


Percent
Proprietary local Duration of  Manufacturer’s  Author's

name Manufacturer anesthetic  Vasoconstrictor analgesia MRD {mg) MRD (mg)
Lidocaine HCI Many generics 2 — Pulpal: 5 to 4.4/kq 4.4/kg
Alphacaine HCl  Carlisle Labs 10 min 2.0{lb 2.0/lb
Xylocaine HCI Astra Pharmaceutical Soft tissue: Absolute Ahsolute

60 to 120 min max; 300 max: 300

Lidocaine HCI Many generics 2 Epinephrine Pulpal: 60 min 6.6/kg 4.4/kg
Alphacaine HCl  Carlisle Labs 1:50,000 Soft tissue: 3 3.0/1b 200k
Lignospan Septodont to 5 hr Absolute Absolute
Oclocaine HOL Movecol Chemical max: 500 max: 300
Hylocaine HC Astra Pharmaceutical
Lidocaine HCI Many generics 2 Epinephrine Pulpal: a0 min 6.6/kg 4.4/kg
Alphacaine HCl  Carlisle Labs 1:100,000 Saft tissue: 3 3.0/b 2.0/1k
Lignaspan Septodont to 5 hr Absolute Absolute
Oetocaine HCL Movocol Chemical max; 500 max: 300
Kylocaine HC| Astra Pharmaceutical

MARD, BAARImLIm redom miended dose.

Percent
Proprietary local Duration of Manufacturer's  Author's
name Manufacturer anesthetic  Vasoconstrictor analgesia MRD (mg}) MRD (mg)
Mepivacaing HCl  Many generics 3 — Pulpal: 20 to &.6/kg 4.4 /kg
Arestocaine HCl Carlisle Labs 40 min 3001k 2.0
Carbocaine HZL Cook-Waite Lakbs Average (20 min Absolute Absalute
Isacaine HCI Movocol Chemical infiltration; rmax: 400 rmax: 300
Palocaine HCI Astra Pharmaceutical 40 min block)
Scandonest HEI Seplodant Soft tissue: 2 to
3 hr average
mepivacaine HCl  Many generics Z Levanardefrin Pulpal: 60 to 90 6.6/kg 4.4/kg
Arestocaine HCI  Carlisle Labs 1:20,000 min average 3.0/lb 2.0/l
Isocaine HCI Movocol Chemical Soft tissue: 3 to Absolute Absolute
Polocaine HC Astra Pharmaceutical 5 hraverage max: 400 max; 300
Carbocaine HCl  Cook-Waite Labs Meo-Cobefrin
1:20.000
Carbocaine HCOl Cooke-Waite Labs 2 Epinephrine Pulpal: 45 to 6.6/kg 447k
1:200,000 a0 min 3,041k 2.0/
Soft tissue: 2 o Absolute Absolute
4 hr max: <400 max; 300
Scandonest 2% Septodant 2 Epinephrine Pulpal: 60 min 6.6/kg 4.47kg
Special 1: 100,000 Soft tissue: 2 to 3.0k 2.0/1b
5 br Absolute Absolute
max: 400 rrid: 300

SAED Maximum recommended dose,




Percent
Proprietary local Duration of Author's and
name Manufacturer anesthetic  Vasoconstrictor analgesia manufacturer’s MRD (mg)
Citanest Plain  Astra Pharmaceutical 4 — Pulpal: 10 min 6kg
infiltration; 2.7k
60 min block Absolute max: 400
Soft tissue: 1'/ to
2 hrinfiltration;
2 1o 4 hr block
Citanest Forte  Astra Pharmaceutical 4 Epinephrine Pulpal: 60 Lo 6/kg
1: 200,000 a0 min 2.2/l
Soft tissue: 3 Absalute max: 400
to B hr

AR, Baxiram recommended dose,

Percent Author's and
Proprietary local Duration of manufacturer's
name Manufacturer anesthetic Vasoconstrictor analgesia MRD (mg)
Septanest M Sepladont 4 Epinephrine Pulpal; 45 to Adult; 7/kg, 3.2/1b
Ultracaine -5 Hoechst Labs 1:200,000 60 min Absolute max: 500
Soft tissue: £ Children: 5/kg, 2.3/1b
to 5 hr
Septanest SP Septodont 4 Epinephrine Pulpal: 60 o Adult: 7ikg, 3.2/1b
Ultracaine Hoechst Labs 1:100,000 75 min Absolute max: 500
[-5 Forte Soft tissue! 3 Children: 5/kg, 2.3/1b
to & hr

RARE, Maxienum recommended dose,

Proprietary Percent local Duration of Author's and
name Manufacturer anesthetic  Vasoconstrictor analgesia manufacturer’s MRD (mg)
Marcaine HCl  Cook-Waite Labs 0.5 Epinephrine Pulpal: 90 to 1.3/kg
1:200,000 180 min 0.6/1b
Soft tissue: 4 to Absolute max: 90
9 hr, up to
12 hr reported
MR, Magimum recommended dose.
Percent Auther’s and
Proprietary local Duration of manufacturer's
name Manufacturer anesthetic Vasoconstrictor analgesia MRD (mg)
Duranest Astra Pharmaceutical 15 Epinephrine Pulpal: 90 to 180 8/kg
1: 200,000 min average 3.6/1h
Soft tissue: 4 to Absolute max: 400

9 hr average

KABD, hMaximum recaommended dose,
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Stanley Malamed has focused his considerable knowl-
edge and encrgies here to develop an up-to-date
Handbook of Local Anesthesia, Local anesthesia, i wide-
Iy used method of pain control in dentistey, continues to
be accepted by most practitioners with matter-of-fact-
ness; this is not only a westament Lo its safety and efficacy
but also an indication of our complacency and relue-
tance 1o look for even more effective and safer materials
and technigues.

This handbook carefully explores and teaches methods
thar enhance good local anesthesia practices while alert-
ing the reader to specific hazards and creors that may pro-
duce both minor and major complications, Advances in-all
aspects of the science and technology of anesthesia have
been notable, and the busy practirioner will benefit from
a close reading of this handboalk, [t will also become more
evident that local anesthetics require patient preparation

FOREWORD

ro achicve optimal effects. The atraumatic  injection
deserves and receives special  consideration in Dr,
Mulamed's book, Appropriate psvchological and pharma.
cological preparations that accompany local anesthesia
administration help achieve maximal effectiveness and
avoid frustration for both the dentist and the patient.

Madern acceptance of dental treatment can be cred-
ited, in large measure, to the freedom from pain that local
anesthesia offers. As “Novocain” became a houschold
word, dentistry grew away from its painful image and
hecame an important health and esthetic service.
Advances in all phases of local anesthetic practice con-
stitute continuing progress. Materials, methods, and tech-
nigues have undergone pronounced changes and war
rant our renewed atention.

Norman Triegeyr DM D, M1,



Publication of this fourth edition of the Handbook of

Local Anesthesia comes at a time of considerably height-
ened interest in the ficld of anesthesiology in dentistry,
Interest among students, both those still in dental school
and those practicing dentistry, is intense. Attendance al
continuing education seminars on this subject has
increascd sharply over the past 5 years, Why has this
ococurred?

Local anesthesia is. arguably, the technique that has
allowed dentistry to become what it is today—enabling
dentistry to be tansformed from a mere tracde 1o a high
Iy regarded profession. Preventing pain associared with
dental care is the goal of all who practice in this profes-
sion, as well as the strong desire of all of our patients. Yt
despite the usual case with which pain control can be
obtained. the occasional problem does intrude. Problems
include the inability to anesthetize certain patients or
certain teeth, a patient’s inherent fear of receiving
“shots® of local anesthetic drugs, and those local and sys-
temic complications that are associated with the admin:
istration of intraoral local anesthetics. Many reasons exist
for these problems, including biological variation in
response o drugs, anatomical differences among
patients, and, significant in relation to intraoral local anes-
thetic administration, fear and anxiery.

The importance of clinically adequate pain control
during dental treatment is highlighted by the fact that it
is not possible to safely complete treatment in the
absence of pain control. Most, it not all, practicing den-
tists have faced the vexing problem of the inability to
provide complete anesthesia to a patient. Though this
can occur anywhere in the oral caviry, it is almost a given
that this problem occurs most often in mandibular
molars. In the absence of complete anesthesia, it is often-
times not possible to complete the planned dental pro-
cedure, Additionally, and of even greater importance,
treatment in the absence of adequate pain control is
responsible for the development of a significant number
of the medical emergencies that occur in dental practice.
Vatsuura demonstrates that of 22% of emergencies
developing during dental treatment, 67% ocour cither
during the extraction of a tooth or during pulpal extir-

PREFACE

pation—two procedures where achieving profound pul-
pal anesthesia is, on occasion, difficult.! Additionally,
54.9% of all of the emergencies reported in Matsuura's
study develop either during the injection or within the
first 5 minutes after local anesthetic administration. The
vast majority of these emergencies arc related to the
stress of receiving the injection (psychogenically
induced emergencies) or o the uptake of the drug into
the cardiovascular system of the patient.

Another reason for the increase in interest in the field
of dental pain control is the continual introduction of
new technigques, devices, and drugs. It is the expectation
of their designers that these innovations represent an
improvement on the drugs or devices that preceded
them: a drug that when infiltrated on the maxillary buc-
cal surface will diffuse palatally, providing palatal ancs
thesia without the need for a palatal injection; devices
that can help to make the administration of local anes-
thetics on the palate (or elsewhere) absolutely atraumat-
ic: technigues that will do away with the need for local
anesthesia entirely! Try though we might, and as close as
W My come in some cases, a panacea for pain control
in dentistry has yet to be developed. New drugs, devices,
and technigues are discussed in Chapter 19, Yet some
new devices seem destined to succeed. One example, in
my opinion, is the so-called “safety” syringe. Needle-stick
injury with a contaminated needle is a significant fear of
health professionals, Syringe/needle devices with which
it is virtually impossible to stick onesell or an auxiliary
appear to have a place in the pain control armamentari-
um in dentistry, Several such devices, which have recent-
ly been introduced, are discussed in Chapter 5.

Technigues for intraoral anesthesia, especially in the
mandible, have evolved to the point where today a den-
tist has available six techniques for pain control. These
include the traditional inferior alveolar nerve block (NB),
the mental/incisive NB, the Gow-Gates mandibular NB,
the Vazirani-Akinosi mandibular NB, the periodontal liga-
ment (PDL) injection, and intraosscous anesthesia, Many
of these techniques did not exist, or were nol used, by
most dentists as recently as 20 years ago. Today an
increasing number of dentists have many or all of these

xi
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techniques available for clinical vse, thereby diminishing
the number of patients in whaom it is difficult or impos-
sible to achieve profound mandibular pulpal anesthesia.

Despite all of the efforts at improving local anesthesia
in dentistry, "the more things change, the more they stay

the same” In this fourth edition of the Handbook of

Local Anesthesia, those basic concepis that are essential
to the sate and effective practice of local anesthesia in
dentistry, well known and well established for more than
4t} vears, continue to be emphasized Withour knowledge
and understanding of these concepts, the held of local
anesthesia and pain control in dentistry is fraught with
peril, and the likelihood of therapeutic misadventure is
greatly increased,

S0 this fourth edition contains both the “golden
oldies”™ and the best of the exciting innovations and tech-
nigues that promise to make dental pain control both
more effective and safer.

As always, there are a number of people whom 1 must
acknowledge, for without their assistance, which took
many and varied forms, publication of this fourth edition of
the Handbook of Local Anesthesia would not have been
possible. T must start with the models, Drs, Gabriel Aslanian,
Kenneth Leopold, and Greg Troavsky, who sat and endured

wii

many hours of hot lights and needle sticks to provide the
new photographs included in this edition, Thanks, oo, to
severdl of the manufacturers of local anesthetic drugs and
devices in North America: Astra Pharmaceutical Products,
Beutlich, Kodak, Hoechst Pharmaceuticals, Novocol, Safery
syringes, and Septodont, for their assistance in prepering
the chapters on local anesthetic drugs and armamentari-
um, | also wish to thank Melba Steube from Moshy-Year
Book, who has had the task of dealing with an oftentimes
lazy, frequently hard-to-reach, author, Her perseverance has
paid off with this fine fourth edition.

Finally, I wish to thank the many, manv members of my
profession of dentistry, who have provided me with writ-
ten and verbal input regarding prior editions of this text-
book. A good many of their suggestions for additions,
deletions, and corrections have been incorporated into
this new text. Thank vou all!

Stanley F. Malamed

REFERENCE
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The treatment modalities and the indications and
daoses of all drugs in Handbook of Local Anesthesia have
been recommended in the medical literature, Unless
specifically indicated, drug doses are those recommeind-
ed for adult patients.

The package insert for each drug should be consulicd
for use and doses as approved by the FIA, Becanse stan-
dards of usage change, it is advisable to keep abreast of
revised recommendations, particularly those concerning
new drugs
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| PART

One

| The drugs

S —

In the first section of this book the pharmacological and clinical proper-
ties of the classes of drugs known as local anesthetics (Chapter 2) and
vasoconstrictors (Chapter 3) are discussed. Knowledge of the pharmaco-
logical and clinical properties of these drugs, by all persons permitted to
administer them, is absolutely essential for their safe use and for a better
understanding of those potentially life-threatening systemic reactions asso-
ciated with their administration. Emphasis is placed on those local anes-
thetic drug combinations currently used in anesthesia in dentistry
(Chapter 4).

Chapter 1 provides background for an understanding of how local anes-
thetics work to block nerve conduction and thus prevent pain from being
experienced. The anatomy and physiology of normal neurons and nerve
conduction are reviewed as a background for the discussion, which, in
subsequent chapters, takes up the pharmacology and clinical actions of
various specific agents.




DESIRABLE PROPERTIES OF LOCAL
ANESTHETICS

Local anesthesia has been defined as a loss of sensation
in a circumscribed area of the body caused by a depres-
sion of excitation in nerve endings or an inhibition of the
conduction process in peripheral nerves.! An important
feature of local anesthesia is that it produces this loss of
sensation without inducing a loss of consciousness. In
this one major area local anesthesia differs dramatically
from general anesthesia,

There are many methods of inducing local anesthesia,
some of which follow:

Mechanical trauma

Low temperature

Anoxia

Chemical irritants

Neuwrolyvtic agents such as alcohol and phenol
Chemical agents such as local anesthetics

D

However, only those methods or substances that
induce a fransient and completely reversible state of anes-
thesia are used in clinical practice. The following are those
propertics deemed most desirable for a local anesthetic:

1. It should not be irritating to the tissue 1o which it is
applied.

2. It should not cause any permanent alteration of

nerve structure,

Its systemic toxicity should be low.

It must be effective regardless of whether it is inject-

e

ed into the tissue or applied locally to mucous mem-
branes.

5. The time of onset of anesthesia should be as short as
possible.

6. The duration of action must be long enough to per-
mil completion of the procedure yvet not so long as
to require an extended recovery,

Most local anesthetics discussed in this section meet
the first two criteria: they are (relatively) nondrrilating o
tissues and completely reversible, OFf paramount impor-
tance is systeméie toxdcity, since all injectable and most
topical local anesthetics are eventually absorbed from
their site of administration into the cardiovascular system.
Therefore the potential toxicity of a drug is an important
factor in its selection for use as a local anesthetic. Toxicity
varies greatly among the local anesthetics currently in
use. Toxicity is discussed more thoroughly in Chapter 2,
Although it is a desirable characteristic, not all local anes-
thetics in clinical use today mect the criterion of being
effective regardless of whether the drug is infected or
applied fopicalfy. Several of the more potent injectable
local anesthetics (procaine, mepivaciine) prove to be rel-
atively ineffective when applied topically to mucous
membrane, To be effective as topical anesthetics, these
drugs must be applied in concentrations that prove to be
locally irritating to tissucs and increase the risk of sys-
temic toxicity. Dvclonine, a potent topical anesthetic, is
not administered by injection because of its tissue-irritat-
ing properties. Lidocaine and tetracaine, on the other
hand., are both eflective anesthetics when administered

h~—_



by injection or topical application in clinically acceptable
concentrations, The last factors, rafid onset of action and
adeguate duration of dinical actfon, are met quite satis-
factorily by most of the clinically effective local anesthet-
ics in use today, Clinical duration of action does vary con-
siderably among drugs and also among different prepara-
tions of the same drug. The duration of anesthesia
reequired to complete a procedure will be a major consid-
eration in the selection of a local anesthetic.,

n addition to these qualities, Bennett? lists other
desirable properties of an ideal local anesthetic:

7. It should have a potency sufficient to give come
plete anesthesia without the use of harmful con-
centrated solutions.

8. It should be relatively free from producing allergic

L LONns,

9. It should be stable in solution and readily undergo
biotransformation in the body,

10, It should either be sterile or be capable of being
sterilized by heat without deterioration,

The local anesthetics in use today, although they do
not satisfy all of these criteria, do meet the majority of
them, Research is continuing in an effort to produce
newer drugs that possess a maximum of desirable factors
and a minimum of negative ones,

FUNDAMENTALS OF IMPULSE
GENERATION AND TRANSMISSION

The discovery in the late 1800s of a group of chemicals
with the ability to prevent pain without inducing a loss
of consciousness was one of the major steps in the
advancement of the medical and dental professions.
Medical and dental procedures could, for the first time,
be carried out easily and in the absence of pain, a fact
that is virtually taken for granted by contemporary med-
ical and dental professionals and their patients.

The concept behind the actions of local anesthetics is
simple: they prevent both the generation and the con-
duction of a nerve impulse, In effect, local anesthetics set
up a chemical roadblock between the source of the
impulse (¢.g.. the scalpel incision in soft tissuesy and the
brain. The aborted impulse, prevented from reaching the
hrain, is not, therefore, interpreted as pain by the patient,

How, in fact, do local anesthetics, the most commonly
used drugs in dentistry, function to abolish or prevent
pain? The following is a discussion of current theories
seeking to explain the mode of action of local anesthet-
ic drugs. To understand the mode of action of local anes-
thetics better, however, the reader must have an acguain-
tance with the fundamentals of nerve conduction; thus a
review of the relevant characteristics and properties ol
nerve anatomy and physiology tollows,

Neurophysioclogy CHAPTER 1 3

The Neuron

The neuron or nerve cell is the structural unit of the ner-
vous system. It is able to transmit messages between the
central nervous system (CNS) and all parts of the body.
There are two basic tvpes of neuron; the sensory (Gaffer-
ent) and the motor (efferent). The basic structure of
these two neuronal types differs significantly (Fig. 1-1).
Sensory neurons that are capable of transmitting the
sensation of pain consist of three major portions.® The
dengdritic zone, which is composed of an arborization of
free nerve endings, is the most distal segment of the sen-
sory neuron, These free nerve endings respond to stimu-
lation produced in the tissues in which they lie, provok-
ing an impulse that is transmitted centrally along the
gxon. The axon is a thin cablelike structure that may be
quite long (the giant squid axon has been measured at
100 to 2000 cm). At its mesial (or central) end there is an
arborization similar to that seen in the dendritic zone.
However, in this case the arborizations form syvnapscs
with various nuclei in the CNS to distribute incoming
(sensory) impulses to their appropriate sites within the
NS for interpretation. The cell body, or soma, is the
third part of the nearon. In the sensory neuron described
here, the cell body is located at a distance from the axon,
or the main pathway of impulse transmission in this

Terminal o {U]"]' Sl
Il ' 2’ I
orborizaion 5% o /{-_:;
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Schwann cell

Aion
Mode of Ranvier

Free nerve Dendritic zone
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Fig. 1-1 Sensory neuron innervating the oral mucosa. The
relative length of the axon in this diageam is foreshortened by
q factor of S000. (From Jastak JT, Yagiela JA: Regional ancs-
thesia of the oral cavity, S¢ Lowds, 1981, Moshy-Year Book, )
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nerve, The cell body of the sensory nerve is therefore not
involved in the process of impulse transmission, its pri-
rury function being to provide the vital metabolic sup-
port for the entire neuron,

Nerve cells that conduct impulses from the CNS
peripherally are termed mofer nedrons and are struc-
turally different from the sensory neurons just described
in that their cell body is interposed between the axon and
the dendrites, In motor neurons the cell body not only is
an integral component of the impulse transmission svs
tem but also provides metabolic support for the cell.

