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Ir is basically difficult to study the clinical problem of toxic reactions
to drugs, first, because these reactions are unexpected and, second, be-
cause the number of cases which can be observed by any one investi-
gator is comparatively small. An awareness of this problem is prob-
ably the best preventative for these reactions and as a consequence the
material for observation s reduced. Although limitations must always
be considered in the interpretation of animal experiments designed to
help solve clinical problems, such animal experimentation undoubtedly
furnishes the best basis for the understanding of these toxic effects.

A previous study (1) demonstrated the important role of cardiac
depression in acute cocaine poisoning. In this study, the investigation
has been extended to a representative group of local anesthetic agents
in order to obtain a better understanding of the prevention and control
of these serious toxic reactions.

ProcepURE AND RESULTS

Rabbits were used as the experimental animal during the major por-
tion of this study although dogs were used in certain experiments. The
technies employed were similar to those in the previous study (1),
including constant intravenous injection, kymographic tracings of res-
piration and blood pressure, together with electrocardiographie record-
ings. Artificial respiration was administered with a mechanical respir-
ator, using air; other resuscitative measures employed were cardiac
massage throngh the chest and small intravenous doses of epinephrine,
5 to 10 micrograms per kilogram.

Nature of the Reaction.—Previous studies (2, 3) of local anesthetic
agents have demonstrated the experimental toxic reactions as being of
two types, which for convenience might be called (1) convulsive-respira-
tory failure and (2) acute collapse. The essential difference in these
two types of intoxication is the more rapid absorption of the drug, in
the case of the latter. The cause of the acute collapse is attributed to

* From the Department of Ph logy and Toxicology, University of Wisconsin Med-
ical School, Madison, Wis.
t This investigation was supported by a grant from the Wi in Heart Associati
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primary cardiac failure, since the drug reaches the heart before the
central nervous system.

TIn our experience with the administration of these drugs, this differ-
ence is not clear-cut, and we believe the classification by Sadove et al.
(4) presents a more satisfactory interpretation of these reactions.
With moderately rapid rates of injection in which death ocecurs in ap-
proximately one minute, as illustrated in figure 1, the respiratory sys-
tem is the most susceptible and the first to fail, although the reaction
appears to be of the ‘‘collapse’’ type. Furthermore, artificial respira-
tion alone frequently will effect recovery even though the cardiovascular
system appears to have failed. The exception to this general effect,
reported by Long and co-workers (5), occurs when procaine is given
in large doses at a very rapid rate and ventricular fibrillation results.

bit produced by a lethal dose of

Fig. 1. Respiratory and eardiovascular changes in a rab
during a fiftcen-second interval.

tetracnine given (1) intrapulmonieally, (2) intravenously,

This is probably analogous to the effect of the rapid injection of potas-
gium. It should be noted that serious toxic depression of the heart
oceurs in most of the fatal intoxications even though the cause of death
is respiratory paralysis, and in cases of cardiac disability the sensitivity
to these drugs may be so increased that eardiac failure is primary.
Although it has been generally considerd that all local anesthetic
agents produce the same type of toxic reaction, certain differences in
the effects on the cardiovascular system should be noted. Figure 2 is
a reproduction of typical kymographic tracings of blood pressure and
respiratory changes in rabbits, together with simultaneous electro-
cardiograms, when comparable injections of dibucaine and tetracaine
were made. The rate of the intravenous injection of the local anes-
thetic agents was that which produced respiratory paralysis in seven
to eight minutes. The changes in respiration are similar but the

ud . -
20z I1dy 60 U0 3senb Ag ypd°z0000-0001 1256 L-Z2¥S0000/290222/LLG/9/€ | /Hpd-djo1e/ABojoIsayisauE /W0 JleydIaA|Is zese//:dRy wody papeojumod



Toxicity oF LocAL ANESTHETIC AGENTS 579

marked slowing of the heart rate seen with dibucaine is in sharp con-
trast to the effect of tetracaine. Procaine and cocaine usually produce
changes in the cardiovascular recordings similar to-those produced
by tetracaine.

Comparative Toxicity—There is considerable discrepancy in the
toxieity figures reported for local anesthetic agents (6, 7), at least part
of which is due to the various routes of administration. Constant intra-
venous injections give the most consistent results due to the elimination
of the variations in absorption. However, in the final evaluation of the
toxicity of a drug, the various routes of administration usually em-
ployed also should be tested.

