved, somewhat voice qua lity (breathy,
not improved resident as normal, improved, or not hoarse, harsh, strained)

greatly improved, improved using a 4-point scale
somewhat improved, from normal to severe
unchanged, or worse dysfunction

Age Not reported Not reported Not reported 21-62 y

Masking None None None No

Consecutive patients? No No No 0

Morbidity/ No complications of I delayed tracheotomy o complications of No complications
complications surgery 2 extrusions surgery

RLN =recurrent laryngeal nerve.
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Reference

Level (design)

Sample size

Sato,1985

4 (retrospective review)

5

Ma ro nian, 2003

4 (retrospective review)

9

Crumley, 1986

4 (retrospective review)

2

Dysphonia <0.05, hoarseness <0.05,

breathiness <0.06, loudness NS, strain NS

Reinnervation resulted in significantly
better dysphonia, hoarseness, breathiness.
There was a trend toward improvement in
loudness, strain

Reinnervation

p Value

Conclusion

Maximum phonation time
postreinnervation 11.5-22.2 s.
Vocal cord atrophies were not
seen
Obvious adduction of the

operated vocal fold at
phonation was obtained only
in 2 cases and other 2 cases
showed slight adduction

Not reported

Reinnervation may improve
voice

OUTCOMES

Preoperatively:
dysphonia 1.9,

hoarseness 1.8,
breathiness 1.4,
loudness 1.2, strain

0.2

Postoperatively:
dysphonia 0.9,

hoarseness I,
breathiness 0.5,

loudness 0.5, strain 0

No apparent aperiodicity,
roughness, or residual
breathiness. Voice range
100-392 Hz. Restoration of
fundamental tone, increase

in acoustic power, near
normal pitch, tone, and

spectral analysis

Not reported

Trend toward synchronous
and symmetrical
oscillations of the vocal fold

during phonation resulting
in normal/near-normal
voice with reinnervation

Follow-up time 8-15 mo At least 8 mo 4 rno, 5 y

STUDY DESIGN

The data were analyzed by
subjective and objective
means, including acoustics
and electroglottography

30,37 Y

No

No

Not reported

Proximal transactions of
vagus nerve with hoarseness
and aspiration, preference
for reinnervation over

Teflon injection

Not reported

Ansa hypoglossi-RLN
anastomosis

3 speech pathologists performed preoperative
and postoperative voice assessment using a
perceptual rating scale for voice quality and
characteristics. The ratings were
accomplished in a blinded manner with

patient voice samples arranged randomly.
Grade for overall dysphonia, hoarseness,
loudness, breathiness, and strain (0 = normal,

I = mild, 2 = moderate, 3 = severe)

37-54 y

Speech pathologists were blinded

No

No complications

Unilateral RLN paralysis, reinnervation
procedure conducted at University of
Washington Medical center, preoperative
awake electromyography, perceptual
analysis of voice and videostroboscopy

Cricoarytenoid joint fixation

Preference given to performing direct
neurorrhaphy between the distal RL and
the ansa cervicalis branch. If the distal
stump was disrupted or unable to be
identified, a nerve-muscle pedicle was used

Not reported

Not specified

Not reported

41-75 Y

Not specified

The abductor branch was cut
selectively in 4 cases, followed
by free nerve grafting of the
ansa cervicalis and pedicle
nerve muscle graft of the
thyrohyoid muscle implanted
in I case

Maximum phonation time
was measured in seconds.
GRBAS scale was used to

measure voice quality

Unilateral RLN paralysis
caused by thyroid cancer

Age

Masking

Consecutive patients?

Morbidity!
complications

RLN = recurrent laryngeal nerve, NS = not significant, GRBAS =Grade, Roughness, Breathiness, Asthenia, Strain.

Inclusion criteria

Method of voice
evaluation

Exclusion criteria

Intervention regimen
details
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Reference

Level (design)

Sample size

Postreinnervation vs
prereinnervation

Control

p Value

Conclusion

Follow-up time

PanielIo, 2000

4 (prospective noncomparative cohort)

5

OUTCOMES

100% excellent voice quality, resolution of
any preoperative aspiration, and minimal
morbidity

Preoperative voice

Not reported

Voice in the majority of patients with
unilateral cord paralysis improved after
reinnervation via the hypoglossal nerve

1Y

Crumley, 1991

3 (retrospective comparative)

12

42% returned to normal voice. 92% were thought to be far
superior to results with Teflon injection and Isshiki
thyroplasty

Preoperative voice and patient voices who had undergone
Teflon injection or Isshiki thyroplasty

Not reported

Ansa cervical is to RLN ana stomosis is the pro cedure of
choice in younger patients or those who use their voice
professionally because phonatory quality is superior to
Teflon injection or Isshiki thyroplasty

Minimum 6 mo

STUDY DESIGN

Inclu sion criteria

Exclusion criteria

Intervention regimen
details

Method of voice
evaluation

Age

Masking

Consecutive patients?

Morbidity!
complications

Unilateral vocal cord paralysis; known
transaction of RLN within the past year or
electromyographic evidence of denervation
of the thyroarytenoid muscle, with no
evidence of recovery at both 4 mo and 6 mo
after the on set of paralysis

Not reported

Hypoglossal to RLN reinnervation

The patients were followed monthly with
voice recordings, video laryngoscopy, subjective
voice evaluation, and careful questioning
regarding aspiration. Voice analysis was
performed using a sustained tal with the
Multidimensional Voice Program for jitter
percentage, shimmer percentage, noise -to 
harmonic ratio, and voice turbulence index

30-76 Y

o

No

1 patient died during first perioperative
month from a myocardial infarction. Patients
showed mild tongue deviation to ipsilateral
side and mild to moderate atrophy during
the first year. 2 patients complained about
biting their tongue whic h improved in 6 mo.
No other complication reported

Unilateral vocal cord paralysis, desired improvement of
voice, or prevention of aspiration

Not reported

In patients with intracranial, cervical, vagal injuries, or
intrathoracic injuries (those patients with an intact cervical
portion of the RLN), the infrathyroid technique is used:
RLN anastomosed to distal portion of ansa 's branches.
More distal lesion s of the RLN such as those that might
occur during thyroidectomy, carotid endarterectomy, or
cervical spine disk procedures require that the RLN be
identified higher, in a more distal location

Postoperative voice studies unless distance prevented
return visits . These latter patients were telephoned and
asked several questions. They were also asked to submit
recorded audiocassettes for completion of vocal studies. It
is not stated who conducted the voice analysis.

Not reported

None

No

1 failure , no morbidity or complications reported. This
patient had an idiopathic subglottic stenosis and had
several prior laryngeal procedures; the RLN was small and
its identity could not be confirmed

RLN = recurrent laryngeal nerve.
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24 Unilateral Vocal Cord Paralysis
24.E.
Vocal fold injection versus medialization laryngoplasty: Impact on subjective and objective
measures of voice

Randall C. Paniello and Shivan Amin

METHODS

A computerized PubMed search of MEDLINE listings
from 1966 to 2005 was performed, using textwords
"vocal;'''fold'' or "cord;' "paralysis" or "paresis" or "immo
bility" or "movement impairment;' and "treatment:' This
process yielded 1930 publications. Papers were reviewed
to identify those that met the following inclusion criteria:
1) adult patient population with unilateral vocal cord
paralysis, 2) intervention with injectable material in
comparison to a solid preconstructed implant to medial
ize the paralyzed cord, 3) results reported in terms of
subjective or objective measures of voice. The search was
then further limited by excluding single case reports,
papers on the incidence or etiology of vocal fold paraly
sis, review articles with no new patient data (except
meta-analyses), papers focusing on nonvoice outcomes
such as swallowing. Articles in which mathematical
models were extrapolated without comparative clinical
data were excluded . The bibliographies of the selected
papers were reviewed to determine whether any addi
tional studies had been missed in the search, and these
were added. A total of four papers met these search cri
teria [1,4].

RESULTS

Outcome Measures. Outcomes were measured in terms
of flexible fiberoptic nasendoscopy, including measure
ments of glottic gap and glottic closure. In addition, elec
troglottography, auditory perceptual evaluations,
acoustics morphology, aerodynamics, and self-assess
ment were used. More specifically described were jitter
rate, noise-to-harmonic ratio, and maximum phonation
time (MPT). The voice handicap index (VHI) was also
used, an instrument composed of 30 questions or state
ments with responses scored from 0 to 4 for individual
items . At the completion of the VHI, the score can be
totaled for a VHI score ranging from 0 to 120, with
higher numbers corresponding to a greater amount of
disability because of a voice-related problem. A VHI
score of 0-30 represents a low score, with a minimal
amount of associated handicap. A score of 31-60 sug
gests a moderate impact, but a score from 60 to 120
represents a significant and serious amount of handicap.

Potential Confounders. There are multiple potential
confounders, as described in the introductory overview
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to this chapter. Such confounders include the selection
biases inherent to retrospective reviews; because patients
were treated according to surgeon preference, there may
be differences in the two groups even before treatment
has occurred, making it fairly difficult to compare the
two treatment groups after intervention. In addition, the
use of speech therapy, the presence of concomitant neu
rologic or cervical disorders, the distribution of nerve
lesion site (i.e., high versus low vagal lesions), patient age,
and capacity for compensatory function may all influ
ence results.

Study Designs. There were four studies comparing
medialization laryngoplasty (ML) to vocal fold injection.
One study analyzed a prospective cohort of patients
undergoing vocal fold injection with a retrospective
control group of age- and sex-matched patients that had
undergone ML. This study by Lundy [4] asked a worth
while question, and the findings were interesting, but the
limitations of the study must be considered. Although
the ML group was age- and sex-matched, it cannot be
discerned whether there were any important differences
related to their vocal pathology. The group sizes were
small. The follow-up period of 1 month is the shortest
among all of the studies.

The other three studies relied on retrospective data
alone. When considering such retrospective data , it is
important to remember the inherent potential for selec
tion bias; more severe symptoms or glottal gaps may have
prompted the choice of one surgery over the other,
making one group inherently clinically worse at the
outset and thus more likely to have a worse outcome.

Additional aspects of the study designs included the
use of consecutive patients, a range of follow-up times,
and somewhat limited sample sizes. Consecutive patients
were reported in one of the four studies [1]. Such report
ing of consecutive patients helps minimize bias. Follow
up times ranged from 1 month to 17 years. One study
reported results at an early and late follow-up period, and
the timing of the follow-up may notably impact the
results. Sample sizes were small, but still statistically sig
nificant differences were found in multiple comparisons.

A variety of medialization methods were used in
these four studies. Injectable materials included Teflon,
Cymetra (homologous cadaveric collagen) , and liquid
silicone. ML was performed with a solid implant, typi 
cally specified as silicone.



Highest Level of Evidence. Overall, results were mixed,
supporting either no difference between results with ML
versus injection, or showing better results with ML. Two
studies [3, 4] showed no significant difference between
ML versus injection. One study [1] showed that ML was
associated with significantly less strain, hoarseness, and
severity of voice, as well as a trend toward more complete
glottic closure. The fourth study [2] showed a trend
toward better late results with ML. The comparative
voice result may simply be dependent on the follow-up
time, as the two studies with the longest follow-up times
showed better results with ML, whereas the two studies
with the shortest follow-up times showed no difference
between ML and injection. Multiple studies confirm the
significant improvement postprocedure, as compared
with preprocedure.

Only one publication included any prospective data.
These results from Lundy, et al. [4] showed that both
procedures significantly improved the voice. Comparing
the two groups, there were no statistically significant dif
ferences (at the p < 0.05 level). A closer look at the data
suggests that this may have been in part because of the
small sample size. The VHI scores were better for the ML
group than for the injection group by 100/ 0 or more, but
this did not reach statistical significance with only eight
patients in each group. In contrast, the MPT for the
injection group was 11% longer than the ML group, but
this was not significant.

Applicability. The results of these studies are applicable
to adults with unilateral vocal fold paralysis.

Morbidity/Complications. Only one of the four studies
reported any adverse outcomes. Complications of thyro
plasty included implant extrusion, hematomas, extreme
persistent local pain, and "inesthetic wound healing."
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Complications of injection included three small granu
lomas with slight to moderate repercussion on vocal cord
vibration.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were four studies that provided a direct compari
son between voice outcomes after ML versus injection in
patients with unilateral vocal fold paralysis. Overall,
results were mixed, with two studies supporting either no
difference between results with ML versus injection, and
two studies showing better results with ML. There are
issues regarding limited sample size and power that make
the studies showing no difference refutable. Meanwhile,
there are also issues regarding potential inherent biases
(selection and otherwise) in retrospective studies that
allow one to challenge the results showing ML is better.
It may also be that the comparative voice result is depen
dent on the follow-up time only, as the two studies with
the longest follow-up times showed better results with
ML, whereas the two studies with the shortest follow-up
times showed no difference between ML and injection.

Future research may focus on developing more pro
spective comparative data with larger sample sizes with
regimented, timed follow-up points before 6 months and
after 1 year. In addition, it would be useful to study the
long-term impact ofML versus sequential repeated injec
tions. A quality of life parameter measuring the "hassle
factor" could be included in studies evaluating injection
laryngoplasty, and the data should be collected prospec
tively for 1 year or longer to answer this question.
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Reference

Level (design)

Sample size

Lundy, 2003

3 (prospective cohort with retrospective control)

8 injection, 8 thyroplasty

Tsuzuki, 1991

3 (retrospective comparative)

18 patients untreated, 15 injection, 18 thyroplasty

OUTCOMES

Outcome measures

Medialization
laryngoplasty

Injection

p Value

Conclusion

Follow-up time

Glottal closure,
jitter rate,
NHR,
MPT,
GFR, patient perception-VHI

Glottal gap size 1.00,
jitter rate 2.00%,
NTHR 0.21,
MPT 10.75,
GFR 199.38,
VH134.3

Glotta l gap size 1.00 (=minimal posterior gap),
jitter rate 1.90%, NTHR 0.24, MPT 11.94, GFR
231.25, VHI 38.5

<0.05, pre-ML vs post -ML
<0.05, pre- vs posti njection
NS, post-ML vs postinjection

No difference in glottal closure, NHR, MPR,
GFR, VHI post-Ml, vs postinjection

I mo postoperatively

MPT

n = 13/17 with "remarkable improvement" of MPT
between visits 1 and 2
n = 13/18 "somewhat improved" between visits 2 and 3

n = 13/15 patients had improved MPT at visit 2
n = 6/1 5 with "significant improvement" between visits
2 and 3 (n =3 had little improvement, n =6 worsened)

Not reported

Both silicone injection and implant improved MPT.
Trend toward better late results with ML

Visit 1 preoperatively, visit 2 postoperatively, visit 3
4-17 Ypostoperatively.

STUDY DESIGN

None reported

No

Liquid silicone 51.1 y, solid silicone 56.3 y

None

Not specified

None performed

Unilateral recurrent laryngeal nerve paralysis

None specified

Liquid silicone treated with cata lyst injected into vocal
fold before solidification

Injection of viscous silicone into vocal fold (3000
centistokes viscosity, 21-gauge need le for injection)

No. Thyroplasty group used as controls,
retrospectively analyzed from surgica l database
to match injection group

None reported

Unilateral vocal fold paralysis

None specified

Thyroplasty type I

For majority injection transcervical through
cricothyroid membrane. Injected with Cymetra
(injectable homologous cadaveric collagen )

Videostroboscopy for assessment of glottal
closure. Acoustical analysis using MDVP.
Aerodynamics measured with Multi -Spiro
Sensor computer-interfaced system

Injection 65.9 y, thyroplasty 65.6 y

None

Not specified

Morbidity/
complications

THR =noise -to -harmonic ratio, GFR =glottal flow rate, VHI =voice handicap index, ML =medialization laryngoplasty, MPT =maximum
phonation time. NS = not significant. MDVP = multidimensional voice profile.

Voice and video
measurements

Age

Masking

Diagnostic criteria
for cord paralysis

Consecutive
patients?

Inclusion criteria

Exclusion criteria

Medialization
laryngoplasty details

Injection details
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Reference

Level (design)

Sample size

Outcome measures

Medialization laryngoplasty

Injection

p Value

Conclusion

Follow-up time

Inclu sion criteria

Exclusion criteria

Medialization laryngoplasty details

Injection detail s

Voice and video measurements

Age

Masking

Diagnostic criteria for cord
paral ysis

Consecutive patients?

Morbidity/complications

Dejonckere, 1998

3 (retrospective comparative)

28 patients with UVFP: 19 Teflon injection, 9 thyroplasty

OUTCOMES

Perceptual evaluation, acoustics morphology, aerodynamics, self-assessment
All graded on 1-100 scale (0 = normal) here pre- and postoperative median values included
test (range): preop, postop

Perceptual evaluation (0-100): 60,40
Jitter (0-12): 8,4
Shimmer (0-25): I I, 6
Main cepstrum peak (0-500): 70, 190
Mucosal wave (0-100): 85,68
Phonation flow (0-800): 620,400
Self-assessment (0-100): 60,45

Perceptual evaluation (0- 100): 49, 30
Jitter (0-12): 6,4
Shimmer (0-25): 9,6
Main cepstrum peak (0-500): 110, 160
Mucosal wave (0-100): 88, 70
Phonation flow (0-800): 570, 360
Self-assessment (0-100): 60, 35

NS, Post-ML vs postinjection; NS, pre -ML vs preinjection
<0.05, pre- vs post -ML for phonation flow, cepstrum peak, and jitter
<0.05, pre- vs post -Teflon injection for self-assessment, phonation flow, cepstrum peak, jitter

No significant difference between ML vs injection
Significant improvement post -vs pre-ML
Significant improvement post-vs preinjection

Evaluated before surgery, and 3-7 mo after surgery

STUDY DESIGN

Acquired UVFP for at least I y with follow-up of at least 3 mo

None specified

Isshiki thyroplasty type I
Note: I patient underwent thyroplasty I after 2 prior Teflon injections

Teflon injection

Perception graded by phoniatrician or speech pathologist using G parameter in GRBAS scale.
Acoustics measured as described by Dejonckere ( 1996). Morphology measured with
videostroboscopy. Aerodynamics assessed by phonation flow mLls with Gould
pneumotachograph

Not specified

None

In all cases diagnosis of peripheral neurogenic lesion confirmed by electromyography

No

Thyroplasty: I extrusion, 2 hematomas, I extreme local pain x i wk, I "inesthetic wound healing"
Injection: 3 small granulomas with slight to moderate repercussion on vocal cord vibration

UVFP =unilat eral vocal fold paralysis, ML =medialization laryngoplasty, NS =not significant, GRBAS =Grade. Roughness. Breathiness, Asthenia.
Strain.
• Sample size: numbers shown for those not lost to follow-up and tho se (initially recruited).

555



THE EVIDENCE CONDENSED: Injection versus type I thyroplasty for unilateral vocal fold paralysis treatment

Refer en ce

Level (design)

Sample size

D'Antonio, 1995

3 (ret rospective comparative).

6 Teflon injection, 6 thyroplasty

OUTCOMES

Outcome measures

Medialization laryngoplasty

Injection

p Value

Conclusion

Follow-up time

Auditory perception
evaluations; values graded
on 1-7 scale (I = normal)

Strain 2.8,
hoarseness 1.9,
severity 2.8

Strain 4.4,
hoarseness 3.4,
severity 4.4

0.05 strain, 0.05
hoarseness, 0.03 severity

Significantly less strain,
hoarseness, severity with
ML

4-417 wk postoperatively

Aerodynamic evaluations:
Ps,V for male, female

Ps (ern H20) 12.1,7.6
V (ee/s) 350, 116

Ps (ern H20) 7.2, 7.7
V (ee/s) 344, 268

NS, subglottic pressure
NS, laryngeal airflow
velocit y

No significant difference in
subglottic pressure,
laryngeal airflow velocity

Flexible fiberoptic endoscopy:
glottic closure pattern

n = 2/4 complete,
n =1/4 incomplete
n = 114 posterior chink pattern

n = 2/6 complete
n = 1/6 incomplete
n = 3/6 irregular patterns

Not reported

Trend toward more complete
closure with ML

Inclu sion criteria

Exclusion criteria

Medialization laryngoplasty details

Injection details

Voice and video measurements

Age

Masking

Diagnostic criteria for cord
paralysis

Consecutive patients?

Morbidity/complications

STUDY DESIGN

Subjects were drawn from a 2.5-y consecutive series of patients with UVFP. Paralysis was
secondary to prior surgery in all cases

None specified

Isshiki thyroplasty type I with Silasticw implant, performed by I surgeon

Teflon injection was performed by multiple surgeons, without standardized operative
technique

Conducted by masked speech pathologist evaluating videotape. I patient from thyroplasty
group was omitted. Rating form assessed 9 voice-quality characteristics. 3 judges rated voice
quality, 2 judges rated fiberoptic measurements

Thyroplasty: mean 33.3 y, Teflon: mean 54.2 y

Observer masked study

Acquired UVFP. Location of vagal denervation not specified

Yes

None reported

UVFP =unilateral vocal fold paral ysis, ML =medialization laryngoplasty, Ps =subglott ic pressure , V =laryngeal airflow, NS =not sign ificant, GRBAS
=Grade, Roughness, Brcathincss, Asthenia, Strain.
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24 Unilateral Vocal Cord Paralysis

Reinnervation versus no reinnervation: Impact on subjective and objective
measures of voice

Randall C. Paniello and Shivan Amin

METHODS

A computerized PubMed search of MEDLINE listings
from 1966 to 2005 was performed, using textwords
"vocal.T'fold'' or "cord;'''paralysis'' or "paresis"or "immo
bility" or "movement impairment;' and "treatment." This
process yielded 1930 publications. Papers were reviewed
to identify those that met the following inclusion criteria:
1) adult patient population with unilateral vocal cord
paralysis, 2) intervention with reinnervation versus no
reinnervation, 3) results reported in terms of subjective
or objective measures of voice. The search was then
further limited by excluding single case reports, papers
on the incidence or etiology of vocal fold paralysis,
review articles with no new patient data (except meta
analyses), papers focusing on nonvoice outcomes such as
swallowing. Articles in which mathematical models were
extrapolated without comparative clinical data were
excluded. Articles in which results from reinnervation
were pooled with results from medialization procedures
were excluded because procedure-specific data could not
be extrapolated. The bibliographies of the selected papers
were reviewed to determine whether any additional
studies had been missed in the search, and these were
added. A total of three papers met these search criteria
[1-3] .

RESULTS

Outcome Measures. Outcomes were measured in a
variety of ways in these studies. In Tucker's study [1],
audio tapes of voice samples from each patient were
rated as normal, greatly improved, somewhat improved,
no better, or voice worse, by a panel of "sophisticated"
listeners, including at least one speech and language
pathologist and one otolaryngologist other than the
surgeon . In Chhetri's study [2], measurements were per
formed of glottal closure, mucosal wave, symmetry,
laryngeal airflow, subglottic pressure, and perceptual
analysis by a panel of voice professionals. Chou et al. [3]
used the maximum phonation time, as wellas the GRBAS
(Grade, Roughness, Breathiness, Asthenia, Strain) scale,
a Likert scale in which each category receives a rating of
G-4 (0 normal, 1 mild, 2 moderate, 3 severe,4 complete).

Potential Confounders. As described in this chapter 's
introductory overview, there are multiple potential con
founders to consider when studying this topic. Such con-
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founders include the selection biases inherent to
retrospective reviews,the use of speech therapy, the pres
ence of concomitant neurologic or cervical disorders, the
distribution of nerve lesion sites (i.e., high versus low
vagal lesions), patient age, and capacity for compensa
tory function.

StUdy Designs. There were three studies that directly
compared the impact of reinnervation versus no rein
nervation. The first [3] was a prospective cohort study of
12 patients. Eight of the 12 had primary repair, whereas
four did not because of cancer invasion of the distal
stump. This malignant invasion may have further affected
results, especially if it continued to progress, with gross
recurrence in the cricoarytenoid joint or elsewhere in the
larynx. It is, however,useful that they presented the deci
sion-making algorithm that determined whether rein
nervation was pursued or not. Perceptual voice quality
was rated according to the GRBAS scale,which was mea
sured along with maximum phonation times at 3 and
6 months after recurrent laryngeal nerve injury or
neurorrhaphy.

This Chhetri study compared a series of adult
patients with unilateral vocal fold paralysis (UVFP) that
had undergone arytenoid adduction (AA) plus reinner
vation (with ansa cervicalis, "combined" group, n =10)
to another group that had undergone AA alone (n =9).
The paper indicated that "no set protocol was used to
randomly assign patients into the treatment arms;' but
noted that the combined procedure was used more fre
quently in the later years. No other details regarding
patient selection for the addition of reinnervation were
provided. Preoperative and postoperative data were col
lected, consisting of videolaryngoscopy, aerodynamic
analysis, and a voice recording. The postoperative data
collection interval varied from 2 weeks to 60 months,
with the mean follow-up interval of the combined group
about 4 months longer than the AA-alone group . Notably,
the AA-only group had six patients with 3 months or less
of follow-up, whereas only one patient in the combined
group had less than 7 months of follow-up. The longer
follow-up time for the combined group allowed for full
reinnervation to occur, but the short time in the AA-only
group likely did not allow for manifestation of atrophy
effects. There were also two patients in each group that
had previously undergone a medialization laryngoplasty
procedure for their UVFP. Perceptual analysis was per-



formed on seven samples in each group using blinded
volunteer listeners that rated 2-second sustained vowel
samples on a 7-point visual analog scale. The samples
were randomly presented using a computer algorithm.
(Previous work by this group had shown no difference
between the 2-second samples and connected speech
samples.) Test-retest reliability was examined and found
to be acceptable.

The third study [1] was a retrospective analysis of 60
consecutive patients with unilateral vocal fold immobil
ity who underwent direct electromyographic (EMG)
studies of the exposed lateral thyroarytenoid muscle at
the time of surgery to determine if there was retained or
recovered innervation of the vocal fold. Patients who
exhibited any residual innervation (i.e., cord fixation or
partial recovery after paralysis) underwent surgical medi
alization only using an individually carved Silastic
implant (n =27). Patients who showed no EMG evidence
of reinnervation underwent a combined procedure with
nerve-muscle pedicle reinnervation combined with Silas
tic implant. It is useful that they presented a clear indica
tion for determining whether reinnervation was
performed or not. Reinnervation was performed with an
ansa cervicalis pedicle. Results for consecutive patients
were reported to minimize bias. Grading of voice was
performed by a panel including at least one speech and
language pathologist and one otolaryngologist other
than the surgeon. Voices were rated as normal, greatly
improved, somewhat improved, no better, or worse,
when comparing preoperative to postoperative results.
Voice assessment and ranking was conducted at 3months,
6 months, and 2 years postoperatively.

Highest Level of Evidence. There were three studies
that directly compared the impact of reinnervation versus
no reinnervation, and results were mixed. The prospec
tive study by Chou et al. showed a significantly better
maximum phonation time and significantly less atrophy
with reinnervation. This study also demonstrated sig
nificant improvement in the GRBAS scale between 3 and
6 months postoperatively with reinnervation, whereas
there were no significant improvements in the GRBAS
scale with no reinnervation. These positive results,
however, must be taken in the context of how patients
were selected to undergo reinnervation or not; no rein
nervation was performed if there was malignant invasion
of the distal nerve stump. Such invasion may have
ultimately involved the cricoarytenoid joint or other
laryngeal function, which could bias results against the
nonreinnervated group. These results do, however,
suggest that in a correctly selected patient population,
reinnervation may result in superior results.

The results from the Chhetri group showed no sig
nificant differences between the two study groups. Both
groups had significant improvement of most parameters
from pretreatment to posttreatment, but the two post
treatment results did not differ from each other, with
mean follow-up intervals averaging 4 months longer in
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the reinnervation group. The concept of combining rein
nervation with AA is that reinnervation counteracts the
effects of vocal muscle atrophy, which are frequently seen
up to 2 years after the onset ofparalysis. The short follow
up of the AA-only group may have missed this effect, so
the benefit of adding reinnervation may not have been
realized.

The Tucker study, in which patients underwent rein
nervation based on intraoperative EMG measurement,
showed no significant differences between the two post
operative groups. The study did show multiple signifi
cant postoperative improvements in multiple objective
voice parameters for both AA alone and for AA with
reinnervation. Because both groups were unequal (based
on different EMG results) at the outset, it is difficult to
draw accurate conclusions regarding the specific impact
of reinnervation. It is possible that the group who had
no reinnervation potentials on EMG would have done
worse than the group whose EMG showed reinnervation
potentials. If such a bias toward worse results for the
group EMG showing no reinnervation potential existed
at the outset, then the ansa-reinnervation may have actu
ally been beneficial as there was no difference between
the two groups in the end.

Applicability. The results of these studies are applicable
to patients with UVFP.

Morbidity/Complications. None ofthese studies reported
any morbidity or complications of the procedures they
analyzed.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were three studies that directly compared voice
outcomes with reinnervation with no reinnervation/
neurorrhaphy. Results were mixed, with one study
showing better results with reinnervation and two studies
showing no difference. Closer examination of the details
of these studies, however, showed that selection bias and
timing of follow-up may have significantly influenced
their results. In addition, sample sizes were small, confer
ring less power to uncover any differences that may truly
exist.

Ideally, a large, prospective trial would be performed
to provide a more definitive answer regarding the impact
of reinnervation versus no reinnervation. In accordance
with this goal, there was a recent attempt to lead a
multicenter, prospective randomized controlled trial
comparing reinnervation (using ansa cervicalis) to medi
alization. Although it was supported by funding from
NIH-NIDCD (National Institutes of Health-National
Institute on Deafness and Other Communication Disor
ders) and several sites were recruited to enroll patients,
subject accrual was too low, and this study has been
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closed and the limited data obtained are undergoing
analysis.

Because there are multiple studies that have con
cluded that postreinnervation results are better than pre-

reinnervation results (see Section 24.D), future research
may also focus on which patient populations may most
benefit from reinnervation. In addition, it may be further
studied as an adjunctive procedure to formal medializa
tion laryngoplasty or AA, with particular attention on
long-term results in a time frame when atrophy is likely
to have occurred.



THE EVIDENCE CONDENSED: Reinnervation versus no reinnervation for unilateral vocal fold paralysis treatment

Referen ce

Level (design)

Sample size

Tucker, 1999

3 (retrospective comparative)

27 medialization, 33 combined medialization with reinnervation

OUTCOMES

7% normal
41% improved
37% greatly improved
15% somewhat better
0% no worse

15% normal
63% improved
15% greatly improved
7% somewhat better
0% no worse

Voice assessment and rankings: high-quality audio tapes of voice samples from each patient were rated at 3 mo,
6 mo, and 2 y postoperatively

19% normal
56% improved
19% greatly improved
8% somewhat better
0% no worse

No reinnervation

Outcome measures

Reinnervation 21% normal
48% improved
21% greatly improved
6% somewhat better
3% no worse

36% normal
39% improved
18% greatly improved
3% somewhat better
3% no worse

39% normal
45% improved
12% greatly improved
3% somewhat better
3% no worse

Follow-up time

p Value

Conclusion

3 mo 6 mo 2 y

Not reported ot reported Not reported

Trend toward more normal voice with ML + reinnervation vs ML alone, especially at later follow -up times

Inclusion criteria

Exclusion criteria

Medialization details

Reinnervation details

Voice and video
measurements

Age

Masking

Diagnostic criteria for
cord paralysis

Consecutive patients?

Morbidity/complications

STUDY DESIGN

Persistent unilateral vocal fold immobility. At the time of surgery, direct EMG studies of the exposed lateral
thyroarytenoideus muscle were performed to determine if there was retained or recovered innervation of
the vocal fold. Patients with any residual innervation had medialization alone. Those with no EMG evidence
of reinnervation received combined therapy

None specified

Customized carved Silastic implant used for medialization. EMG performed to assess thyroarytenoid
function during procedure

Nerve muscle pedicle created from 1 of strap muscles. Pedicle placed in close proximity to exposed laryngeal
muscle fibers

Videostroboscopic was not available for all patients, therefore results not reported in paper. Methods for
recording of voice samples were not elaborated. All patients' voices were assessed by a panel of
"sophisticated" listeners, including at least 1 speech and language pathologist and I otolaryngologist other
than the surgeon. They ranked the voices heard on high-quality audio tapes as normal, greatly improved,
somewhat improved, no better, or voice worse, when comparing preoperative to postoperative results

Not specified

Not specified

Clinical diagnosis with in traoperative EMG evaluation

Yes

.Not reported

AA = arytenoid adduction, ML = medialization laryngoplasty, EMG = e1ectromyographic.
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THE EVIDENCE CONDENSED: Reinnervation versus no reinnervation for unilateral vocal fold paralysis treatment

Reference

Level (design)

Sample size

Outcome measures

No reinnervation

Chhetri, 1999

3 (retrospective comparative)

9 AA patients, 10 combined AA and reinnervation patients

OUTCOMES

Glottal closure, mucosal wave, symmetry, laryngeal airflow, subglottic pressure, perceptual analysis by panel
of voice professionals

4.5 <0.05

4.2 <0.05
4.8 <0.05

>0.05
8.2 >0.05

298 >0.05
31.5 >0.05

2.9 <0.05

Reinn ervation

Param eter

Clos ure
Mucosal wave

P
NP

Sym metry
Pressure
Airflow
Resistanc e
Perceptual

Parameter

Closure

Mucosal wave

P
NP

Symmetry
Pressure
Airflow
Resistance
Perceptual

Pre

1.6

2.0
2.8

8.0
586
14.8
5.2

Pre

2.6

3.3
4.0

8.6
445
22.3

4.3

Gro up I: Aryten oid Adduction

Post

4.0

3.8
4.4

7.7
326

35.3
3.8

Gro up 2: Combined Adduction and Reinnervation

Post

P value

<0.05

<0.05
<0.05
>0.05
>0.05
<0.05
<0.05
<0.05

P value

Follow-up time

p Value

Conclusion

Inclusion criteria

Exclusion criteria

Medialization details

Reinnervation details

Voice and video
measurements

Age

Masking

Diagnostic crit eria for
cord paralysis

Consecutive patients?

Morbidity/complications

Follow-up voice recording 2-60 mo

Not reported

No significant difference noted in comparing AA + reinnervation vs AA + no reinnervation.
Significant improvements in multiple parameters pre - vs post -AA + reinnervation and pre- vs post-AA +
no reinnervation

STUDY DESIGN

Unilateral vocal fold paralysis. Patients underwent aforementioned procedures for treatment of unilateral
vocal fold paralysis . All patients with adequate preoperative evaluation were included in study

Inadequate preoperative evaluation or inability to have postoperative evaluation

Arytenoid adduction as described by Isshiki et al. ( 1978) with modifications as described by Bielamowicz
et al. (I995 )

Ansa cervicalis to recurrent laryngeal nerve anastomosis as described by Crumley ( 1986)

90-degree telescopic laryngoscope with camera and stroboscopic unit. Laryngeal airflow and subglottic
pressure measured as described by Smitehran and Hixon ( 1981). 2-second voice samples excerpted from
middle of sentence

48.2 Ymedialization group, 40.1 y combined group

For voice sample recording

Unilateral vocal fold paralysis

o

Non~ reported

AA = ar ytenoid adduction , ML = medialization lar yngoplasty, EM G = electromyographic.
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THE EVIDENCE CONDENSED: Reinnervation versustype I thyroplasty for unilateral vocal fold paralysis treatment

Reference

Level (design)

Sample size

Chou, 2002

2 (prospective cohort study)

8 reinnervation, 4 medialization laryngoplasty

OUTCOMES

Maximum phonation time

With neurorrhaphy 4.9 ±
1.3 s, 10 ± 1.8 s
Without neurorrhaphy
"No change"

3 months 6 months 3 months 6 months

Follow-up monlhs

. .
1)2.0_023 p>O.9

2

1

~ 1

~
omoo'"

GRBAS sca le:
onormal, I mild, 2 moderate, 3 severe, 4 complete

Grade Roughness
scale SCale Neuronhaphy In 8) W<1hOul neuronhaphy tn ..,

Outcome measures

Breathiness
Scate NeurorThephy (n . 8) WIthOul neurontIaphy (n . 04 '

p3 a 0.038 P .O.3~

2 1

"" 1

~
3 months 6 monlhs 3 months 6 months

F_ """,""

Asthenia
SCIIe NeuronhaPhY (n • 8) WithOut neuront\aphy (n .")

Vocal fold atrophy
With neurorrhaphy 12.5%
(n = 1/8)
Without neurorrhaphy
100% (n = 4/4)
All 4 requi red medialization
laryngoplasty

Strain
5cale NeurorrhllphyIn. 8) WIthoUl neurormaphy (n . '"

. 0 034 . 0.317

p Value As shown above, 3 mo vs 6 mo MPT
0.011, with neurorrhaphy
3 mo vs 6 mo
NS, without neurorrhaphy
Atrophy
0.01, with neurorrhaphy vs
without neurorrhaphy

Conclusion

Follow-up time

Significant improvement between 3 and 6 mo with neurorrhaphy
o significant change between 3 and 6 mo without neurorrhaphy

3 mo,6 mo

STUDY DESIGN

Inclusion criteria

Exclusion criteria

No reinnervation details

Reinnervation details

Voice and video
measurements

Age

Masking

Diagnostic criteria for
cord paralysis

Consecutive patients?

Morbidity/complications

UVFP in patients with complete RLN injury or resection caused by various diseases. 8 patients had
primary repair, the other 4 had no repair secondary to cancer involvement of distal stump

None specified

No reinnervation allowed only in patients with cancer invasion of distal stump of nerve not eligible
for neurorrhaphy. Otherwise not specified

Primary repair of RLN under operating microscope. Anastomoses were usually made with two stitches
of 10-0 nylon

Laryngoscopy and laryngovideosco py performed at 3 and 6 mo after RLN injury or neurorrhaphy.
Stroboscopy performed with standard equipment

Mean 45.9 y

No

Endocrine surgeon judged completeness of nerve injury intraoperatively

No

None reported

Source: Figures from Chou et al. [31, reproduced with permission from Elsevier.
GRBAS=Grade, Roughness, Breathiness, Asthenia, Strain. RLN =recurrent laryngeal nerve. UVFP =unilateral vocal fold paralysis. NS =not significant.
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25 Survival Analysis
Sandra S. Stinnett

Survival analysis is concerned with time to the occur
rence of an event, such as death, recurrence or disease, or
failure of an implanted medical device. Computing only
the overall proportion surviving the event neglects
the important aspect of time. We need a measure that
accounts not only for whether patients die, but also for
when they die. In other words, we want to look at the
pattern of dying over time.

OVERVIEW

In survival analysis, patients are followed for a specified
period of time or until the event has occurred. Some
patients may not even experience the event during the
follow-up period. Other patients may be lost to follow
up during the study period. Both of these types of patients
have incomplete data for survival or "time-to-an-event"
and are called "censored:' The analysis of survival data
requires special methods that account for censoring.
These methods focus on the pattern of occurrences of
the event which is displayed as a "survival curve."Survival
patterns are summarized by survival probabilities at
certain time points. The median time to reach the end
point can also be reported. Often, two or more groups of
patients are compared with respect to their survival pat
terns. The significance of the difference between survival
curves can also be examined using statistical tests. In
addition, the effect of other variables on the survival
function can be modeled and assessed for significance.

There are three primary methods for analyzing
these types of data that deal with the issue of censoring.
The first method, called the life-table (LT) or actuarial
method, was used primarily before the advent of com
puters because it is easy to compute by hand. In this
method, follow-up times are divided into intervals
and those dying (or experiencing the event) in that
interval of time are counted. From this, the probability
of surviving through that interval of time is com
puted. If you do not know the exact times of death, just
intervals in which deaths occurred, you are limited to
using this method. The second method is the Kaplan
Meier (KM) method, in which exact times of death (or
other event) are used and a computer does all the work
in computing the survival function. This method is
preferred because it is more accurate. It is possible to
use statistical tests to assess whether two or more sur
vival curves differ from each other in their patterns of
survival. The third method is the Cox proportional
hazards model which includes the tests to assess differ
ences in survival curves and also allows other variables
to be added to the model. In an analysis, one might want
to begin with the KM method, use tests to compare sur
vival functions, and then proceed to examine additional
variables with the Cox model. There are many statistical
software packages that contain procedures for survival
analysis. Computations for this chapter were performed
using SAS® procedures LIFETEST (KM) and PHREG
(Cox model) [1].

Survival methods
Status
Censored
Survival function

Survival curves
Life-table method

Kaplan-Meier
method

Kaplan-Meier
model

Logrank test

Hazard function

Hazard ratio

Proportional
hazard

Definitions
Techniques for analyzing time- to-event data that account for censoring
Whether the individual experienced the event or not
Not experiencing the event during the follow-up time or lost to follow-up at a specific time
The probability of an individual not experiencing the endpoint at specific times after the start

of the study
Plots that display survival probabilities
The method of computing survival probabilities when the time to reach an endpoint or

censored time is known only within an interval of time
The method of computing survival probabilities when an endpoint occurs, displayed as a

series of steps
A regression model used to test the effect of potentially explanatory variables on survival

A test that assesses whether there are differences in the survival curves between groups being
studied

The instantaneous potential per unit time for the event to occur, at a time t, given survival up
to time 1. For the LTmethod: qi =d/n(. For the KM method: qt =dt/nt. (See notation
below.)

Over all time points, the ratio of the risk of the event in one group to the risk of the event in
another group

The constancy of the hazard ratio over time
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t

d
c

n

n/1

q

p

S

Notation
Time to the event or, if censored, duration of time observed as during an interval (ti for LT) or

at a given time (tt for KM)
The number of deaths in the time interval (d, for LT) or at a given time (d, for KM)
The number of censored observations in the time interval (c, for LT) or at a given time (ct for

KM)
The number of individuals who are alive and are at risk of death at the start of the interval

(n, for LT) or at a given time (n, for KM)
The average number of individuals who are at risk in a time interval (for LT), computed as

the number entering the interval n, minus half the number of censored observations Ci
The proportion dying in the interval (qi for LT) or at a given time (qt for KM), computed as

qi = d/n{ for LT and as qt = dtlnt for KM
The proportion surviving the interval (Pi for LT) or at a given time (Pt for KM), computed as

p=I-q
Survivorship function or the probability of surviving to a given time interval (Si for LT) or

point (S, for KM), given the survival of all previous time intervals or time points, computed
by multiplying together all previous probabilities of survival: Si= Pi PO-I) ... P2PI for LT and
St= Ptp(t-I) · · · P2PI for KM

ASSUMPTIONS OF SURVIVAL ANALYSIS

Norman and Steiner [2] provide a good discussion of the
assumptions of survival analysis:

1. An identifiable starting point,such as time since diag
nosis or time since first treatment and it should be
applied uniformly for all patients.

2. A clear end point. Death is usually clear; however,
death attributable to other causes (not the one being
investigated) will have to be classified as either death
or withdrawal. How to handle this situation should be
decided in advance. Recurrence may be problematic,
especially if a condition or disease recurs many times.
Usually time to first recurrence is used.

3. Loss to follow-up should not be related to the outcome.
If those who dropped out of a study did so because
they died of the disease in question and this was
unknown to the investigator, the results of the study
would be biased.

4. No secular trend. This means that during the trial
period, nothing should change regarding the selection
of patients, the treatment or other factors that would
impact the outcome.

ILLUSTRATIVE EXAMPLE

We will consider a data set from a hypothetical clinical
trial of two different treatments for laryngeal cancer. In
this study, patients were treated with either radiation
alone or with both radiation and surgery. Each group had
40 patients. The main purpose of this study was to deter
mine whether patients treated with radiation and surgery
survive longer than patients treated with radiation alone.
Data for all patients are shown in Table 25.1. In addition
to survival time in months (time since treatment), the
data include sex and age of the patient at trial entry. The

status at the end of the study is given as "Alive"or "Dead,"
If patients are alive at the end of the study or at the time
of withdrawal from the study, they are "censored'{see
definitions above), which means that they have not died
yet. They were also censored if they were "lost" during the
study. Dawson and Trapp [3] clearly illustrate the analy
sis of survival data with examples; the illustration of
computations here is patterned after their presentation.

We can consider whether the two variables, sex and
age, are related to survival. If they are, we can account for
this in the comparison of survival of the two groups.
Because these data are from a clinical trial in which
patients were randomized to treatment groups, the
groups should be similar in terms of demographics. If
they are not, this difference may impact the survival
times; this is another reason to account for them in the
analysis.

In this study, there was a preponderance of males in
both groups, 92.50/0 in the radiation group and 87.50/0 in
the surgery + radiation group. These proportions were
not significantly different. The average age of patients in
the radiation group was 66.9 years. In the surgery + radi
ation group, the average age was 62 years. The difference
in ages is significant (p = 0.003, two-sample r-test). The
mean and median survival times were 12.8 and 9.9
months for the radiation group and 20.4 and 16.7 for the
surgery + radiation group. From this preliminary analy
sis, we conclude that those in the surgery + radiation
group survived longer than those receiving radiation
alone. In the survival analysis, we will see how the pat
terns of survival differ in the two groups.

LIFE-TABLE METHOD OF SURVIVAL ANALYSIS

In the LT, or actuarial, method, the times to death are not
known exactly,but are known within an interval of time.



TABLE 25.1. Survival times of laryngeal cancer patients in a hypothetical clinical trial to compare treatments

Pati ent Age (y) Sex Months Status

no. Treatment Survival

I Surgery/radiation 61 Male 20.9 Alive

2 Surger ylradiation 51 Male 50.5 Alive

3 Radiation 72 Male 18.1 Dead

4 Radiation 69 Male 4.9 Dead

5 Surger y/radiation 72 Male 23.6 Dead

6 Radiation 70 Male 19.0 Alive

7 Surgery/radiation 62 Male 43.4 Alive

8 Radiation 65 Female 9.3 Alive

9 Radiation 70 Male 4.9 Alive

10 Radiation 72 Male 13.3 Dead

II Surgerylradiation 50 Male 18.4 Alive

12 Surgerylradiation 53 Female 16.9 Alive

13 Radiatio n 71 Male 10.5 Dead

14 Surgery/radiation 71 Male 25.5 Dead

15 Surgery/radiation 52 Male 8.0 Alive

16 Radiation 70 Male 12.6 Alive

17 Radiation 66 Female 8.8 Dead

18 Radiation 54 Male 35.5 Alive

19 Radiation 72 Male 33.6 Alive

20 Surgery/radiation 53 Male 37.7 Alive

21 Surger ylradiation 61 Male 42.8 Alive

22 Radiation 71 Male 11.8 Alive

23 Surgerylradiation 66 Male 29.7 Dead

24 Surger ylradiation 65 Male 12.3 Alive

25 Surgery/radiation 54 Male 7.9 Alive

26 Radiation 58 Male 15.5 Dead

27 Radiation 61 Male 5.9 Alive

28 Surgerylradiation 56 Male 23.6 Alive

29 Radiatio n 69 Male 13.9 Alive

30 Radiatio n 70 Male 16.5 Alive

31 Radiation 63 Male 26.3 Alive

32 Radiation 55 Male 10.4 Alive

33 Surgerylradiation 56 Female 10.1 Alive

34 Surgerylradiation 73 Male 16.6 Dead

35 Surgerylradiation 60 Male 21.7 Alive

36 Surgerylradiation 69 Male 15.8 Dead

37 Radiation 58 Male 9.4 Dead

38 Radiation 68 Male 27.3 Dead

39 Surgery/radiation 71 Male 11.8 Dead

40 Surgery/radiation 62 Male 14.9 Alive

Patient Age (y) Sex Month s Status

no. Treatment Surv ival

41 Surgery/radiation 68 Female 23.7 Dead

42 Surger y/radiation 63 Male 17.1 Dead

43 Surgery/radiation 66 Male 44.8 Dead

44 Radiation 71 Male 14.5 Dead

45 Radiation 70 Male 8.8 Dead

46 Radiation 71 Male 8.3 Alive

47 Surgery/radiation 67 Male 12.5 Alive

48 Surgerylradiation 62 Male U.5 Alive

49 Radiation 64 Male 5.5 Alive

50 Radiation 70 Male 5.4 Alive

51 Radiation 63 Male 17.6 Alive

52 Surgery/radiatio n 69 Male 44.6 Alive

53 Surgerylradiation 70 Fema le 12.5 Alive

54 Surgery/radiation 46 Male 9.2 Alive

55 Surgerylradiation 72 Male 30.7 Alive

56 Surgery/radiation 73 Male 15.1 Alive

57 Surgery/radiation 34 Female 8.4 Alive

58 Radiation 68 Male 14.7 Alive

59 Radiation 74 Male 26.6 Dead

60 Radiation 62 Male 15.9 Dead

61 Radiation 63 Male 6.4 Dead

62 Radiation 61 Male 6.5 Dead

63 Radiation 71 Male 8.9 Dead

64 Surgery/radiation 60 Male 26.3 Dead

65 Surgerylradiation 72 Male 9.9 Alive

66 Surgery/radiation 69 Male 5.0 Alive

67 Radiation 66 Male 16.3 Alive

68 Radiat ion 73 Male 9.4 Alive

69 Radiation 69 Male 3.8 Alive

70 Surge rylradiatio n 55 Male 13.3 Alive

71 Surgery/radiation 69 Male 17.9 Dead

72 Radiation 73 Male 9.4 Alive

73 Surgery/radiation 51 Male 11.0 Dead

74 Surgery/radiation 71 Male 15.6 Alive

75 Surgerylradiation 65 Male 15.9 Alive

76 Radiation 73 Male 5.9 Dead

77 Radiation 66 Male 6.7 Dead

78 Surgery/radiation 59 Male 17.2 Alive

79 Radiation 65 Female 9.3 Dead

80 Radiation 60 Male 5.3 Alive
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Therefore, the analysis focuses on the interval in which
the death occurred. The information needed for compu
tation ofsurvival is displayed in Table 25.2 for the patients
in the radiation group. Even though we know the actual
number of months of survival, we have grouped them
into time intervals here to illustrate the analysis.

In Table 25.2, d, and Cj denote the number of deaths
and the number that are censored, respectively, in the
time interval. The number of individuals who are alive
and are at risk of death at the start of the interval is n,
Now, we assume that the censored individuals leave the
study uniformly during the interval. So, the average
number of individuals who are at risk, n,', is computed
as the number entering the interval, n., minus half the
number of censored observations, q. The number at risk,
n,', is the denominator in the computation of the propor
tion dying, which is computed as (qi =d/n(). The pro
portion surviving the interval is one minus the proportion
dying, (Pi =1 - q.),

The probability that an individual survives through a
given time interval is the product of the probabilities that
an individual survives through the start of that interval

given that they had survived through each of the preced
ing intervals. This is called the LTestimate of survival, S,
and is referred to as the survival function. The estimated
probability of surviving until the start of the first interval
is 1. In the example above, no events occur in the first
interval, 0-3 months. So, the probability of survival until
the start of the second interval is still 1. In the second
interval, >3 to 6 months, there are two deaths and six
withdrawals, or censored individuals. We compute the
number at risk, n,', as 40 minus half the censored indi
viduals (3). So, the number at risk is 37 and the propor
tion dying is 2/37 = 0.0541. Then, the proportion
surviving is 1 - 0.0541 =0.9459. The survival function is
computed as the product of the previous value of the
survival function and the proportion surviving the
current interval. For this interval, the survival function is
1.000 x 0.9459 =0.9459. For the second interval, the sur
vival function is computed as 0.9459 x 0.8095 =0.7658.
This procedure is repeated for the remaining intervals.

The survival function is usually presented in graph
ical form as a survival curve, as shown for these data in
Figure 25.1.

The LT survival distribution for patients in the
surgery + radiation group is shown in Table 25.3. For
comparison, see Figure 25.2.

TABLE 25.2. Life-table survival distribution for patients in the radiation group

Time interval No. entering No. censored No. at ri sk No. of Proportion Proportion Survival fun ction
(mo) (i) interval (n.) during (n,' = ni- O.5Ci) events (di) dying surviving (Si= PiP(;..) ) . .. PZP1)

interval (e;) (qi = d;ln;') (Pi = !-qi)

oto 3 40 0 40 0 0 1.000 1.000

>3 to 6 40 6 37 2 0.054 1 0.9459 0.9459

>6 to 9 32 31.5 6 0.1905 0.8095 0.7658

>9 to 12 25 5 22.5 3 0.1333 0.8667 0.6637

> 12 to 15 17 3 15.5 2 0.1290 0.8710 0.5780

> 15 to 18 12 3 10.5 2 0.1905 0.8095 0.4679

>18 to 21 7 6.5 I 0. 1538 0.8462 0.3959

>21 5 3 3.5 2 0.5714 0.4286 0. 1697

1.00-1----,

o 5 10 15

11me to DIIIh (Monlht)

20 25 Figure 25.1. Life-table survival distribution for the radia
tion group.
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TABLE 25.3. Life-table survival distribution for patients on surgery + radiation

Time interval No. entering No. censored No. at risk No. of Proportion Proportion Survival function
(mo) (i) interval (n.) during (n,' = nj- 0.5e;) event s (dj) dying surv iving (S;= PiP(i-1) . . . PZPI)

interval (e;) (q; = d;ln;') (Pi= 1-qj)

oto 3 40 0 40 0 0 1.000 1.000 ·

>3 to 6 40 39.5 0

>6 to 9 39 3 37.5 0

>9 to 12 36 3 34.5 2 0.0580 0.9420 0.9420

>12 to 15 31 6 28 0

>15 to 18 25 5 22.5 4 0.1778 0.8222 0.7746

>18 to 21 16 2 15 0

>21 14 8 10 6 0.6000 0.4000 0.3098

1.00"---------,

I 0.75

I
J

0.00

Figure 25.2. Life-table survival distribution for surgery/
radiation group.

o 5 10 15

l1me to De8lh (Monlha)
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KAPLAN-MEIER PRODUCT LIMIT METHOD OF
SURVIVAL ANALYSIS

In the KM method of survival analysis, survival is esti
mated as each event occurs (patient dies or has recur
rence). Table 25.4 illustrates the computation of the
survival function for the radiation group. The time at
which an event occurs is denoted as t. The number at risk
at the time of the event is (n.), The number of events (d.)
and the proportion having an event (q, =dr/nt ) are shown
in the next two columns. The proportion surviving (Pt=
1- qt) and the survival function (St=PtP(t-l) . .. PZP1) are
given in the last two columns. Computations are similar
to the LTmethod, but are performed each time an event
(death) occurs. Before the first event, all 40 patients are
alive and the value of the survival function is 1.000. In
this example, one patient is lost to follow-up, or cen
sored, at 3.80 months. The number at risk is now 39. The
first patient dies at 4.86 months. We now compute mor
tality, proportion surviving, and the survival funct ion at
this point. The proportion dying is 1/39 = 0.0256; the
proportion surviving is 1 - 0.0256 =0.9744; the survival
function is 1.000 X 0.9744 =0.9744. One patient is sub
sequently censored at each of the following times: 4.90,
5.30,5.36, and 5.52 months. These four patients, plus the

patient censored at 3.8 months and the one death com
prise those who have left the study. There are now 34
patients remaining at risk when the next death occurs at
5.90 months. At this point, the proportion dying is 1/34
=0.0294; the proportion surviving is 1 - 0.0294 =0.9706;
the survival function is 0.9744 X 0.9706 =0.9457. The
process is repeated for the remaining events.

The survival function estimates are presented in a
graph , as shown in Figure 25.3 for the radiation group.

COMPARING TWO SURVIVAL CURVES

Often, investigators want to compare two or more groups
of pat ients in terms of survival. The KM survival curves
for both treatment groups are shown in Figure 25.4. A
visual examination of the curves reveals that the survival
was similar for the first 5 months of the study. At that
point, the curves diverge rapidly.Wesee that those receiv
ing radiation alone died more quickly and had lower
survival rates. One patient in the surgery + radiation
group survived more than 50 months, whereas the last
patient in the radiation group survived approximately 35
months. Typically,the median survival time and the sur
vival rate at a certain time, such as at 1 year or 5 years,
are reported and compared for the two groups . Survival
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TABLE 25.4. Survival distribution for patients on radiation

Event time No. at No. of Proportion dyin g Proportion surviving Survival function
(mo) (t) ri sk (n.) even ts (d,) (q, =d.tn ,) (p, = I - q.) (S, =P,P(H)... PlP,)

0 40 1.0000 1.0000

3.80 40

4.86 39 0.0256 0.9744 0.9744

4.90 38

5.30 37

5.36 36

5.52 35

5.90 34 0.0294 0.9706 0.9457

5.95 33

6.37 32 0.0313 0.9688 0.9161

6.50 31 0.0323 0.9677 0.8866

6.67 30 0.0333 0.9667 0.8570

8.34 29

8.80 28 0.0357 0.9543 0.8264

8.80 27 0.0370 0.9630 0.7958

8.90 26 0.0385 0.96 15 0.7652

9.30 25 0.0400 0.9600 0.7346

9.30 24

9.40 23

9.43 22 0.0455 0.9545 0.7012

9.43 21

10.40 20

10.51 19 0.0526 0.9474 0.6643

11.80 18

12.58 17

13.27 16 0.0625 0.9375 0.6228

13.86 15

14.50 14 0.0714 0.9286 0.5783

14.65 13

15.50 12 0.0833 0.9167 0.530 1

15.87 II 0.0909 0.909 1 0.48 19

16.26 10

16.46 9

17.61 8

18.10 7 0.1429 0.8571 0.4 131

18.99 6

26.30 5

26.60 4 0.2500 0.7500 0.3098

27.30 3 0.3333 0.6667 0.2065

33.60 2

35.50
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rates can be read from computer output (similar to Table
25.4) which also contains confidence intervals around
the survival estimates. In this example, the median sur
vival times are 15.87 months for the radiation group and
29.70 months for the radiation + surgery group. The 1
year survival rate is 0.6643 for the radiation group and
0.9394 for the radiation + surgery group.

The Logrank Test. There are several methods for testing
the significance of the difference in survival rates depicted
by the two curves. The most frequently used statistic is
the logrank test, which compares the number of observed
deaths in each group with the number of deaths that
would be expected based on the number of deaths in the
combined groups, disregarding group membership.

Computer programs calculate the logrank statistic
without dividing the data into intervals. The observed
and expected number of failures or deaths is computed
each time a patient dies or is censored. The computations
for this method are intensive, though accurate. However,
to illustrate how the statistic is calculated, we will divide
the data into intervals as was done for the LT method.

In Table 25.5, the time intervals are listed in column
1. Columns 2 and 3 give the number "at risk" at the
beginning of each interval (removing those who died or
were censored in the previous interval). Column 4 gives
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the total number of patients at risk in the interval.
Columns 5-7 give the observed number of deaths in each
treatment group and the total number of deaths. Columns
8-10 give the expected number of deaths for each group
and the total. The expected values are computed by mul
tiplying the proportion in each group at each interval by
the total number of deaths occurring in that interval.
(Column 2/column 4) x column 7 = column 8. (Column
3/column 4) x column 7 = column 9. For a given time
interval, the total number of observed deaths (column 7)
is of course the same as the total number of expected
deaths (column 10).

For example, in the interval >6 to 9 months, the
proportion of patients in the radiation group is 32/71 =
0.4507. The total number of deaths occurring in that
interval is 6. So, the expected number of deaths in the
radiation group is 0.4507 x 6 =2.70423. For the surgery
+ radiation group, the proportion of patients is 39/71 =
0.5493. The expected number of deaths in the surgery/
radiation group is 0.5493 x 6 =3.29577. This process is
repeated for each interval. The total number of observed
and expected deaths is computed as the sum of the values
(rows) in columns 5 and 6 and columns 8 and 9, respec-
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Figure 25.3. Kaplan-Meier survival distribution for radia-
tion group.
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tively. The totals are used in the computation of the
logrank statistic which has a chi-square distribution (X2

)

with one degree of freedom. [The X2 distribution is a
statistical distribution that is used to test differences
between proportions and to test differences between
observed and expected data. The X2distribution has one
parameter, its degrees of freedom (df) . Its shape has a
positive skew (longer tail on the right end of the distribu
tion) . The skew decreases as df increase.]

The following equation is used to assesswhether the
survival distributions are the same in each group.

X2=(01- E1)2/E1+ (02- E2)2/E2
= (18 - 10.8172959)2/(10.8172959)

+ (12 - 19.1827041)2/19.1827041
=7.46

In this equation, 0 1 and E1 and O2 and E2 are the
numbers of observed and expected deaths in group 1
(radiation) and group 2 (surgery/radiation), respectively.
The X2 distribution with one df has a critical value of
3.841. Becauseour computed value of 7.46 exceeds3.841,
we conclude that there is a statistically significant differ
ence between the two survival curves. The p value that
corresponds to this value of the test statistic is 0.006.

The Hazard Ratio. The hazard function is the probability
that a person will die (or fail or have a recurrence) in the
next interval of time, given that the person has survived
until the beginning of the interval. The hazard ratio is a
measure that is frequently used to quantify the difference
between survival distributions for two groups . It is com
puted as

Hazard ratio =(01/E1)/(02/E2)'

For this study, the hazard ratio, or risk of death for
patients in the radiation group compared to patients in
the surgery/radiation group is

Hazard ratio =(18/10.8170)/(12/19.1830) =2.66.

TABLE 25.5. Computing the logrank statistic

The risk of death in the radiation group is about 2.7
times greater than the risk in the surgery + radiation
group. An assumption has been made that the hazard
ratio remains the same through the study period. When
this is not the case, other methods of comparing the two
groups may be more appropriate.

Cox Proportional Hazards Model. Often, investigators
would like to know the effect of certain variables on
the length of survival. In this particular study, we might
want to examine the effects of age and sex on survival.
This is accomplished by using a statistical model that
has some similarities to multiple linear regression. In
multiple linear regression, the simultaneous effect of
several independent variables on an outcome or depen
dent variable are calculated. The result of the analysis,
provided by a statistical software program, is a series of
coefficientsor parameter estimates that comprise a linear
combination of the variables. In a similar manner, the
Cox proportional hazards model produces a set of coef
ficients for the variables in the model. However, in this
case, the response or dependent variable is the time-to
event (death, recurrence, or device failure). The expo
nentials of these coefficients are the hazard ratios. Each
ratio represents the risk of having the endpoint for a unit
increase in the corresponding variable, adjusting for
other variables in the model. For variables that are
dichotomous (having two values such as yes or no), the
hazard ratio gives the risk for one group relative to the
other. To calculate the associated statistical test, the Wald
X2statistic, the parameter estimate (the coefficient of the
variable) is divided by its standard error and then
squared .

The computation involved in the Cox model is
extensive and requires a computer program. Here, we
simply present the results of running the procedure
PHREG in SAS (statistics software). The SAS output
for the first model containing only treatment (TREAT,
where the variable is coded as 0 =surgery + radiation and
1 =radiation) is shown below.

Patients at risk Ob served deaths Expected deaths

Time interval Surgery! Radiation Surgery! Radiation Surgery! Total
(mo) (I) Rad (2) radiation (3) Total (4) (5) radiation (6) Total (7) (8) radiation (9) ( 10)

o to 3 40 40 80 0 0 0 0 0 0

>3 to 6 40 40 80 2 0 2 1.00000 1.000 2

>6 to 9 32 39 71 6 0 6 2.70423 3.29577 6

>9 to 12 25 36 61 3 2 5 2.04918 2.95082 5

>12 to 15 17 31 48 2 0 2 0.70833 1.29167 2

>15 to 18 12 25 37 2 4 6 1.94595 4.05405 6

>18 to 21 7 16 23 0 I 0.30435 0.69565 I

>21 5 14 19 2 6 8 2.10526 5.89474 8

Totals 18 12 30 10.8170 19.1830 30



Modell
Parameter
Variable

TREAT

df

1

Standard
Estimate

1.09127

Error

0.38676 7.9612 0.0048

Variable
Ratio

2.978

Label

Treatment

The parameter estimate, 1.09127, is exponentiated
(e1.09127) to obtain the hazard ratio, 2.978. (Here, the data
are not divided into intervals as it was when we com
puted this value by hand so the results differ slightly.
This result is more accurate because it is computed each
time a patient dies.) The hazard ratio means that the risk

of dying in the radiation group is nearly 3 times greater
than the risk of dying in the surgery + radiation group.
The X2 statistic with a p value of 0.0048 indicates that
there is a statistically significant difference between the
treatment groups in their length of survival.

Model 2
Parameter Standard Hazard Variable
Variable df Estimate Error X2 Pr > X2 Ratio Label

TREAT 0.92063 0.39966 5.3062 0.0212 2.511 Treatment
AGE 0.04952 0.03162 2.4528 0.1173 1.051

SAS output for models containing treatment
(TREAT) and each covariable separately and jointly- are
shown below. The variable SEXis coded as 0 = males and
1 = females. For these models, the hazard ratio is

"adjusted" for other variables in the model, meaning that
these are the risk for that variable, given that treatment
or other variables are in the model simultaneously.

Model 3
Parameter
Variable

TREAT
SEX

df

1
1

Standard
Estimate

1.16031
0.87696

Error

0.39349
0.64104

8.6950
1.8715

0.0032
0.1713

Variable
Ratio

3.191
2.404

Label

Treatment

Model 4
Parameter
Variable

TREAT
AGE
SEX

Standard Hazard Variable
df Estimate Error X2 Pr >X2 Ratio Label

0.98942 0.40546 5.9548 0.0147 2.690 Treatment
0.05235 0.03208 2.6624 0.1027 1.054
0.95762 0.64124 2.2302 0.1353 2.605

In these models, we see that treatment is the only
variable that is significant. We can conclude that length
of survival is not affected by age or by sex when in the
presence of treatment. The interpretation of the hazard
ratio for age in model 2 is that the risk of dying increases
by 50/0 (1.051) for every year of age, after adjusting for
treatment. The interpretation of the hazard ratio for sex
in model 3 is that the risk of dying is 2.4 times greater in
females that in males, after adjusting for treatment.
However, these risks are not significant in the presence
of the treatment variable. If the variables had been
significant, we could have obtained new "adjusted"
survival curves derived from the model with additional
variables.

EXAMPLES OF SURVIVAL ANALYSIS IN
OTOLARYNGOLOGY

A search of the journal Otolaryngology-Head and Neck
Surgery over the years 2000-2004 revealed 16 articles

and six abstracts of presentations at the AAO-HNS
(American Academy of Otolaryngology-Head and Neck
Surgery) annual meetings that utilized survival analysis.
These are listed in the reference section. Applications of
the analysis include:

• Determining staging characteristics and survival
outcomes for primary malignancies of the trachea
(Bhattacharyya [4])

• Determining if survival for second primary head and
neck cancer is poorer than for first primaries (Bhyat
tacharyya and Nayak [5])

• Clarifying the importance of 16 possible prognostic
factors for survival in patients with T3 NO MO laryn
geal carcinoma treated with total laryngectomy (Gallo
et al. [6])

• Determining the survival and prognostic factors for
differentiated thyroid carcinoma (Bhattacharyya [7])

• Comparing the correlation of TANISand TNM '97 with
the survival rate in laryngeal cancer (Carinci et al. [8])
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• Identifying factors influencing the outcome of post
operative radiotherapy in patients with advanced
laryngeal cancer (Marshak et ale [9])

• Reporting the oncologic and functional outcome of
patients undergoing near-total laryngectomy (Bernal
dez et al. [10])

• Analyzing oncologic results,prognostic factors, and
consideration of transglottic tumors as a separate entity
in patients with T3 glottic carcinoma treated by surgery
± radiation therapy (Lassaletta et al. [11])

• Determining the prognostic importance of 8p23 loss
in patients with head and neck squamous cell carci
noma (Bockmiihl et al. [12])

• Assessingwhether supracricoid laryngectomy with cri
cohyoidoepiglottopexy could successfully cure disease
and preserve voice in glottic laryngeal cancer (Lima
et ale [13])

• Analyzing the clinical and histologic features and
follow-up of a series of patients with extra thyroid
spread undergoing surgery for papillary carcinoma of
the thyroid (Ortiz et al. [14])

• Evaluating the impact on survival achieved with the
combination of surgical and postoperative radio
therapy in patients with advanced head and neck
carcinomas and identifying the prognostic value of
several host- and tumor-related factors (DeStefani
et ale [15])

• Determining the cure rate and prognostic factors in
patients who underwent endoscopic CO2 laser excision
for previously untreated early glottic cancer (Peretti et
al. [1])

• Determining whether human papillomavirus type 16
affects survival in oral squamous cell carcinoma
(Schwartz et al. [17]).

SUMMARY

Survival analysisprovides a means of examining patterns
of experiencing an event such as death, recurrence, or
device failure. The methods used in survival analysis are
special in that they use information from individuals
who have not experienced the event by the end of the
study or who have been lost during the course of the
study. The survival patterns of one or more groups can
be plotted for a visual examination of differences and
tested for a statistical assessment of differences.Explana
tory variables that may be related to the survival patterns
may be included in additional analyses and tested for
their significance.Adjusted survival curves resulting from
these analyses can be compared and tested after account
ing for these variables. Use of these methods in otolar
yngology allows physicians to determine the patterns of
survival after diagnosis of malignancy and other condi
tions, and also to compare and test the relative effects of
treatments for these diseases among their patients.
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26 Head and Neck Quality of Life Assessment
and Outcomes Research
Richard Gliklich

Head and neck cancer and its treatment can be both
debilitating and disfiguring. There is an undeniable
impact on function, appearance, and pain, with poten
tially devastating consequences for nutrition, communi
cation, and social interaction. Because of this impact,
head and neck cancer treatment outcomes must center
not only on survival, but also on quality of life (QOL).
Whereas survival or disease-free survival can be mathe
matically straightforward measurements, QOL is more
difficult to characterize and to measure. A QOL out
comes monitoring system for head and neck cancer and
treatment requires tools that are valid and reliable, and
that also address broad constructs of general health as
well as those specific to the head and neck region.

QOL measurements can be global or disease
specific. Global QOL refers to a general assessment of
patient functioning and well-being and may be affected
by multiple disease processes. General health measures,
such as the Medical Outcomes Study Short Form 36-item
Survey (SF-36), allow comparisons across disease enti
ties, and provide a gauge to understand side effects and
tradeoffs of different therapies. Disease-specific QOL, in
contrast, refers to the impact of one disease only. Head
and neck-specific measures are less affected by comorbid
illness, may be more precise, and are usually more sensi
tive to clinical change. Theoretically, the combination of
specific and general measures provides the most compre
hensive assessment strategy. The current approaches to
measuring QOL center on utilizing either two measure
batteries (general and disease-specific) or a single battery
which combines elements of the two [1-10]. There are
currently at least nine well-validated measures for QOL
assessment in the head and neck, and probably others
that have been less widely utilized [11-35].

To limit burden for the patient, it is necessary to
determine which health dimensions are important in
head and neck disease and which are truly specific to the
head and neck. Gotay and Moore [8] conducted a sys
tematic review of the published literature on head and
neck cancer and grouped all the dimensions of QOL that
were assessed using a standard categorization scheme.
These included emotional well-being, spirituality, sexual
ity/intimacy, social functioning, occupational function
ing' physical functioning, physical status including pain,

treatment satisfaction, global ratings, speech/communi
cation, and eating/swallowing. Most of these health
dimensions are assessed by several current, well-tested,
general health measures such as the Medical Outcomes
Study SF-36 Health Survey. Domains that may be con
sidered specific to the head and neck include eating/swal
lowing, speech/communication, and appearance. Other
studies have suggested that pain reporting differsbetween
general and regional specific questions in head and neck
cancer patients and head and neck pain may be an
important specific domain.

Gliklich and Goldsmith [36] performed a compre
hensive assessment to determine if head and neck
specific domains are truly different from those assessed
by general health measures alone and found that health
status domains considered relevant to the head and
neck are not routinely evaluated by a general health
measure alone. Comprehensive assessment of QOL in
patients undergoing head and neck surgery requires both
a general health survey and a head and neck-specific
measure. The latter should include domains that reflect
eating/swallowing, speech/communication, and appear
ance-related issues. Head and neck pain might also be
considered for distinct measurement in both this report
and others.

In reviewing QOL measures, it is important to
understand the performance characteristics of the mea
surement systems. Performance characteristics include
validity, reliability, and sensitivity to clinical change.
Validity refers to whether or not the tool is measuring
what it is intended to measure. In addition to "face"
validity, questionnaires are developed from item banks
and tested using standard assessments against predeter
mined hypotheses such as whether or not the measures
converge or diverge from similar or different measures in
terms of what they assess.Reliability refers to whether or
not the measure gives repeatable results, such as when
the same patient is retested without known interval
clinical change (test-retest reliability) or when different
raters are asked to rate the same patients (inter-rater reli
ability). Sensitivity to clinical change measures the extent
to which the measure is likely to detect real clinical
change. This is typically reported as a standardized
response mean (SRM) or effect size (£S). These stan-
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dardized performance characteristics provide the reviewer
or selector of these instruments common parameters
to compare one measure to another. However, before
determining whether or not a particular measure is
suitable for a particular use, the measure or tool should
also be reviewed for other relevant parameters expec
ted in actual use. These include using the measure in
accordance with its intended purpose and selecting a
measure with a reasonable level of respondent burden
(e.g., how long it takes to complete the instrument) as
well as other suitability parameters specific to each
situation.

INDIVIDUAL INSTRUMENTS

The European Organization for Research and Treatment
of Cancer (EORTC) is a modular instrument designed
to bridge the roles of disease-specific and global QOL
scales. It is patient-based, self-administered, and multi
dimensional. The EORTC QLQ-C30 core questionnaire
(version 3.0) consists of 30 questions organized into five
domains: physical, role, cognitive, emotional, and social;
three symptom scales: fatigue, pain, nausea, and vomit
ing; two global scales (global health and QOL); and six
single items (dysphagia, appetite loss, sleep disturbance,
constipation, diarrhea, and financial impact). The head
and neck module consists of 35 questions organized into
seven domains (pain, swallowing, senses, speech, social
eating, social contact, and sexuality), as well as 11 single
items (problems with teeth, problems opening mouth,
dry mouth, sticky saliva, coughed, felt ill, painkillers,
nutritional supplements, feeding tube, lost weight, gained
weight). Items for the core or general questionnaire were
adapted from the literature.

The EORTC QLQ-H&N35 is intended for use in
patients with head and neck cancer in all stages. Some
issues, such as shoulder dysfunction and acute radio
therapy skin reactions, are not assessed. The question
naire is self-administered. The mean completion time is
18 minutes. Cronbach's alpha (a standard measure of
reliability) is above 0.70 for most scales in most patient
groups. However, the "social eating" and "speech" sub
scales are not considered reliable. The scales do demon
strate responsiveness to changes over time.

The Functional Assessment of Cancer Therapy
Head & Neck (FACT-H&N) comprises a core question
naire called FACT-G, and a disease-specific subscale
(Figure 26.1). It was designed for descriptive, discrimina
tive, and evaluative use. The FACTinstruments are self
administered multiitem indices using category-rating
scales.FACT-G consists of27 questions in four domains
physical, social/family, emotional, and functional. The
38-item FACT-H&N also includes an Ll-item head
and neck cancer specific subscale. Each response is rated

from 0 to 4 on a Likert index, considering the past 7 days.
Scores are calculated separately for each domain, and
an unweighted summary score is calculated for the
FACT-G and the total FACT-H&N. A scoring guide is
available.

Whereas the FACT-G has been broadly developed,
the H&N module utilized fewer than the recommended
50 patients for item generation. FACT-H&N is self
administered and easy to read, with clear instructions
and consistent response options. The stated completion
time is 5 minutes. Cronbach's alpha ranges from 0.4 to
0.75 for various subscales, demonstrating acceptable
internal consistency, and 0.75 to 1 for the total physical
and functional subscales corresponding to excellent con
sistency. In summary, the FACT-H&N is a modular,
disease-specific QOL instrument with reasonable inter
nal consistency. Test-retest reliability has not been
reported. It has been shown to demonstrate longitudinal
change. It is relatively short to administer.

The Head and Neck Radiotherapy Questionnaire
(HNRQ) is a 22-item interviewer-administered ques
tionnaire that was developed as an evaluative instrument
to measure radiation-induced acute morbidity and QOL
in patients with locally advanced head and neck cancer
(stage III and IV). It presents six Likert scale dimensions
(skin, throat, oral stomatitis, digestion, energy,psychoso
cial). Higher scores reflect better function. It has a
summary scale. The completion time is 10 minutes per
patient. Twenty-two questions were piloted in eight
patients undergoing combined radiochemotherapy.
Certain content issues are not addressed such as appear
ance, head and neck pain (e.g., throat irritation). Reli
ability (but not test-test reliability) and validity have
been assessed. In summary, the HNRQ is a QOL instru
ment intended for acute assessment of advanced-stage
patients undergoing radiotherapy or chemoradiotherapy.
Although it has been tested appropriately for reliability
and validity, it is unclear whether the initial development
included adequate patient input. It does not seem to have
the same broad applicability across disease stages and
treatment modalities as other measures. Its correlation to
other measures is fair.

Quality of LifeInstrument for Head and Neck Cancer
(QL-H&N) has been developed and tested by Morton
et al. in New Zealand as a short, sensitive disease-specific
questionnaire with an emphasis on psychological factors.
The self-administered questionnaire consists of grouping
of existing generic scales, with added disease-specific
questions. It uses individual physical, social, and psycho
logical domains that are scored separately, without the
use of a summary score. The details of its development,
degree of patient input, and item selection and reduction
criteria are not published. Several issues relevant to
patients with head and neck cancer are not covered by
the questionnaire. Test-retest reliability was assessed in
a IO-patient sample. Correlation coefficients on this
small sample were 0.57 for the GHQ, 0.94 for the LS-IO,



The FACT-G Scale

FACT-G (version 2)

Name: _

Date: _

Below is a list of statements that other people with your illness have said are important. By filling in one circle per line, please indicate how
true each statement has been for you during the past 7 days.

not at a little
During the past 7 days: all bit
PHYSICIAL WELL-BEING
1. I have a lack of energy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . @ CD
2. I have nausea.. . . . . .. . . .. . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . @ CD
3. I have trouble meeting the needs of my family. . . . . . . . . . . . . . . . . . . . @ CD
4. I have pain.............................................................. @ CD
5. I am bothered by side effects of treatment. . . . . . . . . . . . . . . . . . . . . . . . . @ CD
6. In general, I feel sick. .. .. .. . .. .. .. .. . .. .. . .. .. .. . . .. .. .. . .. .. .. .. .. ... @ CD
7. I am forced to spend time in bed.......................... .. . . . . . . . . @ CD
8. How rouch does your PHYSICAL WELL-BEING affect your quality of life?

Not at all @ CD @ ® @ ® ® (J) ® ® @

some- quite a very
what bit much

@ ® @
@ ® @
@ ® @
@ ® @
@ o @
@ ® @
@ ® @

Very much so

@
@

@
@
@
@
@

very
much

some- quite a
what bit

Very much so

CD

CD
CD
CD
CD
CD

a little
bit

@

@
@
@
@
@

not at
allDuring the past 7 days:

SOCIALIFAMILY WELL-BEING
9. I feel distant from my friends .

10. I get emotional support from my family .
11. I get support from my friends and neighbors .
12. My family has accepted my illness ..
13. Family communication about my illness is poor .

If you have a spouse/partner, or are sexually active, please
answer # 14-15, Otherwise, go to #16.

14. I feel close to my partner (for main suppout) .
15. I am satisfied with my sex life. . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . @ CD
16. How much does.l'0ur SOCIAL/FAMILYWELL-BEING affect your quality of life?

Not at all (Q) CD @ ® @ ® ® (J) ® ®

some- quite a very
what bit much

@ ® @
@ ® @

Very much so

some- quite a very
what bit much

@ ® @
@ ® @
@ ® @
@ o @
@ ® @

not at a little
During the past 7 days: all bit
EMOTIONAL WELL-BEING
20. I feel sad.. . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . @ CD
21. I am proud of how I'm coping with my illness... @ CD
22. I am losing hope in the fight against my illness................. @ CD
23. I feel nervous. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ... @ CD
24. I worry about dying................. @ CD
25 How much does your EMOTIONAL WELL-BEING affect your quality of life?