The Axon
The single nerve fiber—the axon—is a long cylinder of
neurdl cytoplasm (axoplasm) encased in a thin sheath—
the nerve membrane, or axolemmit. Nerve cells have a
cell body and a nucleus, as do all other cells; however,
nerve cells differ from other cells in that nerve cells have
an axonal process from which the cell body may be a
considerable distance. The axoplasm, a gelatinous sub-
stance, is separated from extracellular fluids by a contin-
uous nerve membrane. In some nerves this membrane is
itselt covered by an insulating lipid-rich layer of myelin.
Current thinking holds that sensory nerve excitability
and conduction are both attributable to changes devel-

Pratein

Paolar group
e Nunpc}h:jr group

Fig. 1-2 A, Configuration of a biological membrane.
B, Heterogeneous lipoprotein membrane as suggested by
Singer and Nicolson.® (Frewn Covfno BG, Vassado HG Local
ancsthetics: mechanisms of action and clinical usc, Newr
Yok, 1O76, Grane & Stratton, Used by permission. )

oping within the nerve membrane. The cell body and
the axoplism are not essential for nerve conduction,
They are important, however: the metabolic support of
the membrane is probablv derived from the axoplasm,

The nerve (cell) membrane itsell is approximately 7
ter 80 A thick. CAn angstrom unit is 110,000 of a microm-
cter) Figure 1-2 represents a currently acceptable con-
fguration. All biologic membranes are organized to (1)
block the diffusion of watersoluble molecules: (2) be
sclectively permeable to certain molecules via special-
tzed pores or channels; and (3) transduce information by
protein receptors responsive to chemical or physical
stimulation by neurotransmitters or hormones (Chemi-
cal) or light, vibrations, or pressure (physical).? The
membrane is described as a flexible nonstretchable
structure consisting of two Livers of lipid molecules
{hilipid layer of phospholipids) and associated proteins,
lipids, and carbohydrates. The lipids are oriented with
their hydrophilic (polar) ends facing the outer surface
and the hyvdrophobic (nonpolar) ends projecting 1o the
middle of the membrane (Fig, 1-2, A). Proteins are visual-
eed as the primary organizational elements of mem-
branes (Fig. 1-2, £).> Proteins are classified as transpori
Prodeins (channels, carriers, or pumps) and recefitor
sites, Channel proteins are thought 1o be continuous
pores through the membrane, allowing some ions (Nat,
K, Ca**) to flow passively, whereas other channels are
‘gated” permitting ion flow only when the gate is
‘opent The nerve membrane lies at the interface
between the extracellular foid and axoplasm. It sepa-
rates highly diverse ionic concentrations within the axon
from those outside, The resfing neree membrane has an
electrical resistance about S0 times greater than that of
the intracellular and extracellular fluids, thus preventing
the passage of sodiom, potassium, and chloride ions
down their concentration gradients. When a1 nerve
impulse passes, however, electrical conductivity of the
nerve membrane increases approximately a hundred-
fold. This increase in conductivity permits the passage of
sodium and potassium ions along their concentration
gradients through the nerve membrane. It is the move-
ment of these ions that provides the immediate source of
energy tor impulse conduction along the nerve,

some nerve hbers are covered by an insulating lipid
laver of myelin, In vertebrates, myclinated nerve fibers
include all but the smallest of axons (Table 1-1).%
Myelinated nerve fibers (Fig. 1-3) are enclosed in spirally
wrapped Lavers of lipoprotein mvyelin sheaths, which are
actually a specialized form of Schwann cell Although pri-
marily (75%) lipid, the myelin sheath also contains some
protein (20%) and carbohydrate (5%).7 Each myelinated
nerve fiber is enclosed in its own myelin sheath. The out-
ermost laver of myelin consists of the Schwann cell cyto-
plasm and its nucleus. There are constrictions located at
regular intervals (approximately every 0.5 to 3 mm)




-+
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AWBENA1 Cnssction and Characteristicsof Perphera Nerve MbeINIMIRIRRIN |

CHAPTER 1 5

Classification
Characteristic A-alpha A-beta A-gamma A-delta B C
hdyelin 1A 4 ++ 4 - =
Diameter () 12 1o 20 51012 5t012 1 to4 | to 3 0.5 101
Conduction
velocity (mfsecy 7O to 120 30 1o 70 3010 70 12 ta 30 14.8 1.2
Cinset time & 5 4 3 1 .
Function Mater, muscle Touch, pressure Touch, motor Pain, termperature,  Preganglionic Fain, temperature,
proprioception propriccepticn propricception pressure pro- autonamic itch, pressure,
pricception (sympathetic) postganglionic
activity sympathetic
activity

Schwann cell

Ao

Myelin

Fig. 1-3 Structure of 4 myelinated nerve fiber (From de Jong RE: Local anesthetics, 57
Fogeis, 1994, Maoshy-Year BooR.)

Axaplasm
Axolemma

along the myelinated nerve fiber. These arc nodes of
Ranvier, and they form a gap between two adjoining
schwann cells and their myelin spirals.® At these nodes
the nerve membrane is exposed directly to the extracel-

[ular medium.

Unmyelinated nerve fibers (Fig, 1-4) are also surround-
ed by a Schwann cell sheath. Groups of unmyelinated
nerve fibers share the same sheath. The insulating prop-
erties of the myelin sheath enable a myelinated nerve to
conduct impulses at a much faster rate than an unmyeli-
nated nerve of equal size can,

Mucleus of
Schwann cell

Physiology of the Peripheral Nerves

The function of 4 nerve is o carry messages from one
part of the body to another, These messages, in the form
of electrical action potentials, are called fnprlses Action
potentials are transicnt membrane depolarizations that
result from a brief increase in the permeability of the
membrane to sodium, and usually also from a defayed
increase in the permeability to potassium.” Impulses are

Axoplasm

Axalemma

Fig. 1-4 Structure of an unmyelinated nerve fiber.
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initiated by chemical, thermal, mechanical, or electrical
stitmali.

Once an impulse is initiated by a stimulus in any par-
ticular nerve hber, the amplitude and shape o that
impulse remain constant, regardless of changes in the
guality of the stimulus or its strength, The impulse
remains constant without losing strength as it passes
along the nerve because the energy used for its propa-
gation is derived from energy that is released by the
nerve fiber along its length and not solely from the initial
stimulus. de Jong has described impulse conduction as
being like the active progress of a spark along a fuse of
gunpowder. ' Once lit, the fuse burns steadily along its
length, one burning segment  providing the energy
required o dgnite its neighbor Such is the situation with
impulse propagation along a nerve,

Electrophysiology of Nerve Conduction
The tollowing is a description of electrical events that
occur within a nerve during the conduction of an
impulse. subsequent sections describe the precise mech-
anisms for each of these steps:

Step I A nerve possesses i resting potential (Fig. |
5, Stefr 1), This is a negative electrical potential of — 70
mY that exists across the nerve membrane, produced by
differing concentrations of ions on either side of the

membrane (Table 1-2). The interior of the nerve is nega-
tive in relation to the exterior,

Stefr 2 A stimulus excites the nerve, leading to the
[ollowing sequence ol events;

a.An inital phase of sfow depolarization, The electrical
potential within the nerve becomes slightly less nega-
tive (Fig. 1-5, 5tefr 2, A).

b. When the falling electrical potential reaches a critical
level, an extremely rapid phase of depolarization
results. This is termed mmv;.!mks’ Jrotential, or fiving
fwesbold (Fig. 1-5, Mtep 2, ),

<, This phase of rapid depolarization results in a rever-
sal of the electrical potential across the nerve mem-
brane (Fig. 1-5, Sfepr 2, €). The interior of the nerve is
now electrically positive in relation to the exterior, An
electrical potential of +40 mY exists on the interior
of the nerve cell. !

Step 3 FPollowing these steps of depolarization,
vefrolarization occurs (Fig. 1-5, Step 3). The electrical
potential gradually becomes more negative inside the
nerve cell relative to outside until the original resting
potential of —70 mVY is again achicved,

The entire process (Steps 2 and 3) reguires 1 mil-
lisecond (msec); depolarization (Step 2) takes (03 msec;
repolarization (Step 3) takes 0.7 msec,
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Electrochemistry of Nerve Conduction
The preceding sequence of events depends on two
important factors: (1) the concentrations of electrolytes
in the axoplasm (interior of the nerve cell) and extracel-
lular fluids and (2) the permeability of the nerve mem-
brane to sodium and potassium ions,

Table 1-2 shows the differing concentrations of ions
found within nerve cells and in the extracellular fluids.
significant differences exist for ions between their intra-
cellular and exuracellular concentrations. These ionic gra-
dients differ because the nerve membrane exhibits sefec-
Hve permealyifity.

Resting State

In its resting state the nerve membrane is

+ Slightly permeable to sodium ons (Nat)
+ Freely permeable to potassium ions (K1)
+ Freely permeable to chloride ions (C1

Potassitem remains within the axoplasm, despite its
ability to diffuse freely through the nerve membranc andl
despite its concentration gradient (passive diffusion usu-
ally occurs from a region of greater concentration 1o one
of lesser concentration), because the negative charge of
the nerve membrane restrains the positively charged
ions by clectrostatic attraction,

Chlovide remains ontside the nerve membrane
instead of moving along its concentration gradient into
the nerve cell because the opposing, nearly equal, elec-
trostatic influence (electrostatic gradient from inside to
outside’ forces outward migration, The net result is no
diffusion of chloride through the membranc,

Sodivm migrates frecardly because both the concen-
tration (greater outside) and the electrostatic gradient
(positive ion attracted by negative intracellular potentialy
favor such migration. Only the fact that the resting nerve
membrane is relatively impermeable to sodium prevents
a massive influx of this ion,

Membrane Excitation

Depolarization  Excitation of a perve segment
leads to an increase in permeability of the cell mem-
brane to sodium ions. This is accomplished by a transient
widening of transmembrane ion channels sufficient to
permit the unhindered passage of hydrated sodium ions
(p. 8). The rapid influx of sodium jons to the interior of
the nerve cell causes a depolarization of the nerve mem-

Neurophysiology CTHAPTER 1 7

brane from its resting level to its firing threshold of
approximately =50 to —60 mV (Fig. 1-5, Step 2, A and
£3.12 The firing threshold is actually the meagnitude of
the decrease in negative transmembrane potential that
is required o initiate an action potential Cimpdse).

A decrease in negative transmembrane potential of 15
mV (i.e., from —70 to —355) is required to reach the fir-
ing threshold; a voltage difference of less than 15 mV will
not initiate an impulse. In a normal nerve the firing
threshold remains constant. Exposure of the nerve to a
local anesthetic raises its firing threshold. Elevating the
firing threshold means that more sodium must pass
through the membrane to decrease the pegative trans
membrane potential to a level where depolarization will
CHCCLIT,

When firing threshold is reached, permeability of the
membrane to sodium increases dramatically, and sodium
ions rapidly enter the axoplasm. At the end of depolar
ization (the peak of the action potential), the electrical
potential of the nerve is actually reversed; an electrical
potential of +40 mV exists (Fig. 1-5, 5fep 2, €). The entire
depolarization process requires approximately 0.3 msec.,

Repolarization The action potential is terminated
when the membrane repolarizes, This is caused by the
extinction (“inactivation™) of increased permeability to
sodium, In many cells permeability o potassium also
increases, resulting in the efflux of K* leading to a more
rapid membrane repolarization and return to its resting
potential (Fig. 1-5, Sfefr 3.

The movement of sodium ions into the cell during
depolarization and the subsequent movement of potassi-
um ions out of the cell during repolarization are passive
(not requiring the expenditure of energy ), since cach ion
moves along its concentration gradient. Following the
return of the membrane potential to its original level
{(— 70 mV), a slight excess ol sodium exists within the
nerve cell, and a slight excess of potassium exists extra-
cellularly, A period of metabolic activity then begins,

Active transfer of sodium ions out of the cell ocours
via the "sodium pump”An expenditure of energy is need-
ed to move sodium ions ord of the nerve cell against
their concentration gradient, this cnergy coming frovm
the oxidative metabolism of adenosine triphosphate
(ATP). The same pumping mechanism is thought to be
responsible for the active transport of potassium ions
fnto the cell against their concentration gradient. The
entire process of repolarization requires 0.7 msec,

Intracellular Extracellular Ratio

lon (mEqg/L) (mEqg/L) {approximate)
Potassium (K*) 110 to 170 3to 5 224
Sodium (Mat) 5to 10 140 1:14
Chloride {Cl ) 5to 10 1o 1:11

-‘-__—
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Fig. 1-6 Sodium channel transition stages. Depolarization reverses resting membrane
potential from interior negative (eft) o internor positive (center). The channel proteins
undergo corresponding contormational changes from resting state (closed)y to jon-con
ducting state (open). State changes continue rom open (eerler) L inactive fréede ), where
channel configuration assumes a different—but still impermeable—state. With repolariza-
tion the inactivated refractory channel reverts o the initial resting conbguration (fefl,
ready for the next sequence. ¢ From Siegelbaim 5A, Koester F: lon channels, fn Kerded TR,
ectitor: Principles of neural science, ed 3, Novwalle, Conn, 9591, Appleton-Lange. )

Immediately after a stimulus has initiated an action
potential, a nerve is unable, for a time, 0 respond o
another stimulus, regardiess of its strength, This s
termed the absolute refractory freriod, and it lasts lor
about the duration of the main part of the action poten-
tial. The absolute refractory period is followed by a refa-
five refractory perfod, during which a new impulse can
be initiated but only by a stronger than normal stimulus,
The relative refractory period continues to decrease
until the normal level of excitability returns, at which
point the nerve is said to be repolarized.

During depolarization the major proportion of ionic
sodivm channels are found in their *open” (O) state (thus
permitting the rapid influx of Na*), This is followed by a
slower decline into a state of "inactivation”™ (1) of the chan-
nels o a nonconducting state. Inactivation temporarily
converts the channels to a state from which they cannot
open in response (o depolarization (absolute refractory
period)y, This inactivated state is slowly converted back, so
the majority of channels are found in their closed (C) rest:
ing form when the membrane is repolarized (—70 mYy),
Upon depolarization the channels change configuration,
first to an open ionconducting (O) state and then to an
inactive nonconducting (1) state. Although both © and |
states correspond o nonconducting channels, they differ
in that depolarization can recruit channels to the con-
ducting O state from C but not from I Figure 16
describes the sodium channel transition stages. !

Membrane Channels
Discrete aqueous pores through the excitable nerve
membrane, called sodiuim (or ion) channels, are molecu-

lar structures that mediate its sodiom permeability, A
channel seems o be a lipoghycoprotein firmly situated in
the membrane (Fig, 1-2), It consists of an agqueous pore
spanning the membrane that is narrow enough at least a
one point o discriminate between sodiom and other
ions (Na™ passes through 12 times more casily than K*).
The channel also includes a portion that changes config-
uration in response to changes in membrane potential,
thereby gating the passage of ions through the pore (G,
), 1 states described above). The presence of these chan-
nels helps explain membrane permeability or imperme-
ability to certain ions. sodium channels have an internal
diamerer of approximately 0,305 nm. '

A sodium ion is “thinner” than either a potassiom or a
chloride ion and should therefore diffuse freely down its
concentration gradient through membrane channels into
the nerve cell, This does not ocour, however, because all
these ions attract water molecules and thus become
hvdrated, Hydrated sodium ions have a radius of 3.4 A,
which is approximately S0% greater than the 2.2 A radius
of potassium and chloride ions. Sodivm ions are there-
fore too large to pass through the narrow channels when
a nerve is at rest (Fig, 1-7). Potassium and chloride ions
can pass through these channels, During deprolarization,
sodium ions readily pass through the nerve membrane
because configurational changes that develop within the
membrane produce a transient widening of these trans-
membrane channels to a size adequate o allow the
unhindered passage of sodium ions down their concen-
tration gradient into the axoplasm (transformation from
the C o the O configuration), This concept can be visu-
alized as the opening of a gate during depolarization that
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Fig. 1-7 Membrane channels are partially occluded; the
nerve is at rest, Hvdrated sodivm jons (a4 are oo lrge to
pass through channels, although potassium ions R+ can
pass through unimpededd.

is partially occluding the channel in the resting mem-
branc (C) (Fig. 1-8).

Recent evidence indicates that channel spectficity
exists, in that sodium channels differ from potassium
channels. ' The gates on the sodium channel are located
nesr the external surface of the nerve membrane, where-
as those on the potassium channel are located near the
internal surface of the nerve membrane.

Impulse Propagation

Following the initiation of an action potential by a stim-
ulus, the impulse must move along the surface of the
axon. Energy for impulse propagation is derived from the
nerve membrane in the following manner,

The stimulus disrupts the resting equilibrium of the
nerve membrane: the transmembrane potential is
reversed momentarily —the interior of the cell changing
from negative o positive, the exterior changing fronm
positive to negative. This new electrical equilibrium in
this segment of nerve produces local currents that begin
Howing between the depolarized segment and the adja-
cent resting area. These local currents flow from positive
to negative, extending for several millimeters along the
nerve membrane,

As a result of this current flow, the interior of the adja-
cent area becomes less negative and its exterior less pos-
itive, Transmembrane potential decreases, approaching
firing threshold for depolarization, When transmembrane
potential is decreased by 15 mV from resting potential,
firing threshold is reached and complete depolarization
occurs, The newly depolarized segment sets up local cur-
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Fig. 1-8 Membrane channels are open; depolarization
occurs, Hydrated sodium ions (Na+) now pass unimpeded
through the sodium channel.

rents in adjacent resting membrane, and the entire
process starts ancw.

Conditions in the segment that has just depolarized
return o normal following the absolute and relative
refractory periods, Because of this the wave of depolar-
ization can spread in only one direction, Backward (ret-
rograde) movement is prevented by the unexcitable,
refractory segment.

Impulse Spread

The propagated impulse travels along the nerve mem:
brane toward the CNS. The spread of this impulse differs
depending on whether or not a nerve is mvelinated.

Unmyelinated Nerves

An unmyelinated nerve fiber is basically a long cylinder
with a high-clectrical resistance cell membrane sur-
rounding a1 low-resistance conducting core of axoplasm,
all of which is bathed in low-resistance extracellular
fluicd.

The high-resistance cell membrane and low-resistance
intracellular and extracellular media produce a rapid
decrease in the density of current within a short distance
af the depolarized segment. In areas immediately adja-
cent to this depolarized segment, local coreent flow may
he adequate to initiate depolarization in the resting
membrane. Farther away it will prove to be inadequate to
achieve liring threshold,

The spread of an impulse in an unmyelinated nerve
fiber is therefore characterized as a relatively slow for-
ward-creeping process (Fig. 1-9). Conduction rate in
unmyelinated C fibers is 1.2 m/sec compared with 14.8
to 120 m/sec in mvelinated A-alpha and A-delta fibers 10
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| | Fig. 1-9 Saltatory propagation. Comparing
II | impulse propagation in nonmyelinated
\ | (uepper) and myelinated (fogver) axons. In

/ nonmyelinated axons the impulse moves

forward by sequential depolarization of
short adjoining membrane segments, De-
polarization in myelinated axons, on the
other hand, is discontinuous; the impulse
leaps forward from node to node. Note

how much farther ahead the impulse is in
the mvelinated axon after four depolariza-
tion sequences, (From de fong R Local
anesthetics, St Lowds, F9%4, Mosty-Year
Book, )

\V ) y

Myelinated Nerves

Impulse spread within myclinated nerves differs from
that in unmyelinated nerves because of the layer of insu-
lating material separating the intracellular and extracel-
lular charges. The farther apart the charges, the smaller
will be the current reguired to charge the membrane,
Local currents can thus travel much farther in a myeli-
nated nerve than in an unmvelinated nerve before
becoming incapable of depolarizing the nerve men-
brane ahead of it.

Impulse conduction in myelinated nerves occurs by
means of current leaps from node to node—a process
termed saltatory conduction (Fig. 1-9) (seltare is the
Latin verb “to leap”). This form of impulse conduction
proves to be much faster and more energy efficien
than that which is employved in unmyclinated nerves.
The thickness of the myelin sheath increases with
increasing diameter of the axon. In addition, the dis-
tance between adjacent nodes of Ranvier increases
with greater axonal diameter, Because of these two -
tors, saltatory conduction is more rapid in a thicker
AXON.

Saltatory conduction usually progresses from one
node to the next in a stepwise manner. However, it can
he demonstrated that the current flow at the next node
still exceeds that necessary to reach the firing threshold
of the nodal membrane, Il conduction of an impulsc is
blocked at one node, the local current will skip over that
node and prove adequate to raise the membrane poten-

tial at the next node to its firing potential and produce
depolarization. A minimum of perhaps 8 to 10 mm of
nerve must be covered by anesthetic solution to ensure
thorough blockade. '™

MODE AND SITE OF ACTION OF
LOCAL ANESTHETICS

How and where do local anesthetics alter the processes
of impulse generation and transmission? 1t is possible for
local anesthetic agents to interfere with the excitation
process in a nerve membrane in one or more of the fol-
lowing wavs:

1. Altering the basic resting potential of the nerve
membrane

Altering the threshold potential (firing level)
Decreasing the rate of depolarization

4. Prolonging the rate of repolarization

L
e

It has been established that the primary effects of
local anesthetics occur during the depolarization phasce
of the action potential. '™ These effects include a
decrease in the rate of depolarization, particularly in the
phase of slow depolarization. Because of this, cellular
depolarization is not sufficient to reduce the membrane
potential of a nerve fiber to its firing level, and a propa-
gated action potential does not develop. There is mo
accompanying change in the rate of repolarization,
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Extracellular

Lipid membrane
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Fig. 1-10 Membrane expansion theory.

Where Do Local Anesthetics Work?

The nerve membrane is the site at which local anesthet-
ic agents exert their pharmacological actions. Many the-
ories have been promulgated over the vears to explain
the mechanism of action of local anesthetics, including
the acetylcholine, calcium  displacement, and surfice
charge theories, The acetplcholine theory stated that
acetylcholine was involved in nerve conduction in addi-
tion to its role as 4 neurotransmitter at nerve synapses, '
There is no evidence that acetylcholine is involved in
neural transmission along the body of the neuron, The
calcium displacement theory, once quite populir, main-
tained that local anesthetic nerve block was produced by
the displacement of calcium from some membrane site
that controlled permeability to sodium. 2" Evidence that
varving the concentration of calcium ions bathing a
nerve does not affect local anesthetic potency has dimin-
ished the credibility of this theoryv. The srrface charge
(refrelsion) theory proposed that local anesthetics acted
by hinding to the nerve membrane and changing the
electrical potential at the membrane surface #! Cationic
(RNH*} (p. 16) drug molecules were aligned at the mem-
brane-water interface, and since some of the local anes-
thetic molecules carried a net positive charge, they madce
the electrical potential at the membrane surface more
positive, thus decreasing the excitability of the nerve by
increasing the threshold potential. Current evidence
indicates that the resting potential of the nerve mem-
brane is unaltered by local anesthetics (they do not
become hyperpolarizedy and that conventional local
anesthetics act within the membrane channels rather

than at the membrane surface. Also the surface charge
theory cannot explain the activity of uncharged anes-
thetic molecules in blocking nerve impulses (e.g., ben-
zoCcaine).

