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Effective regional block is not possible without the use of local anesthetics. Even
though local anesthetics have been used for more than 115 years, details about
balancing risks of their toxic effects with the benefits of their therapeutic effects
remain poorly focused for many clinicians. In this chapter, the most frequent toxic
effect of local anesthetics — local anesthetic systemic toxicity — will be covered, as will
the less-frequent clinical situations of allergy to local anesthetics and myelotoxicity.

History of Local Anesthetic Systemic Toxicity

Local anesthetic toxicity was recognized even before cocaine was introduced as a
surgical anesthetic in humans. In 1868, the first report of cocaine-induced seizures in
animals was cited by Moreno y Maiz.! At the same time, Maiz also reported cutane-
ous anesthesia and asked whether cocaine might be used as a local anesthetic.” Almost
20 years passed before Koller introduced regional anesthesia to the world by applying
cocaine to the eye.? Shortly after the introduction of cocaine as a topical anesthetic,
physicians across the world began injecting cocaine near peripheral nerves, as well as
into the spinal and epidural spaces.' Within 10 years of the introduction of regional
anesthesia, reviews of “cocaine poisoning” appeared in the literature. Mattison* cited
more than 125 cases of toxic reactions to cocaine, including seven deaths, with the
initial report.

Despite this cocaine toxicity, the use of cocaine for peripheral nerve block was a
real advantage during the later half of the 19th century, when general anesthetic
techniques were still in their infancy. Nevertheless, although knowledge about the
pharmacodynamics of cocaine accumulated, individuals paid a price in terms of toxic-
ity and time. Rapid absorption limited the safe quantity of cocaine to 30mg and the
useful duration of anesthesia to 10-15 minutes.* Reclus suggested that during infiltra-
tion anesthesia with cocaine, a weak solution be used to avoid toxic reactions and
fatalities. It seems that Reclus clearly understood that the basic cause of accidental
deaths during cocaine anesthesia was from the use of unnecessarily high concentra-
tions and, thus, high total doses.’ It was this toxicity of cocaine, coupled with its tre-
mendous advantages for surgery, which led to a search for less-toxic substitutes. In
1904, such a substitute — procaine (Novocain) — was introduced by Einhorn.®

The introduction of a safer local anesthetic did not stop interest in local anesthetic
toxicity. In 1919, Eggleston and Hatcher’ published a comprehensive summary of the
prevention and treatment of local anesthetic reactions. At this early time, they were
able to identify most issues of importance in the prevention and treatment of local
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anesthetic systemic toxicity. They found that animals were a suitable experimental
model, that different local anesthetics were additive in their toxicity, that the combina-
tion of artificial respiration and stimulation of the heart by intravenous epinephrine
allowed twice the average fatal dose of local anesthetics to be administered to cats,
and that the addition of epinephrine to subcutaneous injection of local anesthetics
significantly reduced local anesthetic systemic toxicity. In 1925, Tatum, Atkinson, and
Collins matured the concepts of Eggleston and Hatcher by identifying that artificial
respiration alone was insufficient to increase the minimal fatal dose of cocaine in the
rabbit, whereas the prophylactic administration of barbiturates to the dog produced
a condition in which the tolerance to a toxic dose increased fourfold.® Likewise, they
identified that seizures related to local anesthetic systemic toxicity are completely,
practically, and instantaneously controlled by barbiturate injection and that the
likelihood of recovery from such a reaction to cocaine in the dog is roughly inversely
proportional to the duration the seizures were permitted to continue.

In addition to the insights about local anesthetic systemic toxicity provided by these
early researchers, Vandam’® identified two other major contributions to the under-
standing and treatment of local anesthetic reactions. He believed that Tanaka and
Yamasaki’s' report on the selective blocking of cortical inhibitory synapses by lido-
caine (a surrogate for other local anesthetics) with the excitatory synapses being more
resistant to the drug was a major contribution. He outlined a second major contribu-
tion by Englesson, who in 1974 reported the observance of seizure activity in the
amygdala on cortical electroencephalography (EEG) after the intravenous infusion
of several different local anesthetics in the cat. These two contributions helped mature
physicians’ understanding of the anatomic and neurophysiologic locus of local
anesthetic-induced seizures and led to more complete knowledge of the basic science
of a local anesthetic reaction.

