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Toxicity and Distribution of Lidocaine tn Nonasphyxiated

and Asphyxtated Baboon Fetuses

Hisayo O. Morishima, M.D., Ph.D.,” and Benjamin G. Covino, M.D., Ph.D.t

The dosage and blood concentration of lidocaine required to
produce central nervous and cardiovascular system toxicity in
both nonasphyxiated and asphyxiated fetuses were determined
in ten pregnant baboons with fetuses of average gestation of 158
days (term, 185 days). Lidocaine was infused into the fetal
jugular vein until cardiac arrest occurred, following which fetal
brain, heart, lungs, liver and kidneys were obtained. Mean dosage
and blood concentration of lidocaine associated with seizures
were 9.4 mg/kg and 15.2 pug/ml, respectively, in the nonasphyxi-
ated fetuses, and 3.9 mg/kg and 5.6 ug/ml, respectively, in the
asphyxiated ones. The dosage and blood concentration of the
drug required to produce cardiac arrest were significantly
higher in the nonasphyxiated group (35 mg/kg and 269 ug/ml,
respectively) compared to the sphyxiated group (9 mg/kg and
40 pg/ml, respectively). Tissue-plasma ratios of lidocaine were
significantly higher (P < 0.05) in the brain, heart, and liver of the
asphyxiated fetuses as compared with the nonasphyxiated ones.
The relative proportion of the injected dose found in the organs
was also higher (P < 0.05) in the asphyxiated group. These results
indicate that the increased sensitivity of the asphyxiated fetus to
lidocaine may be related in part to a greater uptake of local
anesthetics by the fetal organs. (Key words: Anesthesia: ob-
stetrics. Anesthetics, local: lidocaine. Pregnancy. Toxicity:
fetal; tissue uptake.)

THE POTENTIAL toxicity of local anesthetic agents to the
fetus in utero is related to the rate of placental transfer
of drug and the degree of fetal acidosis and hy-
poxemia.' A smaller dose and lower blood concen-
tration of lidocaine will produce cardiovascular
toxicity in the acidotic fetal lamb as compared with
the nonacidotic fetus when the drug is injected directly
into the fetus.® It has also been shown that the blood
concentration of lidocaine and mepivacaine is higher
in acidotic fetuses following administration of the
drug to the mother.** We have recently reported that
the nonasphyxiated fetus or newborn lamb requires
a much greater dosage and blood concentration of
lidocaine or etidocaine than the adult to produce
symptoms of toxicity in the central nervous system
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(CNS) or cardiovascular system.t The ctiology of the
increased sensitivity of the acidotic or hypoxic fetus
to local anesthetic agents has not been determined.
The results of this study suggest that the greater
toxicity of lidocaine in the asphyxiated fetal baboon
is related in part to an increased uptake of local
anesthetic by tissues such as the brain and heart.

Materials and Methods

Ten pregnant baboons (Papio hybrid) with fetuses
of 147 to 168 days’ (term, 185 days) gestation were
operated upon under nitrous oxide and halothane
anesthesia. Details of the technmique used for the ad-
ministration of anesthesia and postoperative manage-
ment have been reported elsewhere.® Polyethylene
catheters were placed in a maternal femoral artery
and vein and, following hysterotomy, in a fetal carotid
artery, jugular vein, and the trachea. In three in-
stances, an intravascular Pag, electrode catheter” was
used instead of polyethylene catheters for the fetal
carotid artery cannulation. Maternal and fetal ECG
electrodes and fetal biparietal superficial scalp EEG
electrodes were implanted, and thermistor probes
were placed in the fetal esophagus and maternal colon.
A catheter was also inserted in the amniotic cavity.

