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Gestational Differences in Lidocaine Toxicity
in the Fetal Lamb

K. Teramo, M.D.,* N. Benowitz, M.D.,t M. A. Heymann, M.D.,t A. M. Rudolph, M.D.§

Effects of lidocaine on arterial pressure, heart rate
and electrocortical activity were studied in nine
fetal lambs at 0.77 to 0.92 gestation (116 to 138
days of gestation; term in sheep is 150 days).
Lidocaine was admini I into a fetal femoral
vein either as a continuous infusion or as a bolus
injection. Epileptiform activity was observed in all
fetuses both after continuous infusion and after
bolus injection of lidocaine. Fetal arterial con-
centrations of lidocaine at the time of the first
epileptiform discharge during continuous infusion
ranged from 6.9 to 40.0 ug/ml, and correlated neg-
atively with gestational age (F = —1.727 x +242.7;
r=—0.94). The increases in fetal mean arterial
pressure during epileptiform bursts cormrelated di-
rectly with the gestational age (¥ = 1.27 x —150.0;
r=0.9]). The convulsive doses of lidocaine in-
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jected as a bolus ranged from 8.0 to 34.1 mg/ke,
and correlated negatively with gestational age
(Y = ~0.991 x +144.9; r= —0.88). The increased
sensitivity to lidocaine of the fetal central nervous

system with advancing gestation probably reflects
differences in fetal brain development. The increase
in cardiovascular responses to epileptiform activity
with advancing gestation could be related to dif-
ferences either in the strength of epileptiform

discharges or in pemmeability of the blood-brain
barrier to lidocaine, or to immaturity of the
autonomic nervous supply to the cardiovascular
system in young fetuses. (Key words: Brain, fetal
convulsions, lidocaine; Anesthetics, local; lido-
caine; Toxicity, fetal, convulsions; Anesthesia, ob-
stetric, fetal convulsions.)

WE HAVE RECENTLY demonstrated that
intravenous administration of lidocaine to fetal
lambs produces fetal epileptiform  cortical
activity.! This epileptiform activity is closely
associated with marked changes infetal arterial
blood pressure and heart rate in lambs at
0.83 gestation (124 days; term in sheep is 150
days) or more. Here we present evidence
that the responses of the central nervous
system to lidocaine in the fetal sheep are
related to gestational age; advancing gesta-
tion is associated with increasing sensitivity
to lidocaine.

Materials and Methods

Nine time-dated pregnant sheep at 0.77—
0.92 gestation (116—138 days) were prepared
for chronic observations of the fetuses. Using
techniques we have described previously, we
inserted polyvinyl catheters into a fetal femoral
vein and artery and, in sone instances, a
arotid artery.! A catheter was also im-
planted in the amniotic cavity for recording of
amniotic pressure and into the fetal trachea
for recording of tracheal pressure. In all
fetuses two electrodes were fixed with screws
through the parietal skull bone for recording
of fetal electrocortical activity. The screws

133

20z ludy 01 uo 3senb Aq ypd°80000-000209.6 L-Z¥S0000/Z L SI6Z/EE L2/ ¥/iPd-01on1e/AB0|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Anesthesiology

134 TERAMO ET AL. N4
TasLE 1. Data on Seven Fetal Lambs That Received Lidocaine by Continuous Infusion
Continuous Infusion of Liducaine
Fetal Arterial Concentration of
Getational Duration of Lidocaine at Onset of
Age Weight Hate of Infusiun Tnfusion Epileptiform Activity
Fetns (Days) ) (g min bt (Min} (pusenl)
1 118 2,500 3.28 60
6.4 9 40.0
2 120 2,050 1.34 T3
253 54
3.05 37 30.0
3 124 2,250 233 65
4.85 1 35.0
4 130 3,000 1.36 100
2.04 94 16.9
5 133 3,030 0.74 70
164 92 125
6 134 0.96 65
2,04 48 6.9
133 4,000 1.98 96 13.0
7 138 3,300 1.25 33 Not recorded

were placed 1.5 c¢m apart in the sagittal
plane, 1 cm from the mid-line, and covered
with dental cement. The catheters and elec-
trodes were led through the maternal ab-
dominal wall to the flank and protected with
a Teflon cloth pocket. At least three days were
allowed for recovery from the operation before
the studies were performed. Only fetuses in

which pH of blood was 7.30 or higher at the
time of study are included in this report.
Seven fetuses received lidocaine (Xylo-
caine, Astra) by continuous intravenous in-
fusion into a femoral vein, until epilepti-
form activity was evident on the electro-
cortical recording; one fetus received two
infusions on separate days (Table ). We have