Two other theories, membrane expansion and specil-
ic receptor, are given some credence today. OF the two,
the specific receptor theory is more widely held,

The membrane expanston theory states that local
anesthetic molecules diffuse to hydrophobic regions of
excitable membranes, producing a general disturbance
of the bulk membrane structure, expanding some critical
region(s) in the membrane, and thus preventing an
increase in the permeability to sodium ions. 2420 Local
anesthetics that are highly lipid soluble can easily pene-
trate the lipid portion of the cell membrane, producing a
change in configuration of the lipoprotein matrix of the
nerve membrane. This results in a decreased diameter of
sodium channels, which leads to an inhibition of both
sadinm conductance and neural excitation (Fig. 1-100
The membrane expansion theory serves as a possible
explanation for the local anesthetic activity of a drug
such as benzocaine, which does not exist in cationic
form vet still exhibits potent topical anesthetic activity, It
has been demonstrated that nerve membranes do, in
fact, expand and become more “fluid” when exposed to
local anesthetics, However, there is no dircct evidence
that nerve conduction is entirely blocked by membrane
CXPansion per se.

The specific receptor theory, the most favored today,
proposes that local anesthetics act by binding 1o specil-
ic receptors on the sodium channel (Fig. 1-11).%% The
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MNat l
(sodium cha nnel|

Fig. 1-11 Tertiary amine local ancsthetics
inhibit the influx of sodium during nerve con-

s Benzocaine

prilecaine,
mepivaca ine

duction by binding o a receptor within the
sodium channel (KA This blocks the nor-
mal activation mechanism (O gate configura-
tion, depolarization) and also promotes move-
ment of the activation and inactivation gates
(mi andd £ 1o a position resembling that in the
inactivated state (7). Biotoxins (8- block the
influx of scdium at an outer surface receplor,
various venoms do it by altering the activity of
the activation and inactivation gates: and ben-
sociine (8-} does it by expanding the mem-

Tatradataxin, Lacal anesthetic
sensiboxin "
Y
—
= ) i ‘\\_\_ liclocaine,
- "':"" C "H.'-\.
-
Y IR
/ Axcphism
Centruraides

SCOTpIon venom

\ Lairus scorpion venom

S0 CNEMone Yenom

brane. €, Channel in the closed configuration,
fFrom Pailasch T Dent Drug Serv Newslett
4:25, 1983.)

Classification Definition

Class A Agents acling at recepltor site on external surface of
nerve membrane

Class B Agents acting at receptor sites on internal surface of
nerve membrane

Class C Agents acting by a receptor-independent physico-
chermical mechanism

Class D Agents acting by combination of receptor and

receptor-independent mechanisms

action of the drug is direct, not mediated by some
change in the general properties of the cell membrane,
Both hiochemical and electrophysiological studies have
indicated that a specific receptor site for local anesthet-
ic agents exists in the sodium channel either on its exter-
nal surface or on the internal axoplasmic surface #5 2
Once the local anesthetic has gained access to the recep-
tors, permeability to sodium ions is decreased or elimi-
nated and nerve conduction is interrupted.

Local anesthetics are classified by their ability to react
with specific receptor sites in the sodium channel. It
appears that there are at least four sites within the sodi-
um channel at which drugs can alter nerve conduction
(Fig. 1-11):

1. Within the sodium channel (tertiary amine local
anesthetics)
2. At the outer surface of the sodium channel
{tetrodotoxin, saxitoxin)
3.4, At either the activation or the inactivation gates
(sCOrpion venom)

Chemical substance

Biotoxins (e.q., tetrodaotoxin and saxitm;ln:l

Quaternary ammonium analogues of lidocaine
Scorpion venom

Benzocaine

haost clinically useful local anesthetic agents (e.q.,
lidocaine, mepivacaine, prilocaine)

Fdodified from Coving BG, Vassallo HG: Cocad anesifieiios me faniams of gotion ang clinical vse, Mew Yark, 1976, Grune & Stratlon, Lsed by permissicn

—_— = —

Table 1-% is a biological classification of local anes-
thetics based on their site of action and the active form
of the compound. Drugs in Class C exist only in the
uncharged form (RN), whereas Class 13 drugs exist in
hoth charged and uncharged forms, Approximately 0%
of the blocking effects of Class 1D drugs is caused by the
cationic form of the drug; only 10% of blocking action is
produced by the base (Fig. 1-1.2).

Myelinated Nerve Fibers
One additional factor needs consideration with regard to
the site of action of local anesthetics in myelinated nerves,
The myelin sheath insulates the axon both electrically and
pharmacologically. The only site at which the molecules
of local anesthetic have access o the nerve membrane is
at the nodes of Ranvier where sodium channels are found
in abundance. The ionic changes that develop during
impulse conduction also arise only at the nodes,

Because an impulse may skip over or bypass one or
two blocked nodes and continue on its way, it 15 Neces-
sary for at least two or three nodes immediately adjacent
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Fig. 1-12 Channel entry. On the left is an open channel, inwand permeant to sodium ion.
The center channel is in the resting closed configuration; though impermeant to sodium
ion here, the channel remains voltage-responsive, The channel on the right, though in
open configuration, is impermeant because it has local anesthetic cation bound to the gat-
ing receptor site. Note that local anesthetic enters the channel from the axoplasmic
(lower) side: the channel filter precludes direct entry via the external mouth. Local anes-

thetic renders the membrane impermeant to sodium jon; hence inexcitable by local

action currents. (From de fong RH: Local anesthetics, SF Lowds, 1994, Mosby=-Year Book. )

to the anesthetic solution to be blocked to ensure effec-
tive anesthesia, a length of approximatcly 8 to 10 mm,

sodium channel densities differ in myelinated and
unmyelinated nerves. In small unmyelinated nerves the
density of sodium channels is about 35/um?, whereas at
the nodes of Ranvier in myelinated fibers it may be as
high as 20,000/um?, On an average nerve-length basis,
there are relatively few sodium channels in unmyelinat-
ed nerve membranes. For example, in the garfish olfacto-
ry nerve the ratio of sodium channels to phospholipid
molecules is 1:60,000, corresponding to a mean distance
hetween channels of 0.2 um, whereas at densely packed
nodes of Ranvier the channels are separated by only 70
_,Jil_.if-'..éH

How Local Anesthetics Work

The primary action of local anesthetics in producing a
conduction block is to decrease the permeability of the
ion channels to sodium ions (Nat). Local anesthetics
selectively inhibit peak sodium  permeability, whose
value is normally about 5 to 6 times greater than the min-
imum required for impulse conduction (e, there is a
safety factor for conduction of 5% to 633.°% Local anes-
thetics reduce this salery factor, decreasing both the rate
of rise of the action potential and its conduction veloci-
tv. When the safety factor falls below unity (1.0, con-
duction fails and nerve block occurs.

Local anesthetics produce a very slight, virtually
insignificant decrease in potassium (K*) conductance
through the nerve membrane,

Calcium ions (Ca**), which exist in bound form with-
in the cell membrane, are thought to exert a regulatory
role on the movement of sodium ions across the nerve

membrane, Release of bound calcium ions from the ion
channel receptor site may be the primary factor respon-
sible for the increased sodium permeability of the nerve
membrane, This represents the first step in nerve mem-
brane depolarization. Local anesthetic molecules mary act
by competitive antagonism with calcium for some site
on the nerve membrane,

The following sequence is a proposed mechanism of
action of local anesthetics:!

|. Displacement of calcium jons from the sodium chan-
nel receptor site, whbich permits |

2, Binding of the local anesthetic molecule to this
receptor site, wivch thus produces .

3. Blockade of the sodium channel, and a@ . ..

4, Decrease in sodium conductance, which leads to ..

5, Depression of the rate of electrical depolarization
el et ..

. Failure to achieve the threshold potential level,
along with a . ..

7. Lack of development of propagated action poten-
tials, eeldchr ds called

8. Conduction blockade,

The mechanism whereby sodium ions gain entry to
the axoplasm of the nerve, thereby initiating an action
potential, is altered by local anesthetics, The nerve mem-
brane remains in a polarized state because the ionic
movements responsible for the action potential fail to
develop. Because the membrane’s electrical potential
remains unchanged, local currents do not develop and
the self-perpetuating mechanism of impulse propagation
is stalled. An impulse that arrives at a blocked nerve seg-
ment is stopped because it is unable to release the ener-
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gy needed for its continued propagation. Nerve block

produced by local anesthetics is called a nondepolariz-
g nerve block,

fng nerve Hlock

ACTIVE FORMS OF LOCAL
ANESTHETICS

Local Anesthetic Molecules

The vast majority of injectable local anesthetics are ter-
tiary amines. Only a few (e.g., prilocaine and hexyl-
caine} are secondary amines, The tvpical local anes-
thetic structure is shown in Figs, 1-13 and 1-14, The
lipaphilic part is the largest portion ol the molecule.
Aromatic in structure, it is derived from benzoic acid or
aniline. All local anesthetics are amphipathic—that is,
they possess both lipophilic and hydrophilic charac-
teristics, generally at opposite ends of the molecule.
The hydrophilic part is an amino derivative of cthyl
alcohol or acetic acid. Local anesthetics without a
hvdrophilic part are not suited for injection but are
good topical anesthetics (e.g., benzocaine). The anes-
thetic structure is completed by an intermediate hyvdro-
carbon chain containing either an ester or an amide
linkage. Other chemicals, especially antihistamines and
anticholinergics, share this basic structure with the
lacal anesthetics and commonly exhibit weak local
anesthetic properties.

Local anesthetics are classiied as either esters or
cmicles acconding to their chemical linkages. The nature
of the linkage is important in defining several properties
of the local anesthetic, including the basic mode of bio-
transformation. Ester-linked local anesthetics (c.g., pro-
caine) are readily hydrolyzed in agueous solution, Anude-
linked local anesthetics (e.g., lidocaine) are relatively
resistant to hyvdrolysis. A greater percentage of an amide-
linked drug is excreted unchanged in the urine than of
an ester-linked drug. Procainamide, which is procaine
with an amide linkage replacing the ester linkage, is as

Lipaghilic L Intermediate Hydrophilic
part. chain i peaart
- : Ro
[ : .-_,.-"
A R éf 1l:"'g—CL".]"Z“JFE| M
'\l\.=l"r'r : x"‘\-
. . Ry
L R
B R ¢ INHOO—R—N
e X
i 4

Fig. 1-13  Typical local anesthetic. A, Ester type. B, Amide
ype.

potent i local anesthetic as procaine; vet, because of its
amide linkage, it is hvdrolvzed much more slowly.
Pracaine is hydrolyzed in plasma in only a lew minutes,
but only approximately 10% of procainamide is
hydrolvzed in 1 day,

As prepared in the laboratory, local anesthetics are
hasic compounds, poorly soluble in water, and unstable
on exposure to air ¥ Their pk, values range from 7.5 to
10, In this form they have litle or no clinical value,
However, being weakly basic, they combine readily with
acids to form local anesthetic salts, in which form they
are quite soluble in water and comparatively stable, Thus
lecal anesthetics used for injection are dispensed as salts,
most commonly the hvdrochloride salt, dissolved in
cither sterile water or saline.

It is well known that the pH of a local anesthetic solu-
tion (and the pH of the tissue into which it is injected)
greatly influences its nerve-blocking action, Acidi-

Sficarfon of tissue decreases local anesthetic effective-

ness, Inadequate anesthesia results when local anesthet- |
ics are injected into infected or inflamed areas. The
inflammatory process produces acidic products: the pH
of normal tissue is 7.4 the pH of an intflamed area is 5 1o
B, Local anesthetics containing cpincphrine or other
vasopressors are acidified by the manufacturer to inhib-
it the oxidation of the vasopressor (p. 18). The pH of
solutions without epinephrine is about 5.5; epineph-
rine-containing solutions have a pH of about 3.3
Clinically this lower pH is more likely to produce a
burning sensation on injection, as well as a slightly slow-
er onset of anesthesia,

Increasing the pH (alkalinization) of a local anesthetic
solution speeds the onset of its action, increases its clin-
ical effectiveness, and makes its injection more comiort-
able. However, the local anesthetic base, because it is
quite unstable, precipitates out of alkalinized solutions,
and this makes these solutions ill suited for clinical use.
Recently, carbonated local ancsthetics have received
much attention, sodium bicarbonate or carbon dioxide
(CO,) added to the anesthetic solution immediately
prior to injection provides greater comfort and a more
rapid onset of anesthesia. (See Chapter 19142

Despite wide pH variation of extracellular fluids, the
pH at the interior of a nerve remains quite stable, Normal
functioning of a nerve is therefore affected very little by
changes in extracellular pH. However, the ability of a
local anesthetic to block nerve impulses s profoundly
altered by changes in extracellular pH.

Dissociation of Local Anesthetics

As just discussed, local anesthetics are available as salts
{usually the hvdrochloride) for clinical use. The salt, both
wiater soluble and stable, is dissolved in either sterile
witer or saline. In this solution it exists simultaneously as
{13 uncharged molecules (RN, also called the fuse, and
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Percent Approximate
base (RN) onset of
Agent pK, atpH/7.4 action (min)
Benzocaine 3.5 100 —
Mepivacaine Fif 33 2to4
Lidocaine 7.8 29 2to4
Articaine 7.8 29 2tod
Ftidocaine 7.9 25 204
Prilocaine 7.9 25 204
Ropivacaine B 17 2to4
Bupivacaine B.1 17 5to 8
Tetracaine .4 ) 10 to 15
Cocaine 8.6 7 o
Propoxycaine 8.9 4 9to 14
Procaine 9.1 . 14 to 18
Chloroprocaine 8.7 6 6tol2
Procainamide 9.3 1

(2) positively charged molecules (RNH*), called the
cefionn.

REMWH*Y & RN+H*

The relative proportion of each ionic form in the solu-
tion varies with the pH of the solution or surrounding
tissues, In the presence of a high concentration of hvdro-
gen ions (low pH) the equilibrium shifts to the left and
most of the anesthetic solution exists in cationic form:

RNH* = RN+H*

As hydrogen ion concentration decreases {higher
pH), the equilibrium shifts toward the free base form:

ENH* < EMN+H”

The relative proportion of ionic forms also depends
on the pK,, or dissociation constant, of the specific local
anesthetic. The pK, is a measure of a molecule’s affinity
for hydrogen ions (H*). When the pH of a solution has
the same value as the pK, of the local anesthetic, exact-
ly half the drug will exist in the RNH* form and exactly
half in the RN form, The percentage of drug existing in
cither form can be determined from the Henderson-
Hasselbalch equation:

i Base H K
AT b | — Nk,
€ acig B Phw

Table 1-d lists the pK, values for some commonly used
local anesthetics.

Actions on Nerve Membranes

The two fictors involved in the action of a local anes-
thetic are diffuston of the drug through the nerve
sheath and binding at the receptor site in the ion chan-

nel, The uncharged. lipid-soluble, free base form (RN of
the anesthetic is responsible for diffusion through the
nerve sheath. Consider the following example:

1. Assume that 1000 molecules of a local anesthetic
with a pK, of 7.9 are deposited in the tissues outside
4 nerve, The tssue pH is normal (7.4) (Fig. 1-15).

2. From Table 1-4 and the Henderson-Hasselbalch
cquation, it can be determined that at this pH 75%
of the local anesthetic molecules are present in the
cationic form (RNH*) and 25% in the free base
form (RN,

3, Theoretically all 250 lipophilic RN molecules diffuse
through the nerve sheath o reach the axoplasm af
the nerve cell.

4. Extracellularly the equilibrium berween RNH* and
RN is disrupted by passage of the free base forms
into the nerve cell, The remaining 750 extracellular
RENH* molecules now reequilibrate according to the
tissue pH and the drug pk,,.

RNH*Y(57(h « RNC(180 +H*

5. The 180 newly created lipophilic RN molecules dif-
fuse into the cell, starting the entire process (Step 4)
again. Theoretically this will continue until all local
anesthetic molecules have diffused into the axo-
plasm, In reality, however, not all the anesthetic ml-
ccules reach the interior of the nerve cell because of
the process of diffusion and because some will he
ahsorbed into local blood vessels and extracellular
soft tissues at the injection site,

6. Let us now look inside the nerve. Following penetra-
tion of the nerve sheath and entry into the axoplasm
by the lipophilic RN form of the ancsthetic, a reeguil-
ibration takes place since the local anesthetic cannot
exist in only the RN form at the intracellular pH of
7 4. Seventy-five percent of the RN molecules pres
ent intracellularly revert to the RNH® form; the
remaining molecules stay in the uncharged RN form,

= From the axoplasmic side of the sodium channel the
charged cationic form binds o the channel receptor
site and is ultimately responsible for the conduction
blockade that results (Figs, 1-11 and 1-12).

Of the two factors—diffusibility and binding—
responsible for local anesthetic effectivencess, the former
is extremely important in actual practice. An agent’s abil-
ity to diffuse through the tissucs surrounding a nerve is
of critical significance, since in clinical sitnations the
locil anesthetic cannot be applicd directly to the nerve
membrane as it can in a laboratory setting, Solutions bet-
ter able to diffuse through soft tissue are at an advantage
in clinical practice.

A local anesthetic with a high pK, has very few mole-
cules available in the RN form at a tissue pH of 7.4. The
anesthetic action of this drug will be poor because too
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Fig. 1-15 Mechanism of action of the local anesthetic mol-
ccule. Anesthetic pK, of 7.9; tissue pH of 7.4,

few base molecules are available to diffuse through the
nerve membrane (e.g., procaine, with a pk, of 9.1). The
rate of onset of anesthetic action is related o the pRa
of the local anesthetic (Table 1-4).

A local anesthetic with a low pK, (below 7.5) has a
very large number of lipophilic free base molecules,
which are able to diffuse through the nerve sheath; how-
ever, the anesthetic action of this drug will also prove inad-
equate because at an intracellular pH of 7.4 only a very
small number of base molecules will dissociate back to the
cationic form necessary for binding ar the receptor site.

In actual clinical situations with the local anesthetics
currently available, it is the pH of the extracellular fluid
that determines the case with which a local anesthetic
moves from the site of its administration into the axo-
plasm of the nerve cell. The intracellular pH (at the exter-
nal surface of the nerve membrane) remains quite stable
and independent of the extracellular pH. This is because
hvdrogen ions (H*), like the local anesthetic cations
(RNH*), do not readily diffuse through tissues. The pH of
extracellular fluid may therefore differ from that at the
nerve membrane. The ratio of anesthetic cations (o
uncharged base molecules (RNHY/RN) may also vary
greatly at these sites, Differences in extracellular and
intracellular pH are highly significant in pain control
where there is inflimmation or infection.®* The effect of
a decrease in tissue pH on the actions of a local anes-
thetic is described in Fig. 1-16. Compare this with the
example in Fig. 1-15, involving normal tissue pH,

1. Assume that approximately 1000 molecules of a

local anesthetic with a pK, of 7.9 are deposited out-

side 1 nerve, The tissue is inflamed and infected and

has a pH of 6.

At this tissue pH approximately 29% of the anesthet-

ic molecules are present in the charged cationic

(RINH*) form, with fewer than 1% in the lipophilic

free base (RN form.

3. Approximately 10 RN molecules diffuse across the
nerve sheath to reach the interior of the cell (con-

"
|
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Fig. 1-16  Effect of decreased tissue pH on the actions of i
local anesthetic.

trasting with 250 RN molecules in the healthy exam-
ple). The pH on the interior of the nerve cell
remains normal (ic., 7.4),

4. Extracellularly the equilibrium between RNHT and
RN, which has been disrupted, is reestablished. The
relatively few newly created RN molecules diffuse
into the cell, starting the entire process again.
However, a sum total of fewer RN molecules suc-
ceed in eventually crossing the nerve sheath than
would succeed at a normal pH because of the great-
ly increased absorption of anesthetic molecules into
the blood vessels in the region (increased vascularity
in the area of inflammation and infection).

5. After penetration of the nerve sheath by the base
form, reequilibrium occurs, Approximately 75% of
the molecules present intracellularly revert to the
cationic form (RNH*), 25% remaining in the
uncharged free base form (RN).

6. The cationic molecules bind to receptor sites within
the sodium channel, resulting in conduction blockade,

Adequate blockade of the nerve is more difficult to
achieve in infected or inflamed tissues because of the
scarcity of molecules able to cross the nerve sheath (RN)
and the increased absorption of the remaining anesthetic
molecules into dilated blood vessels in this region,
Although a potential problem in all aspects of dental prac-
tice, this situation develops most frequently in endodon-
tics. Possible remedies are described in Chapter 16,

Clinical Implications of pH and Local
Anesthetic Activity

Maost commercially prepared solutions of local anesthet-
ics without a vasoconstrictor have a pH between 5.5 and
7. When these solutions are deposited into tissue, the vast
buffering capacity of the tissue fluids rapidly returns the
pH at the injection site to a normal 7.4. Local anesthetic
solutions that contain a vasopressor (€.g., epinephrine)
are acidificd by the manufacturer to retard oxidation of
the vasoconstrictor, thereby prolonging the period of the
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drug’s effectiveness, (See Chapter 3 for a discussion of the
appropriate use of vasoconstrictors in local anesthetics. )

Epinephrine may be added to a local anesthetic solu-
tion immediately prior to its administration without the
addition of antioxidants; however, if the solution is not
used in a short time it will oxidize, becoming reddish
hrown.