In table 1 the comparative toxicity of four representative local anes-
thetics is listed, as determined by their constant intravenous injection
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F1a. 2. Differences in the effect of the intr dministration of tet ine and

dibueaine on the cardiovascular system of rabbits and the subsequent stimulation of 10 micro-
grams per kilogram of epinephrine (intravencusly).

into rabbits at a rate which produces respiratory arrest in seven to
eight minutes. The figures in this table are the averages of the results
for groups of 5 rabbits. The rates shown give a toxicity ratio of pro-
caine 1, cocaine 3, tetracaine 8, and dibucaine 20, which approximate
those previously reported (7) for intravenous administration. When
regpiratory arrest occurred, artificial respiration was instituted and
the injection continued until cardiac arrest resulted or, in the case of
tetracaine and cocaine, for a period of twenty minutes (two and a half
times that required for respiratory paralysis).

As can be seen from the table, there is a marked difference between
the comparative respiratory and cardiovascular toxicities of these
agents. The last column gives the percentage recovery of these ani-
mals when the injection was continued until eardiac arrest occurred or
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for a period of twenty or more minutes. Because there were no re-
coveries in the group of animals which received dibucaine, the adminis-
tration of dibucaine was discontinued at respiratory arrest in an addi-
tional 3 rabbits. Despite the use of artificial respiration and other
resuscitative measures, cardiovascular failure occurred after several
minutes in these rabbits in spite of the reduced dosage of dibucaine.
To prevent cardiovasenlar failure small doses of epinephrine (5 to 10
micrograms per kilogram) were injected intravenously when indicated
by-dangerously low levels of cardiac function. At the time of cardiac
arrest when the injection of the local anesthetic agent was discontinued,
cardiac massage was employed for periods of three to four minutes to
facilitate eardiac recovery.

The results with piperocaine at a rate of 4 mg. per kilogram per
minute (toxicity ratio 2.0) have not been ineluded in the table because

TABLE 1

COMPARATIVE RESPIRATORY AND CARDIOVASCULAR ToxicrTY
oF REPRESENTATIVE LOCAL ANESTHETICS

Drug Rate, Mz./Ka./‘Min. Reap, Arrest, Minutes Card, Arrest, Minutes Recovery

Procaine 7.7x2.1* >37 100%
8.0

Cocaine 78+ 2 12.8 60%
2.75 (10-14)

Tetracaine 74+ .3 >20 40%
1.0 (9-30)

Dibucaine 84+ 4 11.2 0%
0.35 (10-13)

* Mean <+ S.E. for five rabbits.

of the unusual variation in the amount of drug required to produce
respiratory paralysis. With this drug, 3 of 6 animals had respiratory
arrest in six minutes, whereas respiratory failure did not develop in the
other 3 in twenty-four minutes. This suggests marked differences in the
amount or activity of a specific detoxifying enzyme for this agent similar
to the sitnation causing the marked variation in the toxicity of atropine
for rabbits.

Rates of Absorption.—As has been emphasized by previous authors,
the rate of absorption is an important factor in the production of these
toxic reactions, in addition to the inherent toxicity of a given concentra-
tion of the local anesthetic agent. From recent clinical reports of local
anesthetic intoxications (8, 9), it would appear that topical administra-
tion is most frequently involved in toxic reactions, especially when used
for bronchoscopy. In fact, the study of ‘Weisel and Tella (9) revealed
the rather unexpected total of seven serious reactions in 1000 topical
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administrations of tetracaine despite the limitation of the tetracaine
administered to relatively small doses (2 cc. of 2 per cent solution).

As a possible explanation of these reactions, the relative rates of
absorption from various areas involved in the topical application of
these agents for bronchoscopy were investigated. Groups of 10 rabbits
were given doses of 18 mg. per kilogram of cocaine or 6 mg. per kilo-
gram of tetracaine, which correspond to the reported intravenous
M.L.D. (7) and which approximate our own figures for the average
amount required to produce respiratory arrest when these drugs are
injected intravenously at a rate that produces cessation of respiration in
approximately four minutes. The drugs were administered topically to
young adult albino rabbits by means of a small plastic catheter to the fol-
lowing sites: lungs (by way of tracheal cannula), posterior nasal cavity,
and esophagus. The amount of solution administered was 0.1 ml. per

TABLE 2
Toxicity or ToricarLy APPLIED COCAINE AND TETRACAINE
Animaly Time in Minutes to
Drug and Route of Administration N i
No. lgm{' 1t Convulsion Ru:nu;t:uy
6% Tetracaine
Intrapulmonically 10 80* 0.8 2.0
18% Cocaine
Intrapulmonically 10 10°* 7.0 4.0
6% Tetracaine + Epinephrinet
Intrapulmonically 10 60 0.6 1.0
6%, Tetracaine
Intranasally 10 20** 56 5.5
89, Tetracaine
Intra-esophageally 10 0 ] 0

* Statistically significant difference from**.
tEpinephrine 1:25,000, 5 animals; 1:50,000, 5 animall

kilogram and the concentrations of the solution were 18 per cent cocaine
and 6 per cent tetracaine.