TabLE 2. Data on Eight Fetal Lambs That Received Lidocaine as a Bolus Injection

Balus Injection of Lidocaine
Gestational
Age Weight Range of Dose Convulsive Dose
Fetus {Days) () (mka) ok
1 117 12.0-32.0 32.0
120 2,500 8. 20.0
2 118 2,050 4.9-34.1 34.1
3 123 2,250 8.9-22.5 222
4 131 3,000 10.0-20.0 20.0
3 135 5,030 4.0-8.0 8.0
7 136 33-12.1 12.1
138 3,300 6.6-9.1 9.1
8 116 1,970 5.1-30.5 305
9 124 2,850 3.5-14.0 14.0
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Fic. 1. Asterial lido-
caine concentrations 15 | | nocaINE 15
sec to 35 min after bolus CONCEN-
injectionsof lidocaine into TRATION
the femoral vein in three (pg/ml)
fetal Tambs (fetuses 1, 8,
and 9). The dose of lido-
caine (mgky fetal weight)
is indicated in each case. 5
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previously shown that continuous lidocaine
infusion at a rate of I mg-min~'-kg™" into a
fetal femonal vein for 30 minutes produces a
lidocaine concentration of approximately 10
pe/ml in fetal arterial blood.! Concentrations
of 10 pgml or more produce epileptiform
cortical activity in most fetal lambs older than
124 days of gestation.! The amounts of lido-
-aine infused in the present series rnged from
0.74 to 6.4 mg-min~'-kg!. The rate of infu-
sion was approximately doubled after 48 to 100
minutes, if no epileptiform cortical activity
was observed (table 1).

Single bolus injections of 1 to 2 per cent
lidocaine were injected within 5 seconds into
the femorl vein in cight fetuses (table 2).
In six of these fetuses in which continuous
infusions were also given, the studies were
performed on different days. The initial doses
ranged from 10 to 30 myg lidocaine, 30 to 60
min after which the dose was increased by
10-mg increments until epileptiform activity
wits observed on the fetal electrocortical
recording; this was considered the convulsive
dose for the fetus. Because arterial lidocaine
levels decrease rapidly, probably in part be-
cause lidocaine is rapidly transferred from the
fetus to the mother after fetal intravenous
injection (fig. 1), it is possible to repeat the
bolus injection after 30 to 60 minutes. During
the interval between injections, arterial pres-
sure, heart rate, and acid-base values retumed
to control levels.

Serial samples of fetal arterial blood were

TIME (minutes)

obtained for measurement of lidocaine, pH,
P,,. und Pgg,. Lidocaine concentrations in
whole blood were determined with a gas
chromatograph after ether extraction; 2-di-
ethylamino-3’-bromo-acetanilide was used as
the internal standard?® pH and blood-gas
meaurements were made on fetal arterial
blood at 39 C using a Radiometer blood-gas
analyzer with appropriate electrodes. Fetal
arterial blood pressure and tracheal and
amniotic pressures were measured with
Statham PxD pressure transducers, and
heart rate was recorded from the arterial pulse
wave using a cardiotachometer. Mean arterial
pressure was caleulated from the systolic
and diastolic pressures with the formula: mean
arterial pressure = diastolic pressure + %(sys-
tolic pressure — diastolic pressure). Pressures,
heart mate and fetal electrocortical activity
were continuously recorded with a Beckman
Dynograph multichannel direct-writing os-
cillograph.

Results

Data for fetuses 4-9 have been published
in part previously.! These fetuses are included
in this report because it became clear after
further studies that there were differences
between immature and mature fetal lambs in
both the concentration of lidocaine at which
epileptiform activity occurred and the cardio-
vascular responses associated with the epilep-
tiform activity.
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Control Lidocaine infusion
FEMORAL 100
ARTERY
PRESSURE
(memHg) 5{ I
o
&Egg/:i\ﬁ 240 Fic. 2. Recordings
—— from a fetal lamb of 0.87
120! (130 days) gestation (fetus
4) before and during lido-
ELECTRO- caine-induced  epilepti-
CORTICOGRAM 100 form activity. Note deep
W| e fetal respiratory move-
ments in association with
each epileptiform dis-
TRACHEAL 20 charge (compare with fig-
PRESSURE ure 3).
{mmHg) 0[ .
AMNIOTIC 20,
PRESSURE
{mmHg) { ————
o
L L
1min 1min

CONTINUOUS LIDOCAINE INFUSION

Epileptiform activity was produced in all
seven fetuses during lidocaine infusion. The
epileptiform  discharges occurred in short
bursts lasting 53 to 45 seconds. They con-
sisted of clusters of polyspikes of hizh

100

FEMORAL
ARTERY

PRESSURE
{mm Hg)

HEART RATE
{beats/min}

ELECTRO—
CORTICOGRAM

TRACHEAL 20,

amplitude with a mean frequency of 3to 4
cveles per second. After each epileptiform
discharge the fetal electrocortical tracing be-
came isoelectric. We have described the fetal
epileptiform activity during lidocaine infusion
in detail elsewhere.!

In five of the seven fetuses arterial blood

F1G. 3. Recordings from a fetal lamb of
0.78 (117 days) gestation (fetus 1) during
lidocaine-induced epileptiform activity.
Note only minimal respiratory movements
in association with the epileptiform dis-
charge (compare with figure 2).
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pressure increased acutely with each epilepti-
form burst (fig. 2). In the two youngest
fetuses (118 and 120 days of gestation) only
minimal changes in writerial blood pressure
oceurred during the epileptiform activity (fig.
3). The respiratory movements associated with
each epileptiform burst were considerably
strongerin the older (fig. 2) than in the younger
fetuses (fig. 3). There was a significant
correlation between gestational age and the
magnitude of the increase in fetal mean
arterial blood pressure during the phasic
hypertensive episodes associated with lido-
caine-induced epileptiform activity (fig. 4).