Basic Science

As the researchers detailed, local anesthetic systemic toxic responses are related to
blood levels of the local anesthetic and, more specifically, to the levels found in the
central nervous system (CNS). There is an initial generalized excitatory phase of a
local anesthetic systemic toxic reaction related to increasing levels of local anesthetic
in the blood of the CNS, which again is a result of a blocking of inhibitory pathways
in the amygdala. This inhibition allows facilitatory (excitatory) neurons to function
unopposed.!! As levels of local anesthetic in the blood and brain increase further, both
inhibitory and facilatory pathways are inhibited, eventually resulting in CNS depres-
sion. Can this brief and simplified view of neurophysiologic anatomy and reaction to
local anesthetic systemic toxicity be expanded to deepen our understanding?

The amygdala is indeed central to understanding a local anesthetic-induced seizure
and is part of the limbic system. It is located anterior to and partly superior to the
tips of the inferior horn of the lateral ventricle' (Figure 4-1). The amygdala itself
can be divided into basilateral and corticomedial nuclear groups, of which the former
is highly developed in humans. Afferent pathways to the amygdala include dual
olfactory sensory pathways, and efferent paths projecting to the hypothalamus, the
thalamus, and the reticular formation." The function of the amygdala is complex. In
humans, ablation of lesions in the amygdala results in a decrease in aggressive
behavior'*'® and electrical stimulation of the amygdala in animals reveals changes in
both visceral and autonomic function. With electrical stimulation, animals often turn
their head and eyes to the contralateral side and demonstrate chewing, licking, and
swallowing movements, as well as reactions of attention, rage, and fear.'® Amygdala
stimulation in humans results in confusional states and amnesia.”

Although most information suggests that the amygdala is the main and initial
neurophysiologic focus for local anesthetic-induced seizures, some investigators have
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FIGURE 4-1. Anatomy of the amygdala and neuronal pathways connecting it to other CNS
structures. The neuronal pathways to and from the amygdala are stippled in the illustration.
(A) Parasagittal image of amygdala, lateral ventricle, and brain. (B) Cross-sectional image
through the amygdala in the temporal lobe. (C) Expanded parasagittal image of structures
immediately adjacent to the amygdala, including the corticomedial and basilateral areas of
the amygdala. (Brown DL. Complications of Regional Anesthesia. New York: Churchill
Livingstone; 1999:94-104. By permission of Mayo Foundation for Medical Education and
Research. All rights reserved.)

demonstrated that the hippocampus is a secondary focus.”* Despite this secondary
focus, the amygdala seems necessary for local anesthetic-induced seizures to develop,
because they fail to occur during typical cocaine-induced local anesthetic systemic
toxic reactions in rats when the amygdala has been ablated.!® With the amygdala as
the initial limbic structure activated through local anesthetic systemic toxic reactions,
the seizure activity both electrically and behaviorally mimics temporal lobe epilepsy,
with subsequent progression to generalized seizures.'*?' It seems that cerebral blood
flow more than compensates for the increased oxygen demands in the cortex during
lidocaine-induced seizures.”? Furthermore, animal behavior data show that if local
anesthetic-induced seizures are brief, no permanent neurologic or behavioral sequelae
are produced.” With these brief basic science observations as a background, what can
we learn from clinical episodes of systemic toxicity to local anesthetics?