Not at all @ CD @ ® @ ® ® (J) ® ® @ Very much so

not at a little
During the past 7 days: all bit
RELATIONSHIP WITH DOCTOR
17. I have confidence in my doctor( s). . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... @ CD
18. My doctor is available to answer my questions. . .. . . . . . . . .. . .... @ CD
19. How much does your RELATIONSHIP WITH THE DOCTOR affect your quality of life?

Not at all @ CD @ ® @ ® ® (J) ® ® ®

not at a little
During the past 7 days: all bit
FUNCTIONAL WELL-BEING
26. I am able to work (include work in home)....................... @ CD
27. My work (include work in home) is fulfilling.. @ CD
28. I am able to enjoy life "in the moment". . . . . . . . . . . . . . . . . . . . . . . . . . ® G)
29. I have accepted my illness........ @ CD
30. I am sleeping well................................................ @ CD
31. I am enjoying my usual leisure pursuits @ CD
32. I am content with the quality of my life right now @ CD
33. How much does your FUNCTIONAL WELL-BEING affect your quality oflife?

Not at all @ CD @ ® @ ® ® (J) ® ® @

some- quite a
what bit

Very much so

very
much

©Copyright 1988. 1991 by David F.Cella. PhD.

Figure 26.1. FACT-G instrument. (Courtesy of David F. Cella, PhD)
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0.61 for the global life-satisfaction measure, and 0.90
for the disease-specific questions. Internal consistency
yielded an excellent Cronbach's alpha of 0.83 for the
GHQ-12 and LS-10, and was not measured for other
components of the questionnaire. In summary, this com
posite measure of QOL really utilizes validated general
scales from other measures combined with added head
and neck-specific questions. The instrument itself has
not been published.

Quality of Life Questionnaire for Advanced Head
and Neck Cancer (QLQ) was designed and used in a
United Kingdom study to discriminate between patients
with advanced head and neck cancer randomized to
either radiation alone or surgery and radiation. It
utilizes four domains: physical, functional/mood, psy
chological, and attitude to treatment. It was developed
using only 11 head and neck cancer patients within 2
years of their treatment. It does not cover some areas of
appearance and eating/swallowing. Speech/communica
tion is covered with a single item describing how other
people might have difficulty understanding what the
patient may have said. No reliability data are currently
available. Until validity, reliability, and responsiveness to
longitudinal change have been carefully evaluated and
published, this instrument is less recommended for effec
tiveness research.

Quality of Life-Radiation Therapy Instrument Head
& Neck Module (QOL-RTI/H&N) is a general QOL
instrument with a disease-specific companion module.
The head and neck module was designed to address the
specific issues of the head and neck radiotherapy patient
but the generation and reduction of items was done by
expert consensus rather than a patient panel. The current
QOL-RTI/H&N is a 39-item self-assessedquestionnaire,
with all questions using a 10-item Likert response scale.
The general portion consists of four domains: functional,
emotional, family and socioeconomic, and general. The
disease-specific module has 14 items. A summary score
is calculated for the QOL-RTI, and the H&N module is
scored separately. The H&N module is currently avail
able. Both internal consistency and test-retest reliability
have been assessed for this instrument. One-week test
retest reliability (a relatively short interval) produced a
Pearson correlation coefficient of 0.79. Internal consis
tency measured by Cronbach's alpha is 0.87.The domains
were not assessed separately. In summary, the QOL-RTI/
H&N is a very specific instrument for the measurement
of QOL in head and neck cancer patients undergoing
radiotherapy. The QOL-RTI/H&N would be applicable
to the same population as the HNRQ, and although it
may have advantages in broader coverageof general QOL
issues and nonphysical symptoms, it has not been exten
sivelyevaluated.

The University of Michigan Head and Neck Quality
of Life (HNQOL) instrument includes 21 items intended

for the overall assessment of outcome for patients with
head and neck cancer (Figure 26.2). It is an interviewer
administered questionnaire assessingfour domains: pain,
emotion, communication, and eating. Each item is rated
on a five-point Likert scale, and each domain generates
a score of 0-100, with higher scores reflecting better
QOL. In addition, a single item assesses «overall distur
bance or bother" as a result of head and neck cancer.
A summary score is not calculated. The interviewer
administered design is a disadvantage for convenient
administration. Methods for item generation and reduc
tion were not fully reported. The authors recommend
that the HNQOL be administered in combination with
a general QOL instrument. The average completion time
was 11.2 minutes for the 37-item version. Intraclass
correlation coefficient values were excellent, ranging
from 0.73 for communication to 0.92 for emotion. Sim
ilarly, internal consistency was high, with Cronbach's
alpha ranging from 0.79 (for pain) to 0.93. Convergent
validity was tested by concurrent administration of the
Medical Outcomes Study Short Form 12 (SF-12) mental
(MCS) and physical (PCS) scales. Pearson correlations
were only moderate, ranging from 0.44 for the eating
domain versus the PCS, to 0.60 for the emotion domain
versus the MCS. In summary, the HNQOL is a valid and
reliable tool although experience outside of the institu
tion is somewhat limited.

University of Washington Quality of Life Question
naire (UW QOL), developed at the institution whose
name it bears, was intended as a discriminative instru
ment for a variety of head and neck cancer sites and
stages but it has been used primarily for patients under
going surgery (Figure 26.3). It is a self-administered
instrument consisting of 12 questions: nine disease
specific items (pain, chewing, swallowing, speech,
shoulder disability, appearance, activity, recreation, and
employment), plus three general items measuring
global health-related QOL, change in health-related QOL
since diagnosis, and overall QOL. Each question has
3-6 response options, using a Likert-type scale. Each
item is scored from 0 to 100,with higher scores indicat
ing better QOL. There is a summary score. The general
items are scored individually. Information on the gen
eration of the items has not been published. The addition
of an importance scale improved its patient centricity.
The UW QOL is short and has been demonstrated to be
preferred to the longer Sickness Impact Profile (SIP).
Test-retest reliability was very strong (0.94). Internal
consistency was assessed and in the acceptable range,
from 0.74 to 0.83. Concurrent validity was also assessed,
correlation with the SIP (coefficients 0.82-0.96) and the
Karnofsky score (coefficients 0.79-0.85) were high.
Responsiveness to change was large. In summary, the
UW QOL is a short instrument best suited to patients
undergoing surgery.

The Head and Neck Survey (H&NS) was developed
at Harvard and intended to be used with the generic SF
12or -36 as a brief, focused, disease-specificform (Figure



INSTRUCTIONS:This survey is designed to assess how much you are botheredby your Head and Neck condition and/or treatment.
Please answer every question by marking one box. If you are unsure about how to answer, please give the best answer you can.

1. As a result of your head and neck condition or treatment, over the past FOURWEEKS how much have you been BOTHEREDby your...

Not at all Slightly Moderately A lot Extremely

A. Ability to talk to other people 0 0 0 0 0

B. Ability to talk on the phone 0 0 0 0 0

2. As a result of your head and neck condition or treatment, over the past FOUR WEEKS how much have you been BOTHEREDby problems with...

Not at all Slightly Moderately A lot Extremely

A. Volume of your voice 0 0 0 0 0

B. Clarity of your voice a a a 0 0

C. Difficultyopening your mouth a 0 0 0 0

D. Dryness in your mouth while eating a 0 0 0 0

E. Chewing food (For example, pain, difficulty opening or closing your a 0 0 0 0
mouth, moving food in your mouth, or teeth or denture problems)

F. Swallowing liquids a 0 0 0 0

G. Swallowingsoft foods and/or solids a 0 0 0 0

H. Your ability to taste food (For example, loss of taste, and/or loss 0 0 0 0 0
of appetite due to poor tasta)

I. Pain, burning, and/or discomfort in your mouth, jaw, or throat 0 0 0 0 0

J. Shoulderor neck pain a 0 0 0 0

3. Over the past FOUR WEEKS, how often did you take pain medication? .. Never Rarely Sometimes Frequently Always

a 0 0 0 0

4. Over the past FOUR WEEKS, how much have you been bothered by ... Not at all Slightly Moderately A lot Extremely

A. Concernsor worries about your appearancerelated to your head a 0 0 0 0
and neck condition or treatment

B. Emotionalproblems related to your head and neck condition or treatment a 0 0 0 0

C. Embarrassmentabout your symptoms 0 0 0 0 0

D. Frustrationabout your condition 0 0 0 0 0

E. Financialworries due to medicalproblems 0 0 0 0 0

F. Worries that your condition will get worse a 0 0 0 0

G. Physicalproblems related to your head and neck condition a 0 0 0 0

5. Were you working (employed)prior to being diagnesedwith cancer? Yes No

0 0 If no, go to question 6
...

15A. If yes, did your doctor declare you unable to work due to your head Yes No
and neck condition or treatment? a 0

6. Have there been other problems related to your head and neck condition that were not mentioned?If so please write them in the spaces below and tell us how much this
problem has bothered you. (For instanse, if your treatment includedsurgical transfer of tissue from a donor site to the head and seck, does the donor site bother you)

Not at all Slightly Moderately A lot Extremely

A. a 0 a a a
B. 0 0 0 0 0

C. 0 0 0 0 0

7. For the past FOUR WEEKS, please rate your OVERALLamount of disturbanceor BOTHERas a result of your head and neck cancer condition.

Not at all Slightly Moderately A lot Extremely

0 0 0 0 0

8. Overall how satisfied are you with your Head and Neck cancer treatment at this hospital?

0 0 0 0 0
9. Overall how would you rate your responseto treatment? Poor Fair Good Very Good Excellent

0 0 0 0 0

10. Approximatelyhow long did it take you to answer this questionnaire? Minutes

11. How difficult was it to complete this questionnaire? Not at all Slightly Moderately Very Extremely

0 0 0 0 0

Figure 26.2. University of Michigan Head and Neck Quality of Life Instrument. (From [30]. Reprinted with permission. © 1997)
American Medical Association. All rights reserved.)
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Pain
I have no pall".
There is mild pain not needing medication,
I have moderate pair1-requires regular medication

(codeine or non-narcotic).
I have severe pain controlled only by narconcs
1 have severe pain not controlled by medication.

Disfigurement
There is no change ifl my appearance
The change in my appearance is minor.
My appearance boihsrs me but I remain active.
I feel significantly disfigured and limit my acuvmes due to

my appearance.
i cannot be with people due to my appearance.

Activity
I am as active as I have ever been.
Tbere are times when I can't keep up my otd pace, but not

etten,
I am often tired and I have sk:rNed down myacnvmes

ahhouqh I still get out.
I don't go OUl because I don't have the strength
! am usuanym a bed or chair and don't leave horne.

Recreation/entertainment
There are no limitations to recreation home and awayfrom

horne.
There are a few things I can't do but I still get out and enjoy

hfe.
Tnere are many times \NOOn I wish I could gel out more but

lrn not up to il.
There aresevere limitations to what I can do, mostly I stay

horne and watch TV,
I can't do anything eruoyable.

Employment
I 'NOrk full time.
I have a part-time but permaoent job.
I only have occasional employment.
I am unemployed.
I em retired (circle one below)

Not related to cancer treatment
Due 10cancer treatment.

Eating
Chewing

I can chew as well as ever.
1can eat soft solids but cannot chew some foods.
I cannot even chew soft solids.

Swanowing
I can swallow as well as ever.
t cannot swallow certain solid foods
I can only swallow liquid 100<1.
I cannot swallow because il "goes down the wrong way"

and chokes me.

Speech
My speech is the same as aJways.
I have difficulty with sayIng some words but I can be

understood over the phone.
Only my ramity and friends can understand me.
I cannot be understood.

Shoulder disability
I have no problem with my shoulder.
My shoulder is sriff but it has not affected my activity or

strengrh.
Pain or weakness in my shoulder has caused me to change

my vvork.
I cannot work due to problems Wllh my shoulder.

Figure 26.3. University of Washington Quality of Life Instru
ment. (Courtesy of E. Weymuller.)

26.4). The H&NS is an l l-item questionnaire that gener
ates a total index and three head and neck-specific
domain scores. It was formulated by an expert panel
(including patients) with the goal of evaluating poten
tially unique dimensions of head and neck-specific
health. Total score is determined from all 11 questions.
The eating/swallowing (ES) scale contains five items, the
speech/communication (SC) scalehas two items, and the
appearance (AP) scale has four items. A head and neck
pain (HNP) scale includes two items. The HNP items
and scale are not included in the H&NS total score.
Overall internal consistency for the H&NS is very high
(0.89) and compared favorablywith the UW QOL (0.85)
in the same population. Test-retest reliability was excel
lent for the H&NS total score (0.88). Convergent validity
of the disease-specific measures is stronger with each
other than with the general health score. The head and
neck pain scale correlates strongly with the bodily pain
scale of the SF-36 and the appearance scale correlates
strongly with the social functioning scale of the same
instrument. The H&NS overall score correlates strongly
with the UW QOL and with the Performance Status Scale
Head and Neck. The H&NS was developed primarily
with stage III and IV patients. Although both the UW
QOL and the H&NSare brief and easyto administer with
strong reliability characteristics, the H&NS uses multi
item domains whereas the UW QOL uses single-item
domains and this translates to potentially higher preci
sion for the H&NS in small populations (fewer than 150
patients).

The information in Table 26.1 is provided in lieu of
making broad generalized comparisons between the
various instruments because it is highly likelythat one or
another instrument will be more suitable to one or
another purpose. In making determinations of which
instrument to use for a research study or in clinical
practice, potential users of these QOL instruments
should consider the reliability, sensitivity, and other
standardized performance characteristics of the instru
ment as one factor, but should also consider other
information such as the reported respondent burden
and the populations in which the particular instrument
has been developed and utilized as other equally im
portant factors. In some cases, one instrument will not
suffice.

The importance of QOL measurement in head and
neck cancer cannot be overstated. Selection of appro
priate measurement tools requires defining the right
tool for the specific purpose. Key considerations
include:

• Measurement includes domains of interest
• Use is matched to that intended for the QOL

instruments
• Performance characteristics (validity, reliability, sensi

tivity to change)
• Burden of administering or completing the surveys is

minimized



Figure 26.4. Head and Neck
Survey (H&NS) (© Massachu
setts Eyeand Ear Infirmary. Used
with permission.)

1. In!he past • weeks I haYebeen able to eat:
IlllIhIng Blal. almost nclhlng.verylew <:A the lhi1gs lh8Il wart. Ill. some rJ the 1hIngs that I want to. any1hflg I Mlrt. to.

2. When I speak(byarty foon) I am 1nIersIood:
by no oneat an.rilRlly-ewn by people~ knowme well onlyby people~ knowme wei.by most rJ 1he people llllUld
me btt 001all. by almo5lewryone arOUldme.

3. I am able 1D lllIlfood that Iwant to:
none rJ !he lire. a 1liiie <:A the time. some of1he tine. most<:A the time. al rJ !he lire.

• . I haYetrodIIe wth food golrg down1he wroo:l pipe when I eat. or I frod mysef~ llIlereatingor lIlnldlYJ:
all rJ 1he time. rnos <:A !he lire. some rJ 1he time. a IlItlerJ !he lire. none rJ !he lime.

5. When I SWllIow. food tends to SlIckil rJrj tIwuat:
an rJ the time. most <:A !he lire. some rJ 1he time. II IlItlerJ !he lire. none rJ !he lire.

6. When Ispeakn a aowded or ncisy room. Iam l.fIder.Iood:
none rJ !he lire. a 1liiie<:A the llme. some rJ 1he tine . most <:A the time. al rJ !he lime.

7. My applllDOCll alfecIs rJrj wllilgness 1D WOlk or participateil recrellllonal aetMIles:
all oI1he lime. most <:A !he lire. some rJ 1he time. II IlItled!he lime. none of !he lire.

8. My appearancealfecIs how ellen I see family or fnends :
all rJ 1he time. most rJ!he lire. some rJ 1he time. II IlItled!he lime. none of !he lime.

9. Because <:A clIlIWIy wIIheaIi"g. IlMid eatingn IllS18l.rlInIS or o1herpeople'shomes:
dlft1kely hUe. mo5Ily hUe. dm\ know. rrxr.Ily false. dellnb!ly false.

10. My appearance has aIfected rJrj self estmm :
dlft1kelyhUe. mo5Ily hUe. dm\ know. rrxr.Ily false . dellnb!ly false.

11. My appearance pRMIrt.Sme frompartk:4JlIUng Insodal acUvllles:
dlft1kely hUe. mo5Ily hUe. dm\ know. nmdy false. dellnb!ly false.

Head ard Neck Pail Items
A. il1he past • weeks. pain frommyhead and neck has been:

very 5IMlfe. severe. modeIlIIe. mid, very nitd. I haYe 110 pan.
B. il1he past 4 weeIcs. pain frommyhead and neck has been presert.:

III rJ!he lime. most of 1he time. !lOme <:A the lime. a lillierJ 1he lime. none rJ 1hetime.

SaJlitr1~ mch/llOPlll59isgmlldfrom 110 5. Tot1JlSCOlll = tun /OlIO 011) 11}!44 ·ICD; DaIlIIil smrll5:~(f5}= (!Un
(01.3.4.5.9)- 5120'lCD;~(SC) = (Swn /02.6) - 2W • ltD; 8fJPSIjnJfl;9 fliP} = (Sum /07.1HO.I1)- 4}1!6. 100 f191Jdandnsck
plin (fINP) = (!Un (OA.~ - 2}18 • 100.

TABLE 26.1. Representative validated instruments used in head and neck cancer

Performance
characteristi cs

Instrument Type No. item s/domains Comments reported?

EORTC QLQ-C30 General with head/neck General: 30: 5 Intended for all stages of cancer Yes
module Head/neck: 35: 7

FACT-H&N General (FACT-G) with General: 27 :4 Intended for all stages of cancer Yes
head/neck module Head/neck: 38: 5

H RQ Head/neck radiotherapy Combined: 22: 6 Very specific to radiotherapy Yes
specific

QL-H&N Combined Combined: 29 :3 Several issues relevant to head/ Partial
neck cancer not presented

QLQ Combined Combined: 19:4 No reliabilit y data availab le Limited

QOL -RTIlH&N General and specific General: 39: 4 Relatively specific for Yes
Specific: 14: summary radiotherapy
score

HNQOL Combined General: 21 Interviewer-administered design Yes

UWQOL Combined Combined: 12: 9 Surgica l focus Yes

H&NS Specific (intended to be Specific: II :4 Higher precision Yes
combined with generi c
such as SF-(2 )
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27 Prophylaxis in Head and Neck Surgery
27.A.
One-day versus longer-course peri operative antibiotics: Impact on postoperative
surgical-site infections

JenniferJ. Shin and Jonas T. Johnson

METHODS

A computerized PubMed search of MEDLINE 1966
December 2005 was performed. Articles that mapped to
the medical subject headings "antibiotic prophylaxis;'
"anti-bacterial agents;' "lactams," "fluoroquinolones,"
"macrolides," or "clindamycin" were collected into one
group. A second group was created by identifying articles
that mapped to the medical subject heading "head and
neck neoplasms;' cross-referenced with those mapping
to the medical subject heading "perioperative care" or the
subheading "surgery." These articles were then reviewed
to identify those that met the following inclusion criteria:
I) patient population undergoing clean-contaminated
surgery for head and neoplasm, 2) intervention with 1
day versus longer-course systemic antibiotic therapy, 3)
outcome measured in terms of surgical-site wound infec
tions, 4) randomized controlled trials (RCTs). Excluded
were data from articles in which only clean, noncon
taminated wounds, distant infections, and non-head and
neck surgery were evaluated. Also excluded were articles
that compared one dose of antibiotics to a l-day course,
as well as reports comparing two longer durations of
antibiotic use. The bibliographies of the articles that met
these inclusion/exclusion criteria were manually checked
to ensure no further relevant articles could be identified.
Two articles were identified that reported similar results
from the same ongoing clinical trial [1,2 J, so only the
more detailed report was included in this review. This
process overall yielded 7 RCTs [1-7].

RESULTS

Herein, we describe results of individual studies. In the
subsequent section, please find results for the related
meta-analysis,

Outcome Measures. The basis for the diagnosis of
wound infection varied among studies. Wound infec
tions were defined by purulent drainage or development
of mucocutaneous fistula in four studies. In another
study, wound infections were defined by an erythema
tous edematous wound or a pink wound with purulent
drainage. The remaining two studies defined wound
infection in terms of erythema, tenderness, purulent
drainage, necrosis, wound dehiscence, and bacterial
recovery of possible pathogens.

Potential Confounders. The antibiotic choice itself,
extent of procedure, preoperative radiation, nutritional
status, immune status, or predisposing comorbidities
such as diabetes mellitus may all affect infectious out
comes. In addition, the type of reconstruction used
(primary closure, pedicled flap, free flap) and the dura
tion (hours) of surgery are both related to the observed
incidence of postoperative infection. In many studies, the
authors attempted to account for such potential con
founders by either balancing them with randomization
or eliminating them as a concern through exclusion
criteria during subject selection. Another key issue is
whether drains or other foreign bodies were still in place
when antibiotics were discontinued. No reports comment
on this issue.

Study Designs. All seven studies were RCTs which pro
vided level 1 evidence comparing a l-day course to a
longer course of antibiotics. Four of these RCTs com
pared a 5-day course, whereas the other three compared
a 3- to 4-day course. Blinded evaluation of outcomes was
performed in the four RCTs that evaluated as-day
therapy group. Antibiotic regimens evaluated included
cefoperazone, clindamycin, cefazolin, carbenicillin, and
gentamicin with clindamycin. Wounds were evaluated
daily in most cases, with follow-up times between 5 and
20 days. One study reported an a priori power analysis,
and one reported a post hoc power analysis. The one
publication that did include an a priori power analysis
stopped subject accrual when annual review disclosed
that differences between study groups were much lower
than projected, so that additional accrual would be
meaningless.

Highest Level of Evidence. All seven studies concluded
that there was no difference in postoperative surgical-site
infections when a l-day antibiotic course was compared
with 5-, 4-, or 3-day therapy for a clean-contaminated
head and neck wound. All of the studies were in agree
ment on this topic, although only two studies either had
the sample size necessary to achieve an 80% power or
determined that additional patient accrual would not
alter the results of a statistical comparison. If a study's
power is not high enough, it may not be able to identify
a difference that truly exists.

With this power issue in mind, we have performed
meta-analyses to increase sample size and thus increase
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the power of the overall data. These meta-analyses can
be found immediately after the tables detailing the indi
vidual studies.

Applicability. The results of these studies apply to
patients undergoing resection of head and neck neo
plasms with creation of a clean-contaminated wound.

Morbidity/Complications. No instances of drug reac
tions were reported. There was a trend toward more
hypokalemia in the longer-course group receiving car
benicillin in one study, but no significant difference was
identified. One study also determined that 1000/0 of
patients who had been previously radiated developed
fistulas once wound infection had occurred.

Please also see the associated meta-analysis after the
adjoining tables which detail individual studies.



THE EVIDENCE CONDENSED: One-versus five-day perioperative antibiotics for clean-contaminated head and
necksurgery

Reference

Level (design)

Samp le size'

Johnson, 1986

I (randomized controlled tr ial)

109 (142)

OUTCOMES

I day

5 days

p Value

Conclusion

Follow-up time

Surgical-site infection
without flap necrosis

18.9% (n = 10/53)

25.0% (n =14/56)

>0.05

No significant difference

Until discharge

Flap necrosis pre ceding
infection

5.7% (n = 3/53)

3.6% (n =2/56 )

Not specified

No significant difference

STUDY DESIGN

Total surgical-site
infe ctions

24.5% (n = 13/53)

28.6% (n = 16/56)

ot specified

No significant difference

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic regimen details

Wound evaluation

Diagnostic criteria for wound
infection

Management of infection
while in study

Compliance

Surgery types

Criteria for withdrawal from
study

Intention to treat ana lysis

Power

Morbidity/complications

Patients requiring pedicled myocutaneous flap reconstruction for oropharyngeal or laryngeal defects

Allergy to cephalosporin, antibiotic use within the 4 d before surgery

Stratification to ensure equa l numbers of patients with radiation, tubed reconstruction, and poor
nutrition in each gro up

Not specified

Double-blind design, with patien ts in the I-d group receiving 4 d of placebo

Cefoperazone, beginning 1-2 h preoperatively and continuing for 24 h vs 120 h

Wound was observed daily by the surgical team. Wound rated: 1+ = I-em erythema around wound,
2+ = <5-cm erythema, 3+ = diffuse erythema and induration, 4+ = purulent drainage
(spontaneously or by incision and drainage), 5+ =mucocutaneous fistula

Wound score 4-5

Not specified

Not specified

Pedicled myocutaneous flap

Intraoperative decision to use an alternative form of wound closure to create a wound that was not
contamina ted by saliva

Not specified

Not reported

100% of previously irradiated patients who developed wound infection subseq uen tly developed a
myocutaneous fistula

IV = intr avenous, q = every.
• Sample size: numbers shown for tho se not lost to follow-up and tho se (initially recruit ed).
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THE EVIDENCE CONDENSED: One- versus five-day perioperative antibiotics for clean-contaminated head and
necksurgery

Reference

Level (design)

Sample size'

Carroll, 2003

1 (randomized controlled trial)

74 (74)

OUTCOMES

1 day

5 days

p Value

Conclusion

Follow-up time

Surgical-si te infection

11% (n = 4/35)

10% (n = 4/39)

0.99

No significant difference

7 d or until discharge

Fistula

9% (n =3/35)

8% (n =3/39)

0.99

No significant difference

STUDY DESIGN

Flap nec ros is

0% (n = 0/35)

3% (n = 1139)

0.99

No significant difference

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic regimen details

Wound evaluation

Diagnostic criteria for wound
infection

Management of infection
while in study

Compliance

Surgery types

Criteria for withdrawal from
study

Intention to treat analysis

Power

Morbidity/complications

Surgical ablation of head and neck malignancies involving mucous membranes of the upper
aerodigestive tract with immediate free flap reconstruction

Tumors that did not involve mucous membranes of the upper aerodigestive tract

Not specified

21-88 Y(mean 62 y)

Wound infections were documented according to surgeons who were blinded to treatment group

Clindamycin 900 mg IV q 8 h for 3 or 15 doses (or until discharge), initiated preoperatively

Wound was evaluated daily for 7 d or until discharge by faculty head and neck surgeon. Wound and
donor sites were scored: wound color 1 = normal, 2 =pink, 3 = red or swollen; drainage I = none, 2
= serous, 3 = purulent

Red color or swollen , or pink wound with purulent drainage

Not specified

Not specified

Free flaps: radial forearm 42%, jejunal 26%, rectus 20%, fibula 12%

Not specified

Not specified, although all 74 patients completed the study in their original groups

110 patients to achieve 80% power to detect a 15% difference in infection rates between the two
groups. Subject accrual was terminated early, when annual review disclosed that differences between
study groups were much lower than projected, so that additional accrual would be meaningless

No adverse events

IV = intr avenous. q = every.
• Sample size: numbers shown for tho se not lost to follow-up and those (initially recruited ).
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THE EVIDENCE CONDENSED: One- versus five-day perloperative antibiotics for clean-eontaminated head and
neck surgery

Reference

Level (design)

Sample size'

Brand,1982

1 (randomized controlled trial )

83 (83)

OUTCOMES

Surgical-site infection

1 day

5 days

p Value

Conclusion

Follow-up time

Cefazolin

35% (n = 7/20 )

18% (n = 4/22 )

0.05

No significant difference

POD 10

Gentamicin/c1indamycin

9% (n = 2/22 )

5% (n = 1/19)

Not reported

No significant difference

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic regimen details

Wound evaluation

Diagnostic criteria for wound
infection

Management of infection
while in study

Compliance

Surgery types

Criteria for withdrawal from
study

Intention to treat analysis

Power

Morbidity/complications

Oncologic surgery involving transcervical entry into upper aerodigcstive tract

Allergy to test drugs, renal dysfunction (creatinine >2), immunodeficiency from unrelated disease,
any disease that might predispose to infection, recent antibiotic therapy, hearing loss >45-dB speech
reception threshold, symptomatic vestibular abnormality

Not specified

Not specified

Placebo use for 4 d in the I-d treatment group

Cefazolin 500 mg IV q 8 h for 1 or 5 d or gentamicin + clindamycin 1.7 mglkg + 300 mg IV q 8 h:
placebo given for 4 d in I-d treatment group

Wounds graded daily by 2 independent observers: 0 = normal, I = redness limited to I cm around
incision or suture line, 2 = 1- to 5-cm erythema, 3 = >5-cm erythema/blanches on digital pressure,
4 =suppurative drainage either spontaneous or by incision,S =mucocutaneous fistula

Wound score 4-5

Not specified

Not specified

50% flaps (these were prone to a 54% rate of infection)

Not specified

Not specified. though all 83 patients completed the study in their original groups

"O ur numbers are too small to expect statistical significance in all 16 subgroups generated by the 4
stratifiers in each of the 4 treatment categories," no a priori calculation

No instance of drug toxicity

IV = intravenous, q = every.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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THE EVIDENCE CONDENSED: One-versus five-day perioperative antibiotics for clean-contaminated head and
necksurgery

Reference

Level (design)

Sample size'

Bhathena, 1998

I (randomized controlled trial )

50 (50)

OUTCOMES

I day

5 days

Surgical-site infection

7.1% (n = 3/28)

9.8% (n = 5/22)

Flap necrosis (preceded surgical-site infection)

3.6% (n = 1/28)

13.6% (n = 3/22)

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic regimen details

Wound evaluation

Diagnostic criteria for wound
infection

Management of infection
while in study

Compliance

Surgery types

Criteria for withdrawal from
study

Intention to treat analysis

Power

Morbidity/complications

Not reported Not reported

"No beneficial effect from adm inistration of ant ibiot ics for more than 24 h postoperatively"

POD 5

STUDY DESIGN

Patients requiring major flap reconstruction after extensive ablative surgery for head and neck
cancer in which clean-contaminated wounds were created. Patient s with associated systemic
probl ems such as diabetes or hypertension were also included in the study

Not specified

Similar numbers of pectoralis major and pectoralis major with deltopectoral flaps

Not specified

Double blind

Cefoperazone 2 g IV q 12 h x3 doses versus cefotaxime Ig IV q 8 h x5 d, starting I h before the
onset of surgery."Other drugs started simultaneously" in the 2 groups were "gentamicin 60 mg and
metronidazole 100 cc IV q 8 h x3 d and 5 d respectively"

Wound scores ever 48 h: 0 = normal, I =redne ss limited to I cm around incision or suture line, 2 =
1- to 5-cm eryth ema, 3 = >5-cm erythema/blanches on digital pressure, 4 =suppurative drainage
either spontaneous or by incision,S = mucocut aneous fistula

Wound score 4-5

Not specified

Not specified

Either pectoralis major flap alone or with skin deltopectoral flap

Not specified

Not specified, though all 140 patients completed the study in their original groups

Not reported

Not reported

IV =intravenous, q =every.

• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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THE EVIDENCE CONDENSED: One- versus four/three-day perioperative antibiotics for clean-contaminated head
and neck surgery

Reference

Level (design)

Sample size'

1 day

3-4 days

p Value

Conclusio n

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic regimen details

Wound evaluation

Diagnostic criteria for wound
infection

Management of infection
while in study

Compliance

Surgery types

Criteria for withdrawal from

study

Int ention to treat an alysis

Power

Morbidity/complications

Piccart, 1983

1 (randomized controlled trial )

140 ( 140)

OUTCOMES

Combined surgical-site and respiratory-tract infections

14% (n = 10/72 )

10% (n = 7/68 )

0.52

o difference

POD 14

STUDY DESIGN

Surgery for cancer of the oral cavity, pharynx, and larynx

Not specified

Similar numbers of minor and major/extensive procedures in both groups

Not specified

Not specifi ed

Carben icillin I d vs 4 d, initiated with the induction of narcosis

An epidemiologist nurse reviewed th e patient's chart daily for evid ence of infection or other

pertinent data

Wound infections were documented by clinical criteria such as erythema and tenderness, purulent
discharge, necrosis, wound dehiscence, and by bacterial recovery of possible pathogens

Not specified

Not specified

Minor (small tumors in oral cavity/oropharynx, partial glossectomy, pharyngoplasty); moderately
extensive (to tal laryngectomy, resection of FOM , total glossectomy, resection of mandible, excision
of lower lip, closure of pharyngostoma); very extensive (same with radical neck dissection)

Not spec ified

Not specified

Not reported

Not reported

NS= not significant, IV = intravenous, q = every.
• Sample size:numbers shown for those not lost to follow-up and those (initially recruited).
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THE EVIDENCE CONDENSED: One-versus fourlthree-day perioperative antibiotics for clean-contaminated head
and necksurgery

Reference

Level (des ign)

Sam ple size'

Mombelli,1981

I (random ized controlled trial )

140 ( 140)

OUTCOMES

Righi,1995

1 (random ized controlled trial)

126 (136)

Su rgical-s ite infection Fever or ele vated WB C Su rgical-s ite infection

1 day

3-4 days

p Value

Conclus ion

Follow-up time

9.7% (n = 7/72 )

5.9% (n =4/68 )

NS

o difference

POD 14

20.6%

15.6%

NS

STUDY DESIGN

1.6% (n = 1/62)

4.7% (n = 3/64)

NS

No difference

Postoperative d 20

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Antibiotic regimen details

Wound evaluation

Diagnostic criteria for wo un d

infection

Management of infection

while in stu dy

Compliance

Surgery types

Criteria for withdrawal from

stu dy

Intentio n to treat analysis

Power

Morbidity/complications

Surgery for cancer of the oral cavity, pha rynx.

and larynx

Not specified

Both groups similar in age, sex. type of

surgical procedure

62 Y(rneanl in I-d group, 59 y (mean) in

4-day group

Not specified

Carbenicillin 109 x 4 doses ( I d ) vs 12 doses
(4 d)

An epidemiologist n urse reviewed the pa tient's

chart da ily for ev ide nce of infection or other

pertinent data

Wound infections were documented by

clinical criteria such as erythema and

tenderness. purulent d ischarge. necrosis,
wound dehiscence, and by bacterial recovery

of possible pathogens

Not specified

Not specified

Minor (small tumors in oral cavity/

oropharynx, partial glossectomy,

pharyngoplasty): moderately extensive ( total

laryngectomy, resection of FOM, total

glossectomy, resec tio n of ma ndi ble, excision of

lower lip. closure of pharyngosto ma); very

extensive (same with radical neck dissect ion )

Not specified

Not specified

Not reported

Hypokalemia in 36% of I-d gro up , 48% of

4-d group

Clean-co ntam inated (skin to mucosa) surgery for

cancer of the larynx. pharynx, or oral cavit y

through cervical skin incisions

Pedicled or microvascular reconstruction. surgery

performed without skin inci sion

No significant differences in demographics. type

and severity of underlying d isease, type of surgery

64.2 Y (mean) in I-d group, 63.8 y (mean) in 3-d

group

Not specified

C1indamycin 600 mg IV q 8 h, cefonicid 1 g IV q

12 h. starting from induction for I d vs 3 d

No t specified

Purulent discharge from the wo und (spo ntaneo us

or drainage) o r mucocutaneous fistula during the

first 20 d after surgery

Not spe cified

ot specified

Partial or total lar yngectomy. oral cavity/

oropharyngeal surgery wit hout mandibu lectomy,
"commando" operat ion , relapse after total

laryngectomy

Protocol violation (n =6), immediate

postoperative complications (hemo rrhage,

pu lmonary embolism, pneumothorax, suprapubic

urinary catheterization )

Not specified

No t reported

No adverse effects of treatment regimen

WBC =white blood cell, NS =not significant, IV =intravenous, q =every.
• Sample size: numbers shown for tho se not lost to follow-up and tho se (initially recruited ).
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META-ANALYSIS

Methods of Meta-Analysis. All of the studies included
in this meta-analysis are RCTs (level 1) and they repre
sent the highest level of evidence comparing the impact
of I-day versus longer-course therapy on the incidence
of postoperative surgical-site infections in patients
undergoing resection of head and neck neoplasms with
resulting clean-contaminated wounds. Further details
regarding the search and selection process are as noted
in the initial methods of this review.

With multiple moderately sized studies showing
negative results, the key question arises as to whether
those studies have the statistical power to uncover any
difference that might truly exist; if there is a real differ
ence in outcome with I-day versus longer therapy, then
a study must have enough patients in order to say with
confidence that it would uncover such a difference. To
understand this concept, consider a coin flip example in
which you are given a coin that has either two heads or
one head and one tail. If you flip that coin twice and get
heads twice, you have demonstrated no difference, but
your confidence in saying that both sides are heads is
quite attenuated by the fact that you only did two flips.
This example is analogous to a low-power study; the low
number of flips (i.e., low sample size) gives low confi
dence that you would have found a difference in the two
sides of the coin. Instead, if you were to flip that coin
10,000 times and get heads every time, then you could
say with great confidence that that there were heads on
both sides, because it would be so unlikely to demon
strate no difference 10,000 times if one side was in fact
different from the other. This example is analogous to a
high-power study; the high number of coin flips (i.e.,
high sample size) gives high confidence that you would
have found a difference in the two sides of the coin.

A meta-analysis is a way in which data from multiple
studies are pooled together. The pooling creates an
increased sample size, which in turn creates more statis
tical power to uncover any difference that could truly
exist. We performed a meta-analysis of all seven RCTs
(fixed effects, inverse variance), as well as a sensitivity
analysis of subgroups of longer-duration therapy.

Results of Meta-Analysis. When all data were consid
ered together, there was no difference between surgical
site infections in the l-day versus longer-course groups.
In a more focused sensitivity analysis,when the data were
considered in subgroups for 1 day versus 5 days or 1 day
versus 3-4 days, there was still no significant difference
in outcome.

Many surgeons consider patients undergoing flap
reconstruction to be at increased risk for poorer outcome
either in terms of infection or as a sequelae of infection.
Because of this, we also considered the subgroup of data
regarding patients undergoing flap reconstruction. Again,
there was no significant difference between I-day versus
5-day therapy.
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These reports did not provide enough detail to allow
meta-analyses of subgroups who had prior radiation
therapy or potential risk factors for infection such as
immunocompromise or diabetes mellitus.

There were two reports that compared 2-day therapy
to 6- or 7-day therapy. Although these reports were not
included in our main analysis,we did pool the data from
these studies in order to ensure that we did not inadver
tently exclude key data. Again, however, the combined
data show no significant difference in surgical-site infec
tion with the shorter- versus longer-course antibiotic
therapy.

Overall, there was scant reported morbidity/compli
cations associated with the use of antibiotics, whether as
a long or short course.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were seven RCTs that compared the outcome of
surgical-site infections with l-day versus longer periop
erative antibiotic courses in patients undergoing resection
of head and neck neoplasms with resulting clean
contaminated wounds. Whether the data are considered
all together, or in subgroup analysesof 1 day versus 5 days
or 3-4 days therapy, there is no difference between groups.
Likewise, when flap patients are considered separately,
there are still no differences between groups.

The combined sample sizes for our meta-analyses
ranged from 233 to 722. If we estimate a 150/0 rate of
infection, and want to determine a 10% difference in
infection rate and accept the standard 0.05 error rate,
then in order to achieve a 900/0 power, 532 patients would
be required. Weachieved this sample sizewhen we pooled
data from all seven trials, but not in the subgroup analy
ses. Also, as noted above, the individual reports did not
provide enough detail to allow meta-analyses of sub
groups that had prior radiation therapy or other risk
factors for infection or worsened sequelae thereof.
Overall, these data suggest that there is no overall decrease
in surgical-site infection when all patients undergoing
clean-contaminated head and neck surgery are treated
with l-day versus longer therapy. There is, however, not
enough data to determine whether certain higher-risk
groups may still benefit from longer therapy. Because
there was minimal morbidity/complications reported
with longer courses of antibiotics, longer therapy in
high-risk groups may still be warranted.

Future studies may focus on the analysis of such
groups at increased risk for infections and their compli
cations. Given the associated high stakes such as flap
failure and fistula, further study focusing on patients who
have received preoperative radiation or who are under
going free flap reconstruction would be useful.



One- versus five-day perioperative antibiotics for all types of clean-contaminated head and neck surgery

On e day Five days One-versus IiYlHIay perioperaliYe antibiotic s for all types of clean-contaminated head and neck surgery

Johnson , 18.9% (n = 10/53) 25.0% (n = 14/56 ) Study nam e Statis tics for each stud Risk difference and 95"1. CI
1986 Risk Lower Upper

Carroll, 11.4% (n = 4/35 ) 10.2% (n = 4/39 )
difference lim it lim it p-Value

2003 JolYlson -0.061 -0.216 0.093 0.437 mCarro l 0.012 -0.130 0.154 0.872
Brand,1982 35.0% (n = 7/20) 18.2% (n = 4/22) Brand 0.092 -0.067 0.252 0.256

9.1% (n = 2/22) 5.3% (n = 1/19)
Bhathana -0.120 -0.329 0.089 0.261

-0.007 -0.088 0.074 0.863
Total

Bhathana, 7.1% (n = 3/28 ) 9.8% (n = 5/22 ) -0.50 -0.25 0.00 0.25 0.50

1998 hVGnON-,. F.,onl'ive.,.

Total 165 % (n = 26/158) 17.7% (n = 28/158)

One-versus fivlHlay perioperaliYe antibiotic s for at types of clealKOntaminated head and neck surgery

Stud name Statistics for each stud Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit p-Value

Johnson 0.698 0.279 1.744 0.441

Garroll 1.129 0.260 4.900 0.871

Brand 1.964 0.597 6.460 0.267

Bhalhana 0.408 0.086 1.938 0.260
Total 0.909 0.498 1.656 0.754

0.10.2 0.5 1 2 5 10
FftonONd-, Fftonth• .,.

One- versus three!four-day perioperative antibiotics for all types of clean-contaminated head and neck surgery

One day Three/four days Qne·..,ersus threelfour-day periope ratJve nti~otics for all type. of dean-contam lnated head and neck surgery

1.6% (n = 1/62) 4.7% (n = 3/64)

8.7% (n = 18/206) 7.0% (n = 14/200 )

Stud}' name Stat ist ics for each study.

Risk Lower Upper
difference limit limit p-Value

Risk difference and 95% CI

0.036 -0.072 0.144 0.513
0.038 -0.050 0.127 0.394

-0.031 -0.091 0030 0.320
-0.001 -0.046 0.045 0.974

Piocart

Mombelli

Rigti

Total

10.3% (n = 7/68)

5.9% (n = 4/68 )

13.9% (n = 10/72)

9.7% (n = 7/72)Mombelli,
1981

Righi, 1995

Piccart, 1983

Total

-0.25 -0.13 0.00 0.13 0.25

Qne·Yersul thre. nour-day perioperativ e antibiotics for all type . of d e n-contam lnated head and neck aurgery

Stud name Statistics for each stud Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit p-Value

Piccart 1.406 0.503 3.931 0.517

Mombelli 1.723 0.481 6.173 0.403

Righi 0.333 0.034 3.294 0.347
Total 1.291 0.606 2.749 0.508

0.10.2 0.5 1 2 5 10
fil'llCln_. ---...
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One- versus threelfourlfive-day perioperative antibiotics for all types of clean-contaminated head and neck
surgery

Qne·Vlraul th,.. . "ourlftvl -eby perioperativi antibiotics 'or alf type. of cle.n<onbmlnat. d he.ci and neck aurgery

One·Ylraul th,.. . nourlftvl -day perioper 'hl" antlblotJcs for all type. of clean<ontamlnatld head and neck aurgery

Odds ratio and 95% CI

I-
I-

--:.
....~

Stu name Statistics for each stu Risk difference and 95%CI

Risk Lo_r Upper
difference lim" lim" .,.Value

Joms on -0.061 -0.216 0.093 0.437
Carrol 0.012 -0.130 0.154 0.872
Brand 0.092 -0.067 0.252 0.256
Bhathana -0.120 -0.329 0.089 0.261
Piccart 0.036 -0.072 0.144 0.513
Mombel 0.038 -0.050 0.127 0.394
Rigti -0.031 -0.091 0.030 0.320

-0.002 -0.042 0.037 0.910

-0.25 -0.13 0.00 0.13 0.25
,-...... ,-..............

Study name Statistics for each stud

Odds Lower Upper
ratio limit limit p-Value

Johnson 0.698 0.279 1.744 0.441
Carroll 1.129 0.260 4.900 0.871
Brand 1.964 0.597 6.460 0.267
Bhathana 0.408 0.086 1.938 0.260
Piccart 1.406 0.503 3.931 0.517
Mombelli 1.723 0.481 6.173 0.403
Righi 0.333 0.034 3.294 0.347

1.041 0.650 1.666 0.868

Three/four/five
One day da y

Joh nson , 18.9% (n = 10/53) 25.0% (n = 14/56)
1986

<m oll. 2003 11.4% (n = 4/35) 10.2% (n = 4/39)

Brand. 1982 35.0% (n = 7/20) 18.2% (n = 4/22)

9.1% (n = 2/22) 5.3% (n = 1119)

Bhath ana, 7.1% (n = 3/28) 9.8% (n = 5/22)
1998

Piccart , 1983. 13.9% (n = 10/72) 10.3% (n = 7/68)

lombelli, 9.7% (n = 7172) 5.9% (n = 4/68 )
1981

Righi . 1995 1.6% (n = 1/62) 4.7% (n = 3/64)

Total 12.1% (n =44/364 ) 11.7% (n = 42/358 )

0.1 0.2 0.5 1 2 5 10

One- versus five-day perioperative antibiotics for clean-contaminated head and neck surgery with flaps

One-versus five-day peri operative antibiotics for flaps

Risk Lower Upper
difference limit limit p-Value

Johnson -0.061 -0.216 0.09 3 0.437

itCarrol 0 .012 -0 .130 0.154 0.872

Bhathana -0 .120 -0.329 0.089 0.261

-0.041 -0.135 0.052 0.386

-0.50 -0.25 0.00 0.25 0.50

Favors one day Favors five day

One day Five days

Johnson , 18.9% (n = 10/53) 25.0% (n = 14/56)
1986

Ca rroll, 11.4% (n = 4/35) 10.2% (n = 4/39)
2003

Bhath ana, 7.1% (n = 3/28) 9.8% (n = 5/22)
1998

Total 14.7% (n =17/116) 19.7% (n =23/11 7)

Stud name Statistics for each stud Risk difference and 95 % CI

One-versus five-day perioperative antibiotics for flaps

Stu name Statistics for each stu

Odds Lower Upper
ratio limit limit p-Value

Odds ratio and 95%CI

Johnson

Carroll
Bhalhana

Total

0.698

1.129

0.408
0.699

0.279

0.260
0.086

0.348

1.744

4.900

1.938

1.400

0.441

0.871

0.260
0.312

0.10.2 0.5 1 2 5 10

Favors one day Favors five day
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Two- versus sixlseven-day perioperative antibiotics for clean-contaminated head and neck surgery

Two day Six/seven days Two-versus six/seven-day peri operative antibiotics for flaps

Sawyer, 32.0% (n = 8/25)
1990

20% (n = 5/25)
Stud name Statistics for each stud Risk difference and 95% CI

Geha nno, 23.7% (n =23/97) 17.0% (n = 17/100)
1988

Total 25.4% (n =3l/122) 17.6% (n =22/125 )
Sawyer

Gehanno

Total

Risk Lower Upper
diffe rence limit limit p-Value

0.120 -0.121 0.361 0.329 n0.067 -0.045 0.179 0.241

0.077 -0.025 0.178 0.140

-0.50 -0.25 0.00 0.25 0.50

Favors two day Favors six/se ven day

Two-versus six/seven-day perioperative antibiotics for flaps

Study name Statistics for each study

Odds Lower Upper
ratio limit limit p-Value

Odds ratio and 95% CI

Sawyer
Gehanno

Total

1.882
1.517

1.594

0.518
0.753

0.861

6.845

3.058
2.951

0.337
0.243

0.138

0.10.2 0.5 1 2 5 10

Favors two day Favors six/seven day
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27 Prophylaxis in Head and Neck Surgery
27.B.i.
Mechanical versus chemical prophylaxis in otolaryngologic surgery:
Impact on thromboemboli

Jennifer J. Shin and Jonas T. Johnson

METHODS

A computerized PubMed search of MEDLINE 1966
December 2005 was performed. The medical subject
headings "otolaryngology;' "otorhinolaryngologic surgi
cal procedures:' or "otorhinolaryngologic diseases" were
exploded and the resulting articles were cross-referenced
with those obtained by exploding the medical subject
headings, "pulmonary embolism;' "th romboembolism:'
"thrombosis;' or "venous thrombosis; ' yielding 589 pub
lications. These articles were then reviewed to identify
those that met the following inclusion criteria: 1) patient
population undergoing otolaryngologic surgery, 2) inter
vention with mechanical or chemical prophylaxis (ideally
with comparative data), 3) outcome mea sured in terms
of deep vein thrombosis (DVT), pulmonary embolism
(PE), and/or bleeding. Excluded were articles that had
only nonperioperative data, isolated case reports, surveys
of practice methods without thromboembolic or bleed 
ing data. The bibliographies of the articles that met these
inclusion/exclusion criteria were manually checked to
ensure no further relevant articles could be identified.
This process yielded two studies that also met such cri
teria [1,2]. In addition, two studies were identified that
simply presented data regarding the incidence of DVT/
PE after otolaryngologic surgery [2,3]. Two of the four
studies were reported together in the same publication
[2]. The two additional studies will be briefly discussed
as they relate to determining the potential for future
definitive studies on this topi c in our field.

RESULTS

Outcome Measures. Bleeding outcomes were described
in terms of bleeding at the wound and other sites, hemo
globin decrease, and intraoperative bleeding volume.
Thromboembolic events were reported in terms of the
number and percent of patients or limbs with DVT or PE.

Potential Confounders. When evaluating thromboem
bolic events, consideration of potential risk factors is key:
age, body habitus, activity level, time of procedure, pres
ence of malignancy. In addition, when considering both
thromboembolic outcomes and bleeding, the use of
heparin, nonsteroidal antiinflammatory agents, or war
farin therapy for comorbid conditions or surgical proce
dures could affect outcomes.

Study Designs. There was one prospective controlled
(level 2) study of 40 patients, half of whom received no
prophylaxis and half of whom received heparin followed
by coumadin. This prospective study was not blinded. In
addition, its small sample size limited its power, leaving
its negative results open to question. The retrospective
case control study (level 3) compared 20 cases (i.e.,
patients with DVT/PE) to 65 controls (i.e., patients
without DVT/PE). Cases and controls were compared for
age, weight, hours in the operating room, TNM (Tumor
Node-Metastasis) staging, malignant or benign disease,
and use of DVT/PE prophylaxis. Data were examined by
logistic regression analysis. This case control study was
reported within a larger retrospective case series of 12,805
patients who were examined for incidence of DVT and
PE.

HighestLevelof Evidence. The prospective study found
no significant difference in DVT and PE incidence
whether a regimen of sequential heparin and coumadin
was used or not. The power limitations associated with
the small sample size, however, still leave the question
open; there was a trend toward less PE with anticoagula
tion and it is unclear if such a difference could be dem
onstrated definitively with a larger sample size/greater
statistical power. The case control study showed that
thromboembolic phenomena in head neck surgery
patients were correlated with age and inversely correlated
with the use of compression devices. These data must be
con sidered in the context of the potential inherent biases
of a retrospective review, although regression analyses
attempt to adjust for potential confounders.

Applicability. The results of these studies are applicable
to patients undergoing head and neck surgery.

Morbidity/Complications. The bleeding outcomes as
noted in the adjacent chart were the only morbidity/
complications reported. There were no data provided on
morbidity associated with the use of compressive
devices.

CLINICALSIGNIFICANCE AND
FUTURE RESEARCH

There were two studies with comparative data regarding
thromboembolic disease in otolaryngologic surgery. One
study suggests no difference in postoperative rates of
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DVT/PE with heparin/coumadin versus no prophylaxis,
but interpretation of these results must be tempered by
the limited power associated with the small sample size
in this study. Limited power means that the study may
not have been able to identify a differencethat truly exists.
The second study suggests that compression devices
decrease the incidence of thromboembolic disease, but
has the potential inherent biases of a retrospective study.

Up to 800/0 of pulmonary emboli may present
without prior symptoms, so prevention is of paramount
importance. Also, thromboembolic disease has been
implicated in 5%-150/0 of acute care deaths, so decisions
regarding the method ofprophylaxis (mechanical, chem
ical, or otherwise) should be made with careful delibera
tion regarding their risks and benefits. Ideally,data from

our own patients would guide these decisions. DVT/PE
has been reported in 0.3%-17.50/0 of otolaryngology
patients (see details in the second adjoining chart). Using
the most recent incidence data for estimation, in order
to identify a twofold difference in outcome with one
regimen versus another, >15,000otolaryngology patients
would be required to achieve a 900/0 power. Such a study
may not be feasible. In other surgical fields, however,
DVT/PE is more common (up to 500/0 of postoperative
patients in some studies), so higher-powered studies can
be produced with smaller sample sizes. Reflecting this
greater feasibility, there is rich literature in these other
fields.Given the improbability of a highly powered study
in otolaryngology patients that could definitively address
this problem, we have elected to also examine the litera
ture from other surgical specialties. Please see Section
27.B.ii, the second portion of the systematic reviews
addressing this consequential topic.



THE EVIDENCE CONDENSED: Postoperative thromboembolism in otolaryngologic procedures

Reference

Level (design)

Sample size'

Abraha m- Inpijn, 1979

2 (prospective controlled study)

40: 20 heparin, 20 control (40)

OUTCOMES

Heparin prophylaxis

No prophylaxis

p Value

Conclusion

Follow-up time

Bleeding measures (primary outcome)

Wound hematoma 5% (n = 1/20)
GI bleed 5% (n = 1/20)
Postoperative hemoglobin decrease: 1.2 mmollL (SEM 0.2)
Intraoperative bleeding effect was not observed
EBL 871 cc (SEM 169)

Thyroid artery bleed 5% (n = 1/20)
GI bleed 5% (n = 1/20)
Postoperative hemoglobin decrease: 1.6 mmollL (SEM 0.3)
Intraoperative bleeding effect was not observed
EBL: 656 cc (SEM 149)

>0.05

No difference in bleeding

Not specified

STUDY DESIGN

PE/DVT

PE 0% (n =0/20)
DVT 0% (n = 0/20)

PE 20% (n = 4/20)
DVT 0% (n = 0/20)

"Not proved"

Trend toward less PE with heparin

Inclusion criteria

Exclusion criteria

Group comparison before
intervention

Procedures

Age

Masking

Identification of DVT

Regimen details

Monitoring for bleeding

Criteria for withdrawal

Consecutive patients?

Morbidity

Patients with laryngeal carcinoma undergoing laryngectomy with or without neck dissection. All
patients had physiotherapy before and after the operation, including breathing exercises. They were
ambulant until the day of the procedure

"No patient was excluded."

2 patients in each group had a history of venous thrombosis or PE. I patient in the heparin group
and 2 patients in the control group had preoperative acenocoumarol (warfarin). Ages similar in
both groups. Operations similar in both groups. Duration of operation was longer in the heparin
group

Each group had: 13 laryngectomy only, 6 laryngectomy with unilateral neck dissection, 1
laryngectomy with bilateral neck dissection

63 Y(mean) in heparin group
60 y (mean) in control group

one

"Diagnosed by clinical methods, including X-ray and scanning of the pulmonary vascular system
with 99m Tc-labeled macroaggregated albumin"

Heparin 5000 U subcutaneously b.i.d., first dose given with premedication, continued until POD 7.
Coumadin was given starting on POD 6

Serum hemoglobin preoperatively and on POD 1-2. Urine and feces screened for hemoglobin. EBL
was measured by the anesthetist.

ot specified

ot specified

Bleeding analysis as above

DVT =deep vein thrombosis, PE =pulmonary embolism, b.i.d. =two times per day, POD =postoperative day. GI =gastrointestinal, EBL=estimated
blood loss.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited) .

601



THE EVIDENCE CONDENSED: Postoperative thromboembolism in otolaryngologic procedures

Reference

Level (design)

Sample size

Moreano, 1998

3 (retrospective case control)

85: 20 case (DVT/PE), 65 control (no DVT/PE)

OUTCOMES

Association with DVT/PE

p Value

Conclusion

Follow-up time

Pneumatic compression

Correlation coefficient: -1.42
Odds ratio: 0.242
(95% CI 0.077-0.755)

p = 0.0146

Compression is significantly
inversely correlated with
DVT/PE.

Not specified

Age

Correlation coefficient: +D.0518

p = 0.0369

Age is significantly positively
correlated with DVT/PE.

Other covariates

Weight, hours in the operating
room, TNM staging, malignant
or benign disease were also
examined in a regression model.

p=NS

These other covariates had no
statistically significant effect
on DVT/PE.

Inclusion criteria

Exclusion criteria

Group comparison before
intervention

Procedures

Age

Masking

Identification of DVT

Regimen details

Monitoring for bleeding

Criteria for withdrawal

Consecutive patients?

Morbidity

STUDY DESIGN

Cases were identified from head and neck surgery cases among total operations by the Department
of Otolaryngology in patients>18 y old at 1 institution 1987-1994
Controls were selected from a list of all patients undergoing head and neck surgery during the same
time frame; systematic selection process included the first patient to have head and neck procedure
each month until an adequate number was obtained

Not specified

Not specified

Head and neck surgical procedures, not further specified

Not specified

Not applicable

Patients who had postoperative DVT/PE were identified with the use of an abstracting database that
cross-referenced disease-specific codes for otolaryngologic procedures with codes for DVT/PE

Pneumatic compression boots, further details not specified

Not specified

Not applicable

Not specified

Not specified

DVT =deep vein thrombosis, PE =pulmonary embolism, b.i.d , =two times per day, POD =postoperative day, GI =gastrointestinal, TNM =Tumor
Node -Metastasis, CI = confidence interval, EBL= estimated blood loss.
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THE EVIDENCE CONDENSED: Incidence of postoperative thromboembolism in otolaryngologic procedures

Reference

Level (design)

Sample size

Moreano, 1998

4 (retrospective review)

12,805

OUTCO MES

Graham, 1976

4 (retrospective review)

103: 68 head and neck, 35 otology

All procedures

Head and neck surgery

Otology/neurotology

Plastics/trauma

General otolaryngology

DVT

0.3%

0.6%

0.3%

0.1%

0.1%

PE

0.2%

0.4%

0.2%

0.1%

0.04%

STUDY DESIGN

DVT PE

17.5% Not reported

27.5% Not reported

0.0% Not reported

Not reported Not repo rted

Not reported Not reported

Inclusion criteria

DVT ident ification

Total operations by the Department of
Oto laryngo logy in patients >18 y old at 1
instit ut ion 1987-1 994

Patients who had postoperative DVT/PE were
iden tified with the use of an abstracting
database that cross-referenced disease-specific
codes for otolaryngologic procedures with
codes for DVT/PE.

Consecutive patients having major head and neck
("scale of operation ranged from external
ethmoidectomy to to tal laryngectomy, rad ical
neck dissection, and excision of the base of
tongue") or ear operations

1125 fibrinogen isotope counts were made from the
first POD until discharge or un til the 14th POD,
whichever was earlier. DVT was diagnosed with a
sustained increase of 15% or a single site over a
24-h perio d. No attempt was made to confirm
positive findings by phlebog raphy

DVT = deep vein thrombosis, PE = pulmonary embolism, POD = postoper ative day.

REFERENCES

1. Abraham-Inpijn 1. Critical evaluation of low-dose heparin
in laryngectomy. Arch Chir Neerl1979;31(l):9-15.

2. Moreano EH, Hutchison JL, McCulloch TM, Graham SM,
FunkGF, HoffmanHT.Incidence of deep venous thrornbo-

sis and pulmonary embolism in otolaryngology-head and
necksurgery.Otolaryngol HeadNeck Surg1998;118(6):777
784.

3. Graham JM, Robinson JM, Ashcroft PB, Glennie R. Deep
vein thrombosis in ear, nose and throat surgery. J Laryngol
OtoI1976;90(5):427-432.
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27 Prophylaxis in Head and Neck Surgery
27.B.ii.
Compression versus subcutaneous heparin: Impact on postoperative or post-traumatic
deep vein thrombosis, pulmonary emboli, and bleeding

Jennifer J. Shin and Jonas T. Johnson

METHODS

A computerized PubMed search of MEDLINE 1966
December 2005 was performed. The medical subject
headings "heparin" or "low-molecular weight heparin"
were exploded and the articles collected into a first group.
Next, articles obtained by exploding the medical subject
heading "intermittent pneumatic compression devices"
and those which mapped to text words "boots" or "com
pression" were collected into a second group. Afterwards,
the medical subject headings "pulmonary embolism" and
"venous thrombosis" were exploded and the resulting
articles were collected into a third group. Finally, the
three groups were cross-referenced. The resulting 222
articles were reviewed to identify those that met the fol
lowing inclusion criteria: 1) patient population undergo
ing surgery or admitted immediately post-trauma, 2)
prophylaxis with mechanical compression versus subcu
taneous heparin, 3) outcome measured in terms of deep
vein thrombosis (DVT), pulmonary embolism (PE), or
bleeding, 4) randomized controlled trials. Articles were
excluded if: a) randomization occurred but the choice of
compression versus heparin was not randomized, b)
heparin was evaluated not alone but only in combination
with other agents (such as dihydroergotamine), c) addi
tive therapy with heparin and compression was exam
ined in comparison to one agent alone. The bibliographies
of the articles which met these inclusion/exclusion crite
ria were manually checked to ensure no further relevant
articles could be identified. This process yielded 13 ran
domized controlled trials (RCTs). The outcome measures
in these trials were similar enough so as to allow meta
analyses (i.e. statistical pooling of data) and these analy
ses are also further detailed in this systematic review
[1-13].

RESULTS

Herein we describe results of individual studies. In the
subsequent section, please find results for the related
meta-analysis.

Outcome Measures. Thromboembolic outcomes were
most consistently reported as the percent of patients who
developed DVT or PE. Occasionally it was reported as
the percent of limbs identified with thrombus. Some
studies also distinguish between calf/distal and thigh/
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proximal thrombi. Bleeding outcomes were described as
percent with major or minor bleeding, hematoma for
mation, transfusion requirement, oozing or ecchymosis
at the wound.

Potential Confounders. Age, body habitus, duration of
procedure, presence of malignancy, lower extremity and
pelvic surgery/injuries, estrogen supplementation, and
comorbid conditions (especially those interfering with
ambulation) could all affect rates of DVT/PE. In addi
tion, when considering both thromboemboli and bleed
ing, the use of non-steroidal anti-inflammatory agents or
warfarin therapy for concomitant medical disease could
potentially influence results. The majority of the RCTs
confirmed that their randomization process resulted in
similar rates of potential confounders in both groups.

StUdy Designs. These are all RCTs which provide level
1 data. Within each trial, patients were randomly allo
cated into treatment with either mechanical compression
or heparin. Mechanical compression included either calf/
thigh sleeves, foot pumps, and/or elastic stockings.
Heparin therapy was either unfractionated or low molec
ular weight. The precise regimens of mechanical and
chemical prophylaxis are detailed in the adjoining charts.
In several studies, the radiologists who interpreted the
DVT screening imaging were blinded as to the treatment
group of the patient. Approximately one half of the
reports included their own power calculations, although
only one trial met their intended sample size. Another
trial stopped patient accrual when they realized that even
with extreme results from the additional subjects they
were planning to enroll, they would not demonstrate a
statistically significant difference between groups .

Highest Level of Evidence. The majority of the RCTs
(l0 of 13) reported no significant difference in the rate
of DVT with compression versus subcutaneous heparin.
In contrast, 2 trials reported significantly less DVTswith
compression, while 1 other reported significantly less
DVTs with heparin. We have attempted to explore and
resolvethis conflicting data by performing meta-analyses
of all of their reported results, as well as an analysis of
the individual reports to determine how the studies
with differing results are distinct from the remaining
trials.

In individual stud ies, the rate of PE was often too
low to allow statistical analysis and therefore no com-



parative conclusions would be drawn. Bycombining data
from the 12 studies that reported PE outcomes, we can
increase the number of patients analyzed and allow more
meaningful statistical analysis. Thus, we have also per
formed a meta-analysis of PE results for these trials.

In individual studies, the conclusions regarding
bleeding were also varied. Three RCTs showed a signifi
cantly worse rate of bleeding with heparin than with
compression. Four showed no significant difference. Two
reported numbers but no statistical analysis. Again, we
have .attempted to resolve this conflicting data by per
forming meta -analyses of all of their reported results
reg~rding major bleeding/hematoma, minor bleeding/
oozIng, and number of patients requiring transfusion.

The adjoining charts detail individual studies, and
are followed by meta-analyses addressing the rate of
DVT, PE, and bleeding with compression versus subcu-

Prophylaxis in Head and Neck Surgery
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t~neous heparin. In addition, a risk/benefit analysis is
gIven.

Applicability. These studies are most applicable to
the type of patient that they study (i.e. orthopedic,
gynecologic, urologic, abdominal surgery, trauma, or
a combination). The studies most applicable to our
otolaryngology patients are detailed in part 27.B.i. of
the~e reviews (i.e. those performed on otolaryngology
patients), As mentioned at the conclusion of that review,
however, because of the logistical difficulty in executing
level 1 studies on this topic within our field, we have
carefully considered this data from other fields as well.

Morbidity/Complications. See the adjoining charts.



THE EVIDENCE: Compression versus subcutaneous heparin for thromboembolism prevention

Reference

Level (Design)

Sample Sizet

Ginzburg, 2003

1 (randomized controlled trial)

398 (442)

No significant difference in rate of DVT or PE

Time of discharge or 30 days from admission

Compression

Heparin

p value

Conclusion

Follow-up time

DVT

2.7% (n = 6/224)

0.5% (n = 1/218)

p = 0.122

OUTCOMES

PE

0.5% (n = 1/224)

0.5% (n = 1/218)

P=NS

Total

3.1% (n = 7/224)

0.9% (n = '2/218)

p = 0.176

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Screening regimen

Compression details

Heparin details

Compliance

Criteria for withdrawal

Intention to treat analysis

Power

Morbidity/complications

STUDY DESIGN

Adult patients with severe injuries (injury severity score ~9) and at least one leg and one arm available
for a intermittent pneumatic compression device

Need for systemic anticoagulation, contraindication to low molecular weight heparin therapy, <18
years old, patients who were unlikely to survive or remain in the hospital for ~7 days, renal failure
(serum creatinine >3.4 mgldL), pregnant women, patients who were unable to undergo bilateral
Doppler ultrasonography, morbid obesity (body mass index >26 kglm2), coagulopathy, anti platelet
therapy except some NSAlDs given for analgesia

Similar age, sex, other demographics, injury severity distribution, neurologic, pelvic, and extremity
trauma rates (except for femur fractures ), obesity, previous hip surgery, myocardial infarction,
congestive heart failure , chronic obstructive pulmonary disease, and tobacco use. More femur fractures
and shorter hospital stay in the enoxaparin group

>40 years old

Not specified

Duplex imaging on both legs on admission, then weekly until discharge, at 30 days or when there was
a thrombotic event (whichever occurred first) . Clinical suspicion of PE was verified by spiral CT or
ventilation-perfusion scintography

DVTlO Calf garment placed on both legs, unless leg trauma prevented (instead placed on one leg and
one arm) until walking independently or discharged from hospital. Sleeve disuse tolerated for up to
8 h within the protocol. Elastic stockings were not used

Enoxaparin (low molecular weight heparin) 30 mg subcutaneously QI2 hrs beginning within 24 hrs of
the trauma until walking independently or discharged from hospital. Enoxaparin was held 12 h before
any surgical procedure, but was resumed at the first postoperative dose, so that a maximum of 2 doses
was missed

Compression noncompliance (>8 h without boots) 6.7% (n = 15/224 )
Enoxaparin noncompliance (>2 doses missed) 13.3% (n = 29/218)

Failure to comply with regimen: >8 hrs without boots, >2 doses heparin missed

Patients who could not comply with protocol were excluded from analysis

900 patients needed for 80% power to detect a clinically significant 30% difference in treatment
efficacy, with an anticipated dropout rate of 5%

No deaths

t Sample Size: numbers shown for those not lost to follow up and those (initially recruited ).
NSAID = nonsteroidal anti -inflammatory agents.
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THE EVIDENCE: Compression versus subcutaneous heparin for thromboembolism prevention

Refere nce

Level (Design)

Sample Sizet

Warw ick, 1998

I (randomized controlled trial )

274 (290)

18% (n = 24/136) 13% (n = 17/136)

13% (n = 181138) 8% (n = 11/138)

P = NS P = NS

No significant difference in rate of DVT or PE

3 months postoperatively

Compression

Heparin

p value

Conclusion

Follow-up time

All DVT

OUTCOMES

Proxim al DVT Calf DVT

5% (n = 71136)

4% (n = 6/138 )

p=NS

PE

0.7% (n = 1/136)

0.0% (n = 0/1136 )

p= NS

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Screening regimen

Compression details

Heparin details

Compliance

Criteria for withdrawal

Intention to treat analysis

Power

Morbidity/complications

STUDY DESIGN

Primary tota l hip replacement 1995-1997

Refusal of consent, long-term anticoagulation therapy for reexisting cardiac or cerebrovascular disease,
active malignant tumor, gastrointestinal ulceration, previous bleeding diatheses, wounds on or painful
joints in the feet, enrollment in another trial necessitating planned early discharge form the hospital or
modification of wound drainage

Similar age, gender, weight, previous thromboembolism, osteoarthritis, rheumatoid arthritis, use of
NSAIDs, method of fixation, regiona l anesthesia, opsterior operative approach in both groups

Mean 69 years old (standard deviation 11)

Radiologists were blinded to treatment groups

Ascending venography on POD6,7,8. Clinical symptoms consistent with pulmonary embolism were
investigated with ventilation-perfusion scanning

Foot pump was fitted in the recovery room, then kept activated whenever the patie nt was not bearing
weight, through POD7

Enoxaparin (low mo lecular weight heparin) 40 mg starting 12 hours before the operation then
Q24 hrs through POD7

Foot pump noncompliance in 3% (n = 5), median use 15 hours per day

Refusal of venography, discharge prior to venography, refusal of foot pump, surgeon request because
of wound hematoma or early dislocation

Yes, patients who could not tolerate foot pump continued in the analysis

280 patients 80% power to detect a 15% difference with a prevalence of DVT or 10-20 percent in an
equivalence trial

No deat hs

t Sample Size: numbers shown for those not lost to follow up and those (initially recruited ).
SAID = nonsteroidal anti -inflammatory agents.
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THE EVIDENCE: Compression versus subcutaneous heparin for thromboembolism prevention

Reference

Level (Des ign)

Sample Sizet

Nicolaides, 1980

1 (rando mized controlled trial )

25 1 (27 1)

Rasmussen, 1988

I (ra ndo mized co ntro lled tri al)

248 (248)

Single 0.6% (n = 1/166) 29.7% (n = 22/74)
Sequen tial 0%
(n = 0/166)

Trend toward less DVT with heparin

Postop erative day 7

0% (n = 0/85)

PE

0% (n = 0/74)

DVT

29.4% (n =25/85)

P > 0.05 for all
com parisons

No di fferen ce betwee n gro ups

Postop erative day 4-5

(n = 1/170)

NS

OUTCOMES

PEDVT

Single cha mber 22.2% (n =
37/166 calves)
Seque ntial compression
22.2% (n = 37/166)

I I. 7% (n = 20/17 0 calves)

No t spec ified

Heparin

p value

Co ncl usion

Follow-up time

Compression

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Random izat ion
effectiveness

Age

Maski ng

Scree ning regim en

Co m pression details

Heparin details

Lengt h of prophylaxis

Co mpliance

Cr iteria for withdrawal
fro m study

Int ention to treat ana lysis

Power

Eme rgency or elective lapa rat om y or ope n ope ration
on bladder or prostat e

No t specified

Sim ilar number of pat ient s with malignan cy, age >60
years old, prostatectomy, emergency cases

Not spec ified

Not specified

I-fib rin ogen injection immedi ately after operat ion
with legs scan ned on PODI , 3,5,7, or dail y if raised

counts detected

Int ermittent pn eumatic compression with single

cha mbe r Flotro nai re from ind uction of anes thes ia
un til 16-24 hrs postoperatively versus interm itte nt
pn eumatic co mpression with multichamb er devices

Heparin 5000 u SC Q 12 hrs star ting 2 hou rs before
operatio n and con tinuing for a minimum of 7 days or
until patient becam e fully ambulant

16 hrs to 7 days

No t speci fied

Failure to follow pro tocol (n = 5, no DVT ), death
befor e PO DS (n = IS, PE found at necrot opsy in n = 2
( I compression, I heparin )

Pat ient s were rejected from th e ana lysis if th ey d id not
follow prot ocol

ot reported

Majo r abdo m inal surgery > 1 hr duration, age
>40 years old

Ant icoagulant treatme nt, hem orrh agic
diath esis

Sim ilar age, du rat ion of surgery in treatment
gro ups, as well as presen ce of obesity, histor y
of th rombosis, var icose veins, smoking

4 1-87 years old

Not speci fied

99mTc-plasmin test of the lower limbs o n
POD4 o r 5. Differences in qu oti ent units in
calf, knee, and thi gh of 13 units were

d iagnost ic of DVT

Bilater al graduated compressio n stoc kings
fro m toes to kn ee (TE D stockings)

Heparin sodi um 5000 u SC QI 2 hr s

Began on the evening before operation and
continued un til complete mobili zation or for
not less than 5 days postoperat ively

Not specified

Not specifie d

Not specifie d

No t reported

Morbidi ty/complications 2 deaths, both with PE at necrotop sy Not reported

t Samp le Size: numbers shown for those not lost to follow up and those (initially recru ited).
Hr =hours. POD =posto perative day, SC =subcutaneously, Q 12h =every 12 hou rs. Preop =preoperatively.
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THE EVIDENCE: Compression versus subcutaneous heparin for thromboembolism prevention

Reference

Level (Design)

Sam ple Sizet

Maxw ell. 200 I

I (randomized controlled trial )

211 (211)

Co mpression

Heparin

p value

Conclusion

Follow-up time

DVT

0.9% (n = 1/106)

1.')% (n = 2/105 )

Not specified

No difference between groups

Postoperative day 30

OUTCOMES

PE

0% (n = 0/1 06)

0% (n = 0/105 )

NS

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Screening regimen

Compression details

Heparin details

Length of prophylaxis

Compliance

Criteria for withdrawal
from study

Intention to treat analysis

Power

Morbidity/complications

STUDY DESIGN

>40 years old. major procedure for gyneco logic malignancy

DVT or PE in previous 6 months, contraindications to heparin therapy, conduction anesthesia, heparin
sensitivity, pregnancy, coagulation abnormalities, PT or PTT > 1.5 times normal, platelet count <100,000

Similar pretreatment characteristics and thromboembolic risk factors between groups

35-87 years old

Radiologist interpreting ultrasound was blinded

Doppler ultrasound lower extremities on POD3-5, interview 30 days after surgery to detect patients
who developed DVT or PE after discharge

Venodyne external pneumatic compression sleeves placed with induction, continued through PODS.
When the patients were ambulating independently. they were removed until return to bed

Dalteparin (low mo lecular weight heparin ) 2500 u SC 1-2 hrs preop and 12 hrs later then 5000 u daily
though PODS , longer if not ambulatory

Through postoperative day 5, longer if not yet ambulatory

Not specified

Not specified

Yes

200 patients need for 80% power to det ect a proportion of 0.34 in the heparin group compared with a
0.17 proportion in the compression group (alpha 0.05)

No symptomatic DVTs. 5 cases of thrombocytopenia in heparin group. I in compression group.

t Sample Size: numbers shown for tho se not lost to follow up and thos e (initially recru ited).
Hr =hours, POD =postoperative day, SC =subcutaneously, Q12h =every 12 hours. Preop =preoperatively.
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THE EVIDENCE: Compression versus subcutaneous heparin for thromboembolism prevention

Reference

Level (Design)

Sample Sizet

Cla rke-Pearson, 1993

I (randomized controlled trial)

208(218)

OUTCOMES

PE

0% (n = 0/101)

0% (n = 0/107)

NS

DVT

4.0% (n = 4/101)

6.5% (n = 7/107)

P = 0.54

No difference between groups

Postoperative day 30

Compression

Heparin

p value

Conclusion

Follow-up time

Inclusion criteria

STUDY DESIGN

Surgery for gynecologic growths (benign and malignant)

Exclusion criteria History of bleeding diathesis, thromboembolism in previous 3 months, warfarin or heparin use in
previoius 6 weeks, PTT or PT >1.2 times control, platelet <IOO,OOO/mL3

Randomization
effectiveness

Similar age, race, diagnoses, numbers and types of procedures, duration of anesthesia

Age

Masking

22-89 years old

Not specified

Screening regimen

Compression details

lodine-12S fibrinogen uptake leg scans daily until discharge. DVT diagnosed if counts were >20% more
than in same site in contralateral leg or adjacent site. If scan was positive then ascending venography
used to confirm DVT. PE assessed by ventilation perfusion lung scan and pulmonary arteriography

Venodyne pneumatic calf compression initiated at induction of anesthesia and continued through
PODS, longer if not full ambulatory by then, sooner if patient was discharged before then

Heparin details Heparin SOOO u subcutaneously Q8 h, starting with 3 doses preoperatively until POD7, longer if not
full ambulatory by then, sooner if patient was discharged before then

Compliance

Criteria for withdrawal
from study

I patient discontinued compression because of minor discomfort

Cancellation of surgery

Intention to treat analysis

Power

Yes,only patients whose surgery was canceled were excluded (n = 10)

"would have required 1780 patients to have sufficient statistical power"

Morbidity/complications 3 heparin discontinuation because of bleeding associated with prolonged PTT.

t Sample Size: numbers shown for those not lost to follow up and those (initially recruited ).
Hr = hours, POD = postoperative day, SC = subcutaneously, Ql2h = every 12 hours. PTT = activated partial thromboplastin time. PT = prothrombin
time .
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THE EVIDENCE: Compression versus subcutaneous heparin for thromboembolism prevention

Reference

level (Design)

Sample Sizet

Pitto,2004

I (randomized controlled trial )

200 (216)

OUTCOMES

Kosir,1998

1 (randomized controlled trial)

136 ( 160)

Compression sig. better to prevent DVT

Postoperative day 45

Compression

Heparin

p value

Conclusion

Follow-up time

DVT

3% (n = 3/100 )

6% (n = 6/100 )

P < 0.05

PE

(n = 0/100 )

(n = 0/100 )

NS

DVT PE Death

0.0% (n =0/67 ) (n =1/67) (n =0/67 )

3.0% (n =2/66 ) (n =1/66) (n =1/66)

Not reported NS NS

Trend toward less DVT with compression

Postoperative day 30

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Screening regimen

Compression det ails

Heparin details

Compliance

Criteria for withdrawal
from study

Intention to treat anal ysis

Power

Morbidity/complications

STUDY DESIGN

Osteoarthritis of hip requiring cemented total
hip arthroplasty, age >18 and <80 years old

Historv of thromboembolic disease, heart disease,
bleedingdiathesis,patient refusal, activemalignancy,
gastrointestinal ulceration, superficial wounds
or painful joints of in the feet

Similar gender, age, body mass index , duration
of operation, intraoperative blood loss, and
duration of hospitalization

18-80 years old

Radiologist was blinded. Observers of wound
for bleeding were not blinded

Serial duplex sonography on POD 3,10,45

A-V Impulse Foot pump starting in the
recovery room. All patients received a single
dose of fraxiparin 12 hrs prior to surgery

Fraxiparin (low molecular weight heparin),
dose adjusted to body weight (0.2-0.6 ml.,
0.1 ml, =950 IU of anti-Xa ) until discharge.
All patients received a single dose of fraxiparin
12 hrs prior to surgery

13 discontinued compression

Patients who did not tolerate continuous use of
foot pump for >4 hrs (n = 16) or use of
heparin

Patients failingto complete protocol were excluded

200 patients to achieve 80% power to detect a
20% difference

1 heparin induced thrombocytopenia

General surgical procedure (pelvic, abdominal,
thoracic, inguinal, plastic, head and neck, peripheral
vascular not involving both femoral regions ) 2:1 hr
with spinal or general anesthesia

Anticoagulant treatment, nonambulatory patients

Similar age, surgery type, procedure time , anesthetic
method, diabetes, vascular disease, CO PD,
hypertension, cardiac disease, malignancy, estrogen
supplement, immobility, obesity in the two groups

Mean 62.5 years old

Not specified for DVT screening

Duplex venous studies on PODI,7,30

Athrombic 2500 Pneumatic compression devices
applied before induction and used for 48 hrs
postoperatively while the patient was at bed rest or
overnight

Unfractionated heparin 5000 u SC Q12 hrs, starting
1 hour prior to surgery and for 48 hrs
postoperatively

Measured but not specified

Canceled or short surgery, change in anesthetic
methods, physician request due to complications,
broken blood tubes, improper protocol prophylaxis
method (n = 24)

Patients failing to complete protocol were excluded

Not reported

I death from PE

t Sample Size: numbers shown for those not lost to follow up and those (initially recruited).
Hr = hours, POD = postoperativeday,SC= subcutaneously,Q12h= every 12 hours. PTf = activated partial thromboplastin time. PT= prothrombin
time.