Concentrations of lidocaine in fetal arterial
blood ranged from 6.9 to 40.0 pg/ml at the
time of the first epileptiform discharge during
lidocaine infusion. The younger the fetus, the
higher the lidocaine concentration in arterial
blood at which epileptiform discharges were
first induced (fig. 5).

BoLUS INJECTION OF LIDOCAINE

With bolus injections of lidocaine the doses
required to produce epileptiform activity
ranged from 8.0 to 34.1 mykg fetal weight.
There was a highly significant negative cor-
relation between the convulsive dose of lido-
caine and gestational age (fig. 6). One fetus
died acutely without epileptiform discharge
after a bolus injection of 25.4 mg/kg given
during a second study three days after the first
experiment.

Discussion

Very little is known about the epileptogenic
properties of the fetal brain. Bernhard et al.?
observed that electrical stimulation caused
epileptiform cortical activity in exteriorized
sheep fetuses older than 90 days of gesta-
tion (0.6 term). However, pentylenetetrazol
(Metrazol) caused epileptiform cortical activity
in fetal lambs as voung as 65 days of gesta-
tion (0.43 term). Mann et al.* recorded cortical
activity in sheep fetuses after 120 to 143 days
of gestation during fetal intravenous admin-
istration of lidocaine as a bolus injection in
doses of as much as 36.8 mg/kg fetal weight.
They observed transient inhibition of fetal
cortical activity but no epileptiform activity.
We have previously reported on the induction
of epileptiform activity by lidocaine in fetal
lambs.! The difference between our findings
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FIG. 4. Relationship between change in fetal mean
arterial pressure during lidocaine-induced fetal
epileptiform activity and gestational age. Each point
represents the mean change during the first six
epileptiform bursts (f = 1.27 x —150.0; r= 0.91).
Points connected with a line represent data from
the same fetus.
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FIG. 3. Correlation between the concentration
of lidocaine in fetal arterial blood at the time of
the first epileptiform activity and gestational age
(¥ = - 1.727 x +242.7; r = —0.94). Points connected
with a line represent dam from the same fetus.

40—

30/~ -\
L]
*

LIDOCAINE o4
(mg/kg)

I 1 | 1 ] J
0 100 10 120 130 140 150
GESTATION (days]

FIG. 6. Correlation between the convulsive dose
of lidocaine (mg/kg fetal weight) and gestational age
(¥ = —0.991 x +144.9;r = —0.88). Points connected
with a line represent data from the same fetus.
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and those of Mann et al.* may be explained
by the fact that the ewes were anesthetized
in their studies. This could have prevented
the fetal epileptiform discharge since volatile
anesthetics increase the seizure threshold to
local anesthetics in adult animals®® We
delayed our experimental observations for
three days after the surgical procedure be-
cause it has been shown that the spontaneous
electrocortical activity of fetal sheep after an
operation for catheter insertion retums to
normal within two days.”

Although epileptiform activity occurred in
all fetuses studied, there was more than a
fivefold difference in the fetal arterial blood
concentrations of lidocaine at which epilepti-
form activity first occurred during continuous
lidocaine infusion, and more than a fourfold
difference in the convulsive doses of lido-
caine injected as a bolus, between the yvoung-
est and the oldest fetuses. These observations
raise questions regarding the toxic effects of
lidocaine and the maturation of the central
nervous system. The greater toxicity in the
older fetuses could be related to an in-
creased rate of entry of lidocaine into the
neural tissues. It would thus be helpful to
know the relationship between tissue con-
centration of lidocaine in the brin as com-
pared with blood concentration in younger
and older fetuses. Another possible explana-
tion for the increasing sensitivity of the brain
to lidocaine with advancing gestation is that
there is either an increase in the number of
individual neurons, or an increase in the
sensitivity of individual neurons.

The fetal epileptiform bursts induced by
lidocaine precede acute increases in fetal
blood pressure and heart rate by approxi-
mately 1 to 2 seconds.! The acute in-
creases in blood pressure and heart rate as-
sociated with epileptiform activity occur
similarly in fetuses paralyzed with succinyl-
choline.! This suggests that the cardiovascular
changes in the oldest fetuses resulted from
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central stimulation of the autonomic nervous
system. The lack of response of blood pressure
and heart rate during epileptiform activity in
the voungest fetuses could possibly be ex-
plained on the basis of a weaker epileptiform
stimulation. The weak gasping movements
in the younger fetuses during epileptiform
discharges support this hypothesis. However,
it could well be related to lack of maturity
of the autonomic nervous supply to the cardio-
vascular system. Sympathetic innervation of
the heart in the fetal lamb begins to appear
at about 0.6 gestation* It is not known
at what age sympathetic innervation of s
temic resistance vessels develops in the
Jamb. Differences in cardiovascular responses
to epileptiform bursts in fetal lambs of dif-
ferent gestational ages could reflect differ-
ences in the development of autonomic in-

nervation.
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