Clinical Science

During clinical care, the systemic toxic responses to local anesthetic drugs are the
result of either an unintentional intravascular injection of the drug or administration
of excessive amounts of the local anesthetic to a given patient. Clinically, it seems that
most local anesthetic-induced seizures are a result of unintentional injection into the
vascular system rather than uptake from excessive doses administered during regional
block.* Part of the reason that most local anesthetic-induced seizures result from
unintentional vascular injection rather than absorptive uptake is that the lung uptake
of local anesthetic seems to exceed 90% of the drug. The lung seems to have a very
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important function as a buffer to unintentional vascular injection.?® Nevertheless, this
buffering action in the lung is saturable. Again, for emphasis, both central nervous
excitation and cardiovascular manifestations of systemic toxic responses are attribut-
able to blood levels of local anesthetic.

Before the classic local anesthetic-induced seizure develops, patients may experi-
ence various symptoms and signs leading up to the seizure (Figure 4-2). Some of the
early symptoms include light-headedness and dizziness, both frequently associated
with difficulty in focusing the eyes and the development of tinnitus. As blood levels
increase, shivering, muscle twitching, and tremors are displayed. Often the tremors
involve facial musculature and distal parts of the extremities, similar to the effects of
amygdala stimulation in animals.”® As blood and brain levels of anesthetic further
increase, then the generalized tonic clonic convulsions occur.?® Many clinicians suggest
that numbness of the tongue, or circumoral numbness, may be one of the first symp-
toms of a systemic toxic reaction, and Scott? suggested that this is not a CNS effect
but rather a result of drug leaving the vascular space and affecting the sensory nerve
endings in the extravascular space.

In addition to these typical signs and symptoms developing during local anesthetic
systemic toxic reactions, many clinical variables affect their development. For example,
CNS depressant drugs often modify the clinical presentation of a systemic toxic reac-
tion. In general, CNS depressant drugs minimize the signs and symptoms of CNS
excitation, thus contributing to an appearance that CNS and cardiovascular toxicity
occur nearer the same plasma concentration of local anesthetic.?®* Some have even
suggested that sedative drugs used before a regional block mask the “early warning”
that CNS excitation provides.*® Nevertheless, most clinicians continue to appropri-
ately provide anxiolysis and analgesia before administration of regional blocks.

Furthermore, the local anesthetic systemic toxic reactions are influenced by a
patient’s acid-base status. Generally, the convulsive threshold of local anesthetics is
inversely proportional to the patient’s Paco,.”® If there is an increase in Paco, or a
decrease in pH, the convulsive threshold is decreased or the incidence of a systemic
toxic reaction is increased. Presumably, etfects of hypercapnia on cerebral blood flow
explain this effect. Increasing Paco, increases cerebral blood flow, which may lead to
increased uptake of local anesthetic by the brain. Additionally, plasma protein binding
is decreased in the presence of acidosis or hypercapnia (or both), which results in an
increased free drug level.*

Despite the basic science evidence, attempts to correlate EEG changes with the
subjective and objective signs of CNS activity after administration of local anesthetic
have been difficult. There does not seem to be a good correlation between changes in
EEG activity and the subjective symptoms of CNS excitation in clinical situations.®
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FIGURE 4-2. Local anesthetic systemic toxic symptoms are represented on a scale correspond-
ing to the typical plasma lidocaine concentration producing respective symptoms.
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FIGURE 4-3. Relationship among doses of lidocaine, etidocaine, and bupivacaine that cause
toxic responses in the CNS and doses that produce cardiovascular collapse. (Covino.”® Repro-
duced with permission from the publisher.)