Rapid oxidation of the vasoactive substance may be
delayed, thereby increasing the shelf life of the product,
through the addition of antioxidants. Sodium bisulfite is
commonly used, in a concentration between 0.05% and
0,1%. A 2% solution of lidocaine, with a pH of 6.8, is acid-
ified to 4.2 by the addition of sodium bisulfite.

Even in this situation the large buffering capacity of
the tissues tends to maintain a normal tissue pH: howey-
er. it does require a longer time to do so [ollowing injec-
tion of a pH 4.2 solution than with a pH 6.8 solution,
During this time the local anesthetic is not able to func-

tion at its full effectiveness, resulting in a slower onset of

clinical action for local anesthetics with vasoconstrictors
when compared with their "plain” counterparts.

Local anesthetics are clinically effective on both
axons and free nerve endings. Free nerve endings lving
below intact skin may be reached only by the injection
of anesthetic beneath the skin. Intact skin forms an
impenetrable barrier to the diffusion of local anesthetic
agents, The recently formulated EMLA (cutectic mixture
of local anesthetics) enables local anesthetics o penc-
trate intact skin, albeit quite slowly. 3

Mucous membranes and injured skin (e.g., burns and
abrasions) lack the protection afforded by intact skin,
permitting topically applied local anesthetics o diffuse
through to reach free nerve endings. Topical anesthetics
can be employed effectively wherever skin is no longer
intact because of injury and on muocous membranes
(e.g., cornea, gingiva, pharynx, trachea, larynx, esophi-
gus, and hladder) 33

The buffering capacity of mucous membrance is quite
poor; thus the topical application of a local anesthetic
with a pH between 5.5 and 6.5 lowers the regional pH
to below normal, and less local anesthetic base 15
formed. Diffusion of the drug across the mucous menm-
brane to free nerve endings is limited, and nerve block is
ineffective. Increasing the p of the drug provides more
RN form, thereby increasing potency of the topical anes-
thetic: however, the drug in this form is more rapidly oxi-
dized. The effective shelf life of the anesthetic is
decreased as the drug's pH increases.

To make topical anesthetics clinically more effective,
a more concentrated form of the drug is commonly used
(5% or 10% lidocaine) than for injection (2% lidocaine),
Although only a small percentage of the drug will be
available in base form, raising the concentration provides
more RN molecules for diffusion and dissociation to the
active cation form at free nerve endings,

Some topical anesthetics, such as benzocaine, are not
ionized in solution; thus their anesthetic effectiveness is
unaffected by pH. Because of benzocaine's poor water
solubility, its absorption from the site of application is
minimal, and svstemic reactions {(c.g., overdose) are
rarely encountered,

KINETICS OF LOCAL ANESTHETIC
ONSET AND DURATION OF ACTION

Barriers to Diffusion of the Solution

A peripheral nerve is composed of hundreds to thou-
sands of tightly packed axons. These axons are protect-
ed, supported, and nourished by several layers of ibrous
and elastic tissues, Nutrient blood vessels and lymphatics
course throughout the layers.

Individual nerve fibers {axons) are covercd with, and
also separated from each other by, the endonenriim,
The perénewritem then binds these nerve libers together
into bundles called fascicndi. The radial nerve, located in
the wrist, contains between 5 and 10 fasciculi. Each fas-
ciculus contains between 500 and 1000 individual nerve
fibers. Five thousand nerve fibers occupy approximately
1 mum# of space.

The thickness of the perineurium varies with the
diameter of the fasciculus it surrounds, The thicker the
perineurium, the slower the rate of local anesthetic dif-
fusion across it."" The innermost Liver of perinearium is
the perilemma. It is covered with a smooth mesothelial
membrane. The perilemma represents the main barrier
to diffusion into a nerve,

Fasciculi are contained within a loose network of
arcolar connective tissue called the efinewriiom. The
epineurium constitutes between 30% and 75% of the
total cross-section of a nerve. Local anesthetics are read-
ilv able to diffuse through the epineurium because of
its loose consistency. Nutrient blood vesscls and lym-

Description

Structure

Merve fiber Single nerve cell

Endoneurium Covers sach nerve fiber

Fasciculi Bundles of 500 to 1000 nerve fibers
Perineurium® Covers fasciculi

Perilernma* Innermast layer of perineurium
Epineurium Alveolar connective tissue supporting

fasciculi and carrying nutrient vessels
Epineural sheath  Outer layer of epineurium

*The perneurum and perlemma constitute the grestest anatomical
barriers to diffusian in a peripheral nerve

e




Mantle
bundles
M
b
o
i X
N \
0 @ Qﬁﬂ%\ "‘;;';-‘ Perineuriem
ﬁ- - @ 5%’;;:‘5'-

T 1
: e @ ",.-.\-_.-" ||
T (s R = @'T_:-: = ==-Core bundles

q .-’@?’i»mﬂ@*"”'
\ i a8 e

- - o EATERERS, Epineurium

Ej

N

o ﬂ At
; N
\&?':\%_____“_EE _@_}-ﬁi"f ————— Epinaurﬂ| sheath

Neurophysiology CHAPTER 1 19

Fidd, Core fibers
THAT

Fig. 1-17 A, Composition of nerve fibers and bundles within a peripheral nerve. B, In a
large peripheral nerve (containing hundreds or thousands of axons), local anesthetic
solution must diffuse inward toward the nerve core from the extraneural site of injec-
tion. Local anesthetic molecules are removed by tissue uptake, while tissue fluid mixes
with the carrier solvent, This results in a gradual dilution of the local anesthetic selution
as it penetrates the nerve toward the core. A concentration pradient occurs during induc:
tion so that the outer mantle fibers are solidly blocked, whereas the inner core fibers are
not yet blocked, Core fibers are not only exposed (o a lower local anesthetic concentril-
tion, but the drug also arrives later. Delay depends on the tissue mass 1o be penetrated
and the diffusivity of the local anesthetic. (B, From de Jong RH: Local anesthetics, M

Loteis, T994, Moshy-Year Book, )

phatics traverse the epineurium. These vesscls absorb
local anesthetic molecules, thus removing them from
the nerve.

The outer laver of the epineurium surrounding the
nerve is denser and thickened, forming what is termed
the epfnenral sheath, or nerve sheath. The epincural
sheath does not constitute a bareier to diffusion of local
anesthetic into a nerve.

Table 1-5 summarizes the lavers of a typical peripher-
al nerve.

Induction of Local Anesthesia

Following the administration of a local anesthetic into
the soft tissues near a nerve, molecules of the local ancs-
thetic traverse the distance from one site to another
according to their concentration gradient. During the
induction phase of anesthesia, the local anesthetic moves
from its extraneural site of deposition toward the nerve
(as well as in all other directions). This process is termed
diffusion. 1t is the unhindered migration of molecules or
ions through a fuid medium under the influence of the
concentration gradient. Penetration of an anatomical
barrier to diffusion occurs when a drug passes through
a tissue that tends to restrict free molecular movement.
The perineurium is the greatest barrier to penetration of
local anesthetics.

Diffusion

The rate of diffusion is governed by several factors, the
most significant of which is the concentraiion gradient,
The greater the initial concentration of the local anes-
thetic, the faster will be the diffusion of its molecules and
the more rapid its onset ol action.

Fasciculi that are located near the surface of the nerve
are termed manitfe bundles (Fig, 1-17, 4). Mantle bundles
are the first ones reached by the local anesthetic and are
exposed to a higher concentration of it, Mantle bundles
are uswally blocked completely shortly after the injection
of a local anesthetic (Fig. 1-17, B).

Fasciculi found closer to the center of the nerve are
called cove bundles, Core bundles are contacted by a
local anesthetic only after much delay and by a lower
anesthetic concentration because of the greater distance
that the solution must traverse and the greater number
of barriers it must cross,

As the local anesthetic diffuses into the nerve, it
becomes increasingly diluted by tissue fluids and is
absorbed by capillaries and lymphatics, ester anesthet-
ics undergo almost immediate enzymatic hvdrolysis.
Thus the core fibers are exposed to a decreased con-
centration of local anesthetic, a fact that may expliin
the clinical situation of inadequate pulpal anesthesia
developing in the presence of subjective symptoms of
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adequate soft tissue anesthesia. Complete conduction
block of all nerve fibers in a peripheral nerve requires
that an adequate pofterre as well as an adequate con-
centration of the local anesthetic be deposited. In no
clinical situation are 100% of the fibers within a periph-
eral nerve blocked, even in cases of clinically excellent
pain control.?” Fibers near the surface of the nerve
(mantle fibers) tend to innervate more proximal
regions (e.g,, the molar arca with an inferior alveolar
nerve block), whereas fibers in the core bundles inner-
vate the more distal points of nerve distribution (e.g.,
the central and lateral incisors with an inferior alveolar
block).

Blocking Process

Following deposition as close to the nerve as possible,
the local anesthetic solution diffuses in many directions
according to prevailing concentration gradients. A por-
tion of the injected anesthetic diffuses toward the nerve
and into the nerve. However, a significant portion of the
injected drug also diffuses away from the nerve. The fol-
lowing reactions then ocour

1. some of the drug is absorbed by nonneural tissucs

(.., muscle and fat).

some is diluted by interstitial fuid.

3. some is removed by capillaries and lymphatics from
the injection site,

4. Estertype anesthetics are hyvdrolyzed.

]

The sum total of these factors is to decrease the local
anesthetic concentration outside the nerve; however,
the concentration of local anesthetic within the nerve
continues to rise as diffusion progresses, These process-
es continue until an equilibrium results between the
intraneural and extraneural concentrations of anesthetic
solution.

Induction Time

Induction time is defined as the period from deposition
of the anesthetic solution to complete conduction block-
ade. several factors control the induction time of a given
drug. Those under the operator’s control are the cons
centration of the drug and the pH of the local anesthet-
i solution. Factors not under the clinician’s control arc
the diffusion constant of the anesthetic drug and the
anatomical diffusion barriers of the nerve.

Physical Properties and Clinical Actions
There are other physicochemical factors of a local anes-
thetic that influence its clinical characteristics.

The effect of the dissociation constant (pK,) on the
rate of onset of anesthesia has been described. Although
hoth molecular forms of the anesthetic are important in
neural blockade, drugs with a lower pK, possess a more
rapid onset of action than do those with a higher pkK,.*®

Lipid solubifity of a local anesthetic appears to be:
related to its intrinsic potency. The approximate lipid sol-
ubilities of various local anesthetics are presented in
Table 146, Increased lipid solubility permits the anesthet-
ic to penetrate the nerve membrane (which itsclf is 90%
lipid) more easily. This is reflecred biologically in an
increased potency of the anesthetic. Local anesthetics
with greater lipid solubility produce more effective con-
duction blockade at lower concentrations (lower per-
centage solutions or smaller volumes deposited) than do
the less lipid-soluble solutions,

The degree of protein binding of the anesthetic mol-
ecule is responsible for the duration of local anesthetic
activity, After penetration of the nerve sheath, a reequi-
librium occurs between the base and cationic forms of
the anesthetic, Now. in the sodium channel itsclf, the
RNH* ions bind at the receptor site. Proteins constitute
approximately 10% of the nerve membrane, and lowcal
anesthetics (e.g., etidocaine and bupivacaine) possessing
a greater degree of protein binding (Table 140} than oth-
ers (e.g.. procaine) appear to attach more securely to the
protein receptor sites and to possess a longer duration of
clinical activity.*

Vasoactivity affects both the anesthetic potency and
the duration of anesthesia provided by a drug. Injection
of local anesthetics, such as procaine, with greater
vasodilating properties increases perfusion of the local
gite with blood. The injected local anesthetic is therefore
absorbed into the cardiovascular compartment more
rapidly and carried away from the injection site and from
the nerve, thus providing for a shortened duration of
anesthesia as well as decreased potency of the drug,
Table 1-7 summarizes the influence of various factors on
local anesthetic action,

Recovery from Local Anesthetic Block
Emergence from a local anesthetic nerve block follows
the same diffusion patterns as does induction; however,
it does so in the recerse order

The extraneural concentration of local anesthetic s
continually depleted by diffusion. dispersion, and uptake
of the drug, whereas the intraneural concentration of the
local anesthetic remains relatively stable, The concentra-
tion gradient is thus reversed, the intraneural concentra-
tion exceeding the extraneural concentration, and the
anesthetic molecules begin to diffuse out of the nerve,

Fasciculi in the mantle begin to lose the local anes-
thetic much earlier than the core bundles do. Recovery
from block anesthesia appears first in the proximally
innervated regions (e g., thicd molars before the central
incisors), Core fibers gradually lose their local anesthetic
concentration. Recovery is usually a slower process than
induction because the local anesthetic is bound to the
drug receptor site in the sodium channel and is therefore
released more slowly than it is absorbed.
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UERBIIENAIL T Factors Affecting Local Ancsthetic Action (IR

Factor Action affected

Description

- =

Pk, Onset

Lower pK, = More rapid onset of action, more RM molecules present 1o diffuse

through nerve sheath; thus onset time is decreased

Lipid solubility Anesthetic potency

140)

Increased lipid solubility = Increased potency (example: procaine = |; etidocaine =

Etidocaine produces conduction blockade at very low concentrations, whereas
pracaine poorly suppresses nerve conduction, even at higher concentrations

Protein binding Duration

Increased protein binding allows anesthetic cations (RMH*) to be maore firmly

attached to proteins located at receptor sites; thus duration of action is

increased

Monnervous tissue  Onset
diftusibility

vasodilator activity  Anesthetic potency

and duration

Fram Coken S, Burns RC: Pathways of the pulp, ed 6, 5t Louls, 1994, Maoshy-Year Book.

Increased diffusibility = Decreased time of onset

Greater vasodilator activity = Increased blood flow to region = Rapid removal of
anesthetic molecules from injection site; thus decreased anesthetic potency and
decreased duration

Reinjection of Local Anesthetic

Not infrequently a dental procedure will outlast the dura-
tion of clinically effective pain control and a repeat injec
tion of local anesthetic will be required. Usually this
repeat injection immediately results inoa returm of pro-
found anesthesia: on other occasions, however, the clini-
cian may cncounter greater difficulty in reestablishing
adequate pain control,

Recurrence of Immediate Profound Anesthesia

At the time of reinjection, the concentration of local
anesthetic in the mantle fibers is below that in the more
centrally located core fibers, The partially recovered
mantle fibers still contain some local anesthetic,
although not enough to provide complete anesthesia,
After deposition of a new high concentration of anes-
thetic near the nerve, the mantle fibers are once again
exposed 1o a concentration gradient directed inward
toward the nerve. This combination of residual local
anesthetic (in the nerve) and the newly deposited supply
results in g rapid onset of profound anesthesia with 2
smaller volume of local anesthetic drug being adminis-
tered.

Difficulty Reachieving Profound Anesthesia

In this second situation, as in the first, the dental proce-
dure has outlasted the clinical effectiveness of the ancs-
thetic drug and the patient is expericncing pain, The
doctor readministers a volume of local anesthetic bur,
unlike the first scenario, effective control of pain does
ol Gocur

Tachyphylaxis In this second clinical situation a
process known as tachyphylaxis occurs, Tachyprbylaxis

is defined as an increasing tolerance to a drug that is
administered repeatedly. It is much more likely to devel
op if nerve function is allowed o return prior 1o rein-
jection (i.e., if the patient complains of pain). The dura-
ton, intensity, and spread of anesthesia with reinjection
are greatly reduced,

Although difficult to explain, tachyphylaxis is proba-
bly brought about through some or all of the following
factors: edema, localized hemorrhage, clot formation,
transudation, hypernatremia, and decreased pH of tis-
sues, The first four factors isolate the nerve from contact
with the local anesthetic solution, The fifth, hyperni-
tremia, raises the sodium ion gradient, thus counteracting
the decrease in sodium ion conduction brought about by
the local anesthetic, The last factor, a decrease in pH of
the tissues, is brought about by the first injection of the
acidic local anesthetic, The ambient pH in the area of
injection may be somewhat lower, so that fewer local
anesthetic molecules are transformed into the free base
{RND on reinjection.

Duration of Anesthesia

As the local anesthetic is removed from the nerve, the
function of the nerve retarns, rapidly at first but then
gradually slowing, Compared with the onset of the nerve
block, which is rapid, recovery from nerve block is much
slower because the local anesthetic is bound to the
nerve membrane. Longer-acting local anesthetics, such as
bupivacaine and tetracaine, are more firmly bound to the
nerve membrane (nereased protein binding) than are
shorter-acting drugs, such as procaine and lidocaine, and
are therefore released from the receptor sites in the
sodium channels more slowly. The rate at which an anes-



thetic is removed from a nerve has an effect on the dura-
ton of neural hlockade; in addition to increased protein
binding other factors that influence the rate of a drug’s
removal from the injection site are the vascularity of the
infection site and the presence or absence of a vasoac-
Hve substance. Anesthetic duration is increased in areas
of decreased vascularity; and the addition of a vaso-
pressor decreases tissue perfusion (o a local area, thus
increasing the duration of the block.
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Local anesthetics, when used for the management of
pain, differ from most other drugs commonly used in
medicine and dentistry in one very important mamner.
virtually all other drugs, regardless of the route through
which they are administered, must ultimatcly enter into
the circulatory system in sufficiently high concentrations
(e attain therapeutic blood levelsy before they can
begin to exert a clinical action. Local anesthetics, how-
ever, whet used for pain control, cedse Lo provide a clin-
ical effect when they are absorbed from the site of
administration into the circulation, One prime factor
involved in the termination of action of local anesthetics
used for pain control is their absorption into the cardio-
vascular system.

The presence of a local anesthetic in the circulatory
system means that the drug will be carried to every cell
in the body, Local anesthetics have the potential to pro-
duce an alteration in the functioning of many of these
cells. In this chapter the actions of local anesthetics,
other than their ability to block conduction in nerve
axons of the peripheral nervous system, arc reviewed.
The following is a classification of local anesthetios:

Esters

Esters of benzoic acid;
Butacaine
Cocaine
Ethyl aminobenzoate {(benzacaine)
Hexylcaine
Piperocaine
Tetra::alrje

24

Esters of para-aminobenzoic acid:
Chloroprocaine
Procaine
Propoxycaine

Amides

Articaine
Bupivacaine
ibucaine
Etidocaine
Liddocaine
Mepivacaine
Prilocaine

Quinoline

Centbucridine

PHARMACOKINETICS OF LOCAL
ANESTHETICS

Uptake

When injected into soft tissues, local anesthetics exert a
pharmacological action on the blood vessels in the arca.
All local anesthetics possess a degree of vasoactivity,
most producing dilation of the vascular bed into which
thev are deposited, although the degree of vasodilation
may vary, and some may produce vasoconstriction. Toa
slight degree these effects may be concentration depen-
dent.! Relative vasodilating values of amide local ancs
thetics are shown in Table 2-1.



Ester local anesthetics are also potent vasodilating
drugs. Procaiie is probably the most potent vasodilator
and is often used clinically for vasodilation when periph-
eral blood flow has been compromised due to (acciden-
taly intraarterial (IA) injection of a drug (e.g., thiopen-
taly.? 1A administration of an irritating drug such as
thiopental may produce arteriospasm with an attendant
decrease in tissue perfusion, which could lead, it pro-
longed, to tissue death, gangrene, and loss of the limb, In
this situation procaine is administered TA in an attempt
to break the arteriospasm and reestablish blood flow o
the affected limb. Tetracaine, chloroprocaine, and
prropoxyeaine also possess vasodilating  properties (o
varying degrees but not to the degree of procaine.

Cocaine is the only local anesthetic that consistently
produces vasoconstriction.” The initial action of cocaine
is vasodilation, which is followed by an intense and pro-
longed vasoconstriction, It is produced by an inhibition
of the uptake of catecholamines (especially norepineph-
rine) into tissue binding sites. This results in an excess of
free norepinephring, which leads to a prolonged and
intense state of vasoconstriction. The property of inhibit-
ing the reuptake of norepinephrine has not been demon-
strated to occur with other local anesthetics, such as
lidlocaine and bupivacaine.

A significant clinical effect of vasodilation is an
increase in the rate of absorption of the local anesthetic
into the blood, thus decreasing the duration of pain con-
trol while increasing the anesthetic blood level and the
potential for overdose, The rates at which local anes-
thetics are absorbed into the bloodstream and reach
their peak blood level vary according to the route of
administration:

Mean % increase

in femoral artery
blood flow in dogs
after intraarterial

Vasodilating injection®
activity T min 5 min

Articaine | {(approx) PA, EY
Bupivacaine 2.5 45.4 30
Flidacaine 2.5 44.3 26.6
Lidocaine 1 25.8 F ]
Mepivacaine 0.8 i5.7 i
Prilocaine 0.5 42.1 6.3
Tetracaine A 376 14

sodified from Blair MR Cardiovascular pharmacology of lecal anags-
thetics, Br [ Araesth A7suppl247-252, 1975,

*Each agent injected rapidly in a dose of 1 mg/0.1 mi saline.

MNA, Mot available,
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Route Time to peak level {(min)
[Rtravenous 1

Topical 5 (approx)
Intramuscular 510
Subcutanenus 3090

Oral Route

With the exception of cocaine, local anesthetic drugs are
absorbed poorly, if at all, from the gastrointestinal tract fol-
lowing oral administration. Additionally, most local anes-
thetics (especially lidocaine) undergo a significant befal-
{e first-pass effect following oral administration. Following
absorption of ldocaine from the gastrointestinal tract
into the enterchepatic circulation, a fraction of the drug
dose is carried to the liver, where approximately 72% of
the dose is biotransformed into inactive metabolites,?
This has seriously hampered the use of lidocaine as an
oral antidvsrhythmic drug., In November 1984, Astra
Pharmaceuticals and Merck Sharp & Dohme introduced
an analogue of lidocaine, tocainide hvdrochloride, which
is effective orallv.® The chemical structures of tocainide
and lidocaine are presented in Fig, 2-1.