The results of these experiments (table 2) indicate that the adminis-
tration of these drugs into the lung is essentially equivalent to an in-
travenous injection, especially for tetracaine. Comparison of the mor-
tality from tetracaine administered intrapulmonically with that of
tetracaine given by the intranasal or esophageal route, and cocaine by
intrapulmonary instillation, reveals statistically significant differences
(10). The rapid onset of convulsions and high mortality with tetra-
caine injected intrapnlmonically indicate rapid absorption from this
area. In contrast, tetracaine intranasally and cocaine intrapulmoni-
cally reveal a much slower onset of convulsions while the esophageal
administrations of the above dose of tetracaine do not even produce
convulsions. The addition of epinephrine, 1: 25,000 or 1: 50,000, to the
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tetracaine (5 animals with each concentration) produces very little re-
duction in the absorption of tetracaine instilled into the lung.

A comparison of the lethal effects of tetracaine when administered
into the lung or given intravenously is shown in figure 1. The respira-
tory and blood pressure tracings illustrate the effects of 6 mg. per kilo-
gram of tetracaine when administered by each of the two routes. The
tracings indicate a marked similarity of effects produced by both means
of administration.

Treatment of Reactions.—The cffectiveness of barbiturates in the
treatment of cocaine intoxication when the drug is administered sub-
cutaneously was demonstrated by Tatum and co-workers (11) and is the
basis for the clinical use of barbiturates in the treatment of these toxic
reactions. Qur experience in cocaine intoxication produced by constant
intravenous injections (1) revealed the antagonism of the barbiturates
to be somewhat less effective than previous workers had reported. We
have extended the study to other local anesthetic agents.

TABLE 3

Prorecrive Errect oF PENTOBARBITAL IN LoOCAL ANESTHETIC INTOXICATION

Minutes to Respiratory Arrent (£ S.E.)

Drug Rate, - -

Mg./Kg./Min. No Barbiturate Pentobarbital (20 mg./kg.)
Procaine

8.0 7T x21 115 £ 4.5
Cocaine

2.75 7802 9.7 0.8
Tetracaine

1.0 7.4 £ 0.31° 4.9 £ 0.27*

* Statistically significant P <.01.

In table 3 are listed the results of an experiment in which groups of
5 rabbits were given procaine, cocaine and tetracaine intravenously at
the previously described rates with and without treatment with pento-
barbital. The results suggest that procaine and cocaine intoxication
are benefited by pentobarbital, whercas pentobarbital appears to in-
crease the potency of tetracaine in causing respiratory arrest. Statis-
tically, the difference between the two groups receiving tetracaine is
significant at the 1 per cent level using the ““t’’ test (12). Even though
counteraction of respiratory paralysis in tetracaine intoxication is not
obtained, the convulsive manifestations are controlled, as is the case
with the other local anesthetic agents.

The effect of small doses of epinephrine (10 micrograms per kilo-
gram intravenously) in stimulating the depressed cardiovascular system
is illustrated in figure 2. It will be seen that the cardiovascular depres-
sion occurring with tetracaine intoxication responds well. Similar re-
sults are obtained with cocaine and procaine; however, in the case of
dibucaine, relatively little effect is produced. It should be noted that
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larger doses, 50 micrograms per kilogram of epinephrine, were deleteri-
ous in local anesthetic intoxication and sudden cessation of cardiac
activity was noted in several instances. Phenylephrine, 50 micrograms
per kilogram, previously found to be much less effective in the stimula-
tion of hearts depressed by cocaine, gave results comparable to those
with epinephrine in cardiovascular depression produced by the other
local anesthetic agents.

CoMMENT

The nature of the toxic reaction to local anesthetic agents derives its
importance from the necessity of selecting the best possible treatment
of this situation without delay. Since failure of respiration occurs
more readily in local anesthetic intoxication than does failure of cardio-
vascular function, the maintenance of adequate ventilation is of primary
importance even though the reaction may appear to be the result of
acute cardiovascular collapse. With the establishment of adequate
ventilation the next concern must be the cardiovascular system, in which
case cardiovascular depression is more likely to oceur than ventricalar
fibrillation.

Many experimental studies have been made to determine the relative
toxicity of the different local anestheties which, when considered with the
relative potency, gives the therapeatic ratio as a means of comparison.
Although toxicities must always be determined on experimental ani-
mals, the final evaluation of relative potency should be in the clinie
under the actual conditions of use. The local anesthetic agents em-
ployed in this study have been used in the clinic for years and the
amounts of various agents required to give adequate local anesthesia
have been determined from experience. It is interesting to note that
in a survey made by Himalstein (8) of the procedure used by the mem-
bers of the American Broncho-Esophagologic Association, the average
amounts of tetracaine and cocaine used for intralaryngeal instillation in
topical anesthesia for bronchoscopy were 70 and 240 mg., respectively.
This ratio is similar to the 1: 3 ratio of the lethal intravenouas doses of
these agents determined experimentally and used as a basis of com-
parison in this study.