As outlined, the cardiovascular system is typically more resistant to the effects of
local anesthetic drugs than the CNS; that is, the CNS toxic responses occur at lower
blood levels than the cardiovascular system toxic responses. This general dictum is
modified by the individual drug used. Each local anesthetic has an individual “circula-
tory collapse/CNS excitation ratio.” For example, potent, long-acting local anesthetics
such as bupivacaine and etidocaine have a lower circulatory collapse/CNS excitation
ratio than other, less-potent aminoamides® (Figure 4-3). :

Local anesthetic toxicity in the cardiovascular system results from drug effects on
both vascular smooth muscle and cardiac muscle. The local anesthetics have dual
effects on the heart, affecting both electrical and mechanical activities. Early during
a systemic toxic reaction, sympathetic discharge may predominate and hypertension
and tachycardia may be associated with an excitatory phase of CNS toxic response.
As blood levels of local anesthetic increase, this initial phase may be followed by
myocardial depression, moderate hypertension, and decreased cardiac output. Finally,
as the severity of toxicity progresses, there is peripheral vasodilatation, profound
hypotension, myocardial conduction abnormalities, sinus bradycardia, ventricular
arrhythmias, and ultimately cardiovascular collapse. In general, basic science studies
suggest that doses of local anesthetic agents that cause significant cardiovascular
effects are approximately three times higher than the doses that will have distinct
effects on the CNS.*

When the clinical science of the cardiac effects of local anesthetic systemic toxic
reactions are examined, it is clear that the cardiac effects of local anesthetics are
related to inhibition of sodium channels in the cardiac membranes, similar to the
sought-after effect of local anesthetics on sodium channels in nerve membranes.
There are also local anesthetic effects on potassium and calcium channels,* although
understanding the effects of the drugs on the sodium channels allows the mechanism
of systemic toxicity and its treatments to be easily conceptualized.

This sodium channel inhibition in the myocardium results in a decreased maximal
rate of depolarization (V,,,) of Purkinje fibers and ventricular muscle as well as
decreased action potential duration and effective refractory period.”®* At high blood
levels, local anesthetics prolong conduction time, and at even higher levels, these drugs
depress spontaneous pacemaker activity.” In addition to these electrophysiologic
effects, local anesthetics exhibit a negative inotropic action on the myocardium. As
outlined, the more potent local anesthetics typically have a greater arrhythmogenic
potential and cardiovascular depressive potential than do drugs such as lidocaine and
mepivacaine. Albright® highlighted these cardiovascular systemic toxic effects with
the potent local anesthetics in his 1979 editorial. Since that time, there has been
extensive basic science and clinical investigation of the cardiovascular effects of
potent, long-acting local anesthetics.
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FIGURE 4-4. Comparison of time course of recovery after sodium channel block with lido-
caine and bupivacaine. The dark “time bars” (lidocaine and bupivacaine) indicate the amount
of time necessary for recovery of sodium channel availability in guinea pig papillary muscle.
The simulated electrocardiographic traces [heart rate (HR): 60, 120, and 180bpm] indicate
that after bupivacaine block there is not an opportunity for sodium channel recovery even at
slow heart rates, whereas with lidocaine the sodium channel has an opportunity to recover
even at heart rates of 180bpm. (Modified after data from Arlock P. Actions of three local
anaesthetics: lidocaine, bupivacaine and ropivacaine on guinea pig papillary muscle sodium
channels (V). Pharmacol Toxicol 1988;63:96-104. Reproduced with permission from
Blackwell Publishing.)

A logical question is why the potent agents, with bupivacaine as the primary
example, should cause more profound clinical effects. It was Clarkson and Honde-
ghem® who performed electrophysiologic studies on guinea pig ventricular muscle
with bupivacaine and lidocaine and showed that block development and recovery are
different with two drugs. In their study, lidocaine rapidly blocked inactivated and open
sodium channels during the action potential, whereas bupivacaine block developed
more slowly at low concentrations but rapidly at higher concentrations; additionally,
recovery from the bupivacaine block was significantly slower than that from lidocaine.
These authors developed a concept that lidocaine blocks sodium channels in a “fast-in
fast-out fashion” and bupivacaine should be considered to block sodium channels in
either a “slow-in slow-out manner” at low concentrations or in a “fast-in slow-out
manner” at higher concentrations. Figure 4-4 demonstrates that at typical heart rates
after lidocaine sodium channel blockade, the lidocaine has time to leave the sodium
channel before the next QRS complex, whereas with bupivacaine the “slow-out”
sodium channel effect prevents sodium channel release of the bupivacaine before the
next QRS cycle.