611



THE EVIDENCE: Compression versus subcutaneous heparin for thromboembolism prevention

Reference

Level (Design)

Sample Sizet

Kurtoglu, 2004

1 (randomized controlled trial )

120 (120)

"was not statistically significant"

Compression

Heparin

p value

Conclusion

DVT

6.6% (n = 4/60 )

5.0% (n = 3/60 )

P = 0.04

OUTCOMES

PE

3.3% (n = 2/60)

6.6% (n = 4/60 )

P = 0.07

Trend but no signif. diff.

Mean time to mobilization

12.1 h (SD 2.1)

13 h (SD 1.9)

p =NS

No significant difference

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Screening regimen

Compression detail s

Heparin details

Compliance

Criteria for withdrawal
from study

Intention to treat analysis

Power

Morbidity/complications

1 week after discharge

STUDY DESIGN

Severe head/spinal trauma (epidural hematoma 33.3%, contusion 23.3%, subdural hematoma 20%,
subarachnoid hemorrhage 9.1%, intracerebral hemorrhage 5%, spinal fracture/dislocation 9.1%)

<14 years old, hepatic or urinary dysfunction, spinal cord injury, history of DVT, high bleeding risk
(platelets <100,000 or INR >1.5), use of anticoagulants, continuing hemorrhage on control scans
within 24 h of admission, patients requiring craniotomy

Similar rates of intracranial injury, contusion, subdural hematoma, subarachnoid hemorrhage

18-76 years old

Not specified

Venous duplex ultrasound of lower extremities performed on admission to ICU, each week of
hospitalization and 1 week after discharge, and if there was a 10% increase in calf diameter on daily
measurements. Spiral computed tomography was used when there was a suspicio n of pulmonary
embolism

Prophylactic DVT System below-knee intermittent pneumatic compression devices or AV Impulse
system device

Enoxaparin (low molec ular weight heparin ) 40 mglday. All patients began with compression devices,
awaiting serial scans to ensure no continuing hemorrhage

Not specified

Not specified

120 pat ients analyzed in their original groups

"when the alpha was set to 0.05 and the beta to 0.2, the power was about 0.20"

deaths from PE: 3.33% (n = 2) compression group, 6.66% (n = 4) heparin group

t Sampl e Size: numbers shown for those not lost to follow up and those (initially recruited).
Kurtoglu : vena cava filters were placed in 3 patients who developed DVT while on LMWH prophylaxis.
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THE EVIDENCE: Compression versus subcutaneous heparin for thromboembolism prevention
.

Reference

Level (Design)

Sample Sizet

Compression

Heparin

p value

Conclusion

Follow-up time

Santori, 1993

I (randomized controlled tria l)

132 (132)

OUTCOMES

DVT Major thromboses

13.4% (n =9/67) 4.5% (n =3/67)

35.4% (n = 23/65 ) 24.6% (n = 16/65)

P < 0.005 P < 0.005

Compression significantly better than heparin for
DVT and major thromboses

6 weeks postoperatively

Minor thromboses PE

9.0% (n = 6/67 ) 0.0% (n = 0/67 )

10.8% (n =7/65) 3.1% (n =2/65 )

Not specified Not specified

Trend toward less PE and minor thrombosis
with compression but no statistical comparison

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Screening regimen

Compression details

Heparin details

Compliance

Criteria for withdrawal
from study

Intention to treat analysis

Power

Morbidity/complications

STUDY DESIGN

General anesthesia for primary total hip replacement by a lateral approach

Previou s history of thromboembolism, varicose veins, venous insufficiency, malignancy

Similar age, gender, indications for hip replacement, durat ion of operation, total blood loss

Mean 72.4 (SD 6.65) in compression group,
Mean 69.8 (SD 6.22) in heparin group

Not specified

Doppler ultrasound and liquid crystal thermography on POD 8-10,42 for screening. Phlebography if
Doppler positive or if negative with convincing clinical exam. Major thrombi =iliac, femoral, or
proximal veins or calf >5 em. Minor thrombi = calf, <5 em.

AV Imp ulse foot pump to both feet immediately after the operation until POD7-10. All patients
received non -pneumatic compression stockings after the completion of the surgery.

Heparin calcium 5000 IU SC TID x lOdays, starting on the day before the operation. All patients
received non-pneumatic compression stockings after the completion of the surgery.

Not specified

Not specified

Not specified

Not reported

I death from PE in the heparin group. 3 superficial skin abrasions from foot pump.

t Sample Size: numb ers shown for those not lost to follow up and those (initially recruited ).
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THE EVIDENCE: Compression versus subcutaneous heparin for thromboembolism prevention

Reference Blan chard, 1999 Nicolaides, 1983

Level (Design) I (randomized controlled trial) I (randomized controlled trial)

Sample Sizet 130 (130) 100 (100 )

OUTCOMES

DVT PE DVT PE

Compression 54.0% (n = 34/63) 0.0% 6.0% (n = 3/50 patients) NR
(n = 0/63 ) (n = 4 thrombi/lOO limbs-I bilateral)

Heparin 23.9% (n = 16/67) 0.0% (n = 0/67 ) 14.0% (n = 7/50 patients) (n = 9 NR
thrombi/l 00 limbs-2 bilateral)

p value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Screening regimen

Compression details

Heparin details

Compliance

Criteria for withdrawal

Intention to treat
analysis

Power

Morbidity/
complications

p<O.OOI p=NS

Heparin sign ificant ly better
to prevent DVT

Postoperative day 8-12

STUDY DESIGN

Elective total knee arthroplasty, >40 years old,
weight between 40-100 kg

Not specified

See chart

>40 years old

Radio logist was blinded

Bilateral ph lebography in 108 patie nts on POD
8-12 or earlier if symptoms occurred; venous
compression ultrasound in 15 patients because
phlebography was technically not possible or it
was refused; both used in outcome measurement

Because the traditional whole leg compression
boots are not suited to knee surgery, the
arteriovenous impulse foot system was developed

Nadroparin calcium (low mo lecular weight
heparin) da ily dosage adapted to body weight,
injected 12 hrs before and 12 hrs postop, then
once daily for 10-12 days

25% disco ntinued use of foot pump because of
local symptoms

Not specified

Yes

No a priori calculation

No difference in platelet counts between the two
groups

p = 0.05-0.10 P = NS

Trend toward less DVT with compression

Postoperative day 20

Major abdominal operations

Not specified

Randomization by risk stratification created similar
ages, previous DVT, infection, malignancy

57.3 mean ( 13.4 SD) years old in compression
group, 58.6 (13.3 ) in heparin group

Not specified

I-fibrinogen injection immediately after operation
with legs scanned on POD I, 3,5,7, or daily if raised
counts detected

Sequential compression devices used continuously
during the operation and for a minimum of 72 hrs
during the postoperative period. Devices were
discontinued and TED stockings were used when
patient was ambulant

Heparin 5000 u SC Q12 hrs from 2 hrs preop until
discharge from hospital

Not specified

Not specified (all patients completed the study)

All patients completed the study

No a priori calculation

None reported

t Sample Size: numbers shown for those not lost to follow up and those (initially recruited ).
NR =Not reported, hrs =hours , POD =postoperative day, SC =subcutaneously, preop =preoperativel y.
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THE EVIDENCE: Compression versus subcutaneous heparin for thromboembolism prevention

Reference

Level (Design)

Sample Sizet

Coe,1978

I (randomized controlled trial )

81 (83)

OUTCOMES

DVT PE

Compression

Heparin

p value

Conclusion

Follow-up time

3.4% +scan, pos venogram (n = 1129)*
3.4% +scan, no venogram (n = 1/29)"
6.8% +scan, neg venogram (n = 2/29)°
86% -scan, no venogram (n = 25/29 )00

21.4% + scan, pos venogram (n = 6128 )*
0.0% +scan, no venogram (n = 0/28 )"
7.1% +scan , neg venogram (n = 2/28)°
71.4% -scan, no venogram (n = 20/28)00

'+" vs 0+00: p = NS, ' vs 0+00: p < 0.04

Trend toward better DVT prevention with
compression, possibly significant

Postoperative day 30

0.0%
(n = 0/21 )

0.0% (n = 0/32 )

p=NS

No sig. diff.

STUDY DESIGN

Inclusion criteria Open urological operations

Exclusion criteria

Randomization
effectiveness

Age

Not specified in detail

Similar age, anesthesia duration, malignancy, varicose veins, previous thrombophlebitis, prostatectomy,
lithotomy, nephrectomy in both groups. More cystectomy in compression group

Heparin group mean 63 +1- 16 years old, compression group mean 55 +/-1 1

Masking

Screening regimen

Not specified

1-125 fibrinogen scan daily until discharge-judged as positive if any location was 20 percentage points
higher than adjacent sites on the same leg or the same site on the opposite leg on the same or previous
day. Positive fibrinogen scan prompted follow up phlebogram but several patients refused it. Suspicion of
pulmonary embolism investigated by chest roentgenography, pulmonary angiography

Compression details Externa l pneumatic compression of both calves by means of Anti-Em Extremity Pump inflatab le boots,
starting after the induction of anesthesia and continuing until discharge. "Short periods were allowed in
which the boots were removed for patient comfort, nursing care, ambulation. Occasionally EPC was
discontinued prematurely be of patient discomfort"

Heparin details Heparin sodium 5000 u SC Q 12 hrs, starting 2 hours before surgery and continuing unt il discharge

No a priori calculation

Not specified in more detail

Heparin prophylaxis continued significantly longer than patients in EPC group (p < 0.005), primarily be
of discomfort caused by boots

Treatment with anticoagulant drugs in the postoperative period

Yes

Compliance

Morbidityl
complications

t Sample Size: numbers shown for those not lost to follow up and those (initially recruit ed ).
NR =Not reported, hrs =hours, POD =postoperative day, SC =subcutaneously, preop =preoperativel y.
*, ", " 00 Symbols denote which data comparisons correspond to the referenced p values.

Criteria for withdrawal

Intention to treat
analysis

Power
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Prophylaxis in Head andNeck Surgery
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META-ANALYSES

Methods of Meta-Analyses. All of the studies included
in this meta-analysis are randomized controlled trials
(level 1) and they represent the highest level of evidence
comparing DVT/PE and bleeding outcomes with com
pression versus heparin prophylaxis within all types of
~urgery and post-trauma patients. Further details regard
Ing the search and selection process are as noted in the
initial methods of this review. Overall, given the antici
pated difficulties in performing a well-powered study
a~dressing this .issue in otolaryngology patients (see part
B.I.of these reviews), the relevant literature from all types
of post-surgical and post-trauma patients was consid
ered. Because of the need to evaluate both benefits and
risks, meta-analyses of DVT, PE, and bleeding outcomes
were performed. Analysiswas performed using a random
effects model with inverse variance or Mantel-Haenszel
weights.

Results of Meta-Analysis

Benefits: Thromboembolic Outcomes. First, a meta
analysisfocusing on the outcomes ofDVT wasperformed.
Individual publications reported the gamut of conclu
sions: no difference, less DVT with compression, and less
DVT with heparin. When the data from all of the studies
were pooled, there was no significant difference in the rate
of DVTs in subjects who received compression versus
heparin. Likewise, when the rate of PE was compared,
there was no significant difference between groups (See
tables). With the large sample size from pooled data,
:50/0 confidence intervals were very tight, reflecting the
Increased power of the combined data.
. In a sensitivity analysis, neither the type of compres

sion nor the type of heparin used affected the result.
Whether calf/thigh boots, foot pump, or elastic stockings
were analyzed separately, there was still no significant
difference between compression and heparin. Likewise,
whether unfractionated heparin or low molecular weight
heparin was administered, there was still no distinction
?etw~en groups (See tables). Thus, when considering all
inpatient postoperative and post-trauma patients, the
DVT/PE impact of mechanical compression and subcu
taneous heparin was similar, regardless of the particular
regimen used.

Risks: Bleeding Outcomes. Having considered the ben
efits' we also considered the risks involved. Individual
papers reported a mix of results; some concluded that
the~e was no increased risk of major or minor bleeding,
while others found a greater risk of bleeding with sub
cutaneous heparin. In an attempt to resolve these
heterogeneous results, we performed meta-analyses of
3 bleeding measures.

First, the rate of major bleeding and/or hematoma
was considered. When the data from all papers that

reported this outcome were pooled, there was a sta
tistically significant worse outcome with subcutaneous
heparin (p =0.006). The associated odds ratio suggests
t?at th~ rate o~ major bleeding/hematoma is nearly 4
times higher WIth heparin than with compression. For
t~nately, the overall rate of major bleeding/hematoma is
still low: 3.1% versus 0.80/0. The rate difference between
the two groups translates to a number needed to harm
of 44, meaning that if 44 patients receive subcutaneous
heparin, 1 of them will have a major bleed or hematoma
who would not have otherwise. This number shows us
that the risk is present, but not excessive.

Second, another meta-analysis was performed of all
papers. reporting results regarding minor bleeding and/
or OOZIng from the wound. When all data from articles
r~porting this outc.ome were combined, there was sig
nificantly more minor bleeding and oozing from the
wound in the group who received subcutaneous heparin.
The odds of having minor bleeding/oozing with heparin
are 2.6.times higher than if compression is used for pro
phylaxis, The data also suggests that if 6 patients receive
subcutaneous heparin, 1 of them will have minor bleed
ing/oozing that would not have otherwise.

Third, a meta-analysis was performed of all data
from publications reporting the number of patients who
required. transfusion. Similar to the other meta-analyses
of bleeding results, a larger percent of patients required
transfusion if they received subcutaneous heparin rather
than compression prophylaxis.

Becauseofthe variety ofoutcome measures reported,
it is difficult to pool data to allow insight into whether
bleeding rates differed with unfractionated versus low
molecular weight heparin in comparison to compres
sion, as well as to rigorously pool data from all studies at
once.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Benefits versus Risks. The overall results of these meta
analyses suggest that when compression and subcutane
ous heparin are compared, the benefits (thromboembolic
restriction) are the same but the risks (bleeding) are
increased with subcutaneous heparin. Therefore, the use
of ~ubcutaneous heparin instead of compression prophy
laxis must be undertaken with the understanding that
there is an associated increased risk. This understanding
does not mean that heparin should never be used in our
patients, but that it should be used either when addi
tional heparin-associated benefits are anticipated or
when compression is not a viable option.

Future studies may focus on the analysis of patients
who receivecompression alone versus compression com
bined with subcutaneous heparin. Such double coverage
may be especially relevant for head and neck surgery
patients who often have multiple risk factors (i.e. malig
nancy, longer time to ambulation, comorbid conditions)
for thromboembolic disease.



OVT: Compression vs heparin (all)

META-ANALYSES: THROMBOEMBOLIC EVENTS

DVT (All)

Com pression Hep arin

Ginzburg, 2.7% (n = 6/224) 0.5% (n = 1/218)
Stud name

2003

Warwick, 18% 13%
1998 (n = 241136) (n = 181138) Ginzburg, 2003

Warv,ick, 1998
Nicolaides, 22.2% 11.7% Nicolaides, 1980

1980' (n = 371166) (n = 10/85) Rasmussen, 1988
Maxwell, 2001

Rasmussen, 29.7% 29.4% CIar1<e-Pearson, 1993

1988 (n = 22/74) (n = 25/85)
Pitto, 2003
Kosir, 1998

Maxwell, ,0.9% (n = 11106) 1.9% (n = 21105) Kirtoglu, 2004
Santon, 1993

2001 Blanchard, 1999

Clarke- 4.0% (n = 41101) 6.5% (n = 711 07) Nicolaides, 1983
Cae, 1978

Pearson, 1993 Total

Pitto,2003 3.0% (n = 31100) 6.0% (n = 61100)

Kosir,1998 0.0% (n = 0/67) 3.0% (n = 2/66)

Kirtoglu, 6.6% (n = 4/60) 5.0% (n = 3/60)
2004

Santori, 1993 13.4% 35.4%
(n = 9/67) (n = 23/65)

Blanchard, 54.0% 23.9%
1999 (n = 34/63) (n = 16/67)

Nicola ides, 6,0% (n = 3/50) 14.0% (n = 7/50)
1983

Coe, 1978 6.8% (n = 2/29) 21.4% (n = 6/28)

Total 12.0% 10.7%
(n = 149/1243) (n = 126/1174)

• number o f patients ext rapo lated from number o f calves

as reported.

SENSITIVITY ANALYSIS: OVT (CalflThigh Boots)

Statist ics for each study

Risk Lower Upper
difference limit limit p-Value

0.022 -o.ooi 0.045 0.058
0.046 -Q.039 0.131 0.290
0.105 0.012 0.199 0.027
0.003 -Q.139 0.145 0.965

-Q.Ol0 -Q.042 0.022 0.556
-Q.026 -Q.086 0.035 0.402
-Q.030 -Q.087 0.027 0.305
-Q.030 -Q.080 0.019 0.232
0.017 -Q.067 0.100 0.697

-Q.220 -Q.362 -Q.077 0.002
0.301 0.141 0.461 0.000

-Q.080 -Q.197 0.037 0.179
-Q.145 -Q.323 0.032 0.109
0.003 -o.on 0.018 0.649

Risk difference and 95% CI

-Q.50 -0.25 0.00 0.25 0.50
favors Compression Favors Heparin

Compression Heparin OVT: Compression vs heparin (calflthigh boots)

2.7% (n = 6/224) 0.5% (n = 1/218)

6.8% (n = 2/29) 21.4% (n = 6/28)

Ginzburg,
2003

Nicolaides,
1980'

Maxwell, 2001

Clarke
Pearson, 1993

Kosir, 1998

Kirtoglu, 2004

Nicolaides,
1983

Coe,1978

22.2%
(n = 371166)

0.9% (n = 11106)

4.0% (n = 41101 )

0.0% (n =0/67)

6.6% (n = 4/60)

6,0% (n = 3/50)

11.7%
(n = 10/85)

1.9% (n = 21105)

6.5% (n = 71107)

3.0% (n =2/66)

5.0% (n = 3/60)

14.0% (n =7/50)

Stud name

Ginzburg,2003
Nicolaides, 1980
Rasmussen, 1988
MaxweIl,2001
CIar1<e-Pearson, 1993
Kosir, 1998
Kirtoglu, 2004
Nicolaides, 1983
Coe, 1978

Total

Statist ics for each study

Risk Lower Upper
difference limit limit p-Value

0.022 -Q.OOl 0.045 0.058
0.105 0.012 0.199 0.027
0.003 -Q.139 0.145 0.965

-0.010 -Q.042 0.022 0.556
-Q.026 -Q.086 0.035 0.402
-0.030 -Q.080 0.019 0.232
0.017 -Q.067 0.100 0.697

-Q.080 -Q.197 0.037 0.179
-Q.145 -Q.323 0.032 0.109
0.004 -Q.Ol1 0.020 0.587

Risk difference and 95% CI

•
-I- -

-.

~

-0.25 -0.13 0.00 0.13 0.25

Favors Compression Favors Heparin

• number o f patients extrapolated from number of calve s

as reported.
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SENSITIVITY ANALYSIS: DVT(Footpump)

Compression Heparin

Warwick, 18% (n = 24/136) 13% (n = 18/138)
1998

Pitto, 2003 3.0% (n = 3/100) 6.0% (n = 6/100)

Santori, 13.4% (n = 9/67) 35.4% (n = 23/65)
1993

Blanchard, 54.0% (n = 34/63) 23.9% (n = 16/67)
1999

Total 19.1% (n = 70/366) 17.0% (n = 63/370 )

Stud name

Warwick, 1998
Pillo, 2003

Sanlari , 1993

Blarchard, 1999

Total

DVT: Compression vs heparin (footpump)

Statistics for each stud Risk difference and 95% CI

Risk Lower Upper
difference limit limit p-Value

0.046 -0.039 0.131 0.290

tf+--0.030 -0.087 0.027 0.305

-0.220 -0.362 -0.077 0.002

0.301 0.141 0.461 0.000
-0.004 -0.047 0.040 0.871

.{).50 .{).25 0.00 0.25 0.50

Favors Compression Favors Heparin

SENSITIVITY ANALYSIS: DVT(Compressive Stocking)

Compression Heparin

Rasmussen, 29.7% (n = 22/74) 29.4% (n = 25/85)
1988

Total (95% CI 20.5%
40.9%)

(95% CI 20.80/0
39.8%)

SENSITIVITY ANALYSIS: DVT (Unfractionated Heparin)

6.8% (n = 2/29) 21.4% (n = 6/28)

DVT: Compression vs heparin (unfractionated heparin)

--
Risk difference and 95% CI

Favors Compression FavorsHeparin

.{).50 .{).25 0.00 0.25 0.50

0.105 0.012 0.199 0.027
0.003 .{).139 0.145 0.965

-Q.026 .{).086 0.035 0.402
-Q.030 .{).080 0.019 0.232
-Q.220 -Q.362 -Q.077 0.002
-Q.080 -Q.197 0.037 0.179
-Q.145 -Q.323 0.032 0.109
.{).029 -Q.060 0.003 0.078

Statistics for each stud

Risk Lower Upper
difference limit limit p-Value

Nicolaides, 1980
Rasmussen, 1988
Clarke-Pearson, 1993
Kosir, 1998
Santon, 1993
Nicolaides, 1983
Coe, 1978

Tota l

16.5%
(n = 80/486 )

Heparin

11.7%
(n = 10/85)

29.4%
(n = 25/85)

6.5%
(n = 7/107)

3.0% (n = 2166 )

35.4%
(n = 23/65)

14.0% (n = 7/50)

13.9%
(n = 77/554 )

Compression

22.2%
(n = 37/166)

29.7%
(n = 22/74)

4.0%
(n = 4/101)

0.0% (n = 0/67)

13.4%
(n = 9/67)

6.0% (n = 3/50)

Nicolaides,
1980

Nicolaides,
1983

Coe,1978

Total

Rasmussen,
1988

Clarke
Pearson, 1993

Kosir, 1998

Santori , 1993
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SENSITIVITY ANALYSIS: DVT(Low Molecular Weight Heparin)

Compression Heparin DVT: Compression vs heparin (low molecular weight heparin)

Ginzburg, 2.7% (n =6/224) 0.5% (n =1/218)
Stud Statistics for each stud Risk difference and 95% CI

2003
name

Risk Lower Upper
Warwick, 18% (n =241136) 13% (n =18/138) difference limit limit p-Value

1998 Ginzb....g. 2003 0.022 -0.001 0.045 0.058

Maxwell, 0.9% (n =11106) 1.9% (n =21105)
Warwick . 1998 0.046 -0.039 0.131 0.290

Maxwell , 2001 -0.010 -0.042 0.022 0.558
2001 Pitto. 2oo3 -0.030 -0.087 0.027 0.305

Pitto,2003 3.0% (n =31100) 6.0% (n =61100) Kirtoglu. 2004 0.017 -0.067 0.100 0.697

Blanchard, 1999 0.301 0.141 0.461 0.000

Kir toglu , 6.6% (n =4/60) 5.0% (n =3/60) Total 0.013 -0.004 0.029 0.145

2004 -0.50 -0.25 0.00 0.25 0.50

Blancha rd, 54.0% (n =34/63) 23.9% (n = 16/67)
Favors Compression Favors Heparin

1999

Tota l 10.4% (n =72/689) 6.7% (n =48/688)

META-ANALYSIS: PE (All)

Compression Heparin PE: Compression vs heparin (all)

Ginzb urg, 2003 1/224 1/218
Study name Stat ist ics fo r each stud Risk difference and 95% CI

Warwick, 1998 11136 01138 Risk Lower Upper

Nicolaides, 1980 11166 1/85
difference limit lim it p-Value

Ginzburg, 2003 -0.000 -0.013 0.012 0.985

Rasmussen, 1988 0/74 0/74 Warwick. 1998 0.007 -0.013 0.027 0.473
Nicolaides, 1980 -0.006 -0.032 0.020 0.662

Maxwell, 200 I 01106 011 05 Rasmussen. 1988 -0.014 -0.050 0.023 0.470

Clarke-Pearso n, 1993 0/101 01107
Maxwell. 2001 0.000 -0.018 0.018 1.000
Clarke-Pearson, 1993 0.000 -0.019 0.019 1.000

Pitto, 2003 01100 01100 Pitto. 2003 0.000 -0.019 0.019 1.000
Kosir.1998 -0.000 -0.042 0.041 0.991

Kosir, 1998 1/67 1/67 Kirtoglu, 2004 -0.033 -0.111 0.044 0.401
Santon. 1993 -0.031 -0.081 0.020 0.231

Kirtoglu, 2004 2/60 4/60 Blanchard. 1999 0.000 -0.030 0.030 1.000

Santori, 1993 0/67 2/65
Coe.1978 -0.001 -0.097 0.094 0.980
Total -0.001 -0.008 0.006 0.800

Blanchard, 1999 0/63 0/67 -0.25 -0.13 0.00 0.13 0.25

Favors Compre ssion f avors Heparin

Nicolaides, 1983 NR NR

Coe, 1978 1/29 1/28

Tota l 0.6% 0.9%
(n =7/1193) (n = 101II 14)
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META-ANALYSES: BLEEDING EVENTS

INDIVIDUAL REPORTS: All BleedinglHematomarrransfusion Outcomes

Compression Heparin Measure Sta tistical Analysis

Ginzburg, 2003 8/224 13/218 Bleeding (major and minor) from any site NS

Warwick, 1998 16/136 69/138 Oozing from wound at Day 7 p < 0.001

Nicolaides, 1980

Rasmussen, 1988

Maxwell, 200 I 0/106 1/105 Wound hematoma NS

Clarke- Pearson, 1993 17/101 34/107 Number requiring transfusion p = 0.03

Pitto, 2003 0/100,41/100 3/100,58/100 Bleeding from wound, Wound oozing POD3 p < 0.05

Kosir, 1998

Kirtoglu, 2004 1/60 1/60 Expanding hematoma NS

Santori, 1993 0/67 9/65 Excess bleeding or wound hematoma Not reported

Blanchard, 1999 0/63 1167 Major bleeding from wound NS

Nicolaides , 1983

Coe, 1978 9/29 14/28 Number requiring transfusion Not reported

META-ANALYSIS: MajorBleeding or Hematoma

Compression Hep arin Measure Compression vs Heparin: Major Bleeding

Ginzburg, 4/224 4/218 Major
2003 bleeding

Stud name Statistic s for each stud risk difference
and 95%CI

from any MHrisk lower Upper
difference limit limit p-Value

site
Ginzbtrg, 2003 -0.000 -0.025 0.024 0.969

Maxwell, 0/106 1/105 Wound Maxwell, 2001 -0.010 -0.035 0.016 0.472

2001 hematoma Pillo .2003 -0.030 -0.068 0.008 0.124
Kirtoglu. 2004 0.000 -0.046 0.046 1.000

Pitto, 0/100 3/100 Bleeding Sartori , 1993 -0.138 -0.226 -0.051 0.002

2003 from Blanchard, 1999 -0.015 -0.056 0.026 0.476

wound
Total -0.023 -0.039 -0.007 0.006 •

-0.25 -0.13 0.00 0.13 0.25
Kirtoglu, 1160 1/60 Expanding

Favors Compression Favors Heparin

2004 hematoma

Santori, 0/67 9/65 Excess
1993 bleeding or

wound
hematoma

Blanchard, 0/63 1/67 Major
1999 bleeding

from
wound

Total 0.8% 3.1%
(n = 5/620) (n = 19/615)

620



META·ANALYSIS: Minor Bleeding, Oozing from Wound

Compression Heparin Measure Compression vs Heparin: Minor Bleeding

Ginzburg, 4/224 9/218 Minor
2003 bleeding from Stud name Statistics for each stud risk difference

and 95%CI
operative or MHrisk Lower Upper

difference limit limit p-VaJue
other sites

-0.024

---h-1
Ginzburg. 2003 -0.064 0.016 0.238

Warwick, 16/136 69/138 Oozing from Warwick , 1998 -0.382 -0.482 -0.283 0.000

1998 wound on Prtto.2003 -0.170 -0.307 -0.033 0.015

POD7 Total -0.163 -0.209 -0.117 0.000

Pitto, 41/100 58/100 Oozing from -0.50 -0.25 0.00 0.25 0.50

2003 wound on favors Compression Favors Heparin

POD3

Total 13.3% 29.8%
(n =61/460) (n =136/456)

META-ANALYSIS: Number of Patients Requiring Transfusions

Heparin

34/107

Risk Lower Upper
difference limit limit p-VaJue

Clark-Pearson. 1993 -0.149 -0.264 -0.035 0.011 l-S I I
Cae 1978 -0.190 -0.440 0.061 0.138

Total -0.156 -0.261 -0.052 0.003

-0.50 -0.25 0.00 0.25 0.50

Postoperative Transfusions: Compressi on vs HeparinCompression

Clarke- 17/101
Pearson,
1993

Coe,1978 9/29 14/28

Total 20.0% (n =26/130) 35.6% (n =48/135)

Stud name Statistics for each stud Risk difference and 95% CI

Favors Compreuion Favors Heparin
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28 Selective Neck Dissection for Upper
Aerodigestive Tract Squamous Cell Carcinoma

Supraomohyoid neck dissection versus modified radical neck dissection (type 3) for NO
oral cavity carcinoma: Chance of recurrence, chance of survival at 5 years

Jennifer J. Shin and Gregory W. Randolph

METHODS

A computerized Ovid search of MEDLINE 1966-Sep
tember 2003 was performed. The term "neck dissection"
was exploded and cross-referenced with articles contain
ing the keywords "selective" or "supraomohyoid," Next ,
these articles were cross-referenced with articles obtained
by exploding the following terms: "head and neck neo
plasms," "mouth neoplasms," "otorhinolaryngologic neo 
plasms:' and "pharyngeal neoplasms ." The resulting 141
articles were reviewed to determine if they met our
inclusion criteria. We required: 1) a distinct population
of patients with previous untreated oral cavity squamous
cell carcinoma with NO necks, 2) intervention with ipsi
lateral or bilateral supraomohyoid neck dissection (SND)
comparedwith modified radical neck dissection (MRND),
and 3) outcome measures of regional recurrence and
survival. In addition, the reference lists of included arti
cles and all review articles that were obtained were man
ually checked to ensure that all known relevant articles
were included. Reports in which result s for patients with
oral cavity carcinoma could not be extracted from a
report of data pooled from pati ents who also had oro
pharyngeal, laryngeal, or hypo pharyngeal carcinoma
were excluded. This process yielded just two controlled
trials [1, 2].

RESULTS

Outcome measures. The outcome of histologically con 
firmed recurrence in the neck is described as occurring
in the ipsilateral dissected neck, ipsilateral undissected
neck, or the contralateral neck. The survival outcome is
described as the actuarial overall survival or as mortality
rates at 2 and 5 years .

Confounders. There may be subtle variability in the
procedure that investigators refer to as a "supraomohyoid
neck dissection:' Also, the method that investigators use
to determine whether a neck is NO can influence the
results; use of physical examination alone may stage a
patient with a short thick neck as NO when use of com
puted tomography (CT) could stage that same patient as
N 1. In addition, the primary subsites within the oral
cavity can influence the results. For example, floor of

mouth carcinoma is more likely than buccal carcinoma
to metastasize to the neck. Also, oral tongue carcinoma
may develop skip metastases to level IV, which may not
be included in the standard SND. Likewise, a higher T
stage or greater tumor thickness is associated with a
higher incidence of neck disease. Differences in institu
tional adjuvant radiation therapy protocols may also
confound results, as could the development of second
primaries or the laterality of the dissection. Last, the final
categorization of SNDs that were converted to MRND
for intraoperative findings may affect results ; these sub
jects are ideally included in the SND group with an inten
tion to treat analysis, but some may assign them to the
MRND group. All of the se potential confounders have
been cataloged for the reader in the adjoining table.

StudyDesigns. One randomized controlled trial (RCT)
confirmed no significant pretreatment differences in the
MRND and SND groups, carefully defined the NO status
and SND, and reported a strict intention to treat analysis
[1]. The authors reported no significant difference in the
neck or survival results, although no a priori power cal
culation was noted. The only other controlled trial was a
his-torical cohort with the potential inherent bias of that
retrospective study design [2]. Pretreatment differences
between the SND and MRND groups were not addressed,
and because multiple head and neck primary sites were
included, there was no statistical analysis of the neck
recurrence rates in a distinct group of patients with oral
cavity primary lesions. There was, however, a survival
analysis of a distinct group of NO oral cavity carcinoma
patients.

Highest Level of Evidence. One RCT and one historical
cohort compared recurrence and survival rates in MRND
versus SND in a distinct population of previously
untreated patients with NO oral cavity carcinoma. Where
statistical analysis was reported, there was no difference
in recurrence in the ipsilateral neck [1] or in 5-year sur
vival [1 , 2], although the issue of the studies' intended
power was not addressed.

Applicability. These results apply to adults with NO
oral cavity squamous cell carcinoma who receive sur
gery at both the primary site and the neck as the initial
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intervention. In addition, the results of the RCT apply
only to those with T2-4 NO MO primary lesions, no
myocutaneous or free flap, no significant cardiopulmo
nary disease, and moderate activity levels.

Morbidity. The RCT reported significantly fewer com
plications with SND [1]. Complications included flap
necrosis, wound infection, fistula, seroma, and postop
erative death.

CLINCIAL SIGNIFICANCE AND
FUTURE RESEARCH

Levelland 3 studies showed no significant difference in
neck recurrence and 5-year survival after treatment of
NO oral cavity carcinoma with MRND versus SND
concurrent with initial surgery at the primary site, but
their power was limited. Using the data from the 1998
study for calculations, in order for a future study to
achieve a 900/0 power' to detect a 50/0 rate difference
(RD)2 in overall survival, approximately 2000 patients
would be necessary. An ambitious study such as this
would also ideally occur in the context of an NO neck
with standardized evaluation for staging (i.e., with or
without CT), an SND with clearly defined boundaries, a

1Power is defined as the probability of finding a statistically significant
difference (byconvention defined asp ~ 0.05) if a difference actually exists.
Power is a variable that is dependenton the sample size, the final results
and their variability, and the effect size that is of clinical interest. For
example, the powerof the RCT to determinea RDof 100/0 is 770/0 but the
samestudyhas onlya 360/0 powerto determine a RD of 50/0.

primary lesion with defined thickness and subsite char
acteristics, and standardized adjuvant radiation proto
cols. In the meantime, while there is no further directly
controlled evidence to support or refute whether SND
and MRND result in comparable control rates, physi
cians should incorporate the data in those prospective
studies into their clinical decisions regarding which pro
cedure will better serve individuals with NO oral cavity
carcinoma.

Supraomohyoid Neck Dissection: Removal of lymph
nodes containedin the submentaland submandibular tri
angles (level I), the upper jugular lymph nodes (levels II),
and the midjugular lymph nodes (level III). The posterior
limit of the dissection is markedby a parallel planedefined
by the cutaneous branches of the cervical plexus or the
lateralborder of the sternocleidomastoid muscle. The infe
rior limit is the junction between the superior bellyof the
omohyoidmuscle and the internal jugularvein [3].

ModifiedRadicalNeckDissection) TypeIII: Removal
of all cervical lymph node groupsextending from the infe
rior border of the mandiblesuperiorlyto the clavicle infe
riorly, from the lateral border of the sternohyoid muscle,
hyoidbone, and contralateral anterior bellyof the digastric
muscle medially, to the anterior border of the trapezius
muscle laterally (levels I-V). It spares the spinal accessory
nerve, internal jugular vein, and sternocleidomastoid
muscle [3].

2The absolute RD is defined as the absolute difference in successful
outcomes between the studygroupand the controlgroup.Forexample, in
the RCT, 670/0 of the SNDpatientsversus 630/0 of the MRND patientswere
alive after5 years. The RD in this scenario is 670/0 - 630/0 =40/0.



THE EVIDENCE CONDENSED: Modified radical neck dissection type 3 versus supraomohyoid neck dissection
for NO oral cavity squamous cell carcinoma

Reference

Level (design)

Sample size

Brazilian Head and Neck Cancer Study Group, 1998 Majoufre, 1999

I (Ref: MRNO type 3 vs SNO ) 3 (HC: MR 0 type 3 vs S 0 )

148 (148) 160 (161)

Recurrence

Survival

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Primary subsi te

OUTCOMES

MRND SND pValue

ID 9% 8% 0.8505

IU R

NCU 1% 6% R

OM 0% 1% R

MRND SND pValue

AOS5y 63% 67% 0.7 159

No significant difference

5y

STUDY DESIGN

Resectable T2-4, NO; no prior treatment; histologic
diagnosis of squamous cell carcinoma of the oral
tongue, FOM, inferior gingiva, or RMT; no
myocutaneous or free flap; Karnofsky score >60

Significant cardiac, pu lmo nary disease; distant
metastases; mult iple primar ies

Oral tongue 42%
FOM 33%
RMT 17%
Gingiva 8%

MRND SND pValue

ID 0% 2.4% R

NIU 0%

NCU NR R R

OM 22% 6.3% R

MRND SND pValue

2y 73.6% 85.8% R

5y 57.2% 70.2% 0.071

No significant difference

Median 89 rno, I lost to follow-up

o prio r treatment; no delay to time of surgery;
surgery at pri mary site and neck at same time as initial
treatment

R

Oral tongue 37%
FOM 32%
RMT 12%
Gingiva I 1%
Other 8%

MR 0 SOpValue

32% 21% 0.099

MR 085% unilateral, 15% bilateral; S 093%
unilateral, 7% bilateral

::;3 mm 14%; >3 mm 86%

"Clinically negative neck .. . pret reatment staging
evaluations included physical exam, CXR, and
roentg rams as ind icated ... imaging exams were not
used for neck staging"

Levels I-III; with frozen section of suspicious nodes;
if frozen section positive then conversion to MRNO
(n = 3)

No significant difference in age, sex, subsi te of
primary, T stage, pr imary tumo r resection , laterality
of neck, or cont inuity of specimen

Postoperative RT 50 Gy for positive margins or
positive lymph nodes in specimen

T243% T3 33% T4 17% Tx 3%Initial T stage

Tumor thickness

ostage
determination

SNO performed

Pretreatme nt
character istics

Radiation therapy

Occult neck
metastases

Laterality

Complications of
neck dissection

T1 0%

MR 0

4 1%

T262%

S 0

25%

T3 18%

p Value

0.043

T4 20% TI 4%

R

"Clinical status of the neck"; fur ther details of physical
exami nation or imaging R

Levels I-III , upp er and middle V; use of frozen sections
R

NR

RT 50 Gy for positive margins, T3-4 tumo rs,
histo logically positive neck specimen; 60--65 Gy for
extracapsular spread

29% of combined MR 0 and S 0 groups

"Bilateral neck dissections were performed for
whenever the primary site crossed the med ian line and
systema tically for the apex linguae"

R

Ref =randomized controlled trial, HC =historical coho rt, NR =not reported, Karnofsky score is a measure of activity, SND =supraomohyoid
neck dissection (levels I- III), MRND =modified radical neck dissection , RND =rad ical neck dissection, FOM =floor of mou th, RT=radiat ion
therapy, RMT=retromolar trigone; neck recu rrence site: NID=ipsilateral dissected, IV =ipsilateral undissected, CV =contralateral
undissected, AOS = actuarial overall surviva l, DM = distant metas tases.
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28 Selective Neck Dissection for Upper
Aerodigestive Tract Squamous Cell Carcinoma

Supraomohyoid neck dissection versus observation alone for stage I-II oral cavity
carcinoma: Chance of recurrence, chance of survival at 2-3.5 years

Jennifer J. Shin and Gregory W. Randolph

METHODS

A computerized Ovid search of MEDLINE was per
formed as described in Section 12.A. For inclusion in this
analysis, we required the following: 1) a distinct popula
tion of patients with previously untreated stage I-II oral
cavity squamous cell carcinoma, 2) intervention with
ipsilateral or bilateral supraomohyoid neck dissection
(SND) compared with observation, and 3) outcome
measures of regional recurrence and survival. Again,
reports from which results for a distinct group of patients
with Tl-2 NO oral cavity carcinoma could not be
extracted from a report of data pooled from patients who
also had oropharyngeal, laryngeal, or hypopharyngeal
carcinoma were excluded. This process yielded just two
articles [1,2].

RESULTS

Outcome Measures, Confounders. As described in
Section 28.A.

Study Designs. One study is a randomized controlled
trial (RCT) [1], although the pretreatment characteristics
of the selective neck versus observation groups, the
means of determining the NO status, and the adjuvant
radiation protocol were not reported. Also, follow-up
was limited to 3.5 years. Statistical significance was at the
minimum accepted convention of p =0.05, which means
that there is a 5% chance that there was in fact no differ
ence between the two groups. The second study was a
historical cohort that compared observation alone with
elective treatment, which included SND or radiation
therapy (RT) [2]. The data for recurrence in this publica
tion were reported in term s of a distinct population of
stage I-II oral cavity carcinoma patients who underwent

SND versus observation, but statistical analysis of data
was not reported and follow-up was limited to a median
of 2 years.

Highest Level of Evidence. One RCT with a 3.5-year
follow-up period showed a borderline significant decrease
(p =0.05) in the ipsilateral neck recurrence and disease
free survival after SND for stage I-II oral cavity carci
noma [1]. One historical cohort showed a trend in the
same direction, but without statistical analysis and after
a shorter follow-up period [2]. Together, these results are
clearly suggestiveof improved survivalwith SND, but not
und isputedly so. No other controlled studies are available
for a distinct population of stage I-II oral cavity carci
noma patients, although the reader may refer to the
uncontrolled studies on this topic for supplementary
data (see Section 28.C).

Applicability. These results apply to adults with previ
ously untreated Tl-2 NO carcinoma of the tongue and
floor of mouth who receive surgical treatment at the
primary site.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH DIRECTIONS

Currently, directly controlled evidence on this topic is
limited to the results of these two trials, which suggest
that selective neck dissection may result in fewer recur
rences in the neck and improved survival at a relatively
short follow-up period of 2-3.5 years.

Further study of this topic would still prove useful.
Future research will preferably focus specifically on Tl
oral cavity carcinoma with attention to tumor thickness,
the method of determining the NO status , and standard
ized adjuvant radiation protocols.
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THE EVIDENCE CONDENSED: Observation alone versus supraomohyold neck dissection for NO stage 1-11 oral
cavity squamous cell carcinoma

Reference

Level (design)

Sample size

Kligerman, 1994

I (RCT: SND vs observation alone)

67 (67)

Yii,1999

3 (HC: SND or RT vs observa tion alone )

71 (77)

Recurrence

Survival

Follow-up time

OUTCOMES

OBS SND pValue 2y OBS SND P Value

NIN 39% 12% 0.05 IN 43, side . 0% NR

NCU 0% 0% NCU NR 8% NR

3.5 Y OBS SND pValue OBS SND pValue

OS 48% 82% NR Actuaria l 5 y 65% NR (75%)' NR'

DFS 49% 72% 0.05

3.5 Y Median 48 mo

STUDY DESIGN

Levels I-III; "plus resection of the submandibular
gland, preserving the SCM, spinal accessory
nerve, and IJ"

T40%T30%

Ora l tongue 100%

Tl 42% T2 58%

NR

NR

Details of the SND itself not reported; suspicio us
nodes found intraoperatively were ana lyzed by
frozen sectio n and if positive, procedure was
converted to MRND

T40%

Oral tongue 61%, FOM 39%

T I 46% T2 54% T3 0%

:;;4 mm 45%; >4 mm 55%

R

Primary subsite

Initial T stage

Tumor thickness

NOstaging method

SND performed

Occult neck metastase s

Inclusion criteria

Exclusion criteria

Pretreatment
characteristics

Radiation therapy

21%

T1 NO or T2 NOora l cavity carcinoma

NR

All patients received transoral resection of the
lesion at the primary site; otherw ise not reported

All 21 patients who underwent SND with "occult
metastases were treated postoperatively with
radiotherapy"; no further details repo rted

23%

Previous ly untreated T1 NO or T2 NOSCCA of ora l
tong ue

Previous treatment

NR

2 patients were treated with surgery and RT;
no further details repo rted

RCT =randomized controlled trial, HC =historical cohort. NR =not reported. SND =supraomohyoid neck dissection, MRND =modified radical
neck dissection, FOM =floor of mouth, SCCA =squamous cell carcinoma; neck recurrence: NIU =ipsilateral undissected, NIN =ipsilatera l but
whether recurrences were in the dissected or undissected neck was not reported. NCU = contralateral undi ssected; survival: OS = overall survival.
DFS = disease-free survival, RT = radiation therapy.
• Yii stud y reported "elective neck treatment" versus obse rvation alone; the "elective neck trea tment" group included 13 who received neck dissection
and 14 who received XRT; in their reporting of survival, grouping of the data prevented extrapolation of the surviva l data meeting our inclusion
criteria. (Value shown here is for the combined "elective neck treatment" group. )
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28 Selective Neck Dissection for Upper
Aerodigestive Tract Squamous Cell Carcinoma

Supraomohyoid neck dissection for NO oral cavity carcinoma: Chance of recurrence,
chance of survival

Jennifer J. Shin and Gregory W. Randolph

METHODS

Because of the paucity of controlled studies on this topic,
we also cond ucted a search to identify the uncontrolled
studies regarding supraomohyoid neck dissection (SND)
for NO oral cavity carcinoma in order to supplement the
controlled, site-specific, stage-specific data presented in
28.Aand 28.B. Acomp uterized Ovid search ofMEDLINE
1966-September 2003 was performed as described in
Section 28.A. We required : 1) a distinct population of
patients with previous untreated oral cavity squamous
cell carcinoma with NO necks, 2) intervention with ipsi
lateral or bilateral sup raomohyoid neck dissection, and
3) outcome measures of regional recurre nce and sur
vival. Reports in which results for patien ts with oral
cavity carcinoma could not be extracted from a report of
data pooled from patients with multiple primary carci
noma sites were excluded. Given the primary focus on
determining whether SND directly improves subsequent
clinical outcomes, reports in which a histologic analysis
was the primary outcome were also excluded.This process
yielded just four case series [1-4].

RESULTS

Study Designs. These additional studies are all level 4
retrospective case series, with the inherent biases of that
study design. These data supp lement the higher level
controlled data presented previously (28.A., 28.B.).Three

case series reported recurre nce and survival rates after
SND in a distinct population of previously un treated
patients with NO oral cavity carcinoma. Also, one review
noted a small series of patien ts in tabular format and this
is also referenced.

Additional Level of Evidence. The supplementary
results from these case series suggest that the neck recur
rence rate ranges from 0% to 16% after at least 1 year of
follow-up. Survival results are also variable, ranging from
approximately 50% to 80% at ~1 year.

CLINICAL SIGNIFICANCE

Limited site-specific, stage-specific data from these
retrospective case series which focus on the primary out
comes of survival and recurrence supp lement the scarcity
of site- and stage-specific controlled studies that exist on
this topic. These additional studies help place the con
trolled studies that were previously presented in context.
While there is a rich body of mixed-stage and mixed
primary site data, it is difficult but beneficial to focus on
stage-specific and site-specific outcomes, since the bio
logic aggression of disease varies significantly according
to these factors. Furthermore, it is also beneficial to
dearly separate those patients with previous ly unt reated
versus recurrent disease. Such factors are key poten tial
confounders in the ongoing study of this often contro
versial subject.
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ADDITIONAL EVIDENCE: Supraomohyoid neckdissection for NO oral cavity squamous cell carcinoma with no
priortreatment

Reference

Level (design)

Sample size

Primary subsite

Initial T stage

Tumor thickness

ostage
determination

SND performed

Recurrence

Survival

Follow-up time

Occult
metastases

Inclusion criteria

Exclusion criteria

Radiation

Complications

Hao, 2002

4 (RCS)

140 ( 140)

Oral tongue 29%
Buccal 35%
FOM 12%
Hard palate 1.4%
RMT 15%
Gingiva 7%

T1 24%, T2 48%, T3 16%, T4 12%

R

"Clinically negative neck"; further
details NR

Levels I-III; upper neck nodes
posterior to CN I I (lIB), nodes
posterior to Ij but anterior to
cervical plexus exiting at posterior
border of SCM, omohyoid nodes

ID 8%, IV R, C 1%,
DMNR

Not fully reported, although all
patients with recurrence in NID
died with disease within I y

~2 Y

24.3%

"Oral cavity carcinoma who
presented with clinically negative
neck and underwent SND"

Persistent or recurrent disease after
any previous surgery, RT, or
chemotherapy; those found to
have positive LN on frozen section
during SND that were converted
toMR D

Postoperative RT ~6000 rads for
"advanced primary, close margins,"
pathologically node positive

R

Manni, 1991; Van den Hoogen, 1992

4 (RCS)

57 (57)

Oral tongue 37%
FOM 37%
RMT 15%
Alveolar ridge 11 %

T1 16%, T2 62%, T3 I 1%,
T411 %

R

"Clinically classified as 0";
further details NR

Levels I-III; suboccipital tissue
lying on deep muscles of upper
neck below trapezius; frozen
section of most suspiciousllargest
jugulodigastric node, most distal
juguloomohyoid node; if frozen
positive then convert to MR D

OUTCOMES

ID 4%, IV 2%, C 9%,
DM4%

5-y actuarial survival rate 84%;
total 5-y survival rate 55%; 5
deaths <2 y with ED

2-9 Y

35%

STUDY DESIGN

ewlydiagnosed with
histo logically proven SCCA of the
oral cavity

Ipsilateral MRND with
contralateral S D

Postoperative RT 60-70 Gy "based
on nodal status and resection
margins"

I postoperative death, I
"protracted complication"

Khafif, 2001

4 (RCS)

50 (50)

Oral tongue 100%

TI 36%, T2 52%, T3 14%, T4 0%

Reported only in 4/50 patients

" 0 clinically obvious lymph node
metastases"; further details R

Levels I-III; if>1.5 cm or hardened
lymph nodes encountered in levels
I-III at surgery then level IV also
dissected (34%)

ID 16%, NIV 0%, NC 0%,
DMNR

At last follow-up 80% alive ED,
10% died NED, 6% died from
disease, 2% alive with disease

"Average" 4.1 y, ~I Y if levels I-III
dissected , ~2 y if levels I-IV
dissected

26%

SCCA of the oral tongue with
clinically staged NO neck

I patient did not receive neck
dissection because of severe
comorbidities

Postoperative RT when
histopathology revealed ~2

metastatic lymph nodes,
extracapsular spread; primary
tumor with peri neural or
perivascular invasion

3 wound infections, 0 chylous
fistulas

RCS =retro spective case series, NR =not reported, SCCA =squamous cell carcino ma, FOM =floor of mouth, RMT =retromolar trigone,
S D =suprao mohyoid neck dissection (levels I-III ), 1/=internal jugular vein , SCM =sternocleidomastoid muscle, MR D =modified radical
neck dissection; eck recurrencesite: ID = ipsilateral dissected, IV = ipsilateral und issected , NC contralateral with dissection not reported,
RT =radiation therapy, DM =distant metastases, NED =with no evidence of disease, L =lymph nodes .
One additional study by Houck et al., 1995, reported in a single table in a review a personal experience of 51 cases in which SND was performed for
oral cavity carcinoma with 2 years of follow-up. In all of these cases, the primary site was controlled, and there were 0 recurrences in the ipsilateral
side of the neck. 0 other details were reported [4J.
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28 Selective Neck Dissection for Upper
Aerodigestive Tract Squamous Cell Carcinoma

Supraomohyoid neck dissection as a staging procedu~e for NO o~al cavity carcinoma:
Chance of recurrence or survival at 2 or more years with a negative versus
positive specimen

Jennifer J. Shin and Gregory W. Randolph

METHODS

A computerized Ovid search of MEDLINE was per
formed as described in Section 28.A.For inclusion in this
analysis, we required the following: 1) a distinct popu~a

tion of patients with previous untreated NO oral cavity
squamous cell carcinoma, 2) intervention with ipsilateral
or bilateral supraomohyoid neck dissection, and 3)
outcome measures of regional recurrence and survival
discussed in the context ofpathologic nodal status. Again,
reports in which results for patients with oral cavity car
cinoma could not be extracted from a report of data
pooled from patients who also had oropharyngeal, lar~

geal, or hypopharyngeal carcinoma were excluded. ThIS
process yielded the two articles discussed below [1, 2]
and a brief note in tabular format in a review that is also
referenced [3].

RESULTS

Outcome Measures. As described in 28.A.

Confounders. As described in 28.A.

Study Designs. Both studies are retrospective case series
with follow-up periods of at least 2 years. The larger
study included consecutive patients to mi~imize bias [.1].
Both reported the initial T stages, but did not provide
details of tumor thickness or how the clinical NO status
was determined.

Highest Level of Evidence. Only two level 4 trials
addressed the probability of neck recurrence with a pos
itive versus negative specimen in a distinct population of
patients with NO oral cavity carcinoma [1., 2]. Bot~

studies reported that subjects with pathologically pOSI
tive nodes were approximately 2-3 times as likely to
develop neck recurrence as those with negative nodes.
Despite this, the positive predictive value of oc~ult m:tas
tases for predicting neck recurrence at 2 years IS relatively
low (0.15-0.25 , combined! 0.19). When the overall rate

I Pooled analysis: The numbe r of true positives, true negatives, false
positives, and false negatives from ea~~ study were .added ~n~ used to
calculate the point estimates of the positive and negative predictive values,
as well as the overall recurrence rate, for the two studies combined.
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of recurrence (9-14%, combined! 10%) is considered,
however, an approximately doubled likelihood of recur
rence is corroborated; the positive predictive value of
0.19 suggests that 2 in 10patients with positive pathology
will have recurrence, which is twice the overall rate of
1 in 10. The negative predictive value of lack of occult
metastases for nonrecurrence is comparatively high
(0.92-0.93, combined! 0.93), suggesting that 9 of 10 sub
jects without occult metastases will re~ain fre~ of n~ck

disease and be alive at 2 years. When this value IS consid
ered relative to the overall probability of no recurrence
(86%-91 %, combined! 90%), it islessimpressive.Overall,
the odds of recurrence are low with negative pathology,
but the additional information gained from that negative
pathology is limited.

Only one study addressed the chance of death with
a positive versus negative specimen in a distinct popula
tion of patients with NO oral cavity carcinoma [2]. In this
report, death at 2 years is almost 3 time~ .as likely.w~th

pathologically positive nodes. The positrve pr:dICtIve
value, however, is relatively low at 0.15. When this value
is considered relative to the overall death rate at 2 years
(9%), however, a limited but still increased likelihood of
death is implied. The negative predictive value of a neg
ative pathologic specimen for survival is qUi~e high at
95%. When this value is contemplated relative to the
overall survival rate at 2 years of 91%, a mild but still
increased likelihood of survival with a negative specimen
is also corroborated.

Applicability. These results apply to adults with previ
ously untreated Tl-2 NO carcinoma of the tongue and
floor of mouth who receive surgical treatment at the
primary site.

Morbidity. One study reported a 3.5% complication rate
from supraomohyoid neck dissection (SND) [2].

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH DIRECTIONS

The data from these two trials suggest that SND may
be used effectively as a staging procedure for NO oral
cavity carcinoma, given that the odds of neck recurrence
and death at 2 years are 2-3 times as high if occult



metastases are identified. These positive and negative
predictive values (combined' data 0.93 and 0.19, res
pectively) must be considered relative to the overall rates
of neck recurrence and death at 2-3.5 years (see above).

Future studies may attempt to minimize confound
ers by presenting a predetermined protocol to define the
clinically NO (i.e. all confirmed by computed tomo
graphy), a clearly defined SND, a primary lesion with
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defined thickness and subsite characteristics, and stan
dardized adjuvant radiation protocols. A prospective
analysis would facilitate these efforts. In addition, longer
minimum follow-up times of at least 5 years would be
beneficial.

Shown here are the pooled
data [ 1,2) for neck recurrence
and the calculations of
predictive values and overall
recurrence rate. Calculations
were performed using Bayesian
Analysis.

Pathology positive

Pathology negative

Totals

Neck recurrence No neck recurrence Totals

n =10 n =44 n =54

n =10 n =133 n =143

n =20 n =177 n =197

Ca lcu lat ions

PPV = 0.19

NPV = 0.93

Overall recurrence rate
= 0.10

PPV = positive predictive value, NPV = negative predi ctive value.



THE EVIDENCE CONDENSED: Supraomohyoid neck dissection as a staging procedure for NO oral cavity
squamous cell carcinoma

Reference

Level (design)

Sample size

Primary subsite

Initial T stage

Tumor thickness

ostage
determi nation

SND performed

Hao, 2002

4 (RCS)

140 (140)

Oral tongue 29%, FOM 12%, RMT 15%, Gingiva 7%,
Buccal 35%, Hard palate 1.4%

TI 24% T248% T316% T4 12%

NR

"Clinically negative neck"; not further reported

Levels I-lll ; upper neck nodes posterior to C II
(lIB ), nodes posterior to I) but anterior to cervical
plexus exiting at posterior border of SCM, omohyoid
nodes

Manni, 1991, Van den Hoogen, 1992

4 (RCS)

57 (57)

Oral tongu e 37%, FOM 37%, RMT 15%, Alveolar
ridge 11 %

TI 16% T2 62% T3 II % T4 II %

NR

"Clinically classified as 0"; not further reported

Levels I-lll; suboccipital tissue lying on deep muscles
of upper neck below trap ezius muscle; frozen section
of most suspicious and largest jugulodigastric node ,
most distal juguloomohyoid nod e if present; if
frozen section positive then convert to MRND

~2 Y

OUTCO MES

Positive for Odds
occult mets

Histopathology

eck recurrence

Distant metastases

Death at 2 y

PPV'

PV'

Follow-up time

Negative for
occu lt mets

6.6% 14.7%

NR R

R NR

For neck recurrence 0.15

For neck recurrence 0.93

1:2.2

Negative for Positive for Odds
occult mets occult met s

8.1% 25.0% 1:3.1

R 10.0%

5.4% 15.0% 1:2.8

For neck recurren ce 0.25; death at 2 y 0.15

For neck recurrence 0.92; death at 2 y 0.95

2-9 Y

STUDY DESIGN

14%

35%

ewly diagnosed with histologically proven SCCA of
the oral cavity

Ipsilateral MRND with contralateral S D

24.3%

"Oral cavity carcinoma who presented with clinically
negative neck and underwent S D"

Persistent or recurrent disease after any previous
surgery, RT,or chemotherapy; those found to have
positive LN on frozen section duri ng SND that were
converted to MRND

Postoperative RT ~6000 rads for "advanced primary,
close margins," pathologically node positive

Not reported

9%

Radiation

Exclusion criteria

Compl ications

Postoperative RT 60-70 Gy "based on nodal status
and resection margins"

I postoperative death, I "protracted postoperative
complication"

RCS = retro spective case series, met s = metastases, SCCA = squamo us cell carcino ma, SND = supraomo hyoid neck dissection (levels I-III ),
FOM = floor of mouth, RMT = retromolar trigone, IJ = internal jugular vein , MRND = modified radical neck dissection , SCM = sterno cleido mastoid
mu scle, PPV = positive predictive value, NPV = negative predi ctive value, NR = not repo rted , RT = rad iation the rapy, LN = lymph nodes.
• Calculated from reported data.
One additional study by Houck et al., 1995, reported in a single table in a review a person al experience of 51 cases in which SND was performed for
oral cavity carcino ma with 2 years of follow-up. In all of these cases, the pr imar y site was controlled, and there were 0 recurrences in the ipsilateral
side of the neck. 0 other details were report ed 13J.

Overall rate of
neck recurrence

Occult mets

Inclusion criteria

REFERENCES
1. Hao SP, Tsang NM. The role of supraomohyoid neck dissec

tion in patients of oral cavity carcinoma (small star, filled).
Oral OncoI2002;38(3):309-312.

2. Manni n,van den Hoogen FJ. Supraomohyoid neck dissec
tion with frozen section biopsy as a staging procedure in the
clinically node-negative neck in carcinoma of the oral cavity.
Am J Surg 1991;162(4):373-376.
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3. Houck JR, Medina JE. Man agem ent of cervical lymph nodes
in squamous carcinomas of the head and neck. Semin Surg
OncoI1995;11(3):228-239.

4. Van den Hoogen FJ, Manni n. Valu e of the supraomohyoid
neck dissection with frozen section analysis as a staging
precedure in the clinically negative neck in squamous cell
carcinoma of the oral cavity. Eur Arch Otorhinolaryngol
1992;249(3) :144-148.



28 Selective Neck Dissection for Upper
Aerodigestive Tract Squamous Cell Carcinoma

Lateral neck dissection versus type 3 modified radical neck dissection:
Impact on survival, recurrence

Jennifer J. Shin and Gregory W. Randolph

METHODS

A computerized Ovid search of MEDLINE 1966-July
2003 was performed. The terms "laryngeal neoplasms"
and "larynx" were exploded and the resulting articles
were cross-referenced with those obtained by exploding
"neck dissection:' This process yielded 374 articles, which
were reviewed for the following inclusion criteria : 1) a
distinct population of patients with NO laryngeal carci
noma, 2) intervention with lateral neck dissection (LND)
(levels II-IV) versus modified radical neck dissection
(MRND), and 3) outcome measures of regional recur
rence and survival. Studies that included posterolateral
dissections (levels II-V) or that reported only combined
data from laryngeal carcinoma with pharyngeal or other
primary sites were excluded. Given the primary focus on
determining whether lateral neck dissection directly
improves subsequent clinical outcomes, reports in which
a histologic analysis was the primary outcome were like
wise excluded. Studies that reported only combined data
from NO and Nl laryngeal disease or that did not strictly
define the included levels of neck dissection were also
excluded. Abstracts from meetings without an accompa
nying manuscript to specify relevant details were
excluded. These criteria were set a priori in order to
obtain purely site-specific data . This rigorous process
yielded just one clinical tr ial [1].

RESULTS

Outcome Measures. The outcome of histologically con
firmed recurrence in the neck is described as occurring
in the ipsilateral or contralateral neck. The survival
outcome is described as the actuarial overall survival.

Potential Confounders. Differences in primary tumor
site, T stage, concurrent laryngectomy, or other proce
dures could alter results, but these factors are well bal
anced in the LND and the MRND groups through subject
randomization. In addition, differential exposure to
postoperative radiation could bias results but this expo
sure was also evenly distr ibuted .

StUdy Designs. This study is a level 1 prospective con
tro lled trial in which randomization effectively mini 
mized the difference between the two pretreatment

groups. The authors carefully defined how they deter
mined NO status and performed the LND. Follow-up
time was relatively long, with a mean of 3-4 years. They
did not report an a priori power calculation, but used
their own results as pilot data to calculate the sample
sizes necessary to achieve 90% power for subsequent
trials on this topic.

Highest Level of Evidence. This trial shows no differ
ence in neck recurrence, cancer-specific and actuarial
overall survival, or comp lication rate with LND versus
type III MRND for T2-4 NO MO supraglottic or trans
glottic squamous cell carcinoma.

Applicability. These results are applicable to patients
with histologically proven supraglottic or transg lottic
squamous cell carcinoma that is previously untreated,
resectable, stage T2-4 NO MO. In addition, patients
should have an activity level comparable to a Karnofsky
score of at least 60. Also, this study included a majority
of patients with transglottic or T3 disease, and therefore
the results are most germane to this further specified
subset of patients.

Morbidity. There was no significant difference in post 
operative complications of wound infection, flap necro
sis, fistula, hematoma, and perioperative death.

CLINICAL SIGNIFICANCE AND FUTURE
RESEARCH DIRECTIONS

There is level 1 evidence to suggest that LND and MRND
result in similar recurrence and survival rates for patients
with NO supraglottic or transglottic squamous cell carci
noma, but it is limited by the study's power. As the
authors of this article note, future trials would have to
include 483 patients to determine an 8% rate difference
in 5-year actuarial overall survival to achieve 90% power.
Such a tr ial would ideally focus on patients with previ
ously unt reated, subsite-specific, laryngeal squamous
cell carcinoma with preset protocols for postoperative
radiation . Awaiting the results of such a trial, there is no
evidence to suggest that LND results in worse recurrence
or survival than MRND for T2-4 NOMO supraglottic or
transg lottic carcinoma.
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THE EVIDENCE CONDENSED: Lateral versus modified neckdissection for NO laryngeal carcinoma

Reference

Level (design)

Sample size'

Primary subsites

Initial T stage

Brazilian Head and Neck Cancer Study Group, 1999

I (RCT)

132 (132)

16% supraglottic, 92% tran sglottic

18% T2, 67% T3, 14% T4

OUTCOMES

MRND LND p Valu e

5.6% 3.2% P =0.636 for all types of

0.0% 4.9% recurrence vs no
recurrence

MRND LND pValue

81.3% 81.0% 0.778

72.3% 62.4% 0.312

Cancer specific
survival

Actuarial overall
survival

Ipsilateral neck

Contralateral neck

Recurrence

5-y survival

Occult neck metastases

Follow-up time

25% MR 0, 29% LND

Mean 42.9 mo

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

STUDY DESIGN

Histologic diagnosis of SCCA, previously untreated, respectable , T2-4 NO MO, supraglottic or
tran sglottic carcinoma, Karnofsky score ~60

Previous treatment, clinically + disease

o difference in age, sex, primary tumor site, T stage, concurrent laryngectomy, laterality

Radiation therapy

Bilateral dissection

ostage determination

LND details

Morbidity/complications

Postoperative radiation for posit ive margins, positive lymph nod es in the specimen, "huge T3" or
T4 lesions: 50-60 Gy; 18 MR D and 16 L D

Indicated for tumor crossing the midline of the epiglotti s: 13/71 bilateral MR 0 , 61/61 bilateral
LND

Imaging was not routinely used for neck staging, but computed tomography scans were obtained
to determine resectability or planning extension of resection of some primary tumors

Levels II-IV; all suspicious lymph nodes were evaluated by frozen section- if positive then
conversion to MRND

No difference in wound infection , flap necrosis, fistula formation, hematoma, or postoperative
death

Ref = randomized controlled trial. LND = lateral neck dissection . MRND = modified radical neck dissection (type 11 I). SCCA = squamous cell
carcinoma.
• Sample size: numbers shown for those completing the trial and those (initially recruited).

REFERENCE
I. Brazilian Head and Neck Cancer Study Group. End results

of a prospective trial on elective lateral neck dissection vs

type III modified radical neck dissection in the management
of supraglottic and transglottic carcinomas. Head Neck
1999;21(8):694-702.
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28 Selective Neck Dissection for Upper
Aerodigestive Tract Squamous Cell Carcinoma

Sparing the spinal accessory nerve without versus with dissection of level V:
Impact on postoperative quality of life

Jennifer J. Shin and Gregory W. Randolph

METHODS

Does a selective neck dissection (SND) sparing level V
result in better head and neck or shoulder related quality
of life than a modified radical neck dissection (MRND)
that spares but skeletonizes the spinal accessory nerve in
levelV?A computerized Ovid search of MEDLINE 1966
December 2003 was performed to answer this question.
The term "neck dissection" was exploded and the articles
obtained were cross-referenced with those obtained by
exploding "quality of life." Forty-three articles were
obtained and reviewed to see which met the following
inclusion criteria: 1) a distinct population of patients
with head and neck malignancy, 2) treated with SND
sparing level V versus MRND in which level V is dis
sected but the spinal accessory nerve is spared, 3) with
outcome measured by a validated quality of life or func
tional instrument. Studies that evaluated only modified
and standard radical neck dissection, as well as one study
that evaluated patients' subjective responses without a
validated instrument, were excluded. This screening
process resulted in three studies which are discussed in
detail below [1-3].

RESULTS

Outcome Measures. Quality of life is best measured by
validated instruments, because they provide a standard
ized scoring mechanism, and have proven reproducibil
ity and responsiveness. The University of Michigan Head
and Neck Quality of Life Instrument contains 30 items
that ask the responder to evaluate the previous 4 weeks.
The University of Washington Head and Neck Quality of
Life Instrument contains 15 items that assess the previ
ous 7 days. Both of these instruments evaluate several
head and neck-related domains, and these are tabulated
for the reader. In contrast, Constant's shoulder scale
focuses only on the shoulder and has both subjective and
objective components.

Potential Confounders. The additional delivery of
radiation therapy may worsen functional outcomes, as
demonstrated by one study. In contrast, postoperative
physical therapy may improve function. Likewise, age,
the length of time postoperatively, site and staging of the

primary site and neck may contribute to head and neck
quality of life, and all of these are tabulated for the reader
in as much detail as the primary articles allow.The resec
tion of certain neck structures (such as the sternocleido
mastoid muscle) might also contribute to neck pain and
shoulder disability but these are not discussed in detail
in these studies.

Study Designs. All are level 2, prospective controlled
studies. Two of these used head and neck-related quality
of life instruments for evaluation, which assess multiple
domains that may obviously or unexpectedly be affected
by neck dissection [2, 3]. Using these instruments may
introduce confounding effects from other regional pro
cedures or disease, but it may also uncover effects that
are not necessarily logical based on knowledge of physi
ology and anatomy (consider the effect of antibiotics on
post-tonsillectomy pain or dexamethasone on post
tonsillectomy nausea). The third study used a validated
scale that is specific to shoulder function [1]. Each study
attempted to address potential confounders: One study
assessed subjects specifically at 6 and 12 months postop
eratively to account for potential changes in one patient
over the course of the first postoperative year [2]. These
authors also reported that preoperative quality of life
scores were similar, even though a difference was noted
after treatment. Two considered the impact of radiation
therapy [I, 2] and two handled data from bilateral necks
with a specific protocol [1, 3]. One study described a
physical therapy regimen [2]. All reported the primary
sites and stages.As might be expected, in all reports, there
is a significant difference in N stage, with less disease in
the SND groups than in the MRND groups. This dispar
ity may serve to confound results, as the disease itself as
well as more aggressiveregional treatments may alter the
related quality of life.

Highest Level of Evidence. One study reported signifi
cantly better scores regarding pain, physical problems,
and eating with SND [3]. Another study showed signifi
cantly better scores for shoulder disability and pain with
SND, but no difference in chewing or swallowing [2].
The third study also showed better subjective (including
pain, recreation, sleep, and vocation), objective, and total
shoulder function scores with SND [1]. Overall, there is

637



Selective Neck Dissection
638

consensus regarding better scores for pain and shoulder/
physical problems with SND as compared with MRND.
This did not, however, translate into significantly differ
ent scores in activity, recreation, employment, emotional
impact, and overall bother in the two head and neck
related quality of life assessments. There were also no
differences in speech or perceived appearance.

Applicability. These results are applicable to patients
with head and neck carcinoma (mostly squamous cell
carcinoma of the oral cavity, oropharynx, or larynx!
hypopharynx) who undergo neck dissection.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is level 2 evidence to suggest that SND sparing
level V results in less pain and shoulder dysfunction than
MRND in which the spinal accessory nerve is spared,

although these results may be influenced by the lower
N staging that was present in the SND groups in all of
these studies. Awaiting studies that control for such
variations in N stage, we can only conclude that patients
with NO disease that are treated with SND will report a
higher postoperative head and neck-related quality of
life than those with N2-3 disease that are treated with
MRND.

Future research would ideally focus on randomized
patients of similar stage who are eligible for either SND
or MRND sparing the spinal accessory nerve, sterno
cleidomastoid, and internal jugular vein. It would evalu
ate both head and neck as well as shoulder specific quality
of life at specified intervals over at least the first postop
erative year. The frequency and regimen for radiation
therapy and protocol for handling bilateral necks should
also be standardized. Necessary sample sizes for these
studies could be calculated by using the mean score
results reported in these studies and by contacting these
authors to determine the standard deviations around
those means.



THE EVIDENCE CONDENSED: Sparing spinal accessory nervewithout versus with level V dissection

Reference

Level (design)

Sample size

QOL Instrument

Instrument scale

QOL results

Co nclusions

Inclusion criteria

Exclusion criteria

Co mparison of S D and
MRND sets

Time of evaluat ion

Radiation

Bilateral necks ana lysis

Primary tumor

Staging

Physical therapy

Terrell, 2000

2 (PCT)

129

OUTCOMES

University of Michigan Head and eck Qu ality of Life instrument
Medical Outcomes study SF-12 or SF-36 General Health Survey

UMH QOL: 0 worst to 100 best
SF-12 or SF-36: norm-based algorithm with mean 50, standard deviation 10

SND MRND * P Value

n = 68 61 (44)

HNQOL domains

Pain 70.8 61.3 (61.1) 0.03

Speech 71.3 62.1 (6 1.9) NS

Eating 72.2 58.7 (58.4) 0.01

Emotion 72.4 67.4 (67.4) NS

Overall bother 63.4 58.2 (57.9) NS

HNQOL items

Shoulder/ne ck pain 73.5 59.6 (59.3) 0.01

Analgesic use 70.6 65.4 (65.7) S

Physical probl ems 69.6 57.4 (57.1) 0.03

SF-12 mental , 49.4,42.8 47.1(46.9), NS, S
physical 41.4(41.9)

S D better in some domains

STUDY DESIGN

Convenience sample of patients with major head and neck carcin om a requiring neck dissection

Patient s with skin cancer if resection s did not includ e major structures or neck dissections

No difference in age, sex, primary, T stage, bilaterality between groups
Less 2-3 disease in S D group

I mo to >24 mo postoperatively

NR

Bilateral necks were placed in category of the most aggressive dissected side

38% hypopharynx/larynx; 16% oral cavity; 23% oropharynx; 4% parotid, maxilla, nose, or orbit;
3% NP; 15% other/unknown

16% stage 1, 17% stage 11,18% stage 111 ,30% stage IV; 19% incomplete/unknown

NR

PCT = pros pec tive contro lled tr ial, QOL = qu ality of life, SF = Short Form, S 0 = selective neck dissection , MR NO = mod ified rad ical neck
dissec tio n, NO = neck dissection, SCCA = squamo us cell carcino ma, R = not reported, S = not significant as defined by p > 0.05, RT = rad iat ion
therapy.
• In Terrell 2000, comparative data were provided in term s of neck dissections that spared the spinal accessory nerve and spared level V (S OJ
versus neck dissection s that spa red the spina l accessory nerve but resected level V. The latt er gro up included MR TO and th ese data are shown in
paren theses.
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THE EVIDENCE CONDENSED: Sparing spinal accessory nervewithout versus with level V dissection

Reference

Level (design)

Sample size

Kuntz, 1999

2 (PCT)

75

QOL Instru ment

OUTCO MES

University of Washington Quality of Life Instrument

Instru ment scale ogreatest dysfunction to 100 normal function

QOL results

n=

SND

41

MRND

34

p Value

S
0.004
NS

NS
NS
0.005

Pain

90 95
84 60
82 68

71 71
85 71
82 78

Appearance NR NR

Activity R R

Recreation R NR

Chewing R R

Swallowing R 'R

Speech R R

Employment R R

Results are shown for preoperative, then 6 and 12 mo postoperative, as extrapolated from reported
bar charts.

H QOL domains

Shoulder
disability

Conclusions S D better than MR D in some domains

STUDY DESIGN

Inclusion criteria Patients undergoing neck dissections for head and neck cancer

Exclusion criteria

Comparison of SND and
MRND sets

Time of evaluation

Radiation

Bilateral necks analysis

Primary tumor

Staging

Physical therapy

Patients who declined pa rticipation, did not complete questionnaires, were lost to follow-up, or had
recurrence or death befo re 12 mo

No difference in age
More women, T4, NO in SND gro up

All standardized at 6 and 12 mo postoperatively

No difference in pain with or without additional RT preoperatively or at 6 or 12 mo postoperatively

R

SCCA 100% of MR D, 83% of SND; "other types included papillary, mucoepidermoid,
and adenoid cystic"; 41% oral cavity, 24% oropharynx, 17% larynx/hypopharynx, 4% sinus;
13% other/unknown

15% ri, 24% T2, 28% T3, 21% T4, 9% Tx; 43% 0,24% 1,33% 2-3

o standardized physical therapy program, though all were encouraged to do independent
strengthening and ROM exercises

PCT = prospective controlled trial , QOL = quality of life, SF = Short Form, SND = selective neck dissection, MR D = modified radical neck
dissection, D = neck dissection, SCCA = squamous cell carcinoma, R = not reported, NS = not significant as defined by p > 0.05, RT = radiation
therapy,

640



THE EVIDENCE CONDENSED: Sparing spinal accessory nerve without versus with level V dissection

Reference

Level (design)

Sample size

Chepeha, 2002

2 (PCT)

54 patients, 64 ND

OUTCOMES

0.002

0.001

0.0002

Constant's Shoulder Scale weighted test of 35% subjective symptom scores (pain, sleep,
recreation, vocation), 65% objective active function measure

0-100 total, from 0-35 subjective and 0-65 objective, with higher scores better

SND MRND P Value

32 32

29.1 22.0

50.8 40.8

79.9 62.8

n=

Subjective

Objective

Total

Instrument scale

QOL results

QOL Instrument

Conclusions SND better than MRND

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Comparison of SND and
MRND sets

Time of evaluation

Radiation

Bilateral necks analysis

Primary tumor

Consecutive head and neck cancer patients, previously untreated and concurrently required SND
(none with level V dissection and none without level II-III dissection) or MRND

Patients with <II mo of postoperative follow-up, with any history of unrelated neck or shoulder
disease

No difference in age
Lower weight, time of follow-up. N2 in SND group

Mean 34 rna postoperatively (range 11-120); mean 22.4 rna for SND, mean 42.9 rna for MRND

87% received surgery and RT; subjective and total scores were reduced significantly with RT

Each side was evaluated and scored independently

92.5% SCCA; 43% oropharynx, 19% oral cavity, 19% larynx/hypopharynx, 19% other/unknown

Staging

Physical therapy

28% TJ-2, 47% T3-4, 8% Tx, 47% NO, 16% NI, 37% N2-3

NR

PCT = prospective controlled trial, QOL = quality of life, SF = Short Form. SND = selective neck dissection , MRND = modified radical neck
dissection, ND = neck dissection, SCCA = squamous cell carcinoma, NR = not reported. NS = not significant as defined by p > 0.05. RT = radiation
therapy.
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Surgical resection with postoperative radiotherapy versus chemoradiation for stage III-IV
oropharyngeal carcinoma: Impact on survival, recurrence

Richard Wein and Randal S. Weber

METHODS

A computerized PubMed search of MEDLINE April
1969-July 2005 was performed. The terms "oropharyn
geal carcinoma:' "combined modality therapy:' "radio
therapy:' "chemotherapy:' and "surgical procedures,
operative" were exploded and the resulting articles were
cross-referenced with "survival:' "prognosis:' "recur
rence," "stage 3," and "stage 4" yielding 237 trials. These
articles were then reviewed to identify those that met the
following inclusion criteria: 1) patient population under
going treatment for stage III-IV oropharyngeal carci
noma, 2) intervention with primary surgical resection
and postoperative radiation therapy (RT) versus con
comitant chemoradiation, 3) outcome measured in terms
of locoregional recurrence and disease-free/overall sur
vival. Articles that included data combined from other
head and neck primary sites in addition to the orophar
ynx were excluded. Reports of oropharyngeal carcinoma
in which stage III-IV patients were grouped with stage
I-II patients were also excluded. Chemoradiation was
defined as concomitant delivery of treatment and
excluded studies performing induction chemotherapy
followed by radiation alone. However, studies using
induction chemotherapy before concomitant chemora
diation were included within the reviewed sample.
Studies using preoperative chemoradiation before surgi
cal resection were also excluded from analysis. There
were, unfortunately, no studies directly comparing
surgery with postoperative RT versus chemoradiation.
Because of this, search criteria were revised to include
noncomparative studies. The bibliographies of the arti
cles that met these criteria were manually checked to
ensure no further relevant articles could be identified.
This process yielded five articles [1-5].