Topical Route

Local anesthetics are absorbed at differing rates after
application to mucous membranes: in the fracbeal
mutcosd, uptake is almost as rapid as with intravenous
(IV) administration (indeed, intratracheal drug adminis-
tration |epinephrine, lidocaine, atropine, naloxone, and
Aumazenil] is used in certain emergency situationsy in
the pharyngeal mucosa, uptake is slower; and in the
esaphageal or bladder mucosa, uptake is even slower
than occurs through the pharynx, Wherever there is no
layer of intact skin present, local anesthetics exert their
action following topical application. Sunburn remedics
usually contain lidocaine, benzocaine, or other anesthet-
ics in an ointment formulation, Applied to intact skin,
they do not provide an anesthetic action, but with skin
damaged by sunburn they bring rapid reliel of pain, A

CH
! CoHs
= v
A <J NH » CO » CHN
CaHs
CH;
CH,

s ¢ N NHCCﬂliHCHJ-HCI

= P
“CH, 2

Fig. 2-1 Tocainide. A, Represents a modification of a lido-
caine, B, that is able to pass through the liver after oral
administration with minimal hepatic first-pass cffect,
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cutectic mixture of local anesthetics (EMLA) has been
developed to provide surface anesthesia for intact skin®
{EMLA is discussed in Chapter 19.)

Injection

The rate of uptake (absorption) of local anesthetics after
injection (subcutancous, intramuscular, or [V) is related
to both the vascularity of the injection site and the
vasoactivity of the drug,

IV administration of local anesthetics provides the
most rapid elevation of blood levels and is used in the
primary treatment of ventricular dysrhythmias. ” Rapid IV
administration can lead to overly high local anesthetic
blood levels, which can produce serious toxic reactions,
The benefits to be gained from IV drug administration
must always be weighed against the risks associated with
IV administration. Only if the benefits clearly outweigh
the risks should the drug be administered, as is the case
with ventricular dvsthythmias such as premature ven-
tricular contractions (PVCs).8

Distribution
Once absorbed into the blood, local anesthetics are dis-
tributed throughout the body to all tssues, Highly per-
fused organs (and areas) such as the brain, head, liver, Kid-
neys, lungs, and spleen initially have higher blood levels
of the anesthetic than do less highly perfused organs.
skeletal muscle, although not as highly perfused as these
organs, contains the greatest percentage of local anes-
thetic of any tissue or organ in the body, since it makes
up the largest mass of tissue in the body

The level of a local anesthetic drug in the blood (in
certain “target” organs) has a significant bearing on the
potential toxicity of the drug. The blood level of the local
anesthetic is influenced by the following factors:

1. Rate at which the drug is absorbed into the cardio-
vascular system

2. Rate of distribution of the drug from the vascular
compartment to the tissues (more rapid in healthy
patients than in those who are medically compro-
mised [e.g, congestive heart failure ], thus leading to
lower blood levels in healthier paticnis)

3, Flimination of the drug through metabolic and/or
excretory pathways

The latter two factors act to decrease the blood level
of the local anesthetic,

The rate at which a local anesthetic is removed from
the blood is described as the elimination half-life of the
drug, Simply stated, the half-life is the time required for
a4 50% reduction in the blood level (one half-life = 50%
reduction: two half-lives = 75% reduction; three half-
lives = 87.5% reduction: four half-lives = 94% reduction;
five hall-lives = 97% reduction; six half-lives = 98.5%

reduction),

Drug Half-lite {hr)
2-Chloreprocaine® 0.1
Procaine® 0.1
Tetracaing* ¢.3
Cocaine® 0.7
Prilocainet 1.6
LidocaineT 1.6
Mepivacainet 1.9
Articainef 2.0
Etidocainet 2.4
Bupivacainet 35
Propoxycaine” A

*Esber.

Famide.

NA, Mot available,

All local anesthetics readily cross the blood-brain bar-
ricr, They also readily cross the placenta and enter the
circulatory system of the developing fetus.

Metabolism (Biotransformation)

A significant difference between the two major classes of
local anesthetics, the esters and the amides, is the means
by which they undergo metabolic  breakdown,
Metabolism (or biotransformation) of local anesthetics is
important, because the overall toxicity of a drug depends
on a balance berween its rate of absorption into the
bloodstream at the site of injection and its rate of
removil from the blood through the processes of tissue
uptake and metabolism,

Ester Local Anesthetics

Ester local anesthetics are hydrolvzed in the plasma by
the enzyme psendocholinesterase” The rate at which
hydrolysis of different esters occurs varies considerably:

Drug Rate of hydrolysis (pmol/ml/hr}
Chloroprocaine 4.7
Procaine 1.1
Tetracaine 0.3

The rate of hydrolysis has an impact on the potential
toxicity of a local anesthetic, Chloroprrocaine, the most
rapidly hyvdrolyzed, is the least toxic, whereas fetrdcaine,
hydrolyzed 16 times more slowly than chloroprocaine,
has the greatest potential toxicity. Procaine undergoes
hydrolysis to paraaminobenzoic acid (PABA), which is
excreted unchanged in the urine, and to dicthylamino
alcohol, which undergoes further biotransformation prior
to excretion (Fig, 2-2). Allergic reactions that occur in
response o ester drugs are usually nof related to the par-
ent compound (e.g., procaine) but rather to PABA, which
is 1 major metabolic product of ester local anesthetics,

Approximately 1 out of every 2800 persons has an
atypical form of psendocholinesterase, which causes an
inahility to hydrolyze ester local anesthetics and other
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Fig. 2-2 Metabolic hydrolysis of procaine, PsChE, Pseudo-
cholinesterase. (From Tucker G Biotransformation and
toxfcity of local anestbefics, Acta Anaesthesiol Helg
266suppl): 123, 1975.)

chemically related drugs (e g, succinylcholine). ! Its pres-
ence leads to a prolongation of higher blood levels of the
local anesthetic and an increased potential for toxicity,

Succinylcholine is a shortacting muscle  relaxant
employed frequently during the induction phase of gen-
eral anesthesia. It produces respiratory arrest (apneid for
a period of approximately 2 to 3 minutes. Then plasma
pseudocholinesterase hydrolyzes succinylcholine, blood
levels fall, and spontancous respiration resumes, Persons
with atypical pseudocholinesterase are unable to
hvdralyze succinylcholine at a normal rate; therefore the
duration of apnea is prolonged. Atypical pseudo-
cholinesterase is a bereditary teait, Any familial history of
“difficulty” during general anesthesia should be carcfully
eviluated by the doctor prior to any dental care. A con
firmed or strongly suspected history, in the patient or
hiological family, of atypical pseudocholinesterase repre-
sents a relative contraindication to the use of ester local
anesthetics.

There are absolute and relative contraindications (o
drug administration. An absolide conrfraindication
infers that under no circumstance should this drug be

administered to this patient because the possibility of

potentially toxic or lethal reactions is increased. A rela-
tive contraindication means that the drug in question
may be administered to the patient after carefully weigh-
ing the risk of using the drug to its potential beneht, and
if an acceptable alternative drug is not available.
However, the smallest clinically effective dose should
always be used. There is a somewhat increased possibil-
ity of adverse reaction to this drug in this patient.
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Mean total body

Half-life clearance
Group {hr) {mil/kg/min)
Mormal 1.8 10
Heart failure 1.9 6.3
Hepatic disease 4.9 o
Renal disease 1.3 13.7

Data fram Thomesar PR, et al: Lidocaing pharmacokinetscs in
advanced heart fallure, liver disease, and renal failure in humans,
Anrt letern Med 784992513, 1973,

e = e

Amide Local Anesthetics

The metabolism of the amide local anesthetics (s more
complex than that of the esters, The primary site of bio-
transformation of amide drugs is the feer Virtually the
entire metabolic process occurs in the liver for lido-
caine, mepivacaine, articaine, etidocaine, and bupiva-
caine. Pritocaine undergoes primary metabolism in the
liver, with some also possibly occurring in the Jung, 1112

The rates of biotransformation of lidocaine, mepivi-
caine, articaine, etidocaine, and bupivacaine are guite sim-
ilar. Prilocaine undergoes more rapid biotranstormation
than the other amides, Liver function and hepatic perfu-
sion therefore significantly influence the rate of biotrans-
formation of an amide local anesthetic. Approximately
70% of a dose of injected lidocaine undergoes biotrans
formation in patients with normal liver function.”
Patients with lower than wsual hepatic blood flow
(hypotension, congestive heart failure )y or poor liver func-
tion (circhosis) are unable to biotranstorm amide local
anesthetics at a normal rate '3 This slower than normal
biotransformation rate leads to increased anesthetic
hlood levels and potentially increased toxicity, Significant
liver dysfunction (ASA 1V to VI) or heart failure (ASA TV o
VI represent a relative confraindication 1o the adminis-
tration of amide local anesthetic drugs (Table 2-2),

The biotranstormation products of certain local anes-
thetics are capable of producing significant clinical activ-
ity if permitted to accumulate in the blood. This is seen
in renal or cardiac failure and during periods of pro-
longed drug administration. A clinical example is the pro-
duction of methemoglobinemia in paticnts receiving
large doses of prilocaine or articaine. !5 Prilocaine, the
parent compound, cannot produce methemoglobinemia;
but orthotoluidine, a primary metabolite of prilocaine,
does induce the formation of methemoglobin, which is
responsible for methemoglobinemia, I methemoglobin
blood levels become elevated, clinical signs and symp-
toms will be observed, This is discussed more fully in
Chapter 10, Another example of pharmacologically
active metabolites is the sedative effect occasionally
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Fig. 2-3 Metabolic pathways of lidocaine. Percentages of dose found in urine are indicat-
ed in parentheses. (From Cousins JM, Bridenbaugh PO, editors: Meural blockade,

Phitadeiphia, 1980, B Lippincott )

abserved following lidocaine administration. Lidocaine
does not produce sedation; however, two metabolites—
monoethylglveinexylidide and glycinexylidide—are cur-
rently thought to be responsible for this clinical action.!”

The metabolic pathways of lidocaine and prilocaine
are shown in Figs. 2-3 and 2-4.

Excretion

The kidneys are the primary excretory organ for hoth
the local anesthetic and its metabolites. A percentage of
a given dose of local anesthetic drug will he excreted
unchanged in the urine. This percentage varics accord-
ing to the drug. Esters appear in only very small concen-
trations as the parent compound in the urine. This is

hecause they are hydrolyzed almost completely in the
plasma, Procaine appears in the urine as PABA (90%) and
2% unchanged, Ten percent of a cocaine dose is found in
the urine unchanged. Aniides are usually present in the
urine as the parent compound in a greater percentage
than are esters, primarily because of their more complex
process of biotransformation. Though the percentages of
parent drug found in urine vary from study to study, less
than 3% lidocaine, 1% mepivacaine, and 1% etidocaine
are found unchanged in the urine.

Patients with significant renal fmpairment may be
unable to eliminate the parent local anesthetic com-
pound or its major metabolites from the blood, resulting
in slightly elevated blood levels and an increased poten-
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and Hdocaine fn some arimal species, Acta Pharmacol
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tial for toxicity. This may occur with either the esters or the
amides and is especially likely with cocaine. Thus signil-
cant renal discase (ASA IV to VD) represents a redative con-
traindication 1o the administration of local anesthetics,
This includes patients undergoing renal dialysis and those
with chronic glomerulonephritis and/or pyelonephritis.

SYSTEMIC ACTIONS OF LOCAL
ANESTHETICS

Local anesthetics are chemicals that reversibly block
action potentials in all excitable membranes. The central
nervous system (CNS) and the cardiovascular system
(CVS) are therefore especially susceptible to their
actions, Most of the systemic actions of local anesthetics
are related to their Mood or plasma level, The higher the
level, the greater will be the clinical action,
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Centbucridine (a quinoline derivative), has proved to
be 5 to 8 times as potent a local anesthetic as lidocaine,
with an equally rapid onset of action as well as an equiv-
alent duration. 19 OF potentially great importance is the
finding that it does not affect the CNS or CVS adversely
except in very high doses, (Centbucridine is discusscd
maore fully in Chapter 19.)

Local anesthetics are absorbed from their site of
administration into the circulatory system, which effec
tively dilutes them and carries them to all cells of the
body. The blood level of the anesthetic depends on its
rate of uptake from its site of administration {nto the cir-
culatory system (increasing the blood level) and on the
rates of distribution in tissue and biotransformation (in
the liver), which remove the drug from the blood
(decreasing the blood levely.

Central Nervous System

Local anesthetics readily cross the blood-brain barrier.
Their pharmacological action on the CNS is depression.
At low (therapeutic, nontoxic) blood levels, there are no
CNS cffects of any significance. At higher (toxic, over-
dose) levels, the primary clinical manifestation is a gen-
eralized tonic-clonic convulsive episode. Between these
two extremes there exists a spectrum of other clinical
signs and symptoms. (See “Preconvulsive signs and symp-
toms,” on the next page.)

Anticonvulsant Properties

some local anesthetics (procaine, lidocaine, mepivi-
caine, prilocaine, and even cocaine) have demonstrated
anticonvulsant properties. 22! These occur at a blood
level considerably befow that at which the same drugs
produce seizure activity, Values for anticonvulsive blood
levels of lidocaine follow*#:

Clinical situation Blood level

0.5 ta 4 pg/mi
4.5 to 7 pg/ml
=7.5 pg/mi

Anticanvulsive level
Preseizure signs and symploms
Tonic-clonic seizure

Procaine, mepivacaine, and lidocaine have been used
intravenously to terminate or decrease the duration of
both grand mal and petit mal seizures, 2243 The anticon-
vulsant blood level of lidocaine (about 1 to 4.5 pg/ml) is
very close to its cardiotherapeutic range (see the follow-
ing materialy. It has been demonstrated to be effective in
temporarily arresting seizure activity in majority of
human epileptics. 2 It was especially effective in inter-
rupting status epilepticus at therapeutic doses of 2103
mg/kg given at a rate of 40 to S0 mg/min,

Mechanism of anticonvulsant properties  Epi-
leptic patients possess hyperexcitable cortical neurons
at a site within the brain where the convulsive episode
originates (epileptic focus). Local anesthetics, by their
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depressant actions on the CN5, raise the seizure thresh-
old by decreasing the excitability of these neurons, there-
by preventing or terminating seizures,

Preconvulsive Signs and Symptoms

With a further increase in the blood level of a local anes-
thetic above its “therapeutic” value, adverse actions may
be observed, Because the CNS is much more susceptible
tor the actions of local anesthetics than other systems, it
is not surprising that the initial clinical signs and symp-
toms of overdose (toxicity) are CNS in origin, With lido-
caine this second phase is observed at a level berween
4.5 and 7 pg/ml in the average normal healthy patient.”
Initial clinical signs and symproms of CNS toxicity are
usually excitador)y in nature:

Signs Symptoms

(objectively observable) (subjectively felt)

Mumbness af tongue and
circumaral region

Warm, flushed feeling of skin

Pleasant dreamlike state

Slurred speech
Shivering
Muscular bwitching

Tremor in muscles of

face and distal extremities Generalized light-headedness
Dizziness

Visual disturbances (inability to
focus)

Auditory disturbance (tinnitus)
Direnarsiness
Dizorientation

These clinical signs and symptoms are all related to
the direct depressant action of the local anesthetic on
the CNS, except for the sensation of circumoral and lin-
gual numbness, Numbness of the tongue and circumaoral
regions is nef caused by the CNS effects of the local
anesthetic drug.2% Rather it is the result of a direct anes-
thetic action of the drug, which is present in high con-
centrations in these highly vascularized tissues, on free
nerve endings. The anesthetic has been transported to
these tissucs by the CVS A dentist might have difficulty
conceptualizing why anesthesia of the tongue is consid-
ered to be a sign of a toxic reaction when lingual anes-
thesia is commonly produced  following  mandibular
nerve blocks. Consider for a moment a physician admin-
istering a local anesthetic into the patient’s foot. Overly
high blood levels would produce a bifateral numbness
of the tongue, as contrasted to the usual wndflaleral ancs-
thesia seen following dental nerve blocks,

Lidocaine and procaine differ somewhat from other
local anesthetic drugs in that the usual progression of
signs and symptoms just noted may pof be scen. Lidocaine

“Incliviclual variadon in response to drugs, as depicted in the normal dis-
tribution curve, may produce clinical symptoms at levels lower than
these (in hyperresponders) or may Gil 1o produce them at bigher lev-
els fin hyporesponcders),

and procaine frequently produce an initial mild sedation
or drotesiness (more common with lidocaine), =®

sedation may develop in place of the excitatory signs,
If either excitation or sedation is observed in the imitial 5
to 10 minutes following the intraoral administration of a
local anesthetic, it should serve as a warning to the clin-
ician of a rising local anesthetic blood level and the pos-
sibility (if the blood level continues to rise) of 4 more
serious reaction, possibly leading to a generalized con-
vulsive episode.

Convulsive Phase

Further elevation of the local anesthetic blood level pro-
duces clinical signs and symptoms consistent with a gen-
eralized tonicclonic convulsive episode, The duration of
seizure activity is related to the local anesthetic level in
the blood and inversely related to the arterial Poo,
level 27 At i normal Poo, a lidocaine bloed level between
7.5 and 10 pg/ml will usually result in a4 convulsive
episode, Where €O, levels are increased, the amount of
local anesthetic necessary for seizures will be decreased
while the duration of the seizure will be increased.
Seizure activity is generally selllimiting, since cardiovas-
cular activity usually is not significantly impaired and bio-
transformation and redistribution of the local anesthetic
continue  throughout the episode, This results in a
decrease of the anesthetic blood level and termination of
selzure activity,

However, several other mechanisms are also at work
that unfortunately act to prolong the convulsive episode,
Both cerebral blood flow and cerebral metabolism
increase during local anesthetic-induced  convulsions,
Increased blood flore to the brain leads to an increase in
the volume of local anesthetic delivered o the brain,
tending to prolong the secizure. fncreased cevebral
metabolism leads to a progressive metabolic acidosis as
the seizure continues, and this tends to prolong the
seizure activity (by fotwerfng the blood level of anesthet-
ic required to provoke a scizure), even in the presence ol
a declining local anesthetic level in the blood. As noted
in Tables 2-3 and 2-4, the dose of local anesthetic
required 1o induce seizures is markedly diminished in
the presence of hypercarbia (Table 2-3) and/or acidosis
(Table 2-4).<7-8

Further increases in local anesthetic blood level result
in a cessation of seizure activity, Electroencephalo-
graphic {(EEG) tracings become flattened, indicating
generalized CNS depression. Respiratory  depression
occurs at this tme, leading eventually to respiratory
arrest if the anesthetic blood levels continue Lo rise.
Respiratory effects are a result of the depressant action
of the local anesthetic drug on the CNS.

Mechanism of preconvulsant and convulsant
actions It is known that local anesthetics exert a
depressant action on excitable membranes, yet the pri-



CD o (Mg/kg) Percent
Pcog Pco; change
.Ielg ent (25-4‘:‘ tﬂ"] {65'31 to I'r:l in CD [0

Procaine 35 17 51
Mepivacaine 18 10 44
Prilocaine 22 12 45
Lidocaine 15 7 a3
Bupivacaine 5 2.5 50

Data from Englesson 5, Grevsten 5, CMin & Some numerical methods
of estimating acid-base variables in normal hurman blood with a
haemaglobin concentration of 5 g-100 cm 2 Scand | Lab in invest
12,289-295, 1973,

pH7.10 pH7.20 pH730 pH 7.40
Peay, 30 - 27.3 26.6
Pcog 40 - 20.6 21.4 220
Poo, 60 13.1 15.4 17.5 —
Pco, 80 11.3 14.3 — —

Fram Engiesson 5 The influence of acid-base changes on central ner-
vous toxicity of local gnaesthetic agents, Acta Angesth Scand
18:88-103, 1974,

slatravenaus lidocaine 5 mglkgimin, cats; doses in mg/ka.

mary clinical manifestation associated with high local

anesthetic blood levels is related to varying degrees of

CNS stimulation. How can a drug that is primarily a CNS
depressant be responsible for the production of varying
degrees of ChS stimulation. including tonic-clomic
seizure activitv? It is thought that local anesthetics pro-
duce clinical signs and symptoms of CNS excitation
(including convulsions) through a selective blockade of
inhibitory pathways in the cercbral cortex.2*3 de Jong
states that “inhibition of inhibition thus is a presynaptic
event that follows local anesthetic blockade of impulses
traveling along inhibitory pathways." 34

The cerchral cortex has pathways of nearons that are
essentially inhibitory and others that are facilitory {exci-
tatorv). A state of balance is normally  maintained
between the degrees of effect exerted by these neuromal
paths (Fig. 2-5). At precontulsant ancsthetic blood levels,
the observed clinical signs and symptoms are produced
hecause the local anesthetic selectively depresses the
action of inhibitory neurons (Fig. 2-6). The state of bal-
ance is then tipped slightly in favor of excessive facilito-
ry (excitatory) input, leading to the feeling of tremaor and
slight agitation,
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Facilitory
impulse

Inhibitory
impulse

Fig. 2-5 Balance between inhibitory and facilitory impulses
in a4 normal cerebral cortex.

Facilitory
impulse

Inhibitory

imp'..l|5.&

Fig. 2-6 In the preconvulsive stage of local anesthetic
action, the inhibitory impulse is more profoundly depressed
than the facilitory impulse.

At higher (convulsive) blood levels the inhibitory
neuron function is entirely depressed, allowing facilitory
neurons to function unopposed (Fig. 2-7). Pure facilitory
input without inhibition produces the tonic-clonic activ-
ity observed at these levels.