The peripheral vascular effects of local anesthetics have been demonstrated to have
a biphasic action on the smooth muscle of the peripheral blood vessels.* Typically, at
low concentrations local anesthetics may cause increased tone in vascular beds,
whereas at higher concentrations they produce a decrease in vascular tone. At
extremely high blood levels, there is profound peripheral dilatation because of a direct
relaxing effect on vascular smooth muscle in almost all beds. It should be remembered
that cardiovascular collapse is also a result of the profound negative inotropic action
of the local anesthetics at these extremely high blood levels.

Recommended Doses of Local Anesthetic

In an effort to minimize local anesthetic systemic toxic reactions, many anesthesiolo-
gists look to recommended maximal doses as an absolute ceiling for local anesthetic
administration. As Scott*’ suggested, acceptance of a maximal recommended dose of
any particular drug may be a welcome “piece of information” for anesthesiologists;
nevertheless, those recommendations are illogical and without scientific foundation.
Presumably, the purpose of stating a maximal recommended dose for local anesthetics
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is to prevent the administration of an excessive amount, which then might result in
systemic toxicity. For example, recommendations for “maximal doses” can be found
in several anesthesia texts.*** These maximal recommended doses have been devel-
oped for the clinical situation in which “too much drug” is injected. In reality, and as
outlined, the cause of most episodes of local anesthetic systemic toxicity is uninten-
tional intravascular injection of local anesthetic.?* In that clinical situation, maximal
recommended doses are irrelevant (Chapter 8). Another clinical factor that makes
maximal recommended doses problematic is that the site of injection alters the rate
of absorption, and thus the eventual local anesthetic blood levels.** Figure 4-5 dem-
onstrates that the uptake is most rapid after interpleural or intercostal block and least
rapid after spinal injection.

One other factor that affects peak blood levels is the addition of vasoconstrictors
(usually epinephrine) to the local anesthetic solution. Epinephrine in a 1:100,000 to
1:200,000 concentration causes an approximately 50% decrease in peak plasma con-
centration of lidocaine after subcutaneous infiltration, but only a 20%-30% decrease
after intercostal, epidural, or brachial plexus block.*** Additionally, epinephrine
decreases the peak blood level of bupivacaine significantly less than that of lidocaine,
thus further confounding real understanding of establishing maximal doses of local
anesthetics.*-*! P4lve and colleagues™ further highlighted the difficulties with maximal
recommended doses during a study of adult patients undergoing brachial plexus block
with 1.5% lidocaine plus epinephrine. After a dose of 900mg of lidocaine plus epi-
nephrine, the 17 patients (all more than 50kg in weight) had a peak mean lidocaine
value of 2.9ug/mL, and the highest individual plasma concentration of lidocaine was
5.6pug/mL. This highest individual level resulted from a patient receiving approxi-
mately 18 mg/kg. The investigators suggested that maximal doses of local anesthetics
need to be individualized but leave “individualization” of dose undefined.