Postoperatively, the mother was placed in the semi-
lateral position and lightly restrained. She was sedated
with nitrous oxide-oxygen mixture and ventilated
mechanically in order to maintain maternal arterial
pH and blood gas values within the normal range.®
This was continued until the end of the experiment.
Throughout the experiment, the maternal core tem-
perature was kept at approximately 38° C by means
of a heating pad and an overhead source of infrared
radiation. Maternal and fetal arterial blood pressure
and heart rate, fetal intratracheal pressure, and intra-
amniotic pressure were recorded continuously. Fetal
intravascular Pag, was also monitored in three ex-
periments. The heart rate was measured using either a
cardiotachometer from the arterial pulse pressure, or
the R wave of the ECG. Fetal electrocortical activity

1 Morishima HQO, Pedersen H, Sakuma K, et al: Toxicity of
lidocaine and etidocaine in the fetal newborn and adult sheep.
Abstracts of Scientific Papers, Annual Meeting, American Society
of Anesthesiologists, 1978, pp 343-344.
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Tanre 1. Gestational Age, Weight, Acid-base and Hemodynamic Variables Measured Prior to Lidocaine
Intusion in Nonasphyxiated and Asphyxiated Fetuses

Mean
Gestational Base Arterial
Animal Animal Age Weight Pico, Deficit Sito, Hematocerit MHeart Rate Pressure
Number Sex (days) (g pH, (torr) (mkg/L} {per cent) (per cent) (heats/min) (torr)
Nonasphyxiated
1 I 150 780 7.30 31 10.7 52 37 170 40
2 3 154 800 7.35 40 3.2 70 42 195 43
3 1% 157 743 7.31 35 11.0 62 45 180 50
4 é 158 680 7.27 56 4.1 52 37 150 40
3 ? 168 725 7.26 50 6.8 37 47 210 35
Mean 157 746 7.30 42 7.2 55 42 181 42
SE 3 21 0.02 5 1.6 6 2 10 3
Asphyxiated
6 Q 147 590 7.02 56 18.5 11 44 155 47
7 3 155 840 6.87 94 19.5 7 47 120 60
8 ? 162 850 6.93 62 23.0 5 48 180 39
9 2 163 610 7.05 64 16.8 10 47 200 47
10 ? 165 780 7.20 48 10.4 14 42 200 53
Mean 158 734 7.01* 65 17.6% 9* 46 17 49
SE 3 56 0.06 8 P 2 1 4
¥ =P <001 7 =P <0.02 signtficantly different from nonasphyxiated group.

was recorded continuously from biparietal superficial
scalp electrodes. In the period three to five hours
after the hysterotomy but before the experiment was
begun, baseline measurements were made of fetal
breathing movements and temperature gradient be-
tween mother and fetus, and continuous measure-
ment was made of mtravascular Pag, in the fetus.
The results of these observations have been published
elsewhere.?

For the purpose of this experiment, the fetuses were
divided into two groups according to their arterial
pH and oxygenation prior to the study. Five fetuses
were relatively well oxygenated with a mean pH, of
7.30 = 0.02 (SE) and Sag, of 55 % 5.6 per cent (non-
asphyxiated group). In the remaining five experi-
ments, cespite identical management, the fetuses were
severely acidotic and hypoxemic, with a mean pH, of
7.01 = 0.06 and Sag, of 9 = 1.6 per cent (asphyxiated
group) due to prolonged strong uterine contractions.
Lidocaine, 0.2 per cent solution, was infused at a con-
stant rate (approximately 4 mg/kg/min) into the fetal
Jugular vein until cardiac arrest was evident on the
fetal ECG. The infusion rate was calculated by esti-
mating the fetal weight at surgery. The actual weight
was obtained prior to the removal of fetal organs after
delivery. Blood samples were obtained simultaneously
from the maternal and fetal artery prior to the infusion
of lidocaine, at the onset of seizure activity, and at
the time of cardiac arrest. Immediately following