Further increases in anesthetic blood level lead to
depression of the facilitory as well as the inhibitory path-
ways, producing generalized CNS depression (Fig. 2-8}).



32 PART ONE The Drugs

X
F
¥
i
Inhibitory Facilitary
impulse imgulse

Fig. 2-7 In the convulsive stage of local anesthetic action,
the inhibitory impulse is totally depressed, permitting unop-
posed facilitory impulse activity,

The precise site of action of the local anesthetic within
the CNS is not known but is thought 1o be either at the
inhibitory cortical synapses or directly on the inhibitory
cortical neurons,

Analgesia

There is a second action that local anesthetics possess in
relation to the CNS. Administered intravenously, they
incredase the pain reaction threshold and also produce a
degree of analgesia,

In the 19405 and 1950s procaine was administered
intravenously for the management of chronic pain and
arthritis.?® The procaine wndt was commonly used for
this purpose; it consisted of 4 mg/ig of body weight
administered over 20 minutes. The technigue was inel-
fective for acute pain. Because of the relatively narrow
safety margin between procaine’s analgesic actions and
the occurrence of signs and symproms of overdose, this
technigue is rarcly used today.

Mood Elevation

The use of local anesthetic drugs for mood elevation and
for rejuvenation has persisted for centuries, despite doc-
umenation of both catastrophic events (mood elevation)
and a lack of effect (rejuvenation),

Cocaine has long been used for both its euphoria-
inducing and fatigue-lessening actions, dating back to the
chewing of coca leaves by Incans and other South
American natives. >335 Unfortunately, as is well known
today, the prolonged use of cocaine leads to habituation.
William Halsted, the father of American surgery, cocaine
researcher, and the first person to administer a local anes-
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Fig. 2-8 In the final stage of local anesthetic action, both
inhibitory and facilitory impulses are totally depressed, pro-
ducing generalised CNS depression.

thetic nerve block, sutfered greatly because of an addic-
tion to cocaine ** In more modern times the sudden,
unexpected deaths of several prominent athletes due to
cocaine, and the addiction of many others, clearly
demonstrate the dangers involved in the casuval use of
potent drugs,

More benign, but totally unsubstantiated, is the use of
procaine (hovocain) as a rejuvenating drug. Clinics pro-
fessing to “restore youthful vigor” claim that procaine is a
literal Fountain of Youth. These clinics operate primarily
in central Europe and Mexico, where procaine is used
under the proprietary name “Gerovital” de Jong states
that “whatever the retarding effect on aging. it probably

is relegated most charitably to mood elevation"3”

Cardiovascular System

Local anesthetic drugs have a direcd action on the
myocardium and peripheral vasculature, In general, how-
ever, the cardiovascular system appears to be more resis-
tant to the effects of local anesthetic drugs than is the
CNSH (Table 2-5),

Direct Actions on the Myocardium
Local anesthetics modify electrophysiological events in
the myocardium in @ manner similar to their actions on
peripheral nerves. As the anesthetic blood level increas-
¢s, the rate of rise of various phases of myocardial depo-
larization is reduced. There is no significant change in
resting membrane potential, and no significant prolonga-
tion of the phases of repolarization. >

Local anesthetics produce a depression ol the
mvocardium related to the anesthetic level in the blood,



Local anesthetic drug action decreases clectrical
excitability of the myocardium, decreases the conduc
tion tate, and decreases the force of contraction, #0-42
Therapeutic advantage is taken of this depressant
action in managing the hyperexcitable myocardium,
which manifests itself as various cardiac dysehythmias.
Although many local anesthetics have demonstrated anti-
dysrhythmic actions in animals, only procaine and Helo-
caine have gained significant clinical reliability in
humans, Lidocaine is the most widely used and inten-
sively studied local anesthetic in this regard,B.26,43.44
Procainamide is the procaine molecule with an amide
linkage replacing the ester linkage. Because of this it 15
hydrolyzed much more  slowly  than procaine. 43
Tocainide, a chemical analogue of lidocaine, was intro-
duced in 1984 as an oral antidyschythmic drug since lido-

€Dyo0 LDyoyp  LDyoo/CDvoo
Agent (mg/kg) (mg/kg) ratio
Lidocaine 22 76 3.5
Etidocaine B 40 5.0
Bupivacaine 4 20 5.0
Tetracaine 5 27 5.4

Data from Lin P, et al: Acote cardiovascular toxicity of intravenous
amide local anesthetics in anesthetized ventilated dogs, Anesth
Araig 61:3717-322, 1982,

Signs

Low to moderate overdose levels
Caonfusion

Talkativeness

Apprehension

Excitedness

Slurred speech

Ceneralized stutter

Muscular twitching and tremar of the face and extremities
Mystagmus

Elevated blood pressure

Elevated heart rate

Elevated respiratory rate

Moderate to high blood levels
Generalized tonic-clonic seizure, followed by:
Generalized CNS depression
Depressed blood pressure, heart rate, and respiratory rate

From Malamed 5F: Medical emergencies in the denital office, ed 4, 5t Louis, 1993, Mosby-Year Boak.
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caine is ineffective following oral administration, "
Tocainide is also effective in ventricular dysrhythmias
hut is associated with a 40% incidence of adverse effects
including nausead, vomiting, tremor, paresthesias, agranu-
locytosis, and pulmonary fibrosis. 7 4% Tocainide worsens
symptoms of congestive heart failure in about 5% of
patients and may provoke dysrhythmias (is prodysehyth-
mic) in from 1% to 8%

Levels of lidocaine in the blood that normally occur fol-
lowing intraoral injection of one or two dental cartridges
(0.5 to 2 pg/mb are not associated with cardiodepressant
activity, Increasing lidocaine blood levels slightly is still
pontoxic and is associated with antidysrhythmic actions,
Therapeutic blood levels of lidocaine for antidysrhythmic
activity range from 1.8 to & pg/ml 301

Lidocaine is usually administered intravenously in a
holus of 50 to 100 mg at a rate of 25 to 50 mg/min. This
dose is based on 1 mg/kg of body weight and frequently
is followed by a continuous 1Y infusion of 2 to 4 mg/min,
Signs and symptoms of local anesthetic overdose will be
noted if the blood level rises beyond 6 pe/ml of blood 3"

Lidacaine is used clinically primarily in the manage-
ment of PYCs and ventricular tachycardia, It is also used
as a fundamental drug in advanced cardiac life support
and in managing cardiac arrest caused by ventricular fib-
rillation, 54

Direct cardiac actions of local anesthetics at blood
levels greater than the therapeutic (antidysrhythmic)
level include a decrease in myvocardial contractility and
decreased cardiac output, both of which lead to circula-
tory collapse ClTable 2-5).

Table 2-6 summarizes the CNS and cardiovascular
effects of increasing local anesthetic blood levels.

Symptoms
Headache
Lightheadedness
Dizziness

Blurred vision, unable to focus

Ringing in ears

Mumbness of tongue and perioral tissues
Flushed or chilled feeling

Drowwsiness

Disorientation

Loss of consciousness
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Direct Action on the Peripheral Vasculature

Cocaine is the only local anesthetic drug that consistent-
lv produces pasoconstriction at commonly emploved
dosages.? Ropivacaine ciuses cutineous vasoconstric-
tion, whereas its congener bupivacaine produces vasodi-
lation.5* All other local anesthetics produce a peripheral
tetsodtlation, through relaxation of the smooth muscle
in the walls of blood vessels, This results in an increased
blood flow to and from the site of local anesthetic depo-
sition (Table 2-13. The increase in local blood flow
increases the rate of drug absorption, which in turn leads
o a decreased duration of local anesthetic action,
increased bleeding in the treatment area, and increased
local anesthetic blood levels (with a greater possibility of
[OXICItY ).

Table 2-7 provides examples of peak blood levels
achieved following local anesthetic injection with and
without the presence of a vasopressor, 3555

The primary effect of local anesthetics on blood pres-
sure is bypofension. Procaine produces hyvpotension
maore [requently and to a more profound degree than
does lidocaine; 50% of patients in one study receiving
procaine became hvpotensive, compared with 6% of
those receiving lidocaine 57 This action is produced by
dircct depression of the myvocardium and smooth muscle
relaxation in the vessel walls by the local anesthetic,

In summary. negative eflects on the cardiovascular
system are not noted until significantly elevated local
anesthetic blood levels are reached, The usual sequence
of local anesthetic-induced actions on the cardiovascu-
lar system is as follows:

At nonoverdose fevels there is a slight increase or no
change in blood pressure because of increased car-
diac output and heart rate, as a result of enhanced
sympathetic activity; and there is direct vasoconstric-
tion of certain peripheral vascular beds.

At levels approgaching, vet stifl below, overdose level a
mild degree of hypotension is noted, this is pro-
duced by a direct relaxant action on the vascular
smooth muscle.

At overdose fevefs there is profound hypotension
caused by decreased myvocardial contractility,
decreased cardiac output, and decreased peripheral
resistance,

At fethal fevels cardiovascular collapse is noted. This is
caused by massive peripheral vasodilation, decreased
myocardial contractility, and decreased heart rate
(sinus bradveardia).

Certain local anesthetics such as bupivacaine (and o
a lesser degree ropivacaine and etidocaine) may precipi-
tate potentially fatal ventricular fibrillation, 58.59

Local Tissue Toxicity

Skeletal muscle appears to be more sensitive to the local
irritant propertics of local anesthetics than other tissues,
Intramuscular and intraoral injection of lidocaine, mepiv-
acaine, prilocaine, bupivacaine, and etidocaine can pro-
duce skeletal muscle alterations. ®63 [t appears that the
longer-acting local anesthetics cause more localized
skeletal muscle damage than shorteracting drugs. The
changes occurring in skeletal muscle are reversible, with
muscle regeneration being complete within 2 weeks fol-
lowing local anesthetic administration. These muscle
changes have not been associated with any overt clinical
signs of local irritation.

Respiratory System

Local anesthetic drugs exert a dual effect on respiration,
At nonoverdose levels they have a direct relaxant action
on bronchial smooth muscle; at overdose levels they may
produce respiratory arrest as a result of generalized CNS
depression. In general, respiratory function is unaffected

Epinephrine Peak level

Injection site Anesthetic {mg) dilution (Hg/mi)
Infiltration Lidocaine 400 None - 2.0
Infiltraticon Lidocaine 400 1: 200,000 1.0
Intercostal Lidocaine 400 Mone 6.5
Intercostal Lidocaine 400 1:200,000 5.3
Intercostal Lidocaine 400 1:80,000 4.9
Infiltration Mepivacaine 5 mg/keg Mane 1.2
Infiltration Mepivacaine 5 mglky 1:200,000 0.7

Data from Kopacz D, Carpenter RL, Mackay DL: Effect of rophvacaine on cutaneous capillary flow in pigs, Anesthesiofogy 71:69, 1989; Scott D, et al;
Factars affecting plasma levels of lignocaine and prilocaine, 8¢ ) Angesth 44:1040.104%, 1972; Dubner KG, et al; Blood levels of mepivacaine after

regicnal anaesthaesia, Brj Anaesth 37:-746.752, 1965,

———— =




by local anesthetic drugs until near overdose levels are
achieved.

Miscellaneous Actions

Neuromuscular Blockade

Many local anesthetics have been demonstrated to block
neuromuscular transmission in humans, This is a result of
the inhibition of sodium diffusion through a blockade of
sodium channels in the cell membrane. This action is nor-
mally slight and usually clinically insignificant. On occit-
sion. however, it can be additive to that produced by both
depolarizing (e.g., succinylcholine) and nondepolarizing
{e.g., curare) muscle relaxants, and this may lead to
abnormally prolonged periods of muscle paralysis. Such
actions are unlikely to occur in the dental outpatient.

Drug Interactions

In general, CNS depressants (¢.g., opioids, antianxiety
drugs, phenothiazines, and barbiturates), wlhen adminis-
tered in conjunction with local anesthetics, lead to
potentiation of the CNS-depressant actions of the local
anesthetic. The conjoint use of local anesthetics and
drugs that share a common metabolic pathway can pro-
duce adverse reactions. Both ester local anesthetics and
the depolarizing muscle relaxant succinylcholine
require plasma  pseudocholinesterase for hyvdrolysis.
Prolonged apnea may result from the concomitant usc
of these drags.

Drugs that induce the production of hepatic microso-
mal enzymes (e.g., barbiturates) may alter the rate at
which amide local anesthetics are metabolized.
Increased hepatic microsomal enzyme induction will
increase the rate of metabolism of the local anesthetic.

Malignant Hyperthermia

Malignant hyperthermia (MH; hyperpyrexia) is a phar-
macogenic disorder in which a genetic Aariant in the
individual alters that person’s response to certain drugs,
Acute clinical manifestations of MH include tachycardia,
tachypnea, unstable blood pressure, cyanosis, respiratory
and metabolic acidosis, fever (as high as 1087 F [42° (]
or more), muscle rigidity, and death. Mortality ranges
from 63% to 73%. Many commaonly used anesthetic drags
can trigger MH in certain individuals,

Until recently the amide local anesthetics were
thought to be capable of provoking MH and were con-
sidered to be absolutely contraindicated in MH-suscepti-
ble patients.®  Information  from the Malignant
Hyperthermia Association of the United States, however,
has raised considerable doubt about this.®*% The pres-
ence of MH is considered today a refative contraindica-
tion to local anesthetic administration. Ester local anes-
thetics may be administered with no increase in risk
when a familial history of MH is known, These include
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procaine/propoxycaine, tetracaine, and chloroprocaine,
MH is discussed in some detail in Chapter 1,
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All clinically effective injectable local anesthetics pos-
sess some degree of vasodilating activity. The degree of
vasodilation varies from significant (procaine) to mini-
mal (prilocaine, mepivacaine) and may vary with injec-
tion site and individual patient response. After local
anesthetic injection into tissues, blood yvessels in the
area dilate, resulting in an increased blood flow 1o the
site, This increase in perfusion leads to the following
reactions:

1. Increased rate of absorption of the local anesthetic
into the cardiovascular system, which in turn
removes it from the injection site

2. Higher plasma levels of the local anesthetic, with an
attendant increased risk of local anesthetic toxicity

3. Decreased duration of action and decreascd depth of
anesthesia because it diffuses away from the injec-
tion site more rapidly

4. Increased bleeding at the site of local anesthetic
administration due to increased perfusion

Vasoconstrictors are drugs that constrict blood ves
sels and thereby control tissue perfusion. They are added
to local anesthetic solutions to oppose the vasodilating
actions of the local anesthetics, Vasoconstrictors arc
highly important additions to a local anesthetic solution
for the following reasons:

1. By constricting blood vessels, vasoconstrictors
decrease blood flow (perfusion) to the site of
injection.

2. Absorption of the local anesthetic into the cardio-
vascular system is slowed, resulting in lower anes-

thetic blood levels. 2 Table 3-1 illustrates levels ol
local anesthetic in the blood with and without a
VASOCONSITICTOrn,
3. Lower local anesthetic blood levels decrease the risk
of local anesthetic toxicity,
4. Higher volumes of the local anesthetic agent remain in
and around the nerve for longer periods, thereby in-
creasing (in some cases significantly.® in others mini-
mally®y the duration of action of most local anesthetics.
vasoconstrictors decrease bleeding at the site of
their administration and are useful, therefore, when
increased bleeding is anticipated (i.e., during a surgi-
cal procedure), 39

wlN

The vasoconstrictors used in conjunction with inject-
ed local anesthetics are chemically identical or quite sim-
ilar to the sympathetic nervous system mediators epi-
nephrine and norepinephrine, The actions of the vaso-
constrictors so resemble the response of adrenergic
nerves to stimulation that they are classified as symipufino-
mimetic, or adrenergic, drugs. These drugs have many
clinical actions besides vasoconstriction.

L

sympathomimetic drugs may also be classified accord-

ing to their chemical structure and mode of action.

CHEMICAL STRUCTURE

Classification of sympathomimetic drugs by chemical
structure is related to the presence or absence ol a cate-
chol nucleus. Catechol is orthodihydroxybenzene,

37
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sympathomimetic drugs that have hydroxyl (OH) substi-
tutions in the third and fourth positions of the aromatic
ring are termed cafechols.

HO) T""*‘mc-c

[ _""'\-\,\_\_H__:_‘___-"f-"'

If they also contain an amine group (NH,) attached to
the aliphatic side chain, they are then called cafe-
cholamines, Epinephrine, norepinephrine, and dopa-
mine are the naturally occurring catecholamines of the
sympathetic nervous system, Isoproterenol and  levo-
nordefrin are synthetic catecholamines.

Vasoconstrictors not possessing OH groups in the
third and fourth positions of the aromatic molecule are
not catechols, but all are amines because they have an
NH, group attached to the aliphatic side chain,

Catecholamines Moncatecholamines
Epinephrine Amphetamine
MNorepinephrine hMethamphetamine
Levanordefrin Ephedrine

lsoproterenal hephentermine

Dopamine Hydroxyamphetamine
hAetaramino
methoxamine

Phenylephrine

Felypressin, a synthetic analogue of the polypeptide
vasopressin Gintidiuretic hormone), is available in many
countries as a4 vasoconstrictor, At present (September
19953, however, it is not available in the United States.

MODES OF ACTION

There are three categories of sympathomimetic amines:
(1) divect-acting drugs, which exert their action directly
on adrenergic receptors; (2) indirect-acting  drugs,
which act by releasing norepinephrine from adrencrgic
nerve terminals: and (3) mived-acting drugs, with both
direct and indirect actions,

Peak level {pg/mil)

Local Dose Without With
anesthetic (mg) vasoconstrictor  vasoconstrictor
Mepiuacaiﬁi_z 500 . 47 3
Lidocaine A00 4.3 3
Prilocaine 400 28 2.6

Etidacaine 300 1.4 1.3

Direct-acting Indirect-acting Mixed-acting
Epinephrine Tyramine Metaraminol
Morepinephrine Amphetamine Ephedrine

Levonardefrin hethamphetamine
Isaproterenc Hydroxyamphetamine
Dopamine

Methoxamine

Phenylephrine

Adrenergic Receptors

Adrenergic receptors are found in most tissues of the
hody. The concept of adrenergic receptors was proposed
by Ahlquist in 1948 and is well accepted today.” Ahlguist
recognized two types of adrenergic receptors, termed
alpha (o) and bete () based on the inhibitory or exci-
tatory actions of the catecholamines on smooth muscle,

Activation of a receptors by a svmpathomimetic drug
usually produces a response that includes the contrac-
tion of smooth muscle in blood vessels (vasoconstric-
tion), Based on differences in their function and location,
a receptors have since been subcategorized. Whereas a
receplors are excitory-posisynaptic, o, receptors are
inhibitory-postsynaptic,®

Activation of B receptors produces smooth muscle
relaxation (vasodilation and bronchodilation) and car-
dize stimulation (increased heart rate and strength of
contractions),

Beta receptors are further divided into 8, and &, —the
former is found in the heart and small intestines and
responsible for cardiac stimulation and lipolysis; the lat-
ter is found in the bronchi, vascular beds, and uterus and
produces bronchodilation and vasodilation 42

Table 32 illustrates the differences in the varying
degrees of o and 8 receptor activity of three commionly
used \-':Iﬁt.ll‘.i]ﬂ.‘ill’i{_'IUrﬁ.

Table 3-3 lists the systemic effects, based on o and §
receptor activity, of the sympathomimetic drugs,

Release of Catecholamines

Other sympathomimetic drugs, such as tyramine and
amphetamine, act indirectly by causing release of the
catecholamine norepinephrine from stores in the adren-

Drug £y ez M Az
EFIi!"IEFll'IriH'E ik ofe e 4 +++
Morepinephrine ++ ++ ++ +
Levonordefrin + - T +

From |astak [T, Yagiela |A, Donaldson 0 Coca! anestiesio of the aral
cavity, Philadelphia, 1995, WB Saunders.

Redative potency of drugs is indicated as follows: +++ = high,
i+ = intermediabe, and + = oW




Effector organ
or function

— —

Cardiovascular system

Epinephrine  Norepinephrine

-

Heart rate -

Stroke volume b 4
Cardiac output gk 0, -
Arrhythmias +—tt 4+
Coronary blood Hlaw ¥ e

Blood pressure

Systohc arterial +44 —++
hMean arterial + -+
Diastolic arterial ¢, 0, -
Peripheral circulation
Total peripheral

resistance - ++
Cerebral blood tlow + 0,—
Cutaneous blood tiow =
Splanchnic blood flow +++ 0.+
Respiratory system
Bronchodilation +4+ {
Cenitourinary system
Renal blood flow - =
Skeletal muscle
huscle blood flow bt 4 P
Metabolic effects
Chygen consumption ++ 0,
Blood glucose F4+ 0,+
Blood lactic acid 44 0.+

Alter Goldenberg M, Aranow H [, Smith AA, Faber M: Pheachromao-
cytoma and essential hypertensive vascular disease, Arch fotern
aded B6:82%-536, 1850,

crgic nerve terminals, In addition, these drugs may also
exert a direct action on o and B receptors.