RESULTS

Outcome Measures. Tumor staging was defined by
AJCC (American Joint Committee on Cancer) criteria
for stage III and IV oropharyngeal squamous cell carci
nomas. Survival was reported in a variety of ways includ
ing actuarial overall survival (calculated from event-free
survival statistics [1]), progression-free survival, and
disease-free survival. The specific rates of locoregional
and distant metastatic control for the different modalities
of treatment were obtained for varying timeframes.

Kaplan-Meier estimates were used to generate actuarial
statistics in all five studies.

Potential Confounders. The surgery-oriented studies
focused on tongue base and tonsillar fossa primary
lesions only [3-5] whereas the chemoradiation protocols
included lateral pharyngeal wall and soft palate tumors
in addition to tonsil and tongue base [1,2]. The inclusion
of a limited number of non-squamous cell carcinomas
was noted in two of the studies [2,51. Although the dis
tribution of overall tumor staging was comparable for
most of the studies (3: 1 to 4: 1 for stage IV:III), the per
centage of patients with T4lesions did vary considerably
per study (20%-56%) and could have impacted local
control rates. Patients with evidence of mandibular inva
sion were not included in chemoradiation protocols.
Specific histopathologic features of tumors, such as peri 
neural invasion, that may be correlated with locoregional
failure were only assessed with surgical protocols.

Study Designs. Five level 4 studies were identified and
reviewed for this analysis. The two chemoradiation
studies were prospective in design [1,2 ].The three studies
evaluating surgery with postoperative radiation were ret
rospective. Median follow-up ranged from 31 months to
7 years among studies.

Highest Level of Evidence. No studies were identified
that compared a matched population undergoing chemo
radiation to surgery for the inclusion criteria stated.
Among the noncomparative data, overall survival was
similar between the surgical and chemoradiation proto
cols at 3 and 5 years posttreatment. The locoregional
control rates were also comparable between treatment
modalities. The rate of distant metastases (30% versus
46%) was generally higher in patients treated with
surgery/radiation than it was with chemoradiation. The
rate of response to induction chemotherapy (allowing a
patient to proceed to concurrent chemoradiation) varied
from 89% [1] to 65% [2] and may be related to the
induction chemotherapeutic regimen used.

Applicability. The inclusion criteria apply primarily to
advanced-stage (III/IV) lesions that are considered
technically resectable. In patients with mandibular or
maxillary bony spread, conclusions cannot be drawn con
cerning the feasibility of concomitant chemoradiation.
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Morbidity/Complications. The complications experienced
within the chemoradiation protocols were reported dif
ferently with acute and late-stage treatment toxicities
defined in one study [1] or not otherwise specified in the
other [2]. Treatment-related mortality was the most sig
nificant complication experienced. The method of
reporting of mucositis and dermatitis grade rates expe
rienced with radiation varied. Complications of surgical
management were not specified in the studies reviewed.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Five level 4 studies addressed this issue, but there are no
data directly comparing surgery with postoperative RT

versus chemoradiation in a study of purely advanced
oropharyngeal carcinoma. Comparable locoregional and
survival rates were experienced for advanced-stage oro
pharyngeal carcinoma when treated with concomitant
chemoradiation or primary surgery with postoperative
radiation when surveying data from all studies. Surgical
trials showed a distant metastatic rate nearly 2 times that
of the chemoradiation protocols. The addition of che
motherapy to postoperative radiation was not utilized in
the reviewed studies and would seem to be a topic for
additional research.

Level 1 or 2 studies directly comparing chemo
radiation to surgery with postoperative radiation are
needed. The necessity of induction chemotherapy and
its impact on survival and locoregional control com
pared with concurrent chemoradiation alone for carci
noma of the oropharynx also requires additional
investigation.



THE EVIDENCE CONDENSED: Induction chemotherapy followed by chemoradiation for advanced oropharyngeal
carcinoma -

Referen ce

Level (design)

Sample size

Survival

Locoregional
control

o distant
metastases

Response rates

Follow-up time

Inclusion criteria

Exclusion criteria

Treatment plan

Chemotherapy
regimen details

RT regimen

Planned neck
dissections

Age

Population
aspects

Predictors of
failure

Compliance

T41esions
Clinical stage

Enrollment of
patients

Morbidity/
complications

Mach tay, 2002

4 (prospective)

53

OUTCO MES

70%* at 3 y (overall)
59% at 3 y (event-free)

82% at 3 y

91%at3y

Endoscopic evaluation: "major responders" (>50%
reduction in size) 89%

34 mo (median) for survivors, 31 mo (median) for all patients

STUDY DESIGN

Resectable stage IIII1V squamous cell carci noma of the
oropharynx, T3-4 0 MO or T2 N2-3 MO staging,
Karnofsky performance status between 70%-100%, WBC
~4 x 109 cells/L, platelets ~150 x 109 cells/L, Hb ~II g/dl.,
Cr s 1.5 g/dL

TI -2 I disease, mandible invasion

IC (2 cycles) followed by concomitant chemo RT

IC: 2 cycles of carboplatin (dosed at AUC = 6) and
paclitaxel (200 mg/rrr ' )
Concomitant chemotherapy: weekly paclitaxcl (30 mg/mvwk)
Additional chemotherapy at time of ND : 2 cycles of
carboplatin and paclitaxel (induction dosing)

RT 200 cGy daily over 7 wk to 7000 cGy

2/3 disease: consolidative ND with additional
chemotherapy

57% <60 Y

All patients with SCCa, organ preservation rate 77%

Lack of a pathologic CR in the neck was predictive of DM
(p = 0.02 )

89% of patients considered to have a "major response"
(partial and complete) after IC
66% received full course of chemotherapy (7/7 doses )
82% received 6/7 doses
96% received 5/7 doses
78% of 2/3 patients underwent posttreatment D
53% of 2/3 patients received additional 2 cycles of
chemotherapy
3/6 nonresponders to IC underwent radical surgery

40%

Stage III 13%, stage IV 87%

Defined accrual period after offering enrollment to
patients

Used RTOG acute morbidity scale for the first 6 mo after
treatment. Used RTOG/EORTC late morbidity scale for events
after 6 mo. 4% treatment-related mortality, 24% late grade
3 toxicity (chronic dysphagia, aspiration, soft tissue ulceration)

Mantz, 2001

4 (p rospective)

61

51%* at 5 y (overall)
64% at 5 y (event- free) ,

70% at 5 y

89% at 5 y

Clinical assessment: complete 65%, partial 34%,
no 1%

68 010 (median) for survivors, 39 mo for all patients

Stage IV disease; cancer and leukem ia group B
performance status of 0-2; no rmal hematologic,
renal, and hepatic function

ot specified

IC (3 cycles) followed by concomitant chemo RT

IC: 3 cycles of cisplatin (100 rng/rrr' ), 5
fluorouracil (640 mg/mvd), leucovorin (300 mgt
m 2/d), and interferon a 2b (2 MU/m2/d)
Concomitant chemotherapy: 7-8 cycles of 5
fluorouracil and hydroxyurea

RT 180-200 cGy daily, 6800-7500 cGy to gross
disease, 5000-6000 cGy to draining lymphatics

2/3 disease: ND (tim ing varied )

62 Y(median)

95% SCCa, 5% with non-SCCa pathology
(epithelioma, mucoepidermoid carcinoma)

Tumor stage was predictive of LRC (p = 0.02)

65% with complete response to IC (defined as
disappearance of all clinically evident disease).
Complete responders proceeded to concomitant
chemo RT
Partial responders (>50% response) underwent
"organ-sparing" surgical performed (34%)
Patients with no response « 50% response) or
progression of disease with IC underwent radical
resection (I %)

56%

Stage III 3%, stage IV 97%

Defined accrual period after offering enrollment
to patients

7% treatment-related mortality

CR = complete respon se, LRC = locoregional control, DM = distant metastasis, WBC = white blood cell, Hb = hemoglobin, Cr = serum creatinine,
AVC = area under curve, D = neck dissection, IC = induction chemotherapy, RT = radiation therapy, BOT = base of tongue, RTOG = Radiation
Therapy Oncology Group, EORTC = European Organization for Research and Treatment of Cancer.
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THE EVIDENCE CONDENSED: Surgery with postoperative radiation therapy for advanced stage oropharyngeal
carcinoma

Reference DeNi tti s, 2001 Zelefsky, 1992 Han sen , 2002

Level (design) 4 (retrospective review) 4 (retrospective review) 4 (retrospective review)

Sample size 51 51 43

OUTCO MES

Survival' 51% at 3 y (overall) 52% at 7 y (overall) 41%, 34% at 3, 5 Y(overall)
64% at 7 y (disease free)

Locoregional 73% at 3 y 81% at 7 y (tongue base) 80%, 80% at 3, 5 Y
control' 83% at 7 y (tonsillar fossa)

o distant 69% at 3 y 71% at 7 y (tongue base) 59%, 54% at 3, 5 Y
metastases ' 76% at 7 y (tonsillar fossa)

Follow-up time 34 mo for survivors, 23 mo for 7 y (3 Yminimum) 2 y (35 mo mean )
(median) all patients

Reviewed consecutively treated
patients during a defined timeframe

2% of voluntary withdrawal from
RT

35%
Stage III 12%
Stage IV 88%

58 Y (mean)

42 patients with SCCa, I with
mucoepidermoid carcinoma; 26%
of patients with positive surgical
margins

Trend noted for nodal extracapsu lar
extension and distant metastatic
spread (p < 0.11)

Resection of the primary tumor
with no gross residual disease at the
initiation of RT. eck dissection
was performed for regional disease
in n = 37/43.

1.8-2 Gy fractions to 63 Gy to the
"tumor-bed"

TF (n = 18) and BOT (n = 21)
carcinoma (n =42 SCCa, n = I
mucoepidermoid carcinoma)

None specified

Delayed wound healing 20%
Osteoradionecrosis 6%

42% with a I-wk treatment interruption
secondary to severe mucositis

BOT 39%, TF 20%
Stage II 4%
Stage III 27%
Stage IV 68%

Reviewed consecutively treated
patients during a defined timeframe

Radical neck dissection for N I
disease, supraomohyoid or modified
neck dissection for 0 disease;
concomitant total or partial
laryngectomy for disease extension
into larynx (n = 9),
hemimandibulectomy (n = II )

55 Y(median)

All patients with SCCa
22% of BOT patients with positive
margi ns
45% of TF patients with positive
margins

Treatm ent interru ption had a negative
impact on local con tro l rates. Local
control with break 64%. Local con trol
without break 93% (p = 0.05)

STUDY DESIGN

TF (n = 20) and BOT (n = 31) SCCa,
no prior treatment, no gross residual
disease presen t at the start of RT

Prior treatm ent
Gross residual present at the start of RT

2 Gy fractions , 60 Gy to the pri mary
site, 60 Gy to involved necks

Reviewed consecutively treated
patients during a defined
timeframe

Not specified

58 Y (mean)

All patients with SCCa
Margin status not specified

Number of pathologically
involved nodes (3-y surv ival) 0
2 + nodes 70%; ~3 + nodes 38%
(p = 0.04); p < 0.00 1 for surv ival
and DM; p = 0.003 for LRC

All pat ients received
postoperative RT

41%
Stage III 14%
Stage IV 86%

ECOG performance score (0-1),
BOT (n =20) and tonsil (n =
31) squamous cell carcino ma

TI-2 NI disease
History of adjuvant chemotherapy

1.8-2 .0 Gy fractions to a med ian
dose of 63.7 Gy to primary site
and regional lymphatics, no
adjuvant chemotherapy uti lized

Complete oncologic resection
and ipsilatera l or bilateral lymph
node dissection. Reconstruction
with free flap, pectoralis flap,
skin graft, or primary

Grade 4 soft tissue radionecrosis
2%
Grade 3 mucositis 2%

ECOG =Eastern Cooperative Oncology Group, BOT =base of tongue, TF =tonsillar fossa, DM =distant metastasis, LRC=locoregional control,
RT = rad iation therapy, sCCa = squamous cell carcinoma.
• Survival, local regional control, and freedom from distant metastases were measured as an actuarial rate in all three studies.

Enrollment of
patients

Morbidity/
complications

Compliance

Predictors of
failure

Age

Population
aspects

Inclusion
criteria

Exclusion
criteria

RT regimen
details

Surger y
regimen details

1'4 lesions
Clinical stage
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Surgical resection with postoperative radiotherapy versus chemoradiation for
oropharyngeal carcinoma: Impact on quality of life

Richard Wein and Randal S. Weber

METHODS

A computerized PubMed search of MEDLINE April
1969-July 2005 was performed. The terms "oropharyn
geal carcinoma:' "combined modality therapy:' "radio
therapy," "chemotherapy" and "surgical procedures,
operative" were exploded and the resulting articles were
cross-referenced with "survival:' "prognosis," "recur
rence:' "stage 3:' and "stage 4" yielding 237 trials. These
articles were then reviewed to identify those that met the
following inclusion criteria: 1) patient population was
defined as individuals undergoing treatment for oropha
ryngeal carcinoma, 2) intervention with surgical resec
tion with postoperative rad iation therapy, ideally in
comparison to concomitant chemoradiation, 3) outcome
measured in terms of quali ty of life and posttreatment
functional status. Articles that included primary sites
other than the oropharynx were excluded from analysis.
The bibliographies of the articles that met these inclusion
criteria were manually checked to ensure no further rel
evant articles could be identified. This process yielded
five articles [1-5].

RESULTS

Outcome Measures. Impact on quality of life was
assessed through the use of validated instruments includ
ing the European Organization for Research and Treat
ment of Cancer Quality of LifeQuestionnaire 30 (EORTC
QLQ-30) [1, 3, 5], EORTC QLQ-Head and Neck
(H&N)35 [1,5], Penetration-Aspiration Scale (PAS) [2],
M.D. Anderson Dysphagia Inventory (MDADI) [2], Per
formance Status Scale for Head and Neck Cancer
(PSSHN) [3,4], and the General Health Questionnaire
(GHQ) -12 [5]. Reports concerning the treatment of oro
pharyngeal carcinoma typically lacked uniformity con
cerning the use of chemotherapy (induction ±concurrent
administration).

Potential Confounders. Quality of life assessments
dependent on questionnaire information have the poten
tial for selection and performance bias. In addition,
varyinglengths offollow-up may alter a patient's response
to the impact of short- and long-term morbidities.

Study Designs. Three studies with level 3 evidence and
two with level 4 evidence were identified. The structure
of studies varied from simple questionnaire completion
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[1] to objective assessments utilizing blinding, masking,
and matching for T stage and tumor site. [2] In the
reviewed manuscripts, study populations were limited in
size and thus temper the conclusions that can be drawn
from their results. Three studies compared the functional
results of surgical versus nonsurgical approaches. The
format used by Gillespie et al. [2] addressed the potential
for detection bias, but the overall number of enrolled
patients was limited. Tschudi et al. [1] had an excellent
completion percentage for their questionnaire with a
sample size greater than most studies but their popula
tion represented three different treatment options with
varying percentages of advanced-stage lesions per group
ing. Allal et al. [3] included patients that received con
comitant chemotherapy in their "radical" radiation group
that was predominantly composed of radiation-alone
patients.

Highest Level of Evidence. There are two retrospective
studies that compared surgery/postoperative radiation
with chemotherapy/radiation. Both studies found that
function was better with chemoradiation. Patients under
going treatment with a nonsurgical modality ("radical"
radiation or chemoradiation) demonstrated better
quality of life scores and had findings suggestive of a
better swallowing function than patients treated with
surgery and postoperative radiation [2]. One of these two
studies found that early-stage tumors showed no signifi
cant difference in quality of life with treatment modality
[3].

A third study by Tschudi et. al. compared patients
who received surgery/postoperative radiation with
patients who received radiation with or without cisplatin
chemotherapy. This study found no difference in global
or disease-specific quality of life. This third study also
provided comparative data for surgery/postoperative
radiation in comparison to radiation or surgery alone;
these data are also prov ided in tables as background
information. Individuals treated with surgery alone,
when compared with those individuals treated with radi
ation alone or surgery with postoperative radiation, in
general, faired the best in parameters such as swallowing
related functions and pain control [1]. Background data
from noncomparative studies are also shown. These arti 
cles by DeNittis et al. [4] and Watkinson et al. [5] provide
baseline information for populations with oropharyn
geal carcinoma.



Applicability. Results are applicable to patients undergo
ing teatment for oropharyngeal carcinoma. More specifi
cally, inclusioncriteria for thesestudies required disease-free
status and willingness to perform questionnaires and
assessments.Exclusioncriteria included criteria that could
obscure the comparative results of speech and swallow
ing assessmentssuch as patients that receivedtriple therapy
(chemotherapy, radiation, and surgery) in addition to
individuals with a history of neurologic disorders. [2]

Morbidity/Complications. No complications were
reported.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There are 2 level 3 studies that suggest that functional
results are better with chemoradiation than surgery/
postoperative radiation. One of these studies, as well as
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a third level 3 study, suggest that there is no difference in
quality of life, however. These results are not only mixed,
but also retrospective. Groups compared were not
matched for potentially confounding factors. Overall,
this means that if the correct patients are selected, then
they may do better with chemoradiation. Unfortunately,
it does not mean that this is true for all patients with
oropharyngeal carcinoma.

Higher-level investigation is clearly necessary. Pro
spective data could minimize confounders and give a
more generalizable result. Functional assessments that
include both subjective and objective components to
quantify quality of life parameters may provide better
evidence than simple nonvalidated questionnaires, and
require additional investigation.



OUTCOMES: Surgery/radiation therapy versus chemotherapy/radiation therapy

Study, year

Allal,2003

Gillespie, 2005

Tschudi, 2003'

Quality of life/functional measure

PSSHN

EORTCQLQ

Penetration aspiration score

M.D. Anderson Dysphagia Inventory

EORTC QLQ-QTC

EORTC QLQ-H&N35

Comparative data

Eating in public, p = 0.08
Speech understandability, p =0.0025
Normalcy of diet, p =0.25

Global, p = NS
Physical, p = NS
Role, p = NS
Emot ional, p = NS
Cognitive, p = NS
Social, p = NS

5 mL swallow, p = 0.02
10 mL swallow, p = 0.04
20 mL swallow, p =0.04

Swallow score, p =0.02

Global, p = NS
Physical, p = NS
Role, p =NS
Emotional, p =NS
Cogni tive, p = NS
Social, p = NS

Dysphagia, p = NS
Social eating, p =NS
Social contact, p = NS
Dry mo uth, p =NS
Sticky saliva, p = NS
Mouth opening, p = NS
Pain, p = NS
Senses problems, p = NS
Speech problems, p = NS
Less sexuality, p = NS
Teeth, p = NS
Coughing, p = NS
Pain killers, p = NS
Feeding tube, p = NS
Weight loss/gain, p = NS

Conclusion

Chemo/RT better
Chemo/RT better
No difference

No difference
No difference
No difference
No difference
No difference
No difference

Chemo/RT better
Chemo/RT better
Chemo/RT better

Chemo/RT better

No difference
No difference
No difference
No difference
No difference
No difference

No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference
No difference

o difference
o difference

PSSHN = Performance Status Scale for Head and Neck Cancer, EORTC QLQ = European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire, chemo =chemotherapy, NS =not significant, H&N =head and neck, RT =radiation therapy.
, In this study, some but not patients in the RT group received cisplatin .
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OUTCOMES: Surgery versus radiation therapy ±chemotherapy: Quality of life and functional outcome

Tschudi,2003' EORT QLQ-C30 Global, p = S

Physical, p = S
Role, p = S
Emotional, p = S

ognitive, p = S
o ial, p = S

EORT QLQ-H& 35 Dysphagia, p = 0.006

Social eating, p = 0.007
Social contact, p = 0.008
Dry mouth, p < 0.0001
Sticky saliva, p = 0.0001
Mouth opening, p = 0.001
Pain, p = S
Senses problems, p = S
Speech problems, p = S
Less sexuality, p = S
Teeth, p = S

Coughing, p = S
Pain killers, p = S
Feeding tube, p = S
Weight loss/gain, p = S

'0 difference

o difference
' 0 difference

o difference
o difference
o difference

urgery better than RT
urgery better than RT
urgery better than RT
urgery better than RT

Surgery better than RT
urgery better than RT
o difference
o difference
o difference
o difference
o difference
o difference
o difference
o difference
o difference

EORTC QLQ =European Organization for Research and Treatment of Cancer Quality of Life Questionnaire, S =not significant, H& =head and
neck, RT =radiation therapy.
, In this study, some but not patients in the RT group receivedcisplatin.

OUTCOMES: Surgery versus Surgery/RT: Quality of life and functional outcome

Tschudi,2003' EORT QLQ-QTC Global, p = S

Physical, P =
Role, P = S
Emotional, p = S

ognitive, p =
ocial, p = S

EORTC QLQ-H& 35 Mouth opening, p = 008

Dry mouth, p < 0.0001
Sticky saliva, 0.0005

Pain, p = S
Swallowing, P =
Senses problems, p =

peech problems, p =
Social eating, p = S
Social contact, p = S

Less sexuality, p = S
Teeth, p = S

Coughing, p = S
Pain killers, p = S

utritional supplements, p = S

Feeding tube, p = 's
Weight loss/gain, p = S

o difference
o difference

' 0 difference
o difference

o difference
o difference

Surgery better than Surgery/RT
Surgery better than Surgery/RT
Surgery better than urgery/RT

o difference
o difference
o difference
o difference
o difference
o difference
o difference
o difference

' 0 difference

o difference
' 0 difference

o difference
o difference

EORTC QLQ =European Organization for Research and Treatment of Cancer Quality of Life Questionnaire, S =not significant, H& =head and
neck, RT = radiation therapy.
• In this study, some but not patients in the RT group received cisplatin,
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Reference

Level (design)

Sample size

Timing of
assessment

Tschudi, 2003

3 (retrospective)

99 (217 treated )

Please see preceding tables

71 mo (median)

Gillespie, 2005

3 (retrospective)

21

OUTCOMES

Please see preceding tables

Minimum of 12 mo posttreatment
Mean follow-up

Surgery/RT group 4.7 y
ChemoXRT group 3.8 y

AlIa), 2003

3 (retrospective)

60 ( 177 treated )

Please see preceding tables

Minimum of 12 mo
posttreatment
Median follow-up

RT group 27 mo
Surgery/RT group 78 mo .

STUDY DESIGN

Stage III/IV OP SCCa
~ 1 8 y of age

Inclusion criteria

Exclusion criteria

Intervention
regimen details

Age

Compliance

Clinical stage

Enrollment of
patients

Disease-free survivors that completed
the questionnaires

None specified

89% questionnaire completion rate

Surgery 56 Y(median)
RT 59 Y(median)
Surgery/RT 55 y (median)

217 patients treated for curative intent
during defined timeframe

III disease-free survivors identified
99 completed survey

Surgery: overall staging
I (35.5%) , II (16.1%), III (29%), IV
(19.4%)
RT alone: overall staging
II ( 10.5%) , III ( 15.8%), IV (73.7%)
Surgery/RT: overall staging
III ( 16.3%), IV (83.7%)

Reviewed consecutivel y treated patients
during a defined timeframe

Triple therapy (chemotherapy,
surgery, and RT)
History of neurologic condition
(stroke, neurodegenerative disease )

Attempts made to match for tumor
site and T stage
Masking of patient identifiers for
video swallows performed for
MDADI
Blinding of speech-language
pathologists scoring swallowing
trials for PAS data

59 y (mean) ChemoXRT group
62 y (mean) surgery/RT group

o compliance issues reported

Surgery/RT T staging
Tl/2 (73%), T3 (18%), T4 (9%)
ChemoXRT T staging
Tl/2 (50%), T3 (30%), T4 (20%)

Eligible patients identifi ed based on
inclusion criteria and contacted for
enrollment

Disease-free 1 Yposttreatment
Patients treated with
accelerated RT

None specified

Existing patients solicited
during a scheduled clinic visit

61 Y(median) RT group
6 1 y (median) surgery/ RT
group

11 711 77 not included in analysis
53/93 RT group

44 survivors identified
1 lost to follow-up
3 with active disease

64/84 surgery/RT group
27 survivors identified
4 refused to participate
3 with active disease

RT group staging
I (5%), II (30%) , III (25%),
IV (40%)
Surgery/RT group staging
I (10%), II (15%), III (20%),
VI (50%)

Reviewed consecutively
treated patients during a
defined timeframe

RT =radiation ther apy, OS =overall surviva l, H&N =head and neck, PSS =Head and eck Perform ance Status Scale, s CCa =squamo us cell
carcinoma, ECOG =Eastern Coo perative On cology Group, OP =oropharyngeal, PAS=Penetration-Aspirat ion Scale, MDADI =M.D. Anderson
Dysphagia Inventory, QOL = quality of life, EO RTC QLQ-C30 = European Organization for Research and Treatment of Cancer Core QOL
questionnaire.

652
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Referen ce

Level (design)

Sample size

DeNittis, 2001

4 (retrospective)

29 (51 treated )

OUTCOMES

Watkinson, 2002

4 (retrospective)

18

Surgery with postoperative RT

Conservation surgery with postoperative RT
produce minimal functional deficit and do not
negatively impact QOL

3.8 Y(median) , 1.5 y minimum

Intervent ion

Functio nal
assessment

Conclusion

Timing of
assessment

Surgery with postoperative RT

H&N PSS
(0-25) normal 3 parameters
(25-50) mild Normalcy of diet: 48
(50-75) moderate Ability to eat in public: 53
(75-100) severe decrease Understandability of speech: 75
in function (mean scores)

Suboptimal results for functional outcome

Minimum of 12 mo posttreat men t

STUDY DESIGN

EORTCQLQ
25% scored poorly in
the global health
section

GHQ -12 QOL-Q
75% with high health y
level of general
functioning

Inclusion criteria

Exclusion criteria

Intervention
regimen details

Age

Specific results of
functional
performance

Compliance

Clinical stage

Enrollment of
patients

ECOC performance score: (0-1)
BOT (20) and tonsil (31) SCCa
Patients that maintained LRC were eligible for PSS
assessment

TI -2 I disease
Histor y of adjuvant chemotherapy

Medical record review with phone interviews, patients andl
or family members assessed PSS scores

58 y (mean)

PSS speech understandability score was associated with T
stage (Tl/2 vs T3/4) (p =0.01)

o factors were found correlated with PSS eating in public
scores
Relationship of PSS normalcy of diet scores to advancing T
stage and age suggested (p = 0.06, 0.07 respectively)

22/5 1 not included in PSS analysis
10 locoregional failure
10 early death from disease
2 inability to contac t

Stage III 14%
Stage IV 86%

Reviewed consecutively treated patients during a defined
timeframe

Disease-free survivo r that completed
questionnai re
Tl/T2 oropharyngea l SCCa

one specified

66% questionnaire completion rate

54 Y(mean)

EORTC QLQ
Specific symptoms section
Problems reported with :
mouth opening (25%) , dry mouth (50%) , sticky
saliva (42%), had significant weight loss (33%) ,
required pain medication (33%)
p values not reported

Ind ividuals (3) with poor scores on the global
health EORTC section
2 patients with mental health and financial issues
I pat ient smo ked during treatment and
contin ued to smoke at the time of testing

Stage I (5%) , II (5%), III (5%) , IV (85%)

Reviewed consecutively treated patients during a
defined timeframe

QOL = quality of life, PSS= Head and Neck Performance Status Scale, sCCa = squamous cell carcinoma, EORTC QLQ-C30 = European Organization
for Research and Treatment of Cancer QOL Core questionnaire, EORTC QLQ-H& 35 =EORTC QOL Core Head and Neck Cancer Module
questionnaires, PSS= Performance Status Scale, GHQ = General Health Qu estionn aire, RT = radiation therapy.
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29 Oropharyngeal Squamous Cell Carcinoma

Computed tomography scan versus orthopantomogram (Panorex) to assess mandibular
invasion by oral cavity or oropharyngeal carcinoma: Positive and negative predictive
values with respect to surgical or histologic confirmation

Richard Wein and Randal S. Weber

METHODS

A computerized PubMed search of MEDLINE July 1986
February 2005 was performed. The terms "head and
neck;' "oral cavity;' "oropharyngeal and pharyngeal car
cinomas/neoplasms" were exploded and cross-referenced
with the terms "tomography;' "X-ray/CT scan," and
"mandibular/jaw neoplasm, bony invasion" yielding 144
articles. These articles were then reviewed to identify
those that met the following inclusion criteria: 1) patients
with oral cavity or oropharyngeal squamous cell carci
noma with potential mandibular invasion, 2) evaluation
with pretreatment computed tomography (CT) scan or
Panorex (ideally comparing both modalities), 3) outcome
measured in terms of correlation of imaging modality
findings with histopathologic evidence of mandibular
involvement. Articles focusing primarily on alternative
imaging modalities or modifications of standard CT
scanning were excluded. The bibliographies of the arti
cles that met these inclusion criteria were manually
checked to ensure no additional relevant articles could
be identified. This process yielded five publications [1-5].

RESULTS

Outcome Measures. Mandibular invasion was defined
by histopathologic evidence of neoplastic involvement of
cortical bone.

Potential Confounders. Inclusion criteria based on the
investigators' degree of clinical suspicion of mandibular
involvement can affect the ultimate outcome of a study.
Patient factors that were reported to affect imaging study
quality include amalgam artifact and patient movement.
The selected CT scan section thickness (1.5-6 mm) and
imaging techniques (bonealgorithms or coronal imaging)
varied within studies. Patients undergoing nonsurgical
treatment options were excluded from analysis. Surgical
techniques varied and did not always require bony resec
tion if the periosteal aspect of surgical specimens were
considered negative for tumor extension [1, 4]. The
average period of time from imaging to surgical resection
was specified in only one study [5].

Study Designs. The studies examining this topic repre
sent the range of level 2 to 4 evidence (prospective and
retrospective controlled studies and case series). Patient

enrollment was often limited in number and was fre
quently defined by a set period of time at a single institu
tion. Most studies limited enrollment to patients without
history of treatment. Imaging techniques that were eval
uated and compared varied widely. Only three studies
actually compared CT scan to Panorex [1-3]. Many of
the studies controlled for observational bias by using
radiologists unaware of the patient's clinical examination
or histopathologic results [2-5]. Numerical analyses
within the studies was limited to assessing estimated sen
sitivity, specificity, positive and negative predictive values
(PPV, NPV), without 95% confidence intervals for sta
tistical comparison of the two modalities. Means of eval
uation of surgical specimens for tumor extension were
standard and similar among studies.

HighestLevelof Evidence. Studies examining this topic
were prospective and retro spective. Retrospective studies
tended to lack uniformity in the imaging techniques used
within a patient population. Only two prospective trials
comparing CT and Panorex imaging were identified in
which patients were imaged preoperatively with both
modalities [1, 2]. In these studies, sensitivities ranged
from 64% to 80% for Panorex and 78% to 100% with
CT scanning [1, 2]. One of prospective studies reported
enough data to allow for a post hoc analysis [1] (see
below). Acton et al. noted a sensitivity of 81% when both
imaging modalities were used in combination to assess
for invasion [2]. The retrospective studies demonstrated
a wide range of sensitivities for CT imaging that relate to
primary site location . In one study, a sensitivity of 50%
was noted for tumors of the retromolar trigone [4].
Meanwhile, another study showed a sensitivity of 96% in
a population composed of primarily floor of mouth and
gingivobuccal carcinomas clinically fixed to the mandible
[5].

Applicability. The results of these studies pertain to
patients with clinically extensive oral (excluding hard
palate) and oropharyngeal (including primarily base of
tongue) primary lesions. However, the results for selected
subsites, such as the retromolar trigone, may not be
applicable to other specific primary sites within the oral
cavity and oropharynx.

Morbidity/Complications. The associated morbidity of
the various imaging techniques is minimal. Special
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provisions for patients with renal insufficiency undergo
ing CT scan with contrast were acknowledged.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There are two level 2) one level 3)and two level 4 studies
that addressed this topic. There is a trend toward CT
appearing more sensitive than Panorex in assessing
for mandibular invasion) but statistical differences
have not been demonstrated. In addition) the level of
sensitivity may be dependent on the primary site of the
lesion in question. Although Panorex and CT may be
used to assess for mandibular involvement) these tech-

niques are also obtained preoperatively for other indica
tions. Panorex imaging can guide the need for dental
extraction whereas CT scan can assess the extent of a
primarylesion and also determine the regional lymphatic
spread.

Future research should focus on obtaining prospec
tive data comparing emerging imaging techniques to
existing modalities for specific primary sites within the
oral cavity while accruing larger overall patient numbers.
Magnetic resonance imaging has been shown to have a
high sensitivity for detecting mandibular invasion but
has been criticized for a low specificity and a tendency to
overestimate extent of involvement [3]. Single photon
emission computed tomography bone scanning and
DentaScan (assessment of CT imaging) have been
described as improvements over existing means ofassess
ment and require additional study [2) 6].



THE EVIDENCE CONDENSED: Computed tomography scan versus Panorex for preoperative identification of
mandibular involvement

Reference

Level (design)

Sample size

Close, 1986

2 (prospective controlled study)

43

Acton, 2000

2 (prospective controlled study )

67

OUTCO MES

Van den Brekel, 1998

3 (retrospective controlled study)

29

Intervention

Sensitivity

Specificity

PPV

PV

CT scan

100%

97%

92%

100%

Panorex and dental
occlusive views

64%

97%

88%

89%

CT scan

78%

83%

82%

79%

Panorex

80%

72%

75%

75%

CT scan

50%

91%

Panorex

63%

90%

Comparative
statistics

Conclusion

Additional studies
performed

Not reported

CT is better than Panorex at
detectin g mandibular involvement

Clinical evaluation: PPV 60%, NPV
93%

Not reported

Cur rent assessment modalities
may fail to accura tely detect
bon e invasion

SPECT bone scans: 60%
sensitivity, 67% specificity, 50%
PPV, 75% NPV
Clinical evaluation: 94%
sensitivity, 25% specificity, 57%
PPV, 80% PV

STUDY DESIGN

Not repo rted

The inaccuracy of imaging
modalities reinforces the
imp or tance of clinical
examination

MRI: 94% sensitivity, 73%
specificity
Clinical evaluation: 39%
sensitivity, 100% specificity

Inclusion criteria

Exclusion criteria

Surgical
intervention

CT scan specifics

Assessment of
imaging studies

Mean age

Average time from
imaging to surgery

Previously untreated, T2 or greater
primary squamous carcinoma of the
FOM, bucca l mucosa, lower lip,
alveolar ridge, RMT, tonsillar fossa,
and BOT

Not specified

Resection to the level of periosteum,
"inner table" of mand ible, or
segmental mandibul ectom y

Axial CT with contrast with bone
and soft tissue windows and
overlap ping 5-mm- thick sections

Not specified

Not specified

I wk from imaging to biopsy and
endoscopy, resection not specified

Previously untreated, squamous
carcinoma of the FOM, inferior
alveolus, and RMT with clinical
suspicion of mandible invasion

CT scans that were
uninterpretable because of
denta l ama lgam, pat ient
movement , and poor com pliance

Surgical resection of the primary
tum or, procedu res unspecified

Axial and coro nal CT with bone
windows

By a single radio logist before
surgical intervention

61.8 Y

ot specified

Previously untreated squamous
carcinoma of the FOM and RMT

Not specified

Marginal (15) or segmental (14)
mandibulectom y performed in all
patients

Axial CT scan with contrast and
5- to 6-m m-t hick sections (bo ne
windows obtai ned in 24/29
patients )

By 2 independent experienced
observers blinded to the results of
other modali ties; in cases of
disagreement, consensus would be
reached

57 Y

ot specified

Cf =computed tomography, PPV =positive predictive value, PV =negative predictive value, SPECf =single photon emission computed
tomography, MRI =magnetic resonance imaging, FOM =floor of mouth, RMT =retromolar trigone, BOT =base of tongue.
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Referen ce

Level (design)

Sample size

Lane,2000

4 (retrospective case series )

29

Mukherji,200 1

4 (retrospective case series)

49

OUTCOMES

Intervention

Sensitivit y

Specificity

PPV

PV

Conclusion

Additional studies
performed

cr scan

50%

91%

61%

91%

cr is less accurate in assessing RMT
carcinoma bone invasion in this series

None reported

cr scan

96%

87%

89%

95%

Thin-section (3 mm ) CT is an accurate technique to
assess mandible invasion by tumors of the oral cavity

None reported

59 Y

Resection performed within 14.3 d

Squamous carcinoma of FOM, gingival/buccal mucosa,
alveolar ridge, and RMT with clinical evide nce of
fixation of tumor to the mandible

Freely mobi le tumor to bimanual examination;
primary oral tongue carcinoma; previous surgery
involving the mandible

Marginal (34) or segmental (I S) mandibulectomy
performed in all patients

Axial CT scan with contrast and 3-mm- thick sections,
soft tissue and bone algorithms used, angling technique
for patients with amalgam

By a neuroradiologist unaware of histopathologic status

Lesions not clearly centered over the RMT
were excluded

Resection to the level of periosteum or
marginal/segmental mandibulectomy

Axial CT with contrast and 5-mm-thick
sections (bone algorithm and coronal sections
excluded becau se of lack of uniformity)

By a single radiologist unaware of the
pathologic findings

Not specified

ot specified

STUDY DESIGN

Squamous carcinoma of the RMT treated with
surgical excision

Exclusion criteria

Inclusion criteria

Assessment of imaging
studies

Mean age

Average time from
imaging to surgery

cr =computed tomography. PPV =positive predictive . NPV =negative predictive value. FOM =floor of mouth. RMT =retromolar trigone.
BOT = base of tongu e.

cr scan specifics

Surgical intervention
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POSTHOCANALYSIS (CLOSE, 1986)

A post hoc analysis was performed on the data provided
by Close et al. (There was not enough raw data specified
in the second prospective report to perform a definitive
post hoc analysis.) Within their results, they provided
enough raw data to form the basis for the analysis below.
The raw data are shown in the tables of imaging findings
versus histologic findings below. The estimated values for
PPV, NPV, sensitivity, and specificity are as reported in
the original publications. Basedon the number of patients
included in the study, the results of the study, and statis-
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tical factors, 95% confidence intervals surrounding those
estimated values can be calculated. The upper and lower
limits of these 95% confidence intervals are shown below.
Analysis of the 95% confidence intervals shows overlap
in the data for sensitivity, specificity, PPV, and NPV of
CT versus Panorex. This overlap suggests that although
there is a trend toward more accuracy with CT, it is not
statistically demonstrated in a conclusive way.

Histologic invasion Histologic invasion

Positive Negative Totals Positive Negative Totals

Positive I I I 12 Positive 7 I 8

Negative 0 31 31 Negative 4 31 35

>- Totals II 32 43 Totals 32 II 43
..c:

95% confidence intervalPo. Estimated value 95% confidence interval Estimated valuet':l...
0.0 Lower limit Upper limit Lower limit Upper limit0
E
B PPV 91.7% 59.8% 99.5% PPV 87.5% 46.7% 99.3%
"0

NPV 72.3% 96.3%~ NPV 100% 86.2% 100% >< 88.5%
:l ..ESensitivity 100% 67.9% 100%

...
Sensitivity 63.6% 31.6% 87.6%0

c
0 t':l

Specificity 82.0% 99.8%U Specificity 96.9% 82.0% 99.8% e, 96.8%
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30 Laryngeal Squamous Cell Carcinoma:
Early-Stage Disease

Endoscopic resection versus radiation therapy for stage I-II glottic carcinoma:
Impact on survival and local recurrence

Yen-Lin Chen and Kian Ang

METHODS

A computerized PubMed search ofMEDLINE from 1966
to 2005 was performed. The diagnosis terms "larynx:'
"glottic:' or "true vocal cord" were exploded and com
bined. The terms "cancer:' "carcinoma:' or "squamous
cell carcinoma" were exploded and combined. The above
two searches were then limited to "early stage:"'Tl ,''''T2:'
"stage I," or stage II" to yield articles focused on early
stage I-II glottic cancer. These articles were then sub
jected to the PubMed Clinical Queries using Research
Methodology Filters [1] optimized for sensitive/broad
search for articles in the category of "therapy:' yielding
311 articles. These articles were then cross-referenced
with the headings "radiation," "radiotherapy," "laser exci
sion:' "endoscopic surgery:' "endolaryngeal resection:'
"transoral surgery:' "C02 cordectomy:' "laser cordec
tomy," or "microsurgery," yielding a total of 250 publica
tions, whose titles and abstracts were reviewed to identify
those that met the following inclusion criteria: 1) patient
population with primary newly diagnosed, biopsy
proven Tl or T2 larynx carcinoma, 2) intervention with
radiation or endoscopic resection (with or without
laser), 3) outcome measured in terms of survival, local
recurrence, and/or larynx preservation. There were no
published prospective randomized controlled trials com
paring endoscopic resection versus radiation for stage
I-II glottic carcinoma. There were 46 retrospective,
uncontrolled case series of a single modality reporting
similar survival outcomes for radiation or endoscopic
resection [1-47]. One systematic review was identified
that compared open surgery versus radiation but did
not address endoscopic surgery [6]. A total of three non
randomized, comparative cohort studies were identified
that compared primary radiation versus endoscopic
resection that met the above inclusion criteria. Articles
comparing conventional versus altered radiation dose
fractionation or open versus endoscopic surgery were
excluded. The bibliographies of the articles that met
these inclusion criteria were manually checked to ensure
no further relevant articles could be identified. This
process yielded three articles which are reviewed below
[36,44,48].

RESULTS

Outcome Measures. The primary outcome measures
for the three retrospective cohort studies reported were
survival (overall or disease-specific survival) and locore
gional control.

Potential Confounders. As nonrandomized, uncon
trolled studies, these three studies havea number of poten
tial confounders. In two of the studies, the endoscopic
laser resection group participants were from a signifi
cantly later time period compared with radiation and were
more likely to have smaller disease (Tl a), be younger
(potentially biasing survival), and have shorter follow-up.
The most significant confounding factor in one study is
that 11 of the 31 patients treated with endoscopic laser
surgery had positive margins on pathology and of those 10
went on to receivepostoperative radiotherapy [48]. In one
study, radiation doses were different in two different
decades, reflecting two different eras of radiation tech
nique, machine, fields, and daily fractionation [44].

StUdy Designs. All three studies are single institutional
cohort studies of patients with Tl and/or T2 larynx
cancer treated with radiation or endoscopic resection.
Two studies are retrospective chart review or tumor reg
istry data extraction [44,48]. One is a prospective data 
base starting in 1963 capturing unselected, sequentially
treated early larynx cancer patients at a single institution.
Study periods span two to three decades in all three
studies, beginning from 1963 to 2004. Two of the studies
reported increasing numbers of endoscopically treated
patients in more recent times, reflecting the relatively
new development of endoscopic resection techniques
[44,48]. One study included all subsites of larynx (supra
glottic, glottic, and subglottic) [36] whereas the other
two studies focused on stage I (Tl NO MO) glottic cancers
[44, 48]. Radiation total doses ranged from 50 to 70 Gy.
One study divided patients into low-dose radiation (total
dose 55-65 Gy at 1.5-1.8 Gy per fraction) versus high
dose radiation (65-70 Gy at 2-2.25 Gy per fraction ).
Field sizes and treatment duration were similar in all
studies. Endoscopic resection ranged from CO 2 laser
resection to microlaryngoscopic surgery.
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Highest Level of Evidence. There is insufficient evi
dence to show whether radiation or endoscopic surgery
is better for patients with early glottic cancer. These three
retrospective/prospective nonrandomized, uncontrolled
cohort studies provide limited level3 evidence that endo
scopic resection and radiation may result in comparable
outcomes. Both modalities result in 5-year survival rates
ranging from 740/0 to 950/0 and locoregional control rates
ranging from 800/0 to 91% for stage 1/11 glottic cancer.
One study suggests that low-dose radiation therapy (RT)
(55-65 Gy at 1.5-1.8 Gy per fraction) or endoscopic
resection result in worse locoregional control compared
with higher total dose and higher dose per fraction (65
75 at 2-2.5 Gy per fraction). After salvage, the ultimate
locoregional control and cause-specific survival did not
differ. These studies are, however, limited by small
number of patients, potential selection biases favoring
upfront radiation or adjuvant radiation for larger tumors,
anterior commissure involvement, or other high-risk fea
tures, and shorter follow-up for patients treated with
endoscopic surgery or higher radiation dose because of
changing practices over time.

Applicability. These results are applicable for patients
with mainly Tl glottic carcinoma treated with endo
scopic resection or primary radiation.

Morbidity/Complications. Radiation and endoscopic sur
gery for early glottic cancer are both well tolerated.
Although there does not seem to be significant difference
in voice quality between radiation and endoscopic
surgery, these three studies were not primarily designed
to assessvoice quality.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Well-designed prospective randomized controlled clini
cal trials are needed to guide decision making for patients
with early glottic cancer. There are insufficient data to
suggest endoscopic or radiation is better for survival or
local control of early glottic carcinoma. Management
decisions must encompass not only survival data, but
also patient preference and quality of life. The next
section provides evidence from studies more specifically
designed to compare the quality of voice as the primary
outcome.



THE EVIDENCE CONDENSED: Endoscopic resection versus radiation therapy for stage I-II glottic carcinoma:
Impact on survival and local recurrence
--
Reference

Level (design)

Sample size

Rosier, \998

3 (retrospective cohort)

72" (of total of \06 in the study): RT 4\, E 3\

OUTCOMES

Surv ival OS5 OS \0

Radiation 74% 58.6%

Surgery 74% R

P Value >0.05

Recurrence LRC5 LRC 10

Radiation 0.90 (0.97)§ 0.90 (0.97)§

Endoscopic 0.88 ( I.OO)§ NR (NR)§
surgery

p Value >0.05

Conclusion No difference in overall surviva l or LRC

Follow-up time Median 63.5 mo

STUDY DESIGN

Inclusion criteria T1 0 MOglottic cancer treated from 1979 to 1995 at 1 institution

Exclusion criteria

RT details

Endoscopic
procedure

Therapy decision

Period biases

Selection biases

Postoperative RT

Morbidityl
complications

R

Parallel opposed fields, cobalt-therapy (88%), or linea r accelerator (12%). Field sizes: 4 x 4 to 6 x 6 ern. Doses:
50-70 Gy (median 64 Gy) at 2 Gy per fraction. Wedge filters

SHARPLA 1055 COzlaser

Therapy depe nde nt on referr ing physician

Laser not introduced unt il 1988 so follow-up was sho rter for E (33 mol than RT (74 mol, p < 0.01

Selection bias: Tl b, anterior commissure involvemen t, or younge r patien ts less likely to get E (p < 0.01)

11 patients with E had positive margins: 10 received postoperative RT

RT: 7.7% grade II or more grade II RTOG toxicity. RT and E had comparable perceptual voice rating by patient
and therapists (p = 0.06)

RT = radiation therapy, E = endoscopic surgery (laser and /or microlaryngoscopic surgery ), R = not reported, OS 5/10 = overall survival at 5 or
10 years, respectively, CSS 5/10 = cause-specific survival at 5 or 10 years, respectively, LRC 5/10 = locoregional control at 5 or 10 years, respectively,

S = not significant.
• Sample size: numbers shown for those RT vs E (results for open partial laryngectomy in 34 patients not included for this comparison).
t Of 448 patients, 56 had glottic cancer and of those, 32 had RT and 24 had surgery (not further subdivided into open partial laryngectomy versus
laser). All 69 surgery patients (supraglottic, glottic, and subglottic) were reported together in the paper. Although glottic patients were more likely to
receive radiotherapy than surgery compared with other subsites, there was also no further categorization into endoscopic versus open partial
laryngectomy because of small numbers.
:1: 659 patients total T1 NOMO patients: 404 had open partial laryngectomy, 90 had low-dose RT, 104 had high-dose RT, and 61 had endoscopic resection.
§ LRC before salvage laryngectomy (LRC after salvage).
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Reference

Level (design)

Sample size

Jone s, 2004

3 (prospective database)

56t (glott ic carcinoma of total of 488 in the study):
RT 32, S 24

OUTCO MES

Spect or, 1999

3 (retrospective cohort)

255:1:
RT low dose 90. RT high dose 104, E 61

Surv ival CSS5 CSSW

Radiation 87% 84%

Surgery 77% 77%

P Value 0.102

Recurrence LF 5 LF 10

Radiation 0.20 0.22

Endoscopic 0.22 0.23
surge ry

p Value 0.7205

Conclusion o difference in cause-specific survival or local
failure

o difference in cause-specific survival. Worse
outcome in low-dose RT group.
Worse initial (not ultimate) LRC with E or low-dose
RT compared with high -dose RT

At least 3 y. Median RFollow-up time Median 16.6 Y

CSS5

Low-dose RT: 0.92
High dose: 0.95

E: 0.95

0.68

Primary LRC 5

Low-dose RT: 0.78
High dose: 0.89

E: 0.77

0.02

OS5

0.72
0.83

0.004

LRC 5 after salvage

Low dose: 0.97
High dose: 0.96

0.98

NS

Inclusion criteria

Exclusion criteria

RT details

Endoscopic
procedure

Therapy decision

Period biases

Selection biases

Postoperative RT

Morbidityl
complications

STUDY DESIGN

TI -2 0 MO larynx cancer (supraglottic, glottic , and
subglottic) 1963-2004

1 lost to follow-up after only 6 mo. 4 excluded
because of incomplete data

5 or 6 MeV linear accelerator. Doses: 60-66 Gy at
2 Gy per fraction. Wedge filters

12 had endoscopic laser surgery.
13 had endoscopic microlaryngoscopic surgery

Therapy dependent on referr ing physician, patient
mandate

Period bias: radiation more likely used in the 1980sand
1990s. Surgery more likely used in the I960s and 1970s

o separation of endoscopic vs open partial
laryngectomy or by larynx subsite because of small
numbers

Only 2 patients in the surgery group had
postoperative RT

RT: 2 moderate dysphagia and 2 mild dysphagia. 2
cartilage necrosis. S: (not clear if open or endo scopic )
4 fistula and 2 stenosis. 4 with medical complications
( I died).Voice quality worse with S than RT (p = 0.0017)

TI 0 MOglottic cancer treated between 1971 and 1990
at 1 institution

At least 3 y

Low-dose RT: 5H5 Gy at 1.5-1.8 Gy per fraction using
Cobalt or 4-MV
High-dose RT: 65-70 Gy at 2-2 .25 Gy per fraction using
4- or 6-MV photons. Fields 5 x 5 to 6 x 6 cm. Wedges

Endoscopic resection with CO 2 laser or KTP laser

Therapy depe ndent on referring physician or patient
mandate

Period bias: low RT was given from 1971 to 1985
whereas high RT was given from 1986 to 1995

Selection: endoscopic resection only for superficial
lesions confined to membranous vocal cords

one of the E group had immediate postoperative RT

0.1% complication deaths and 6% intercurrent disease
associated with use of tobacco and second primary
malignancies

RT =radiation therapy, E =endoscopic surgery (laser and/or microl aryn goscopic surgery), NR =not report ed, OS 5/ 10 =overall survival at 5 or
10 years, respectively, CSS 5110 = cause-specific survival at 5 or 10 years, respectively, LRC 5/10 = locoregional control at 5 or 10 years, respectively,

S =not significant.
• Sample size: numbers shown for those RT vs E (results for open parti al laryngectomy in 34 patients not included for this comparison).
t Of 448 patients, 56 had glotti c cancer and of those, 32 had RT and 24 had surgery (no t fur ther subdivided into open part ial lar yngectom y versus
laser). All 69 surgery patients (supraglott ic, glottic, and subglottic) were report ed together in the paper. Although glotti c patient s were more likely to
receive radiotherapy than surgery compared with other subsites, there was also no further categorization into endoscopic versus open parti al
laryngectom y because of small numbers.
:1:659 patients total T1 NO MO patients: 404 had open partial laryngectomy, 90 had low-dose RT, 104 had high-dose RT, and 61 had endoscopic resection.
§ LRC before salvage laryngectomy (LRC after salvage).
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Endoscopic resection versus radiation therapy for stage I-II glottic carcinoma: Impact on
voice and quality of life

Yen-Lin Chen and Kian Ang

METHODS

A computerized PubMed search of MEDLINE from 1966
to 2005 was performed. The terms "larynx;' "glottic;' or
"true vocal cord" were exploded and combined. The
terms "cancer;' "carcinoma;' or "squamous cell carci
noma" were exploded and combined. The above two
searches were then limited to "early stage," "TI," "T2,"
"stage I;' or "stage II" to yield articles focused on early
stage I-II glottic cancer. These articles were then sub
jected to the PubMed Clinical Queries using Research
Methodology Filters [1J optimized for sensitive/broad
search for articles in the category of "therapy," yielding
311 articles. These articles were then cross-referenced
with the headings "radiation;' "radiotherapy," "laser exci
sion;' "endoscopic surgery," "endolaryngeal resection;'
"transoral surgery," "C02 cordectomy;' "laser cordec
tomy;' or "microsurgery;' yielding a total of 308 articles.
These publications were then further limited to "human"
and "English language;' resulting in 250 publications,
whose titles and abstracts were reviewed to identify those
that met the following inclusion criteria: 1) patient pop
ulation with primary newly diagnosed, biopsy-proven Tl
or T2 larynx carcinoma, 2) intervention with radiation
or endoscopic resection (with or without laser), 3)
outcome measured in terms of voice quality. There were
no published prospective randomized controlled trials
comparing voice and quality of life (QOL) outcomes for
endoscopic resection versus radiation for stage I-II glottic
cancer. There were 47 retrospective cohort or retrospec
tive series on radiation or endoscopic resection in the
management ofTl to T2larynx cancer [2-48J. The bib
liographies of the articles that met these inclusion criteria
were manually checked to ensure no further relevant
articles could be identified. Of these articles, a total of
three nonrandomized patient or clinician questionnaire
based cohort studies were identified that compared the
voice quality and/or QOL after radiation versus endo
scopic resection using validated QOL or voice-quality
instruments. Studies that used nonvalidated subjective or
objective patient/physician rated scalesor mainly focused
on videolaryngostroboscopy findings were not included
for this analysis [5,8,21,30,40,49-52].

RESULTS

Outcome Measures. The primary outcome measures
for the three retrospective cohort studies were self
reported voice quality, expert voice rating, and QOL
[53-55J. One study used several well-validated instru
ments [53J and other studies used one or more of these
instruments [54, 55]:

1. University of Washington Quality of Life Ques
tionnaire (UW-QOL): 17 self-reported questions on
QOL in head and neck patients including pain, appear
ance, activity, recreation, swallowing, chewing, speech,
shoulder disability, taste, saliva production, dryness, and
employment [56J. Dryness and employment were
removed from the revised version (UW-QOL-R) because
of poor correlation with the other 10 domains [57J.Scale
is 0 to 100 per domain: 100 is totally functional and 0 is
completely incapacitated. Total score ranges from 0 up to
1000 points for all 10 domains.

2. Performance Status Scale for Head and Neck
(PSS-HN): Three-question clinician-rated instrument
on eating in public, understandability of speech, and
normalcy of diet score from 0 to 100 [58J.

4. Voice Handicap Index (VHI): 30 multiple choice
questions of patients' perception of voice quality in func
tional, physical, and emotional domains [59-66J.

5. Vocal Performance Questionnaire (VPQ): 12
physician-reported questions on patient voice quality
from normal (score of 12) to severely abnormal (score of
60), used for patients with dysphonia [60, 67J.

6. Voice Symptom Score (VoiSS): 44 patient self
reported questions on voice impairment, emotional
reaction , and physical symptoms derived from a British
based noncancer population [65, 68J.

7. Functional Assessment of Cancer Therapy Head
and Neck Questionnaire (FACT-HN): 38 self-reported
questions on QOL with nine items specifically on head
and neck cancer in four domains-physical, social/family,
emotional, and functional [69J.

8. Hospital Anxiety and Depression Scale (HADS):
seven questions in two subscales (anxiety and depres
sion) [70].
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Potential Confounders or Limitations. There may be
potential selection bias in recruitment of patients. It is
possible that patients who have worse QaL may not be
aslikelyto participate aspatients who experienceminimal
impact and therefore more eager to participate in the
surveys. A limitation for all studies is that there is no
baseline evaluation before treatment to determine the
degree of change after treatment. Also, the length of
follow-up from completion of treatment is not clearly
stated in all of the studies. A single time point may not
capture the temporal characteristics of these outcomes.
There is also the potential for recall bias.

Study Designs. Allthree serieswere retrospective cohort
studies that compared the voice quality and/or QaL after
radiation versus endoscopic resection using validated
QaL or voice-quality instruments. Sequentially treated
patients at single institutions were identified and con
tacted by telephone for voluntary participation in filling
out questionnaires.

Highest Level of Evidence. All three studies showed
no significant difference in voice and QaL outcomes

between endoscopic resection and radiation for TI-2
larynx cancer using a number of validated instruments.
The studies were limited by small and imbalanced sample
sizesbetween the treatment arms and insufficient power
to detect subtle changes.

Applicability. These results are applicable for patients
with mainly Tis or TI glottic carcinoma treated with
endoscopic resection or primary radiation.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Currently, there are few studies using validated instru
ments comparing the QaL and voice-quality outcomes
between endoscopic resection and radiation for early
glottic cancer. The three studies presented here show
comparable QaL and voice-quality results for both
modalities. A well-designed prospective randomized
controlled clinical trial comparing endoscopic resection
and radiation for early glottic cancer would require suf
ficient power and utilize validate QaL and voice-related
quality of life instruments. Such a trial would prove to
be very challenging to pursue.



THE EVIDENCE CONDENSED: Endoscopic resection versus radiation therapy for stage I-II glottic carcinoma:
Impact on voice and quality of life

Reference Stoeckli,2001

Level 3 (retrospective cohort)

Patients TI or T2 larynx cancer (not divided by subsites )

Genera l methods Validated EORTC QOL questionnaires

Response rate 56/62 E (n = 40) RT (n = 16)

Time from treatment NR NR

RESULTS

Instrument E score: (p value) RT score (p value)

EORTC QLQ.-C30 Scale: 0 = incapacitated; 100 = normal

Functional 81-90 82-86 ( S)

Global health 71.9 73.9 (NS)

Symptom scales Scale: worse if highe r

Financial difficulties 19.2 4.8 «0.05)

Ot her items (NS)

EORTC QLQ H&N 35 Scale: worse if higher

Pain 7.7 13.5 ( S)

Swallowing 5.0 24.4 « 0.05)
Solid food Other food 6.0 12.7 ( S)

Social eating 30 56.3 « 0.05)
Dry mouth 8.3 28.9 (<0.05)
Teeth Other 10.2 23.4 (NS)

Senses 9.9 19.4 (NS)

Speech 32.8 21.4 (NS)

Social contact 5.0 8.0 (NS)

Conclusions

Inclusion criteria

Exclusion criteria

Confounders

Sexuality 25.6 31.1 ( S)

o significant difference between surgery or radiation in global QOL or most head and neck-specific
QOL except for solid food swallowing, dry mouth, and tooth problems were worse in RT. Voice quality
comparable

STUDY DESIGN

Sequential patients with T l or T2 larynx cancer (no detai l on field of RT or degree of endoscopic
surgery). Patients were sent a letter of introduction. Nonresponders followed up with telephone contact.
90% of 62 alive patients returned the questionnaires. No information on patient or pathology
characteristics

Patients lost to follow-up, did not return questionnaire, and refused to participate were excluded. 0

details on whether salvage was given or status of disease

Potential participation bias (patients who did not participate may have worse QOL)

EORTC =European Organization for Research and Treatment of Cancer, E =endoscopic resection, RT =radion therapy, UW-QOL -R =revised
University of Washingto n Qual ity of Life questionnaire (speech and saliva domain slightly modified by author) [54J, NS = not significant, VHI =
Voice Handicap Index, VoiSS = Voice Symptom Scale, VPQ = Vocal Performance Quest ionnai re, GRBAS = expert rating of patie nt recording of a
phonetically balanced passage in five domains-grade, rough, breathy, asthenic, and strained, HADS =Hospital Anxiety and Depression Scale, UW
QOL = University of Washington Quality of Life questionnaire, FACT = Functional Assessment of Cancer Therapy head and neck questionnaire,

R = not reported.
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Reference Smith. 2003

Level 3 (retrospective cohort)

Patients Patient s with Tis and Tl invasive glottic cancer

General methods Validated patient questionnaires and institutional hidden cost analysis

Response rate 55/101 E (n = 30) RT (n = 10)

Time from treatment R R

RESULTS

Instrument E mean Score RT mean sco re

UW-QO L-R Scale: 0 = incapacitated; p values R
100 = complete normal

Pain 100 100

Appea rance 100 98

Activity 100 100

Recreation 100 100

Swallowing 100 100

Chewing 100 100

Speech' 91 88

Shoulder 100 100

Taste 99 100

Saliva' 99 100

PSS-H PSS-HN 100 100
Eating

PSS-H 98 100
Speech

PSS-HN Diet 100 100

Conclusion s

Inclusion cr iter ia

Exclusion criteria

Confounders

No significant difference betwee n su rgery or radiation in both QOL questionnaires. Patients who
underwent more than 1 modality (not shown above ) had dec reased score in most domains. Hidd en cost
analysis (nonvalidated) also included in the study showed cost of travel, d istance. and hours of work
missed were higher with RT

STUDY DESIGN

Sequen tial patie nts with Tis (22) or Tl (79) glott ic cancer treated wit h su rgery (total responders 44: 38
E,4 hemilaryngectomy, and 1 total lar yngectomy) o r radiation (66-70.2 Gy at 1.8-2 Gy per fraction ).
Stages were well bala nced between the 2 groups of responders. Subjects invited by telephone to
part icipate in the study. No difference in response rate between arms

Patients lost to follow-up. died, did not own a phone. or return calls. 23% endoscopic patients who had
additional salvage therapy were not excluded. One radiation patient who required endoscopic salvage
was not excluded

Potential participation bias (patients who did not participate may have worse QOL)

EORTC =Euro pean Organization for Research and Treatment of Cancer, E =end oscopi c resection, RT =radion therapy, UW-QOL-R =revised
University of Washin gton Quality of l.ife questionnaire (speech and saliva dom ain slightly modified by autho r) 1541. S = not significant. VHl =
Voice Handic ap Index, VoiSS=Voice Symptom Scale. VPQ =Vocal Performance Qu estionnaire, GRBAS =expert ratin g of patient record ing of a
phonet ically balanced passage in five dom ains-grad e, rough. breath y, asthenic, and strained. HADS = Hospital Anxiety and Depre ssion Scale. UW
QOL = University of Washington Quality of Life questionnaire, FACT = Functional Assessment of Cancer Therapy head and neck quest ionnaire,

R = not reported.
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Reference Loughran. 2005

Level 3 (retrospective cohort)

Patients T Ia glottic cancer with no evidence of tumor recurrence

General methods Validated patient and physician questionnaires and expert speech pathologist voice rating

Response rate 36/55 E (n =1 8) RT (n = 18)

Time from treatment >2 y >2 Y >2 Y

RESULTS

Instrument E mean score RT mean score (p value)

UW-QOL 89.9 89.1 (0.21)

VHI 22.2 25.4 (0.70)

VPQ 20.9 18.5 (0.56)

VoiSS VoiSS tota l 27.5 20.4 (0.35)

VoiSS impairment 16.1 12.6 (0.36)

VoiSS physical 6.8 6.3 (0.74)

VoiSS emotional 4.6 1.4 (0.04)

GRBAS 6.6 5.1 (0.29)

HADS 9.1 8.6 (0.78)

FACT FACT emotion 4.4 4.5 (0.35)

FACT function 21.3 21.7 (0.75)

FACT physical 3 2.8 (0.54)

FACT social 21.9 21.1 (0.27)

FACT head neck 23.8 23.7 (0.68)

Conclusions

Inclusion criteria

Exclusion criteria

Confounders

E and RT were similar in voice self-report scores, which were similar to patients with other dysphonia
(chronic laryngitis or nodul es), except for VoiSS emotional impact was less for RT. VHI <30 (minimal
handicap) in bot h arms. Expert voice rat ing was no different. QO L decreased slightly after bot h
treatme nts

STUDY DESIGN

Sequential patien ts with Tis or TIa glottic cancer treated by either E or external beam RT. Subjects
invited by telephone and if interested sent questionnai res. Completed quest ion naires reviewed in a clinic
appointment. Patients consente d to audio recording for expert rating of voice using GRBAS

Patients who received salvage surgery after radiation were excluded

Potential participation bias (patients who did not participate may have worse QOL)

EORTC =European Organization for Research and Treatment of Cancer, E =endoscopic resection . RT =radion therapy, UW-QOL-R =revised
University of Washington Qu ality of Life questionnaire (speech and saliva domain slightly modified by author) [541, S = not significant, VHI =
Voice Handi cap Index, VoiSS =Voice Symptom Scale, VPQ =Vocal Perform ance Que stionnaire, GRBAS=expert rating of patient record ing of a
phonetically balanced passage in five domains-grade, rough, breathy, asthenic, and strained, HADS = Hospital Anxiety and Depression Scale, UW
QOL = University of Washington Quality of Life questionnaire, FACT = Function al Assessment of Cancer Therapy head and neck questi onnaire,

R = not report ed.

671



Laryngeal Squamous Cell Carcinoma: Early-Stage Disease
672

REFERENCES

1. Haynes RB, et al. Optimal search strategies for retrieving
scientifically strong studies of treatment from Medline:
analytical survey. BMJ 2005;330(7501):1179.

2. Akine Y, et al. Radiotherapy of T1 glottic cancer with
6 MeV X rays. Int J Radiat Oncol BioI Phys 1991;20(6):
1215-1218.

3. Ansarin M, et ale Endoscopic C02 laser surgery for early
glottic cancer in patients who are candidates for radio
therapy: results of a prospective nonrandomized study.
Head Neck 2006;28(2):121-125.

4. Barton MB, et al. The effect of treatment time and treat
ment interruption on tumour control following radical
radiotherapy of laryngeal cancer. Radiother Oncol 1992;
23(3):137-143.

5. Brandenburg JH. Laser cordotomy versus radiotherapy: an
objective cost analysis. Ann Otol Rhinol Laryngol
2001;110(4):312-318.

6. Cellai E, et al. Radical radiotherapy for early glottic cancer:
results in a series of 1087 patients from two Italian radia
tion oncology centers. I. The case of T1NO disease. Int J
Radiat Oncol Biol Phys 2005;63(5):1378-1386.

7. Csanady M, Czigner J, Savay L. Endolaryngeal C02 laser
microsurgery of early vocal cord cancer. A retrospective
study. Adv Otorhinolaryngol 1995;49:219-221.

8. Delsupehe KG, et al. Voice quality after narrow-margin
laser cordectomy compared with laryngeal irradiation.
Otolaryngol Head Neck Surg 1999;121(5):528-533.

9. Eckel HE. Local recurrences following transoral laser
surgery for early glottic carcinoma: frequency, manage
ment, and outcome. Ann Otol Rhinol Laryngol 2001;
110(1):7-15.

10. Fein DA, et ale T1-T2 squamous cell carcinoma of the
glottic larynx treated with radiotherapy: a multivariate
analysis of variables potentially influencing local control.
Int J Radiat Oncol BioI Phys 1993;25(4):605-611.

11. Franchin G, et al. Radiotherapy for patients with early
stage glottic carcinoma: univariate and multivariate analy
ses in a group of consecutive, unselected patients. Cancer
2003;98(4):765-772.

12. Frata P,et aL Radical radiotherapy for early glottic cancer:
results in a series of 1087 patients from two Italian radia
tion oncology centers. II. The case of T2NO disease. Int J
Radiat Oncol Biol Phys 2005;63(5):1387-1394.

13. Gallo A, et al. C02 laser cordectomy for early-stage glottic
carcinoma: a long-term follow-up of 156 cases. Laryngo
scope 2002;112(2):370-374.

14. Garden AS, et al. Results of radiotherapy for T2NOglottic
carcinoma: does the «2" stand for twice-daily treatment?
Int J Radiat Oncol BioI Phys 2003;55(2):322-328.

15. Harrison LB, et ale Prospective computer-assisted voice
analysis for patients with early stage glottic cancer: a pre
liminary report of the functional result of laryngeal irra
diation. Int JRadiat Oneol BioI Phys 1990;19(1):123-127.

16. Harwood AR, et aL Radiotherapy of early glottic cancer
I. Int J Radiat Oncol BioI Phys 1979;5(4):473-476.

17. Harwood AR, Tierie A. Radiotherapy of early glottic
cancer-II. Int J Radiat Oncol BioI Phys 1979;5(4):477
482.

18. Hendrickson FR. Radiation therapy treatment of larynx
cancers. Cancer 1985;55(9 Suppl):2058-2061.

19. Hirano M, Hirade Y, KawasakiH. Vocalfunction following
carbon dioxide laser surgery for glottic carcinoma. Ann
Otol Rhinol LaryngoI1985;94(3):232-235.

20. Howell-Burke D, et al. T2 glottic cancer. Recurrence,
salvage, and survival after definitive radiotherapy. Arch
Otolaryngol Head Neck Surg 1990;116(7):830-835.

21. Jones AS, et al. The treatment of early laryngeal cancers
(T1-T2 NO): surgery or irradiation? Head Neck 2004;26(2):
127-135.

22. Karim AB,et ale Heterogeneity of stage II glottic carcinoma
and its therapeutic implications. Int J Radiat Oncol BioI
Phys 1987;13(3):313-317.

23. Keilmann A, et al. Vocal function following laser and con
ventional surgery of small malignant vocal fold tumours.
J Laryngol OtoI1996;110(12):1138-1141.

24. KellyMD, et al. Definitive radiotherapy in the management
of stage I and II carcinomas of the glottis. Ann Otol Rhinol
LaryngoI1989;98(3):235-239.

25. Klintenberg C, et aL Primary radiotherapy of T1 and T2
glottic carcinoma-analysis of treatment results and prog
nostic factors in 223 patients. Acta OncoI1996;35(SuppI8):
81-86.

26. Krespi YP, Meltzer CJ. Laser surgery for vocal cord carci
noma involving the anterior commissure. Ann Otol Rhinol
LaryngoI1989;98(2):105-109.

27. Le QT, et al. Influence of fraction size, total dose, and
overall time on local control of T1-T2 glottic carcinoma.
Int J Radiat Oncol BioI Phys 1997;39(1):115-126.

28. Lustig RA, et al. The Patterns of Care Outcome Studies:
results of the national practice in carcinoma of the larynx.
Int J Radiat Oncol Biol Phys 1984;10(12):2357-2362.

29. Maurizi M, et ale Laser carbon dioxide cordectomy versus
open surgery in the treatment of glottic carcinoma: our
results. Otolaryngol Head Neck Surg 2005;132(6):857
861.

30. McGuirt WF, et al. Comparative voice results after laser
resection or irradiation of T1 vocal cord carcinoma. Arch
Otolaryngol Head Neck Surg 1994;120(9):951-955.

31. Medini E, et aL Radiation therapy in early carcinoma of
the glottic larynx T1NOMO. Int J Radiat Oncol Biol Phys
1996;36(5):1211-1213.

32. Mendenhall WM, et al. T1-T2NOsquamous cell carcinoma
of the glottic larynx treated with radiation therapy. J Clin
OncoI2001;19(20):4029-4036.

33. Motta G, et ale T1-T2-T3 glottic tumors: fifteen years expe
rience with C02 laser. Acta Otolaryngol Suppl 1997;527:
155-159.

34. Olszewski SJ, et al. The influence of field size, treatment
modality, commissure involvement and histology in the
treatment of early vocal cord cancer with irradiation. Int J
Radiat Oncol BioI Phys 1985;11(7):1333-1337.

35. Ossoff RH, Sisson GA,Shapshay SM. Endoscopic manage
ment of selected early vocal cord carcinoma. Ann Otol
Rhinol Laryngol 1985;94(6 Pt 1):560-564.

36. Pellitteri PK,et al. Radiotherapy. The mainstay in the treat
ment of early glottic carcinoma. Arch Otolaryngol Head
Neck Surg 1991;117(3):297-301.

37. Peretti G, et al. Endoscopic C02 laser excision for tis,
T1, and T2 glottic carcinomas: cure rate and prognostic
factors. Otolaryngol Head Neck Surg 2000;123(1 Pt 1):
124-131.



38. Pradhan SA, et al. Transorallaser surgery for early glottic
cancers.Arch OtolaryngolHeadNeck Surg 2003;129(6):623
625.

39. Rebeiz EE, et al. Preliminary clinical results of window
partial laryngectomy: a combined endoscopic and open
technique. Ann Otol Rhinol Laryngol 2000;109(2):123
127.

40. Rosier JF,et al. Comparison of external radiotherapy, laser
microsurgery and partial laryngectomy for the treatment

. of TINOMO glottic carcinomas: a retrospective evaluation.
Radiother OncoI1998;48(2):175-183.

41. Schwaab G, et al. Surgical salvage treatment of Tl/T2
glottic carcinoma after failure of radiotherapy. Am J Surg
1994;168(5):474-475.

42. Sigston E, et al. Early-stage glottic cancer: oncological
results and margins in laser cordectomy. Arch Otolaryngol
Head Neck Surg 2006;132(2):147-152.

43. Smith JC, Johnson JT, Myers EN. Management and
outcome of early glottic carcinoma. Otolaryngol Head
Neck Surg 2002;126(4):356-364.

44. Spector JG, et al. Stage I (Tl NOMO) squamous cell carci
noma of the laryngeal glottis: therapeutic results and voice
preservation. Head Neck 1999;21(8):707-717.

45. Steiner W. Results of curative laser microsurgery of laryn
geal carcinomas. Am J OtolaryngoI1993;14(2):116-121.

46. Van den Bogaert W, Ostyn F, van der Schueren E. The
significance of extension and impaired mobility in cancer
of the vocal cord. Int J Radiat Oncol BioI Phys 1983;9(2):
181-184.

47. Verdonck-de Leeuw 1M, et al. Multidimensional assess
ment of voice characteristics after radiotherapy for early
glottic cancer. Laryngoscope 1999;109(2 Pt 1):241-248.

48. Verdonck-de Leeuw 1M, et al. Consequences of voice
impairment in daily life for patients following radiother
apy for early glottic cancer: voice quality, vocal function,
and vocal performance. Int J Radiat Oncol BioI Phys
1999;44(5):1071-1078.

49. Epstein BE, et al. Stage Tl glottic carcinoma: results of
radiation therapy or laser excision. Radiology 1990;175(2):
567-570.

50. Krengli M, et al. Voice quality after treatment for Tla
glottic carcinoma-radiotherapy versus laser cordectomy.
Acta OncoI2004;43(3):284-289.

51. Rydell R, et al. Voice evaluation before and after laser
excision vs. radiotherapy of T lA glottic carcinoma. Acta
OtolaryngoI1995;115(4):560-565.

52. Tamura E, et al. Voice quality after laser surgery or radio
therapy for Tla glottic carcinoma. Laryngoscope 2003;
113(5):910-914.

53. Loughran S, et ale Quality of life and voice following endo
scopic resection or radiotherapy for early glottic cancer.
Clin OtolaryngoI2005;30(1):42-47.

54. Smith JC, et al. Quality of life, functional outcome, and
costs of early glottic cancer. Laryngoscope 2003;113( 1):68
76.

Laryngeal Squamous Cell Carcinoma: Early-Stage Disease
673

55. Stoeckli SJ, et al. Quality of life after treatment for early
laryngeal carcinoma. Eur Arch Otorhinolaryngol 2001;
258(2):96-99.

56. Hassan SJ,Weymuller EA Jr. Assessment of quality of life
in head and neck cancer patients. Head Neck 1993;15(6):
485-496.

57. Weymuller EA, et al. Quality of life in patients with head
and neck cancer: lessons learned from 549 prospectively
evaluated patients. Arch Otolaryngol Head Neck Surg
2000;126(3):329-335; discussion 335-336.

58. List MA, et al. The Performance Status Scale for Head and
Neck Cancer Patients and the Functional Assessment of
Cancer Therapy-Head and Neck Scale. A study of utility
and validity. Cancer 1996;77(11):2294-2301.

59. Bogaardt HC, et al. Validation of the Voice Handicap Index
Using Rasch Analysis. J Voice 2006;Feb 24.

60. Deary II, et al. Short, self-report voice symptom scales:
psychometric characteristics of the voice handicap index
10 and the vocal performance questionnaire. Otolaryngol
Head Neck Surg 2004;131(3):232-235.

61. Hsiung MW, Pai L, Wang HW. Correlation between voice
handicap index and voice laboratory measurements in
dysphonic patients. Eur Arch Otorhinolaryngol 2002;
259(2):97-99.

62. Kandogan T, Sanal A. Quality of life, functional outcome,
and voice handicap index in partial laryngectomy patients
for early glottic cancer. BMC Ear Nose Throat Disord
2005;5( 1):3.

63. Kandogan T, Sanal A. Quality of life, functional outcome,
and voice handicap index in partial laryngectomy patients
for early glottic cancer. BMC Ear Nose Throat Disord
2006;6:1.

64. Portone CR, et al. Correlation of the Voice Handicap Index
(VHI) and the Voice-Related Quality of Life Measure (V
RQOL). J Voice 2006.

65. Wilson JA,et al. The Voice Symptom Scale (VoiSS) and the
Vocal Handicap Index (VHI): a comparison of structure
and content. Clin Otolaryngol Allied Sci 2004;29(2):169
174.

66. Woisard V, et al. The Voice Handicap Index: correlation
between subjective patient response and quantitative
assessment of voice. J Voice 2006.

67. Carding PN, Horsley lA, Docherty GJ. The effectiveness of
voice therapy for patients with non-organic dysphonia.
Clin Otolaryngol Allied Sci 1998;23(4):310-318.

68. Deary IJ, et al. VoiSS: a patient-derived Voice Symptom
Scale. JPsychosom Res 2003;54(5):483-489.

69. D'Antonio LL, et al. Quality of life and functional status
measures in patients with head and neck cancer. Arch Oto
laryngol Head Neck Surg 1996;122(5):482-487.

70. Zigmond AS, Snaith RP. The hospital anxiety and depres
sion scale. Acta Psychiatr Scand 1983;67(6):361-370.



30 Laryngeal Squamous Cell Carcinoma:
Early-Stage Disease

Open partial laryngectomy versus endoscopic laryngectomy for T1-2 glottic carcinoma:
Impact on recurrence, salvage surgeries, and survival

Ramon Franco and Jennifer J. Shin

METHODS

A computerized Ovid search ofMEDLINE from 1966 to
July 2006 was performed. The subject headings "laryn
gectomy;' "laser;' "laryngeal cancer;' and "endoscopic"
were exploded and the resulting articles were cross-ref
erenced. These articles were then reviewed to identify
those that met the following inclusion criteria: 1) patient
population with primary laryngeal (glottal) carcinoma,
2) intervention with open partial laryngectomy versus
endoscopic laryngectomy, 3) outcome measured in terms
ofrecurrence, salvagesurgeries, and survival. Case reports
or manuscripts in which results for either endoscopic
laryngectomy alone or partial laryngectomy alone were
reported, without comparative data, were also excluded.
The bibliographies of the articles meeting these inclusion
criteria were manually checked to ensure no further rel
evant articles could be identified. This process yielded
just three retrospective articles [1-3].