cardiac arrest, the fetus was delivered, and brain,
heart, lungs, liver, and kidneys were removed. They
were blotted dry, weighed (wet weight) and frozen.
All blood samples were analyzed for pH, P, and
Pg,. using radiometer microelectrodes and a radiom-
eter gas analyzer. Plasma was then separated by cen-
tritugation and stored at — 15° C. The base deficit was
calculated using the Siggaard-Andersen nomogram.
The oxygen saturation was estimated using nomo-
grams for the adult and fetal baboons.’ Blood and
tissue samples were analyzed for lidocaine concen-
trations using a gas chromatographic technique.'' For
determination of the concentration of lidocaine in
tissues, each entire organ was transferred to a homog-
enizer cup, to which a measured quantity of internal
standard solution of methyl-ethyl lidocaine in distilled
water was added. The mixture was homogenized.
The subsequent extraction procedure and gas chro-
matographic assay for lidocaine were carried out as
described previously for blood." This procedure was
specific for unchanged lidocaine, since the retention
time for the drug was 15 min, whereas the retention
times of the two most likely metabolites, monoethyl
glycinexylidide and glycinexylidide, were 11 and 14
min, respectively. The results were expressed as
micrograms of lidocaine per gram of tissue (wet
weight). Comparisons between the means of the two
groups were made using the unpaired ¢ test, and P
< 0.05 was considered to be as significant difference.
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Tasrr 2. Dose and Blood Concentration of Lidocaine
at Time of Seizures
Nonasphysiated Asphyyiated
Fetuses Fetuses
tn = 95) tn =2
Dose (mg/kg) .4 £ 2.4% 3.6.4.1
Concentration in blood (ug/ml) 15.2 + 2.5% 4.7.6.4

* Values are mean = SE.

Results

Gestational age. weight. acid-base values, hemato-
crit, heart rate, and mean arterial pressure in the
nonasphyxiated and the asphvxiated fetuses prior o
administration table 1.
Gestational age and fetal weight were comparable
in both groups. The degree of fetal acidosis and
hvpoxemia was related to the degree of uterme

ol lidocaine are listed in

actuvity, which in turn affected the adequacy of

uteroplacental perfusion. It is generally accepted
that strong and prolonged uterine contractions may
reduce the intervillous space perfusion and cause
oxvgen deprivation to the fetus. During the course
ot baseline mecasurement. five mothers commenced
& progressive increase in intra-amniotic pressure and
frequency of uterine contractions, leading to ab-
normally elevated uterine activity and severe fetal
asphyxia. Under the hypoxemic state, anaerobic
glycolysis is increased, and this results in a further
rise in base deficit. The remaining five mothers had
only mild uterine activity throughout the experiment.
Expressed in Montevideo units'? uterine activity prior
to the infusion averaged 142 = 26.0 in the asphyxi-
ated group compared with 71 = 14.4 units in the non-
asphyxiated one. Although one fetus (number 5) in
the nonasphyxiated group had relatively low pH, and
Sag, values. most fetuses classed as asphyxiated
showed significantly greater degrees of metabolic
acidosis and hypoxemia as judged by lower mean pH,
and Sag, values (P < 0.01), and higher base deficit
(P < 0.02) in comparison with the nonasphysiated
group.

During infusion of lidocaine, EEG changes charac-
teristic of seizure activity, Le., trregular pattern of
large amplitude and slow wave of electrical activity,
occurred in all nonasphyxiated and in two asphyxiated
fetuses. This was accompanied by a significant in-
crease in mean systolic blood pressure (48 £ 8 per
cent above control) and heart vate (32 £ 8 per cent
above control). These changes occurred intermiuently
and were subsequently followed by hypotension and
bradveardia, leading to irreversible circulatory col-
lapse. The remaiming three severely asphyxiated
fetuses (numbers 6. 7, and 8) showed no sign of
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seizure activity. Arterial pressure and heart rate de-
creased steadily until cardiac arrest occurred.