The clinical actions of this group of drugs are there-
fore quite similar o the actions of norepinephrine.
Successively repeated doses of these drugs will prove 1o
be less effective than those given previously because of
the depletion of norepinephrine stores. This phenome-
non is termed fachypbylaxis and is not seen with drugs
that act directly on adrenergic receplors,

DILUTIONS OF
VASOCONSTRICTORS

The dilution of vasoconstrictors is commaonly referred to
as a ratio (e.g., 1o 1000 [written 1:1000] ), Because max-
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imum doses of vasoconstrictors are presented in mil-
ligrams, the following interpretations should enable the
reader to convert these terms readily:

o 11000 means that there is 1 gram (or 1000 mg) of
solute (drug) contained in 1000 ml of solution,

o Therefore a 1: 1000 dilution contains 1000 mg in TOO0
ml or 1.0 mg/ml of solution,

Vasoconstrictors used in dental local anesthetic solu-
tions are much less concentrated than the 1:1000
described above. To produce these more dilute, clinical-
Iy safer, vet quite effective dilutions, the 11000 dilution
must be diluted further. This process is described below:

 To produce a 1:10,000 dilution, T ml of a 1:1000 solu-
tion is added 1o 9 ml of solvent (e.g., sterile water);
therefore 1:10,000 = 0.1 mg/ml.

« To produce a 1;100,000 dilution, 1 mlof a 1:10,000
dilution is added to 9 ml of solvent; therelore
L= 1000000 = .01 me/ml.

The milligram per milliliter values of the various vaso-
constrictor dilutions used in medicine and dentistry fol-

low:
Milligrams per

Dilution milliliter Therapeutic use

1:1,000 1.0 Emergency medicine {30
anaphylaxis}

1:2,500 0.4 Phenylephrine

1:10,000 0.1 Emergency medicine (1Y cardia
arrest)

1:20,000 0,05 Levonordefrin

1:30,000 0033 Morepinephrine

1:50,000 0.02 Local anesthesia

| 180, 000 0.0125 Local anesthesia (United
Kinqdom)

| 100,000 0.01 Local anesthesia

1:200,000 0,005 Local anesthesia

The genesis of vasoconstrictor dilutions in local anes-
thetics began with the discovery of adrenalin in 1897 by
Abel, In 1903 Braun suggested using adrenalin as
“ehemical tourniguet” to prolong the duration of local
anesthetics. ! Braun recommended the use of a 110,000
dilution of epinephrine, ranging to as great as 1:100,000,
for use with cocaine when used for nasal surgery. It
appears, currently, that a dilution of 1:200,000 provides
comparable results, with fewer systemic side effects of
epinephrine. The 1:200,000 dilution, which contains 5
p/ml (or 0.005 mg/mb), has become widely used in both
medicine and dentistry and is currently found in arti-
caine, prilocaine, lidocaine (not in the United States,
September 1995), etidocaine, and bupivacaine.

Though the most used vasoconstrictor in both medi-
cine and dentistry, epinephrine is not an ideal drug, The
benefits to be gained from adding a vasoconstrictor to a
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local anesthetic solution must be weighed against any
risks that might be present. Epinephrine is absorbed
from the site of injection, just as is the local anesthetic,
Measurable epinephrine blood levels are obtained,
which influence the heart and blood vessels. Resting
plasma epinephrine levels (39 pg/mly are doubled ol
lowing the administration of one cartridge of lidocaine
with 1100000 cpinephrine'! The elevation of epi-
nephrine plasma levels is linearly dose-dependent and
persists from several minutes to half an hour !4 Contrary
tr a previously held position that the intraormal adiminis-
tration of “usual” volumes of epinephrine produced no
cardiovascular response and that patients were more at
risk from endogenously released epinephrine than they
were [rom exogenously administered epinephrine, 13-4
recent evidence demonstrates that epinephrine plasma
levels equivalent to those achieved during moderate (o
heavy exercise may occur following intraoral injec-
tion, %10 These are associated with moderate increases
in cardiac output and stroke volume (see the [ollowing
section). Blood pressure and heart rate are minimally
affected at these dosages 17

[n patients with preexisting cardiovascular or thyvroid
disease, the side cffects of absorbed epinephrine must be
weighed against those ol elevated local anesthetic blood
levels, It is currently thought that the cardiovascular
effects of conventional cpinephrine doses are of little
practical concern, even in patients with heart discase.'*
However, even lollowing usual precautions (aspirtation,
slow injection), sufficicnt epinephrine can be absorbed
Loy cause sympathomimetic reactions such as apprehen-
sion, tachyveardia, sweating, and pounding in the chesi
{palpitation), the so-called "epinephrine reaction ™15

[ntravascular administration  of  vasoConsirictors  as
well as their administration to “sensitive” individuals
Chyperresponders), or the occourrence of unanticipated
drug-drug interactions can, however, produce signibcant

clinical manifestations. Intravenous  administcation of

0.015 mg of epinephrine with lidocaine results in
increases in the heart rate ranging from 25 o 70 beats
per minute, with elevations in the systolic blood from 20
to 7O mum Hg 'S99 Occasional rhythm disturbances
MLy also be observed, [rreimEarure ventricular contriac-
tions (PYCs) being the most often noted.

Other vasoconstrictors used in medicine and den-
tistry include norepinephrine, phenylephrine, levo-
nordefrin, and octapressin, Novepdnepbrine, lacking
significant &, actions, produces intense peripheral

vasoconstriction with possible dramatic elevation of

blood pressure, and is associated with a side effect
riatio nine times higher than that of epinephrine. 2!
Although currently available in many countries in local
anesthetic solutions, norepinephrine’s use as a vaso-
pressor in dentisiry is not recommended, The use of a
mixture of epinephrine and norepinephrine is to be

absolutely avoided, 22 Phenylepbrine, a pure a-adrener-
gic agonist, theoretically possesses advantages over
other vasoconstrictors. However, in clinical trials peak
blood levels of lidocaine were actually higher with
phenylephrine 1:200000 (2.4 pg/mbD than with epi-
nephrine 1:2000000 (1.4 pg/miy2® The cardiovascular
cilfects of fevonardefrin most closely resemble those
of norepinephrine = Octapessin was shown o be
about as effective as epinephrine in reducing cuta-
neous blood flow.®

Epinephrine remains the most effective and  most
uscd vasoconstrictor in medicine and dentistry,

PHARMACOLOGY OF SPECIFIC
AGENTS

The pharmacological actions of the svimpathomimetic
amines commaonly used as vasoconstrictors in local anes-
thetics are reviewed, Epinepbrine is the most useful and
hest example of a drug that mimics the activity of sym-
pathetic discharge. lis clinical actions are therefore wor-
thy of an in<depth review. The actions of other drugs are
compared with those of epinephrine.

Epinephrine

Proprictary name  Adrenaling

Chemical structure Epinephrine as the acid salt is
highly seluble in water. Slightly acid solutions are rela-
tively stable if they are protected from air. Deteriorition
(through oxidation) is hastened by heat and the pres-
ence of heavy metal ions, Sodivon Bisulfite is usually
added o epmephrine solutions 1o delay this deterion-
tion, The shelf lite of a local anesthetic cartridge con-
taining a vasoconstrictor is somewhat shorter than that
vl a cartridge containing no vasoconstrictor,

L
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Source Epinephrine is available as a synthetic and is
also obtained from the adrenal medulla of animals
(approximately 80% of adrenal meduallary secretions
being epinephrine). It exists in both levorotatory and
dextrorotatory forms; the levorotatory form is approxi-
mately 15 times as potent as the dextrorotatory.

Mode of action Epinephrine acts directly on both
- and Fadrenergic receplors; 3 effects predominate.

Systemic Actions
Myocardium  Epincphrine stimulates the 5, recep-
tors of the myocardium, There is a positive inotropic



(force of contraction) and positive chronotropic (rate of
contraction) effect. Both cardiac output and heart rate
are increased.

Pacemaker cells  Epinephrine stimulates §, recep-
tors and increases the irritability of pacemaker cells, lead-
ing to a greater incidence of dysrhythmias. Ventricular
tachycardia and premature ventricular contractions arc
MO LCOTe.

Corvonary arteries  Epinephrine produces dilation
of the coromary arteries, leading to an increased coro-
nary artery blood flow:,

Blood pressure Systolic blood  pressure s
fncreased. The diastolic pressure is decreased when
small doses are administered, because of the greater sen-
sitivity 1o epinephrine of 3, receptors than of a recep-
tors in vessels supplving the skeletal muscles, Diastolic
pressure is fmereased when larger doses are adminis
tered, because of the constriction of vessels supplving
the skeletal muscles produced by areceptor stimulation.

Cardiovascular dynamics The overall action of
cpinephrine on the heart and cardiovascular system is
direct stimulation:

Increascd svstolic and diastolic pressures
Increased cardiac output

Increased stroke volume

Increased heart rate

Increased strength of contraction
Increased myvocardial oxygen consumption

These actions lead to an overall decrease in cardiac
clliciency,

The cardiovascular responses of increased systolic
blood pressure and increased heart rate will develop
with the administration of one to two dental cartridges
of a 1:100,000 ¢pinephrine dilution, 2 Administration of
four cartridges of 1100000 epinephrine will bring
about a slight decrease in diastolic blood pressure,

Vascilature The primary action of epinephrine is
on smaller arterioles and precapillary sphincters, Vessels
supplying the skin, mucous membranes, and kidneys
contain primarily e receptors. Epinephrine produces
constriction in these vessels, Vessels supplying the skele-
tal muscles contain both e and @, receptors, with 3,
predominating. Small epinephrine doses produce dila-
tion of these vessels as a result of #@, actions. Beta-2
receptors are more sensitive to epinephrine than are a
receptors, Larger doses produce  vasoconstriction
because the o receptors are stimulated,

Clinically epinephrine is frequently used as a vasocon-
strictor for hemostasis during surgical procedures, The
injection of epinephrine directly into surgical sites leads
to high tissue concentrations, a predominant a-receptor
stimulation, and hemostasis. As epinephrine tissue levels
decrease with time the primary action on blood vessels
will revert to vasodilation, as 3, actions predominate. It is
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not uncommon, therefore, for some bleeding to be noted
at about 6 hours following the surgery. In a clinical trial
involving extraction of third molars, postsurgical bleeding
occurred in 13 of 16 patients receiving epinephrine with
their local anesthetic for hemostasis, whereas 0 of 16
patients receiving local anesthetic without vasoconstric
tor (mepivacaine plainy had bleeding at 6 hours post-
surgery. " Additional findings of increased postsurgical
pain and delayed wound healing were also noted,2°

Resprivatory system  Epinephrine is a potent dila-
tor (3, effecty of the smooth muscle of the bronchioles.
It is the drug of choice for management of acute asthma
{ bronchospasm),

Central nevvous system  In usual therapeutic
dosages epinephrine is nof a potent CNS stimulant. Its
CNS-stimulating  actions become prominent when an
excessive dose is administered,

Metabolism  Epinephrine increases oxygen con-
sumption in all tissues, Through a £ action it stimulates
glycogenolysis in the liver and skeletal muscle, produc-
ing an elevation of the blood sugar level at plasma epi-
nephrine concentrations of 150 to 200 pg/ml.=° The
equivalent of four dental local anesthetic cartridges of
100,000 epinephrine must be administered o elicit
this response. <’

Termination of action and elimination The
action of epinephrine is terminated primarily by its reup-
take by adrenergic nerves, Epinephrine that escapes
reuptake is rapidly inactivated in the blood by the
enzvmes  catechol-O-methyltransferase (COMT) and
monoamine oxidase { MAO), both of which are present in
the liver.?® Only small amounts Capproximately 1%) of
epinephrine are excreted unchanged in the urine.

Side effects and overdose The clinical manifesta.
tions of epinephrine overdose relate to CNS stimulation
and include increasing fear and anxicty, tension, restless-
ness, throbbing headache, tremor, weakness, dizziness,
pallor, respiratory difficulty, and palpitation.

With increasing levels of epinephrine in the blood,
cardiac dysrhythmias become more common; ventricular
fibrillation is a rare but possible consequence. Dramatic
increases in both svstolic (>300 mm Hg) and diastolic
(=200 mm Hg) pressures may be noted, which have led
to cercbhral hemorrhage. 2% Anginal episodes may be pre-
cipitated in patients with coronary insufficiency. Because
of the rapid inactivation of epinephrine, the stimulatory
phase of the overdose reaction is usually very brief. Vaso-
constrictor overdose is discussed in greater depth in
Chapter 185.

Clinical Applications—Epinephrine

« Management of acute allergic reactions
« Management of bronchospasm

« Treatment of cardiac arrest

« As a vasoconstrictor, for hemostasis
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 As a vasoconstrictor in local anesthetics, to decrease
absorption into the cardiovascular system

« As a1 vasoconstrictor in local anesthetics, to increase
duration of action

* To produce mydriasis

Availability in dentistry  Epinephrine is the most
potent and widely used vasoconstrictor in dentistry. It is
available in the following dilutions and drugs:

Dilution with epinephrine  Local anesthetic (generic)

1:50,000 Lidocaine
1:80,000 Lidocaine (United Kingdom)
1:100,000 Articaine*
Lidocaine
1:200,000 Articaine*
Bupivacaine
Etidocaine
Lidocaine®

Mepivacaine®
Prilocaine
*Mot available in the United States as of September 1995,

Maximum Doses

For pain control  The least concentrated solution
that produces effective pain confrol sbould be sed
Lidocaine is available with two dilutions of epineph-
rine— 1:50,000 and ;100,000 in the United States and
Canada—and with 180,000 and  1:200,000 in other
countries. The duration of effective pulpal and soft tissue
anesthesia is equivalent with all forms. Theretore it is rec
ommended that the 1:100,000 epinephrine dilution be
used with lidocaine when extended pain control is
required, Where 1:200,000 epinephrine is available in
lidocaine, this is the preferred form for pain control. 2

The following dosages represent recommended maxi-
mums as suggested by me and others ! They are, in fact,
ather conservative figures but still provide the dental
practitioner with adequate volumes to produce clinically
acceptable anesthesia. The American Heart Association
{ 1964 has stated that "the typical concentrations of vaso-
constrictors contained in local anesthetics are not con-
traindicated in patients with cardiovascular discase so
long as preliminary aspiration is practiced, the agent is
injected slowly, and the smallest effective dose is admin-
istered "2 In 1954 the New York Heart Association rec-
ommended that maximal epinephrine doses be limited to
0.2 mg per appointment.** More recently the American
Heart Association has recommended the restriction of
epinephrine in local anesthetics when administered to
patients with ischemic heart disease

In cardiovascularly compromised patients it scems
prudent to limit or avoid exposure to vasoconstrictors, if
possible, These include poorly controlled ASA 111, and all
ASA IV and greater, cardiovascular risk patients.

AMERICAN SOCIETY OF
AMNESTHESIOLOGISTS PHYSICAL S5TATUS

CLASSIFICATION

| MNormal healthy individual

Il Patient with mild to moderate systemic
disease

Il Patient with severe systemic disease that
limits activity but is not incapacitating

IV Patient with severe systemic disease that
limits activity and is a constant threat to
life

vV  Moribund patient not expected to survive
24 hours with or without an operation

VI Clinically dead patient being maintained
for harvesting of organs

However, as was previously stated, the risk of epineph-
rine administration must be weighed against the benefits
to be gained from its inclusion in the local anesthetic
solution. Can clinically adequate pain control be provid-
ed for this patient without epinephrine in the solution?
What is the potential deleterious effect of poor anesthe-
sig. on the endogenous release of catecholamines in
response to sudden, unexpected pain?

Novrmiad bealtby patient: (0.2 mg per appointment
10 ml of a 1: 50,000 dilution (5 cartridges)
20 ml of 2 1: 100,000 dilution (11 cartridges)*
40 ml of a 1:200,000 dilution (22 cartridges)”*

Petient toith clinically significant cardiovascilar dis-
ease (ASA I or IV): 0.04 mg per appointment

2 ml of a 1; 50,000 dilution (1 cartridge)

4 ml of a 1;100,000 dilution (2 cartridges)

8 ml of a 1:200.000 dilution (4 cartridges)

The use of vasoconstrictors for cardiovascularly com:
promised patients is reviewed in greater depth in
Chapter 200

Hemostasis  Epinephrine-containing local anesthet:
ic solutions are used, via infiltration into the site of oper-
ation, o prevent or minimize bleeding during surgical
and other procedures. The 1:50.000 dilution of epineph-
rine is more effective in this regard than less concentrat-
ed, 1 100,000 or 1:200,000, solutions.*® Epinephrine dilu-
tions of 1:50,000 and 1:100,000 are considerably more
effective in restricting surgical blood loss than local anes-
thetics without vasoconstrictor additives,#o

Clinical experience has shown that effective hemo-
stasis can be obtained with dilutions of 1:100.000 epi-

*Maximum volume for administration iimited by locil ancsthetic.



nephrine. Although the small volumes of 1:50,000 ¢pi-
nephrine required for hemostasis do not incredase a
patient's risk, consideration should always be given to
use of the 1:100,000 dilation, especially in patients
known to be more sensitive to catecholamines. These
include the ASA 1 or 1V risk cardiovascularly compro-
mised individual and the geriatric patient.

Norepinephrine (Levarterenol)

Proprietary names Levophed, Noradrenalin; levar-
terenal is the official name of norepinephrine,

Chemical structure  Norepinephrine (as the bitar-
trate) in dental cartridges is relatively stable in acid solu-
tions, deteriorating on exposure to light and air. The shelf
life of a cartridge containing norepincphrine bitartrate is
18 months, Acetone-sodinum bisulfite is added to the car-
tridge to retard deterioration.

OHH

[l
# o C—C —NH;,

=~ H H
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Source Norepinephrine is available in both synthet-
ic and natural forms. The natural form  constitutes
approximately 20% of the catecholamine production of
the adrenal medulla. In patients with pheochromocy-
tomsa, a tumor of the adrenal medulla, norepinephrine
may comprise up to 80% of adrenal medullary secre-
tions, It exists in both levorotatory and dextrorotatory
forms: the levorotatory form s 40 times as potent.
Norepinephrine is synthesized and stored at postgan-
glionic adrenergic nerve terminals.

Mode of action  The actions of norepinephrine are
almost exclusively on o receptors (90%). It also stimu-
lates @ actions in the heart (10%). Norepinephrine is one
fourth as potent as epinephrine,

Systemic Actions

Myocardinm Norepinephrine has a positive inotro-
pic action on the myocardium through &, stimulation.

Pacemabker cells Norepinephrine stimulates pace-
maker cells and increases their irritability, which leads wo
1 greater incidence of cardiac dysrhythmias (8, action).

Coronary arteries Norepinephrine produces an
increase in coronary artery blood flow through a
vasodilatory effect.

Heart rate It produces a decrease in heart rate
-aused by reflex action of the carotid and aortic barore-
ceptors and the vagus nerve following a marked increase
in both systolic and diastolic pressures.

Blood pressure Both the systolic and the diastolic
pressure are increased, the systolic to a greater extent. This
is produced through the a-stimulating actions of norepi-
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nephrine, which lead to peripheral vasoconstriction and a
concomitant increase in peripheral vascular resistance.

Cardiovascular dynamics The overall action of
norepinephrine on the heart and cardiovascular system
is as follows:

Increased systolic pressure

Increased diastolic pressure

Decreased heart rate

Unchanged or slightly decreased cardiac output
Increased stroke volume

Increased total peripheral resistance

Vasculature Norepinephrine, through o stimula-
tion, produces constriction of cutancous blood vessels,
This leads to increased total peripheral resistance and
increased systolic and diastolic blood pressures,

The degree and duration of ischemia noted following
norepinephrine infiltration into the palate have led to
soft tissue necrosis (Fig, 3-17,

Respiratory system Norepinephrine does not
relax bronchial smooth muscle as does epinephrine. It
does, however, produce a-induced constriction of lung
arterioles, which reduces airway resistance to a small
degree, Norepinephring is xof clinically effective in the
management of bronchospasm,

Central nervous system  As with cpinephrine, nor-
epinephrine does nof exhibit CNS-stimulating actions at
usual therapeutic doses; its CNSstimulating properties
are most prominent following overdose, Clinical mani-
festations are similar to those of epinephrine overdosc
(p.41) but are less Irequent and usually not as severe,

Metabolism  Norepinephrine increases basal meta-
bolic rate, Tissue oxygen consumption is also increased
in the area of injection, Norepinephrine produces an cle-
vation in the blood sugar level in the same manner as
does epinephrine, but to a lesser degree,

Termination of action and elimination The
action of norepinephrine is terminated through its reup-

Fig. 3-1 Sterile abscess on the palate produced by exces-
sive use of a vasoconstrictor (norepinephring).
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ke at adrenergic nerve terminals and its oxidation by
MAQ, Exogenous norepinephrine is inactivated by COMT.

side effects and overdose The clinical manifesta
tions of norepinephrine overdose are similar 1o, but less
frequent and less severe than, those of epinephrine, They
normally involve CNS stimulation. Excessive levels of
norepinephrine in the blood produce markedly clevated
systolic and diastolic pressures with an increased risk of
hemorrhagic “stroke.” headache, anginal episodes in sus-
ceptible patients, and cardiac dysrhythmias.

The extravasculiar injection of norepinephrine into s
sues may produce necrosis and sloughing because of
intense o stimulation. In the oral cavity the most likely
site to encounter this phenomenon is the hard palate
(Fig. 3-1). Norepinephrine should be avoided for vaso-
constricting purposes (c.g., hemostasis). Several authori-
ties have stated that norepinephrine should not be used
at all with local anesthetics 0

Clinical applications It is used 1 @ VasoConstric-
tor in local anesthetics and for the management of
hypotension.

Availability in dentistry  In the United States nor-
epinephrine was included with the local anesthetics
propoxycaine and procaine in a 1:30,000 dilution. In
other countries norepinephrine is included with lido-
caine (Germany) and mepivacaine (Germany) or as the
combination of norepinephrine and epinephrine with
lidocaine (Germany) or with tolycaine (Japan).*!

Maximum doses When used, norepinephrine
should be used for pain control ondy, there being little or
no justification for its use in abtaining hemostasis, 1t is
approximately 25% as potent @ VasOpressor Gis cpineph-
cine and is therefore used clinically as a 1:30,000 dilution.