RESULTS

Outcome Measures. Outcome measures included sur
vival (disease-specific and disease-free), local recurrence,
locoregional nodal metastases, and measures of salvage
treatment. The number of patients undergoing salvage
surgery based on the primary surgical treatment chosen
(endoscopic versus open surgery), as well as what frac
tion of them were successfully salvaged or inoperable
were reported.

Potential Confounders. Potential confounders included
any disease factors or concomitant treatment that could
alter responses: initial stage of the primary lesion, extent
of neck disease, type (if any) of neck dissection, radiation
therapy, type/extent of partial laryngectomy, experience
of the operating surgeon. In any study comparing treat
ment modalities, there may be a bias toward including
patients with more disease burden in one group because
it is considered the "standard" treatment regimen. In this
case, patients who were treated with open procedures
may have had more disease burden than those who were
chosen for endoscopic treatment. The variety of open
(cordectomy, frontolateral laryngectomy, horizontal
glottic laryngectomy) and endoscopic techniques (cor-
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dectomy, glottectomy, cordo-commissurectomy) intro
duces more bias because disease location, burden, and
surgeon comfort all may have influenced who would
undergo which procedure. It is true that extent of disease
should dictate the procedure being performed, but it also
makes comparisons very tricky because of the inherent
bias the choice of procedure imposes.

StUdy Designs. All three studies were retrospective
studies based on chart reviews. None were case control
studies. The largest study [1] considered 573 partial lar
yngectomies performed for Tl a or small T2 glottic
disease. Of these, 315 were open and 258 were endo
scopic.The criteria that led surgeons to choose the endo
scopic approach versus the open approach were not
reported. There were 325 Tla glottic lesions, 185 TIb,
and 63 T2 lesions. Because of the variety of procedures
used to treat the patients (both open and endoscopic),
this study attempted to compare in a head-to-head
manner the three main open and endoscopic techniques:
1) external cordectomy versus laser endoscopic cordec
tomy, 2) frontolateral partial laryngectomy versus laser
endoscopic cordo-commissurectomy, and 3) horizontal
glottectomy versus laser endoscopic glottectomy. In
group 1,388 surgeries were performed (196 external cor
dectomies for Tla lesions, 129laser cordectomies for Tla
lesions, and 63 widened laser cordectomies for T2
lesions.) In group 2, 147 procedures were performed
(110 external frontolateral partial laryngectomies and 37
laser endoscopic cordo-commissurectomies). All of these
patients were considered to have T1 disease. In group 3,
38 procedures were performed (9 external horizontal
glottectomies and 29 laser glottectomies) . All patients
were also considered to have Tl disease. The mismatch
in number between the open and laser groups in groups
2 and 3 may be attributable to recruitment bias from the
location of disease or surgeon preference.

The next largest study [2] looked at 198 patients
treated via open surgery (66 patients) versus laser cor
dectomy (132 patients). Assignment to open or endo
scopic groups was random. There were 66 patients treated
by open resection (60 were Tl and 6 were T2). In the
endoscopic group (132 patients), 118 were considered to
have Tl disease whereas 14 were classified as having T2



lesions. The fact that the patients were randomly selected
improves this study's design and decreases the selection
bias.

The smallest study [3] reviewed 83 patients treated
by simple or enlarged open cordectomy (30 patients, 22
TIa, 8 T2), horizontal glottectomy (22 patients, 3 TIa, 10
TIb, 9 T2), or endoscopic laser resection (31 patients, 23
TIa,4 TIb, 4 T2). The T stage breakdown included 48
TIa, 14 TIb, and 21 selected cases of T2 with impaired
vocal fold mobility. The criteria that led surgeons to
choose the endoscopic approach versus the open
approach were not reported. As evidenced by the lower
numbers of T2 lesions (4 for the laser group versus 8 for
open cordectomy and 9 for the open horizontal glottec
tomy) there seems to be a bias toward lower disease
burden (lower T stage) for those patients who underwent
laser endoscopic procedures.

None of these articles reported an a priori power
calculation. Follow-up time was long, ranging from 2 to
16 years after surgery. In addition, patients were followed
at regular intervals to evaluate for evidence of recur
rences. Those patients who developed recurrences under
went salvage surgery that consisted of endoscopic
resections, radiation therapy, total laryngectomy, or a
combination of the preceding options. The actual proto
col varied by study.

Highest Level of Evidence. There were three retrospec
tive reviews that compared results with open versus
endoscopic partial laryngectomy. Results must be consid
ered with the limitations of the retrospective study in
mind.

First survival was compared. Among the eight direct
comparisons made in the three studies, there were no
significant differences between open versus endoscopic
techniques in seven comparisons. In one study, however,
they did report that disease-specific survival was signifi
cantly better with endoscopic cordectomy than with
external cordectomy (940/0 versus 84%, p =0.04).

Second, local recurrence was compared. There was a
trend toward fewer recurrences with endoscopic man
agement in some cases (e.g., endoscopic versus external
cordectomy for T1a disease [2]) but the opposite trend
existed in other comparisons (e.g., endoscopic versus
open cordectomy for T2 disease [3]). Overall, no statisti
cally significant differences were reported in any of the
studies.

Third, neck metastases were reported. These were
delayed cervical neck metastases that were discovered
during patient follow-up examinations. There were very
few cases of cervical disease, just 1%-20/0 in all three
studies. Again, no significant differences were reported.

Fourth, salvagetherapy was compared. There seemed
to be better salvage rates in the endoscopic group versus
the open group (de Campora, laser 70.80/0 versus 53.50/0
open; Maurizi, laser 630/0 versus 44% open; Puxeddu,
laser 100% versus 29% open) but statistical analyses were
not performed.
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Fifth, no formal statistical comparisons were made
between the lengths of stay after laser endoscopic proce
dures versus open procedures. Maurizi et al. was the only
study to not mention length of stay. In the de Campora
study, endoscopic cordectomy required 1-3 days whereas
external cordectomy required 4-10 days in the hospital.
Endoscopic cordo-commissurectomy patients stayed an
average of 1.3 days whereas the frontolateral partiallar
yngectomy patients required 7 days. The endoscopic
glottectomy patients were in the hospital a mean of 3
days whereas the horizontal glottectomy patients had a
12-day stay (mean). In the Puxeddu study, endoscopic
cordectomy required 2.1 days, whereas open cordectomy
and horizontal glottectomy required an average of 7.3
days and 9.8 days, respectively.

Applicability. These results are applicable to patients
with TI or T2 glottic carcinoma, with the caveats of
potential confounders and study design.

Morbidity. Comparison of morbidity and postoperative
complications revealed less for those patients undergoing
endoscopic treatment in the de Campora and Puxeddu
studies. This was not reported in the Maurizi study.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were three retrospective comparative trials that
compared survival, local recurrence, neck metastases,
salvagetherapy, and hospital staywith open partial versus
endoscopic laryngectomy for the treatment of glottic car
cinoma. Overall, the vast majority of results showed no
significant difference between endoscopic and open
resection, although two comparisons showed a difference
between groups (survival and salvagebetter in the endo
scopic group [2]). These results must be viewed with the
limitations of retrospective studies and sample size in
mind. As discussed in more detail above, all retrospective
studies may be especially subject to selection bias. Such
bias results when subjects in two compared groups are
not similar at the outset; for example, patients who
received endoscopic intervention may have been more
likely to have lesser disease and thus a better prognosis,
which would bias toward better results with endoscopic
surgery. Such potential bias is inherent to the retrospec
tive study design.

If one were to design a prospective study to compare
these two approaches, it would ideally focus on specific
subsites and stages of disease to allow for the most direct
comparison; a comparison of patients with a TI epiglot
tic carcinoma (who could be treated with epiglottectomy
or supraglottic horizontal laryngectomy) to patients with
a T3 false cord carcinoma extending into the glottis (who
could be treated with supracricoid laryngectomy) is



Laryngeal Squamous Cell Carcinoma: Early-Stage Disease
676

somewhat irrelevant, but a focused study of endoscopic
versus open intervention for the former group alone or
the latter group alone would be very useful. It may be
challenging to perform a prospective study with an ade
quate sample size,because in order to have a 90% power
to detect a 100/0 difference in survival rate (i.e., 850/0
versus 950/0, based on the retrospective data described
here), a total of 416 patients would need to complete the
study. Such numbers would likely prove difficult to
recruit, especiallygiven the large number ofpatients who
choose radiation as a preferential treatment for early
stage laryngeal carcinoma.

The retrospective data published to date suggest that
there may be advantages to the endoscopic approach over
the open approach, and this viewpoint has been cham
pioned in Europe by Steiner and Eckel.There is, however,
much controversy with respect to endoscopic treatment
of T2 glottic carcinoma. There is some evidence that
suggests that supracricoid laryngectomy may result in
higher local control rates in T2 carcinoma, but at present
there are no head to head trials of endoscopic versus this
type of open partial laryngectomy. None of the com
parative data discussed in this systematic review included
any patients who underwent supracricoid laryngectomy.
Ideally, future prospective trials will help address these
controversial issues further.



THE EVIDENCE CONDENSED: Open partial laryngectomy versus endoscopic laryngectomy

Reference

Level (design)

Sample size

Survival

Local recurrence

Neck metastases

Salvage therapy

Hosp ital stay

de Campora, 2001

3b (retrospective)

573 operations: 196 externa l cordectomies, 129 laser cordectomies, 63 widened laser cordecto mies, 110 externa l fronto lateral
par tial laryngectom ies, 37 laser endosco pic cordo -commissu rectomies, 9 externa l horizontal glottectomies, 29 laser
glottectomies

OUTCOMES

Frontolatera l
Endoscopic External p Endoscopic cordo- partial p Endoscopic Horizontal p
cordectomy cordectomy Value commissurectomy laryngectomy Value glottec tomy glottec tomy Value

Tla: 122/129 (95%) Tla: 184/196 NR 36/37 (97%) 101/110 (92%) NR 27/29 (93%) 8/9 (88%) at NR
T2: 59/63 (94%) (94%) at 2 y at 25 mo 29 mo

Tla: 23/129 (18%) T la: 24/196 NR 5/37 (14% ) 11/1 10 (10%) NR 6/29 (2 1% ) 2/9 (24%) NR
T2: 10/63 (16% ) (12%)

T la: 1/129 « 1%) 4/ 196 (2%) NR None 2/ 110 (2%) NR None None NR
T2: 1/63 (2% )

Tla: 17/23 (73.9% ) 14/24 (62.5% ) NR 4/5 (80% ) 4/ 11 (36.3%) NR 4/6 (66.6% ) 1/2 (50%) NR
successful salvage successful successful salvage successful successful successful
17/23 supracricoid salvage 3/5 total salvage salvage salvage
6/23 XRT alone 18/24 total laryngectomy with 3 patients had 4/6 total 1/2 total
1/1 neck dissection lar yngectom y pos toperat ive XRT too extens ive laryngec tomy laryngectom y
with posto perative with 2/5 XRT alone disease to with with
XRT postopera tive salvage postoperative postoperat ive
T2: 6/10 (60%) XRT 7/11 total XRT XRT
successful salvage 6/24 XRT alone laryngectom y 2/6 XRT 1/2 too
5/10 total 2/4 neck with alone extensive
laryngectom y with dissection postope rative spread to
postoperative XRT 2/4 neck XRT have salvage
5110 XRT alone dissection with 1/11 XRT alone
1/1 neck dissection postoperative
with postope rative XRT
XRT

1-3 d 6 d (range 4-10) NR 1.3 d (maximum 7d NR 3 d 12 d NR
Add 2 d for of 4)
those with
tracheotom y

STUDY DESIGN

Inclusion criteria Cordecto my or widened cordectomy for the treatm ent of Tla and T2 (limited involvement of the ventr icle floor) glottic tumors

Exclusion criteria T3 or T4

Staging details

Decision for
endoscopic vs
ope n surgery

Endoscopic
surgery details

Ope n partial
laryngecto my
details

Extent of partial
laryngecto my

Age

Consecutive
patients?

Mor bidityl
complicatio ns

Preoperative classification of the tum or was performed by endosco py (direct laryngoscopy, stro bolaryngosco py) in the case of Tla
and by endoscopy and Cf/NMR in the case of T2

Factors NR

NR

NR

Cordecto my, frontolatera l, horizont al glottecto my

NR

NR

More frequent in open vs endosco pic. Open: 35% subQ emphysema, 9% prelaryngeal infection , 9% anterio r webs, 2% dysphagia
from hypopharyngeal hematom a. Endosco pic: 6% anterior webs

NR = not repor ted, Cf = computed tom ograph y, NMR = nuclear magnetic resonance.
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THE EVIDENCE CONDENSED: Open partial laryngectomy versus endoscopic laryngectomy

Reference

Level (design)

Sample size

Maurizi, 2005

3b (retrospective)

198 cases (132 endoscopic, 66 open partial )

OUTCOMES

Survival

Local recurrence

eck metastases

Salvage therapy

Hospita l stay

Endoscopic cordectomy

DSS 94% (5 y)
DFS 85% (5 y)

Tla 13/118 (11%)
T2 3/14 (21%)

3/132 (2%)

16 cases
10/16 (63%) successful salvage
1/16 (6%)
inoperable

NR

Extern al cordectomy

DSS 84% (5 y)
DFS 77% (5 y)

TI a 16/60 (27% )
T2 2/6 (33%)

5/66 (8%)

18 cases
8/18 (44%) successful salvage
4/18 (22%) inoperable

NR

p Value

0.04
S

S
S

R

NR
NR
<0.05

NR

Inclusion criteria

Exclusion criteria

Staging details

Decision for endoscopic vs
open surger y

Endoscopic surgery details

Open partial laryngectomy
detai ls

Extent of partial
laryngectomy

Age

Consecutive patients?

Morbidity/complications

STUDY DESIGN

Consecutive, untreated primary glottic squamous cell carcinoma, Tla or T2 without involvement of
anterior commissure, underwent cordectomy

T30rT4

Preoperative staging with indirect laryngoscopy, videolaryngoscopy, strobolaryngoscopy, and
phoniatric evaluation in TIa cases and by the same endo scopy with imaging (CT/MR) in TIb and T2
cases. All patients were restaged retro spectively according to 1997 T M system

"The assignation to surgical procedure of the patients was random." Endoscopic group: 118 patients
were cTla 0 MO, 14 cT2 0 MO. External group: 60 cTI a 0 MO, 6 cT2 0 MO

Transoral surger y was performed with a COl laser. The excised tissue was whole-mounted on a slide
and oriented, with the anterior and medial margins mark ed. If the frozen sections revealed a positive
margin, resections were extended

External cordectomy was performed through a laryngofissure as described by Buck (a vertical incision
is created thro ugh the thyroid cartilage off of midline on the contralateral side to gain access to the
larynx. The diseased vocal fold is removed under direct visualization )

Frontolateral

Average 63 Y (range, 34-88 y)

Yes

Anterior commissure involvement was not a factor in achieving locoregional control (p > 0.05)

R = not reported, NS = not significant, DSS = disease specific survival, DFS = disease-free survival. cr = computed tom ograph y. MR = magnetic
resonance, T M = Tum or-Node -Metastasis.
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Referen ce

Level (design)

Sample size

Puxeddu,2000

3b (retrospective)

83 cases (31 endoscopic, 30 open cordectomy, 22 horizontal glottectomy)

Survival

Local recurrence

Neck metastases

Salvage therapy

Hospital stay

Endoscopic cordectomy

DSS 92% (3 y)
DFS 88% (3 y)

Tla 1/23 (4%)
Tlb 1/4 (25%)
T2 1/4 (25%)

0/31 (0%)

3 cases
3/3 (100%) successful salvage

2.1 d
ofeeding tube
otracheotomy

OUTCOMES

Open cordectomy

DSS93% (3 y)
DFS 86% (3 y)

Tla 3/22 (14%)
one treated

T2 1/8 (13%)

Open procedures 1/52 (2%)

7 cases
2/7 (29%) successful salvage

7.3 d
ofeeding tube
otracheotomy

Horizontal glottectomy

DSS90% (3 y)
DFS 85% (3 y)

Tla 1/3 (33%)
Tlb 1110 (10%)
T2 1/9 (11%)

9.8 d
7-23 d to remove feeding
tube, 6-27 d to decannulate

p value

NR

R

R

R

NR

Inclusion criteria

Exclusion criteria

Staging details

Decision for endoscopic vs
open surgery

Endoscopic surgery details

Open partial laryngectomy
details

Extent of partial
laryngectomy

Age

Consecutive patients?

Morbidity/complications

STUDY DESIGN

Glottic cancer, Tl or T2

T3 or T4, massive involvement of anterior commissure

Preoperative staging with preoperative and intraoperative endoscopic evaluation in the endoscopic
group. CT scanni ng was added preoperatively in cases in which tumo r involved the anterior
commissure or for clinically stage II tumors

Not specified

Transoral surgery was performed with the aid of the CO2 laser. 5 types of procedures were performed
depending on the depth of invasion: I ) superficial cordectomy-up to vocal ligament (5 patients ), 2)
partial cordectomy-removal of medial vocalis (15 patients ), 3) total cordectomy-not involving inner
perichondrium (4 patients ), 4) total cordectomy with inner perichondrium (3 patients ), 5)extended
cordectomy- false vocal fold or contralateral true vocal fold (4 patients )

Horizontal glottectomy involves creating 2 horizontal incisions, the lower through the cricothyroid
membrane, and the upper one across the wings of the thyroid. The gap is then closed by
approximating the cricoid to the thyroid remnants (cricothyropexy) . The entire region of the glottis
and its cart ilaginous clements arc removed

Cordectomy, horizo ntal glottectomy

Mean age 60.6 y (range, 42-80 y)

ot specified

Mild aspiration, subQ emphysema, mino r stenosis not affecting breathing

R =not reported. NS =not significant , DSS=disease specific survival. DFS =disease-free survival, cr =computed tomography, MR =magneti c
resonan ce. TNM = Tumor-Node -Metastasis .
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30 Laryngeal Squamous Cell Carcinoma:
Early-Stage Disease

Open partial laryngectomy with/without radiation therapy versus radiation therapy alone for
T1-2 NO supraglottic laryngeal carcinoma: Impact on survival and recurrence

Ven-Lin Chen and Kian Ang

METHODS

A computerized PubMed search of MEDLINE 1966
2005 was performed. First, articles mapping to the terms
"supraglottis" or "supraglottic larynx" were cross-refer
enced with those mapping to the terms "cancer" or
"squamous cell carcinoma." Second, articles mapping to
the terms "supraglottic laryngectomy:' "hemilaryngec
tomy:' or "partial laryngectomy" were obtained. Third,
publications mapping to the terms "radiotherapy" or
"external beam radiation" were obtained. These three
searches were cross-referenced, yielding 106 articles on
partial laryngectomy and/or radiation for supraglottic
cancer, These articles were then reviewed to identify
those that met the following inclusion criteria: 1) patient
population with newly diagnosed, previously untreated
Tl-2 supraglottic larynx squamous cell carcinoma, 2)
intervention with open partial laryngectomy (hemilar
yngectomy, supraglottic laryngectomy, or supracricoid
laryngectomy) with or without postoperative radiation
versus definitive external beam radiation, 3) outcome
measured in terms of local control and survival. Articles
on treatment of recurrent supraglottic cancer after radi
ation failure or surgical failure were excluded. Articles in
which the majority of patients had T3, T4, N+, or M+
disease, near-total laryngectomy, total laryngectomy,
nonsquamous histology, endoscopic resection, or single
modality only were excluded for this analysis [1-49].
Articles that used nonstandard staging werealsoexcluded.
Articles that had n<20 per treatment modality, pre
partial laryngectomy radiation, unclear stage separation
for analysis, or chemotherapy were also excluded [22,40,
50-53]. The bibliographies of the articles that met
these inclusion criteria were manually checked to ensure
no further relevant articles could be identified. This
process yielded a total of three articles with retrospective
cohort comparisons between open partial laryngectomy
versus primary radiation for early supraglottic cancer
[54-56].

RESULTS

Outcome Measures. The outcome measures for the
three retrospective cohort studies were initial local
control, ultimate local control after salvage therapy,
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voice preservation, and survival (overall or disease
specific).

Potential Confounders. All three studies were single
institution, retrospective analyses of consecutive patients
treated for supraglottic larynx cancer. Patients were not
balanced in terms of comorbidities, smoking, age,patho
logic staging, performance status, or other risk factors
that may have impacted outcome except in one study
[56]. In one study [55], downstaging of the surgical
cohort may have been a potential confounder; patients
with cNO disease who were found to have pN+ disease
requiring postoperative radiation were excluded from
analysis.This exclusion may have resulted in a bias toward
more favorable results in the surgery cohort. However,
the studies that included patients receiving postoperative
radiation after surgery may have masked potential inad
equacy of surgery in the primary management of patients
who may have had occult nodal disease [54,56].

Study Designs. All three studies were single institutional
retrospective cohort studies of patients with supraglottic
larynx cancer. There was significant variation in the radi
ation therapy (RT) delivered (dailyversus bid. radiation,
60Co up to 17 MV,with or without elective neck or low
anterior neck radiation). There was also significant varia
tion in the degree of partial laryngectomy performed.
Patient treatment with conservative surgery depended on
a variety ofconsiderations including anatomic location as
well as the medical condition. However, no objective
guidelines for pulmonary function were reported in the
studies. Both RT and surgery policies also changed over
time.

Highest Level of Evidence. These three retrospective
nonrandomized, uncontrolled cohort studies provided
limited level 3 evidence that open partial laryngectomy
and radiation yield comparable ultimate local control,
voice preservation, and five-year survival rates. These
studies were, however, limited by the small number of
patients in subgroups, as well as potential selection biases
favoring pathologic NO, healthier, and younger patients
for surgical resection. Thus, there is insufficient definitive
evidence to show whether radiation or open partial lar
yngectomy endoscopic surgery is better for patients with
early supraglottic cancer.



Applicability. These results are applicable for patients
with Tl-2 NO supraglottic carcinoma treated with partial
laryngectomy or primary radiation.

Morbidity/Complications. Radiation had a different set
of acute reactions (mucositis, radiation dermatitis, or dry
mouth) compared with surgery (broncho-aspiration).
Chondronecrosis (from RT) or severe aspiration (from
partial laryngectomy) were both unusual events ranging
from 00/0 to 40/0 in all three studies. Radiotherapy patients
who needed nonlaryngectomy salvage surgery had more
frequent and severe complications, with wound infection
being the most common reason for prolonged hospital
ization [56]. The complication rate was also related to
the extent of conservative surgery [55]. Cricohyoidopexy
or extended supraglottic laryngectomy both resulted in
more swallowing, respiration, and phonation problems
compared with horizontal supraglottic laryngectomy
[55]. One study reported higher rates of morbidity when
radiation was given pre- or postsurgery [54], with two
fatal carotid blowouts (the stage or burden ofneck disease
for these two patients was not reported).

Laryngeal Squamous Cell Carcinoma: Early-Stage Disease
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CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Well-designed prospective randomized controlled clini
cal trials would be useful to guide decision making for
patients with early supraglottic cancer. Because there are
insufficient data to suggest whether open partiallaryn
gectomy or radiation is better for survival or local control
of early supraglottic carcinoma, management decisions
must be individualized as to patient preference, suitabil
ity for surgery versus radiation, cornorbidities, and phy
sician expertise. Unfortunately, these studies did not
compare quality of life or quality of voice between the
two approaches using validated instruments. Prospective
studies addressing the impact of supraglottic laryngec
tomy versus radiation should address quality of life and
quality of voice to help guide treatment decisions, espe
cially if there is no local control or survival difference
found.



THE EVIDENCE CONDENSED: Open partial laryngectomy ± radiation therapy versus radiation therapy for T1-2
NO supraglottic larynx cancer: Survival and recurrence

No difference between RT TLlPL ± RT for LRC, as,or voice preservation (except T2)

Refere nce

Level (design)

Study population

RT

Surgery

Ini tial LC

RT

Surgery ± RT

P Value

Ult imate LC after
salvage

RT

Surgery ± RT

P Value

LC with voice
preservation

RT

Surgery ± RT

P Value

Survival

RT

Surgery ± RT

P Value

Conclusions

Weems, 1987"

3 (retrospective comparative)

19 TI NO and 32 T2 NO

RT n =27

TL or PL n = 24

TI NO

90%

100%

0.526

TI NO

100%

100%

1.00

TI (all N)

94%

89%

0.6

OS5 TI NO

100%

100%

1.00

OUTCOME MEASURES

T2NO

76%

87%

0.392

T2 NO

94%

93%

0.726

T2 (all N)

84%

39%

<0.001

OS5 T2 NO

100%

89%

0.562

% requiring surgery
or laryngectomy for
complications

Inclusion criteria

Exclusion criteria

RT methods

Surgery methods

Follow-up

Selection bias

STUDY DESIGN

one needed laryngectomy but % needing some form of surgery:
RT 5%, surgery alone 23%
Preoperative RT + SGY 21%
SGY + postoperative RT 17%

All patients with supraglottic carcinoma treated from 1964 to 1994 at a single institution

Patients lost to follow-up

RT:""Co or 2, 8, or 17 MV photons with 1.8-2 Gy per fraction to 56-75 Gy q.d. or 1.2 Gy b.i.d. to 69.6
76.8 Gy. Small number treated using split-course schedule

Total or partial laryngectomy (horizontal supraglottic laryngectomy), not further separated for analysis.
Elective neck dissection levels II-V

At least 2 y (76% had 5 y follow-up). Media n NR

No com par ison between groups in age, smoking status, perfor mance stat us, comorbidities, stage, other risk
factors. >2/3 of patien ts trea ted with surgery had adjuvan t RT: difficult to separa te impac t of surgery from
RT

TL = totallaryngeetom y, PL = partial laryngectomy, RT = radiation therapy, R = not reported, q.d. = every day, b.i.d. = twice a day.
• Results combined for TL and PL (30 patients total had supraglottic laryngectomy, but the article does not separate by TL vs supraglottic
laryngectom y for each stage): LC = local control [except in Weems et al., the results above represent local and regional control above the clavicle for
AlCC (American Joint Committee on Cancer) stage I (T l NO) and stage II (T2 0). Control of the primary was reported by T stage only but not by
AlCC stages or nodal status and therefore not presented above ): # =reported for all patients (all stages ): breakdown as follows I) preoperatively: I
fatal carotid blowout, 2) postoperative: I fatal carotid blowout and 1 severe laryngeal edema needing tracheostomy, and 3) RT: 4 severe laryngeal
edema or chondronecrosis needing tracheostomies, 1 spina l cord myelitis, I MI, I pharyngocutaneous fistula and esophageal stricture.
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Reference

Level (design)

Stud y population

RT

Surgery

Initial LC

RT

Surgery ± RT

P Value

Ult ima te LC after
salvage

RT

Surgery ± RT

P Value

LC with voice
preservation

RT

Surgery ± RT

P Value

Survival

RT

Surgery ± RT

P Value

Conclusions

Complications
% requiring surgery
or laryngectomy for
complications

Inclusion criteria

Exclusion criteria

RT methods

Surger y methods

Follow-up

Selection bias

Spriano, 1997

3 (retrospective comparative)

166 Tl -2 0 supraglottic carcinoma cases

RT n = 100

PL n = 66

OUTCOME MEASURES

Tl-2 NO

75%

95%

NR

TI -2 NO

87%

98%

NR

TI -2 NO

72%

95%

NR

DFS5 Tl +T2

76.4% ± 6.1

88.4% ± 4.5

R

Both approaches yield reasonable results. Direct
comparison not possible because of selection bias

STUDY DESIGN

% requiring total laryngectomy
RT 0% (2 had chondronecrosis requiring
hyperbaric oxygen)
PL 3% (for aspiration; both had >horizontal
supraglottic laryngectomy)

All Tl T2 NO supraglottic carcinoma treated from
1983 to 1992 at a single inst itution

Non-squa mous cell, pr ior or synchro nous tu mors,
lost to follow-up, Tx-Nx,T3-4, N+ (or NO but path
N+), M I, TL, no neck RT

RT: ""Co or 6 MV photons paralle l opposed portals
to primary and upper and mid-neck nodes. LAN
field added in T2 0 patients. 1.5 Gy b.i.d,or 2 Gy
q.d. to total of 64-72 Gy

Horizontal supraglottic laryngectomy in 38, extended
horizontal supraglottic laryngectomy in 16, and
cricoh yoidopexy in 12. eck dissection levels II-V

Median 80 mo

RT patients do not have histologically proven
negative p , may be sicker, or have other risk
factors. Surgery group excluded c 0 pN+ and may
have had more favorable disease. Patients who
required postoperative RT were excluded

Oru s,2000

3 (retrospective comparative)

115Tl-2 0

RTn=90

PL n = 25

TI -2 NO

79%

84%

>0.5

TI -2 NO

87%

88%

NS

TI -2 NO

83%

80%

S

OS

71%

78%

0.4

o difference between RT and need to individualize
according to suitability for either modality

% requiring laryngectomy
RT 0%
PL 1/25 (for aspiration)

All clinically staged Tl T2 NO supraglott ic larynx
cancers treated from 1984 to 1996at a single institution

No exclusions reported

RT: ""Co parallel opposed portals to primary and
upper and mid-neck nodes plus low anterior neck
field. 65-70 Gy to primary and 50 Gy electively to
neck

Horizontal supraglottic laryngectomy + elective
bilateral neck dissection of areas II, III, and IV

All >29 mo. Median R

Both groups well balanced except for age (older in
RT group compared with PL). Otherwise no
difference in stage, grade, and location. 7/25 patients
had postoperative RT: difficult to separate impact of
surgery from RT

TL =total laryngectomy, PL =partial laryngectomy, RT =radiation therapy, R =not reported, q.d. =every day, b.i.d. =twice a day.
• Result s combined for TL and PL (30 patients total had supraglott ic laryngectomy, but article does not separate by TL vs supraglottic laryngectomy
for each stage); LC= local control [except in Weem et al., the results above represent local and regional control above the clavicle for AICC
(American [oint Committee on Cancer) stage I (Tl 0) and stage II (T2 NO). Control of the primary was reported by T stage only but not by AICC
stages or nodal status and therefore not presented above ]; # = repo rted for all patients (all stages): breakdown as follows I ) preoperatively: I fatal
carotid blowout , 2) postoperative: 1 fatal carotid blowout and J severe laryngeal edema needing tracheostomy, and 3) RT: 4 severe laryngeal edema
or chondronecrosis needing tracheostomies, I spinal cord myelitis, I MI, 1 pharyngocutaneous fistula and esophageal stricture.
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Hyperfractionated versus conventional radiotherapy for T2 NO laryngeal carcinoma:
Impact on recurrence and survival

Yen-Lin Chen and Kian Ang

METHODS

A computerized PubMed search ofMEDLINE 1966-2005
was performed. First, articles mapping to the textwords
"larynx:' "glottis:' "supraglottis," or "subglottis," were
combined with "cancer:' "carcinoma:' or "squamous cell
carcinoma" and cross-referenced with those containing
the terms "early stage" or "T2." Second, articles mapping
to the terms "radiotherapy:' "externa l beam:' "radiation,"
"fractionation:' "hyperfractionation," "accelerated frac
tionation :' "altered fractionation:' and "BID" were com
bined. Results from the above two sets of searches were
then cross-referenced, yielding 178 articles. The remain
ing articles were then reviewed to identify those that met
the following inclusion criteria: 1) patient population
with predominantly T2 larynx cancer, 2) intervention
with conventional versus hyperfractionated external
beam radiation only, without chemotherapy, 3) outcome
measured in terms of survival, local recurrence, and
quality of life. Articles regarding locally advanced (T3-4
or N+) larynx cancer [1,2] , comparing T2 versus T1 [3],
a split-course regimen [4], chemotherapy, or only once
daily radiation were excluded. Also, articles that analyzed
only T1 disease were excluded [5], as well as articles in
which results of T2 disease were reported only as a con
glomerate with stage III-IV disease [6]. The bibliogra
phies of the articles that met these inclusion criteria were
manually checked to ensure no further relevant articles
could be identified. This process yielded a total of three
retrospective cohort comparisons between conventional
versus altered fractionation in T2larynx cancer [7-91.

RESULTS

Outcome Measures. The primary outcome measure for
the three retrospective cohort studies reported was local
control.

Potential Confounders. The main confounder in all
three studies was the potential for patient bias: patients
who had larger disease burden may have been more likely
to receive twice-daily radiation instead of once-daily
radiation, potentially adversely impacting the outcome
of the hyperfractionation group, resulting in no apparent
benefit to hyperfractionation. However, patients who
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were not able to come for twice-daily radiation (so
cioeconomic reasons, inconvenience, transportation,
comorbidities that make twice-daily radiation difficulty
to tolerate) may not have received hyperfractionation
even if they had other features that may have benefited.
Additional confounders that make interpretation of the
results difficult in all three studies included changing
radiation techniques, dose fractionation, and total dose
over time.

StUdy Designs. All three studies were single institutional
cohort studies of patients with T1 and/or T2larynx cancer
treated with conventional versus hyperfractionation.

Highest Level of Evidence. There was insufficient evi
dence to show whether hyperfractionation or conven
tion al fractionation radiation was better for patients with
T2 larynx cancer. These three retrospective nonrandom
ized, uncontrolled cohort studies provided conflicting
results on the benefit of hyperfractionation over conven
tional fractionation in local control. Two of the studies
showed no significant difference in local control between
the two fractionation regimens [7,8] whereas one study
showed a trend toward better local control with hyper
fractionation over conventional fractionation and sig
nificantly better local control over daily fraction size of
<2 Gy [9]. However, there was no benefit of hyperfrac
tionation over daily fraction size of >2 Gy. The optimal
dose fractionation, therefore, remains controversial.

Applicability. These results are applicable for pat ients
with T2 larynx cancer.

Morbidity/Complications. Conventional and hyperfrac
tionated radiation for T2 larynx cancer are both well
tolerated. There may be more acute mucositis with
hyperfractionation but no significant difference in late
effects has been reported. None of the studies used vali
dated instruments for comparing quality oflife and voice
quality.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were three retrospective comparative studies that
compared the recurrence/survival impact of hyperfrac-



tionated versus conventional radiotherapy. Overall,
results were mixed, with two studies showing no differ
ence and one study showing a better result with
hyperfractionation.

Well-designed, prospective randomized controlled
clinical trials are needed to guide decision making regard
ing the optimal radiation dose fractionation for patients
with T2 larynx cancer. The Radiation Therapy Oncology
Group is currently testing this question in a randomized
prospective trial of hyperfractionation given in twice-
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daily doses versus conventional fractionation for T2
NO glottic carcinoma. Furthermore, studies comparing
the two fractionation schedules need to assess cost
effectiveness, patient convenience, acute and late side
effects,voice quality, and quality of life measures to help
guide decision making between the two fractionation
schedules.



THE EVIDENCE CONDENSED: Hyperfractionated versus conventional radiotherapy for T2 NO larynx carcinoma:
Impacton recurrence and survival

Reference

Level (design)

Sample size

Saka ta, 2000

3 (retrospective cohort)

CF n = 17
HF n =33

Mendenhall, 2001

3 (retrospective cohort)

CF n = 151
HF n = 67

OUTCOMES

Disease control

CF

LC

62.7% ± 12.2%

OS

80.3%± 7.3%

LC fornA

82%

LC forT2B

71%

HF 74.7% ± 7.8% 82.4% ± 9.2% 83% 69%

Patients Ki-67 of <50% receiving CF vs HF RT

HF docs not significantly improve LC or OS
in T2 larynx cancer

Confluent mucositis

1.9%

97.6%

NR (no severe late complications)

o
1/67

NR (3 patients required permanent tracheostomy for
persistent laryngeal edema but fractionation NR)

Long overall treatment time and pathology were the most
significant factors on LC. Fractionation marginally affected
LC (p = 0.07) and did not significantly affect larynx
preservation rate, cause-specific survival , or overall survival

HF is marginally significant for LC. Overall treatment
time is more important than fractionation

0.80

Confluent mucositis

0.88NSNS

Conclusion

p Value

Complications

CF

HF

P Value

Factors associated
with higher risk of
local failure

STUDY DESIGN

Inclusion criteria

Exclusion criteria

CF

HF

Radiation technique

Selection biases

Period bias

Patients with T2 NO glottic cancer treated with
RT only.
Minimum follow-up at 2 y
Median of 69 mo
Excluded N+ or M+ patients

Patients lost to follow-up

64 Gy at 2 Gy per fraction q.d. from 1984 to
1989

55-58 Gy at 1.72 Gy per fraction b.i.d. from
1990 onward

6OCOy-ray using parallel opposed lateral fields
with most field sizes 6 x 6 cm.
Minimum of 6 h between b.i.d . fractions

Patients with smaller disease tend to be treated
with q.d , fractionation. Patients who can come
for b.i.d. treatment arc more likely to receive
b.i.d . treatment

Improved techniques over time may impact
outcome

Patients with TI NO or T2 NO glottic cancer treated with
RT only. Minimum follow-up of 2 y. Median follow-up of
9.87 y. HF started in 1978

Patients with N+ neck, synchronous head and neck
primary, split course technique, or lost to follow-up

54-77.5 Gy at 1.74-2.57 Gy/fraction

74-76.8 Gy at 1.2-1.25 Gy per fraction

6OCO y-ray or 2-MV (more 6OCO in recent years). Lateral
decubitus position with single field initially and
subsequently parallel-opposed fields. Minimum of 6 h
between b.i.d. fractions

Patients with smaller disease tend to be treated with q.d.
fractionation. Patients who can come for b.i.d . treatment
arc more likely to receive b.i.d. treatment

Improved techniques over time may impact outcome.

T2 glottic cancer = vocalcord tumor that extends to supraglottis or subglottis with or without impairment of vocal cord mobility, RC=
retrospectivecohort, RT=radiation therapy, CF =Conventional fractionation, HF =hyperfractionation, NS=not significant,NR =not reported,
q.d. =everyday, b.i.d. =twice a day, T2A=without vocalcord immobility,T2B=with vocalcord immobility.
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Impact on recurrence and survival

Reference

Level (design)

Sample size

Garden, 2003

3 (retrospective cohort)

CF n = 146
HF n = 81

0.01

OUTCO MES

LC by fraction size

80% if >2.06 Gy q.d.
59% if <2 Gy q.d.

79%

LC

0.06

Rate of larynx dysfunction

2/146

3/81

NR None resulted in laryngectom y

79%

67%

Disease control

HF

P Value

Complications

CF

HF

P Value

CF

Factors associated
with higher risk of
local failure

Subglottic extension did worse overall (63% vs 81%; P < 0.0 I) and if treat ed with daily $2 Gy vs >2 Gy
(51% vs 74%). Supraglottic extension, impaired vocal cord mobility, and involvement of bilateral vocal
cord /anterior commissure had no impact to LC

Conclusion HF resulted in a trend toward better LC compared with CF and significantly better LC compared with
CF with daily dose <2 Gy, particularly in patients with subglottic extension. However, q.d.
hypo fractionation (>2 Gy per fraction ) had equ ivalent LC to HC

Inclusion criteria

STUDY DESIGN

Patients with clinically staged T2 0 glottic cancer treated with RT only with minimum follow-up of
20mo

Exclusion criteria 10 patients excluded : 6 with nodal involvement; 2 had induction chemotherapy; and 2 did not complete
treatment

CF

HF

Radiation technique

89 treated with 32-75 Gy at 2 Gy per fraction q.d .; 57 had 66-70 Gy at 2.06-2.26 Gy per fraction q.d.;
I had 1.8 Gy per fraction

68 had 1.2Gy/fract ion b.i.d.
13 had l.l Gy/fraction b.i.d.

78% of patie nts had parallel opposed lateral fields. 20% had single appositional field. 3 patients had
three-field technique. 85% had 6 x 6 cm field sizes. Minimum of 6 h between b.i.d. fractions

Selection biases Patient s with smaller disease tend to be treated with q.d . fractionation . Patients who can come for b.i.d.
treatment are more likely to receive b.i.d, treatment

Period bias Improved techniques over time may impa ct outcome

T2 glottic cancer =vocal cord tumor that extends to supraglott is or subglottis with or without impairment of vocal cor d mobilit y, RC =
retrospective coho rt, RT =radiati on therapy, CF =Conventional fractionation , HF =hyperfraction ation , S =not significant, R =not reported,
q.d. =every day, b.i.d, =twice a day, T2A =without vocal cord imm obilit y, T2B =with vocal cord immobility.
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Advanced Disease

Open partial laryngectomy versus total laryngectomy: Impact on disease-specific quality
of life

Ramon Franco, Jennifer J. Shin, and James Netterville

METHODS

A computerized Ovid search of MEDLINE from 1966
to May 2004 was performed. The subject headings "lar
yngectomy" and "quality of life" were exploded and the
resulting articles were cross-referenced, yielding 122
publications. These articles were then reviewed to iden
tify those that met the following inclusion criteria: 1)
patient population with primary laryngeal carcinoma, 2)
intervention with open partial laryngectomy versus total
laryngectomy, 3) outcome measured in term s of vali
dated instruments measuring disease-specific quality of
life (QOL). (Global QOL is addressed in the subsequent
section , 31.A.ii.) Articles in which data from patients
with laryngeal carcinoma were pooled with data from
patients with oropharyngeal carcinoma were excluded.
The one paper in which only two patients with hypopha
ryngeal carcinoma were pooled with 29 patients with
purely laryngeal carcinoma was included .Articles in which
results for either total laryngectomy alone or partiallar
yngectomy alone were reported, without comparative/
controlled data, were also excluded. Reports using instru
ments that had not been validated (i.e., untested ques
tionnaires) were excluded. The bibliographies of the
articles meeting these inclusion criteria were manually
checked to ensure no further relevant articles could be
identified. This process yielded just three articles [1-3] .

RESULTS

Outcome Measures. Five disease-specific instruments
were used in these trials: 1) The European Organization
for Research and Treatment of Cancer Quality of Life
Core Questionnaire Head and Neck 35 is a diagnosis
specific instrument with 35 items about symptoms
attributable to head and neck cancer or its treatment. 2)
The University of Michigan Head and Neck Quality of
Life (UM HNQOL) instrument is a validated 30-item
instrument that measures four domains: communica
tion, eating, pain, and emotion. Scores range from 0 to
100, with higher scores corresponding to better QOL. 3)
The University of Michigan Voice Related Quality of Life
instrument generates physical, social, emotional, and
total scores for voice-related disorders. Scores also range
from 0 (worst) to 100 (best). 4) The Performance Status

Scale for Head and Neck Cancer Patients is a clinician
rated instrument with three subscales assessing normalcy
of diet, understandability (not quality or type) of speech,
and eating in public; scores range from 0 to 100 with
higher scores meaning better performance. 5) The Func
tional Assessment of Cancer Therapy with Head and
Neck additional concerns subscale (FACT-H&N) is a
comprehensive instrument developed specifically for use
with cancer patients; it yields a total score and six sub
scale scores- physical, social, relationship with doctor,
emotional, functional, head and neck. Higher scores rep
resent better QOL.

Potential Confounders. Potential confounders include
any disease factors or concomitant treatment that could
alter responses: initial stage of the primary lesion, extent
of neck disease, type (if any) of neck dissection, radiation
therapy and its tim ing relative to evaluation, type/extent
of partial laryngectomy, concomitant resection of tongue
base or tracheoesophageal puncture.

Study Designs. All three studies were prospective con
trolled studies. Sample sizes were unclear in one study, as
this particular clinical question was addressed in only a
subset of their larger reported patient number. The other
two studies had 14 and 31 subjects. None of these articles
reported an a priori power calculation. Retrospective
power calculations are reported where global scores were
not significantly different between the two groups. Using
the global mean scores and standard deviations for the
UM HNQOL as prerequisite data , it is estimated that a
sample size of 98 patients would be required to achieve
a 90% power to detect a significant difference with p <
0.05. Using the FACT-H&N total score as prerequisite
data , it follows that a sample size of 77 patients would be
requ ired to achieve a similar power. All studies were con
trolled, although the initial tumor stage was either not
reported or not evenly matched or between the partial
and total laryngectom y groups; patients undergoing
partial laryngectomy had lower disease burden at the
out set, which could bias results toward a better outcome
in this group. In addition, radiation therapy was system
atically separated in only one report. Follow-up time was
long, ranging from 6 months to 10.7 years after surgery.
In addition, patients were followed at regular intervals in
one study.
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Highest Level of Evidence. All three studies provided
level 2 data, although power was somewhat limited and
potential confounders were partially unbalanced between
the two study groups at the outset. Results showed better
pain control with partial laryngectomy in two studies. In
addition, swallowing/eating was better in two studies, but
a third study showed no difference in public eating. Sur
prisingly, speech and communication were no different
in the longest-term follow-ups in each study. Social and
emotional outcomes were mixed, with one study showing
better results with partial laryngectomy but two showing
no difference.

Applicability. These results are applicable to patients
undergoing treatment for laryngeal carcinoma, with the
caveats of potential confounders and study design.

Morbidity. Morbidity and postoperative complications
beyond QOL were not reported in these articles.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There are three level 2 trials comparing disease-specific
QOL with partial versus total laryngectomy. Overall,
results showed that partial laryngectomy resulted in

better pain control, better swallowing/eating, and some
times better social and emotional scores in head and
neck-specific outcomes. The interspersed negative find
ings in these studies are partially tainted by sample sizes
less than that required to achieve 900/0 power to detect
any difference that truly exists. Among these negative
findings, it is interesting to note that speech/communica
tion scores were so comparable among the two groups,
which suggests that esophageal speech or the use of an
electrolarynx was eventually comparable to speech with
a partially intact larynx.

Current data are limited by potential confounders
and sample sizes.Attempting to accurately examine QOL
data on limited data sets may result in flawed conclu
sions. Larger patient populations are needed to accu
rately demonstrate true QOL after total laryngectomy
versus partial laryngectomy. Also, future research will
ideally focus on stage-specific, site-specific outcomes.
That is, because glottic carcinoma progresses differently
than supraglottic carcinoma, an ideal study would focus
specificallyon one site or the other, rather than combin
ing data from the two. Likewise, patients with stage 2
disease are predisposed to a better QOL outcome than
patients with stage 4 disease, so an ideal study might
either focus on just one stage or ensure that stages of
disease are balanced at the outset in two groups being
compared. In addition, preoperative data regarding pre
treatment QOL may prove helpful in serving as a baseline
for comparison in future studies.



THE EVIDENCE CONDENSED: Disease-specific quality of life aftertotal laryngectomy versus open partial
laryngectomy

Reference

Level (design)

Sample size'

Muller, 2001

2 (prospective controlled)

2 of 5 groups which had a total of
124 patients (137)

Weinstein, 2001

2 (prospective controlled)

31 (31)

Partial laryngectomy

Total laryngectomy

p Value

EORTC QLQ-H&N35
Mean (SO)

Pain 4.73 (0.98)
Swallowing 4.90 (1.35)
Speech 6.84 (2.5I)
Social contact 6.48 (1.95)

Pain 5.67 (2.11)
Swallowing 5.81 (1.97)
Speech 6.84 (2.21)
Social contact 9.00 (4.68)

Pain <0.05
Swallowing <0.0I
Speech NS
Social contact <0.001

OUTCOMES

UMHNQOL
Mean (SO)

Communication 68.8 (24.0)
Eating 91.9 (10.4)
Emotion 90.1 (12.0)
Pain 93.0 (7.9)
Global 85.9 (18.2)

Communication 52.9 (26.3)
Eating 80.8 (16.5)
Emotion 73.6 (32.0)
Pain 76.7 (22.3)
Global 68.3 (34.7)

Communication NS
Eating 0.032
Emotion S
Pain 0.010
Global NS

UMVRQOL
Mean (SO)

Physical 71.1 (22.4)
Social 85.2 (20.4)
Total 76.8 (20.4)

Physical 48.1 (34.4)
Social 63.2 (40.7)
Total 54.2 (34.4)

Physical 0.026
Social NS
Total 0.032

Conclusion

Follow-up time

Better pain, swallowing, and social
contact with partial laryngectomy.

o difference in speech problems

10 mo-lO.7 y

Better eating, pain with partial.
o difference in communication,

emotion, or global

29 mo mean

Better physical function ,
total scores. No difference
in social, emotional

STUDY DESIGN

Inclusion criteria

Exclusion criteria

Primary site details

Extent of partial
laryngectomy

Procedures associated
with total laryngectomy

RT

Neck dissection

Age

Masking

Consecutive patients?

Power

Morbidity/complications

Treatment for laryngeal cancer

Failure to complete questionnaire

Not reported

Not reported

Not reported

Total laryngectomies also treated
with radiation were reported
separately; RT for partial
laryngectomies not reported

Not reported

66.7 Yaverage

one

Random sample, 71% response
rate to questionnaire

ot reported but identified
significant differences

ot reported

Treatment with supracricoid partial laryngectomy with either
cricohyoidoepiglottopexy or cricohyoidopexy, or total laryngectomy
with primary or secondary tracheoesophageal puncture

ot specified

71% glottis, 23% supraglottic, 6% hypopharynx
Partial laryngectomy: 0% TI, 75% T2, 19% T3, 6% T4
Total laryngectomy: 13% TI, 20% T2, 27% T3, 40% T4

Supracricoid partial laryngectomy: 88% with
cricohyoidoepiglottopexy, 22% with cricohyoidopexy

47% primary tracheoesophageal pu ncture
53% secondary tracheoesophageal puncture

Partial laryngectomy: 63% none, 31% radiation failure, 6%
postoperative
Total laryngectomy: 0% none, 53% radiation failure, 47%
postoperative

ot reported

61.9 y mean (11.2 SO)

None

ot reported

ot reported. Calculated at 73% using global H QOL scores and
variances

ot reported

EORTC QLC-H& 35 = Th e European Organization for Research and Treatment of Cancer Quality of Life Core Qu estionnaire Head and eck 35
instrument, UM H QOL = University of Michigan Head and Neck Quality of Life instrument. UM VRQOL = The University of Michigan Voice
Related Qu ality of Life instrument, PSS-HN = Performance Status Scale for Head and Neck Cancer Patients , FACT-H&N = Functional Assessment
of Cancer Therapy with Head and Neck additional concerns subscale, SD =standard deviation. SE =standard error. NS =not significant, RT =
radiation therapy.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
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laryngectomy

Referen ce

Level (design)

Sample sizet

List, 1996

2 (prospective controlled)

14 ( 14)

OUTCOMES

Partial laryngectomy

Total laryngectom y

p Value

Conclusion

Follow-up time

PSS-HN
Median (minimum to maximum)

Diet '50 (0-100), r roo(60-100)
Speech '100 (75-100), noo(100-100)
Public eating ' 62.5 (0-100), n oo(75- 100)

Diet ' 50 (20-100),tl OO(30-100)
Speech ' 0 (0-25), noo(0-100)
Public eating ' 50 (0-100), r roo(50-100)

Diet ' NS, t NS
Speech ' p < 0.05, t NS
Public eating ' NS, t NS

Partial laryngectom y with better speech at 6 wk. 0

differences by 6 mo

2 wk, ' 6 wk, 12 wk, t 6 mo

FACf-H&N
Mean (SE)

H&N 21.5 (1.9)
Total 87 (5.5)

H& 18.3 (1.8)
Total 83.3 (5.1)

H&N S
Total NS

o difference in pooled scores

Q-6mo

Inclusion criteria

Exclusion criteria

Primary site details

Extent of parti al
laryngectomy

Procedures associated
with tota l laryngectomy

RT

eck dissection

Age

Masking

Consecutive patients?

Power

Morbid ity/compli cations

STUDY DESIGN

ewly diagnosed, previously untreated laryngeal carcinoma

Patients receiving radiation as part of a concomitant chemoradiotherapy protocol

Partial laryngectomy stage I-Ill
Total laryngectomy stage III-IV

Hemilaryngectomy, not further described; 1/7 involved ante rior commissure

2/5 had part ial pharyngectomies

Not reported

ot reported

ot reported

one

ot reported

ot reported. Calculated at 40% for FACf-H& total scores and variances

ot reported

EORTC QLC-H & 35 = The Euro pean Organization for Research and Treatm ent of Cancer Qu ality of Life Core Qu estionn aire Head and Neck 35
instrument, UM H QOL = University of Michigan Head and Neck Qu ality of Life instrument, UM VRQOL = The University of Michigan Voice
Related Qu ality of Life instrument, PSS-H = Performance Statu s Scale for Head and Neck Cancer Patient s, FACT-H&N = Functional Assessment
of Cancer Therapy with Head and Neck additional concerns subscale, SD = standa rd deviation , SE = standard error, NS = not significant, RT =
rad iation therapy.
:j:Sample size: numbers shown for those not lost to follow-up and those (initially recruited ).
" :j:Symbol s denote which data compari son s correspond to the referenced p values and follow-up times.
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Advanced Disease

Open partial laryngectomy versus total laryngectomy: Impact on global quality of life

Ramon Franco, Jennifer J. Shin, and James Netterville

METHODS

A computerized PubMed search ofMEDLINE 1966-May
2004 was performed. The terms "laryngectomy" and
"quality of life" were exploded and the resulting articles
were cross-referenced, yielding 122 publications. These
articles were then reviewed to identify those that met the
following inclusion criteria: 1) patient population with
primary laryngeal carcinoma, 2) intervention with open
partial laryngectomy versus total laryngectomy, 3)
outcome measured in terms of validated instruments
measuring global quality oflife (QOL) and overall func
tional status. (Disease-specific QOL is addressed in the
preceding section, 31.A.i.) Articles in which data from
patients with laryngeal carcinoma were pooled with data
from patients with oropharyngeal carcinoma were
excluded. Articles in which results for either totallaryn
gectomy alone or partial laryngectomy alone were
reported, without comparative/controlled data, were also
excluded. Reports using instruments that had not been
validated (i.e., untested questionnaires) were excluded.
The bibliographies of the articles meeting these inclusion
criteria were manually checked to ensure no further rel
evant articles could be identified. This process yielded the
six articles discussed here [1-6] .

RESULTS

Outcome Measures. Outcomes were measured using
validated instruments that measure global QOL and/or
overall performance: 1) the Psychosocial Adjustment to
Illness Scale (PAIS) has 46 items, through which ratings
are given from 1 (no problem) to 4 (total problem). The
items are grouped into seven domains of health attitudes,
work or school, relationship with spouse, sexuality,family
relationship other than spouse, hobbies and activities,
and psychologic. Patients are asked to complete the
instrument with reference to the 30 days prior. A T score
is generated for each domain, with 50 representing an
average score, and 1 standard deviation being 10 greater
or less than the mean . For the PAIS, lower scores mean
better adjustment. Validated English and Spanish ver
sions were used in two of these studies. 2) The European
Organization for Research and Treatment of Cancer
Quality of Life Core Questionnaire C30 (EORTC QLQ
C30) consists of 30 items comprising functional and
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symptom scales. The six functional scales are: physical,
role, emotional, cognitive, social, and global health status.
For these functional scales, a higher score is better. The
symptom scalesmeasure: fatigue, nausea/vomiting, pain,
dyspnea, insomnia, appetite loss, constipation, diarrhea,
and financial difficulties. In all, there are 30 questions .
The patients answer each question with yes/no, or by
indicating four steps (1 =not at all, 2 =not much, 3 =
moderate, 4 =very much), or about a visual analogous
scale (l = very bad, 7 = excellent). For the symptom
items, a higher score corresponds to a higher level of
symptoms. 3) The Medical Outcomes Study Short Form
36 (SF-36) is a general health measure that generates
scores from a(worst) to 100 (best) in eight physical and
mental health domains. Scores are summarized with a
physical component summary and mental component
summary. 4) The Karnofsky Performance Status Rating
Scale is a clinician-rated measure of a patient's global
functioning in terms of degree of mobility and ability to
maintain employment, live at home, and care for oneself;
ratings range from ato 100 with higher scores indicating
better performance.

Potential Confounders. The initial stage of the primary
lesion, extent of neck disease, type (if any) of neck dis
section, radiation therapy and its timing relative to eval
uation, type/extent of partial laryngectomy, concomitant
resection of tongue base or tracheoesophageal puncture,
preoperative functional status, and response rate to
surveys may all potentially influence results.

Study Designs. These six studies were prospective con
trolled studies in which patients who had partial or total
laryngectomy were evaluated with validated instruments
that measured global QOL and/or overall functional
status. In five studies, patients had previously undergone
surgery and were subsequently evaluated at a wide range
of intervals. In the List study [5], patients were evaluated
at the time of entry into the trial, as well as at specified
uniform postoperative intervals. The Moscini publica
tion [2] reported all consecutive patients, whereas the
DeSanto publication [1] reported mostly consecutive
patients . The Muller study [6] attempted to address the
potential confounder of radiation by considering these
patients separately.Likewise, the Moscini study attempted
to address the potential confounder of concomitant



radical neck dissection by considering these patients
separately. Although these were all prospective trials, a
priori power calculations were not in abundance, even
in studies in which no difference was identified between
groups; thus, it is unclear whether studies with negative
findings were adequately powered to demonstrate a dif
ference that might truly exist.

Highest Level of Evidence. There were six level2 studies
that compared global QOL and/or overall functional
status in patients after partial versus total laryngectomy.
Five of these six publications reported a significantly
better outcome with partial laryngectomy. In particular,
SF-36 physical component summaries, Karnofsky scores,
EORTC QLQ-C30 global health scores, and fatigue, pain,
and financial difficulty scores were significantly better
with more conservative surgery. PAIS scores were like
wise significantly better in the Weinstein study [4],
although the Ramirez study [3] did not come to the same
conclusion. Mental component SF-36 summary scores
showed no difference in any study.

Applicability. These results are applicable to patients
undergoing either partial or total laryngectomy for laryn
geal cancer.

Morbidity. Morbidity and postoperative complications
beyond QOL were not reported in these articles.
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CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There were six prospective controlled trials that com
pared global QOL and/or overall performance in patients
who had undergone either partial or total laryngectomy
for laryngeal malignancy. The preponderance of the data
suggests better global performance after partial rather
than total laryngectomy. Better SF-36 physical compo
nent summaries, Karnofsky scores, PAIS scores, EORTC
QLQ-C30 global health scores, and fatigue, pain, and
financial difficulty scores were seen with more conserva
tive surgery. There were, however, no significant differ
ences in SF-36 mental component scores and certain
EORTC QLQ-C30 symptom scores. With appropriate
care, patients after total laryngectomy can fit well into
society and have excellent QOL, but their overall perfor
mance may always be burdened with alaryngeal speech
and transstomal ventilation. Partial laryngectomy
patients, however, still enjoy transoral ventilation and
transoral handsfree communication.

Future research should have better control of
confounders and large patient populations. In addition,
evaluations that further test general acceptance back into
society could help accurately demonstrate QOL after
total laryngectomy versus partial laryngectomy.



THE EVIDENCE CONDENSED: Global quality of life after total laryngectomy versus open partial laryngectomy

Reference

Level (design)

Samp le size'

DeSanto, 1995

2 (prospective controlled)

172 (172)

Mosco ni, 2000

2 (prospective controlled )

134 (134) consec utive surgical treatments
among 165 total patients

Ramirez, 2003

2 (prospective controlled)

62 (response rate not specified )

Treatm ent extent:
p < 0.01 for PCS, p = NS for MCS
Multivar iate regression:
p < 0.0001 par tial vs tota l with radical neck,
p =0.4 for tota l without vs with radical neck

Significantly better Trend toward better
PCS with partial MCS with partial.
laryngectomy but no significant

difference

Partialvertical
Mean T score 40
(SOt 25)
Return to work
85%

T score 54.9 (SOt 20)
Retu rn to work 15%

PAIS (Spanish versio n)
Lower scores mean better adjustment

p = NS for total and individual
domain scores

ot specified for work scores

Trend toward better adjustment with
part ial laryngectomy. but no
significant difference

Horiz. supraglottic
Mean T score 51
(SDt 26)
Return to work
50%

42.1 with radical
neck dissection
44.4 witho ut radical
neck dissection

OUTCOMES

SF-36 MCS
Mean (SD NR)

Score 0 =worst, 100=best

46.2

4 1.9 with radica l
neck dissectio n
46.8 witho ut rad ical
neck dissection

51.2

SF-36 PCS
Mean (SD NR)

Significantly better
adjustment with partial
laryngectomy

PAIS

The par tial laryngectomy
group repor ted better
psychosocialadjustment in
all domains (health, work,
spouse, sexual, family,
activities, psychologic) than
the total laryngectomy and
near-total laryngectomy
groups

p = 0.05 for part ial vs
total or near total

Conclusion

p Value

Partial
laryngectomy

Total
laryngectomy

Not otherwise specified

41-85 y, mean 63.8 y

Control group: patients with cancer of
lung, breast. lymphoma, head and neck
other than larynx-most treated by
surgery and/o r chemotherapy: T score of
50 is reference value for control group

Not specified

>36 mo

Patients und ergoing surgery for
laryngeal or hypopharyngeal cancer
who responded to mail questionnaire
at Dr Peset University Hospital, Spain

one specified

Laryngeal or hypopharyngeal

Horizontal supraglottic laryngectomy
(n = 12) or partial vertical
laryngectomy (n = 9)

Not specified

Not otherw ise specified

165 consecutive patients

one specified

Laryngeal

Excluded partial laryngectomies requiring
tracheotomy

"Treatment extent" derived from primary and
salvage treatm ent description s, ranging from
least aggressive to most aggressive.Also divided
data for total laryngectomies into those that did
and did not requ ire radical neck dissection

Mean age 64 y

one specified

Up to 262 mo

STUDY DESIGN

Histologically confirmed diagnosis of
laryngeal cancer at any stage but witho ut
distant metastases, willingness to cooperate

26-84 Y

one specified

15% of 60 had failed RT
previously

121 consecut ive patients,
with the remainder from
attendance at voice
institute or support group

Not otherwise specified

Laryngeal

Excluded near-to tal
laryngectomies

3-48 mo postoperatively

Total, near-total, partial
vertical, or horizont al
laryngectomy in the
preceding 3-48 mo

"There were no exclusions"

Morbidity!
complications

PAIS. Psychosocial Adjustment to Illness Scale. SF-36 = (Medical Outcomes Stud y) Short Form 36, SD R = standard deviations not reported.
hori z. = horizontal. pes = physical component summary. MCS = mental component summary, NS = not significant, RT = radiation therap y.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
t Extrapolated from bar graph.

Consecu tive
patients?

Age

Additional
instrument
reference
groups

Follow-up time

Exclusion criteria

Primary site

Extent of
partial
laryngectom y

Additional
treatm ents

Inclusion
criteria
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Referen ce

Level (design)

Sample size'

Weinstein, 2001

2 (prospective controlled)

31 (31)

OUTCOMES

Partial laryngectomy

Total laryngectomy

p Value

Conclusion

Follow-up time

SF-36 pes
Mean (SO)

52.6 (6.5)

45.3 (10.2)

p < 0.023

Physical function significantly better with partial

29 mo mean

STUDY DESIGN

SF-36MCS
Mean (SO)

53.8 (7.3)

46.8 (13.8)

p < 0.084

No difference in mental function

Inclusion criteria

Exclusion criteria

Primary site

Extent of partial
laryngectomy

Procedures associated
with total laryngectomies

RT

Neck dissection

Age

Masking

Consecutive patients?

Morbidity/complications

Treatment with supracricoid partial laryngectomy with either cricohyoidoepiglottopexy or
cricohyoidopexy, or total laryngectomy with primary or secondary tracheoesophageal puncture

Not specified

71% glottis, 23% supraglottic, 6% hypopharynx
Partial laryngectomy: 0% TI, 75% T2, 19% T3, 6% T4
Total laryngectomy: \3% T \, 20% T2, 27% T3, 40% T4

Suprac ricoid partial laryngectomy: 88% with cricohyoidoepiglottopexy, 22% with cricohyoidopexy

47% primary tracheoesophageal pu ncture
53% secondary tracheoesophageal puncture

Partial laryngectomy: 63% non e, 31% radiation failure, 6% posto pera tive
Total laryngectomy: 0% non e, 53% radiation failure, 47% postoperat ive

Not repor ted

61.9 y mean (11.2 SO)

None

Not repor ted

Not reported

SF-30 = (Medical Outcomes Stud y) Short Form 30, EORTC QLQ-C30 = European Organization for Research and Treatment of Cancer Quality of
Life Core Que stionnaire C30, SD =standard deviation, signif. =significantl y, PCS =physical component summary, MCS =mental component
summary, RT = radiation therapy.
• Sample size: numbers shown for those not lost to follow-up and those (initially recruited).
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Reference

Level (des ign)

Sample size'

List, 1996

2 (prospective controlled)

14 ( 14)

Muller, 2001

2 (pros pective controlled )

2 of 5 gro ups whi ch had a to tal of 124 pati ents (137)

OUTCOMES

"Significant differences in Karnofsky
scores across all assessment points"

% scor ing >50 on Karnofsky score]
(Karn ofsky score, 0 =worst, 100 =best )

Total laryngectomy group with "slower
and less complete recovery of overall
fun ction as indicated by .. . Karnofsky
scores"

EORTC QLQ -C30

Health status lower score wo rse
Sym pto m scale lower score better

Globa l health Symptom scales

Fatigue 4.89 (2.04)
Pain 2.54 (0.96)
Financial difficul ty 1.52 (0.77)

Fatigue 6.47 (2.65)
Pain 3.58 (1.81)
Financial difficult y 2.38 ( 1.20)

Fatigue, p < 0.05
Pain , p < 0.05
Financial difficulty, p < 0.001

Signif. less fatigue, pain, and financial
d ifficulty with partial

p < 0.0 1

Global health
signif. better with
partial

10.07 (2.50)

8.53 (2.0 1)100%

100%

6mo

100%

12wk

88%98%

6wk

85%

Entry

29%

55%

Partial laryngectomy

p Value

Conclusion

Total laryngectomy

Follow-up time 2 wk, 6 wk, 12 wk, 6 mo 10 mo-lO.7 y after surgery

STUDY DESIGN

Inclusion criteria

Exclusio n criteri a

Primar y site

ewly diagnosed, previously untreated
laryngeal carcino ma

Patients receiving radiation as part of a
concomitant chemoradiotherapy pro tocol

Partial laryngectomy stage I-III
Total laryngectomy stage III-IV

Treatment for lar yngeal ancer

Failure to complete qu estion naire

Not reported

Extent of partial

laryngectomy

Procedures associated
with total laryngectomies

RT

Neck dissection

Age

Masking

Consecutive patients?

Morbidity/complications

Hemilaryngectomy, not further described;
1/7 involved anterio r commissure

2/5 had pa rtia l pharyngectomies

Not reported

Not reported

Not reported

None

ot reported

Not reported

ot reported

Not reported

Total laryngectomies also treated with radiation were repo rted
sepa rately; RT for partial lar yngectom ies not reported

Not reported

66.7 Yavera ge

one

Random sample, 71% re po nse rate to questionnaire

Not reported

SF-30 = (Medical Outcomes Study) Sho rt Form 30, EORTC QLQ-C30 = European Organ ization for Research and Treatment of Cancer Qu ality of
Life Core Qu estionn aire C30, SD = standard deviation , signif. = significantly, PCS = physical compone nt summary. MCS = menta l component
summary, RT = radiat ion therapy.
• Sample size: numbers shown for those not lost to follow-up and those (initially recru ited).
t Extrapolated from line graph.
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31 Laryngeal Squamous Cell Carcinoma:
Advanced Disease

Total laryngectomy with postoperative radiation therapy versus induction chemotherapy
with radiation therapy for stage III-IV laryngeal carcinoma: Impact on survival, recurrence

Babar Sultan, Lori Wirth, and Merrill S. Kies

METHODS

A computerized PubMed search of MEDLINE 1966-May
2006 was performed. The medical subject headings
«laryngeal neoplasms" and «radiotherapy" were exploded
and the resulting articles were cross-referenced, yielding
1622 publications. Given the richness of the literature,
these studies were then limited to randomized controlled
trials (RCTs) and meta -analyses, yielding 40 trials. These
articles were then reviewed to identify those that met the
following inclusion criteria: 1) patient population with
laryngeal carcinoma, 2) intervention with chemotherapy
and radiation therapy (RT) versus surgery and RT, 3)
outcome measured in terms of survival and recurrence.
Articles in which RT alone, surgery alone, or chemo
therapy alone was considered were excluded. Studies that
combined populations of laryngeal carcinoma with head
and neck cancers of different primary sites were likewise
excluded. The bibliographies of the articles that met
these inclusion criteria were manually checked to ensure
no further relevant articles could be identified. This
process yielded two articles [1, 2].

RESULTS

Outcome Measures. The Veterans Affairs (VA) Laryn
geal Cancer Study [1] measured overall survival (OS) at
2 years, disease-free survival (DFS), patterns of recur
rence (primary, regional, distant), response to chemo
therapy (complete: disappearance of clinically evident
tumor; partial: 50% reduction), and larynx preservation
(LP) rate. Richard et al. [2] measured similar outcomes,
although a different scale was used to determine response
to chemotherapy (>80% reduction in tumor size was
considered a good response).

Potential Confounders. Both trials were randomized
and controlled to minimize bias. Blinding to treatment
assignments was not possible with these designs but the
comparisons in terms of survival and recurrences
between arms should not be affected. More subjective
outcomes, however, such as chemotherapy toxicities
could be affected. Because the treatment in the chemo
therapy arm was longer than that given in the surgical
arm, a direct comparison of DFS and as from the time
of randomization rather than completion of therapy
minimizes bias caused by therapy timing differences.

702

StudyDesigns. In the VA Study, patients were random
ized to one of two arms: surgery then postoperative RT
or induction chemotherapy then definitive RT. Surgery
was dictated by the extent of the tumor. Classicwide-field
laryngectomy was performed for nearly all primaries.
Regional neck dissections were performed in all surgical
patients, except those with T3 NO tumors or those with
midline supraglottic T4 NO tumors for whom the side at
risk could not be determined. The postoperative RT dose
varied. Tissue volumes assumed to be at normal risk
for microscopic disease received 50-50.4 Gy.Volumes at
high risk for a local recurrence received an additional
10 Gy. Target volumes presumed to contain residual
disease received an additional 15-23.8 Gy.The induction
chemotherapy regimen consisted of cisplatin 100 mg/rrr'
on day 1 +5-fluorouracil (5-FU) 1000 mg/rnvd by con
tinuous infusion for 5 days, on days 1, 22, and 43. After
the second cycle, patients with at least a partial response
received a third cycle,then definitive RT. Partial response
was defined as >50% tumor regression in this study.
Patients without a partial response underwent immedi
ate surgical resection and postoperative RT. The median
follow-up of all patients was 33 months. Seven patients
(2%) were lost to follow-up. Intention to treat analysis
was conducted appropriately. Randomization was effec
tive in that there were no significant differences between
treatment groups with respect to age, sex, or known
prognostic factors, including performance status, T class,
N class, tumor stage, tumor site, tumor grade, cartilage
involvement, or vocal cord fixation. Power analysis was
not reported but the sample size was large.

Richard et al. randomized their patients to similar
treatment arms: total laryngectomy followed by RT
versus chemotherapy followed by RT if tumor regression
was >80% or total laryngectomy if <80% response.
Chemotherapy consisted of cisplatin (l00 mg/rrr') on
day 1 followed by continuous IV infusion offluorouracil
(1000 mg/rnvd) for 5 days, repeated on day 22 and
optionally on day 43. If the tumor had not progressed
after the second cycle, then the third cycle was adminis
tered. Surgeries performed were classic total laryngec
tomy, modified neck dissection (if NO) and radical neck
dissection (if palpable nodes). The trial was interrupted
prematurely when the majority of patients refused entry
because they wished to receive chemotherapy. The
median follow-up was 8.3 years. Intention to treat analy-



sis was conducted appropriately. Randomization was
effective in that there were no significant differences
between the treatment groups with respect to age, nodal
status, tumor site, and performance status. Power analy
sis was not conducted, and of note, this trial was closed
prematurely, after only 68 subjects were enrolled, because
of poor accrual attributed to a strong patient preference
to receive chemotherapy and radiation instead of surgery
followed by radiation.

Highest Level of Evidence. These two RCTswhich com
pared survival/recurrence with chemoradiotherapy
(CRT) versus surgery/RT, suggested differing results. The
VA Study concluded that induction chemotherapy and
definitive radiotherapy could be effective in preserving
the larynx, without compromising OS. 2-year OS was
680/0 in both treatment arms. In addition, DFSwas similar
in both groups (p = 0.1195). Overall rates of tumor
relapse also did not differ, but differences in the pattern
of recurrence were seen. Recurrences in the 10 site were
less frequent with surgery compared with chemotherapy
(20/0 versus 120/0, p = 0.001). The rates of regional recur
rence were similar (50/0 and 80/0, respectively). Distant
metastases were more common in the surgery group
(170/0 and 110/0, respectively, p = 0.001). Seventy-one
percent of patients in the chemotherapy group received
a third cycle of chemotherapy. The combined overall
response rate in the 10 site and involved nodes after 2 or
3 cyclesof chemotherapy was 85% and 98%, respectively.
The larynx was, notably, preserved in 64% of patients
assigned to induction chemotherapy. Risk factors for
salvage laryngectomy were T4 and glottic primary
tumors, fixed vocal cord, gross cartilage invasion, and
stage IV disease.

Richard et al. concluded that LP for patients, selected
on the basis of having responded to induction chemo
therapy, could not be considered a standard treatment.
The PF-RT group (cisplatin/5-FU, then RT) had a 2-year
OS of 690/0 compared with the 84% of the surgery-RT
group (p value not stated nor significance mentioned).
The as was higher in the surgery group (p =0.0006). In
addition, DFS was lower in chemotherapy group (p =
0.02). The specific value was not reported. There were
more total recurrences in the CRT group (530/0 versus
340/0, p value not reported) and more locoregional recur
rences in the CRT group (170/0 versus 90/0, p value not
reported). The larynx was preserved in 42% of patients
assigned to the induction chemotherapy treatment arm.
Thirty-nine percent of tumors had >800/0 regression after
chemotherapy and 430/0 of positive nodes had >80%
regression after chemotherapy.

Some important differences exist between the studies
that may explain the contradicting conclusions:

1) With regard to the initial stage of disease, 90/0 of
patients enrolled in the VA study had T1 or T2 disease,
whereas all of the Richard et al. patients had T3 disease.
One hundred percent of patients in the latter study had
vocal cord fixation at presentation, whereas approxi-
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mately 60% of patients enrolled in the VA study pre
sented with vocal cord fixation. This is an important
difference, because vocal cord fixation is widely recog
nized as an important negative prognostic factor. As a
result of these differences, the patient population in the
VA larynx study had a better prognosis than those
enrolled in the study by Richard et al.

2) There were also differences in the treatment reg
imens. Every patient was given identical chemotherapy
for the first two cycles in both studies. However, in decid
ing whether to proceed to the third cycle and definitive
RT, the VA study required >50% tumor regression
whereas Richard et al. required >80% tumor regression.
This may explain the higher rate of LP seen in the VA
study compared with Richard et al. Also, to assess tumor
status, the VA study used indirect laryngoscopy whereas
Richard et al. used direct laryngoscopy. Classic wide-field
total laryngectomy was used in all of the relevant Richard
et al. patients whereas in the VAstudy, some supraglottic
primary tumors were resected adequately with horizon
tal partial laryngectomy and regional neck dissections
were performed in all surgical patients except those with
T3 NO tumors or those with midline supraglottic T4 NO
tumors for whom it could not be determined which side
of the neck was chiefly at risk. In the study by Richard et
al., all NO patients underwent modified neck dissection
and patients with palpable nodes underwent radical neck
dissection. In the VA study, definitive radiotherapy was
defined as 66-76 Gy whereas in the Richard et al. study,
this was defined as 65-70 Gy.

3) Lastly, the outcome measures were slightly differ
ent between the two studies. The median follow-up in
the VAstudy was shorter than the Richard et al. study (33
months versus 8.3 years). Both trials used an intention
to treat analysis; neither conducted a power analysis.

Applicability. These data apply primarily to patients
with untreated stage III or IV squamous cell carcinoma
of the larynx with adequate bone marrow and renal func
tion without previous cancer, distant metastasis, and pre
vious RT to head and neck.

Morbidity/Complications. In the Richard et al. study,
450/0 (15 patients) experienced chemotherapy-related
toxicity ranging in type and grade. Two postsurgical
hematomas, three postsurgical pharyngostomies, and
one radiation-related skin toxicity were encountered, as
well. In the VA larynx study 1, eight patients died during
treatment, five in the chemotherapy group and three in
the surgery group. Only one death from septicemia/leu
kopenia was considered directly a result of chemotherapy.
The other four deaths in the chemotherapy group were
attributed to tumor and unrelated causes. The three
deaths in the surgery group were attributed to surgical
complications. Twelve patients had complications from
chemotherapy that required its discontinuation. The fre-
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quency and severity of RT complications (dermatitis,
dehydration, anemia, and pain) were similar, except for
grade 2 mucositis and severe laryngitis, which were
slightly higher in the chemotherapy group (380/0) versus
the surgery group (240/0); p value not reported.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

The VA study is considered a landmark clinical trial that
set the stage for organ preservation therapy in laryngeal
carcinoma, and ultimately in other head and neck malig
nancy as well. This study showed that induction chemo
therapy and definitive radiotherapy can preserve the
larynx, without compromising as. However, Richard et
al. came to a different conclusion.

Important differences exist between the two studies
that affect the clinical significance of each conclusion.
For example, the VA study enrolled patients with less
advanced disease on the whole, compared with Richard
et al. Tumor response criteria differed, a higher dose of
definitive radiation was used, and follow-up time was
shorter. Some argue that induction chemotherapy
remains investigational and may actually induce radio
resistant clonal populations [3]. This concept may argue
for more RCTs with diverse,well-defined patient popula
tions with more treatment arms, such as only RT or
concurrent CRT. The Radiation Therapy Oncology
Group study, 91-11 does address the comparison of

induction therapy to RT alone and CRT. The initial
report by Forastiere et al. [4] favored CRT, however
updated data suggest that CRT and induction yield
equivalent laryngectomy-free survival and as [5].

Appropriate selection of patients for organ preserva
tion is a subject of particular interest. Urba et al. [6] have
recently reported results with 97 patients with stage III
or IV larynx cancers entered into a phase II clinical trial
with induction PF administered in a single cycle.Patients
who achieved a partial response (~500/0) went on to
receive concurrent CRT. Nonresponders and those with
evidence of persistent diseasefollowinginduction therapy
and CRT had planned salvagesurgery. The outcomes are
promising. Of the entire group, 750/0 went on to CRT. as
at 3 years is 85%, with LP in 700/0 of patients. Thus, the
authors posit that response to PF may be useful as a selec
tion factor that predicts a favorable outcome following
CRT. More study is needed to determine the therapeutic
effect of induction chemotherapy, and whether induc
tion chemotherapy should be administered as a single
cycleor several cyclesbefore CRT. If chemotherapy is to
have an effect on distant metastasis, more may be better.
Large phase III RCTs that explore the value of adding
highly active three-drug induction chemotherapy (i.e., a
taxane plus cisplatin/5-FU) to CRT for the treatment of
locally advanced squamous cell carcinoma of the head
and neck, including cancers of the larynx, are now under
way [7]. There is also great interest in the incorporation
of targeted therapies, such as the monoclonal anti-epi
dermal growth factor receptor, cetuximab, to effective
CRT,as a potential means of enhancing treatment effect
without increasing toxicity [8].



