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Comparative safety of antiepileptic drugs

during pregnancy

ABSTRACT
Objective: To assess the safety of the newer antiepileptic drugs (AEDs) during pregnancy.

Methods: The study population was pregnant women who enrolled in the North American AED
Pregnancy Registry between 1997 and 2011. Data on AED use and maternal characteristics
were collected through phone interviews at enrollment, at 7 months' gestation, and postpartum.
Malformations were confirmed by medical records. The risk of major malformations was calcu-
lated among infants exposed to specific AEDs in monotherapy during the first trimester of preg-
nancy and among an unexposed group. Risk ratios (RRs) and 95% confidence intervals (Cls) were
estimated with logistic regression.

Results: The risk of major malformations was 9.3% (30 of 323) for valproate, 5.5% (11 of 199)
for phenobarbital, 4.2% (15 of 359) for topiramate, 3.0% (31 of 1.033) for carbamazepine,
2.9% (12 of 416) for phenytoin, 2.4% (11 of 450) for levetiracetam, and 2.0% (31 of 1,562) for
lamotrigine. Compared with lamotrigine, the RR was 5.1 (95% CI 3.0-8.5) for valproate, 2.9
(1.4-5.8) for phenobarbital, and 2.2 (1.2-4.0) for topiramate. The proportion of women with epi-
lepsy who had seizures during pregnancy ranged from 23% for valproate to 31 % for lamotrigine.
Valproate was associated with a higher risk of neural tube defects, hypospadias, cardiac defects,
and oral clefts and phenobarbital with a higher risk of cardiac defects and oral clefts; 5 infants
exposed to topiramate (1.4%) had a cleft lip.

Conclusions: AEDs such as valproate and phenobarbital were associated with a higher risk
of major malformations than newer AEDs such as lamotrigine and levetiracetam. Topiramate
was associated with an increased risk of cleft lip compared with that of a reference
population. Neurology® 2012;78:1692-1699

GLOSSARY
AED = antiepileptic drug; Cl = confidence interval; RR = relative risk.

Prenatal exposure to traditional antiepileptic drugs (AEDs) has been associated with an in-
creased risk of congenital malformations and deficits in 1Q."? However, the magnitude of the
risks and the specific abnormalities has varied for each drug;: it is widely accepted that valproate
increases the risk of spina bifida, phenytoin of digit hypoplasia, phenobarbital of oral clefts, and
carbamazepine of neural tube defects.’

Less is known about the safety of newer AEDs during pregnancy.® The relatively low risk of
specific major malformations together with the few pregnant women exposed to each drug in
the population have made it difficult to obtain valid, precise, and timely estimates of the
teratogenic effects of recently introduced AEDs. Cohorts of women taking a variety of thera-
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pies with shared indications, enrolled early in
pregnancy, and followed throughout gesta-
tion and postpartum can be used to assess the
relative safety of individual AED:s.

We present the findings in the North
American AED Pregnancy Registry. The ob-
jective was to estimate the risk of major mal-
formations in infants whose mothers had
taken specific AEDs as monotherapy during
the first trimester of pregnancy and to assess
whether exposure to each AED is associated
with an increased risk of specific major
malformations.

METHODS Study design. The North American AED
Pregnancy Registry is an ongoing surveillance system of pregnant
women who are taking an AED for any reason.””* Women self-
enrolled by calling a toll-free telephone number. To be eligible, a
woman must be pregnant and have taken AEDs at some point
during her pregnancy.

Women are interviewed at enrollment, at 7 months’ gesta-
tion and at 8—12 weeks after the expected date of delivery. The
computer-assisted interviews include questions on start and stop
dates of each AED taken, dose, frequency, changes in medica-
tion, indication, and, if epilepsy, number and type of secizures
during pregnancy; demographic characteristics; habits, such as
cigarette smoking, alcohol intake, and use of illicit drugs; medi-
cal conditions; use of other medications; family history; and re-

sults of any prenatal testing.

Study population. Women were eligible for analysis if they
had a liveborn infant, a stillborn infant, or a pregnancy termi-
nated because of a fetal abnormality and were ineligible if they
had a spontanecous abortion, withdrew from the Registry, or
were lost to follow-up. The units of analysis were pregnancies,
and malformations in one or more fetuses in twins were consid-
ered as one outcome.