Another clinical example of the difficulties in establishing maximal doses is that
shown by Samdal and colleagues,” who administered dilute (0.1%) lidocaine with
epinephrine (1:1,000,000) in patients undergoing suction-assisted lipectomy of the
abdomen, flanks, and lower extremities. In the 12 patients, the total dose of 1260~
2880mg of lidocaine (corresponding to 10.5-34.4mg/kg) was administered with an
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FIGURE 4-5. Ranking of the peak blood levels of local anesthetics after a wide variety of
regional blocks. (Modified after Carpenter RL, Mackey DC. Local anesthetics. In: Barash PG,
Cullen BF, Stoelting RK, eds. Clinical Anesthesia. Philadelphia: JB Lippincott; 1989:371-403;
de Jong RH. Local Anesthetics. St. Louis: Mosby; 1994:152; and Covino BG, Vassallo HG.
Local Anesthetic: Mechanism of Action and Clinical Use. New York: Grune and Stratton;
1976:97.)
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injection speed of 60-78 mL per minute. In these patients, the peak concentration of
lidocaine varied from 0.9 to 3.6 ug/mL and occurred between 6 and 12 hours postop-
eratively. These investigators also suggested that the maximal recommended dose
needs to be individualized, but they went on to suggest that in addition to individual-
izing maximal recommended dose, the period of postprocedure observation should
also be individualized. In their clinical setting, they suggested at least 18 hours of
observation be applied to patients undergoing the large-volume subcutaneous injec-
tions of lidocaine.

Treatment of Local Anesthetic Systemic Toxicity

Similar to most clinical recommendations, Feldman' suggested that the best treatment
for local anesthetic toxicity is prevention. Because most local anesthetic systemic toxic
reactions result from unintentional intravascular injection, efforts should be made to
minimize that potential. This can be accomplished by both aspiration via the needle
after the needle has been positioned for the regional block, and inclusion of “intra-
vascular markers” such as epinephrine in the local anesthetic solution. When epineph-
rine-containing solution is injected, the heart rate increases; if dosing of the regional
block is incremental, the total dose administered may be minimized before recogni-
tion of unintentional intravascular injection. This is the rationale behind the epidural
test dose advocated by Moore and Batra.**

Brown and colleagues® showed that of 26 patients experiencing local anesthetic-
induced systemic toxicity during regional block, all developed seizures without car-
diovascular collapse. These data are supported by similar findings in a French survey
of major complications with regional anesthesia, when none of the 24 patients expe-
riencing local anesthetic systemic toxicity developed cardiovascular toxicity.*® Four-
teen of these French patients received bupivacaine, whereas 16 of Brown’s patients
did. These data highlight that most anesthesiologists focus on managing the CNS
toxic responses (seizure) during the treatment of a systemic toxic reaction. Many
anesthesiologists reflexively reach for sedatives or hypnotics at the onset of seizure
activity, and it is known that barbiturates as well as benzodiazepines will effectively
treat many of the local anesthetic-induced seizures.**-%° Doses of these sedatives and
hypnotics are important because their associated myocardial depression seems to be
additive to that of the local anesthetic-induced myocardial depression (personal com-
munication with Dan Moore, 1989). Moore and Bridenbaugh® suggested more than
30 years ago that the key to successful treatment of local anesthetic-induced CNS
toxicity is provision of oxygen and the use of succinylcholine if it is needed to allow
adequate oxygenation. Critics of this approach suggest that the succinylcholine simply
masks local anesthetic-induced seizures, whereas Moore and colleagues emphasized
that one of the reasons for using succinylcholine is to minimize the rapid development
of acidosis that occurs from the motor seizures accompanying the local anesthetic-
induced CNS excitation.®® It is not mandatory to intubate a patient’s trachea if an
adequate airway can be maintained during the local anesthetic-induced seizure.
Rather similar to maximal recommended doses of local anesthetics, this decision
needs to be individualized.

If cardiovascular depression is present during a local anesthetic systemic toxic reac-
tion, the first step is to concentrate on correcting the physiologic derangements that
may potentiate the cardiac toxicity of local anesthetics (particularly bupivacaine),
including hypoxemia, acidosis, and hyperkalemia.* There is little information regard-
ing the best treatment of cardiovascular toxicity in humans, although investigators
have highlighted some interesting new concepts. One of the new concepts is partition-
ing the lipid-soluble long-acting local anesthetics into a lipid-soluble medium. Wein-
berg and colleagues®® have introduced the concept that bolus injection of intralipid
may be a clinically effective method in patients unresponsive to basic resuscitative
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maneuvers. A more novel approach is to incorporate the lipid-soluble medium on the
interior of a nanoparticle, and use injection of the nanoparticles to “sponge up” the
long-acting local anesthetics on the interior of the nanoparticles, thus effectively
reducing the systemic blood levels.®® Others have explored insulin and glucose
infusions in animal models, and this may hold promise.”’

