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the anesthetic effects on the brain. A com-
plete dose-related spectrum of cerebral ef-
fects can be observed starting with minor
drowsiness, and progressing to ringing in
the ears, numbness of lips and tongue, or
metallic taste in the mouth, convulsions,
and even respiratory arrest at extremely
high blood levels.

Essentially two choices are available to
minimize the toxic effects of local anesthet-
ics: control at the source or control at the
target. The most immediately obvious con-
trol over high blood levels is at the source;
that is, the site of injection of the local
anesthetic. The less drug given, the less
volume injected, and the lower the concen-
tration of drug used, the smaller will be the
quantity of anesthetic to eventually end up
in the circulation. Chances of critically high
blood levels are correspondingly reduced
thereby. Further, reduction in absorption is
produced by incorporating a vasoconstric-
tor such as epinephrine in the solution. At
the other end of the delivery system is the
local anesthetic’s target organ for toxic dis-
turbances—the brain. If the sensitivity of the
brain to local anesthetics can be reduced,
toxic manifestations will be controlled.

Two general approaches are available to
reduce CNS sensitivity. Some 10 years ago,
Drs. Wagman and de Jong documented in
cats that the seizure dose was inversely
proportional to the arterial pCO:z (Figure 1).
At a high CO:z tension (75 to 80 torr) a very
small dose of local anesthetic (as little as 4
mg/kg) induced seizures in the majority of
animals tested. Whereas, when the CO:
tension was reduced to the cat’s normal of
30 to 35 torr, some three or four times more

local anesthetic (about 15 mg/kg) were re-
quired before seizures occurred. When the
animals were hyperventilated, the convul-
sant dose was further increased.

The second approach is pharmacologic
reduction of the brain’s excitability to local
anesthetics. At the base of the brain is the
amygdala, a small nuclear mass and a com-
ponent of the limbic system. This small
nucleus seems to be particularly reactive to
local anesthetics and serves as a focal sei-
zure generator with high blood levels. Its
sensitivity can be markedly reduced by the
benzodiazepines.

In experimental tests, animals given di-
azepam before the IV injection of local
anesthetic were less sensitive to the anes-
thetic than before.* The experimental evi-
dence is summarized in Figure 2. The me-
dian convulsant dose of lidocaine in
untreated animals is 8.4 mg/kg. A week or
so later, the same animals were pretreated
with 0.25 mg/kg of diazepam. This time the
median convulsant dose of lidocaine had
risen to 16.8 mg/kg—exactly double the
amount of lidocaine previously necessary
to induce convulsions.

In other words, under these experimental
conditions and in this particular animal
species, diazepam allowed the administra-
tion of twice as much lidocaine as in un-
protected animals before central nervous
system toxicity was observed.

Finally, to help prevent and facilitate the
treatment of anesthetic toxicity (Table 2),
patients should be premedicated with diaz-
epam. Although the optimal dose is not yet
known, diazepam is being used increasingly
as a preanesthetic medicant.
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Figure 1. Carbon dioxide elimination raises the
brain’'s seizure threshold to local anesthetics. The
more the arterial pCO2 is lowered, the more lidocaine
must be given before cats will convulse. Bi-logarith-
mic coordinates, with IV bolus dose of lidocaine on
the horizontal axis, and arterial carbon dioxide ten-
sion just prior to lidocaine injection on the vertical
axis. Closed circles represent animals who did not
convulse, open circles those who convulsed. From
de Jong et al.3
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Figure 2. Pretreatment with diazepam doubles the
median convulsant dose (CDso) of local anesthetic.
In cats given prophylactic diazepam (0.25 mg/kg;
IM), the lidocaine CDso rose from a control (unpro-
tected) 8.4 mg/kg to 16.8 mg/kg when lidocaine was
given one hour after diazepam premedication. Log-
probit coordinates, with lidocaine bolus dose as the
horizontal axis, and percentage of cats convulsing
on the vertical axis. The median convulsant dose is
obtained by interpolation at the 50% convulsion
level. From de Jong et al.*

Table 2. Preventive measures for
local anesthetic toxicity

premedication with diazepam

use least dose in lowest concentration
epinephrine (1:200,000) where feasible
aspirate before injecting full dose

e give test dose, wait, watch patient
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Should an untoward toxic reaction be
imminent (Table 3), or it appear that the &
patient is about to convulse, the first con- 8
cern is to prevent patient injury. Then them
patient should be adequately oxygenated &
and, if at all possible, hyperventilated to
quickly lower the COz2 tension. The circula-
tion should be checked and sustained. If N
convulsions do not stop promptly, either &
diazepam or thiopental in small increments Q
should be administered intravenously.
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Table 3. Treatment for local
anesthetic toxicity

e prevent patient injury

® ensure oxygenation (hyperventilate)

® check circulation (raise legs)

® get help to start IV infusion

e diazepam (2.5 mg) or thiopental (50 mg) IV
e succinylcholine for refractory convulsions
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Ordinarily, these measures suffice toa
stop the majority of convulsions. Usually,o
drug redistribution will quickly lower theZ
blood level and so lift the curse of toxicity.3
With refractory convulsions (a rareZ
event), the time for muscle relaxants suchS
as succinylcholine may have arrived. s_?‘

Neuromuscular blocking agents paralyzeS
the patient, the intense muscle contractionsz.
come to a halt, and adequate ventilation can3,
then be provided. However, in inex-g
perienced hands (or lacking proper equip-3
ment) muscle relaxants may in themselvesg
be hazardous. Paralysis does not cure the2
disease, it merely masks the muscularm
symptoms. Hyperventilation and therapyco
with an anticonvulsant are probably stlll
required.
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