Although women are encouraged to enroll before they have
had any prenatal testing, they are enrolled throughout preg-
nancy. Enrollment is considered pure prospective if subjects en-
roll without having had a nuchal translucency screening test or
chorionic villus sampling at 11-13 weeks™ gestation, an amnio-
centesis, maternal serum screening, or an ultrasound after 15
weeks™ gestation. The traditional enrollees might have some
knowledge of the status of the fetus.

We present below findings for the first trimester
monotherapy-exposed groups with 50 or more women eligi-

ble for analysis.

Exposure definition. Women were considered exposed if
they used any AED, as monotherapy, during the first 4 lunar
months after the last menstrual period. Women could have

added or switched to different AEDs after the first trimester.

Outcome definitions. The outcomes of interest were major
congenital malformations diagnosed before 12 completed weeks
after birth. A major malformation was defined as a structural
abnormality with surgical, medical, or cosmetic importance.’
The physical features excluded were minor anomalies, birth
marks, deformations, anatomic findings by ultrasound studies in
pregnancy that were not identified by the examining pediatri-

cian, complications of prematurity, genetic disorders, and chro-
plicat fp turity, genetic disord dch

mosome abnormalities.” In the postnatal interview, the mother is
asked about the birth status of the infant, including any health
problems, and she is asked to sign and return a medical record
release form. The infant’s doctors are asked to return copies of
their examination findings through the first 12 weeks of life.
Medical records are requested also from the infant’s cardiologist
or urologist or other specialist who has evaluated the infant. The
written descriptions in the pediatricians’ examinations are re-
viewed by the teratologist (L.B.H.), blinded to exposure status,

to determine inclusion or exclusion.

Reference groups. Our primary reference group was women
exposed to lamotrigine because it was the most commonly re-
ported AED in the Registry. The rationale for the primary active
reference group was 2-fold. First, this comparison responds to
the most clinically relevant question: which AED is safest? Sec-
ond, it minimizes confounding by indication, because most sub-
jects in the groups compared (i.c., specific AEDs vs lamotrigine)
will have epilepsy. A secondary internal reference group was
pregnant women not taking an AED and without epilepsy
who had been recruited, since 2003, among the friends and
relatives of AED-exposed participants and followed with the
same methodology.

In addition, to estimate the expected risk of specific malfor-
mations, we considered an external reference group of 206,224
infants born at Brigham and Women’s Hospital in Boston and
captured by a surveillance system that used the same inclusion/
exclusion criteria for outcome definition, but followed infants
only up to 5 days after birth.!” For analyses using this reference,
malformations identified in the Registry after 5 days of life had
to be excluded.

Analysis. We evaluated the sociodemographic and clinical
characteristics of women exposed to specific drugs. The risk of
major congenital malformations in each exposed group was com-
pared with the risk in the internal reference groups. We esti-
mated both crude and adjusted relative risks (RRs) and their
95% confidence intervals (Cls) using multivariate logistic regres-
sion. Potential confounders considered included maternal age,
race, education, alcohol use, cigarette smoking, periconceptional
folic acid supplementation, illicit drug use, chronic diseases (e.g.,
insulin-dependent diabetes), and calendar year. We added one
potential confounder at a time to each model; because RR esti-
mates remained similar, we present the crude RRs as the main
analysis. Within women with epilepsy, we compared the risk of
seizures during pregnancy among AED-exposed groups.

We conducted a number of sensitivity analyses. To assess
the role of indication, we restricted the comparisons to
women with epilepsy. To assess the impact of gestational time
at enrollment, we restricted the analysis to pure prospective
subjects. To assess the accuracy of maternal AED report, we
repeated the analyses using only AED use information from
medical records.

Standard protocol approvals, registrations, and patient
consents. Informed consent is obtained verbally at enrollment.
The study has been approved annually by the Human Studies
Committee of the Massachusetts General Hospital and Partners

HealthCare.