Mean dosage and blood concentration of lidocaine
required to produce seizure activity are summarized

in table 2. These doses were expressed in terms of
mg/kg ol fetal body weight measured at the end of

the study. The dosage and blood concentration of the
drug associated with seizures in the nonasphyxiatec
fetuses were much higher than in the asphyxiated
ones. The dosage of lidocaine necessary to produce
cardiac arrest was also significantly higher in the
nonasphyxiated group (35 = 3 mg/kg) compared to
the asphyxiated group (9 = 2 mg/kg) (P < 0.01). De-
tails of the mfusion rates of lidocaine and the con-
centration of the drug in blood and tissues obtained
at the time of cardiac arrest are listed in table 3. The
mean concentration of lidocaine in brain and myo-
cardium was 14 = 3 pg/g and 111 = 16 pg/g, respec-
tively, in the nonasphyxiated fetuses, and 11 = 3 pg/g
and 80 = 28 ug/g, respectively, in the asphyxiated
animals at the tume of cardiac arrest. Although the
blood lidocaine concentration was significantly higher
mn the nonasphyxiated group, no statistically signifi-
cant difference existed in the tissue levels of the two
groups except for the kidnev. The lidocaine level in
renal tissue was significantly higher in the nonasphyxi-
ated fetuses (P < 0.02). However, the tissue-plasima
ratios of lidocaine were significantly higher in the
brain, heart, and liver of the asphyxiated group as
‘TasLe 3. Rate of Infusion and Concentration of Lidocaine in Blood

(pmg/ml) and Tissue (pg/g wet weight) in Nonasphyxiated and
Asphvxiated Fetuses at Time of Cardiac Arrest

Infusion
Antmal Ritte
Num- tmg/ky/ Myo-
ber min) Blood Brain ciardium Lungs Livey Kidney
Nonasplyxiated
1 3.8 183.0 16.3 117.0 — 79.0 | 54.9
2 4.2 2400.0 8.8 83.3 56.7 1 66.9 | 52.3
3 5.2 3039 10.9 146.2 37.9 | 46.7 | 79.9
4 4.3 186.0 8.9 66.3 13,9 1263 | 353
5 6.1 38201 25.6 141.7 34.7 149.9 | 63.2
Mean 4.7 269.0 14.1 110.9 35.8 | 53.8 | 57.1
SE 0.4 37.9 3.2 15.8 8.8 9.0 7.3
Asphyxiated
6 1.2 26.7 8.1 36.7 9.8 1246 | 15.1
7 3.7 27.3 12.3 180.6 — 56.8 | 20.9
8 2.2 7.4 1.2 29.5 6.5 | 11.7 —
9 3.8 110.6 12.8 53.1 32,8 1 19.0 | 24.8
10 3.0 27.2 18.7 949.4 285 1279 | 35.2
Mean 3.5 40.0% 10.6 79.9 18.2 28.0 | 24.0%
SE 0.3 18.1 2.9 28.0 6.1 7.7 4.2

*=P <00l ¥ =P <0.02 significantly different from non-
asphyxiated group.
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compared with those in the nonasphyxiated group
(fig. 1). The relative proporton of the injected dose
found in these organs was also higher in the asphyxi-
ated group (fig. 2). The tssue uptake of lidocaine
has probably been underestimated in this study since
residual blood was not washed out from organs prior
to homogenizaton.

Maternal cardiovascular and acid—base status prior
to the mfusion of lidocaine into the fetal vein were
norntal for our laboratory.® Average values for the
mean arterial pressure and heart rate were 114 = 3
torr and 137 = 4 beats/min, respectivelv: mean pH,,
7.48 £ 0.05; Pace,. 35 = 2 torr: Pag, 126 = 17 torr,
and base deficit, 4.5 = 0.8 mlg/L. These values re-
mained essentially unchanged throughout the experi-
ment. The maternal blood concentration of lidocaine
at the time of fetal setzures was less than 0.01 pg/ml.
At the time of fetal cardiac arrvest, the maternal blood
concentration of lidocaine was 0.5 = (.09 pg/ml m the
nonasphyxiated group and 0.4 = 0.12 pg/ml in the
asphyxiated group.