There are data from animals to suggest that large doses of epinephrine may be
necessary to support heart rate and blood pressure, and there is more recent evidence
that vasopressin (40 units(u) intravenous, once) may be used in place of, or in addition
to, epinephrine.®® Furthermore, atropine may be useful to treat bradycardia, direct
current cardioversion often is successful, ventricular arrhythmias are probably better
treated with amiodarone than with lidocaine, and cardiopulmonary bypass may be a
useful adjunct to resuscitation.>®*”® Amiodarone, an inotropic agent, increases intra-
cellular cyclic AMP and calcium via the inhibition of phosphodiesterase fraction 3.
Again, the most effective treatment for cardiovascular toxic reactions associated with
local anesthetic toxicity is prevention.

Other Local Anesthetic Toxicity

Allergic Reactions

Allergic reactions to local anesthetics are rare.” Nevertheless, clinical reactions asso-
ciated with local anesthetics seem to be common, and often they are difficult for
non-anesthesiologists to differentiate from true allergic reactions.”>”"” This clinical
confusion seems to explain why many patients are labeled “allergic” to local anesthet-
ics even when signs and symptoms are more consistent with an adverse reaction.

The amino-ester local anesthetics such as procaine, chloroprocaine, and tetracaine
are all derivatives of paraaminobenzoic acid (PABA). PABA is known to be an aller-
gen and is, in fact, a byproduct of the hydrolysis of the amino-ester local anesthetics.
Allergic reactions to amino-ester compounds are much more common than those to
amino-amide compounds. Confounding this further, some commercial preparations
of amino-amide agents use methylparaben as a preservative. Methylparaben is also
chemically related to PABA and has been identified as a true allergen.”” When an
amino-amide is linked to an allergic reaction, the allergy is likely attributable to the
preservative rather than to the amino-amide local anesthetic. If PABA-like com-
pounds are linked to allergic reactions, why are they added to local anesthetics?

One of the primary reasons for the use of the paraben-esters is the excellent
bacteriostatic and fungistatic properties associated with the compounds. These
compounds are widely used in multidose local anesthetic preparations, other drugs,
cosmetics, and foods. Thus, a large percentage of the population has been exposed to
the parabens, whether or not they have ever received local anesthetic compounds.”

It has been suggested that provocative skin testing is safe and effective in differen-
tiating patients with adverse and true allergic reactions to local anesthetics.”*™ The
proponents of testing suggest that if the local anesthetic skin test and progressive
challenge is negative, it is safe to use a local anesthetic. It should be emphasized that
this concept of skin testing with local anesthetics is not universally shared, and some
question the reliability of the skin testing,”*%

Myotoxicity

Local anesthetic injection into muscle may cause focal necrosis, and usually this focal
necrosis is followed by rapid regeneration within a few weeks.®! When the longer-
acting drug bupivacaine is injected into muscle, muscle repair is slower. It should be
emphasized that the myotoxicity is limited to muscle and does not involve nerves®
(Chapter 6). Bupivacaine seems to create myotoxicity by suppressing muscle
protein synthesis through the inhibition of amino acylation of RNA.* The recognition
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experimentally that bupivacaine can be linked to myotoxicity needs to be correlated
with the widespread use of bupivacaine in mixtures for muscle trigger-point injec-
tions.®* One may speculate that some of the effects of trigger-point injection are pro-
duced through a beneficial myotoxicity mechanism. It should be remembered that in
typical clinical situations, bupivacaine, lidocaine, procaine, and tetracaine seem to
produce only isolated, localized myotoxicity, which does not spread to neural
structures.®
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