THE EVIDENCE CONDENSED: Chemoradiotherapy versus surgery/radiotherapy: Impacton survival/recurrence

Reference

Level (design)

Sample size

Wolf, 1991 (VA Larynx Cancer Stud y)

I (RCT)

332

OUTCOMES

Outcome
measure

/0 Outcome
2-y OS

2" Outcomes
DFS
Patterns of recur rence
Response to chemo
LP rate

Chemo/ RT

Surgery/RT

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient
characteristics

Randomization
Effectiveness

Study regimen s

Outcome
measurements in
detail

Potential
confounders

Intention to treat
analysis

Power

2-y OS = 68%

2-y OS = 68%

0.9846

Induction chemo and definitive radiotherapy can be effective in preserving the larynx , without compromising OS

Median : 33 mo

STUDY DESIGN

Untreated stage 1II or IV squamo us cell carcinoma of the larynx; Karn ofsky PS ~50; Adequate bone mar row and
renal functio n; Adequate audi tory, nutrition al, pulmonary, and cardiac status; Writte n infor med consen t

TI NI carcinom a, Unresectable cancer, DM, Previous cancer, Previous RT to head and neck

Median age 62 y, 97% male, 80% white, 76% Karnofsky PS ~80, 10 site: 63% supraglottis and 37% glottis , 57%
stage lII , 43% stage IV,TN stage, TI and 2: 9%, T3: 65%, T4: 26%, 0: 54%, I: 18%, 2-3: 28%,9% cartilage
invasion, 57% fixed cord

Patients strat ified according to PS, T stage, stage, and 10 site. There were no significant differences between
treatment groups with respect to age, sex, or prognostic factors , i.e., PS, T stage, 10 site, cartilage involvement,
and vocal cord paralysis

Classic wide-field laryngectomy was performed for nearly all primaries. Regional neck dissect ions were performed
in all surgical patients, except those with T3 NO tumors or those with midline supraglottic T4 NO tumors for
whom the side at risk could not be determ ined. Postoperative RT adm inistered depend ing on risk of remainin g
disease (5000 + 1000-2380 cGy)
PF-RT = cisplatin 100 mg/nr' on day I + 5-FU 1000 mg/m2/d by con tinuous infusio n for 5 d, on days 1, 22, and
43. After the 2nd cycle, patients with ~PR received a 3rd cycle, then definitive RT. Patients without a PR
underwent immediate surgical resection and postoperative RT. Definitive RT was administered as above, except to
a total dose of 6600-7600 cGy

Survival times were estimated by the Kaplan-Meier method, and differences were determined by logrank testing.
Survival times were measured from the date of randomization. The chi-square test and Student's t-test were used
for analysis of categorical and continuous variables. All p values were two-sided

Because the treatment on the chemo arm was longer than that given on the surgical arm , a direct comparison of
DFS from the time of randomization rather than the time of completing the rapy minimizes the introduction of
bias caused by therapy timing differences
Blind ing to treatme nt assignment is not possible with this design, but the comparisons in terms of survival and
recu rrences between arms made should not be affected

Performed appropriately

R

Morbidity/
complications

Other secondary
endpoints

DFS was similar in both groups (p = 0.1195). Overall rates of tumor relapse also did not differ, but differences in
the pattern of recurrence were seen. Recurren ces in the 10 site were less frequent with surgery compared with
chemo (2% vs 12%, P = 0.001). The rates of regional recurrence were similar (5% and 8%, respectively). DM
were more common in the surgery group (17% and 11%, respectively, p =0.001).
71% of patients in the chemo group received a 3rd cycle of chemo. The combined ORR in the 10 site and
involved nod es after 2 or 3 cycles of chemo were 85% and 98%, respectively
The larynx was preserved in 64% of patient s assigned to ind uctio n chemo. Risk factors for salvage laryngectom y
were T4 and glottic 10 tumors, fixed vocal cord, gross car tilage invasion , and stage IV disease

8 patients died during treatment,S in the cherno group and 3 in the surgery group. On ly I death from septicemia/
leukopenia was considered directly caused by chemo. The other 4 deaths in the chemo group were att ributed to
tumor and unre lated causes. The 3 deaths in the surgery group were attributed to surgical complications
12 patients had complications from chemo that required discontinuation of chemo. The frequency and severity
of RT compl ications (dermatitis, dehydration, anemia, and pain ) were similar, except for grade 2 mucositis and
severe. laryngitis, which were slightly higher in the chemo group (38%) vs the surgery group (24%)

VA=Veterans Affairs, RCf = rando mized cont rolled trial, LP =larynx preservation , OS =overall survival, OFS = d isease-free survival, RT = radiat ion therapy, PF·RT =
cisplatin/5 -FU then radiot herapy, PS = performance status, OM = d istant metastasis, 5· FU = 5-t1uorouraci l, PR = part ial response, ECOG = Eastern Coo perative
Oncology Gro up, Gy = Gray, NR = not reported, ORR = overall respon se rate, cherno = chemo therapy, Cf = computed tom ograph y.
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10 Outcome
OS

Reference

Level (design)

Sample size

Outcome
measure

Chemo /RT

Surgery/RT

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient
characteristics

Randomization
Effectiveness

Study regimens

Outcome
measurements in
detail

Potential
confounders

Intention to treat
analysis

Power

Other secondary
endpoints

Morbidityl
complications

Richard, 1998

I (RCT)

68

OUTCOMES

2" Outcomes
DFS
Patterns of recurrence
Response to chemo
LP rate

Lower OS (at 2 y = 69%)

Higher OS (at 2 y = 84%)

0.0006

LP for patients, selected on the basis of having responded to induction chcmo, had less favorable outcomes

Median: 8.3 y

STUDY DESIGN

Squamo us cell carcino ma of larynx: T3, NO, N l , N2a, or N2b, considered for tota l laryngectomy; ECOG PS >2;
Adeq uate bone mar row and renal function; Adequ ate auditory and card iac sta tus

Tumor of supralarynx, Unresectable cancer, DM, Previous treatment, Previous cancer

Mean age 56 y; 98.5% male; 87% ECOG PS <2; 10 site: 3 I% supraglottis, 41% glottis, 28% unspecified; T3: 100%;
NO 78%, Nl 15%, N2 or N3 7%; 100% fixed cord ; 37% had CT scan

o stratification, 36 assigned to induction cherno group, 32 to no chemo group, no significant differences in age,
nodal status, tumor site, and performance status

Total laryngectomy followed by RT vs chemo followed by RT if regression >80% or tota l laryngectomy. Cherno:
cisplatin (IOOmg/m ' ) on day I followed by 24-h IV infusion of fluoro uracil (1000 mg/ rrr'rd) for 5 d. Repeated on
day 22 and optionally on day 43. Surgery: classic to tal laryngectomy, NO underwent modified neck dissection and
palpab le nod es underwent radica l neck dissection
RT: postsurgery 50-70 Gy, post response to cherno 65-70 Gy

Patient distribution compared using Pearson chi-square test. Survival curves compared with logrank test in the
univariate analysis . All survival curves are Kaplan -Meier plots. Median follow-up computed using inverse Kaplan 
Meier method

Because the treatment on the cherno arm was longer than that given on the surgical arm, a direct comparison of
DFS from the time of randomization rather than the time of completing therapy minimizes the introduction of
bias caused by therapy timing differences.
Blinding to treatment assignment is not possible with this design, but the comparisons in terms of surviva l and
recur rences betwee n arms made sho uld not be affected

Perfor med appropr iately

NR

DFS lower in chemo group (p = 0.02). More total recurrences in chemo group (53% vs 34%) More locoregional
recurrences in chemo group ( 17% vs 9%). The larynx was preserved in 42% of patients assigned to induction
chemo. 39% of tumors >80% regression after cherno, 43% of positive nodes >80% regression after chemo

45% (IS pat ients) exper ienced chemo toxicity rang ing in type and grade, 2 postsurgical hematom as, 3
posts urgica l pha ryngostomies, I patient had RT discontinued in cherno group because of skin toxicity

VA= Veterans Affairs, Rcr = rand omized controlled tr ial. LP = larynx preservation, OS = overall survival, OFS = disease-free survival, RT = radiat ion therapy, PF·RT =
cisplatin/S-FU then radiotherapy, PS = perform ance status. OM = distant metastasis. S-FU = S· Ouorouraci l, PR = part ial response, ECOG = Eastern Coope rative
Oncology Group, Gy = Gray, NR = not report ed, ORR = overall respo nse rate, chemo = chemotherapy, cr = computed tomography.
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31 Laryngeal Squamous Cell Carcinoma:
Advanced Disease

Total laryngectomy with postoperative radiation therapy versus induction chemotherapy with
radiation therapy for stage III-1V laryngeal carcinoma: Impact on quality of life, functionality

Babar Sultan, Lori Wirth, and Merrill S. Kies

METHODS

A computerized PubMed search ofMEDLINE 1966-May
2006 was performed. The medical subject headings
"laryngeal neoplasms" and "radiotherapy" were exploded
and the resulting articles were cross-referenced, yielding
26 publications. These articles were then reviewed to
identify those that met the following inclusion criteria:
1) patient population with laryngeal carcinoma, 2) inter
vention with chemotherapy and radiation therapy versus
surgery and radiation therapy, 3) outcome measured
with validated quality of life (QOL) instruments and/or
functionality measures. Articles in which radiation
therapy alone, surgery alone, or chemotherapy alone was
considered were excluded. Studies that combined popu
lations of laryngeal carcinoma with head and neck
cancers of multiple different primary sites were likewise
excluded. The bibliographies of the articles that met
these inclusion criteria were manually checked to ensure
no further relevant articles could be identified. This
process yielded five articles [1-51.

RESULTS

Outcome Measures. Several different QOL instruments
exist, some specific to head and neck cancer, some not.
Hillman et al.attempted to assesscommunication-related
function , swallowing and eating-related function, and
employment status. Communication-related function
was measured using intelligibility of speech, reading rate
(syllables per minute), number of speech therapy ses
sions needed, and a Communication Profile Score (CPS).
The CPS is based on 24 statements which represent a
patient's reactions to various communication situat ions,
scored 0 (worst)- 5 (best) . Swallowingand eating-related
function as well as employment status were based on
subjective self-report by the patient.

Terrell et al. used the Medical Outcomes Studies
Short Form 36 (SF-36) as a general health measure and
the University of Michigan Head and Neck Quality of
Life instrument (HNQOL), which is specific to head and
neck cancer. The SF-36 generates scores for eight differ
ent domains: physical functioning, role limitations attrib
utable to physical problems, role limitations because of
emotional problems, bodily pain, general health percep
tion,vitality, social functioning, and mental health. Scores
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range from 0 to 100, with a higher score corresponding
to a better QOL.HNQOL scores for four specificdomains:
communication, eating, head and neck pain, and emo
tional factors. Again, a higher score corresponds to a
higher QOL. This study also used the Beck Depression
Inventory, a 13-item instrument used to assesssymptoms
of depression, with a higher score corresponding to more
severe depression.

Fung et al. used the Voice-Related Quality of Life
(V-RQOL) and Performance Status Scale for Head and
Neck cancer patients (PSS-HN) as their measurement
tools. The V-RQOL is a lO-item self-administered voice
outcomes measure of two domains (social-emotional
and physical functioning) with higher scores indicating
better voice-related QOL. PSS-HN includes three
observer-rated items: eating in public, normalcy of diet,
and understandability of speech, with higher scores relat
ing to higher function.

Hanna et al. used the European Organizat ion for
Research and Treatment of Cancer Quality of Life Core
Questionnaire C30 (EORTC QLQ-C30), as well as the
Quality of LifeQuestionnaire Head and Neck Module 35
(QLQ-H&N35).EORTCQLQ-C30has 30 items including
six functional scales (physical, role, cognitive, emotional,
social functioning, and global QOL), three symptom
scales(fatigue, pain, and emesis), and six individual items
(dyspnea, sleep disturbance, appetite, constipation, diar
rhea, and financial impact). EORTC QLQ-H&N35 has
seven multiple -item scales (pain , swallowing, senses,
speech, social eating, social contact, and sexuality) and 10
single items relating to problems with teeth, dry mouth,
cough, opening the mouth wide, stickysaliva,weight loss,
weight gain, use of nutritional supplements, feeding tubes,
and painkillers. Higher scores on the functional scales
represent better QOL,whereas higher scores on symptom
and individual item scales indicate greater difficulty.

LoTempio et al. used the University of Washington
Head and Neck Quality of Life Instrument, version 4
(UW QOL v 4), which is composed of three parts . Part
1 has 12 domains: pain, appearance, activity, recreation ,
swallowing, chewing, speech, shoulder function, taste,
saliva, mood, and anxiety. Part 2 asks, "Which of 12
domains was the most important in last 7 days?"and part
3 contains general questions. This scale is scored 0-100 ,
with a higher score relating to better QOL.



Study Designs. The five studies cited vary in their
design. Hillman et al. (level 1) presented a prospective
companion study of the Veterans Affairs Laryngeal
Cancer Study, a prospective randomized controlled trial
(ReT) that compared survival of patients randomized
to surgery plus radiotherapy versus chemotherapy plus
radiotherapy [6] with follow-up after initial randomiza
tion at 1 month,6 months, 12 months, 18 months, and
24 months. The authors used several methods to control
data collection bias. They used identical sets of recording
equipment of voices for analysis, standardized training
of speech pathologists, and ongoing quality control. The
swallowing function data in the study were based on
patients' subjective reports instead of an objective
measure.

Terrell et al. (level 1) reported a follow-up study of
the Veterans Affairs Laryngeal Cancer study cited above.
This study also benefited from the initial randomization
but had limited power to detect differences because of
the small sample size of patients from the original study
who were available to participate in the follow-up QOL
study. There was also potential selection bias because
only a fraction of the originally randomized group was
included. In addition, there was potential for statistical
error because of the comparison of multiple mean QOL
scores.

Fung et al. (level 2) presented a prospective com
panion study to a nonrandomized phase II trial in which
patients were given a single course of induction chemo
therapy [7]. Those who had a response >50% were given
combination chemoradiotherapy, whereas those with
<50% response were managed surgically with appropri
ate postoperative adjuvant therapy. This study only
looked at patients who were free of disease and the
authors did not conduct a statistical analysis to detect
differences between the two groups. Moreover, the
surgery group had a higher percentage of T3 patients.

Hanna et al. (level 3) reported a retrospective cross
sectional study. The choice of treatment was not con
trolled, rather based on patient preference and there were
differences in the timing of evaluation between the two
groups. The postoperative radiation was not detailed and
the cycles of chemotherapy not controlled.

LoTempio et al. (level 3) also reported a retrospective
cross-sectional study in which few details were provided
regarding the protocols of surgery, chemotherapy, and
radiation therapy. Thus, there were different chemora
diation protocols among patients and they were given the
choice of treatment to pursue. Also, there were differ
ences in the time elapsed from treatment to when ques
tionnaire was completed.

Highest Level of Evidence. The Hillman, Terrell, and
Fung studies offered the highest level of evidence because
they presented prospective data. Hillman et al. reported
that patients with advanced laryngeal cancer fared better
in the speech communication component if they could
be treated without laryngectomy (intelligibility, commu-
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nication profile score). Few significant differences for
other non-speech-related measures were found. Terrell
et al. reported better QOL for chemotherapy plus radia
tion versus surgery plus radiotherapy, mainly because
of freedom from pain, better emotional well-being, and
lower levels of depression. Fung et al. also reported better
voice-related QOL in the chemotherapy plus radiation
therapy group. The Hanna and LoTempio studies, in
which patients controlled the therapy they received,
showed no overall difference in QOL between the two
groups. These two studies also had smaller sample sizes,
granting them less power to identify differences between
populations. However, there were some differences in the
individual domains. Hanna et al. reported that surgery
plus radiotherapy produced significantly fewer com
plaints of dry mouth than chemoradiotherapy. LoTem
pio et al.showed that chemoradiation patients experienced
greater pain, difficulty swallowing, and problems chewing
compared with laryngectomy patients. Laryngectomy
patients had greater impairment of speech and shoulder
function.

Applicability. Based on the inclusion/exclusion criteria
for these papers, the majority of the results can be applied
to patients with stage III-IV laryngeal squamous cell car
cinoma receiving either chemotherapy plus radiotherapy
or surgery plus radiation therapy.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

The studies that provide the highest level of evidence
indicate a better QOL after treatment with chemoradia
tion therapy (rather than surgery with postoperative
radiation) for advanced laryngeal carcinoma. Smaller,
retrospective studies show equivocal results. Along with
data regarding survival and recurrence, QOL is an impor
tant factor in guiding patient choice of therapy. Moreover,
in the era of highly effective combined modality treat
ments for head and neck cancer, QOL issues are emerging
as significant concerns in the surviving patient popula
tion. It is hoped that as targeted therapies are incorpo
rated into the curative treatment of head and neck cancer,
not only will therapeutic efficacybe improved, but so will
QOL. High-quality prospectively obtained QOL studies
will be necessary to evaluate this potential.

Future research could significantly improve the QOL
information available as further instruments are devel
oped. An ideal study would be a companion study to an
adequately powered prospective, RCT comparing one
treatment strategy for laryngeal cancer to another. This
companion study would use an accepted, validated QOL
instrument, with baseline measurements, measurements
during and immediately after treatment, and measure
ments taken after a period of time to allow for full recov
ery from the acute and long-term toxicities of therapy.



THE EVIDENCE CONDENSED: Quality of life after chemoradiation therapy versus surgery with postoperative radiation

Referen ce

Level (design)

Sample size

Hillm an , 1998

I (prospective follow-up of RCT)

332

OUTCOMES

Outcome measure 1° Olltcomes
Speech outcomes: intelligibility (%) , reading rate (syllables per min ), CPS [24 statements about a patient's
reactions to various communication situations, scored 0 (worst)- 5 (bestj] , amount of speech therapy, and
swallowing and eating-related function, employment status at 1,6,12, 18, and 24 mo after treatment

Intelligibility Reading rate: CPS: 1,6, 12, Mean therapy Normal Diet texture Employment
(%) : I, 6,12, I, 6,12,18, 18,24 mo sessionsl swallowing normal (%) : status, disabled
18,24 mo 24 mo patient: I, 6, (%) : I, 6, 12, I, 6,12, 18, (%): 1,6, 12,

12,18,24 mo 18,24 mo 24 mo 18,24 mo

Chemo/RT

Surgery/RT

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient
characteristics

Baseline group
comparison

Surgery/RT details

Chemo/RT details

Intention to treat
analysis

Power

Compliance

93.2,88.9, 190.3, 177.4, 73.5,71.3, 2.2, 1.8,0.9, 60.58, 59.32, 62.04,63.87, 33.58, 35.83,
90.0,90.5, 179.7, 186.4, 73.8,73.1, 0.1,0.8 59.05,60.67, 74.29, 80.90, 30.48, 30.34,
90.8 182.1 75.9 70.83 80.82 30.14

76.8,79.2, 154.6, 157.5, 63.3,65.9, 15.1, 3.6, 2.6, 48.28, 50.39, 50.34, 61.42, 25.52,29.92,
84.5,85.4, 159.6, 171.2, 66.9,66.6, 0.9,0.6 64.42,59.30, 71.15,65.12, 29.81,30.23,
84.9 169.0 71.5 68.00 76.00 33.33

Over time, p Over time, p Over time, p Over time, p R NR R
= 0.0012 = 0.0894 =0.0119 = 0.0001

Patients with advanced laryngeal cancer fare better in speech communication if they can be treated without
removal of the larynx. Few significant differences for other non-speech-related measures

Median 60 mo

STUDY DESIGN

Biopsy-proven, previously untreated stage III or IV SCC of larynx

I. TI NI carcinomas
2. Pyriform sinus lesions
3. Unresectable cancers
4. Distant metastasis
5. Prior head and neck RT
6. Prior malignancy with exception of non-melanoma skin cancer

I. 63% supraglottic, 37% glottic
2. Median age 62 y
3. 80% white
4. 99% used tobacco
5. 85% consu med alcohol
6. 321 men, I I women

No significant differences between treatment groups with respect to age, sex, tumor size, or site of lesion

Surgery was dictated by the extent of the tumor. Classic wide-field laryngectomy was performed for nearly
all primaries. Regional neck dissections were performed in all surgical patients, except those with T3 0
tumors or those with midline supraglottic T4 0 tumors for whom the side at risk could not be determined.
Postoperative RT administered depending on risk of remaining disease (5000 cGy + 1000--2380cGy)

Cisplatin 100 mg/rrr' on day I + 5-FU 1000 mg/m 2/d by continuous infusion for 5 d, on days 1,22 , and 43.
After the 2nd cycle, patients with ~50% response received a 3rd cycle, then definitive RT. Patients without a
PR underwent immediate surgical resection and postoperative RT. Definitive RT was administered to a total
dose of 6600--7600cGy

Done appropriately

NR

7 patients (2%) lost to medical follow-up, occurring between II and 33 mo

5-FU = 5-fluorouracil, CPS = 'Communication Profile Score, NR = not reported, Ref = randomized control trial, RT = radiation therapy,
SCC = squamous cell carcinoma, PR = partial response .
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Reference

Level (design)

Sample size

Terrell, 1998

I (follow-up of RCT)

65

OUTCOMES

Outcome measure 1° Olltcome
SF-36: 0 (worst) to 100 (best)

2" Olltcomes
UM HNQOL: 0 (worst) to 100 (best)
BOI: 0 (best) to 63 (worst)

Chemo/RT

Surgery/RT

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient characteristics

Baseline group
comparison

Surgery/RT details

Chemo/RT details

Compliance

Intention to treat
analysis

Power

Mental health Pain domain BOI >8

76 81.3 15%

63 64.3 28%

<0.05 <0.05 NR

Better QOL scores in the CRT group seem to be related to more freedom from pain , better emotional
well-being, and lower levels of depression than to preservation of speech function

10.4 y (mean)

STUDY DESIGN

Surviving member of Veterans Affairs Laryngeal Cancer Study No. 268 on CRT vs TL + RT

R

Mean age 58.3 y
Men 91.3%,
TI-2: II %
T3: 61%
T4: 28%

0-1: 71%
N2-3: 29%
Stage III: 50%
Stage IV: 50%
Mean Karnofsky performance status: 85.4

Baseline demographic and clinical characteristics similar except CRT group slightly older, with mean age
61.2 y vs 55.7 y, P < 0.05

Surger y was dictated by the extent of the tumor. Classic wide-field laryngectomy was performed for nearly
all primaries. Regional neck dissections were performed in all surgical pati ent s, except tho se with T3 NO
tumors or tho se with midline supraglottic T4 NOtumors for whom the side at risk could not be determined.
Postoperative RT administered depending on risk of remaining disease (5000 cGy + 1000-2380 cGy)

Cisplatin 100 mg/rrr' on day I + 5-FU 1000 mg/m 2/d by continuous infusion for 5 d, on days 1,22, and 43.
After the 2nd cycle, patients with 2:50% response received a 3rd cycle, then definitive RT. Patients without a
PR underwent immediate surgical resection and postoperative RT. Definitive RT administered to a tot al dose
of 6600-7600 cGy

46/65 (7 1%) patients responded

NR

NR

5-FU = 5-l1uoro uracil, BDI = Beck Depression Inventory, CRT = chemo radio therapy, Gy = Gray, =PSS-HN = Performance Status Scale for Head and
eck cancer patient s, QO L = quality of life, RCT = rand omized controlled trial, RT = radio therapy, SF-36 = (Medical Outco mes Studies) Short

Form 36. SCC = squamous cell carcinoma. TL = total Laryngectomy, UM H QOL = University of Michigan Head and Neck Qu ality of Life
instrumen t, V-RQOL = Voice-Related Quality of Life, NR = not report ed.
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Reference

Level (design)

Sample size

Fung, 2005

2 (prospective nonrandomized trial )

97

OUTCOMES

Outcome measure /0 Olltcome
V-RQOL: 0 (worst) to 100 (best )

J:' Olltcomes
PSS-HN: includes 3 observer-rated items: eating in
pub lic (1-5), normalcy of diet (0-10), and
understandability of speech (1- 5), higher score
relates to higher function
Nutritional Mode

Chemo/RT

Surgery/RT

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient characteristics

Baseline group
comparison

Surgery/RT details

Chemo/ RT details

Compliance

Intention to treat
analysis

Power

Social--emotional Physical functioning Understandability of speech Oral intake alone

85.5 76.9 4.52 90%

68.1 63.6 3.43 65%

0.007 0.03 0.001 0.09

Voice-related QOL is better in patients after CRT compared with salvage TL

40 mo (median)

STUDY DESIGN

Stage III or IV SCC of larynx or hypopharynx that was previously untreated, surgically resectable, and
curable with conventional surgery and radiotherapy

Prior head and neck malignancy
Metastatic disease
Prior head and neck RT
Prior chemotherapy

Mean age 58.4 y
78.6% male
T2: 8.9%
T3: 55.4%
T4: 35.7%

Larynx preserved vs laryngectomy: male 70.3% vs 94.7%, T2 10.8% vs 5.3%, T3 51.4% vs 63.2%, T4
37.8% vs 31.5%

Every patient given single course of induction chemotherapy (cisplatin 100 rng/nr' on day I and 5-FU
1000 mg/m 2/d x5 d ). If <50% response, then TL. Appropriate postoperative therapy given according to
surgical outcomes

Every patient given single course of indu ction chemotherapy (cisplatin 100 mg/rrr' on day I and 5-FU
1000 mg/m 2/d x5 d ). If >50% respon se then 72 Gy and cisplatin 100 mg/rrr' on days I, 22, 43 followed by
2 cycles of adjuvant chemotherapy every 21 d 8 wk after completion of RT

58% comp leted V-RQOL survey, 42% completed PSS-HN data

NR

R

S-FU = S-fluo rouracil, BOI = Beck Depression Inventor y, CRT = chcmoradiothera py, Gy = Gray, =PSS-H = Performance Status Scale for Head and
eck cancer patients, QOL = quality of life. Ref = randomized contro lled trial, RT = radioth erapy. SF-36 = (Medical Outcomes Studies) Short

Form 36. SCC = squamous cell carcinoma, TL = total Laryngectomy. UM HNQOL = University of Michigan Head and Neck Qu ality of Life
instrument, V-RQO L = Voice-Related Qualit y of Life. R = not reported.
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Reference

Level (design)

Sample size

Outcome measure

Hanna, 2004

3 (nonrandomized, retrospective, cross-sectional study)

42

OUTCOMES

1° Outcomes
EORTC QLQ-C30: 30 items comprising 6 functional scales (physical, role, cognitive , emotional, social
functioning, and global QOL), 3 symptom scales (fatigue, pain , and emesis ), and 6 individual items
(dyspnea, sleep disturbance, appetite, constipation, diarrhea, and financial impact )
EORTC QLQ-H& N35: 7 multiple-item scales (pain, swallowing, senses, speech , social eating, social conta ct,
and sexualit y) and 10 single items (problems with teeth, dr y mouth, cough, opening the mouth wide, sticky
saliva, weight loss, weight gain, use of nutritional supplements, feeding tubes, and painkillers)
Scale 0-100 (higher scores represent better functioning, higher scores on symptom and individual item
scales indicate greater difficulty )

C30; QOL H&N35; senses H& 35; painkillers H&N35; cough H&N35; dry mouth

The overall QOL scores of both groups seem similar, but individual symptom scores differ

Chemo/RT

Surgery/RT

p Value

Conclusion

63.6

65.8

NS

20

59.3

0.001

26.7

59.3

0.049

37.8

69.2

0.004

37.8

18.5

0.02

Follow-up time

Inclusion criteria

Exclusion criteria

Patient
characteristics

Baseline group
comparison

Surger y/RT details

Chemo/RT detai ls

Intention to treat
analysis

Power

Mean: 36 mo

STUDY DESIGN

1. Stage III or IV laryngeal cancer
2. Previously treated with either TL or concurrent CRT

Completion of therapy <3 mo before study

TL+ RT:
Median age: 65.6 y
Male: 87%
Married: 61%
White: 78%
CRT:
Median age: 60.8 y
Male: 68%
Married: 53%
White : 90%

Did not differ significantly with respect to age, sex, mar ital status, or ethnicity

TL: TL + neck dissection, plus postoperative RT, further detai ls not provided

At least 2 cycles of cisplatin and fluorouraci l concurrently with RT; RT: total dose of 66-72 Gy

Done appropriately

R

5- FU =5- f1 uo rouracil, CRT =chemoradioth erapy, EORTC QLQ- C30 =European Organizatio n for Research and Treatment of Cancer Quality of
Life Qu estionnaire C30, EORTC QLQ-H&N 35 = European Or ganization for Research and Treatment of Cancer Qu ality of Life Questionnaire head
and neck module 35, Gy =Gray, ' R =not reported, NS =not significant, QO L =qualit y of life, RT =radioth erapy, SCC =squamo us cell
carcinoma, T L = tot al Laryngectom y, UW QOL = University of Washin gton Head and Neck Qual ity of Life instrum ent.

713



THEEVIDENCE CONDENSED: Quality of lifeafter chemoradiation therapy versus surgery with postoperative radiation

Reference

Level (design)

Sample size

Outcome measure

Chemo/RT

Surgery/RT

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient
characteristics

Baseline group
comparison

Surgery/RT details

Chemo/RT details

Intention to treat
anal ysis

Power

LoTemp io, 2005

3 (no nrandomized, retrospective cross-sectional study)

49

OUTCOMES

/0 Outcome
UW QOL inst rument vers ion 4: composed of 3 parts. Part I: 12 domains: pain, appearance, activity,
recreation, swallowing, chewing, speech, shoulder function, taste , saliva, mood, and anxiety, Part 2: which of
12 domains most important in last 7 d. Part 3: general questions; Scale 0-100, higher score relates to higher
QOL

I; pain: 25 I; swallowing: 0 I; chewing: 0 I; speech: 0 2; shoulder 3; general
function problems questions

20% 27% 20% 0% 7% NR

3% 6% 3% 9% 26% NR

0.079 0.061 0.027 0.001 O.QlS NS

Pain, swallowing, chewing, speech, and shoulder fun ction recorded as significant factors affecting their lives,
varies depending on TL + RT vs CRT

Median: 6 mo for CRT and 40 mo for TL + RT

STUDY DESIGN

I. Stage II-IV SCC of larynx and had completed CRT or TL + RT

NR

Median age: 69 y
Male: 92%
Diverse ethnic backgrounds

CRT vs TL + RT: I female vs 3 females, 14 males vs 31 males, 62 y vs 7I Y

No further detail s provided

o further detail s pro vided

R

R

5-FU =5-fluorouracil, CRT =chernoradiotherapy, EORTC QLQ·C30 =Euro pean Or gan ization for Research and Treatm ent of Cancer Qu ality of
Life Questionnaire C30, EO RTC QLQ·H&N35 =European Organizat ion for Research and Treatment of Cancer Quality of Life Questionnaire head
and neck module 35, Gy =Gray, NR =not reported, NS =not significant, QOL =quality of life, RT =radiotherapy, SCC =squamous cell
carcino ma, TL =total Laryngectom y, UW QOL =University of Washington Head and Neck Quality of Life instrument.
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31 Laryngeal Squamous Cell Carcinoma:
Advanced Disease

Chemoradiation therapy versus radiation therapy alone for stage III-IV laryngeal carcinoma:
impact on survival, recurrence

Lori Wirth, Babar Sultan, and Merrill S. Kies

METHODS

A computerized OVID search of MEDLINE 1966-May,
2006 was performed. The terms "laryngeal carcinoma:'
"organ preservation therapy" and "chemotherapy radio
therapy and squamous cell carcinoma" were exploded
and the resulting articles were cross referenced, yielding
117 articles limited to "human" and "English language."
These articles or abstracts were then reviewed to identify
randomized controlled trials that met the following
inclusion criteria: 1) patient population with laryngeal
carcinoma, 2) intervention with a platinum-based
chemoradiation arm versus a standard radiotherapy arm,
and 3) primary outcome measured in terms laryngeal
preservation, overall survival or locoregional control.
The references of these articles were reviewed and man
ually cross-checked to ensure all applicable literature was
included. Publications which focused on other chemo
therapeutic agents, such as mitcomycin, were excluded.
Publications which reported only pooled data from
patients with laryngeal carcinoma combined with those
with carcinomas of other head and neck sites were also
excluded. This process yielded 2 publications [1-2]. The
literature is summarized below, with a detailed analysis
of these randomized controlled trials (RCTs) presented.

SUMMARY

Induction chemotherapy with cisplatin and 5-fluoroura
cil (PF) has long been recognized as active therapy in
SCCHN [3-5]. Clinical partial and complete responses
were observed in 80% to 90% of previously untreated
patients. It was postulated that a substantial response to
initial treatment with chemotherapy could lead to an
improvement in therapeutic efficacyfor surgery or radio
therapy in SCCHN [6]. This early experience with PF led
to the Department of Veterans Affairs (VA) Laryngeal
Cancer Study reported by Wolf et al [7]. This landmark
study demonstrated that induction chemotherapy fol
lowed by radiotherapy, with salvage laryngectomy
reserved for failures only, is effectivetreatment for larynx
cancer, and thus established organ preservation as a real
istic goal for nonsurgical treatment of larynx cancer.
Lefebvre,et al.later reported similar outcomes in a Euro-
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pean Organization for Research and Treatment of Cancer
trial (EORTC 24891) involving patients with cancers of
the hypopharynx [8]. The success of these studies
prompted further investigations of chemotherapy and
radiation for the treatment of intermediate stage larynx
cancer, using 1) induction PF followed by RT (PF-RT),
2) concurrent cisplatin chemotherapy plus radiation
(CRT), or 3) radiation alone (RT) in the Radiation
Therapy Oncology Group study RTOG 91-11 reported
by Forastiere et al. At 2 years, 80% of patients on the
concurrent CRT achieved local control, versus 65% with
PF-RT, and 58% with RT alone. Weber et al went on
further to analyze the salvagelaryngectomy patients from
the three treatment arms of the Forastiere et al study.
Locoregional control for these patients was excellent and
survival following salvage total laryngectomy was not
influenced by the initial organ preservation treatment.
Thus, for patients with intermediate stage squamous cell
carcinoma of the larynx, a program of concurrent CRT,
with the objectives of tumor eradication and laryngeal
preservation, is often appropriate.

RESULTS

Outcome Measures. Forastiere et al analyzed the rate of
larynx preservation (LP) at 2 years following randomiza
tion as the primary outcome. LP was determined by
cumulative incidence. Secondary outcomes included
overallsurvival (OS), laryngectomy-free survival, disease
free survival (DFS), patterns of recurrence and treatment
toxicity. Beyond the gold standard endpoint of OS, the
outcome of LP is of great interest; even if survival is not
improved by the experimental therapy, natural speech,
voice and swallowing may be preserved, leading to major
quality of life benefits. As a note of caution, LP does not
necessarily mean that function is also preserved. In
Forastiere et al, moderate speech impairment, defined as
difficulty pronouncing some words and being under
stood on the telephone, or worse, was found in 6% of
those enrolled on the PF-RT arm, 11% of those on the
CRT arm, and 13% on the RT alone arm. Weber et al
analyzed OS, recurrence, post-surgery complications
(major: significantly prolong hospitalization, life threat
ening; minor: self-limited, hospitalization not signifi-



cantly prolonged), DFS) and loco-regional control for
patients undergoing salvagetotal laryngectomy.

Potential Confounders. Potential bias exists in compar
ing survival times in subjects treated on protocol due to
differences between arms in treatment duration. Forast
iere et al described measures to control such bias. Weber
et al analyzed as and DFS from the point of randomiza
tion due to varying times of receiving a total laryngec
tomy. The inability to blind study subjects and staff to
treatment arm assignment may also have introduced
some bias into the evaluation of study outcomes) par
ticularly in interpreting more subjective information)
such as toxicity. The lack of blinding should have not or
just minimally biased the interpretation of surgical com
plications in Weber et al.

StudyDesigns. These 2 studies provide level 1 evidence
from randomized clinical trials. Forastiere et al random
ized 547 patients with untreated stage III or IV glottic or
supraglottic larynx cancers (except T4 primaries invad
ing cartilage or the base of tongue) to one of three arms:
PF-RT) CRT or RT alone. Induction chemotherapy con
sisted of 2 cycles of cisplatin/5-FU. Those with at least a
partial response in the primary site and no progression
in the neck received a third cycle) then radiotherapy. In
the CRTarm) cycles of cisplatin wereadministered during
radiation on days 1) 22 and 43. Radiotherapy was the
same in all study arms) to a total dose of 70 Gy in 35 2-Gy
fractions over 7 weeks) except for those with a poor
response to PF induction therapy after 2 cycles. These
patients underwent laryngectomy) then adjuvant radio
therapy to a minimum dose of 50 Gy. The sample size
and power calculations were outlined in detail by Foras
tiere, et al., with the sample size designed to detect an
improvement of 150/0 above the expected 2-year LP rate
of 650/0 with the control arm) PF-RT) with type I and II
error rates of 0.05 and 0.20.

Weber et al. analyzed 129 patients who had under
gone one of the randomized treatment arms in the Foras
tiere et al study)and had a salvage total laryngectomy for
disease progression after two cycles of chemotherapy in
PF-RT) biopsy proven disease at the primary site at least
8 weeksafter RT) or laryngeal dysfunction with aspiration
or laryngeal necrosis.

Highest Level of Evidence. Forastiere et al demonstrated
that the 2-year LP rate was superior with concurrent CRT
880/0) compared to RT alone (70%)p < 0.001) or PF-RT
(75%) P= 0.005). The rate of LR control at 2-years was
also significantly better with CRT. Both chemotherapy
arms resulted in fewer distant metastases and better
disease-free survival (DFS)) however as was unchanged)
with estimated 5-year as 55% with PF-RT) 540/0 with
CRT and 560/0 with RT alone. A composite endpoint of
laryngectomy-free survival (LFS) was also considered.
Estimated LFS at 5 years was 43%)45% and 38%)respec
tively. Pair-wise comparisons of PF-RT to RT alone and
CRT to RT alone yielded p values of 0.08 and 0.01,
respectively.
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Weber et al demonstrated that as at 24 months after
a salvage laryngectomy for CRT: 710/0) RT: 76%)and PF
RT: 75% did not differ significantly. Recurrence rates
after surgery for CRT: 280/0) RT: 31%) and PF-RT: 44%
also did not differ significantly. Loco-regional control
was excellent for all three groups after surgery; CRT:
740/0) RT: 90%)PF-RT: 74% with no significancereported.
Distant failure with above clavicle control was reported
as CRT: 8%, RT: 200/0) PF-RT: 18%) no significance
reported.

Applicability. These results can be best applied to
patients with intermediate stage laryngeal squamous cell
carcinomas for which surgical treatment would require
total laryngectomy. Both the Forstiere et al and Weber et
al studies contained more stage III than stage IV patients)
and thus the patient populations best represented in
these studies are those with intermediate stage disease
more so than bulky locoregionally advanced disease.
Patients with more bulky stage IV disease,without DM)
were eligible to participate in the trials) but were in the
minority, compared to patients with stage III disease.
Finally) Forastiere et al also excluded patients with T4
primaries invading cartilage or base of tongue) so results
are not applicable to patients with that extent of
disease.

Morbidity/Complications. Deaths related to treatment
were rare. The treatment arms involving chemotherapy
resulted in the expected toxicities) such as neutropenia)
nausea) vomiting and renal dysfunction. Concurrent
CRT) compared to PF-RT or RT alone in Forastiere et al
was associated with more ~grade 3 stomatitis and der
matitis, as expected, however the incidence of late tox
icitieswas similar in all 3 groups. In the Weber et al study)
overall incidence of major and minor surgical complica
tions was CRT: 59%, RT: 52%, PF-RT: 580/0. Systemic
complications included 1 perioperative death (myocar
dial infarction), non fatal cardiovascular events in 7
patients, and 1 cerebrovascular accident. No significant
differencesin frequency of systemiccomplications among
the three groups. Pharyngocutaneous fistula occurred in
CRT: 30%, RT: 15%, PF-RT: 25%)p > 0.05. Incidence of
complications across the 3 arms was independent of the
time from the end of treatment to laryngectomy (p =
0.86)

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

These trials indicate that for patients with interme
diate stage squamous cell carcinoma of the larynx) a
concurrent CRT program may be more beneficial than
RT or PF-RT, with the objectives of tumor eradication
and laryngeal preservation. It is important to recognize
that patients with locally advanced destructive
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primary laryngeal cancers were not included in the two
studies.

Future research could further examine the role of
concurrent CRT in the setting of more advanced laryn-

geal disease. Also, the type of and duration of chemo
therapy agents can be varied to find the most efficacious
protocol with minimal toxicities. In addition with further
breakthroughs in radiation technology, the question of
CRT vs. RT can be re-evaluated using advanced delivery
systems for radiation therapy.



THE EVIDENCE: Chemoradiation therapy versus radiation therapy alone for stage III-IV laryngeal carcinoma

Reference Foras tiere, 2003

Level (Design)

Sample Size

1 (Ref)

547

OUTCO MES

Outcomes measured 1° Outcome, LP rate 2° Outcomes, OS, DFS, LFS,LR control, Distant metastasis, Toxicity

Specific result s

CRT

RT

PF-RT

p value

Conclusion

LP rate at 2 yrs

88%

70%

75%

<0.00 I, 0.005

Radiotherapy with concurrent cisplatin is superior to induction chemotherapy followed by radiotherapy or radiotherapy alone for LP
and LR control.

Follow-up time 3.8 yrs

STUDY DESIGN

I. Untreated stage III or IV squamous cell carcinoma of the glottic or supraglottic larynx; 2. Surgical treatment would require total
laryngectomy ; 3. Disease that is considered curab le with surgery and post-op radiotherapy; 4. Karnofsky PS ~ 60; 5. Adequate bone
marrow and renal function, normal serum calcium; 6. Written informed consent

I. TI primary; 2. Large-volume T4 primary (tumor penetrating through cartilage or extending >1 cm into base of tongue )

Median age 59; 77% male; 96% Karnofsky PS ~ 80; 1° site-{i9% supraglottis, 31% glottis, 65% stage Ill , 35% stage IV,T stage-T2
12%, T3 w. fixed cord-46%, T3 no fixed cord-32%, T4-IO%, NQ--50 %, 1-21%, 2-3-29%

The groups were well balanced with regard to the patient characteristics noted above, There were minor differences, such as the RT alone
arm had slightly more unfavorable prognosis patients with more advanced nodal disease and supraglottic vs. glottic tumors, but these
differences are unlikely to account for statistically significant differences in study outcomes.

RT alone =70 Gy in 35 fractions of 2-Gy fractions,S dlwk over 7 wks.
CRT = RT as above + concurrent cisplatin 100 mg/m ' on days 1,22 and 43.
PF-RT =cisplatin 100 mg/m ' on day 1 + 5FU 1000 mg/m'ld by continuous infusio n for 120 hrs, every 3 wks for 2 cycles. If restaging
showed ~ PR, a 3'· cycle was given, followed by RT, as above. If < PR,laryngectomy and post-op RT was recommended.
All patients with ~ N2A disease were required to undergo neck dissection 8 wks after the completion of RT. Laryngectomy was
performed as above, and in any patient with biopsy-proven persistent or recurrent 1° tumor.

All events were measured from the date of randomization to their occurrence or last follow-up. NCI Common Toxicity Criteria, v. 1.0
and RTOG toxicity criteria for toxicities during RT were used. Because the study compared 2 experimental arms to I standard arm ,
Dunnett's two-sided test was used to adjust for multiple comparisons. Survival rates were estimated by the Kaplan-Meier method and
compared by the log-rank test. Rates of LP,LR control and OM were compared by Gray's method.

Differences in the timing of therapy between arms could bias the measured time outcomes because therapy on the PF-RT arm was
longer than the other study arms. To minimize bias, all laryngectomies performed within the I" 6 months of the start of treatment were
considered early treatment failures and were analyzed as if they occurred at the same time. Other potential confounders were minimized
by randomization and stratification according to 10 site, T and stage. Observation of toxicities may have been influenced by inability
to blind investigators and patients to treatment arm, whereas the recording of hard data points, such as laryngectomy and survival
should not be affected by lack of blinding.

93% of patients on the PF-RT arm who had ~ PR after the 2"" cycle of PF received the 3'" cycle.
70% of patients on the CRT arm received all 3 cycles of concurrent cisplatin.
84% of the PF-RT patients received ~ 95% of the recommended RT dose (i.e.. ~67 Gy), whereas 91% and 94% of the CRT and RT arms,
respectively, received ~ 95% of the recommended RT dose.

The study was designed to detect an improvement of 15% above the expected LP rate of 65% at 2 yrs, with a power of 80% and type I
error of 0.05. The sample size was inflated by 10% to account for patients deemed ineligible or lost to follow-up.

PF chemotherapy toxicity was primarily neutropenia, stomatitis, nausea and vomiting,
Toxicity during radiation was nearly identical in the PF-RT and RT alone arms, consisting of ~ grade 3 stomatitis (24% and 24%,
respectively) and dermatitis (10% and 9%, respectively). In the CRT arm, ~ grade 3 stomatitis was 43% and dermatitis was 7%.
The incidence of late ~ grade 3 toxicities was 24% in the PF-RT arm, 30% in the CRT arm, and 36% in the RT alone arm.
There were no differences between the 3 arms with regard to speech. At 2 yrs, <10% had moderate speech impairment, defined as
difficulty pronouncing some words and being understood on the telephone. Swallow function at 2 yrs was also very similar, with about
15% of patients reporting difficulty.

Estimated 5-yr OS did not differ significantly between groups, and was 55% with PF-RT, 54% with CRT and 56% with RT alone.
Patients who received chemo therapy had improved DFS, with 5-yr DFS rates of 38% (p =0.02), 36% (p =0.006) and 27%, respectively.
5-yr LFS(composite endpoint of laryngectomy or death ) rates were 43% (p = 0.08), 45% (p = 0.01) and 38%, respectively.
LR control was significantly better with CRT. 2-yr LR control rates were 61% (p = 0.16), 78% (p < 0.00 I) and 56%, respectively.
The 5-yr Dlvl rates were 15% (p N/A ), 12% (p =0.03) and 22%, respectively.
Results after 5 yrs of follow-up have been presented in abstract form. While the rate of LP remained significantly better with CRT (83.6%)
compared to PF-RT (70.5%, P = 0.0029) or RT (65.7%, P = 0.00017), the rate of LFS is not better with CRT \'5. PF-RT (44.6% vs. 46.6%,
P=0.98), but LFSwith RT alone is inferior (33.9%) . This implies that more patients in the CRT arm are dying compared to PF-RT, to
account for the lack of difference in this composite endpoint. OS remains flat across all 3 groups (CRT 54.6%, PF-RT 59.2%, RT 53.5%)."

Abbreviations: Ref, randomized controlled trial; LP,larynx preservation; OS, overall survival; LFS,laryngectomy-free survival; DFS, disease-free survival; LR,
locoregional; CRT, chemoradiotherapy; RT, radiotherapy; PF-RT,cispiatin/5FU, then radiotherapy; WHO, World Health Organization; PS, performance status ;
DM, distant metastasis; 5FU, 5-fluorouracil; PR, partial response; PO, progressive disease; Gy, Gray; CR, complete response; NCI, National Cancer Institute;
RTOG, Radiation Therapy Oncology Group; Cis, confidence intervals; NR, information not available; HR, hazard ratio; ORR, overall response rate.
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THE EVIDENCE: Chemoradiation therapy versus radiation therapy alone for stage III-IV laryngeal carcinoma

Reference

Level (Design)

Sample Size

Weber,2003

1 (Ref)

129

OUTCOMES

Outcomes measured OS, Recurrence, Post-surgery complications (major: significantly prolonged hospitalization, life threatening; minor: self-limited,
hospitalization not significantly prolonged), DFS, LR

Specific results OS at 24 months Recurrence Minor/Major Complications Pharyngocutaneous fistula

Survival following salvage TL was not influenced by the initial organ preservation treatment. Perioperative mortality is low but
one third of patients will develop a pharyngocutaneous fistula

Mean CRT: 39.0 months, RT: 36.5 months, PF-RT: 35.4 months

CRT

RT

PF-RT

p value

Conclusion

Follow-up time

71%

76%

69%

NS

28%

31%

44%

S

59%

52%

58%

NS

30%'

15%

25%

p> 0.05

Inclusion criteria

Exclusion criteria

Patient
Characteristics

Randomization
Effectiveness

Study regimens

Outcome
measurements in
detail

Potential
Confounders

Compliance

Power

Morbidity/
Complications

Other Secondary
Endpoints

STUDY DESIGN

I. Initially had to meet the inclusion criteria listed in Forastiere et althen undergo either CRT, RT,or PF-RT; 2. Undergo
salvage total laryngectomy because of disease progression after two cycles of chemotherapy in PF-RT, biopsy proven disease at
the primary site at least 8 weeks after RT,or laryngeal dysfunction with aspiration or laryngeal necrosis

Initially had to pass exclusion criteria listed in Forastiere et al.

+Salvage Total Laryngectomy; Age> 60: CRT: 44% RT:43% PF-RT: =46%; Male: CRT: 96%, RT: 81%, PF-RT: 75%; Karnofsky
PS ~ 80: CRT: 70%, RT:61%, PF-RT: 46% (10 site-supraglottis: CRT: 59% RT: 67% PF-RT: 54%; glottis: CRT: 41% RT: 33%
PF-RT: 46%; stage III CRT: 78%, RT: 67% PF-RT: 69%; stage IV CRT: 22% RT: 33% PF-RT: 31%; TN stage-n-eRT: 11%,
RT: 9%, PF-RT: 19%); T3 w. fixed cord-eRT: 56%, RT: 44%, PF-RT: 29%; T3 no fixed cord-eRT: 26%, RT: 35%, PF-RT:
17%; T4-eRT: 7%, RT: 11%, PF-RT: 4%; o-eRT: 59%, RT: 53%, PF-RT: 52%; NI-eRT: 26%, RT: 20%, PF-RT: 21%; 2
3-eRT: 15%, RT: 14%, PF-RT: 27%

Please refer to randomization effectiveness of Forastiere et al prior to salvage total laryngectomy.

RT alone =70 Gy in 35 fractions of 2-Gy fractions, 5 d/wk over 7 wks.
CRT = RT as above + concurrent cisplatin 100 mg/rn! on days 1,22 and 43.
PF-RT =cisplatin 100 rng/rrr' on day 1 + 5FU 1000 mg/m2/d by continuous infusion for 120 hrs, every 3 wks for 2 cycles. If
restaging showed ~ PR, a 3" cycle was given, followed by RT,as above. If <PR, laryngectomy and post -op RT was recommended.
All patients with ~ 2A disease were required to undergo neck dissection 8 wksafter the completion of RT. Laryngectomy was
performed as above, and in any patient with biopsy-proven persistent or recurrent 10 tumor, laryngeal dysfunction with
aspiration or laryngeal necrosis.

OS and DFS were measured from randomization rather than time from surger y because salvage TL was performed at different
time points. OS and DFS were estimated using the Kaplan-Meier method. Statistical testing was done by both the log rank and
Wilcoxon tests. Multivariate analysis was performed using the Cox proportional hazards model. Categorical variables were
examined by chi-squared ana lysis.

Initial randomization and stratification minimize confounders. Differences in timing of laryngectomies negated by measuring
survival from initial randomization. Observation of surgical complications unlikely to be influenced by inability to blind
investigators. Comparisons by assigned treatment limited only to patients needing salvage TL for disease are biased because
whether a patient would require salvage TL was unknown at time of randomization. Comparisons not invalid but may not
reflect overall treatment results among entire group of randomized patients.

Seven patients required a laryngectomy for necrosis or dysfunction, and one patient had a laryngectomy prior to protocol
treatment. These cases were included in assessment of complications but not in analysis of overall survival or recurrence.

'ot reported

Overall incidence of major and minor surgical complications was CRT: 59%, RT: 52%, PF-RT: 58%. Systemic complications
included 1 perioperative death (myocardial infarction), non fatal cardiovascular events in 7 patients, and 1 cerebrovascular
accident. No significant differences in frequency of systemic complications among the three groups. Pharyngocutaneous fistula
occurred in CRT: 30%, RT: 15%, PF-RT: 25%, p > 0.05. Incidence of complications across the 3 arms was independent of the
time from the end of treatment to laryngectomy (p =0.86)

LR control: CRT: 74%, RT: 90%, PF-RT: 74%
Distant failure with above clavicle control: CRT: 8%, RT: 20%, PF-RT: 18%
Minor complication: CRT: 41%, RT: 28%, PF-RT: 38%
Major complication: CRT: 19%, RT 24%, PF-RT: 21%
DFS: CRT: 52%, RT: 51%, PF-RT: 40%, p = 0.50

Abbreviations: Ref, randomized controlled trial; LP, larynx preservation; OS, overall survival; LFS, laryngectomy-free survival; DFS, disease-free
survival; LR, locoregional; CRT, chemoradiotherapy; RT, radiotherapy; PF-RT, cisplatin/5FU, then radiotherapy; WHO, World Health Organization;
PS, performance status; DM:distant metastasis; 5FU, 5-f1uorouracil; PR, partial response; PD, progressive disease; Gy, Gray; CR, complete response ;
NCI, National Cancer Institute; RTOG, Radiation Therapy Oncology Group; CIs, confidence intervals; NR, information not available; HR, hazard
ratio; ORR, overall response rate.
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Adjuvant chemoradiotherapy versus adjuvant radiation therapy for high-risk head and neck
cancer: Impact on survival, recurrence

Lori Wirth, Babar Sultan, and Merrill S. Kies

METHODS

A computerized Ovid search ofMEDLINE 1966-January
2006 was performed. The terms "postoperative therapy,"
"adjuvant therapy:' and "head and neck cancer" were
exploded and the resulting articles were cross-referenced,
yielding 7643 articles limited to "human" and "English
language." These articles or abstracts were then reviewed
to identify those that met the following inclusion criteria:
1) patient population with operable squamous cell
carcinoma of the head and neck (SCCHN) with high
risk features, 2) intervention with a postoperative exper
imental arm (postoperative cisplatin with radiotherapy)
versus a standard therapy arm (postoperative radiother
apy alone), 3) primary outcome measured in terms of
progression- or disease-free survival, overall survival
(OS), or locoregional (LR) control. The references of
these articles were reviewed and manually cross-checked
to ensure all applicable literature was included. This
process yielded three randomized controlled trials
(RCTs), a detailed analysis of which is presented
below.

SUMMARY

LR recurrence is common after surgical treatment of
stage III or IV SCCHN. Risk factors for recurrence and
death include positive surgical margins, extranodal
extension, and multiple involved nodes [1-4]. Several
strategies to improve the outcome of resectable locally
advanced SCCHN have been studied since the 1970s.The
benefit of adding radiotherapy to surgery has been con
sistently demonstrated, though not in the preoperative
setting, only postoperatively [5-7] . Attempts were made
to improve upon conventional radiotherapy by shorten
ing the overall radiation treatment time without reduc
ing the dose by accelerated fractionation by a twice-daily
concomitant boost schedule. Two RCTs, however, failed
to yield better outcomes over conventional radiotherapy
[8,9]. Similar disappointing results were seen with post
operative chemotherapy. When explored alone and added
sequentially to postoperative radiotherapy, chemother
apy did not improve LR control or OS [10-12]. Because
concurrent chemotherapy plus radiotherapy was shown
to be superior to radiotherapy alone in other settings, this

strategy was explored in several studies for postoperative
treatment of locally advanced SCCHN [13-17]. Several
regimens have been examined, including mitomycin and
cisplatin. The RCTs that focused on cisplatin therapy are
reviewed in detail below [13, 16, 17].

RESULTS

Outcome Measures. The primary outcome of the Euro
pean Organization for Research and Treatment of Cancer
(EORTC) 22931 trial was progression-free survival (PFS),
defined as the time from randomization to progression
of disease or death from any cause. OS was defined as
the time from randomization to death from any cause.
Both endpoints were estimated using the Kaplan-Meier
method. The primary outcome measured in Radiation
Therapy Oncology Group (RTOG) 9501 was LRcontrol,
defined as absence of disease recurrence in the original
tumor bed and/or cervical node metastasis. OS was mea
sured as described for the EORTC study, and the Kaplan
Meier method was used. The smaller Bachaud study
measured LR control as the primary endpoint, with sec
ondary endpoints including OS and disease-free survival
(DFS). Although primary outcomes measured in these
studies were slightly different, all are good indicators of
the risk of treatment failure for patients in one treatment
group relative to the other.

Potential Confounders. EORTC 22931 and RTOG 9501
enrolled similar, but not uniform patient populations, in
part because of the different criteria used to define post
operative SCCHN patients at high risk for recurrence.
The EORTC eligibility criteria included: 1) tumor (T)
stage ofT3 or T4 and any nodal (N) stage, except T3 NO
of the larynx with negative margin s, 2) stage T1 or 2, NO
or 1 with an unfavorable pathologic finding [extracapsu
lar spread (ECS), positive resection margin, perineural
involvement, or vascular tumor embolism], or 3) oral
cavity or oropharyngeal tumors with involved level IV or
V cervical nodes. The RTOG high-risk eligibility criteria
included: 1) involvement of ~2 regional nodes, 2) ECS,
or 3) positive resection margin. Table 32.A.l summarizes
the major differences in patients enrolled in the two
studies in terms of primary site, stage, and high-risk
pathologic features.

723



Advanced Head and Neck Malignancy
724

I

TABLE 32.A.1. Differences in EORTC 22931 and
RTOG 9501 studies

Characteristic EORTC 22931 (%) RTOG 9501 (%)

1° site

Ora l cavity 26 27

Oropharynx 30 42

Larynx 22 21

Hypopharynx 20 10

Other 1 <I

T stage

TI -2 33 39

T3-4 66 61

Unknown 0

stage

0-1 43 6

2-3 57 94

High -risk path

ECS alone 41 49

+margin alone 13 6

+margin and ECS 16 4

In contrast to the later EORTC and RTGO studies,
Bachaud et al. required ECSin all subjects as a sole high
risk factor for study entry. In retrospect, ECSseems to be
one of the most potent risk factors for recurrence. Thus,
its requirement in all subjects may in part explain the
positive results in such a small sample size.

Study Designs. All three studies provide level1 evidence
from randomized phase III designs comparing the addi
tion of concurrent cisplatin chemotherapy to postopera
tive radiotherapy with radiotherapy alone in patients
with high-risk SCCHN. Chemotherapy in two studies
was the same, with cisplatin given during radiotherapy
at 100 mg/rrr' on days 1, 22, and 43. The radiotherapy
administered was slightly different, with 60 Gy ±a 6-Gy
boost in the RTOG study, versus 66 Gy administered to
all patients in the EORTC study. In Bachaud et al., cis
platin 50-mg bolus was given once a week in 7-9 cycles
plus postoperative radiation (54 Gy in 32 fractions ±
20-Gy boost). The boost was dependent on the burden
of disease after surgery. Given the obvious treatment dif
ferences in study arms, assignments were not blinded,
nor was placebo given. The EORTC trial enrolled 334
patients, 459 patients were enrolled in RTOG, and 88
patients in Bachaud et al. Median follow-up times were
60 months, 46 months, and minimum 60 months, respec
tively. Sample size calculations differed, with EORTc
22931 powered to detect a 15% increase in absolute PFS

from 40% to 55% at 3 years, with a power of 0.80 and
two-sided level of significance of 0.05. RTOG 9501 was
powered to detect a 15% improvement in the 2-year rate
of LR recurrence expected from radiotherapy alone
(38%), using the same significance level and power. The
Bachaud study was not powered for a particular sample
size. Investigators initially hoped to accrue 200 patients,
but because of a growing use of neoadjuvant chemo
therapy at the time, the study closed early because of
poor accrual.

Highest Level of Evidence. EORTC22931demonstrated
significant improvement in PFSwith concurrent postop
erative chemoradiotherapy compared with radiotherapy
alone. The estimated 5-year PFS rates were, respectively,
47% and 36% (p = 0.04). Overall 5-year survival rate
was also better in the chemoradiotherapy arm, with the
rates of 53% and 40%, respectively (p = 0.02). This
study further demonstrated improved LR control with
chemoradiotherapy at 5 years (18% versus 31%). With
chemoradiotherapy, severe mucositis (41% versus 21%),
neutropenia, and nausea/vomiting were more frequent.
Late adverse effects, including xerostomia, dysphagia,
and serious complications such as mucosal necrosis,
bone and laryngeal complications were similar.

RTOG 9501 also showed an improvement in the
study's primary endpoint, LRcontrol, with postoperative
chemoradiotherapy compared with radiotherapy alone,
with a hazard ratio for LR recurrence of 0.62 [95% con
fidence interval (CI) 0.41-0.91, P =0.01]. The estimated
2-year LR control was 82% with chemoradiotherapy,
versus 72% with radiotherapy. Despite this improvement
in disease control, OS was not better with chemoradio
therapy, as reflected in the hazard ratio of 0.84 (95% CI
0.65-1.09, P = 0.19). As expected, adverse effects were
greater in the chemoradiotherapy arm, with more hema
tologic, mucosal, and gastrointestinal side effects. Four
patients on the chemoradiotherapy arm died from
protocol-related events, compared with none on the
radiotherapy arm. Late effects encountered were not
significantly different.

Bachaud et al. also showed a trend toward improve
ment in the study's primary endpoint, LR control , when
comparing postoperative chemoradiotherapy to radio
therapy alone, although the difference was not statisti
callysignificant (77% versus 59 %, P=0.08). OS and DFS
were better in the chemoradiotherapy group compared
with radiotherapy alone with statistically significant dif
ferences; at 2 years OS was 72% versus 46%, respectively,
whereas at 5 years OS was 36% and 13% (p < 0.01). DFS
at 2 years and 5 years was 68% and 45% versus 44% and
23% (p < 0.02).

A retrospective subgroup analysis using data pooled
from the RTOG and EORTC trials has been performed
in order to further explore the characterization of risk
factors that might warrant intense postoperative chemo
radiotherapy [18]. Asshown in Table 32.A.l, the propor
tion of patients with N2-3 disease was substantially



higher in the RTOG study, which also had more patients
with oropharyngeal primaries and fewer patients with
hypopharyngeal primaries. Also of note, when the high
risk pathologic features common to both studies (ECS
and positive margins) were considered, fewer RTOG
patients than EORTC patients (590/0 versus 700/0) had
common high-risk features. The impact of these common
high-risk features on OS was examined in the pooled
data, and results showed that patients with ECS and/or
positive margins had significantly poorer survival than
those without these risk factors. Moreover, OS in this
subset of patients in both studies was improved with
cisplatin plus radiotherapy compared with radiotherapy
alone. This was, however, not the case when the subset
of patients without ECS and/or positive margins was
examined. The benefit of chemotherapy added to radio
therapy was also seen in terms of LR control and DFS in
the pooled subset of patients with the common high-risk
features of ECS and/or positive margins. Conclusions
drawn from this retrospective unplanned analysis should
be made with caution and taken only as exploratory in
nature. Nonetheless, this retrospective subgroup analysis
suggests that the superiority of postoperative chemora
diotherapy, regardless of which endpoint is considered,
is accounted for primarily by the subset of patients that
possessed one or more of the high-risk features common
to both studies (i.e., ECS and/or positive margins). The
magnitude of benefit of intensive postoperative concur
rent chemoradiotherapy in patients at risk by virtue of
stage III-IV disease, ~2 involved nodes, perineural inva
sion, tumor vascular embolism, or involved level IV or V
nodes in patients with oral cavity or oropharyngeal
cancers is less clear.

Applicability. The results of EORTC 22931 and RTOG
9501 are applicable to patients with high-risk SCCHN
who have undergone complete resection. The definition
of high-risk disease differed between the two studies,
although the high-risk features common to both studies
(ECS and/or positive margins) clearly define a patient
population that will have better outcomes with cisplatin
plus radiotherapy compared with radiotherapy alone.
Other high-risk factors that should be taken into account
when planning postoperative therapy are: 1) T stage of
T3 or T4 and any N stage, except T3 NO of the larynx
with negative margins, 2) stage T1 or 2, NO or 1 with
perineural involvement or vascular tumor embolism, 3)
oral cavity or oropharyngeal tumors with involved level
IV or V cervical nodes, or 4) involvement of ~2 regional
nodes. The Bachaud study supports the inclusion of ECS
as a high-risk feature that obligates the addition of che
motherapy to radiotherapy in the postoperative setting.

Morbidity/Complications. Treatment intensification by
adding chemotherapy to postoperative radiotherapy for

Advanced Head and Neck Malignancy
725

SCCHN comes at a price of increased toxicity. In the
EORTCstudy, 41°/0 of the combined therapy group expe
rienced acute grade ~3 adverse effects,versus 21°/0 of the
radiotherapy-alone group. In RTOG 9501, 77°/0 of com
bined therapy versus 34°/0 of radiotherapy patients expe
rienced acute grade ~3 adverse effects, and notably, there
were four treatment-related deaths in the former group.
However, the long-term toxicities studied did not differ
between treatment groups in either study. In Bachaud
et al., 150/0 of the radiotherapy group and 200/0 of the
chemoradiotherapy group, respectively, experienced
>grade 2 late toxicity on RTOG/EORTC scale. Serious
complications also included osteoradionecrosis and
pharyngeal stenosis.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

Until recently, the standard of care has been to adminis
ter radiotherapy in the postoperative setting to decrease
the risk of LR recurrence in patients with advanced,
resectable head and neck cancer. Now, with the publica
tion of two large, well-run RCTs and another smaller but
similar older study, a new standard of care is established,
supporting the use of adjuvant chemoradiotherapy for
postoperative high-risk SCCHN. Chemoradiotherapy
decreases the risk ofLR recurrence, and may also improve
as. Unfortunately, the addition of bolus cisplatin to
radiotherapy does not seem to decrease the risk of distant
metastasis (DM). With improved ability to achieve LR
control, DM is becoming the most common site of recur
rent disease. Studies aimed at improving systemic thera
pies for SCCHN are thus needed. Strategies now under
investigation include the addition of targeted therapies,
such as EGFR (epidermal growth factor receptor) mono
clonal antibodies and tyrosine kinase inhibitors, to post
operative chemoradiotherapy. Beyond the potential for
improved disease control, targeted therapy is an appeal
ing addition because of non-overlapping toxicities that
may allow for enhanced efficacy without significantly
increasing the acute and long-term toxicity of intensive
chemoradiotherapy.

Given the intensity of postoperative chemoradio
therapy, especially the potential for late adverse effects
including dysphagia and xerostomia that can have life
long impact on quality of life, it is imperative that we
have a better understanding of the high-risk factors
that distinguish between patients who will benefit
from an aggressive postoperative chemoradiotherapy
approach, and those who might do as well with less toxic
therapy.



THE EVIDENCE CONDENSED: Adjuvant chemoradiotherapy versus adjuvant radiotherapy alone for high-risk
squamous cell carcinoma of the head and neck

Reference

Level (design)

Sample size

Bernier, 2004 (EORTC 22931)

I (RCT)

334

OUTCO MES

Postoperative concurrent cisplatin and RT CRT improves PFS and OS in high-risk SCCHN, without
substantial increase in toxicity, compared with RT alone

60 010

Outcome measure

Results of
intervention

Results of control

p Value

Conclusion

Follow-up time

1° Outcome
PFS

5-y PFS 47%

5-y PFS 36%

0.04

2° Outcomes
OS
LR recurrence
Distant metastasis
2nd primary tumor
Toxicity (acute and late)

5-y OS 53%

5-y OS 40%

0.02

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Study regimens

Potential
confounders

Compliance

Intention to treat
analysis

Power

Morbidityl
complications

Other secondary
endpoints

STUDY DESIGN

I. SCCH of oral cavity, oropharynx, hypopharynx, or larynx, and
2. T3 or 4 (except T3 NOof larynx)
3. OR T1 or 2 with ECS, +margin, or perineural involvement, OR vascular tumor embolism, OR oral cavity or

oropharyngeal tumor with involved level IV or V nodes
4. Age ~18 y,:::;70 y, KPS ~60, adequate renal, liver, and bone marrow function

I. No concurrent cancer, except non melanoma skin cancer
2. Previous chemotherapy
3. Known CNS disease

Well balanced in terms of sex, age, T & N stage, I° site, margin status, degree of differentiation, ECS, perineural
involvement, and vascular embolism

53 Y(median)

ot done

Postoperative radiation (66 Gy in 33 fractions) + concurrent cisplatin (100 rng/rn' on days 1, 22, and 43) vs RT
alone

The impact of potential confounders in the 3 studies is minimized because of randomi zation. The inability to
blind patients and investigators should have little impact on the hard endpoints of PFS, OS, and LRcontrol.
Awareness of treatment assignment, however, has potential to influence assessment of secondary toxicity endpoints

28% of patients started treatment >6 wk after surgery. 4% did not receive specified RT dose. 25% had RT
breaks leading to treatment lasting >7 wk. 64% of intervention group completed all 3 cycles of chemotherapy

Perform ed appropriately

Designed to detect a 15% absolute increase in 3-y PFS from 40% to 55%, with a 2-sided significance level of
0.05 and power of 0.80

Severe~grade 3 mucosal toxicity (according to NCI CTC v. 2.0 and RTOG/EORTC criteria) occurred in 41%
of patients with CRT vs 21% with RT (p =0.001). Severe leukopenia, neutrop enia, and vomiting occurred in
16%, 13%, and II % of patients with CRT, respectively.Other severe toxicities were similar in both groups
No protocol-related deaths were reported

5-y LR recurrence 18% vs 31% (p = 0.007) (CRT vs RT)
5-y distant metastasis 21% vs 25% (p = 0.6 I)
5-y second primary tumor rate 12% vs 13% (p = 0.83)

EORTC =European Organization for Research and Treatment of Cancer, RTOG=Radiation Therapy Oncology Group, RCT=randomized
controlled trial, I'FS=progression-free survival,OS=overall survival, LR=locoregional, DFS =disease-freesurvival, HR =hazard ratio,CI =
confidence interval, CRT =chemoradiotherapy, SCCHN=squamouscell carcinoma of the head and neck, RT =radiotherapy, ECS =extracapsular
spread. KI'S =Karnofskyperformance score.CNS =central nervous system. NtA=not available.Gy=Gray, NCI =National Cancer Institute.
CTC = common toxicity criteria.
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THE EVIDENCE CONDENSED: Adjuvant chemoradiotherapy versus adjuvant radiotherapy alonefor high-risk
squamous cell carcinoma of the head and neck

Reference

Level (design)

Sample size

Cooper, 2004 (RTOG 9501)

I (RCT)

459

OUTCOMES

Outcome measure

Results of .
intervention

10 Outcome
LR control

2-y LR control 82%

20 Outcomes
DFS
OS
Toxicity (acute and late )

HR for OS 0.84 (95% CI 0.65-1.09)

Results of control

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Stud y regimens

Potential
confounders

Compliance

Intention to treat
analysis

Power

Morbidity/
complications

Other secondary
endpoints

2-y LR control 72%

0.01 0.19

Postoperative concurrent cisplatin and RT improves LR control in high -risk SCCH . A statisticall y significant
improvement in OS was not demonstrated. CRT was not substantially more toxic than RT

46 mo

STUDY DESIGN

I. SCCHN of oral cavity, oropharynx, hypopharynx, or larynx
2. Macroscopically complete resection
3. Any high -risk feature: ~2 involved nodes, ECS, +margin
4. KPS ~60

I. Creatinine clearance <50 mLlmin
2. White count <3500/m3

3. Platelets <100,000/m3

Well balanced in terms of sex, age, high -risk characteristic (margin status, ECS, or ~2 nodes), racial or ethnic
group, KPS, degree of differentiation, and 10 site. Of note , distribution of ECS and ~2 nodes was not provided
separately, allowing for possible imbalance between 2 groups in this important regard

55 y (median)
24-80 y (range)

Not done

Postoperative radiation (60 Gy in 30 fractions ± 6-Gy boost) + concurrent cisplatin ( 100 mg/rrr' on days 1,22,
and 43) vs RT alone

The impact of potential confounders in the 3 studies is minimized because of randomization. The inabilit y to
blind patients and investigators should have litt le impact on the hard endpoints of PFS, OS, and LR control.
Awareness of treatment assignment, however, has potential to influence assessment of secondary toxicity endpoints

<I % began treatment >62 d after surgery. The specified RT was delivered in 80%. 61% of intervention group
completed all 3 cycles of chemotherapy

Performed appropriately

Designed to detect a 15% decrease in 2-y LR recurrence rate, expected to be 38%, based on previous RTOG
postoperative RT trials, with 0.80 power using 2-sided significance level of 0.05

Acute ~grade 3 toxicities (ace. to NCI CTC v. 2.0) occu rred in 77% of patients with CRT vs 34% with RT
(p < 0.00 I). Patients with CRT had more mucosal, hematologic, and gastrointestinal toxicities . ~grade 3 late
toxicities (ace. to RTOG criteria ) oceurred in 21% of patients with CRT vs 17% with RT (p = 0.29). 4 (2%)
CRT patients died as a result of protocol-related events

HR for DFS 0.78 (95% CI 0.61-0.99, P = 0.04)
Distant metastasis 20% vs 23% (p = 0.46) (CRT vs RT)

EO RTC =European Organization for Research and Treatment of Cancer, RTOG =Radiation Therapy Oncology Group. RCT =randomized
controlled trial. PFS=progre ssion -free survival. OS =overall survival. LR=locoregional , DFS=disease-free survival. HR =hazard ratio, CI =
confidence interv al, CRT =chemoradiotherapy, SCCHN =squamous cell carcinoma of the head and neck. RT =radiotherapy, ECS =extracapsular
spread. KPS =Karnofsky performance score, CNS =central nervou s system, NfA =not available. Gy =Gray. NCI =National Cancer Institute,
CTC = common toxicity criteria.
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THE EVIDENCE CONDENSED: Adjuvant chemoradiotherapy versus adjuvant radiotherapy alone for high~rlsk

squamous cell carcinoma of the head and neck

Reference

Level (design)

Sample size

Bachaud, 1996

1 (RCT)

88

OUTCO MES

Concurrent cisplatin at 50 mg weekly and postoperative radiation improved LR control and survival. Although the
difference in LR control did not meet statistical significance, the differences in survival were statistically significant

Minimum 60 mo or death

Outcome measure

Results of
intervention

Results of control

p Value

Conclusion

Follow-up time

1° Outcome
LR control

LR control 77%

LR control 59%

0.08

2° Outcomes
OS
DFS
Late toxicity

OS 2 Y72% 5 Y36%

OS 2 Y46%. 5 Y 13%

<0.01

Inclusion criteria

Exclusion criteria

Randomization
effectiveness

Age

Masking

Study regimens

Potentia l
confounders

Compliance

Intention to treat
analysis

Power

Morbidityl
complications

Other secondary
endpoints

STUDY DESIGN

I. Stage III or IV SCC of oral cavity. oropharynx , hypopharynx, larynx , or unknown primary site, with cervical
metastatic nodes
2. Histologic evidence of nodal ECS on surgically obtained specimen

I. KPS <60
2. Gross residual disease following surgery
3. Concurrent or previous primary cancer except non melanoma skin cancer
4. Poor renal. bone marrow function
5. Treatment other than prior surgery

o significant differences in patient and tumor characteristics reported

N/A

ot done

Cisplatin 50 mg weekly for 7-9 wk + postoperative cobalt radiation (54 Gy in 32 fract ions ± 20-Gy boost) vs
RT alone

The impact of potenti al confounders in the 3 studies is minimized because of rando mizat ion. The inability to
blind patients and investigators sho uld have litt le impact on the hard endpoints of PFS. OS. and LR control.
Awareness of treatment assignment, however, has potential to influence assessment of secondary toxicity endpoints

5 patien ts excluded after inclusion (I from RT, 4 from CRT group ), 3 CRT pat ients lost to follow-up at 14,2 1,
and 52 mo

ot do ne

ot done

Late toxicity: 15% RT group, 20% CRT group had >grade 2 on RTOG/EORTC scale. 5 patients (3 from RT,2
from CRT) experienced pharyngeal stenosis, 1 RT patient died during mechanical dilation, 1 CRT patient had
mandibular radionecrosis

RT vs CRT 2-y and 5-y DFS 44% and 23% vs 68% and 45% (p < 0.02), 2-y and 5-y survival without LR
recurrence 59% and 55% vs 84% and 70% (p = 0.05), 2-y and 5-y survival without distant metastasis 81% and
49% vs 73% and 58% (p not significant )

EORTC = European Organi zation for Research and Treatment of Cancer. RTOG = Radiation Therapy On cology Group, RCT = rand omi zed
controlled trial, PFS = progression -free survival, OS = overall survival, LR = locoregional, DFS = disease-free survival. HR = hazard ratio . CI =
confidence interval. CRT = chcmoradiothcrap y,SCCHN = squamous cell carcinoma of the head and neck. RT = radiotherapy, ECS = extracapsular
spread, KPS = Karnofsky performance score. CNS = central nervou s system. N/A = not available. Gy = Gray, NCI = National Cancer Institute.
CTC =common toxicity criteria.
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Standard versus experimental cisplatin regimens for recurrent and/or metastatic head and
neck squamous cell carcinoma: Impact on survival, response rate

Lori Wirth and Merrill S. Kies

METHODS

A computerized Ovid search ofMEDLINE from 1966 to
January 2006was performed. The terms "chemotherapy:'
"squamous cell carcinoma:' and "recurrent metastatic
head and neck cancer" were entered, and the resulting
articles were cross-referenced, yielding 1158 articles
limited to "human" and "English language." These arti
cles or abstracts were then reviewed to identify those that
met the following inclusion criteria: 1) patient popula
tion with recurrent and/or metastatic (RIM) squamous
cell carcinoma of the head and neck (SCCHN), 2)
intervention with comparative cisplatin-based regimens
(experimental arm versus a standard therapy arm) in a
phase III study, and 3) primary outcome measured in
terms of response rate or progression-free survival, or
overall survival (OS). The references of these articles
were reviewed and manually cross-checked to ensure all
applicable literature was included. Two hundred thirty
six articles were reviewed in detail, yielding the five
relevant randomized controlled trials (RCTs) presented
below [1-5].

SUMMARY

Despite advances in the upfront treatment of SCCHN,
recurrent and metastatic SCCHN remains a significant
problem. This is a result of the frequency of advanced
disease at presentation. Ten percent of patients have
incurable distant metastatic disease at presentation, and
two-thirds of patients will present with locoregionally
advanced stage III or IV disease. With current upfront
treatments, at least half of these patients will eventually
develop RIM disease. A potentially curative approach
with salvage surgery or reirradiation is the preferred
treatment for recurrent disease, yet not all patients will
have disease that is amenable to these options. Therefore
in RIM SCCHN, palliative chemotherapy may be the
mainstay of treatment. A number ofsingle-agent chemo
therapies have activity in SCCHN, as demonstrated in
phase II and phase III clinical trials. See Table 32.B.l for
a representative list of active drugs.

Attempts to improve outcomes have included inves
tigating combination chemotherapy in phase III studies.
These studies have, in general, shown increased response
rates with combination chemotherapy, but have thus far
failed to show a clear improvement in OS compared with
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single-agent therapy. Despite this, for patients who are
able to tolerate more aggressive therapy, cisplatin-based
combination chemotherapy is considered by many to be
a standard therapy for patients with RIM SCCHN.
Detailed analysis of five phase III RCTs which evaluated
comparative cisplatin regimens is presented below.

RESULTS

Outcome Measures. The earlier studies [3-5] used
overall response rate (ORR) as the primary endpoint,
with time to progression, OS and toxicity as secondary
endpoints. More recent studies [1, 2] have turned to
survival endpoints, which may yield more clinically
meaningful results than ORR.

Potential Confounders. The RCTs presented were ran
domized studies with stratification to ensure balance
across study arms. Because blinding is difficult in intra
venous chemotherapy studies that incorporate widely
variable dosing and treatment schedules, these studies
were not masked. The lack of blinding may, to a minor
extent, influence perception of endpoints, such as clinical
evaluation of response and toxicity,but should have little
effect on determination of radiographic response and
survival.