RESULTS From February 1, 1997, through June 1,
2011, a total of 7,370 AED-exposed and 479 AED-
unexposed women (internal comparison group) were
enrolled. Of 5,667 women taking an AED as mono-
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Figure 1
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Specific malformations. The frequency of specific
malformations for each AED is described in tables 3
and e-1. In a comparison of the lower bound of the
risk estimates with the risk in the external reference

10 valproate was associated with an in-

population,
creased risk of neural tube defects, hypospadias, and
cardiovascular malformations, and phenobarbital
was associated with a higher risk of cardiovascular
malformations. The risk of oral clefts was higher
among infants exposed to phenobarbital, valproate,
and topiramate. Among the topiramate-exposed in-

fants, there were 5 infants with cleft lip.

Figure 2 Risk of major malformations by proportion of women having at least
one seizure during their pregnancy within each antiepileptic drug
group among women with epilepsy
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DISCUSSION The risk of major malformations
overall associated with first-trimester exposure to spe-
cific AEDs ranged from 9.3% for valproate to 2.0%
for lamotrigine. The risk of oral clefts was more than
10 per 1,000 for infants exposed to phenobarbital,
valproate, and topiramate users, which is higher than
expected based on any reference population (approx-
imately 1 per 1,000 births).'

The teratogenicity of valproic acid is well estab-
lished.'" Although the risk of malformations has been
shown to be dose dependent,'>* low doses (<1,000
mg) seem to be associated with an increased risk." It
is widely accepted that first-trimester exposure to val-
proic acid increases the risk of neural tube defects
from approximately 1 per 1,000 to 10 per 1,000
births.!12131617 Some studies have also suggested
an association with hypospadias,!1>141617 oral
clefts,131¢ cardiac septal defects,"'#1¢!7 and limb de-
fects.™'” Our findings are consistent with these litera-
ture reports. Moreover, prenatal exposure to valproic
acid has been associated with neurodevelopmental
delay and autism.'® Despite the overwhelming evi-
dence for fetal toxicity, valproic acid is still prescribed
to pregnant women because it is an effective drug in
the treatment of idiopathic generalized epilepsy and,
specifically, juvenile myoclonic epilepsy.

Previous studies had suggested that other tradi-
tional AEDs may increase the risk of malformations
2-3 times. Phenobarbital has been associated with
oral clefts and cardiovascular and urogenital de-
fects.” Although less common, oral clefts, cardiovas-
cular defects, and urogenital defects have also been
reported after phenytoin therapy.2®?! Exposure to
carbamazepine during pregnancy has been associated
with cleft palate,” neural tube defects,?*?*?* hypos-
padias, and cardiovascular defects.??

The use of lamotrigine, topiramate, and levetirac-
etam has increased in the last decade and, therefore,
assessing their safety is critical.® Studies consistently
show a lower risk of malformations overall for lam-

24 and in most

6,13,25,26

otrigine than for traditional AEDs,*
studies the risk does not increase with dose.
We published a risk of oral clefts of 7.3 per 1,000
among users of lamotrigine monotherapy.® With a
larger sample size, the estimate is now 4.5 per 1,000
(95% CI 2.0-8.8). Other studies have reported
lower risks of oral clefts after first-trimester lam-
otrigine exposure: 1-2.5 per 1,000.%1326

For topiramate, based on 359 women exposed in
monotherapy during the first trimester, we found a
risk of cleft lip of 14 per 1,000. The lower bound of
the 95% CI was 5.1 per 1,000, which is still higher
than the expected risk in the population. Another
registry from the United Kingdom has reported a
risk of oral clefts of 29 (95% CI 5-91)¥ per 1,000
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Table 3 Prevalence of most common specific malformations diagnosed before 5 days of age among infants exposed to the AED
monotherapies most commonly reported in the North America AED Pregnancy Registry 1997-2011 and among an external
reference population from Brigham and Women'’s Hospital in Boston

Major congenital
anomaly?

Hypospadias®
No. (%)
95% ClI

Neural tube
defects

No. (%)
95% CI

Cardiovascular
anomalies

No. (%)
95% Cl
Oral clefts
No. (%)
95% Cl

Lamotrigine

(n=1,562)

(0.02-0.42)

(0.05-0.52)

(0.20-0.88)

Carbamazepine Phenytoin Levetiracetam Topiramate Valproate Phenobarbital External
(n=1,033) (n=416) (n=450) (n=359) (n=323) (h=199) reference, %°
1(0.19) 0 0 2(1.1) 5(3.1) 1(0.97) 0.04
(0.01-0.93) (0.19-3.6) (1.1-6.7) (0.05-4.7)