Discussion

The results of this study demonstrate the enhance-
ment of local anesthetic woxicity in the subhuman
primate fetus by hvpoxemia and acidaosis. Thev con-
firm our previous observations in human and sheep
fetuses that the nonasphyxiated fetus and neonate
can tolerate a high blood concentration of local
anesthetic before exhibiting signs of CNS and cardio-
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Fic. 1. Mean (£SE) for tssue-plasma ratios of lidocaine con-
centrations in the bram, heart, liver, lungs and kidnevs in the non-
asphyxiated (open bars) and asphyxiated (shaded columns) fetuses.
N =5 in each group. *Significanly different from the non-
asphyxiated group.
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Firi. 2. Mean (+SE) values for the proportions of injected lido-
caine dose found in the brain, heart, liver, lungs and kidneys in
nonasphyxiated and asphyxiated fetuses. N = 5 in cach group.
*Signihicantly different from the nonasphyxiated group.

vascular toxicity.§%" The higher dosage of lidocaine
required to achieve toxic levels in the fetal blood may
be related in prt to the rapid placental clearance of
the drug into the maternal compartment. Indeed, in
this and in previous experiments, local anesthetics
injected directly into the fetus were quickly detected
in maternal blood ™" The decrcased tolerance of the
hypoxemic and acidotic baboon fetus to the toxic ac-
tions of lidocaine is consistent with previous studies
in adult animals, fetal sheep, and newborn lambs #1917
Three baboon fetuses with profound asphyxia ex-
hibited no seizure pattern on the EEG during infusion
of lidocaine. This was probably related to preexisting
severc CNS depression. In human infants accidentally
injected with local anesthetic during attempted ma-
ternal caudal anesthesia,” there was prolonged
hvpotonia in the newborns; convulsions appeared
only alter the newborns were resuscitated and well
oxvgenated.

The present study also indicates that the increased
susceptibility of the asphyxiated fetus is due to a
greater tendency of local anesthetics to accumulate
in fetal organs. particularly the brain and heart. This
is probably due in part to the pH effect on ionic
trapping of the local anesthetic agent. The ratio of
ionized to nonionized form of the drug is of pharma-
cologic importance since free base more readily pene-
rates the tissue diffusion barriers. All amde-type

§ Morishima HQO, Pedersen H, Sakuma K, et al: Toxicty of lido-
caine and etidocaine in the fetal newborn and adult sheep. Abstracts
of Scientific Papers. Annual Meeting, American Society of Anes-
thesiologists, 1978, pp 343-344.
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local anesthetics are weak bases with pK, values
ranging from 7.7 to 8.1." A decrease in extra- and
intracellular pH causes conversion of the local anes-
thetic agent from the base to the cationic form. There-
fore, when the fetus is acidotic, the drug will be
trapped intracellularly, leading to an accumulation
in tissues as demonstrated in this study. An additional
factor may be the degree of protein binding of local
anesthetics, which is influenced by pH'™. acidosis
causes decreased binding of local anesthetic to serum
“albumin.

Circulatory changes may also aftect tissue uptake of
drugs. Cohn et al.’ studied the percentage distribu-
tion of cardiac output to various organs during both
hypoxemic and hypoxemic-acidemic conditions in
the fetal lamb. The proportion of cardiac output dis-
tributed to the placenta, brain, heart, and adrenals
increased significantly, whereas that to the lungs, gut,
kidney, splcen, and carcass was decreased. Similar
results have also been obtained in the rhesus monkey.*
An increased placental, cerebral, and coronary blood
flow should increase the percentage of local anesthetic
drug delivered to the liver, brain, and heart per unit
time, which will again result in an enhanced uptake of
the drug by these organs. Indeed, our study shows
that the fetal liver, brain, and heart were the three
organs in which the tissue-blood ratio of lidocaine
was significantly higher in asphyxiated fetuses. The
combination of increased delivery of local anesthetics
to the brain and heart, decreased plasma protein bind-
ing, and intracellular ionic trapping probably account
for the enhanced tissue uptake and the marked in-
crease in the toxicity of lidocaine observed in the
asphyxiated primate fetus in this study.

Finally, one might consider the “blood-brain
barrier” as another possible factor altering uptake ot
the drug in the asphyxiated fetus. It has been shown
that during experimental asphyxia there is a break-
down of the blood -brain barrier to such a compound
as the albumin tracer, Evans blue.®!
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