Study Designs. Levell evidence is provided in five RCTs
examining the experimental chemotherapy arms to a
standard therapy arm. Comparative regimens included:
1) cisplatin paclitaxel versus cisplatin 5-fluorouracil
(5-FU), 2) cisplatin low-dose paclitaxel versus cisplatin
high-dose paclitaxel granulocyte colony-stimulating
factor, 3) cisplatin 5-FU versus methotrexate bleomycin
vincristine cisplatin, 4) cisplatin 5-FU versus carboplatin
5-FU methotrexate, 5) cisplatin versus 5-FU versus both.
In general, the RCTs presented showed effectiverandom
ization, with study arms well balanced for important
prognostic factors, such as performance status, prior
therapy, and age. Follow-up, even if short, was adequate
because of the brief event-free and OS times seen in RIM
SCCHN. All study designs were developed a priori,
although as the small numerical differences in OS and
absence of statistically significant survival differences
suggest, these studies may have been underpowered to
detect small survival benefits that might be obtained with
combination chemotherapy.



TABLE 32.B.1. Single-agent chemotherapies

Single agents with act ivity in SCCHN

Cisplatin

Carboplatin

5-Fluorouracil

Paclitaxel

Docetaxel

Methotrexate

Pemetrexed

Vinorelbine

lrinotecan

Cetuximab

Highest Level of Evidence. Taken together, these five
studies provide solid evidence that cisplatin-based com
bination chemotherapy is efficacious in RIM SCCHN.
The response rates with cisplatin-based combination
chemotherapy are higher than seen with single-agent
therapy alone, but come at the cost of increased toxicity
without clear survival benefit. The mainstay of therapy
has become cisplatin plus 5-FU (CF). Attempts to
improve upon outcomes with CF,such as with high-dose
paclitaxel plus cisplatin [11, lower-dose paclitaxel plus
cisplatin [2], combined methotrexate, bleomycin, vin
cristine and cisplatin [3], and carboplatin plus 5-FU [4],
have failed to yield higher response or survival rates.

Applicability. These fivestudies enrolled a similar patient
population of advanced unresectable SCCHN. Of note,
a minority of patients were previously treated with che
motherapy. Now that many of the patients with SCCHN
will receive organ preservation therapy with combined
radiation and chemotherapy, more patients with RIM
SCCHN in the future will have been previously treated
with platinum-based chemotherapy in the upfront
setting. Studies completed to date offer few data on this
previously treated patient population.

Morbidity/Complications. Combination chemotherapy
is associated with increased toxicity compared with
single-agent therapy. The rate of treatment-related deaths
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ranges from 1-2% to 10%. Cisplatin-based combination
therapy also seems to increase toxicities that may impact
considerably on quality of life (QOL), such as nausea,
vomiting, stomatitis, infection. If in combined therapy,
5-FU is replaced by a taxane (paclitaxel or docetaxel),
stomatitis, diarrhea nausea, and serious infection may be
improved .

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

CF has been established as a mainstay of treatment for
RIM SCCHN. This is primarily based on superior
response rates than seen with single-agent therapy.
Unfortunately, improved responses have not translated
into statistically significant improvements in as.There
fore, cisplatin-based combination chemotherapy is fre
quently used in chemotherapy-naive RIMSCCHN in the
absence of serious comorbid conditions. Phase II study
has shown impressive efficacyof cisplatin plus docetaxel,
with an ORR of 40% and median survival of 9.6 months
[6]. Single-agent therapy is, however, considered reason
able choice of therapy, particularly in patients with
other illness or recurrent disease following combined
chemoradiotherapy.

Several important studies are currently underway in
the RIMdisease setting. These include an RCT investigat
ing docetaxel plus cisplatin compared with CF, and a
phase II study investigating docetaxel, cisplatin, and erlo
tinib [an oral epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitor] . EGFR targeted therapy with
cetuximab has also been shown in the phase II to have
activity in RIM SCCHN. A randomized comparison to
cisplatin plus cetuximab versus cisplatin alone has com
pleted accrual, with the final results pending at the time
of this writing. Additional ongoing and future studies
will investigate other targeted therapies in head and neck
cancer, and hold promise for improving on antitumor
activity without increasing toxicity of therapy. Future
studies are also expected to incorporate more QOL data
that will more fully explore clinical benefits of therapy
for RIM SCCHN.
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Reference

Level (design)

Sample size

Outcome measure

Results of
experimental therapy

Results of standard
therapy

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient characteristics

Randomization
effectiveness

Stud y regimens

Outcome
measurements in
detail

Potential
Confounders

Compliance

Intention to treat
analysis

Power

Morbidityl
complications

Other 2° endpoints

Gibson, 2005

I (RCT)

218

OUTCOMES

I° Outcome 2° Outcomes
OS ORR, Toxicity, QOL

CP: I-y survival 32.4%

CF: I-y sur vival 41.4%

0.49

This RCT showed no improvement in surviva l with CP compared with CF

8.3 mo

STUDY DESIGN

I. Measurable SCCHN not cura ble with surgery or radiation, 2. Previously untreated extensive LR disease
OR previously treated disease with LR recurrence or OM, 3. ECOG PS of 0 or 1, 4. Adequate renal, liver, and
bone marrow funct ion,S. Written informed consent

I. Nasopharyngeal primary, 2. Prior chemotherapy for recurrent disease, 3. Prior paclitaxel or 5-FV within
12 mo, 4. Prior cisplatin within 6010, 5. Concurrent malignancy, 6. Heart disease within I y, 7. Brain
metastasis

81% male; 78% white; Median age 61 y; 26% PS =0; 73% PS = I; 12% newly diagnosed; 88% recurrent
disease; 56% OM; 1° site: 25% larynx, 25% OP, 22% oral cavity, 13% HP

Well balanced in term s of sex, race, age, PS, new diagnosis vs recurrence. CF arm had slightly more patients
with OM and HP primaries, both representing worse prognosis

CP = cisplatin 75 mg/m' day I, paclitaxel 175 mg/rrr' over 3 h day I, every 3 wk
CF = cisplatin 100 mg/m' day I, 5-FV 1000 mg/m' daily continuous IV infusion days 1-4 , every 3 wk
Carboplatin AVC 6 substituted for cisplatin in case of rena l toxicity or neurotoxicity

Survival data analysis used Kaplan-Meier method. Comparison between 2 groups by logrank test. Response
determined according to ECOG criteria: CR =complete disappearance of all disease lasting ~4 wk, PR =
~50% decrease in tumor size lasting ~4 wk, PO =~25% increase. QOL measured by FACT-H&N measured at
baseline and wk 7 and 16, and at 6 mo. Brief Pain Inventory assessed at same intervals

Impact of potential confounders minimized by randomization and stratifying for newly diagnosed disease vs
recurrent disease, and ECOG PS of 0 vs I. Study not blinded to investigators or patients, but should have
litt le effect on determ ination of hard endpoin ts such as survival and respon se. May have greater influence on
percept ion of toxicities, QOL, and pain

N/A

Perfor med appro priately

80% power to detect a 150/0 difference in l-y OS (from 20% to 35% ), with type I error of 0.05, and 2-sided
logrank test

12 deaths (6%) occu rred ,S in CP arm , 7 in CF arm .
o difference between 2 arms in ~grade 3 toxicities by Kruskal-Wallis test.

Hematologic adverse events, stomatitis, and diarrhea numerically more frequent in CF arm . ausea,
vomiting, and neurotoxicity roughly equivalent

ORR =26.0% (CP), 29.8% (CF) (p =0.84)
Multivariate analysis showed only ECOG PS predictive of survival. HR for death with PS ~I vs 0 = 1.47 (95%
CI, 10.0 1-2 .12)
QOL and pain analysis published only in abstract form as of this writing, but suggest CP slightly better than
CF in terms of QOL

RC, = randomized con tro lled tria l, OS = overa ll surviva l, O RR = overa ll response rare, QO I. = quali ty of life. EFS = event-free surviva l, TIP = time to prog ression, CABO =
met ho trexale/hleomycin/vincri.tine/ci.plali n, CF = ci.platin/S- fluorooraci l. CP = cisp latin/ paclitaxe l, SCCHN = >quamo u. cell carci no ma of the head and neck, LR = loco regional,
DM = dis tant metas tasi•• ECOG = Eastern Cooperative O ncology Gro up, PS = perfo rma nce status, 0 1' = oropharynx, HI' = hypo pharynx, S-FV = S-flumouracil, AVC = area unde r
the curve, G-CSF = granu locyte colony-stimulating facto r, CR = complete respo nse, PR = part ial respon se, WH O = Wor ld Health O rganiza tion. I'D = progressive disease, FAcr-H&N
= Functio nal Assessment of Cancer The rapy in Head and Neck Cancer, N/A = not available, HR = hazard ratio, CI = confide nce interval.
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-
Reference

Level (design)

Sample size

Outcome measure

Results of
experimental therapy

Results of standard
therapy

p Value

Con clusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient characteristics

Randomization
effectiveness

Study regimens

Outcom e
measurements in
detail

Potential
Confounders

Compliance

Intention to treat
analysis

Power

Morbidity/
complications

Other 2° endpoints

Forastiere, 2001

I (Ref)

210

OUTCOMES

1° Outcome 2° Outcomes
EFS OS, ORR, Toxicity

Arm A: median EFS 4.1 mo

Arm B: median EFS 4.0 mo

/A

There is no advantage with high-dose paclitaxel over low-dose paclitaxel with cisplatin. Excessive hematologic toxicity
is associated with both regimens.

N/A

STUDY DESIGN

1. Measurable SCCHN not curable with surgery or radiation, 2. Newly diagnosed disease with DM or LR
disease so extensive that cure not possible with surgery or radiation OR recurrent or metastatic disease after
initial surgery or radiation, 3. ECOG PS of 0 or 1,4. Adequate renal, liver, and bone marrow function,
5. Written informed consent

1. asopharyngeal primary, 2. Prior chemotherapy for recurrent/metastatic disease, 3. Chemotherapy for
initial treatment within 6 rno, 4. Significant cardiac disease

80% male; 80% white; Median age 59 y; 33% PS =0; 67% PS = I; 13% newly diagnosed; 87% recurrent
disease; 63% DM; 1° site: 26% larynx , 35% OP, 21% oral cavity, 11 % HP

Well balanced in terms of age, PS, new diagnosis vs recurrence, and DM. CF arm had slightly more patients
with DM and 1° sites. Slightly more women in low-dose arm, and slightly more nonwhites in high-dose arm

Arm A = paclitaxcl200 mg/rrr' over 24 h day 1, cisplatin 75 mg/rrr' day 1, G-CSF, every 3 wk
Arm B = paclitaxel 135 rng/rrr' over 24 h day I, cisplatin 75 mg/rrr' day I, every 3 wk

Survival data analysis used Kaplan-Meier method. Comparison between 2 groups by logrank test. Response
determined according to ECOG criteria

Impact of potential confounders minimized by randomization and stratifying for newly diagnosed disease vs
recurrent disease, and ECOG PS of 0 vs 1. Study not blinded to investigators or patients, but should have
little effect on determination of hard endpoints such as survival and response. May have greater influence on
perception of toxicities

N/A

N/A

80% power to detect a 50% improvement in EFS (from 4 to 6 mo ) with arm A compared with arm B, with
alpha level of 0.05

Weighted analysis showed no significant difference in grade 3-5 toxicities in both arms
22 deaths (10%), 13 from infection, 2 from renal failure, 2 for myocardial infarction,S from unknown cause
Weighted analysis of grade 3-5 toxicities showed no difference between 2 arm s
Myelosuppression most common 2:grade 3 toxicity; 70% (arm A), 78% (arm B); hospitalization for febrile
neutropenia 27% (arm A), 39% arm B
Nausea , vomiting, and neurotoxicity were the most common nonhematologic toxicities

Median OS 7.6 mo (arm A) vs 6.8 mo (arm B) (p = 0.759)
ORR = 35% (arm A) (95% CI, 25.5-44.8) vs 36% (arm B) (95% CI, 26.3-46.0)
Multivariate analysis showed HR for EFS with following factors

Weight loss >5%, HR = 1.58 (p = 0.0083)
• Recurrent disease vs new diagnosis, HR = 1.96 (p = 0.0236)
• DM, HR = 1.62 (p = 0.0052)

Ref =randomized controlled trial, OS =overall survival , ORR =overall response rate, QOL =quality of life. EFS=event-free survival. TIP =time to progressio n. CABO =
methotrexatelbleomycinlvincristine/cisplatin. CF =cisplatinl5-fluorouracil. CP =cisplatin/pacli taxel, SCCHN =squamous cell carcinoma of the head and neck. LR=locoregional ,
DM =distant metastasis. ECOG =Eastern Cooperative Onco logy Group. PS =performance status. OP =oropharynx, HP =hypo pharynx, 5-FV =5-fluorouracil, AVC =area under
the curve, G-CSF =granulocyte colony-stimulating factor. CR =complete response. PR =partial response. WHO =World Health Organiza tion, PD =progressive disease. FAef-II&N
=Functional Assessment of Cancer Therapy in Head and Neck Cancer, N/A =not available. HR =hazard ratio. CI =confidence interval.
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Reference

Level (design)

Sample size

Outcome measure

Results of
experimental therapy

Results of standard
therapy

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Clavel, 1994

1 (RCT)

382

OUTCOMES
10 Outcome 20 Outcomes
ORR TTP, OS, Toxicity

ORR of CABO = 34%
ORR ofCF = 31%

ORR of cisplatin = 15%

<0.001 (CABO compared with cisplatin )
0.003 (CF compared with cisplatin)

CF and CABO have higher ORRs than cisplatin alone, but toxicities are greater and OS is not better with
either regimen.

N/A

STUDY DESIGN
I. Recurrent SCCHN with no suitable local treatment OR DM, 2. Age 18-75 y, 3. Karnofsky PS ~50%,

4. Evaluable disease,S. Normal renal, liver, and bone marrow function, 6. Witnessed informed consent

I. Prior chemotherapy, 2. Serious concomitant disease, 3. Uncontrolled infection

Patient characteristics 88% male, Median age 58 y, 88% PS ~70%, 69% locoregional disease, 31% DM, 63% prior surgery +
radiation

Randomization
effectiveness

Study regimens

Outcome
measurements in
detail

Potential
Confounders

Compliance

Intention to treat
analysis

Power

Morbidity/
complications

Other 20 endpoints

Well balanced for characteristics noted above

CABO = methotrexate 40 mg/nr' days I, IS, bleomycin total dose of 10 mg/rrr' and vincristine total dose of
2 mg/rrr' days I, 8, IS, plus cisplatin 50 50 mg/rrr ' day 4, every 3 wk. Vincristine deleted after cycle 2
CF = cisplatin 100 mg/rn ' day 1, 5-FU 1000 mg/rrr' daily continuous IV infusion days 1-4 , every 3 wk
Cisplatin = 50 mg/nr' days 1, 8, every 4 wk

Response and toxicities determined according to WHO criteria. Response assessed before each cycle. Patients
with early death or treatment held for toxicity considered PD. TTP and survival determined by Kaplan-Meier
method, and compared by logrank and Breslow test

Impact of potential confounders minimized by randomization and stratifying for institution, PS, primary site,
and prior treatment. Study not blinded to investigators or patients, but should have little effect on
determination of hard endpoints such as survival and response. May have greater influence on perception of
toxicities

N/A

Not performed per sc, however patients considered inevaluable (fo r treatment refusal, major protocol
violation, development of a 2nd primary cancer, intercurrent disease, or loss to follow-up ) were categorized
as treatment failures

N/A

4 toxic deaths reported, all in combination-chemotherapy arms
Hematologic toxicity worse with combination chemotherapy; ~grade 3 leukopenia seen in 12%, 13%, and 3%
with CABO, CF, and cisplatin, respectively; infection seen in 7%,13%, and <1%, respectively
Alopecia, stomatitis, and diarrhea more frequent in combination arms vs cisplatin

Median TTP = 19 wk (CABO) , 17 wk (CF), and 12 wk (cisplatin) (logrank p = 0.2, Breslow p = 0.01)
Median OS 29 wk for all arms (logrank p =0.35, Breslow p =0.11)

RCf =randomized controlled trial,as = overall survival, ORR= overall response rate, QOL= quality of life. EFS ;;;; event-free survival, TTl' = time to progression, CABO=
mClholrexa le/b leomycin/vi ncris line/cisp lalin. CF; cisplatin/S-fluc rouracil. CI'; cisplatinrpadi taxel. SCCHN ; squamo us cell carcinoma of the head and neck. U( ; loccr egional,
DM ; distant metastasis, ECOG ; Eastern Coo pera tive Onco logy Group. I'S ; performance status. 01'; oro pharynx. III' ; hypoph arynx. 5-FV ; 5-fluoro urac il. AVe; area under
the curve, G-CSF=granulocyte colony-stimulating factor. CR=complete respon se, PR= partial response.\VHO =\Vorld Health O rganization, I'D ;;;; progressive disease. FACf-H&N
= Functional Assessment of Cancer Therapyin Head and Neck Cancer,N/A = not available, HR :;;; hazardratio, CI :;;; confidence interval.
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Reference

Level (design)

Sample size

Forastiere, I992

I (RCT)

277

OUTCOMES

Outcom e measure I° Outcome
ORR

2° Outcomes
Duration of response, OS, Toxicit y

Results of
standard therapy

Results of
experimental
therap y

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient
characteri stics

Randomization
effect iveness

Study regimens

Outcome
measurements in
detail

Potential
confounders

Compliance

Intenti on to treat
anal ysis

Power

Morbidity/
complications

Other 2°
endpo ints

ORR of CF = 32%
ORR of carbo/5 -FU = 21%

ORR of MTX = 10%

<0.001 (CF compared with MTX )
0.05 (CF compared with carbo /5-FU )

Combination chemotherapy results in improved response rates in SCCHN, but toxicity is increased, and survival is
not improved

N/A

STUDY DESIGN

I. Measurable SCCHN recurrent after attempted cure with surgery and radiation OR newly diagnosed disease
with DM, 2. SWOG PS ~2, 3. Life expectancy ~I2 wk, 4. Adequate renal, liver, and bone marrow function.
Normal calcium,S. Informed consent

I. Prior chemotherapy for recurrent disease, 2. Prior induction chemotherapy ~6 mo

84% male , 79% white, Median age 61 y,72% PS = 0 or 1,28% PS = 2, 7% newly diagnosed with DM, 93%
recurrent disease, II % prior cisplatin, 89% prior radiation

Well balanced in terms of sex, age, PS, new diagnosis vs recurrence. Carbo/5 -FU arm had slightly more white
patients, which may be associated with better prognosis than other races

CF = cisplatin 100 mg/rn! day I, 5-FU 1000 mg/m' daily continuous IV infu sion days 1-4 , every 3 wk
Carbo/5 -FU = carboplatin 300 mg/rrr' day I, 5-FU 1000 mg/m' daily continuous IV infusion days 1-4, every
4wk
MTX =40 mg/rrr' weekly, increased to 50 mg/rrr' , if no mucositis or myelosuppression

CR =disappearance of all disease lasting ~4 wk, PR =~50% decrease in tumor size (sum of product of
diameters of lesions measured) lasting ~4 wk, PD = ~25% increase. Survival measured from randomization to
death. Survival curves determined by Kaplan -Meier method. Chi -square tests used to compare response and
toxicit y

Impact of po tential confounders minimized by randomization and stratifying for PS, prior cispla tin, prior
rad iation, and newly diagnosed vs recurrent disease. Study not blinded to investigator s or patien ts, but sho uld
have little effect on determin ation of hard endpoin ts such as survival and respon se. May have greater influ ence
on perception of toxicities

N/A

Not performed per se, but all eligib le pat ients included in ana lysis for response and survival

/A

3 treatment-related deaths occurred, I in each arm
Overall maximum hematologic toxicity worse for CF and carbo /5-FU vs MTX. Thrombocytopenia most frequent
with carbo /5-FU
Th e most frequent nonhematologic toxicities were stomatitis, nausea, and vomiting. Chi -square tests showed CF
associated with significantly more overall toxicity than MTX. Compariso n between carbo/5 -FU and MTX was
nonsignificant

Median duration of response = 4.2 mo (CF), 5.1 mo (carbo/ 5-FU), and 4.1 mo (MTX)
Median OS = 6.6 mo (CF), 5.0 mo (carbo/ 5-FU), and 5.6 mo (MTX) (p values not significant)
Cox proportional hazards ana lysis showed of all variables considered, onl y PS significantly associated with
sur vival

Ref =randomized controlled trial, ORR =overall response rate, OS =overall survival, TIP =tim e to progression, CF =cisplatin/5-11 uorouracil,
carbo =carbo platin, MTX =meth otrex ate, 5-FU =5-11 uorouracil, QOL =quality of life, N/A =not available, SCCHN =squamous cell carcinoma of
the head and neck, DM =distant meta stasis. SWOG =Southwest Oncol ogy Group, PS =perfo rmance status, WHO =World Health Organization,
OP =oropharynx, HP =hypopharynx, CR =complete response, PR =parti al respon se, PD =prog ressive disease.
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20 Outcomes
TIP, OS. Toxicity

Reference

Level (design)

Sampl e size

Outcome measure

Results of
standard therapy

Results of
experimental
therapy

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient
characteristics

Rand omi zation
effectiveness

Stud y regimens

Outcome
measurements in
detail

Potential
confounders

Compliance

Intention to treat
analysis

Power

Morbidityl
complications

Other 20

endpoints

Jacob s, 1992

1 (RCT)

249

OUTCOMES

10 Outcome
ORR

ORR of CF = 32%
ORR of cisplatin = 17%

ORR of 5-FU = 13%

0.035 (CF compared with cisplatin)
0.005 (CF compared with 5-FU)

CF is superior to single-agent chemotherapy with regard to ORR, but not survival

N/A

STUDY DESIGN

1. SCCHN recurrent after primary therapy OR metastatic at diagnosis, 2. WHO PS <4, 3. Life expectancy
<::8 wk. 4. Adequate renal and bone marrow function. 5. Signed informed consent

1. Prior chemotherapy, 2. Concurrent serious illness, 3. Prior malignancy

92% male; Mean age 58 y; 62% PS =0 or 1; 38% PS =2 or 3; 69% prior surgery; 49% prior radiation; 11% no
prior treatment; 10 site: 42% oral cavity, 24% larynx. 15% OP, 6% nasal cavity, 5% nasopharynx, 4% HP, 2%
other

Well balanced in term s of age, PS, prior treatment . and primary site

CF = cisplatin 100 mg/rrr' day I, 5-FU 1000 mg/rrr' daily continuous IV infusion days 1-4 , every 3 wk
Cisplatin given at 100 rng/rrr' day I, every 3 wk
5-FU given at 1000 rng/rrr' daily continuous IV infusion days 1-4, every 3 wk

Tumor response measured at 3-wk intervals. CR = disappearance of all disease lasting <::4 wk. PR = <::50%
decrease in tumor size (sum of product of diameters of lesions measured) lasting <::4 wk. Definition of PO N/A.
Survival data analysis used Kaplan-Meier method. Comparison between 2 groups by logrank test

Impact of potential confounders minimized by randomization and stratifying for prior radiation, PS, and
treatment center. Study not blinded to investigators or patients, but should have little effect on determination of
hard endpoints such as surviva l and response. May have greater influence on perception of toxicities

Noncompliance was increased in combination arm

Performed appropriately

N/A

o deaths were reported. CF was associated with more vomiting. alopecia, nephrotoxicity. leukopenia, and
infection, compared with both single therapy arms. 5-FU as a single agent and in combination caused more
mucositis than cisplatin alone

TTP was 2 mo for cisplatin, 1.7 mo for 5-FU. and 2.4 rno for CF (p = 0.023)
There was no survival difference among the 3 arms, with median OS of 5.7 mo for the entire group (p = 0.489)

RCT =rand omized controlled tr ial, ORR =overall response rate , OS =overall survival, TIP =time to progression, CF =cisplatin /5-fluorouracil.
carbo =carboplatin, MTX =methotrexate, 5-FU =5-fluorouracil. QOL =qualit y of life. N/A =not available, SCCH =squamous cell carcinoma of
the head and neck. DM =distant meta stasis, SWOG =Southwest On cology Group, PS =performance status. WHO =World Health Organization.
O P =oropharynx. HP =hypopharynx, CR =complete respon se, PR =parti al response. PD =progressive disease.
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Chemoradiotherapy versus radiotherapy alone for locally advanced head and neck
squamous cell carcinoma: Impact on locoregional response, disease control,
overall survival

Lori Wirth and Merrill S. Kies

METHODS

A computerized Ovid search ofMEDLINE from 1966 to
May 2006 was performed. The terms "chemotherapy;'
"radiotherapy;' "squamous cell carcinoma;' and "head
and neck cancer" were exploded and the resulting articles
were cross-referenced, yielding 2371 articles limited to
"human" and "English language:' These articles or
abstracts were then reviewed to identify those that met
the following inclusion criteria: 1) patient population
with locally advanced squamous cell carcinoma of the
head and neck (SCCHN), 2) intervention with an exper
imental arm of concurrent chemotherapy plus radiation
therapy (RT) versus a standard therapy arm of RT, and
3) primary outcome measured in terms of response,
disease control, or overall survival (OS). The references
of these articles were reviewed and manually cross
checked to ensure all applicable literature was included .
This process yielded 12 publications, all randomized
controlled trials (RCTs). Detailed analysis of these phase
III RCTs is presented in the results section below.

BACKGROUND AND SUMMARY

Meta-analyses and randomized trials have demonstrated
that the concurrent administration of chemotherapy and
radiation leads to improved local control and/or OS in
patients with locally advanced SCCHN [1-16] . Most
trials included patients with a mix of primary sites. Scru
tiny of these manuscripts is advised, however,because the
percentage of patients with oral cavity, pharyngeal, and
laryngeal primary sites varies. Most often, oropharynx
is the predominant primary site reported. Patients with
unknown primary SCCHN and nasopharyngeal cancers
are typically studied separately.

Mobile tongue, floor of mouth, and buccal SCCHNs
are most often approached surgically. Depending on
tumor histology, size, pathologic margins, and extent of
nodal involvement, postoperative therapy is often admin
istered. (See 32.A.) In unresectable SCCHN, and other
sites in which organ preservation is considered achiev
able, selected prospective RCTs have investigated the
value of concurrent chemoradiotherapy (CRT) com
pared with RT alone. Although virtually all patients
entered into these trials had stage III or IV locally
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advanced disease, there was much variability among
studies regarding primary site, T and N stages, and the
definition of resectability.Patients were uniformly free of
known distant metastasis (DM).

There has also been variability in treatment regi
mens. Cisplatin has been the drug most often used in a
variety of schedules. RT has also been somewhat incon 
sistent from study to study. Most frequently, RT has been
administered in a once-daily fractionation sequence, but,
alternatively,RThas been investigated in a hyperfraction
ated twice-daily schedule, or the M.D. Anderson "con
comitant boost" schedule with once-daily fractions in the
initial phase of treatment, and twice-daily fractions in the
last weeks of RT.

Overall, review of the data indicates that concurrent
CRT reduces the risk of locoregional (LR) recurrence
compared with RTalone. This can lead to an OS improve
ment. In general, the data have not , however, demon
strated an improvement in DM or second primary
tumors with concurrent CRT. These improvements may
come at a price of increased toxicity.A brisk mucocuta
neous reaction typically occurs with CRT, and long-term
xerostomia, fibrosis, and swallowing dysfunction can
occur. The current standard approach for patients with
stage III or IV locally advanced SCCHN who are not
candidates for surgery is concurrent CRT.

RESULTS

Outcome Measures. Primary endpoints varied among
studies, but mainly involved either OS or LR control.
Other secondary endpoints included complete response
rates, DM and other patterns of recurrence, progression
free survival, and toxicity. These outcome measures are
all valuable indicators of clinical outcomes in SCCHN.
Unfortunately, data regarding the side effects of therapy
are primarily limited to toxicity data using standard cri
teria, such as the World Health Organization criteria for
acute toxicity and the National Cancer Institute criteria,
or Radiation Therapy Oncology Group/European Oncol
ogy Organization for Research and Treatment of Cancer
(RTOG/EORTC) radiat ion toxicity guidelines for late
toxicity. Thus, only limited information is available
regarding the impact of therapy on quality of life and
organ functional status. Data on outcomes with neck



dissection are also limited, and only presented in one
study [11].

Potential Confounders. These RCTsvaried significantly
in populations studied and chemotherapy/radiation reg
imens used. For example, some studies required unre
sectable disease for study entry [3, 8,12-14,16] whereas
other studies allowed entry to patients who had techni
cally resectable disease or did not specify [3,6-11, 15, 17].
Primary tumor site inclusion criteria also differed; some
studies allowed oropharynx, hypopharynx, and larynx
primaries, whereas others limited the study to orophar
ynx primaries only. Other studies even included naso
pharyngeal and paranasal sinus primary tumors [10, 11].
Further variability was introduced by differences in the
role of surgery. Thus, broad interpretations of results
should be made cautiously. These RCTs were, however,
all of high quality, with study designs incorporating
stratification for risk factors and randomization to min
imize potential confounders. The study endpoints, such
as OS and LR control, are readily determined and should
not be affected by inability to blind study participants
and investigators to treatment assignment, as is impos
sible to do in CRT versus RT studies.

Study Designs. All studies outlined provide level 1 evi
dence from randomized controlled designs comparing
the concurrent CRT with RT alone in patients with
locally advanced SCCHN. Chemotherapy regimens
added to RT typically involved cisplatin, although dosing
schedules varied considerably from study to study. Several
studies also incorporated 5-fluorouracil (5-FU) chemo
therapy. RT regimens were also variable, though the total
dose delivered was similar across the different RCTs,and,
in general, ranged from a total dose of 69.9 to 77.6 Gy.
The altered fractionation regimens tended to treat to a
higher dose than the dose of 70 Gy common to once
daily regimens.

Highest Level of Evidence. Taken together, these RCTs
comparing CRT to RT alone for locally advanced SCCHN
indicate that outcomes are generally improved by the
addition of cisplatin-based concurrent chemotherapy to
RT. Three-year as with CRT ranged from 37% to 55%,
versus 19% to 45% with RT alone. The average improve
ment in 3-year as was 15%. AT 5 years, as with CRT
ranged from 230/0 to 49%, versus 16% to 32% with RT
alone, with an average improvement of 12%.

LR control was significantly improved in all studies.
At 3 years, LR control with CRT ranged from 470/0 to
700/0, versus 340/0 to 440/0 with RT alone, with an average
improvement of 210/0. Five-year LR control rates ranged
from 160/0 to 500/0 with CRT,versus 130/0 to 370/0 with RT.
The average improvement in 5-year LR control was 12%.
Superior results regarding DM are less convincing. The
3-year rates of DM-free survival with CRT ranged from
730/0 to 890/0, versus 82% to 890/0 with RT. At 5 years, the
DM-free survival with CRT ranged from 61% to 860/0,
versus 400/0 to 570/0 with RT.
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Morbidity/Complications. Overall, acute and late toxici
ties were not as different between the CRT and RT groups
as might be expected. The most frequent radiation
related acute toxicities of serious mucositis and dyspha
gia were determined in all studies. With CRT, serious
mucositis was encountered in 400/0-770/0 of patients
treated, versus 32%-76% of patients receiving RT alone.
Serious dysphagia occurred in 260/0-72%, and 300/0-72%,
respectively. Serious long-term xerostomia occurred in
50/0-430/0, and 30/0-670/0, respectively.

Applicability. The results of these RCTscomparing CRT
to RT alone are applicable to patients with locally
advanced SCCHN, without DM, who are not appropri
ate candidates for surgical resection of their disease as
a primary treatment modality. The definition of this
patient population varies among the RCTsperformed to
date, but it is reasonable to consider this population to
include patients with technically unresectable disease
and those in whom there is potential for meaningful
organ preservation, such as oropharynx and hypophar
ynx primary tumors. Toxicitiesare significant with organ
preservation therapy, and thus patients with comorbid
illness should be treated with caution. The toxicities of
treatment necessitate aggressive support with analgesics,
oral rinses for hygiene, attention to fluid and caloric
intake, and speech and swallowing rehabilitation.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

The body of evidence represented by the RCTs presen
ted here clearly demonstrates that concurrent CRT
is superior to RT alone in the nonsurgical treatment
of locally advanced SCCHN, and constitutes the cur
rent standard approach to treatment in this patient
population.

The recent report by Bonner and colleagues [6] is
the first to demonstrate a survival benefit in SCCHN
with the use of "molecularly targeted" therapy. In this
case, cetuximab, a chimeric human-murine monoclonal
antibody directed against epidermal growth factor recep
tor, added to RT improved survival compared with RT
alone, from 440/0 to 57% at 3 years. This exciting report
is, however, unlikely to lead to the replacement of cispla
tin-based CRT with cetuximab-RT in the absence of a
direct comparison between the two approaches in an
RCT setting. Nonetheless, cetuximab-RT may be a rea
sonable choice for treatment in select patient popula
tions. Ongoing studies are investigating the incorporation
of cetuximab into CRT regimens (e.g., RTOG 05-22), as
well as the role of other molecularly targeted therapies in
SCCHN. The promise of targeted therapies in the cura
tive approach to SCCHN is twofold: 1) targeted therapies
may enhance cure rates by acting as radiation sensitizers;
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and 2) the incorporation of targeted therapies may allow
for modification of CRT regimens to improve on the
substantial degree of treatment-related toxicity seen with
current approaches.

A number of studies are also underway investigating
the role of induction chemotherapy added to CRT regi-:
mens, in the "sequential therapy" model. These studies

are based on the high response rates seen with induction
chemotherapy, particularly taxane:-cisplatin-S-FU com
binations [18, 19]. Such effective induction chemother
apy preceding CRT has the potential to reduce initial
tumor bulk to allow for CRT to be more effective for LR
control, as well as improve the chance of decreasing the
rate of DM, a goal that has yet to be clearly realized by
current treatment strategies. If successful in one or both
of these aims, induction chemotherapy is likely to further
improve upon survival in this disease.



THE EVIDENCE CONDENSED: Chemoradiotherapy versus radiotherapy alone for locally advanced malignancy

Reference Adelstein, 2003

Level (design) 1 (RCT )

Sample size 271

OUTCOMES

Outcome measure 1° Outcome
3-y survival rate

2° Outcomes
Disease-specific survival
CRR
Recurrence patterns
Toxicity

Results of chemol
RT

3-y survival 37% (CRT arm B)
3-y survival 27% (split-course arm C)

Results of RT
alone

3-y survival 23% (RT alone arm A)

p Value 0.014, CRT (daily fractionated) vs RT not significant, CRT(split course) vs RT

Conclusion The addition of concurrent high-dose cisplatin to single daily fractionated radiation improves survival, and also
increases toxicit y, compared with radiation alone . Split-course radiation with chemotherapy does not improve
outcomes

Follow-up time 41 mo

STUDY DESIGN

Inclusion criteria I. Confirmed squamous cell or undifferentiated carcinoma of the head and neck, 2. Stage III or IV disease, without
DM,3. Unresectable disease, 4. ECOG PS of 0 or 1,5. Adequate renal, liver, and bone marrow function . Normal
calcium, 6. Written informed consent

I Nasopharynx paranasal sinus or parotid primaries 2 Unknown primary SCCHN 3 Prior treatment for SCCHNExclusion criteria , , , ,
4. Prior SCCHN, lung cancer, or other cancer (except squamous or basal cell skin cancer, or carcinoma ill situof the skin)
within 5 y, 5. Pregnant or lactating women

Patient 87.8% male; 62.4% white ; Median age 57 y; 33.6% PS =0; 66.4% PS = 1; 96.3% stage IV; 85% T4 or N3; 1° site: 59.0%
characteristics 01',18.5% HI', 13.2% oral cavity, 9.2% larynx

Randomization There were no difference s between arms in age, sex, race, PS, primary or degree of tumor differentiation
effectiveness

Stud y regimens Arm A: RT alone (70 Gy in single daily 2-Gy fractions ).
Arm B: RT + cisplatin (70 Gy in 2-Gy fract ions + cisp latin, 100 mg/rrr' days I, 22, and 43 of radiation).
Arm C: split course RT+ cisplatin/5-FU (5-FU 1000mg/ m2/d for 4 d + cisplatin, 75 mg/rrr' day 1,every 4 wk + RT 2 Gyld
between 1st and 3rd chemotherapy cycles to total dose of 60-70 Gy. RT break used to allow for surgery in patients
rendered resectable ).
Salvage surgery considered in all arms in case of residual disease. Planned ND encouraged with initial N2 or 3 disease

Outcome "Conventional" definitions of response were used. Survival data analysi s used Kaplan -Meier method. Significance tested
measurements in by logrank tests. One-sided tests used to compare the 2 experimental arms to the control RT alone arm. Fisher's exact
detail test used to analyze response rates

Potential Impact of potential confounders minimized by randomization and stratification for primary site, tumor extent, and
confounders nodal status. Stud y not blinded to investigators or patients, but may have little effect on determination of hard

end points such as survival and response. Lack of blinding may have influenced perception of some toxicities

Compliance Compliance was greatest in arm A (92.6%) , with rates of 85.1% in arm Band 73% in arm C

Intention to treat NR
analysis

Power Original accrual goal was 462 patients, powered to detect a 50% increase in survival with 80% power, and type I error
or 0.025. Because of slow accrual, target accrual was reduced

Morbidityl 8 toxic deaths (3%) occurred, 2 in arm A, 4 in arm B, 2 in arm C.
complications More nausea and vomiting occurred in arm B. Myelosuppression was increased in the 2 chemotherapy-containing

arms. When all ~grade 3 toxicitie s were considered, toxicity in arm B was the worst , with 85 patients in arm B
experiencing ~grade 3 toxicities, vs 51 patients in arm A
(I' =0.0001) and 72 patients in arm C

Other 2° CR =27.4% (arm A), 40.2% (arm B), and 49.4% (arm C), with p values between arms A and B, and A and C,
endpoints respectively 0.07 and 0.002.

Median survival (with I' values ) in arms A, B, and C were, respectivel y, 12.6 mo, 19.1 mo (0.0 14), and 13.8 mo (>0.05).
3-y disease -specific survival (with I' values ) in arms A, B, and C were, respectively, 33%, 51% (0.01), and 41% (>0.05).
There were no significant differences between arms in site of 1st recur rence, with DM as 1st recu rrence in 17.9% (arm
A), 21.8% (arm B), and 19.1% (arm C)

Ref ::; randomized controlled trial. e RR::;complete response rate, DFS::; disease-free survival. l R ::; locoreglonal. OS ::; overall survival. PFS::; progression-free survival. ORR::; overall response rate.
CRT::;chemc radiotherapy, RT::; radiation therapy, D~1 ::; distant metastasis. PS ::; performance status, ECOG ::; Eastern Cooperative Oncology Group. SeCIIN ::; squamous cell carcinoma of the
head and neck.or ::; oropharynx. lt P ::; hypopharynx. EGFR::; epidermal growth factor receptor. (I)' =Gray. ND =neck dissection . crx =cctuximab, NR =not reponed. HR=hazard ratio.
CI =: confidence interval. S· FU=S· f1uorouracil.
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THE EVIDENCE CONDENSED: Chemoradiotherapy versus radiotherapy alone for locally advanced malignancy

Reference

Level (design)

Sample size

Ca lais, 1999

I (RCT)

226

OUTCOMES

Outcome 1° Outcome 2° Outcomes
measure 3-y survival rate DFS

LR control
Recurrence patterns
Toxicity (acute and late )

Results of 3-y survival 51% (CRT arm )
chemo/RT

Results of RT- 3-y survival 31% (RT alone arm)
alone

p Value 0.02

Conclusion Concomitant CRT, compared with radiation alone, improves OS alone in carcinoma of the OP

Follow-up time 35 mo

STUDY DESIGN

Inclusion criteria I. Stage III or IV squamous cell carcinoma of the OP, without DM, 2. Age < 75 y, 3. Karnofsky PS ~ 60,
4. Adequate renal and bone marrow function,S. Written informed consent

Exclusion criteria I. Loss of >20% of body weight, 2. Previous treatment for this disease or other cancer (except basal cell skin
cancer), 3. Synchronous primary lesions

Patient 90% male, Median age 55 y, 68% stage IV,59% PS 90-100, 27% PS 80, 37% T4, 12% 3
characteristics

Randomization Well balanced in terms of age, PS, stage, degree of tumor differentiation, extent of tumor involvement. The CRT
effectiveness arm had slightly more N3 patients, which might slightly skew the study in favor of RT alone

Study regimens RT alone =70 Gy in sing le daily 2-Gy fractions,S d/wk
CRT =same RT + 3 cycles of chemotherapy (carboplatin 70 mg/m2/d x 4 d and 5-FU 600 mg/rnvd as
continuous 24-h infusion x 4 d ) in wk 1,4, and 7

Outcome
measurements in
detail

Potential
confounders

Compliance

Intention to treat
analysis

Power

Morbidity/
complications

Other 2°
endpoints

Survival analysis used the Kaplan -Meier method, with comparison between the 2 groups by logrank test. p values
2-sided

Impact of potential confounders minimized by randomization. No stratification was performed. Had this been
done for major prognostic factors, including nodal status, there would not have been a difference between study
arms in this regard. Study not blinded to investigators or patients, but may have little effect on determination of
hard endpoints such as survival and response. Lack of blinding may have influenced perception of some
toxicities . Information on ND not provided. Differences in approach to ND between study arms could skew
outcomes

Median duration of treatment breaks = 6.2 d (RT) and 8.9 (CRT) . Radiation stopped before completion in 5%
of patients in both arms. 65% of patients in the CRT arm received all 3 cycles

Performed appropriately

80% power to detect an improvement in 3-y survival from 25% with RT alone to 40% with CRT, with a type I
error of 0.05

I patient died in the CRT arm because of febrile neutropenia and sepsis . Hematologic toxicity was greater with
CRT, as expected. The incidence of grade 3 or 4 mucositis was higher with CRT (71% vs 39%, P = 0.005 ),
associated with more weight loss and more need for feeding tube

Median survival = 15.4 mo (RT ) and 29.2 mo (CRT) .
3-y DFS = 20% (95% CI, 100/0-33%) with RT and 42% (95% CI, 300/0-57% ) with CRT.
LR control at 3-y =42% (RT) and 66% (CRT) (p =0.03).
DM occurred in II % of both arms
There were no statistically significant differences in late toxicities . Neither bone necrosis nor radiation myelitis
was encountered. Grade 3 or 4 xerostomia and severe cervical fibrosis were more numerically frequent with CRT

RCT= randomizedcontrolled. trial, eRR ::; complete response rate, DFS= disease -free survival. LR= locoregicnal , as=overal l survival. PFS= progression -free survival. ORR= overallresponse rate,
CRT = chemoradiotherapy, RT= radiationtherapy. DM =distant metastasis, PS= performance status, ECOG= Eastern CooperativeOncology Group.SCCHN = M\uamous cell carcinoma of the
head and neck. OP = oropharynx. li P = hypopharynx. EGFR= epidermal growth factor receptor. Gy ::;:: Gray, ND == neck dissection, crx =cetuximab , NR =not reported, HR=hazard rat io.
CI = confidence interval, 5·FU = 5·tluorouracil.
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THE EVIDENCE CONDENSED: Chemoradlotherapy versus radiotherapy alone for locally advanced malignancy

Reference

Level (design)

Sampl e size

Bonner, 2006

1 (RCT)

424

OUTCOMES

Outcome
measure

1° Outcome
LR control

2° Outcomes
OS
PFS
ORR
Toxicity

Results of
chemo/RT

Results of RT
alone

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient
characteristics

Randomization
effectiveness

Study regimens

Outcome
measurements in
detail

Potential
confounders

Compliance

Intention to treat
analysis

Power

Morbidity/
complications

Other 2°
endpoints

Median duration of LR control = 24.4 mo

Median duration of LR control = 14.9 mo

0.005

Treatment of locoregionally advanced; 2CHN with concomitant RT plus cetuximab improves LR control and
mortality without increasing toxicities associated with RT

54 mo

STUDY DESIGN

I. Stage III or IV, nonmetastatic squamous cell carcinoma of the 01', HI', or larynx, 2. Medical suitability for RT,
3. Karnofsky PS :2: 60, 4. Measurable disease,S. Normal renal, liver, and bone marrow function, 6. Written
informed consent

I. Prior chemotherapy within 3 y, 2. Previous cancer, 3. Prior surgery or RT for SCCHN

80% male; Median age 57 y; 75% stage IV; 67% PS 90-100; 22% PS 80; 30% T4; 9% N3; 1° site: 60% 01', 15%
HI', 25% larynx; EGFR staining: >50% = 37%, ~50% = 42%, unknown = 20%

Well balanced for all characteristics noted above

RT = investigators allowed to select 1 of 3 regimens:
I ) Once daily (70-Gy, 2.0-Gy fractions,S d/wk for 7 wk)
2) Twice daily (72-76.8 Gy, I.2 -Gy fractions, 10 fractions/wk for 6-6.5 wk)
3) Concomitant boost (1.8-Gy fractions,S d/wk for 3.6 wk, then 1.8 Gy 5 mornings/wk + 1.5 Gy 5 afternoons/wk
for 2.4 wk)
CfX-RT = investigators allowed to select 1 of 3 RT regimens above, + CTX, 400 rng/m ' loading dose I wk before RT,
then 250 mg/m ' weekly during RT

The Kaplan-Meier method was used to determine survival, with comparisons made by stratified logrank testing.
3-y rates compared by Z test , and Cox regression used to estimate HRs. CR was considered complete
disappearance of disease, and PR was 50% reduction in cross products of measurements of all lesions

Impact of potentia l confounders min imized by randomization and stratification for PS, tumor extent, nodal
status, and radiation regimen selected. Study not blinded to investigators or patients, but the investigator
generated data were submitted for blinded review by independent committee of experts. Lack of blinding may
have influenced perception of some toxicities.

No differences in compliance with RT were detected. 44% treated as stipulated, with 12% "acceptable major
variations" and 5% "unacceptable major variations." 90% of CTX-RT patients received all planned doses of CTX

Performed appropriately

90% power to de tect LR control at I y, from 44% to 57%, with a two-sided 5% significance level

23 patients (5.4%) died within 60 d from the completion of RT. No death was known to be secondary to CTX.
Toxicities were simi lar between the 2 groups, except for acneiform rash (:2:grade 3, 8% ) and infusion reactions
(zgrade 3, 1.4% ) attributed to CTX. CTX was stopped in 6.3% because of acneiform rash or infusion reaction.
CTX did not increase mucositis, xerostomia, dysphagia, pain, weight loss, or decline in PS

3-y rates for CTX-RT vs RT (p values )-LR control: 47% vs 34% « 0.001); OS: 55% vs 45% (0.05 ); PFS: 42% vs
31% (0.04)
Median survival times for CTX-RT vs RT (p values )-OS: 49.0 mo vs 29.3 mo (0.03); PFS: 17.1 mo vs 12.4 mo
(N/A ); ORR with CTX-RT vs RT =74% vs 64% (0.04)
HRs (95% Cls )-LR control: 0.68 (0.52-0.89); death: 0.74 (0.57-0.97); disease progression: 0.70 (0.54-0.90)
Subgroup analysis showed almost all HRs seemed to favored CTX-RT, except for the once-daily radiation
subgroup, with HR = l.0l. HR for HI' subgroup was 0.92, also close to 1 (no 95% CI provided)

Ref ::;: randomized controlled trial.e RR::;: complete response rate.DFS ::;: disease-freesurvival. l R ::;: locoregional, OS ::;: O'o'('r311 survival. PFS::;: progression-free survival. ORR ::;: overall response rate,
CRT::;: chemoradic therapy, RT::;: radiationtherapy. DM ::;: distant metastasis, PS::;: performance status, ECOG=Eastern Cooperative Oncology Group, SCCHN ::;: squamous cell carcinomaof the
head and neck. op ::;: oropharynx.HP ::;: hypopharynx.EGFR ::;: epidermal growth factor receptor. Gy =Gray.ND =neck dissection. OX =cetuximab, NR =not reported. HR=haza rd ratio.
CI ;; confidence interval. 5· FU = 5-tluorouracil.
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THE EVIDENCE CONDENSED: Chemoradiotherapy versus radiotherapy alone for locally advanced malignancy

Reference

Level (design)

Sample size

Buda ch, 2005

I (RCT)

384

OUTCOMES

Outcome measure 10 Outcome
LR control

20 Outcomes
OS
PFS
Freedom from OM
Toxicity

Results of chemo/RT

Results of RT alone

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient characteristics

Randomization
effectiveness

Stud y regimens

Outcome
measurements in
detail

Potentia l confounders

Compliance

Intention to treat
analysis

Power

Morbidity/
complications

Other 20 endpoints

5-y LR control 49.9% (C-HART arm )

5-y LR control 37.4% (HART arm)

0.001

Chemotherapy and hyperfractionated RT (C-HART) is superior to dose -escalated hyperfractionated RT,
without increased toxicity.

N/A

STUDY DESIGN

I. Previously untreated inoperable stage III or IV head and neck carcinoma of the OP, HP, or oral cavity,
2. Squamous or undifferentiated histology, 3. Age between 18 and 70 y, 4. Karnofsky PS ~ 70, 5. Written
informed consent

I. Nasopharyngeal lymphoepithelioma, 2. Other cancer, except skin cancer, 3. Surger y exceeding biopsy,
4. Prior chemotherapy or RT,5. Severe vascular disease, HIV, insulin-dependent diabetes, cirrhosis,
pregnancy, or renal disease

83.9% male; Median age 54.5 y; 65.6% PS 90-100; 19.5% PS 80; 94.0% stage IV; 71.6% T4; 14.8% N3; 10

site: 59.4% OP, 32.3% HP, 8.3% oral cavity

There were no noteworthy differences between arms in age, sex, PS, primary site, stage, or degree of tumor
differentiation

C-HART: RT (2-Gy fractions/d to 30.0 Gy, then 1.4 Gy twice daily to 70.6 Gy) + chemotherapy (5-FU
600 mg/m 2/d days 1-5 + mitomycin IO mg/m' days 5, 36)
HART: 2-Gy fractions/d to 14.0 Gy, then 1.4 Gy twice daily to 77.6 Gy

Survival curves estimated using Kaplan-Meier method. Compared by logrank statistics and Cox
proportional hazards regression. Chi-square and exact tests used to evaluate potential toxicity differences
between arms

Impact of potential confounders minimized by randomization and stratification for primary site, stage, and
participating center. Study not blinded to investigators or patien ts, but may have little effect on
determination of hard endpoints such as surviva l and response. Lack of blinding may have influenced
percep tion of some toxicities

4% of patients deemed noncomp liant with treatment or refused chemotherapy

Results included "per protocol population:' excluding subjects who were found eligible because of detection
of OM or second primary tumor, death, incorrect treatment, or noncompliance

Designed with 85% power to detect a 15% difference in LR control between C-HART and HART

6 patients died during treatment, I on C-HART and 5 on HART. Causes of death were PO, MI, ventricular
tachycardia, and PE. C-HART patients experienced significantly less ~grade 3 mucositis, moist
desquamation, and erythema. There was no difference in other acute toxicities. Hematologic toxicity with C
HART was minimal. There was no difference in late morbidity between arms, including xerostomia,
dysphagia, radionecrosis, or fibrosis

s-v OS = 28.6% (C-HART) vs 23.7% (HART ) (p = 0.023).
5-y PFS = 29.3% (C-HART) vs 26.6% (HART) (p = 0.009).
5-y freedom from OM =51.9% (C-HART) vs 54.7% (HART) (p =0.575)

Ref ::;:: randomized controlled trial. eRR = complete r~pon~ rate, LR= locoregional, as= overall survival.DM :;: distant metastasis, G-CSF= granulocyte colony-stim ulating factor.
PFS= progression -free survival. CRT= chemo radio therapy, RT = radiation therapy. PS = performance' status, (- HART= continuous hyperfractionated accelerated radialion therapy.
OP = oropharynx. liP = hypopharyn x. HIV :: human immunodeficiency virus, G)'::;:: Gray. ND = neck dissection, HR= hazard ratio. CI=confidence interva l, SLC=survival with local control,
WHO = World Health O rganization, S·FU = S·tluorouracil. I'D = progressive' disease. MI = myocardial infarction. PE= pulmonaryembolus.
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THE EVIDENCE CONDENSED : Chemoradiotherapy versus radiotherapy alone for locally advanced malignancy

Reference

Level (design)

Sample size

Staar, 2001

I (R '1')

240

OUTCOMES

Outcome measure 1° Outcome
SLC

2° Outcomes
CRR
LR control
OS
Toxicity
Effect of G-CSF on mu cositis

Results of chemo/RT

Result s of RT alone

p Value

Conclusion

Follow-up time

Inclu sion criteria

Exclusion criteria

I-y SLC 511% (C RT arm )

I-y SL . 44% (RT alone arm)

0.05

There was a significantly better I-y SLC after CRT with accelerated RT compared with RT alone, however
the efficiency of chemotherapy with accelerated RT may not be as great as expected

22.3 mo

STUDY DESIGN

1. LR advanced stage III or IV squamous cell carcinoma of the OP or HP, without OM, 2. UnresectabIe
disease, 3. WHO PS 0-2, 4. Adequate renal and bone marrow function,S. Written informed con sent

1. 0 pr ior malignan cy, 2. 0 prior chemotherapy or radiation

Patient characterist ics 85% male; Median age 57 y; 96% stage IV; 37% 1'4; 10% 3; 1° site: 74% OP, 26% HP

Randomization
effectiveness

Study regimens

Outcome
measurements in
detail

Potential
confounders

Compliance

Intention to treat
analysis

Power

Morbidity/
complications

Other 2° endpoints

Well balanced in terms of age, sex, stage, and 1° site

Arm A (RT): RT =daily doses of 1.8 and 1.5 Gy over 38 d to 69.9 Gy total dose , using concomitant boost in
last 2.5 vk
Arm B (CRT): RT as above + carboplatin 70 mg/rrr' and 5-FU 600 mg/m2/d on days 1-5 and 29-33
Half of patients in arms A and B were random ized to prophylactic G-CSF injections, 263 ug s.c. on days 15-19

Disease control and survival data estimated by the Kaplan-Meier method, with comparison between groups
by logrank test. SLC defined as tim e from SI J rt of therapy to local progression of disease or death. Cox
proportional hazards used to analyze risk facto rs, and HRs with 95% CIs were estimated

Impact of potential confounders minimized by randomization. The period of I y for the primary endpoint
was brief. Outcomes after longer follow-up were recently published, as detailed below

9% of patients randomized did not start therapy. The median time of treatment was 41 d (38 d per
protocol). and median RT dose 69.9 Gy (69.9 Gy per protocol). There were no differences in treatment
breaks between the 2 arms

Performed appropriately

Powered to detect an improvement in I -y SLC from 40% to 65% between RT and CRT, with power >80%
and 5% significance level

5 deaths occurred during treatment, 2 on I RT, and 3 on RT. Causes of death were tumor bleeding, heart
failure , and pneumonia. Acute ~ grade 3 to. icit ies observed were mucositis (68% vs 52%, P = 0.01 ),
dermatit is (30% vs 28%, P > 0.05 ), and vom itin g (8.2% vs 1.6%, P = 0.02) with CRT vs RT, respectivel y

The CRRs for RT vs CRT were 34% vs 40% (p =0.3375). 2-y LR control rates were 45% vs 51% (p =0.1379).
2-y OS rates were 39% (CI: 30%-48% ) vs 48% (CI: 38%-58% ). For OP 1° tumors, there was a significant
improv ment in l-y SLC from 40% to 60% (p =-0.0091 ) and improvement in I-y OS from 57% to 68% (p =
-0.0468), whereas there were no significant differences in these 2 parameters in patients with HP 1° tumors
Prophylactic G-CSF resulted in an unex pect ed reduction in LR control in both treatment arms (p = 0.0072 ).
This \ 'as detected at the 1st interim analysis. Subsequently, G-CSF was no longer given prophylactically
An update of thi s study with medi an follow-up of 57 mo was published by Semrau 2006 [121. This showed
a continued benefit from CRT in terms of LC, with a median of 17 mo with CRT vs II mo with RT (p =
0.01 ). Median 0 was also improved (23 vs 16 mo, p = 0.016 ). Subset analysis of 1° sites showed the
improvem ents were statistically sign ificant onl y in OP cancers, but not HP 1° tumors

RCf :: randomized controlled trial. eRR :=: com plet I pon~ rat , l R: : locoregional. OS .:: 0\ rail '!ou n ival, D~I :=:distant metastasis,G-CSF;; granulocyte colony -stimulating factor,
PFS:: progrC'S-..ion-free survival , CRT:; chemoradtotherapy, RT:: radial Ion therapy, PS:: performance status, C·HART:: continuous hyperfractionated accelerated radia tion therapy.
OP =oropharynx.HP =hypopharynx. HIV =human immunodeficiency virus,Gy =Gray. NO =ntl k dissection , HR=hazardratio, CI =confidence interval.SLC=survivalwith local control.
WHO = World HealthOrga nization, 5·FU =5·f1 uofOur.&cil. PD = progressive diSC'aSC'. Ml ;: myocardo l infarction .
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THE EVIDENCE CONDENSED: Chemoradiotherapy versus radiotherapy alone for locally advanced malignancy

Reference

Level (design)

Sample size

Huguenin, 2004

I (RCT)

224

OUTCOMES

Outcome
measure

1° Outcome
TTF

2° Outcomes
Time to local failure
Time to nodal failure
Time to DM
OS
Toxicity

Results of
chemo!RT

Results of RT
alone

p Value

Conclusion

Follow-up time

Inclusion
criteria

Exclusion
criteria

Patient
characteristics

Randomization
effectiveness

Study regimens

Outcome
measurements
in detail

Potential
confounders

Compliance

Intention to
treat analysis,
Power

Morbidity!
complications

Other 2°
endpoints

Median TfF =19 mo

Median TTF =16 mo

>0.05

There was no significant benefit with regard to TTF, although LR control and DM were improved in the CRT arm

39.5 mo

STUDY DESIGN

I. SCCH of the oral cavity, OP, HP, or larynx, stage Ill-IV without DM, 2. WHO PS ~2, 3. Age 20-75 y,4. Adequate
renal, liver, bone marrow function, cardiac and neurologic function,S. Informed consent

I. DM, 2. Other cancer, except non melanoma skin cancer and CIS of the cervix

89% male; Median age 57 y; 95% PS = 0 or I; 69% stage IV; 36% T4; 57% '2- 3; 1° site: 53% OP, 25% HP, 15% larynx,
8% oral cavity, 65% technically resectable

There were no differences between groups in terms of PS, primary site, staging, or resectabilit y. The authors did not break
down the numbers of patients between groups in term s of sex and age

Hfx RT =72-76.8 Gy over 7 wk in I.2-Gy fractions twice daily
CRT = RT delivered as above + cisplatin 20 mg/nr ' IV on 5 consecutive days during wk I and 5 or 6 of RT

Treatment failure was defined as tumor recurrence at any site, salvage surgery, 2nd primary tumor, or death resulting
from any cause. Time-to-event endpoints were calculated from the time of randomization. Kaplan-Meier curves were
used for time measurements. Differences between groups were analyzed by logrank test. Multivariate Cox regression was
performed to analyze variables that impacted on outcomes

The impact of potential confounders was minimized by randomization and stratification for institution, primary site, and
nodal status. The study was not blinded to investigators or patients, but this may have litt le impact on the determination
of hard endpoints such as TTF and survival. Lack of blinding has some potential for influencing perception of toxicities

7% and 4% of patients did not complete the full RT in the Hfx RT and CRT groups, respectively. Unplanned RT
interruptions occurred in 18% and 23% of the Hfx RT and CRT groups, respectively. The full dose of cisplatin was
administered in 80% of CRT patients. Reasons for dose reduction were toxicity, patient refusal, or other

Analysis was done according to the intention to treat principle and included all patients, irrespective of the treatment
received

The study was initially designed to have 80% power to detect an improvement of 10% in TTF at 2.5 y. After the 1st
interim analysis, the study was recalculated because of accrual that was slower than expected based on the actual accrual
rate

There were no treatment-related deaths
Maximum acute toxicity of RT was comparable in both groups, with grade 3 mucositis in 61% and 59% Hfx RT and
CRT, respectively. Dysphagia requiring feeding tube placement occurred in 31% and 34%, respectively. Late toxicities were
also comparable, with the most common being ~ grade 3 dysphagia ( 17% and 12%, respectively) and ~grade 3
xerostomia (24% and 21%, respectively)

OS at 2.5 and 5 y was 49% and 32% in the Hfx RT arm, and 59% and 46% in the CRT arm (logrank test, p = 0.15).33
patients in the Hfx RT arm experienced local, regional, or LR relapse, compared with 18 patients in the CRT arm. DM
free survival at 5 y was 40% and 61%, with Hfx RT and CRT respectively

RCT== ran domized controlled trial. DM = distant metastasis, eRR::complete' response rate, OFS = disease-free survival. LR== locoregion al, as = overal l survival, PFS = progression-free survival.
CRT= chemc radio therapy, RT= radiation therapy, PS = performance status, ECOG= Eastern Cooperative Oncology Group. SCCIIN = Mj uamous cell carcinoma of the: head and neck.
or = oropharynx. HI'= hypophar ynx, Gy = Gray, ND = neck di ssection . NR = not report ed , SLC = survival with local control. WH O =: World Health Organizatio n, 5·FU ;; 5-fluorouracil.
"n'F;; time to treatment failure. IIfx ;; hyperfr actionated.
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THE EVIDENCE CONDENSED: Chemoradiotherapy versus radiotherapy alone for locally advanced malignancy

Reference

Level (design)

Sample size

Jeremic,2000

1 rncn
130

OUTCOMES

Outcome
measure

1° Outcome
OS

2° Outcomes
Progression -free survival
Locoregional progression-free survival
Distant metastases-free survival
Complete response rate
Toxicity

Results of
chemo/ RT

Results of RT
alone

p Value

Conclusion

Follow-up time

Inclusion
criteria

Exclusion
criteria

Patient
characteristics

Randomization
effectiveness

Stud y regimens

Outcome
measurements
in detail

Potential
confounders

Compliance

Intention to
treat anal ysis

Power

Morbidity/
complications

Other 2°
endpoints

OS at 2 and 5 y = 68% and 49%

OS at 2 and 5 y =46% and 25%

0.0075

Concurrent low-dose daily cisplatin plus Hfx RT offered a survival advantage, as well as improved LR-PS and DMFS, as
compared with Hfx RT

79mo

STUDY DESIGN

I. SCCH of the nasopharynx, oral cavity, 01', HI', or larynx, stage 1I1-IV without DM, 2. Karnofsky PS ::::50%,
3. Adequate renal, liver, and bone marrow function, 4. Measurable disease,S. Written informed consent

I. Primary tumors of the nasal cavity or paranasal sinuses, 2. Prior chemotherap y for recurrent/metastatic disease,
3. Other cancer, except non melanoma skin cancer, in the past 5 y

83% male; Median age 61 y; 95% PS:::: 70%; 82% stage IV; 1° site: 37% 01', 21% oral cavity, 17% larynx, 16% HI', 9%
nasopharynx

The arms were well balanced with regard to sex, age, PS, stage, and primary site

Hfx RT =77 Gy in 70 I.I -Gy fractions over 7 wk (35 d )
CRT = Hfx RT as above + cisplatin 6 mg/nr ' IV daily 3-4 h after 1st fraction of RT, 1-2 h before the 2nd fraction

Survival outcomes were measured by the Kaplan-Meier method and compared by the logrank test. Response rates and
toxicities were compared by Fisher's exact test

The impact of potential confounders was minimized by randomization and stratifying for newly diagnosed disease vs
recurrent disease, and ECOG PS of 0 vs J. Study not blinded to investigators or patients, but may have little effect on
determination of hard endpoints such as survival and response. May have greater influence on perception of toxicities

All patients in both arms received 100% of planned RT and chemotherapy

NR

Power to detect a 25% improvement in the 2-y OS rate, with an alph a level of 0.05 and power of 80%

There were no treatment-related death s
There were no statistical differences in the rates of ::::grade 3 acute toxicities, including stomatitis (42% and 49% RT and
CRT, respectively), nausea/ vomiting (0% and 6%, respectively), and nephrotoxicity (0% and 5%, respectively).
Leukopenia and thrombocytopenia were seen on ly in the CRT group at respective rates of 12% and 8%. Late toxicities
were also comparable. The most frequent z grade 3 late toxicity was xerostomia (15% and 22% RT and CRT,
respectively). Other late toxicities that occurred infrequently were subcutaneous, bone, and skin toxicities

PFS was improved by the addition of cisplatin to Hfx RT (5-y PFS, 46% vs 25%, P = 0.0068 ). LRPFS and DMFS were also
improved (5-y LRPFS, 50% vs 36%, P = 0.041; 5-y DMFS, 86% vs 57%, P = 0.0013). The CR rate favored CRT, as well
(75% vs 48%, P = 0.002)

Ref :: randomized controlled trial. tlM = distant metastasis, e RR = complete rnpons.e rate, DFS= disease-free survival, lR = locoregio nal, OS = overall survival , PFS= progression-free survival.
CRT= chemoradiotherapy, RT= radiation therapy, PS= performance status , ECOG = Eastern CooperativeOncology Group.see llN = squamous cell carcinoma of the head and neck,
or =oropharynx. li P = hypopharynx, Gy= Gra)',ND = neck dissection, NR = not reported. SLC = survivalwith local control. WHO =World Health Organization , 5-FU = 5·fluorouracil.
TfF =lime'10 trea tment failure, Hfx =hyperfractionated.
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THE EVIDENCE CONDENSED: Chemoradiotherapy versus radiotherapy alonefor locallyadvanced malignancy

Reference

Level (design)

Sample size

Brizel , 1998

I (RCf)

116

OUTCOMES

Outcome
measure

Results of
chemo/RT

Results of RT
alone

p Value

1° Outcome
CRR

CRR =88%

CRR = 73%

0.52

2° Outcomes
3-y LR control
3-y RFS
3-y OS
Results D
Toxicity

Conclusion

Follow-up time

Inclusion
criteria

Exclusion
criteria

Patient
characteristics

Randomization
effectiveness

Study regimens

Outcome
measurements
in detail

Potential
confounders

Compliance

Intention to
treat analysis

Power

Morbidityl
complications

Other 2°
endpoints

Although the primary endpoint was not met, the addition of chemotherapy to Hfx RT improved OS, without increasing
mucositis or other severe complications. Thus CRT is more efficacious and not more toxic than Hfx alone

41 mo

STUDY DESIGN

1. Untreated SCCH , ~T3, or ~T2 for base of tongue primary, 2. Age 18-75 y, 3. Karnofsky PS ~ 60%, 4. ormal renal
and bone marrow function, 5. Written informed consent

1. Other cancer within 5 y, 2. Pregnancy, 3. History of other SCCH

83% male; Median age 59 y; Mean PS =80%; 41% T4; 54% 2-3; 1° site: 45% OP, 20% HP, 16% larynx, 6%
nasopharynx, 5% oral cavity, 5% paranasal sinus, 3% other

Well balanced for characteristics noted above, except CRT arm had slightly more HP primaries, whereas the Hfx RT arm
had slightly more advanced nodal disease

Hfx RT = 75 Gy in 1.25-Gy fractions twice daily over 6 wk
CRT =Hfx RT as above + cisplatin 12 mg/rrr' IV bolus/d for 5 d/5-FU 600 mg/rn ! IV continuous infusion/d for 5 d
during wk I and 6 of RT. 2 additional cycles of chemotherapy were planned after the completion of RT:cisplatin 80
100 mg/m ' divided into 5 daily boluses for 5 d/5-FU 600 mg/rrr' IV continuous infusion/d for 5 d

eck management: patients with ~ 2 disease were evaluated 4-6 wk after RT. Elective ND was planned in patients who
had a CR at the primary site, even if they also had CR in the neck

The primary outcome was CR, though the method used to determine response was not described. RFS was considered
survival free of relapse at any site, and OS included death from any cause. The Kaplan-Meier method was used to
estimate survival times, and stratified logrank tests were used to test for differences in the distribution of events

The impact of potential confounders was minimized by randomization and stratifying for resectability and hemoglobin
concentration in block sizes of 6. The study was not blinded to investigators or patients, but this may have little effect on
determination of hard endpoints such as survival and response, but may have some influence on the perception of
toxicities

The mean dose of RT was 7400 ± 273 cGy with Hfx RT,and 7050 ± 160 cGy with CRT. The average nu mbe rs of days over
which RT was administered was 42 ± 6 and 47 ± 5, respectively (p < 0.001). There were no unp lanned treatment breaks
98% of patients in the CRT arm received 2 cycles of concurrent chemo. 57% received the 3rd and 4th cycles of chemo (17
patients refused, and chemo was not offered to 7 patients who did not have a CR at the 1° site

I R

Sample size determined for a power of 80% to detect an improvement in CRR by 20%, from 60% to 80%, with an alpha
level of 0.05. This design would allow for a power of 80% to detect a difference in LR control of 25%

I patient died of sepsis in the CRT arm. Sepsis was more frequent in the CRT arm. The incidence of confluent mucositis
was the same in both arms (75% and 77% with Hfx RT and CRT, respectively), except that the mucositis lasted longer
with CRT.There were no significant differences in weight loss (8% and 10%, respectively), but the CRT group required
greater feeding tube support (29% and 44%, respectively).Long-term effects of osteonecrosis and soft-tissue necrosis were
rare in both groups (2% and 0%; 7% and I I%, respectively)

3-y LRC with Hfx compared with CRT was 44% and 70%, respectively (p =0.0 I ). 3-y RFS was 41% and 61%,
respectively (p = 0.08). 3-y OS was 34% and 55%, respectively (p = 0.07). After adjusting for differences in the nodal stage
at baseline, the respective P values for these 3 endpoints were 0.01, 0.11, and 0.12
In the Hfx arm, the 1st site of recurrence was at the 1° site in 64%. Lymph nodes were involved in 45% and DM were
seen in 18%. In the CRT arm , the 1st site of recurrence was at the 1° site in 73% ad DM were seen in 27%
I D was performed in 16 Hfx patients, with 6 (38%) showing residual cancer. D was performed in 14 CRT patients,
with 3 (21%) showing residual cancer (p value NR)

RCf = randomized controlledtrial.DM = distant metastasis, eRR = complete response rate, DFS=disease-free sun-ivai.LR= locoregio nal, OS = ave-call survival.PFS= progression-free survival.
CRT= chemoradiothe rapy, RT= radiation therapy.PS = performance status,EeOC = Eastern Cooperative Oncology Group. SCCH, = squamous cell carcinoma of the head and neck.
OP = oropharynx, HP :=: hypopharynx. Gy= Gray, ND = neck dissectio n, NR = not reported. SLC= survivalwith local control, WHO = World Health Organization. S·FU = s- fluoro urecll.
TIF = time ( 0 treatment failure.Hfx = hyperfractionated .
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THE EVIDENCE CONDENSED: Chemoradiotherapy versus radiotherapy alone for locally advanced malignancy

Reference

Level (design)

Sample size

Salvaj oli, 1992

1 (RCT)

90 patients

OUTCOMES

Outcome measure 1° Outcome
CR

2° Outcomes
PR
OS
Toxicity

Results of chemo!
RT

Results of RT
alone

p Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient
characteristics

Randomization
effectiveness

Study regimens

Outcome
measurements in
detail

Potential
confounders

Compliance

Intention to treat
anal ysis

Power

Morbidity!
complications

Other 2°
endpoints

Induction chemotherapy-RT CR: 30%
CRT CR: 23.3%

CR: 10%

0.099

An increased frequency of CR was seen in patients treated with the 2 different combinations of chemotherapy
and irradiation compared with irradiation alone. However, toxicity was more common in patients treated with
the 2 modalities of combined treatment and there were no differences in OS rate.

Median: 28 mo

STUDY DESIGN

I. Stage IV SCC, 2. Unresectable lesions, 3. Patients < 65 y, 4. No prior treatment,S. No pulmonary or
cardiac disease, 6. Histologic diagnosis of SCC of oral cavity, oropharynx, or hypopharynx, 7. Karnofsky PS >
50%

I. Inadequate bone marrow or renal function

Age < 50 y: 36%, Male: 93.93%, SCC (grades I, II ): 96%, Oral cavity : 47%, Oropharynx: 30%, Hypopharynx:
23%, T4: 84 % , 2-3: 54%

NR

RT: 2-Gy fractions once daily to a total dose of 70 Gy; Induction che mothe rapy-RT: vinblastine (4 rng/rn ! on
day I), mitomycin (8 mg/rrr' on day 1), cisplatin (30 mg/rn' on days 2 and 4), and bleomycin ( 10 mg/m? on
days 2 and 4). Repeated 3 wk later to those with PR, then RT of 70 Gy. CRT: Combination of bleomycin
(5 mg) on days I and 5, and cisplatin (20 rng/rrr' ) on days 2 and 3. Chemotherapy repeated every 21 d.
Concomitant RT of 70 Gy

Toxicities were evaluated according to WHO scale and recorded as present if level III or IV. OS time was
defined as the interval between the date of the beginning of treatment and the date of last consultation or date
of death. CR: disappearance of all objective evidence of disease. PR: Tumor regression> 50% but <100 %.
Responses to treatment and complication compared by Fisher test. Logrank test used to assess differences
among survival curves

The impact of potential confounders was minimized by randomization. The study was not blinded to
investigators or patients, but this may have little impact on the determination of hard endpoints such as TTF
and survival. Lack of blinding has some potential for influencing perception of toxicities

16 patients with residual tumor were lost to follow-up. 14 RT, 24 induction chemotherapy-RT, and 22 CRT did
not receive irradiation in the scheduled time. 63.3% of induction chemotherapy-RT and 66.7% of CRT
patients completed the planned irradiation treatment. Reasons for noncompliance were not specified

Done appropriately

R

o serious skin, pulmonary, neurologic, or otologic toxicit y occurred. Irradiation alone as a single treatment
did not result in any major complications. Induction chemotherapy-RT vs CRT: mucositis 16.7% vs 40%,
hematologic 33% vs 23.3%, renal 33% vs 23.3%

Logrank test of the actuarial survival curves of the 3 different treatment arms showed no significant difference (p =
0.706). RT vs induction chemotherapy vs CRT: PR + CR overall: 67% vs 60% vs 60%, p value R; PR + CR
primary site: 80% vs 60% vs 57%, p value R

CR =complete respon se, CRT =chemoradiotherapy, OFS =disease-free survival, OM =distant metastasis, Gy =Gray, NR =not report ed, PS =performance status, OS =
overall survival. PR =part ial respon se. RCT =rand omi zed control tr ial. RT =radiation therapy. SCC =squamous cell carcinoma. WHO =World Health Organization.
RTOG/EORTC = Radiation Therapy On cology Group/European On cology Organi zat ion for Research and Treatment of Cancer. TTF = time to treatment failure.
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THE EVIDENCE CONDENSED: Chemoradlotherapy versus radiotherapy alone for locally advanced malignancy

Reference

Level (design)

Sample size

Zakotnik, 1998

I (Ref)

64 patients

OUTCOMES

Outcome mea sure

Results of chemo/
RT

Results of RT
alone

p Value

1° Outcome
CR rate

CR rate: 59%

CR rate: 31%

0.04

2° Outcomes
DFS
OS
Toxicit y

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient
characteristics

Randomization
effectiveness

Study regimens

Outcome
measurements in
detail

Potential
confounders

Compliance

Intention to treat
anal ysis

Power

Morbidity/
complications

Other 2°
endpoints

Concomitant treatment significantly improved CR rate , DFS, and OS in patients with inoperable
oropharyngeal carcinoma in comparison wit h RT alone

Media n: 42 mo

STUDY DESIGN

1. Histologically proven, inoperable SCC of head and neck, 2. WHO PS < 3, 3. Adequate lung, bone marrow,
liver, and renal function

1. DM,2. Previous malignancy except cured skin cancer, 3. Psychotic or sen ile patients, 4. Refusal of
proposed treatment

Median age: 51 y, Stage IV: 94%, Paranasal sinus: 9%, Oral cavity: 16%, Oropharynx: 64%, Hypopharyn x: 11%

NR

RT: 2-Gy fractions once daily to a total do se of 66-70 Gy. CRT: 1M Bleomycin 5 U twice a week for total 70 U,
mitomycin C 15 mg/m? given IV after delivery of 10 Gy of irradiation. Mitomycin repeated on last day of RT at
dose of 10 mg/rrr' , Nicotinamide (650 mg/d) and Chlorpro mazine (200 mg with bleomycin ). Dicoumarol
(300 mg) applied on the evening and morning before mitomycin C. Plus RT as above. Patients with residual
disease rendered operable after completing treatment underwent surgery.