The comparative toxicity of local anesthetic agents, using respira-
tory paralysis as an end point, gives a ratio of toxicity similar to pre-
viously published results (7). With the use of artificial respiration,
the comparative cardiovascular toxicity was determined and our results
indicate that relative cardiovascular toxicity does not parallel that for
the respiratory system. This is important from a clinical viewpoint
since death due to respiratory paralysis can be prevented by artificial
respiration. The toxicity ratio of procaine to dibucaine is 1:80, using
cardiovascular failure as an end point, compared to the 1:20 figure
obtained by ordinary toxicity determinations, in which death is due to
respiratory failure. Results of even greater importance are suggested
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by the differences in recovery from intoxication with these agents and
undoubtedly reflect differences in rates of detoxification. Complete
recovery after the administration of large amounts of procaine and no
recoveries from dibucaine intoxication indicate that even the 1: 80 ratio
of toxicity is not a true expression of relative toxicity. On the basis
of limited numbers, it appears that cocaine is relatively more toxic to
the cardiovascular system than is tetracaine when doses which para-
lyze respiration are used as a basis for comparison. However, our
records suggest that in cocaine intoxication, recovery oceurs more
readily after severe depression of the heart than after a similar depres-
sion due to tetracaine.

Results obtained with piperocaine show a marked variability in tox-
icity for the rabbit, which may well be caused by the variable presence
of an esterase capable of splitting piperocaine. It is not impossible
that the relatively rare clinical intoxications with procaine may be the
result of the occasional lack or deficiency of this specific enzyme which
is normally present in man, although the widespread use of intravenous
procaine suggests that man possesses a procaine esterase enzyme with
great regularity.

A more practical finding in our study is the possible explanation of
the clinical reactions encountered in topical application of agents such
as tetracaine. The results of intrapulmonary instillation of tetracaine
indicate that absorption is approximately as rapid as with intravenous
injection. The addition of epinephrine, 1:25,000 or 1:50,000, does not
appear to retard the absorption, although the stimulation of the heart
by epinephrine appears to be beneficial for survival of the severe hy-
poxia caused by the intoxication. The use of comparable doses of
cocaine results in much lower mortality rate and gives evidence that
there is a much slower ahsorption of the drug. This suggests that
vasoconstriction is produced by cocaine in the pulmonary bed which is
not produced by the concentrations of epinephrine added to the tetra-
caine solution. Application of this local anesthetic agent to the various
areas involved in bronchoscopic anesthesia indicates that the rate of
absorption from the pulmonary bed is far greater than that encountered
in other areas.

‘When one considers that a commonly accepted method of topical
anesthesia (8, 9) includes intralaryngeal instillation of 1 to 4 cec. of a
2 per cent solution of tetracaine during inhalation, it would not be sur-
prising if a large part of the administered drug would sometimes reach
the lung alveolae and give rise to reactions. Absorption from the
esophagus and stomach does not seem to be the likely cause of reactions,
as judged by our results, which conclusion is substantiated by the com-
paratively low blood levels attained with oral administration of cocaine
(13).

Little can be added to the treatment of these reactions except to
mention the -limitation of usefulness of intravenous barbiturate, espe-
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cially with agents such as tetracaine, where it would appear to be valu-
able only as an anticonvulsant. Qbviously, the control of convulsions is
important both for the purpose of managing the patient for adminis-
tration of artificial respiration and for the reduction of oxygen demand
associated with the convulsion. The rate of absorption may also be
reduced if the violent motions of convulsions are prevented (14).

Our experience indicates that small doses, 5 to 10 micrograms per
kilogram, of epinephrine are beneficial in the stimulation of the cardio-
vascular system depressed by local anesthetic agents. This stimulant
action of epinephrine is much less effective against dibucaine in con-
trast to the other agents studied. When one considers the potency of
0.05 mg. of epinephrine in man when given by rapid intravenous injec-
tion (15), it is probable that 0.5 to 1.0 mg. of epinephrine by intracardiac
or intravenous administration is excessive in clinical intoxication by a
local anesthetie agent. Resuscitative doses of epinephrine for local
anesthetie intoxication in the range of 0.02 to 0.05 mg. given intrave-
nously should be less hazardous.

SuMMARY

Although respiratory failure is the usual cause of death in untreated
cases of local anesthetic intoxication, the use of artificial respiration
makes the cardiovascular depression in these intoxications very impor-
tant. The relative respiratory and cardiovascular toxicity of repre-
sentative agents is not parallel and this difference may be important in
selecting the least dangerous agent.

The absorption of the local anesthetic agent, tetracaine, from the
lungs is very rapid and approximates intravenous injection.

Barbiturates do not increase the tolerance of the respiratory center
to paralysis by the action of some of these agents.
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