Recent  recommendations  of the  International
Federation of Dental Anesthesiology Societies suggest
that norepinephrine be eliminated as a vasoconsiriclor
in dental local anesthetics 3¢

Normal bealthy palient: 0,34 mg per appoiniment
10 ml of a 1:30,000 solution

Patient with clinically significant cardiovascular dis-
ease (ASA I or IV): 0. 14 mg per appointment
approximately 4 ml of a 1:30,000 solution

Levonordefrin

Proprietary name Neo-Cobefrin.

Chemical structure  Levonordefrin is freely soluble in
dilute acidic solutions, Sodium bhisulfite is added to the solu-
tion to delay its deterioration, The shelt life of a cartridge
containing levonordefrin-sodium hisulfite is 18 months.

OH CHy H
F ”‘] CH— CH—MH
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source Levonordefring, a synthetic VASOCONSIFCTO,
is prepared by the resolution of nordefrin into its opti-
cally active isomers. The dextrorotalory form of norde-
frin is virtually inert.

Mode of action It appears to act through direct «
receptor stimulation (75%) with some 3 activity (25%),
but to a lesser degree than epinephrine. Levonordelrin is
15% as potent i Vasopressor ds epinephrine,

Systemic Actions

Levonordefrin produces less cardiac and CNS stimula-
tion than epinephrine does.

Myocardinm  Same action as epinephrine, but to a
lesser degree.

Pacemakey cells Same action as epinephring, but
to a lesser degree.

Coronary arteries Same action as epinephrine,
but to a lesser degree,

Heart rate Same effect as epinephrine, but to a
lesser degree.

Vascrlature Same as epinephrine, but to a lesser
degree.

Respivatory system  Some bronchodilation, but to
4 much smaller degree than with epinephrine.

Central nervous system  Same actions as epineph-
rine, but to a lesser extent.

Metabolism Same action as epinephrine, but 10 a
lesser extent.

Termination of action and elimination  Levonor-
defrin is eliminated through the actions of COMT and
MAC

Side effects and overdose  Same as with epineph-
cine. but to a lesser extent. In higher doses additional side
effects include hypertension, ventricular tachycardia, and
anginal episodes in patients with coronary insufficiency.

Clinical applications Levonordelrin is used as a
vasoconstrictor in local anesthetics.

Availability in dentistry It can be obtained with
mepivacaine or with propoxycaine/procaine in i
120,000 dilution.

Maximum doses Levonordefrin is considered one
sixth (15%) as effective a vasopressor as cpinephring,
therefore it is used in a lesser dilution £ 1:20,0000),

For adf patients the maximum dose should be 1 myg per
appointment
20 ml of a 1:20,000 dilution (11 cartridges)*

In the dilution at which it is available, levonordelrin
has the same effect on clinical activity of local anesthet-
ics does as 1:50,000 or 1:100,000 epinephrine.

Phenylephrine Hydrochloride

Proprietary name Neo-Synephrine

sMaximum volume for administration limited by locil anesthetic



Chemical structure Phenylephrine is gquite soluble
in water, It is the most stable and the weakest vasocon-
strictor employved in dentistry.

Source Phenvlephrine is a svnthetic sympatho-
mimetic amine.

Mode of action There is direct o receptor stimula-
tion (95%), Although the effect is less than with epi-
nephrine, the duration is longer, Phenylephrine exerts lit-
tle or no @ action on the heart. Only a small portion of its
activity is due to its ability to release norepinephrine,
Phenvlephrine is only 3% as potent as epinephrine,

Systemic Actions
Myocarditm
effect on the heart,

Pacemaker cells  Little cffect.
Coronary arteries Increased blood flow, caused

Little chronotropic  or  inotropic

by dilation,

Bload pressure  Alpha action produces increases
in both systolic and diastolic pressures.

Heart rate Bradycardia is produced by reflex
actions of the carotid-ortic baroreceptors and the vagus
nerve, Cardiac dyschythmias are rarely noted, even fol-
lowing large doses of phenylephrine,

Cardiovascular dynamics  Overall, the cardiovas-
cular actions of phenylephrine are as follows:

Increased systolic and diastolic pressures

Reflex bradycardia

Slightly decreased cardiac output (resulting from
increased blood pressure and bradyvcardia)

Powerful vasoconstriction (most vascular beds con-
stricted, peripheral resistance increased significantly)
but without marked venous congestion

Rarely associated with provoking cardiac dysrhythmias

Respiratory systemt The bronchi are dilated but
to 1 lesser degree than with epinephrine, Phenylephrine
is el effective in treating bronchospasm.

Central nervous system Minimum effect on
activity,

Metabolism  Some increase in the metabolic rate is
noted, Other actions (e.g., glycogenolysis) are similar to
those produced by epinephrine.

Termination of action and elimination Phenyl-
cphrine undergoes hydroxylation to epinephrine, then
oxidation to metanephrine, following which it is elimi-
nated in the same manner as epinephrine,

Side effects and overdose CNS cffects are mini-
mal with phenylephrine, Headache and ventricular dys-
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rhythmias have been noted following  overdose,
Tachyphylaxis is observed with chronic use,

Clinical applications [t is used as a vasoconstric-
tor in local anesthetics, for the management of hypoten-
sion, as a nasal decongestant, and in ophthalmic solutions
to produce mydriasis,

Availability in dentistry [t is used with 4% pro-
caine in a 1:2500 dilution (no longer available in dental
cartridges).

Maximum doses Phenylephrine is considered only
one twentieth as potent as epinephrine, hence its use in
a 1:2500 dilution, It is an excellent vasoconstrictor, with
few significant side effects.

Novmal bealthy patfent 4 mg per appointment

10 ml of a 1:2500 solution

Patfent with clinically significant cardiovascular
imperirment (ASA 111 or IVX: 1.6 mg per appointment
couivilent to 4 ml of a 1:2500 solution

Felypressin
Proprietary name  Octapressin,
Chemical structure

Cys-Phe-Phe-Gly-Asn-Cys-Pro-Lys-GlyNH;
L I

Source Felypressin is a synthetic analogue of the
antidiuretic hormone vasopressin, IU 15 a4 nonsympa-
thomimetic amine, categorized as 4 vasoconstrictor,

Mode of action It acts as a direct stimulant of vas-
cular smooth muscle. [ts actions appear to be more pro-
nounced on the venous than on the arteriolar microcir-
culation.*”

Systemic Actions

Myocardinum No direct effects.

Pacemaker cells Felypressin is nondysrhythmo-
genic, in contradistinction to the sympathomimetic
amines (e.g., epinephrine and norepinephrine).

Coronary arteries When administered in high
doses (greater than therapeutic), it may impair blood
Mow through the coronary arteries.

Vasciature In high doses (greater than therapeu-
tic ). felypressin-induced constriction of cutaneous blood
vessels may produce facial pallor,

Central nervous system  Felvpressin has no effect
on adrenergic nerve transmission; thus it may be safely
administered to hyperthvroid patients and o anyone
receiving MACQ inhibitors or tricyclic antidepressants.

Cternws Tt has both antidiuretic and oxytocic
actions, the latter contraindicating its use in pregnant
pratients,

side effects and overdose  Laboratory and clinical
studies with felypressin in animals and humans have
demonstrated a wide margin of safety. ™ The drug is well
tolerated by tissues into which it is deposited, with little
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irritation developing. The incidence of svstemic reac-
tions to felvpressin is minimal,

Clinical applications It is used as a vasoconstric-
tor in local anesthetics to decrease their absorption as
well as increase their duration of action.

Availability in dentistry Felypressin is employed
in a dilution of 0,03 1IU/ml (International Units) with 3%
prilocaine in Japan, Germany, and other countries. It is
not available as a vasoconstrictor in the United States.

Maximum doscs Felypressincontaining solutions
are nolt recontmended for wse when bemostasis 1S
reqreired because of their predominant effect on the
venous rather than the arterial circulation, 3

Patfents with clinfcally significant cavdiovascular
fmipadrment (ASA LT or IV maximum recommended
dose (0.27 1L

9 ml of 0.03 IL/ml

SELECTION OF A
VASOCONSTRICTOR

Two vasoconstrictors are currently available in local
anesthetic solutions in the United States. In order of their
cffectiveness, they are epinephrine and levonordefrin,

In the selection of an appropriate vasoconstrictor, if

any, for use with o local anesthetic, several factors must
he considered: 1) the length of the dental procedure, (2)
the need for hemostasis during and following the proce-
dure, (3) the requirement for postoperative pain control,
and (4) the medical status of the patient.

Length of the Dental Procedure

The addition of a vasoactive drug will prolong the dura-
tion of clinically effective pulpal and soft tissue anesthesia
of most local anesthetics. For example, pulpal and hard tis-
suc anesthesia with 2% lidocaine lasts approximately 10
minutes: the addition of 150,000, 1: 100,000, or 1 200,040
cpinephrine prolongs this to approximately 60 minutes,
The addition of a vasoconstrictor to prilocaine, on the

other hand, does not significantly increase the duration of

clinically effective pain control. Prilocaine 4% provides
pulpal anesthesia of about 40 to 60 minutes duration, the
addition of a 1:200,000 epinephrine dilution increasing
this but slightly (to about 60 to 90 minutes).

Average durations of pulpal and hard tissue anesthesia
expected from commonly used local anesthetics without
vasoconsirictors are as [ollows:

5 bo 10 minutes

20 to 4 minutes

5 to 15 minutes (infiltration)

Up to 60 minutes (block anesthesia)

2% Lidocaine
1% Mepivacaine
4% Prilocaine

The wpical dental appointment today lasts approxi-
mately 1 hour, For routine restorative procedures it might

be estinuated that pulpal anesthesia will be required for
approximatety 40 ta 50 minutes, As can be seen from this
list, it is difficult to achieve consistently reliable pulpal
ancsthesia without the inclusion of 4 vasoconstrictor,

Requirement for Hemostasis

Epincphrine is effective in preventing or minimizing
blood loss during surgical procedures. However, most
vasoconstrictors also possess the disturbing action of
producing a rebound vasodilatory effect as the tissue
level of epinephrine declines. This leads to possible
bleeding postoperatively, which may also interfere with
waound healing. 2®

Epinepdine, possessing both o and fi actions, pro-
duces vasoconstriction through its o effects. Used in a
1:500000 dilution, and even at 1 100,000 (but to a lesser
extent), it will produce a definite rebound | effect once
the a-induced vasoconstriction has ceased. This leads o
incregsed postoperative blood loss, which, it significant
(usually in dentistry it is not), may compromisc
patient's cardiovascular status.

Phenylephrine, a longeracting, almost pure a-stimu-
lating vasoconstrictor, does not produce a rebound 3
effect because its @ actions are minimal, Therelore, since
it is not as polenl @ vasoconstrictor as epinephrine,
hemostasis durdng the procedure is not as ctfective;
however, hecause of the long duration ol action of
phenylephrine compared with that of epinephrine, the
postoperative period passes with less bleeding. Total
hlood loss is uswally lower when phenylephrine is used.

Novepinepbrine is a potent o stimulator and vasocon-
strictor that has produced documented cases of tissue
necrosis and slough, It cannot be recommended as a
vasoconstrictor in dentistry, since its disadvantages out-
weigh its advantages, Other. more or equally effective,
agents are available that do not possess norepinephrine's
disadvantages 1114

Felypressin stimulates the venous circulation more
than the arteriolar circulation and therefore is of mini-
mum value for hemostasis,

Vasoconstrictors used o achieve hemostasis must be
deposited locally into the area of bleeding to be effec
tive. They act directly on a receptors in the vascualar
smoath muscle, Only small volumes of local anesthetic
solutions with vasoconstrictor are required to achicve
hemostasis,

Medical Status of the Patient

There are few contraindications o VasSOCONSICICTOr
administration in the dilutions in which they are found
in dental local anesthetic solutions, For all patients, but
for some in particular, the benefits and risks of including
the wvasopressor in the anesthetic solution must be
weighed against the benefits and risks of using a "plain”
anesthetic solution. '35 In general, these groups are:;



mtients with more significant cardiovascular discasc

Patients with certain noncardiovascular diseases (such
as thyroid dvsfunction, diabetes, sullite sensitivity)

ntients receiving MAQ inhibitors, tricyelic antidepres-
sants, and phenothiazines

In each of these situations it is necessary to determine
the degree of severity of the underlying disorder to deter-
mine whether a vasoconstrictor may safely be included
or should be excluded from the local anesthetic solution.
It is not uncommon for a medical consultation 1o be
obtained to aid in determining this inlormation.

Management of these patients is discussed in depth in
Chapters 100and 20, Briefly, however, it may be stated that
local anesthetics with vasoconstrictors are not absolute-
lv contraindicated for a patient whose medical condition
has been diagnosed and is under control through med-
ical or surgical means (ASA 11 or 11 risk) and if the vaso-
constrictor is administered slowly, in minimal doses, and
after negative aspiration has been ensured.

Patients with a resting blood pressure (minimum 5-
minute rest) of cither greater than 200 mm Hg systolic
or greater than 115 mm Hg diastolic should not receive
elective dental care until their more significant medical
problem of high blood pressure is corrected. Patients
with severe cardiovascular disease (ASA IV+ risk) may
be at too great a risk for elective dental therapy—for
example, a patient who has had an acute myocardial
infarction within the past 6 months, a patient who has
been experiencing acute anginal episodes on a daily
basis or whose signs and symptoms are increasing in
severity (preinfarction or unstable angina), or a patient
whose cardiac dysrhythmias continue despite antiar-
rhythmic drug therapy.?® Epinephrine and other vaso-
constrictors can  be administered in moderation  to
patients with mild o moderate cardiovascular disease
(ASA 11 or 1), Felvpressin has minimum cardiovascular
stimulatory actions and is nondysrhythmogenic; it is the
recommended drug tor ASA T and IV cardiovascular
risk paticnts.

Epinephrine is also contraindicated in patients
exhibiting clinical evidence of the hyperthyroid state,
Signs and symproms include exophthalmos, hyperhydro-
sis, tremor, irritability and nervousness, increased body
temperature, inability to tolerate heat, increased heart
rate, and increased blood pressure. Epinephrine should
not be used as a vasoconstrictor during general anesthe-
sin when a patient (in any ASA category} is receiving
halogenated anesthetic (halothane, methoxytlurane, or
ethrane). These inhalation general anesthetics sensitize
the myocardium such that epinephrine administration is
usually associated with the occurrence of cardiac dys-
rhyvthmias (PYCs or ventricular fibrillation). Felypressin is

recommended in these situations: however, because ol

its potential oxvtocic actions, felypressin is not recom-
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mended for pregnant patients. Once the impaired med-
ical status of the patient is improved, routine dental care
involving the administration of local anesthetics with
vasoconstrictors is again indicated.

Paticnts being treated with MAO inhibitors  may
receive vasoconstrictors within the usual dental dosage
parameters without increased risk 454 Patients receiv-
ing tricyclic antidepressants are at a greater risk of
developing dysrhyvthmias with epinephrine administra-
tion. It is recommended that when cpinephrine is
administered, its dose be minimal. The administration of
either levonordefrin or norepinephrine is absolutely
contraindicated in patients receiving tricyclic antide-
pressants, Large doses of vasoconstrictor may induce
severe (exaggerated) responses,

Local anesthetic solutions containing a vasoconsiric-
tor also contain an antioxidant (to retard oxidation of the
asoconstrictor). Sodiwm biswdfite is the most common-
Iy used antioxidant in dental cartridges. It prolongs the
shelf life of the anesthetic solution with vasoconstrictor
to approximately 18 months, However, sodium bisulfite
renders the local anesthetic considerably more acidic
than the same solution without a vasoconstrictor Acidic
solutions of local anesthetics contain i greater propors
tion of charged cation molecules (RNH*Y) than of
uncharged biuse molecules (RN), Because of this, the dif-
fusion of local anesthetic solution into the axoplasm is
slower, resulting in a delaved onset of ancsthesia when
local anesthetics containing sodium bisulhte (and vaso-
constrictors) are injected,

Vasoconstrictors are important  additions o local
anesthetic solutions, Numerous stadics have demon-
strated conclusively that epinephrine, added to short- or
medivm-duration local anesthetic solutions, slows the
rate of absorption, lowers the systemic blood level,
delays cresting of the peak blood level, prolongs dura-
tion of anesthesia, intensifics “depth” of anesthesia, and
reduces the incidence of systemic reactions, '8 In mod-
ern dentistry, adequate pain control of sufficient clinical
duration is difficult to achieve without the inclusion of
vasoconstrictors in the local anesthetic solution. Unless
specilically contraindicated by a patient’s medical status
or by the required duration of treatment (short), the
inclusion of a vasoconstrictor should be considered.
Whenever these drugs are used, however, care musi
always be taken to avoid the inadvertent intravascular
administration of the vasoconstrictor Gand the local
anestheticy through careful aspiration and the slow
administration of minimum dilutions,
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Although many drugs are classified as local anesthetics
and find vse within the health professions, only a hand-
ful are currently used in dentistry, When the first edition
of this text was published in 1980, five local anesthetics
were available in dental cartridge form in the United
States: fidocaine, mepivacaine, prifocaine, and the
combination of procaine and profoxycatne! In the 15
years since that first edition, increased demand for
longeracting local anesthetics has led to the introduc-
tion, in dental cartridges, of bupivacaine (1982 Canada,
1983 United States) and elidocaine (1985), In 1983 the
thiophene ring-containing amide arficadne became
available in many arcas (Europe, United Kingdom,
Canada)y, but not yet in the United States (April 19967,
Articaine is classificd as an intermediate-duration local
anesthetic. Frocaine/propoxyveaine was withdrawn
from the LS market in January 1996,

With the availability of this increasing number of local
anesthetics, there has been a renewal of interest in the
allimportant area of dental pain control. [t is now possi-
ble for a doctor to select from a broad spectrum of local
anesthetics o drug possessing the specific properties
required by the padient for a given dental procedure.
Table 4-1 lists local anestheties and the various combina-
tions in which they are currently available in the United
states and Canada, and Table 4-2 lists these combinations
by their expected duration of clinical action.

In this chapter each of the local anesthetics in its var-
jous combinations is described. In addition, the rationale
for the selection of an appropriate local anesthetic for a
given patient at a given appointment is presented. It is
strongly suggested that the reader, the potential adminis-

trator of these drugs, become Tmiliar with this neaterial,
including the contraindications to the administration of
certain local anesthetic agents (Table 445,

In the following discussion of the clinical propertics
of specific local anesthetic combinations, severil con-
cepts are presented that require some prior discussion.
These are the duvation of action of the doog and the
determination of the meaxinom recommended dose.

DURATION

The duration of pulped Chard tHssoed and sofi tissue (Lotal)
anesthesia cited for each drug is an approximation. Factors
exist that will affect both the depth and the duration of a
drug's anesthetic action, either profonging or (much more
commonly) decreasing it, These factors include:

1. Individual variation in response to the drug
administered

2. Accuracy in administration of the drog

4. Status of the tissues at the site of drug deposition
{vascularity, pH)

4, Anatomical variation

Type of injection administered (supraperiosteal

[“infiltration”] or nerve block)

]

The durations of anesthesia (pulpal and solt tissue)
will be presented as a range (e.g., 40 to 60 minutes). This
is an attempt to take into account the above-mentioned
factors that can influence drug action.

Variction in individual response to a drug is quite
commaon and is depicted in the so-called *bell” or normal
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FABIEE 41 Local Anesthetics Avaiabi i the United States and Canada (ABHII998) |

Agent

ot available in a glass cartidge for use in a dental aspirating syringe (Apnl 1996).

Articaine hydrochloridet
4% + epinephrine 1:100,000
4% + epinephrine 1:200,000

Bupivacaine hydrochloride
0.5% + epinephrine 1:200,000

Chloroprocaine hydrochloride
2%

Etidocaine hydrochloride
1.5% + epinephrine 1:200,000

Lidocaine hydrochloride
2%

2% + epinephrine 1:50,000

2% = epinephrine 1:100, 000
hMepivacaine hydrochloride

3%

2% + levonordefrin 1:20,000

2% + epinephrine 1;200,000%

Prilocaine hydrochloride
4%,

4% + epinephrine 1:200,000

Procaine hydrochloride 2%/
propoxycaine hydrochloridet

0.4% + levonordefrin 1:20,000

Duration of action* Category
Amide
Intermediate
Intermediate
Amide
Long
Ester
Shart
Amide
Long
Amide
Shart
Intermediate
Intermediate
Armide
Shortfintermeadiate
Intermediate
Intermediate
Amide
Short
Long
Ester
Ester
Intermediate

*The classification of duration of action is approximate, for extreme variations may be neted among patients, Short-duration drugs provide pulpal or
deep anesthesia for less than 30 minutes; intermediate-duration drugs for about 60 minutes; and long-duration drugs lor lenger than 90 minutes.

1Mot available in the United States (April 1996),

Short duration (pulpal about 30 min)
Chloroprocaine 2%

Lidocaine 2%

Prilocaine 4% (infiltration)

Mepivacaine 3%

Intermediate {pulpal 60 min)
Articaine 4% + epinephrine 1:100,000*
Articaine 4% + epinephrine 1:200,000*
Lidocaine 2% + epinephrine 1:50,000
Lidocaine 2% + epinephring 1: 100,000
Mepivacaine 2% + levonordefrin 1:20, 0040
Mepivacaine 2% + epinephrine 1:200,000%
Prilocaine 4% (nerve block)
Prilocaine 4% + epinephrine 1:200,000
Procaine 2% /propoxycaine 0.4% + levonordefrin
1:20,000*

Long (pulpal 