Response to treatment: 2 months after last RT dose. Acute toxicity and response to therapy defined according
to WHO criteria. Late toxicity according to the criteria of the RTOG/EORTC. Differences in response rate
tested with chi-squared test, survival calculated from start of treatment using method of Kaplan -Meier, and
logrank test used to calculate differences

Initial randomization should minim ize bias , however initial group characteristics not mentioned nor
significance of diffe rences. No t blinded, could affect analysis of toxicities

Because of significantly better results achieved in CRT arm for patients with inoperable oropharyngeal
carcinoma, the study was closed and such patients after December 1993 were routinely treated with CRT, 48
patients were treated like such. I patient from each treatment arm refused further irradiation. I patient from
RT group had RT stopped because of hypotension from heart metastasis

NR

Conducted power analysi s with alpha =0.05 , beta =0.80, need 100 patients

There was no treatment-related death. Acute toxicity was more severe in CRT arm so do se of bleomycin and/or
mitomycin C had to be reduced in some patients (CRT vs RT grade 4 mucositis: 44% vs 6 %, P value R).3/4
survivors from RT group and 7/9 survivors from CRT group needed thyroid hormone replacement therapy

RT vs CRT: 4-y DFS 8% vs 37% (p = 0.01), 4-y OS 7% vs 26% (p = 0.08 ), CR rate for oropharyngeal site 29%
vs 75% (p = 0.007 ), DFS oropharyngeal site 10% vs 48% (p = 0.001 ), OS oropharyngeal site 10% vs 38%, (p =
0.019 )

CR =complete respon se, CRT :z chemoradiotherapy, DFS =disease-free survival, DM =distant meta stasis, Gy =Gray, NR =not reported, PS =
performance status, OS =overall survival, PR =partial response, RCT =randomized control trial , RT =radiation therapy, SCC =squamo us cell
carcinoma, WHO = World Health Organization, RTOG/EORTC = Radiation Therapy On cology Group/ European On cology Organi zation for
Research and Treatment of Cancer, TTF = time to trea tment failure .
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THE EVIDENCE CONDENSED: Chemoradiotherapy versus radiotherapy alone for locally advanced malignancy

Reference

Level (design)

Sample size

Olmi, 2003

I (RCT)

192 patients

OUTCOMES

Outcome measure

Results of chemo/
RT

1° Outcome
OS (2 y)

OS (2 y) 51%

2° Outcomes
Event-free survival (2 y)
DFS (2 y)
Toxicity

Results of RT alone

P Value

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient characteristics

Randomization
effectiveness

Study regimens

Outcome
measurements in
detail

Potentia l
confounders

Compliance

Intention to treat
analysis

Power

Morbidity/
complications

Other 2° endpoints

S-AHF OS (2 y) 37%
RT OS (2 y) 40%

0.129

The combi nation of simultaneous chemotherapy and RT with the regimen of this trial is better than RT
alone in advanced oropharyngeal SCCs by increasing DFS

24 mo

STUDY DESIGN

I. Stage III or IV epidermoid carcinoma of the oropharynx, 2. Patients < 70 y, 3. Karnofsky PS > 70,
4. Adequate bone marrow, renal, cardiac, pulmonary function,S. 0 previously treated tumors except basal
cell skin cancer and appropriately treated in situ cervical cancer, 6. 0 infectious disease, 7. No psychosis

I. TI 1, T2 \, 2. DM,3. Previous surgery to tumor, 4. Previous RT or chemo

Male 88.5%, Median age 56.1 y, KPS: >90 91.1%, Stage IV: 73%, T3/T4: 84%, > 0: 78.5%

Distribution in terms of sex, age, histology type and grading, performance status, presence of cornorbidities,
and T and stage was well balanced among the 3 arms

RT: 66-70 Gy in 33-35 fractions,S d a week, 6.5-7 wk
S-AHF: 64-67.2 Gy, 1.6-Gy fractions twice daily with ~4 h between fractions,S d a week. At 38.4 Gy, a 2-wk
break was planned. After the break, RT was resumed with the same schedule CRT: carboplatin (75 mg/m' )
days 1-4; 5-FU 1,000 mg/m' IV over 96 h, days 1-4 every 28 d in the 1st, 5th, and 9th weeks of RT

eck dissection was suggested for residual disease or nodal relapse; the choice of a surgical intervention for
persistence or progression of primary tumor was left to physician 's discretion

Survival estimates were performed by the Kaplan-Meier method and compared using logrank test and Cox
proportional hazards models. OS was calculated from the date treatment was started to the date of death or
last day patient was known to be alive. Event-free survival was calculated from the date when treatment was
started to the date of any relapse or death from any cause, whichever came first, or occurrence of a second
tumor

Bias was minim ized because of effective randomizat ion and stratification. Lack of blinding sho uld not affect
objective endpoints as surv ival and DFS but cou ld affect assessment of toxicities

RT:98.3% completed RT treatment
S-AHF: 96.7% completed RT treatment
CRT: 83.3% completed RT treatment
CRT: 3 patients refused chemotherapy, 8 patients had only I cycle, 15 patients had 2 cycles. 62% of patients
received the 3rd cycle with delay 1+ wk

Done appropriately

A sample size of 260 patients was determined necessary to show difference between 30% and 55% in
survival, with an alpha level of 0.05 and power of 80%. The study closed before enrolling this number of
patients

RT vs S-AHF vs CRT: grade 3+ mucositis 14.7% vs 40.3% vs 44%, grade 3+ skin reaction 3.7% vs 7.6% vs
16%. I case of fatal nephrotoxicity occurred in the CRT arm, with leukopenia and thrombocytopenia
occurring in 22.7%, and 4.5%, respectively. Late toxicity: CRT arm showed more grade 2+ skin,
subcutaneous tissue, and mucosal side effects although significant late sequelae were uncommon. The
occurrence of persistent grade 3 xerostomia was comparable in all 3 treatment arms

RT vs S-AHF vs CRT: event-free survival at 24 mo 20% vs 19% vs 37% (p = 0.196), DFS at 2 y 23% vs 20%
vs 42% (p = 0.022)

CRT = chemoradiotherapy, DFS = disease -free survival, DM = distant metastasis, Gy = Gray, NR = not reported, NS = not significant as = overall
survival, RCT = randomized control trial, RT = radiation therapy, S-AHF = split -course accelerated hyperfractionated RT, PS = performance status,
SCC = squamous cell carcinoma, 5-FU = 5-tluorouracil, KPS = Karnofsky Performance Scale.
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Reference

Level (design)

Sample size

Bensadoun, 2006

I (RCT)

171 patients

OUTCOMES

Outcome measure

Results of chemo!RT

Results of RT alone

p Value

1° Outcome
OS (24 mo l

OS (24 mo l: 37.8%

OS (24 mo l: 20.1%

0.038

2° Outcomes
DFS (24 mo l
Specific survival (24 mo l
Toxicity

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient characteristics

Randomization
effectiveness

Study regimens

Outcome
measurements in
detail

Potential
confo unde rs

Com pliance

Intention to treat
analysis

Power

Morbidity!
complications

Other 2° endpoints

For unresectable carcinomas of the oropharynx and hypopharynx, chemoradiation provides better outcome
than radiation alone, even with an "aggressive" dose-intensity radio therapy schedule

40-50 mo

STUDY DESIGN

I. Age < 75 y, 2. Unresectable stage IV (T4 or large pan- pharyngeal T3), not previously treated SCC of the
oropharynx or hypop hary nx, 3. Karnofsky PS > 60, 4. Adequate hematologic, rena l, and liver functions

I. DM

I:

Patients were evenly distributed between the 2 arms, no further analysis provided

RT: 1.2 Gy twice daily 5 d per week for 7 wk with ~6 h between fractions. Total dose was 80.4 Gy to the
oropharynx, and 75.6 Gy to hypopharynx
CRT: 3 chemotherapy cycles of carboplatin-5-FU on days 1,22, and 43 were given concurrently with RT.
Doses were carboplatin 100 mg/m' on day I plus 5-FU 750 mg/m' per day by 5-d continuous infusion for
cycle I, and 430 mg/rrr' per day for cycles 2 and 3

Survival analysis was performed by the Kaplan-Meier method. Durations of survival were calculated from
the start of treatment to the most recent follow-up contact or date of known disease recurrence or death.
Differences were evaluated using stratified logrank test

Bias was minimized because of effective randomization and stra tification. Lack of blinding shoul d not affect
objective end points as su rvival and DFS but cou ld affect assessment of toxicities

4 patients died between enro llment and the beginning of treatment. 2 patient s were erro neo usly included
bu t ineligible because of having resectable disease. 2 pat ients refused any treatm ent. Treatment compliance
was otherwise satisfactory for most patients in both gro ups. 0 statistically significant differences between
RT dose was seen between the 2 treat ment arms. Of note, only 30% of patients received all 3 cycles of
chemotherapy

Done appropriately

A sample size of 80 patients per arm was determined to be necessary to detect a gain in OS at 2 y of 20%,
with an alpha level of 0.05, and power of 80%, taking into account patients that might drop out or be lost
to follow-up

o patients were hospitalized throughout treatment. RT vs CRT grade 3-4 mucositis was 69.5% vs 82.6% (p
value S), grade 3-4 neutropenia 2% vs 33% (p < 0.05). 0 interruption of twice-daily RT related to acute
toxicity lasted >3 d and no break for neutropenia was >5 d. Early death occurred in 17 patients ( 10.4%) , 6
in RT group and I I in CRT gro up. The difference between the 2 arms for late toxicities did not reach
significance at I or 2 y. Enteral nut rition gastrostomy tube was more frequent in CRT arm before treatment
and at 6 m (p < 0.01)

RT vs CRT DFS at 24 mo 48.2% vs 25.2% (p = 0.002), disease-specific survival at 24 mo 44.5% vs 30.2%
(pe 0.021)

CRT= chemorad ictherapy; DFS= disease-free survival. DM = distant metastasis.Gy = Gray, NR = not repor ted. NS = not significant OS = overallsurvival, Rcr = randomized control trial.
RT= radiation therapy. S-AHF= split-courseaccelerated hyperfract ionated RT. PS= ~rformJ.nc(' status, sec = ~uamous cell carcinoma, ·FU = s- fluoroc recil.
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Reference

Level (design)

Sample size

Semrau, 2006

I (RCT)

263 patients

OUTCOMES

Outcome measure

Results of chemo!RT

Results of RT alone

p Value

1° Outcome
Survival under LRC

Median LRC= 17 mo

Median LRC= II mo

om

2° Outcomes
OS
Toxicity

Conclusion

Follow-up time

Inclusion criteria

Exclusion criteria

Patient characteristics

Randomization
effectiveness

Study regimens

Outcome
measurements in
detail

Potential
confounders

Compliance

Intention to treat
analysis

Power

Morbidity!
complications

Other 2° endpoints

Hyperfractionated-accelerated CRT is superior to hyperfractionated-accelerated RT in oropharyngeal
carcinomas

57mo

STUDY DESIGN

I. Stage III or IV histologically proven inoperable head and neck cancer located in oropharynx or
hypopharynx., 2. 0 OM, 3. No prior malignant neoplasm, 4. 0 prior chemo or RT

I. Inadequate bone marrow or renal function, 2. PS > 2

85% male, Median age 57 y, Oropharynx: 74%, Hypopharynx: 26%,1'3: 16%,1'4: 81%, NO: 10%, I: 6%,
2: 74%, N3: 10%, Stage IV: 96%

The 2 treatment arms were well balanced for tumor site, T N stage, grading, and pretherapeutic hemoglobin
levels

RT: In both arms was hyperfractionated and accelerated using concomitant boost. Total radiation dose was
69.9 Gy with daily doses of 1.8 Gy and 1.5 Gy for concomitant boost. The boost was applied ~ 6 h after the
morning dose during the last 2.5 wk of treatment. CRT: carboplatin (daily 70 mg/rrr' ) and 5-FU (daily
600 rng/rn' per continuous infusion) in weeks I (days 1-5 ) and 5 (days 29-33). The report was an update of
the Staar 200 I trial 18J

Survival with LRC was calculated from the start of RT and to the date of the first occurrence of locoregional
relapse or death from any cause. Death from all causes was the endpoint for OS. The Kaplan-Meier method
was used for survival analyses. Point estimates of cumulative 5-y survival rates were provided, with 95%
confidence intervals

Bias was minimized because of effective randomization and stratification. Lack of blinding should not affect
objective endpoints as survival and DFS but could affect assessment of toxicities

R

Analyses were based on as-treated population

The study was powered to detect an improvement of 15% (45%-60% ) in l-y surviva l with LRC with a
power> 80%, and alpha level of 0.05

7.1% of patients developed osteoradionecrosis. Xerostomia was the most common toxicity (89.2%) . 14.3%
of patients remained dependent on a gastric feeding tube. There were no statistically significant differences
between the CRT and RT arms

OS was improved with CRT, with a median survival of 23 mo for CRT and 16 mo for RT (p = 0.016).
However, the benefit of survival with locoregional control and OS was not seen in hypopharyngeal
carcinomas. Pretherapeutic hemoglobin levels < 12.7 g/dL were associated with lower survival with LRC

CRT:: chemoradiotherapy, DFS= disease-free survival. D~I = distant metastasis, Gy::: Geil)", NR = not reported.NS ::: not significant as = 0\'C'r311 survival. RCT= randomi zed control trial.
RT= radiation therapy. S-AHF=split-course accelerated hyperfractionated RT. PS= performance status, sec =squamous cell carcinoma. 5-FU = 5-fluorouracil.
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Unilateral versus total thyroidectomy for low-risk papillary thyroid carcinoma:
Impact on survival, recurrence

Cristian Slough and Gregory W. Randolph

METHODS

A computerized PubMed search ofMEDLINE 1966-May
2006 was performed. The terms "thyroid;' "papillary;'
and "thyroidectomy" were exploded and the resulting
articles were cross-referenced, yielding 2203 trials. An
additional search was performed to identify those that
mapped to the medical subject headings "thyroid neo
plasms" and "thyroidectomy;' as well as the text word
"papillary;' which yielded 1139 studies. These articles
were then reviewed to identify those that met the follow
ing inclusion criteria: 1) patient population with "low
risk papillary thyroid carcinoma," 2) intervention with
total thyroidectomy versus unilateral lobectomy, 3)
outcome measured in terms of survival (cause specific,
overall, or otherwise) and disease recurrence. Articles
were excluded if they included mixed follicular and
papillary groups or did not specifically analyze low-risk
groups. Many related papers pooled papillary and fol
licular cancers together. Although these two cancers are
similar, they are also separate entities with clearly differ
ent natural histories and patterns of spread. Weattempted
to eliminate this potential confounder by focusing only
on papers with a purity of low-risk papillary carcinomas.
This very specific search strategy identified two papers
that met the inclusion/exclusion criteria. The bibliogra
phies of the articles that met the stated criteria were
manually checked to ensure no further relevant articles
could be identified. This process yielded one more article
for a total of three retrospective studies. No prospective
controlled studies were identified. The three criteria
meeting studies are discussed here [1-13]

RESULTS

Outcome Measures. The two main outcome measures
used by these studies were survival and recurrence. Sur
vival was measured as cause-specific and non-eause
specific data. Recurrence was measured as local, nodal,
distant, or overall return of disease.

Potential Confounders. A major potential confounder
within these publications was inherent to differing defi
nitions of total/bilateral thyroidectomy versus unilateral
thyroidectomy. This definition was often surgeon
specific despite attempts to clearly define the exact degree
of resection. There was inclusion in several studies of
total, near-total, and subtotal thyroidectomy as "total/

bilateral" procedures. In others, subtotal thyroidectomy,
partial lobectomy, and complete lobectomywere included
in the conservative "unilateral" group. The exact defini
tions of recurrence (thyroid bed, regional nodal vs distant
metastasis) were also variable or unspecified. It was also
not clear in several of these studies if patients receiving
total thyroidectomy initially also had more aggressive
initial nodal treatment than those with unilateral surgery.
This variable could significantly affect the rates of subse
quent nodal recurrence. The surgeon's bias toward a
given procedure also could further bias results.

Study Designs. All of the studies were comparative case
series. All three papers made attempts to match the two
groups being compared but were restricted to a retro
spective analysis with surgeon bias and current practice
bias inherent to the study design. Because of the retro
spective nature of the studies, only correlations can be
drawn, making it difficult to establish a true cause and
effect.

Only one of the papers mentioned the specific sta
tistical method of analysis. The two papers by Hay et al.
used the same patient group, reporting on this set of
patients at different points in time. The Haigh paper, the
one that was the most recent and had the largest patient
group, did not clearly specify the length of follow-up or
how total thyroidectomy versus a partial thyroidectomy
was defined. The Hay 1998 paper had the most clearly
defined study parameters and most clearly defined
outcomes.

Highest Level of Evidence. The data from these retro
spective studies overall favored no difference in survival
but a lesser recurrence rate with total/bilateral thyroid
ectomy. All three papers (retrospective comparative
reviews) did not find a statistically significant difference
in survival when performing a head-to-head comparison
of total thyroidectomy to partial thyroidectomy. Haigh
et al., however, found an increased hazard ratio (strength
of associations between predictor variables and estimated
survival) for a total thyroidectomy compared with the
unilateral thyroidectomy group. In addition, a signifi
cantly increased recurrence rate associated with unilat
eral thyroidectomy was seen in two of the three studies.

Applicability. Based on the inclusion/exclusion criteria
for these trials, these results can be applied to 13- to 84
year-old patients with low-risk papillary thyroid carci-
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noma. The low-risk group definition for the different
studies varied in terms of the AMES (age, metastasis,
extent, size score), MACIS (metastasis, patient age, com
pleteness of resection, local invasion, and tumor size),
and TNM (Tumor-Node-Metastasis) classification. All
three have somewhat similar definitions, however.

Morbidity/Complications. The papers did not specifi
callymention the complication rate from operation. The
risks of bilateral versus unilateral thyroidectomy have
been clearly delineated elsewhere in the literature.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is retrospective evidence comparing the impact of
total/bilateral versus unilateral thyroidectomy on sur
vival and recurrence in patients with low-risk papillary
thyroid carcinoma. The head-to-head comparisons show
that total thyroidectomy may not significantly improve

survival over unilateral thyroidectomy in patients with
low-risk papillary thyroid carcinoma. One study,however,
did report hazard ratios suggestiveof better survival out
comes with total thyroidectomy. Two reports from Hay
et al. also suggested that the risk of recurrence (local
nodal, or overall) was greater for patients undergoing
partial/unilateral thyroidectomy.

The indolent nature of this disease and subsequent
long follow-up times required to determine meaningful
differences in rates of recurrence and mortality makes a
prospective controlled randomized study on this topic
unlikely. Thus, retrospective data should be analyzed in
a way that minimizes bias and confounders. For example,
variations in radioactive iodine treatment and thyroid
hormone suppression, which could further complicate
the ability to delineate the effect of the extent of thyroid
ectomy on survival and recurrence, should be addressed
in future formal case control studies. Larger sample sizes
may be achieved by combining data for patients with
Iow-risk papillary and follicular disease, but will provide
less pure data as these two disease processes propagate by
distinct routes.



THE EVIDENCE CONDENSED: Unilateral versus total thyroidectomy for low-risk papillary thyroid carcinoma

Reference

Level (design)

Sample size'

Outcome measures

Haig h,2005

3 (retrospective comparative study)

5432 (4402)

OUTCOMES

Cause nonspecific mortality rates
HR was the strength of associations between predictor variables and estimated survival

Intervention

Sur vival

Additional outcome
measure

p Value

Total thyroidectomy

10-y 89%

HR (univariate): 1.32
HR (multivariate): 1.73

Survival: 0.07
HR univariate: 0.07
HR multivariate: <0.001

Unilateral thyroidectomy

lO-y 91%

1.0

1.0

Conclusion

Follow-up time

Database

Inclusion criteria

Exclusion criteria

Age

Surgical intervention

Low-risk group
definition

High -risk group
definition

Total thyroidectomy
definit ion

Partial thyroidectomy
definition

o significant difference in survival but significant increased HR for total thyroidectomies

Up to 12 y (median 7.4 y)

STUDY DESIGN

SEER database

Patients older than 20 y in the SEER database who were diagnosed with thyroid cancer in the 12 SEER
regions between 1988 and 1995. Onl y those with papillary histologic subtypes were included

Patients younger than 20 y and patients in whom the data were missing

Patient s >20 Yold

Total thyroidectomy or partial thyroidectomy

Low risk was defined as younger patients ($;40 y of age for men and $;50 y for women) with
intrathyroidal cancers and older patients with intrathyroidal cancers <5 cm without distant metastasis

High -risk group included all younger patients who had cancers with extrathyroidal extension and all
older patients who had cancers at least 5 em in size, any cancer with extrathyroidal extension. or
intrathyroidal follicular cancers with major tumor capsular involvement or any patient with distant
meta stasis

ot clearly defined

ot clearly defined

HR = hazard ratio. SEER =surveillance. epidemiology, and end results. AMES=age, metastasis. extent , size score.
• Sample size: numbers shown for tho se in the whole study (number of tho se in low-risk group).
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Referen ce

Level (design)

Sample size'

Outcome measures

Hay, 1998

3 (retrospective comparative study)

1913 (1656)

OUTCOMES

30-y cause-specific mortality rates. Recurrence at
20 y: 1) regional noda l metastases, 2) local
recurrences, 3) distant metastases

Hay, 2002

3 (retrospective comparative study)

2174 (1835)

20-y cause -specific mortality rates. Recurrence
at 20 y

Intervention

Survival

Total
thyroidectomy

20-y 99.3%.
CSM 2.4%

Unilateral
thyroidectomy

20-y 97.3%
CSM 2.6%

Total
thyroidectomy

20-y 99.1%.
CSM 0.9%

Unilateral
thyroidectomy

20-y 98.5%
CSM 1.5%

Recurrence
Local: 2.9%

odal: 3.1%
Distant: 1.4%

o difference in survival but increa sed recurrence
in unilateral thyroidectomy group

Up to 60 Y

Additional outcome
measure

p Value

Conclusion

Follow-up time

Recurrence
Local: 0.4%

odal: 0.7%
Distant: 0.5%

Surviva l: 0.21
Local: <0.001
Nodal : <0.001
Distant: 0.91

o difference in survival but increased local and
nodal recurrence in unilateral thyroidectomy group

Up to 17 Y for total s and 27 y for unilateral

Recurrence rate: 7%

Surv ival: 0.31
Recurrence: <0.001

Recurrence rate: 26%

Database

Inclusion criteria

Exclusion criteria

Age

Surgical intervention

Low-risk group
definition

High -ri sk group
definition

Total thyroidectomy
definition

Partial thyroidectomy
definition

STUDY DESIGN

Patients treated at the Mayo Clinic during the
1940-1991 period

Papillary thyroid patients with a low AMES risk
classification who had disease confined to the neck
and who had undergone complete resection of the
cancer with curative intent

Patients who had incomplete tumor resection and
in whom gross residual disease persisted after
resection

Age 4-87 y, med ian 43 y

Total thyroidectomy or partial thyroidectomy

Low risk was defined as younger patients (:;:;40 y of
age for men and :;:;50 y for women ) with intrathyroidal
cancers and older patients with intrathyroidal
cancers <5 cm without distant metastasis

High -risk group included all younger patients who
had cancers with extrathyroidal extension and all
older patients who had cancers at least 5 em in size,
any cancer with extra thyroidal extension, or
intrathyroidal follicular cancers with major tumor
capsular involvement or any patient with distant
metastasis

Total, nea r-total, or sub total thyroidectomy

Total lobectomy with or without isthmusectomy

Patients treated at the Mayo Clinic during the
1940-2000 period

Papillary thyro id patients with a low MACIS risk
classification who had disease confined to the
neck and who had undergone complete resection
of the cancer with curative intent

Patients who had incomplete tumor resection and
in whom gross residual disease persisted after
resection

Not specifically mentioned

Total thyroidectomy or partial thyroidectomy

Low risk was defined as patients with MACIS
score of <6

High -risk group included all patients with
MACIS score of 6+

Total, near -total, or subtotal thyroidectomy

Total lobectomy with or without isthmusectomy

HR = hazard ratio, SEER = surveillance, epidemiology, and end results, AMES = age, metastasis, extent, size score, CSM = cause-specific mort ality,
MACIS =metastasis, patient age, completeness of resection, local invasion, and tum or size.
• Sample size: numbers shown.for those in the whole study (number of those in low-risk group).
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Radioactive iodine versus no radioactive iodine as adjunctive treatment for low-risk
papillary thyroid carcinoma: Impact on survival, recurrence

Cristian Slough and Gregory W. Randolph

METHODS

A computerized PubMed search ofMEDLINE 1966-May
2006 was performed. Articles mapping to the medical
subject headings "iodine radioisotopes" and "thyroid
neoplasms" as well as the textword "papillary" were iden
tified, yielding 948 papers. These articles were then
reviewed to identify those that met the following inclu
sion criteria: 1) distinct patient population with "low risk
differentiated thyroid carcinoma;' 2) intervention with
radioactive iodine (RAI) versus no RAI treatment, 3)
outcome measured in terms of cause-specific survival, or
death rate and disease recurrence.

Articles that included both low- and high-risk
patients overall, but reported results for a distinct low
risk population were included. Articles that reported
only lumped low-risk and high-risk data, however, were
excluded. Many related papers pooled papillary and fol
licular cancers together. Although these two cancers are
similar, they are also separate entities with clearly differ
ent natural histories and patterns ofspread. Weattempted
to eliminate this potential confounder by focusing only
on papers with a purity of low-risk papillary carcinomas.
Three trials were identified that met these specific inclu
sion/exclusion criteria in the initial search. The bibliog
raphies of the articles that met these inclusion criteria
were manually checked to ensure no further relevant
articles could be identified. This overall process yielded
three relevant articles [1-3].

RESULTS

Outcome Measures. The main outcome measures used
by these studies were cause-specific survival or death rate
and recurrence. All of the studies used cause-specific sur
vival (two at 10 years [1, 2] and one at 20 years [3)) as
an outcome measure. Two of the studies also used recur
rence rate as an added outcome measure [1,2].

Potential Confounders. A major factor when comparing
these studies was the differing definitions of "low-risk"
papillary thyroid carcinoma. Although all the papers had
similar definitions, there was no apparent universal defi
nition used among all study groups. Another potential
confounder was the differing additional therapies the
patients received in conjunction with RA1 treatment;
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variations occurred in the degree of surgery and degree
of T4 suppressive therapy which could affect outcome.
Also the lack of prospective input or randomization
resulted in probable selection bias in terms of which
patients were chosen to receive 1131 treatment. Another
major confounding factor was the lack of clearly defined
parameters for 1131 treatment in any of the studies; it is
inherently difficult to determine such parameters in ret
rospective studies. The exact dose of RA1 used differed
in all three of the studies.

Study Designs. All of the studies were retrospective in
nature. Groups who had received RA1 were compared
with those who had not. A variety of RA1 regimens were
used. Patients were classified as low risk based on either
the American Joint Committee on Cancer staging or
stratification based on the AMES (age, metastasis, extent,
size score) system [4,5].

Highest Level of Evidence. All reports described were
retrospective studies comparing results with versus
without RA1 therapy. The three papers from Brierley,
Chow, and Sanders showed no differences in survival or
recurrence with versus without RA1 in low-risk differen
tiated thyroid carcinoma. Brierley's work showed a trend
toward improved survivalwith RA1 but no formally sta
tistically significant difference. Chow's work showed no
difference in survival but showed favorable numbers for
control of local recurrence, although again numbers did
not reach formal statistical significance.

Applicability. Based on the inclusion/exclusion criteria
for these trials, the results can be applied to TNM (Tumor
Node-Metastasis) stage I patients with low-risk differen
tiated thyroid carcinoma. The low-risk group definition
for the different studies varied in terms of the AMES,and
TNM classification; but all three had agreed that stage I
TNM constituted a low-risk group.

Morbidity/Complications. These papers did not specifi
cally mention the complication rate from the RA1 treat
ment. They all recognized that the morbidity of treatment
is low. The common complications of RAI include sali
vary gland dysfunction, radiation sickness, and bone
marrow depression. Although understated in the endo
crine literature, some questions do exist with respect to



the development of secondary malignancies relative to
1131 treatment. These questions are among the concerns
that generally result in restricted use of 1131 in younger
adults and children.

CLINICAL SIGNIFICANCE AND
FUTURE RESEARCH

There is retrospective evidence that RAI treatment does
not improve survival in patients with low-risk differenti
ated thyroid carcinoma. There was a trend toward reduc-
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tion with RAl, but no statistically significant differences
demonstrated. The indolent nature of this disease process
makes a prospective study with adequate follow-up and
power very challenging.

Future studies should concentrate on the effect of
RAJ on local, nodal, and distant metastasis in a prospec
tive manner in a distinct group of either low-risk or
high-risk patients.



THE EVIDENCE CONDENSED: Radioiodine for low-risk papillary thyroid carcinoma patients

Referen ce

Level (design)

Sample size"

Outcome
measures

Brierley, 2005

3 (retrospective comparative
study)

729 (324)

Cause-specific survival and local
regional relapse-free rate

Chow, 2002

3 (retrospective comparative
study)

842 (97)

OUTCOMES

Cause -specific survival,
locoregional control, and
freedom from distant metastasis

Sanders, 1998

3 (retrospective comparative study)

1019 (790)

Cause-specific survival at 20 y

Jnterven tion

CSS

Recurrence

RAJ treatment
= 228

10 Y97%

LRFR 90%

on -RAJ
N=96

10 Y 100%

LRFR 85%

RAJ treatment on -RAJ RAI treatment on-RAJ
= 54 N=43

10 Y 100% 10 Y 100% 20 Y99.2%. 20 Y97.2%

Local: 100% Local: 91.7% NR R
Distant: 100% Distant: 97.7%%

p Value

Conclusion

Follow-up time

Database

Inclusion
criteria

Exclusion
criteria

Age

Intervention

Low-risk group
definition

High-risk
group
definition

RAI treatment
dose

Statistical
analysis

Surviva l: 0.35
LRFR: 0.52

Cause-specific surviva l and local
recurrence rates were not
significantly different betwee n the
2 groups

Median 11.3 y

Patients with a new diagnosis of
differentiated thyroid cancer seen
at the Department of Radiation
Oncology, Endocrine Oncology
Clinic of the Prince Margaret
Hospital between 1958 and 1985

Only patients with newly
diagnosed well-differentiated
thyroid cancer treated at the above
center but the crite ria not clearly
specified

Recur rent-disease patients

Age range not specified

RAJ treatment vs no RAI
treatm ent

Low risk was defined as patients
younger than 45 y and AICC stage I

High-risk group included all older
patients and those with AICC
stages >J

30-100 mCi

Cox model analysis

Local: NS
Distan t: not repo rted

No difference in surv ival bu t
increased local and distant
recurrence in non-RAJ gro up
but not statistically significant

Median 9.2 y

STUDY DESIGN

Patients with differentiated
thyroid cancer treated at the
Queen Elizabeth Hospital , Hong
Kong from 1960 to 1997

Patients with differentiated
papillary thyroid cancer treated
at the Queen Elizabeth Hospital ,
Hong Kong from 1960 to 1997

Not specified

Age 8.6-9 1.6 y, mean 45.1 y

RAI treatment vs no RAJ
treatment

Low risk was defined as patients
with T I 0 MO disease

ot clearly defined

80mCi

Outcome measures were studied
by using the Kaplan-Meier
method and Cox regression
models for multivariate analysis

Surviva l: no t significant

No difference in survival in the 2
gro ups

Up to 13 Y

Patients treated at the Lahey
Hitchcock Medical Center and the

ew England Deaconess Hospital
during the 1940-1990 period

Patients treated at the Lahey
Hitchcock Medical Center and the

ew England Deaconess Hospital
during the 1940-1990 period with
different iated thyroid carcino ma

Patien ts who were initially treated at
other than 2 pr imary institu tions were
not includ ed because of
incom pleteness of data

Not specifically mentio ned

RAJ treatment vs no RAI treat ment

Low risk was defined according to the
AMES scoring system

All patients with distant metastases
and older patients with either tumors
>5 em or extrathyroidal extension

ot specified

Actuarial curves generated using life
tables and differences measured using
multivariate analysis and Cox
regression analysis

LRFR= local relapse free rate , RAJ = radioactive iodine, NR = not reported, AMES = age, metastasis, extent, size score, AlCC: American Joint
Committee on Cancer CSS = cause specific survival.
• Sample size: numbers shown for tho se in the whole study (number of those in low-risk gro up ).
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A
Absolute risk increase, 19
Absolute risk reduction, 5, 19,29, 152
Acetaminophen, effect on post-tonsillectomy pain, 52, 53, 54
Actuarial (life-table) method, of survival analysis, 567, 568,

570-571
Acyclovir

as Bell's palsy treatment, 375-376, 377
as sensorineural hearing loss treatment, 279-284, 286

Adenoidectomy, pediatric
effect on obstructive sleep apnea, 63-67
as otitis media with effusion treatment

versus no surgical intervention, 151-158
versus tympanostomy tube placement, 159-163
with tympanostomy tubes, 164-169

as recurrent acute otitis media treatment, 103-109
versus adenotonsillectorny, 110-114
morbidity/complications of, 104, 106, 107, 112, 115

as rhinosinusitis treatment, 178-183
functional endoscopic sinus surgery following, 178, 180, 181

Adenotonsillectomy
versus adenoidectomy, 110-114
coagulation screening tests prior to, 56, 57, 58-59

Adverse events, 19-20
Aerosolized antibiotics, as chronic rhinosinusitis treatment, 499-502
Agency for Healthcare Research and Quality (AHRQ), 4
Air-bone gap, 229, 230
AlloDerm, as injection laryngoplasty material, 528, 529, 531
Alpha level errors, 6, 20, 21
American Academy of Ophthalmology and Otolaryngology (AAOO),

Meniere disease diagnosis and treatment guidelines, 335, 342,
347,348,349

American Academy of Otolaryngology-Head and Neck Surgery (AAO),
Committee on Hearing and Equilibrium (AAO-HNSCHE),
guidelines for Meniere disease diagnosis and treatment, 342, 343,
347,348

American Academy of Otolaryngology-Head and Neck Surgery (AAO
HNS), vertigo control classification system, 325, 327, 328, 329,
331,335,339,340

American National Standards Institute (ANSI), 228
Amoxicillin

adverse reactions to, 172, 173, 255
as chronic otitis media treatment, 253
as pediatric otitis media prophylaxis and treatment

in acute otitis media, 73-80, 74, 75
adverse effects of, 74, 75
versus amoxicillin/clavulanic acid, 115
meta-analysis of, 78, 85
in otitis media with effusion, 115-121
in recurrent acute otitis media, 83, 88-90, 93, 100
versus trimethoprim/sulfamethoxazole, 88-90

as pediatric sinusitis treatment, 172, 173, 174, 175
topical

adverse effects of, 255
as chronic otitis media treatment, 255

use in tonsillectomy patients, 421
as post-tonsillectomy pain treatment, 41, 42, 43, 51, 53

Amoxicillin/clavulanic acid, 172, 173
in adult patients

as chronic rhinosinusitis treatment, 489-490, 491, 492-493
in tonsillectomy patients, 41, 419

adverse reactions to, 123, 124, 125, 172, 173
in pediatric patients

adverse reactions to, 123, 124, 125

versus amoxicillin, 123

as otitis media with effusion treatment, 123, 124, 125
as sinusitis treatment, 172, 173, 174, 175

Amphotericin, intranasal, as chronic rhinosinusitis treatment, 503-504,
505

Ampicillin
as pediatric recurrent acute otitis media treatment, 83, 93
perioperative systemic, 403, 404

in myringoplasty patients, 386
in tympanoplasty/tympanomastoidectomy patients, 388,

392-393
as post-tonsillectomy pain treatment, 42, 43, 51

Amtriptyline, as tinnitus treatment, 353
Anaerobic infections, 383, 386
Analysis

of diagnostic tests, 5-6
methods of

instruments, 24
intention to treat, 24
level of evidence, 24
outset, 27
urine method, 31

of outcome measures, 4-5
of variance, 22

Antibiotic prophylaxis. Seealso specific antibiotics
in myringoplasty patients, 383-387
in patients with draining ears, 395-398, 400

graft success outcomes, 395, 397
surgical site infection outcomes, 395, 396, 397

systemic perioperative, 399-408
graft success outcomes, 399-408
against Haemophilus influenzae infections, 319, 320, 321
morbidity/complications of, 401, 402, 404, 405
in patients with draining ears, 395-398, 400
postoperative infections outcomes, 399-408

Antibiotic therapy. See also specific antibiotics
as pediatric sinusitis treatment, 171-177
for postoperative surgical-site infections in head and neck surgery,

587-598
for post-tonsillectomy pain

in adults, 417-422
in pediatric patients, 40-44

Anticonvulsant therapy, for tinnitus, 356-359
Antidepressant therapy, for tinnitus, 351-355
Antifungal intranasal therapy, for chronic rhinosinusitis, 503-506
Antihistamines, as allergic rhinitis treatment, 471-477

in combination with montelukast, 478-488
versus montelukast, 478-488
quality-of-life outcomes, 478,480,482,483,484,486
voice measures outcomes, 540-541, 542, 543

Antiviral therapy, for Bell's palsy, 375-378
Apnea-hypopnea index (AHI), 63, 65, 66
Articulation Index (AI), 230

Arytenoid adduction, as vocal cord paralysis treatment, 533
in combination with medialization laryngoplasty, 540-544

glottic closure outcome, 540-541, 543
Grade, Roughening, Breathiness, Asthenia, Strain Scale (GRBAS)

score outcomes, 542
morbidity/complications of, 541, 542, 543
quality-of-life outcomes, 542, 543

Asthma, with concurrent allergic rhinitis, 479
Attrition bias, 8, 20
Audiogram, normal, 227

Audiometer, calibration of, 228
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Audiometry, 227-238
pure tone thresholds, 227-233

air-bone gap, 229, 230

conductive effects, 230
extrapolated measures in, 229-230

Hughson-Westlake bracketing procedure, 228
minimum values for, 229

pure tone averages (PTAs), 229, 230-232

reliability of, 228

response limits in, 229-230

Speech Intelligibility Index (511), 230-231, 234, 236, 237

threshold combinations, 230-232

tuning curves, 227, 228

vibrotactile responses, 229
word recognition scores (WRS), 227, 233-237, 308, 310

in combination with pure tone audiograrns, 233-235
effective range of, 235-236
reliability of, 235
variability and significant differences in, 236-237

Augmentin, as chronic otitis media treatment, 250, 253

B
Bacteria

beta-lactamase-producing, 74, 75, 83

Branhamella catarrhalis, 172, 173, 175

Haemophilus influenzae, 319, 320, 321

Pseudomona~ 383,386,388,395,396
Staphylococcus aureus, 383, 386, 396

Streptococcus pneumoniae, 319, 320, 321
Streptococcus pyogenes, 383,386
sulfisoxazole- resistant, 82

Bayes' theorem, 24-25

Beck Depression Inventory, 362, 363, 711

Bell's palsy
antiviral therapy for, 375-378

facial nerve decompression for, 379-381

morbidity/complications of, 379, 380

versus steroid therapy, 380, 381

steroid therapy for
versus facial nerve decompression, 380, 381
systemic, 369-374

Beta-Iactamase-producing organisms, 74, 75, 83
Beta level, 20
Beta level errors, 6, 20, 21

Bias
attrition, 8, 20
correlation, 8, 22
definition of, 7

detection, 7, 22

as error source, 7-8

expectation, 7-8,21,23

minimization of, 8
in case-control studies, 9
in randomized controlled trials, 8

performance, 7, 27

publication, 8, 28

selection, 7, 30
Binary (dichotomous) variables, 5, 20
Bleeding disorders. Seealso Hemorrhage, intraoperative/

postoperative
occult, preoperative detection of, 57-61

Bleomycin, as advanced head and neck squamous cell carcinoma
treatment, 730, 731, 734, 749, 750

Blinding (masking), 20, 24
Bottle method, of medication compliance assessment, 20, 129, 130

Branhamella catarrhalis infections, 172, 173, 175

Buccal squamous cell carcinoma, 738

C
Calendar method, of medication compliance assessment, 20
Carbamazepine, as tinnitus treatment, 356, 357, 358

Carboplatin
as advanced oropharyngeal carcinoma treatment, 645
as recurrent and/or metastatic head and neck squamous cell

carcinoma, 730, 731, 732, 735
Carhart's notch, 230

Case-control studies, 9, 20

Case series, 21

Cefaclor
as chronic rhinosinusitis treatment, in adults, 490, 493

use in pediatric patients
as otitis media with effusion treatment, 129

as post-tonsillectomy pain treatment, 41

as recurrent acute otitis media treatment, 75, 88
as sinusitis treatment, 175

Cefazolin, perioperative systemic, 401
use in patients with draining ears, 397
use in tympanoplasty/tympanomastoidectomy patients, 388, 389-390

Cefixime, as otitis media treatment
for otitis media with effusion, 130

for recurrent otitis media, 75

Cefonicid, use in tonsillectomy patients, 420

Cefprozil, as pediatric recurrent otitis media treatment, 75

Ceftazidime
use in patients with draining ears, 397

use in tympanoplasty/tympanomastoidectomy patients, 388

Cefuroxime
adverse reactions to, 402
as chronic rhinosinusitis treatment, 489-490, 492-493
effect on postoperative infection prevalence, 402
as Pseudomonas infection prophylaxis, 399

use in tympanoplasty/tympanomastoidectomy patients, 388, 391-392
Central Institute of the Deaf (CID) sentences test, 298, 300, 301, 310,

311,312

Cephalexin
as chronic otitis media treatment, 253

as recurrent pediatric otitis media treatment, 75, 77

Cephalosporins
adverse reactions to, 402
as pediatric otitis media with effusion treatment, 127-131

Cephalothin
perioperative systemic, 401
use in patients with draining ears, 397
use in tympanoplasty/tympanomastoidectomy patients, 388, 389-390

Cephradine, 316
Cetirizine, as allergic rhinitis treatment, 475

versus montelukast, 481-482
Cetuximab, 731

Chance, as source of errors, 6-7

Chemoradiotherapy. See also Radiotherapy; specific chemotherapeutic
agents

for advanced laryngeal squamous cell carcinoma, versus radiotherapy,
702-715

for high-risk head and neck squamous cell carcinoma
effect on survival and recurrence, 702-707, 716-721, 723-729

European Organization for Research and Treatment of Cancer
(EORTC) 22931 study data, 723, 724-725, 726-727

morbidity/complications of, 725, 726, 727, 728
Radiation Therapy Oncology Group (RTOG) 9501 study data, 723,

724-725, 727-728
versus radiotherapy, 738-754

for locally-advanced head and neck cancer squamous cell carcinoma,
738-754

with induction chemotherapy, 740



with "molecularly-targeted" therapy, 739-740
morbidity/complications of, 739, 741, 742, 743, 744, 745, 746, 747,

748, 749, 750, 751, 752, 753
versus radiotherapy, 738-754
"sequential therapy" model of, 740

for oropharyngeal squamous cell carcinoma, versus surgical resection,

643-647,648-654
Chemotherapy. Seealso specific chemotherapeutic agents

for laryngeal squamous cell carcinoma
for advanced carcinoma, 702-707, 716-721
quality-of-life outcome, 709-715

for oropharyngeal squamous cell carcinoma, 648-654
Child Behavior Checklist (CBCL), 68, 70
Child Health Questionnaire (CHQ), 4
Children

adenoidectomy in
versus adenotonsillectomy, 110-114
effect on obstructive sleep apnea, 63-67
morbidity/complications of, 104, 106, 107, 112, 115
as otitis media with effusion treatment, 151-158
as recurrent acute otitis media treatment, 103-109
as rhinosinusitis treatment, 178-183
versus tympanostomy tube placement, 159-163
with tympanostomy tubes, 164-169

cochlear implantation in, 299
acute otitis media after, 197-203
explantation in, 197, 199,202
as mastoiditis risk factor, 197, 199, 202
as meningitis risk factor, 319-323, 320, 321
morbidity/complications of, 204, 205, 208, 209, 210
in otitis media-prone patients, 197-203
in patients with cochleovestibular anomalies, 204-211
postimplant surgical site infections in, 314, 316, 317
in prelingually deafened children, 299
quality-of-life outcomes, 303-307
speech perception outcomes, 204, 205, 206-207, 208, 209, 210
speech recognition outcomes, 293-302
surgical site infections associated with, 314-318

obstructive sleep apnea in, effect of tonsillectomy on, 63-67
otitis media in

acute, post-cochlear implantation, 197-203
acute recurrent, 73-114, 103-109
with effusion, 145-169

rhinosinusitis in, antibiotic therapy-refractory, 178-183
sinusitis in

antibiotic/conservative treatment versus control for, 171-177
endoscopic sinus surgery for, 184-195

subglottic stenosis in, laryngotracheal reconstruction of, 213-218
tonsillectomy in

coagulation screening tests prior to,S, 56-61
in combination with adenoidectomy, 35, 36, 37, 389
with concurrent adenotonsillectomy, 35, 36, 37, 38
dexamethasone therapy in, 45-48, 49-55
effect on obstructive sleep apnea, 63-67
intracapsular,36
morbidity/complications associated with, 36, 37
versus no surgical intervention, 35-39
postoperative pain treatment for, 40-44, 49-55
as recurrent pharyngitis treatment, 35-39

Children's Health Questionnaire Parent Form-28 (CHQPF-28), 68
Chi-square, 5,25
Chloramphenicol

adverse effects of, 255
as chronic otitis media treatment, 234, 242, 250, 253, 255, 257

Chlorpromazine, 750
Cholesteatoma, in staged tympanoplasty patients, 266, 267, 268, 269,

270
Chronic Rhinosinusitis Task Force, 494, 495
Chronic Sinusitis Survey, 508, 509, 510
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Ciliary dyskinesia patients, adenoidectomy in, 179

Ciprofloxacin

as chronic otitis media treatment, 239, 243, 250, 252

systemic, 255-256
topical, 255, 257

as chronic rhinosinusitis treatment, 490, 491
Cisplatin

as head and neck squamous cell carcinoma treatment
in advanced carcinoma, 738, 741, 742, 747, 748, 749
in combination with radiotherapy, 723, 724, 725-726
as induction chemotherapy, 740
in recurrent and/or metastatic carcinoma, 730-737

as laryngeal squamous cell carcinoma treatment, 711, 712, 713
City University of New York (CUNY) sentences test, 298, 300
Clarithrornycin, as chronic rhinosinusitis treatment, 494, 495, 497
Clavulanic acid. Seealso Amoxicillin/clavulanic acid

use in tonsillectomy patients, 419
Clindamycin, perioperative systemic, 388, 393,407
Clinical data, 4-8

context of results of, 4-5
analysis of diagnostic tests, 5-6
analysis of outcome measures, 4-5
clinical meaning of outcome measures, 4
numerical summary of outcome measures, 4-5

credibility of, 6-8
chance-related errors and, 6-7
confounding- and bias-related errors and, 7-8

Clinical practice guidelines, evidence-based, 3
Clinical trials, type 1 errors in, 6
Clonazepam, as tinnitus treatment, 356, 357, 358
Cloxicillin, as chronic otitis media treatment, 253
Coagulation screening tests, pre-tonsillectomy, 56-61

cost of, 58
for identification of occult bleeding disorders, 57-61
versus no screening tests, 56
predictive value of, 5, 57-61
sensitivity of, 5
specificity of, 5

Cochlear implantation, 293-323
in adults

in older adults, 303
in postlingually deafened adults, 293-297
in prelingually deafened adults, 298-302

cost-utility analysis of, 303, 304, 305, 306
pediatric

acute otitis media following, 197-203
explantation in, 197, 199, 202
as mastoiditis risk factor, 197, 199, 202
as meningitis risk factor, 319-323
morbidity/complications of, 204, 205, 208, 209, 210
otitis media-prone patients, 197-203
in patients with cochleovestibular anomalies, 204-211
with postimplant surgical site infections, 314-318
postimplant surgical site infections in, 314, 316, 317
in prelingually deafened children, 299
quality-of-life outcomes, 303-307
speech perception outcomes, 204, 205, 206-207, 208, 209, 210
speech recognition outcomes, 293-302
surgical site infections associated with, 314-318

surgical site infections associated with, 314-318
antibiotic treatment of, 314, 315, 316, 317, 318
explantation following, 314, 315, 316, 317, 318
as lateral sinus thrombosis cause, 323
nonexplant surgical treatment of, 314, 315, 316, 317, 318
as temporal lobe infarction cause, 323
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Codeine, 54
Cohorts, 21
Cohort studies, 21
Coliform infections, 383, 386
Colistin sulfate, 264
Collagen, as injection laryngoplasty material, 528, 529, 530, 531
Communication Profile Score (CPS), 709, 710
Compliance, 21
Compliance assessment, of medication regimens

bottle method, 20, 129, 130
calendar method, 20
diary method, 130
urine method, 31

Compression, versus subcutaneous heparin prophylaxis, 604-622
deep venous thrombosis outcome, 604, 606-619
hemorrhage outcome, 604, 605, 610, 620
meta-analysis of, 616-617,619,620-621
morbidity/complications of, 608, 609, 610, 611, 612, 613
pulmonary embolism outcome, 604-605, 606-616, 619
risk-benefit analysis of, 616

Computed tomography, of mandibular metastases, 655-659
Confidence interval, 21-22
Confounders/confounding, 22

in control groups, 8
as error source, 7
in prospective studies, 9

Consonant-Nucleus-Consonant (CNC) words test, 298, 300, 308, 310,

311
Constant's Shoulder Scale, 637, 641
Continuous positive airway pressure (CPAP), as obstructive sleep apnea

treatment, 447-451
driving performance outcome, 447, 448, 450
quality-of-life outcome, 447, 448, 449, 450
sleepiness outcome, 447,448,449,450
versus uvulopalatopharyngoplasty, 452-457

Continuous variables, 5, 22
Control groups, 8, 22

comparison with intervention groups, 27
in prospective studies, 9

in retrospective studies, 9
Controls, 20
Convergent validity, 285
Cordectomy

endoscopic, 674, 675, 677-679
external, 677-679
open,675

Cordocommissurectomy, endoscopic, 674, 677-678
Correlation bias, 8, 22
Cortisone, as Bell's palsy treatment, 371-372
Cortisporin, 260, 262, 265, 266

ototoxicity of, 260
Cotirizine, as allergic rhinitis treatment, 479, 481-482
Cotrimoxazole, 139, 413
Cox proportional hazard method, of survival analysis, 567,

574-575
Craniofacial syndromes patients, adenoidectomy in, 179
Crepitus, temporomandibular joint (TM}), 459

Cricohyoidopexy, 681, 683
Cricotracheal resection, of subglottic stenosis, 219-223

comparison with laryngotracheal resection, 219-220
Crossover studies, 22-23
Cross-sectional studies, 23
Cystic fibrosis patients

adenoidectomy in, 179
endoscopic sinus surgery in, 185

D
Dalteparin, 609

Deep venous thrombosis, compression versus heparin prophylaxis for,

604
Derogatis Stress Profile, 360
Descriptive studies, 23
Detection bias, 7, 22
Dexamethasone

as chronic otitis media treatment, 259, 260, 263
as chronic rhinosinusitis treatment, 499, 502
effect on sensorineural hearing, 259, 260, 263, 275, 288
as post-tonsillectomy emesis prophylaxis, 45-48

Diary method, of medication compliance assessment, 130
Dichotomous (binary) variables, 5, 20, 23
Dicoumarol, 750
Discriminant validity, 285
Docetaxel, 731
Double-blind study, 20
Draining ears. SeeOtorrhea
Driving ability, effect of continuous positive airway pressure (CPAP) on,

447,448,450
Dysphagia Inventory, 648, 650, 652

E
Effectiveness, 23
Effect size (ES), 579
Efficacy,23
Embolism, pulmonary, compression versus heparin prophylaxis for, 604,

606-619
Emesis, post-tonsillectomy, 45-48
Endolymphatic shunt surgery, for Meniere disease, 335-346,

347
versus medical treatment, 327, 335-336, 339-340, 342-346
versus "sham" or placebo surgery, 335-338, 342-346

Endoscopic cordectomy, 674, 675, 677-679
Endoscopic cordocommissurectomy, 674, 677-678
Endoscopic glottectomy, 674, 675, 677-678
Endoscopic resection, of early-stage glottic cancer, versus radiotherapy,

661-673
local recurrence of cancer outcome, 661-666
morbidity/complications of, 662, 663, 664
quality-of-life outcome, 667-673
survival outcome, 661-666

voice quality outcome, 667-673
Endoscopic sinus surgery

for antibiotic-refractory rhinosinusitis, 178, 180, 181
for chronic/recurrent pediatric sinusitis, 184-185

morbidity/complications of, 185, 187, 188, 189, 190, 191, 192, 193,
194

for chronic rhinosinusitis
disease-specific quality-of-life outcome, 507-512
global quality-of-life outcome, 513-516
ineffective, 499-500

Enoxaparin, 606, 607, 612
Epworth Sleepiness Scale (ESS), 463, 465, 466, 467, 468

Errors
type 1 (alpha level), 6, 20, 31
type 2 (beta level), 6, 20, 31

Erythromycin
as pediatric otitis media treatment

in combination with sulfisoxazole, 132, 133, 134, 135

for otitis media with effusion, 132-136
for recurrent acute otitis media, 75, 83

as tonsillitis treatment, in adults, 413
Erythromycin succinate, as chronic rhinosinusitis treatment, 494, 495,

496
European Organization for Research and Treatment of Cancer Quality

of Life Questionnaire-30 (EORTC QLQ-30), 580, 584, 648, 650,
651,653,669,696,697,700,709,713



European Organization for Research and Treatment of Cancer Quality

of Life Questionnaire-Head and Neck-35 (EORTC QLQ-H&N

35),580,649,650,651,653,669,691,693,709,713

Evidence, level of. SeeLevel of evidence
Evidence-based medicine

clinical data component of, 4-8

clinical judgment component of, 4
definition of, 3-4
patient preference component of, 4

Evidence-Based Practice Centers, 4
Expectation bias, 7-8,21, 23
Expert opinions, 9

F
Facial nerve decompression, as Bell's palsy treatment, 379-381

morbidity/complications of, 379, 380
versus steroid therapy, 380, 381

Facial nerve palsy
cochlear implant-related, 315, 316
idiopathic. SeeBell's palsy

Factor VIII deficiency, 57
Factor XII deficiency, 57
False-negatives, 5
False-positves, 5-6
Fascia, as injection laryngoplasty material, 528, 529, 530
Fat, as injection laryngoplasty material, 528, 531
Fentanyl, 53
Fexofenadine, as allergic rhinitis treatment, 479, 486-487
Fisher's exact test,S, 25
Floor effect, 23
Flucloxacillin

as chronic otitis media treatment, 253
perioperative systemic, 403, 404

use in myringoplasty patients, 386
5-Fluorouracil

as advanced head and neck squamous cell carcinoma treatment, 741,
745, 751, 752, 753

as advanced oropharyngeal carcinoma treatment, 645
as induction chemotherapy, 740
as laryngeal squamous cell carcinoma treatment, 710, 713
as recurrent and/or metastatic head and neck squamous cell

carcinoma, 730, 731, 735, 736
Fluticasone, as allergic rhinitis treatment, 473, 475, 476
Food and Drug Administration (FDA), 19-20
Fraxiparin, 611
Functional Assessment of Cancer Therapy Head and Neck

Questionnaire (FACT-HN), 580, 582, 584, 667, 671, 691, 694

G
Gastroesophageal reflux. SeeLaryngopharyngeal reflux
General Health Questionnaire (GHQ-12), 648, 653
Gentamicin

as chronic otitis media treatment, 239, 241, 244, 250, 252, 253
intratympanic, as vertigo treatment, 325-335

audiometric effects of, 326, 331-334
versus chemical labyrinthectomy, 336
versus endolymphatic shunt surgery, 327
oscillopsia associated with, 326
versus placebo, 326
sensorineural hearing loss associated with, 326, 331-334
vestibular hypofunction associated with, 326

perioperative systemic
effect on postoperative infections, 407
in tympanoplasty/tympanomastoidectomy patients, 388,

393
Gentamicin sulfate

as chronic otitis media treatment, 250, 253
effect on sensorineural hearing, 264

Glasgow Benefit Inventory (GBI), 411, 415
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Glaxco Canada, 473
Glaxco Wellcome, 475, 476

Glottectomy
endoscopic, 677-678
horizontaL 674, 675, 677-678

Glottic cancer, early-stage
endoscopic resection versus radiotherapy for, 661-673

cancer recurrence outcome, 661-666
morbidity/complications of, 662, 663, 664
quality-of-life outcome, 667-673
survival outcome, 661-666
voice quality outcome, 667-673

open partial versus endoscopic laryngectomy for, 674-679
GORE-TEX implants, in medialization laryngoplasty, 533, 534, 535, 536,

537
Grade, Roughness, Breathiness, Asthenia, Strain Scale (GRBAS) score

in arytenoid adduction patients, 542
in medialization laryngoplasty patients, 542
in vocal fold injection patients, 555, 556

H
Haemophilus influenzaeinfections, 319, 320, 321
Hair cells, tuning curves of, 227, 228
Halothane, 52, 53, 54
Hazard function, 574
Hazard ratio, 574
Head and neck cancer. Seealsospecific typesof headand neckcancer

advanced
adjuvant chemoradiotherapy for, 723-729
chemoradiotherapy versus radiotherapy for, 738-754

lateral versus modified radical neck dissection of, 635-636
quality-of-life measures/instruments for, 579-586

disease-specific, 579, 580
European Organization for Research and Treatment 0 f Cancer

QLQ-C30, 580, 584,648,650,651,653,669,696,697, 700, 709,
713

European Organization for Research and Treatment of Cancer
QLQ-Head and Neck-35, 580,649,650,651, 653, 669, 693, 701,
713

Functional Assessment of Cancer Therapy-Head and Neck (FACT-
H &N), 580, 582, 584

global instruments, 579, 580
Head and Neck Radiotherapy Questionnaire (HNRQ), 580, 584
Head and Neck Survey (H&NS), 583-584
individual instruments for, 580-585

Juniper Rhinoconjunctivitis Quality of Life Questionnaire, 499
Medical Outcomes Study Health Survey-36 (SF-36), 579, 583, 584
Performance Status Scale for Head and Neck Cancer (PSS-HN),

584,648,650,667,670,691,694,709,712
Quality of Life Instrument for Head and Neck Cance: (QL-H&l~),

580,584
Quality of Life Questionnaire for Advanced Head and Neck Cancer

(QLQ),580-581
Quality of Life-Radiation Therapy Instrument Head and Neck

Module (QOL-RTI/H&N), 581, 584
Sickness Impact Profile (SIP), 583
University of Michigan Head and Neck Quality of Life Instrument

(HNQOL), 581, 582-583, 691, 693, 709, 711, 712, 714
University of Washington Head and Neck Quality of Life

Instrument, 637, 639, 640
University of Washington Quality of Life Questionnaire (UW

QOL), 583, 584, 667, 670, 671, 709
validity of,S79

recurrent and/or metastastic, 730-737
Head and Neck Radiotherapy Questionnaire (HNRQ), 580, 584
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Head and neck surgery. Seealso specific types of surgery
compression versus subcutaneous heparin prophylaxis in, 604-622

deep venous thrombosis outcome in, 604, 606-619
hemorrhage outcome in, 604, 605, 610, 620
meta-analysis of, 616-617, 619, 620-621
morbidity/complications of, 608, 609,610,611,612,613
pulmonary embolism outcome, 604-605, 606-616, 619
risk-benefit analysis of, 616

perioperative antibiotics, 587-598
meta-analysis of, 595
morbidity/complications of, 588

Head and Neck Survey (H&NS), 583-584
Health insurance coverage, 3
Health Utility Index (HUI), 303, 305
Hearing in Noise Test (HINT), 308, 310
Hearing loss

conductive, cochlea sensitivity in, 230
facial nerve decompression-related, 379, 381
"in dB:' 227, 230, 237
sensorineural

effect of hydrocortisone on, 260, 262, 264, 282
effect of topical neomycin on, 259-265
gentamicin-related, 326, 331-334
staged tympanoplasty-related, 267, 271
sudden, steroid therapy for, 273-278, 290-292
valcyclovir/steroid therapy for, 285-289

Hearing Screening Inventory, 285
Hemorrhage, intraoperative/postoperative

compression versus heparin prophylaxis for, 604, 605, 610, 620
definition of, 59, 60
health are costs of, 58
post-tonsillectomy, 417-418, 419, 421

in adult patients, 425, 426, 427, 428, 429, 438, 439, 440, 441, 442,
443,444,445,446

preoperative coagulation screening tests for, 25, 56-61
Heparin calcium, 613
Heparin prophylaxis, versus mechanical compression, 604-622

deep venous thrombosis outcome, 604, 606-619
meta-analysis of, 616-617, 619, 620-621
morbidity/complications of, 608, 609, 610, 611, 612, 613
postoperative hemorrhage outcome, 604, 605, 610, 620
pulmonary embolism outcome, 604-605, 606-616, 619
risk-benefit analysis of, 616

Heparin sodium, 615
Hopkins Symptoms Checklist (HSCL), 303, 306
Hospital Anxiety and Depression Scale (HADS), 667
Hughson-Westlake bracketing procedure, 228
Hydrocortisone

as chronic otitis media treatment, 241, 260, 262, 264
effect on sensorineural hearing, 260, 262, 264, 282
as pediatric recurrent acute otitis media treatment, 93
use in myringoplasty patients, 386

Hydroxyurea, as advanced oropharyngeal carcinoma treatment, 645
Hypopharyngeal squamous cell carcinoma, adjuvant chemoradiotherapy

for, 724, 726, 727, 728

I
Immunocompromised patients

adenoidectomy in, 179
cochlear implantation-related meningitis in, 323
endoscopic sinus surgery in, 185

Incidence, 21, 23
Index Relative Questionnaire Form (IRQF), 303, 306
Infant Quality of Life Instrument, 148, 149
International normalized ratio (INR), 57, 58

Inter-rater reliability, of quality-of-life measures, 579
Iodine

as chronic otitis media treatment, 244, 245, 248
radioactive, as thyroid carcinoma treatment, 760-763

Iowa Sentence test, 293, 296
Iowa Tinnitus Handicap Questionnaire (ITHQ), 351, 353, 354
Irinotecan, 731
Isoflurane, 53, 54

J
Journal of theAmerican Medical Association, 3-4
Juniper Rhinoconjunctivitis Quality of Life Questionnaire, 499

K
Kaplan-Meier (KM) method, of survival analysis, 567, 571

survival curve comparison with, 571-574
Kappa test, 5, 25
Karnofsky Performance Status Rating Scale, 696, 697, 700
Kruskal-Wallace tests, 5

L
Labyrinthectomy, for Meniere disease, 347-350
Lactam antibiotics

as chronic otitis media treatment, 250
as post-tonsillectomy pain treatment, 41

Lamotrigine, as tinnitus treatment, 356, 357, 358
Lansoprazole,523
Laryngeal reinnervation, for unilateral vocal cord paralysis,

545-551
with ansa cervicalis anatomosis, 545, 546, 547, 549, 559, 562
Grade, Roughness, Breathiness, Asthenia Scale (GRBAS) score

outcome, 545
with hypoglossal nerve anastomosis, 545, 550
versus medialization laryngoplasty, 545-546
morbidity/complications of, 545, 548, 550
with nerve-muscle pedicle transfer, 545, 548
with vagus nerve anastomosis, 547
voice outcomes, 545-546, 547, 548, 549, 550

Laryngeal squamous cell carcinoma
adjuvant chemoradiotherapy for, 724, 726, 727, 728
advanced

chemotherapy/radiotherapy versus surgery/radiotherapy for,
702-715

chemotherapy versus radiotherapy for, 716-721
open partial versus total laryngectomy for, 691-695, 696-701
total laryngectomy/radiotherapy versus induction chemotherapy/

radiotherapy for, 709-715
early-stage

endoscopic resection versus radiotherapy for, 661-673
hyperfractionated versus conventional radiotherapy for,

686-690
laryngectomy versus radiotherapy for, 680-685
open partial laryngectomy versus radiotherapy for, 680-685
open partial versus endoscopic laryngectomy for, 674-679

5-fluorouracil treatment of, 710, 713
lateral versus modified radical neck dissection for, 635-636
survival and recurrence, 702-707, 716-721

Laryngectomy
open partial

versus endoscopic laryngectomy, 674-679
versus radiotherapy, 680-685
versus total laryngectomy, 691-695, 696-701

versus radiotherapy, 680-685
total

versus induction chemotherapy/radiotherapy, 702-715
versus open partial laryngectomy, 691-695, 696-701

Laryngopharyngeal reflux, proton pump inhibitor treatment of,
517-524

videolaryngoscopic studies of, 517, 519, 520, 521, 522



Laryngoplasty, injection-type, 525, 527-532

injection materials

acellular dermis (AlloDerm), 528, 529, 531

collagen, 528, 529,530,531

fascia, 528, 529, 530

fat, 528, 531

silicone) 528, 529, 530
Teflon,528,529,530

Laryngoplasty, medialization, 533-539
in combination with arytenoid adduction) 540-544

glottic closure outcome, 540-541, 543
Grade) Roughness) Breathiness,Asthenia Scale (GRBAS) score

outcome) 542

morbidity/complications of, 541, 542) 543

quality-of-life outcome, 542, 543

voice measures outcome) 540-541) 542, 543

versus laryngeal reinnervation) 545-546
morbidity/complications of, 534) 536,537) 541) 542) 543

types of implants in
Cymetra (homologous cadaveric collagen) 552
GORE-TEX, 533) 534) 535, 536) 537
Silastic/silicone, 533-534) 534) 535) 536, 537, 552, 554, 556, 559,

561
Teflon, 552, 555
titanium/metal, 533, 534, 535, 536

versus vocal fold injections, 552-557
glottic closure outcome, 540-541, 543, 554, 556
glottic flow rate outcome) 554

Grade, Roughness, Breathiness,Asthenia Scale (GRBAS) score

outcome, 542, 555, 556
jitter rate outcome) 552) 554, 555

maximum phonation time outcome, 552, 554
morbidity/complications of, 553) 555
noise-to-harmonic ratio outcome, 552, 554
shimmer outcome, 555
Voice Handicap Index (VHI) outcome, 552, 554

voice measures outcomes, 533-534, 536, 537, 559, 561
glottic closure, 554, 556
glottic flow rate, 554
glottic gap, 533, 534, 537

Grade) Roughening, Breathiness,Asthenia, Strain (GRBAS) Scale

scores,533-534,537,555,556

jitter, 533-534, 537, 552, 554, 555
maximum phonation time, 552) 554

noise-to-harmonic ratio (NHR) 533-534, 536, 537, 552, 554
shimmer, 533-534, 536, 537, 555
Voice Handicap Index (VHI), 552, 554

without arytenoid adduction, 540-544
Laryngotracheal reconstruction, of subglottic stenosis, 213-218

comparison with cricotracheal resection, 219-220
decannulation rate in, 213-218
morbidity/complications of, 214
salvage procedures after, 213-218

Leukotriene inhibitors. SeealsoMontelukast
as chronic rhinosinusitis treatment, 497

Level of evidence, 8-9,24
level l , 8) 9

level 2, 8-9
level 3, 9

level 4, 9
level 5,9

Lidocaine, as tinnitus treatment, 365-368

Life-table (actuarial) method, of survival analysis, 567, 568, 570-571
Linear regression, 22
Literature searches, comprehensive, 10
Log rank test, 573-574

Loratadine, as allergic rhinitis treatment, 473, 476
in combination with montelukast, 479, 484-487
versus montelukast, 479, 482-483, 485-486
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M
Malpractice, 3

Mandible) oral cavity/oropharyngeal carcinoma invasion of,

655-659
Mastoidectomy

in combination with tympanoplasty, 388-394
radical, reconstruction of, 269

Mastoiditis) cochlear implantation-related, 197, 199) 202
McNemar's test, 5) 25

M.D. Anderson Dysphagia Inventory (MDADI), 648, 650,

652

Medial Consonant test, 293

Medial Vowel test, 293
Medical education, evidence-based approach in, 3-4

Medical Outcomes Study Short Form-36 (SF-36), 4, 303, 306, 579, 583,
584)696,697,698,699,709

MEDLINE,11
Meniere disease, vestibular effects of, 325-350

endolymphatic shunt surgery for) 335-346, 347
versus medical treatment, 327) 335-336, 339-340, 342-346
versus "sham" or placebo surgery) 335-338, 342-346

intratympanic gentamicin treatment of, 325-335
surgical labyrinthectomy for, 347-350

Meningitis, post-cochlear implantation, 319-323

Meperidine, 54

1-(3-Mercaptopropionic acid)-8-D-arginine vasopressin (DDAVP),

58
Meta -analysis

of prospective studies, 8-9
of randomized controlled trials, 8

of retrospective studies, 9
of subcutaneous heparin versus mechanical compression, 616-617)

619,620-621
of sulfisoxazole therapy, 85
of topical antibiotic therapy, 245, 246-248
of topical versus systemic antibiotic therapy) 254

of tympanostomy tube use, 95

Methotrexate. bleomycin, vincristine, as recurrent and/or metastatic

head and neck squamous cell carcinoma treatment, 730, 731)
734, 735

Methylprednisolone
as Bell's palsy treatment, 373

as sensorineural hearing loss treatment, 275, 291

Midazolam, 53
Minimal Auditory Capabilities Battery, 293, 296
Mini-Mental Status Exam (MMSE), 351, 352, 353) 354
Minor Symptoms Evaluation-Profile, 458
Mitomycin, as head and neck squamous cell carcinoma treatment, 749,

750
Montelukast, as allergic rhinitis treatment, 478-488

versus antihistamines, 478-488
in combination with antihistamines) 478-488

Morphine) 52

Mouth floor squamous cell carcinoma, 738

Multidimensional Pain Inventory, 351, 353, 354

Myringoplasty patients, perioperative systemic antibiotic therapy in,
383-387

N
Nadroparin, 614

Naphazoline, as allergic rhinitis treatment, 473, 476

National Cancer Institute, radiotherapy toxicity criteria of, 738
National Institute on Deafness and Other Communication Disorders,

559-560
National Institutes of Health) 559-560
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Neck dissection, selective
modified radical, 623-626

definition of, 626
versus lateral dissection, 635-636
versus supraomohyoid approach, 623-626

quality-of-life outcome, 637-642
with spinal accessory nerve sparing, 637-642
supraomohyoid,623-626, 632-634

cancer recurrence outcome, 627-628, 629-631, 632-634
definition of, 624
versus modified radical approaches, 623-626
negative versus positive specimens in, 632-634
versus observation, 627-628
survival at 2 years, 632-634
survival at 2-3.5 years, 627-628
survival at 5 years, 630

Negative predictive value (NPV), 5, 24-25
Neomycin

as chronic otitis media treatment, 239, 242
as chronic rhinosinusitis treatment, 499, 502
topical

adverse effects of, 260
as chronic otitis media treatment, 239, 242, 259-265

use in myringoplasty patients, 386
Neomycin sulfate, as pediatric recurrent acute otitis media treatment, 93
Neurorrhaphy, 563
Nicotinamide, 750
Nijmegen Cochlear Implantation Questionnaire, 303
Nitrous oxide, 52, 53
Nominal variables, 5, 25
Northwestern University Auditory Test No.6 (NU-6), 293, 296, 298,

300,301,308,312
Nortriptyline, as tinnitus treatment, 353, 354
Nottingham Health Profile (NHP), 533-534, 537
Null hypothesis, 6, 22, 25
Number needed to harm, 25
Number needed to treat, 5, 25

o
Obstructive sleep apnea, in adults, 458-469

continuous positive airway pressure (CPAP) treatment of, 447-451
versus uvulopalatopharyngoplasty for, 452-457

oral appliance treatment of, 458-462
tongue base suspension surgery for, 463-469
tonsillectomy/adenoidectomy for, 68-72
treatment outcomes in

apnea-hypopneaindex,458,459,460,461,463,464,465,466,467
driving performance, 447, 448, 450
morbidity/complications, 459, 460, 461, 464, 465, 466, 467, 468
quality-of-life, 68-72,447, 448, 449, 450, 458, 463, 465, 466, 467,

469
sleepiness, 447, 448, 449, 450, 463-464, 465, 466, 467, 468
sleep quality, 458, 459, 460, 461

uvulopalatopharyngoplasty for, 458-459, 460, 461, 463-464
Obstructive sleep apnea, pediatric, effect of tonsillectomy on, 63-67
Obstructive Sleep Disorders-6 (OSD-6), 68, 70, 71
Obstructive Sleep Disorders-18 (OSD-18), 68, 70, 71
Odds, 25-26
Odds ratio,S, 26
Ofloxacin, as chronic otitis media treatment, 239, 242, 255, 257
Ofloxin, as chronic otitis media treatment, 250, 253
Oral cavity cancer

adjuvant chemoradiotherapy for, 724, 725, 726, 727, 728

with mandibular metastases, 655-659
post hocanalysis of, 655, 659

supraomohyoid neck dissection of, 632-634

cancer recurrence outcome, 627-628, 632-634

versus modified radical approaches, 623-626
negative versus positive specimens in, 632-634
versus observation, 627-628
survival at 2 years, 632-634
survival at 2-3.5 years, 627-628

Ordinal variables, 5, 26
Oropharyngeal squamous cell carcinoma

chemoradiotherapy for, 738
adjuvant, 724, 725, 726, 727, 728

with mandibular invasion, imaging assessment of, 655-659
quality-of-life measures for, 648-654

European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire-30 (EORTC QLQ-30), 648, 650,
651,653

European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire-Head and Neck-35 (EORTC QLQ
H&N-35), 649, 650, 651, 653

General Health Questionnaire (GHQ-12), 648, 653
M.D. Anderson Dysphagia Inventory (MDADI), 648, 650,

652
Penetration-Aspiration Scale (PAS), 648, 650, 651
Performance Status Scale for Health and Neck Cancer (PSSHN),

648,650
surgical resection/postoperative radiotherapy versus

chemoradiotherapy for, 643-647, 648-654
Orthopantomogram (Panorex), of mandibular metastases, 655-659
Otitis media, chronic

staged tympanoplasty for, 266-271
suppurative, cochlear implant-related, 316
topical antibiotic therapy for

versus antiseptic ear drops, 239-249
meta-analysis of, 245, 246-248
morbidity/complications of, 243
neomycin, 259-265
versus placebo, 239-249
versus systemic antibiotic therapy, 250-254, 255-258

Otitis media, pediatric
acute, post-cochlear implantation, 197-203
acute recurrent, 73-114

adenoidectomy versus no adenoidectomy for, 103-109
amoxicillin versus ampicillin prophylaxis for, 73-80, 85
amoxicillin versus trimethoprim/sulfamethoxazole prophylaxis for,

88-90
sulfisoxazole prophylaxis for, 81-87
tympanoplasty tubes versus antibiotic prophylaxis for, 98-102

with effusion, 145-169
adenoidectomy versus no surgery for, 151-158
adenoidectomy versus tube placement for, 159-163
adenoidectomy with tubes versus tubes alone for, 164-169
amoxicillin/clavulanate treatment of, 122-126
amoxicillin treatment of, 115-121
cephalosporin treatment of, 127-131
cotrimoxazole treatment of, 139
definition of, 151
erythromycin treatment of, 132-136
sulfasoxazole treatment of, 132, 133, 134, 135
trimethoprim/sulfamethoxazole treatment of, 137-144
tympanostomy tube placement for, 145-150

Otitis Media Outcome-6 (OM-6), 4, 145, 146, 147, 149
Otitis Media Outcome-22 (OM-22), 147, 149
Otolaryngology-Head and NeckSurgery, 575

Otorrhea
perioperative systemic antibiotic prophylaxis for, 395-398,400
topical versus systemic antibiotic therapy for, 250-254
tympanostomy tubes-related, 92, 93

Otosclerosis, 230
Otosporin, 265



Outcome measures

analysis of, 4-5
numerical summary of, 4-5

Outcomes research, 26-27

Oxacillin, perioperative systemic, 401

p

Paclitaxe1
as advanced head and neck cancer treatment, 730, 731, 733
as advanced oropharyngeal carcinoma treatment, 645
as recurrent and/or metastatic head and neck squamous cell

carcinoma treatment, 730, 731, 733
Pain, post-tonsillectomy, 40-44

in adult patients, 425, 426, 427, 428, 429, 438, 439, 440, 441, 442, 443,
444,445,446

analgesic therapy for, 419, 420
effect of antibiotic therapy on, 417, 418, 419, 421
effect of dexamethasone on, 49-55
measurement of, 49

Pain assessment, in head and neck cancer patients, 579
Partial thromboplastin time (PTT), 56, 57, 58, 59,60
Patient Quality of Life Form (PQLF), 303, 306
Pearson correlation coefficients, 22
Pemetrexed, 731
Penetration-Aspiration Scale (PAS), 648, 650, 651
Penicillin

perioperative systemic
adverse reactions to, 405
effect on postoperative infections, 405, 406
in tympanoplasty/tympanomastoidectomy patients, 388, 392-393

as tonsillitis treatment, 413
Performance bias, 7, 27
Performance Status Scale for Health and Neck Cancer (PSS-HN), 584,

648,650,667,670,691,694,709,712
Pharmaceutical companies, evidence-based reviews of, 3
Pheniramine, as allergic rhinitis treatment, 473, 476
Phenoxymethylpenicillin, 406
Polymycin

effect on sensorineural hearing, 259, 260, 262, 263, 264, 265
use in myringoplasty patients, 386

Polymyxin, as chronic otitis media treatment, 239, 242
Polymyxin B, as pediatric recurrent acute otitis media treatment, 93
Polysomnography, in obstructive sleep apnea patients, 63-67, 463, 464
Positive predictive value (PPV), 5, 27
Povidone iodine, as chronic otitis media treatment, 244
Power, of clinical studies, 6-7, 28
Prednisolone, as sensorineural hearing loss treatment, 281, 283
Prednisone

as Bell's palsy treatment, 372-373, 375-376, 377, 381
as chronic rhinosinusitis treatment, 497
as sensorineural hearing loss treatment, 276, 277, 287

non-response to, 290, 291
Prevalence, 23, 27
Prospective studies, 27-28

cohorts in, 21
as level 2 evidence, 8-9
management of bias and confounders in, 8

Prothrombin time (PT), 56, 57, 58, 59, 60
Proton pump inhibitors, as laryngopharyngeal reflux treatment, 517

524
videolaryngoscopic studies of, 517, 519, 520, 521, 522

Pseudomonas infections, 383, 386, 388, 395, 396
Psychological Adjustment to Illness Scale (PAIS), 694, 696, 697, 698
Publication bias, 8, 28
Pulmonary embolism, compression versus heparin prophylaxis for, 604

605,606-616,619
Pure tone averages (PTAs), 229, 230-232
Pure tone thresholds, 227-233

air-bone gap, 229, 230
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conductive effects, 230

extrapolated measures in, 229-230

Hughson-Westlake bracketing procedure, 228

minimum values for, 229
pure tone averages (PTAs), 229, 230-232
reliability of, 228
response limits in, 229-230
threshold combinations, 230-232
threshold data reduction focus, 232-233
tuning curves, 227, 228
vibrotactile responses, 229

p value, 22, 27

Q
Quality-adjusted life-year (QALY), 303, 304, 305
Quality of life

definition of, 4
factors affecting, 4

antihistamine treatment, 478, 480, 482, 483, 484, 486
chemotherapy for laryngeal squamous cell carcinoma, 709-715
chronic rhinosinusitis treatment, 499, 501, 502
cochlear implants, 303-307
continuous positive airway pressure (CPAP), 447, 448, 449, 450
early-stage laryngeal squamous cell carcinoma treatment, 667-673
endoscopic resection versus radiotherapy, 667-673
endoscopic sinus surgery, 507-512, 513-516
laryngectomy, 696-701, 709-715
medialization laryngoplasty, 542, 543
obstructive sleep apnea treatment, 68-72, 458, 463, 464, 465, 466,

467
selective neck dissection, 637-642
tympanostomy tube placement, 145-150

global, 28
Quality of Life Instrument for Head and Neck Cancer (QL-H&N), 580,

584
Quality-of-life measures/instruments, 579-586, 648-654

definition of, 4
disease-specific, 4, 28, 579, 580
European Organization for Research and Treatment of Cancer QLQ

Head and Neck 35 questionnaire, 580
European Organization for Research and Treatment of Cancer

Quality of Life Questionnaire-30 (EORTC QLQ-30), 580, 584,
648,650,651,653

European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire-Head and Neck-35 (EORTC QLQ
H&N-35), 649, 650, 651, 653

Functional Assessment of Cancer Therapy-Head and Neck (FACT-H
&N), 580, 582, 584

General Health Questionnaire (GHQ-12), 648, 653
global, 4, 579, 580
Head and Neck Radiotherapy Questionnaire (HNRQ), 580, 584
Head and Neck Survey (H&NS), 583-584
Juniper Rhinoconjunctivitis Quality of Life Questionnaire, 499
M.D. Anderson Dysphagia Inventory (MDADI), 648, 650, 652
Medical Outcomes Study Health Survey-36 (SF-36), 579, 583, 584
Penetration-Aspiration Scale (PAS), 648, 650, 651
Performance Status Scale for Health and Neck Cancer (PSS-HN), 584,

648,650,667,670,691,694,709,712
Quality of Life Instrument for Head and Neck Cancer (QL-H&N),

580,584
Quality of Life Questionnaire for Advanced Head and Neck Cancer

(QLQ),580-581

Quality of Life-Radiation Therapy Instrument Head and Neck
Module (QOL-RTIIH&N), 581, 584

reliability of, 579
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Quality-of-life measures/instruments (cant.)

Rhinoconjunctivitis Quality of Life Questionnaire (RQLQ), 471, 476,
478,480,482,483,484,486

Sickness Impact Profile (SIP)) 583
standardized response measure (SRM) of, 579
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University of Washington Quality of Life Questionnaire (UW QOL),
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meta -analysis of, 8

Rate difference, 5, 19, 29, 152
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antihistamine treatment of
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aerosolized antibiotic therapy for) 499-502
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chemoradiotherapy for, 738
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quality-of-life measures for, 648-654

stage III-IV, 643-647

surgical resection/postoperative radiotherapy versus
chemoradiotherapy for, 643-647, 648-654

tongue, 738

upper aerodigestive tract, selective neck dissection of,
635-642
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assumptions of, 568
"censored" patients in, 567, 570, 571
Cox proportional hazard method, 567, 574-575
definition of, 567
examples of, 575-576
hazard ratio, 574
illustrative example of, 568, 569
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Triamcinolone acetonide, as allergic rhinitis treatment, 474
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V
Valcyclovir, as sensorineural hearing loss treatment, 285-289
Validity
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effect on voice measures, 558, 559, 562
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World Health Organization, radiotherapy toxicity criteria of, 738
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