3(0.29) 0 1(0.22) 0 4(1.2) 0 0.12
(0.07-0.79) (0.01-1.1) (0.39-3.0)

3(0.29) 4(0.96) 1(0.22) 1(0.28) 8(2.5) 5(2.5) 0.33
(0.07-0.79) (0.31-2.4) (0.01-1.1) (0.01-1.4) (0.12-4.6) (0.93-5.5)

5(0.48) 2(0.48) 0 5(1.4) 4(1.2) 4(2.0) 0.11
(0.18-1.1) (0.08-1.6) (0.51-3.1) (0.39-3.0) (0.64-4.8)

Abbreviations: AED = antiepileptic drug; Cl = confidence interval.
2 Restricted for malformations diagnosed before 5 days of age, including elective terminations, to be comparable with the external reference population.
Confirmed by review of medical records. Some infants had more than one defect.
b Prevalence among 206,224 births, including stillbirths and elective terminations surveyed for anomalies at Brigham and Women's Hospital in Boston.
¢ Excludes mild glandular hypospadias. Restricted to male infants.

among 70 topiramate monotherapy users, more
than 10 times their background risk. A recent
study from Denmark has reported 1 case among
108 women exposed during the first trimester,
corresponding to a risk of 9.3 cases (95% CI 0.5-
45) per 1,000 compared with 1.7 per 1,000 in
their unexposed population.®

For levetiracetam, one study found no malformed
infants among 39 exposed prenatally to mono-

28 and another reported no malformed in-

therapy,
fants among 58 exposed during the first trimester.°
In the current study, the risk of major malformations
in 450 infants exposed during the first trimester to
levetiracetam monotherapy was 2.4% (95% CI 1.2—
4.3%).

A few studies have evaluated the teratogenicity of
oxcarbazepine; the numbers of malformations after
pregnancy exposure were 1 in 55,2 2 in 37, 3 in
130,%° and 11 in 393,° each study having too small a
sample to assess the risk for specific malformations.
The risk associated with oxcarbazepine monotherapy in
the current study was 2.2% (95% CI 0.6—5.5%). Like-
wise, the risk estimates of major congenital malforma-
tions for gabapentin and zonisamide had very wide
confidence intervals and, therefore, were uninformative.

The evaluation of the teratogenic effects of AEDs
is complicated by the fact that epilepsy itself could
potentially increase the risk of birth defects.** How-
ever, several lines of evidence suggest drug effects: the
type of epilepsy and the number of seizures during

pregnancy do not appear to affect the risk of malfor-
mations.?>*?-%> In addition, the risk of malformations
is higher in the offspring of women taking AEDs
than in those with untreated epilepsy during preg-
nancy,>*% and women with a history of epilepsy but
taking no AED do not have an increased risk of hav-
ing children with major malformations.’* However,
the latter observations might also reflect an effect of
disease severity, because epilepsy can seldom remain
untreated, and untreated women might not be com-
parable to women taking AEDs. Comparative safety
research methods minimize this bias by comparing
different AEDs among women with epilepsy.

In addition to the lamotrigine-exposed reference
group, we used 2 unexposed comparison groups, one
external and the other internal. It was reassuring to
see that there was no qualitative difference in the
main conclusions from either of these comparisons.
Results were also similar when restricting the sample
to pure prospective enrollees, when using evidence of
AED prescriptions in medical records, when adjust-
ing for potential confounders, or when restricting the
sample to women with epilepsy. The limited role of
confounding in the assessment of AED teratogenic-
ity had been reported previously.613:30-37

More than 70% of the enrolled mothers provided
medical records release forms. Medical records were
received from the neurologist or psychiatrist who
prescribed the AED for 65% of the mothers and

from the pediatrician for 59% of the infants. In a
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validation study, there was a 99% agreement be-
tween the mother’s verbal report and the doctors’
records for the infants whose mothers had provided
permission.® However, the sensitivity of maternal re-
port might be lower for women who did not provide
permission. The low risk of malformations in this
study, relative to that in other reports, is probably
due to the strict outcome inclusion criteria.” In addi-
tion, registries rely on volunteers to participate; this
population might have a lower risk of malformations.
We can only assume that the teratogenic effects of
AEDs would be similar in the population of exposed
pregnant women from whom the sample was drawn.

In exploratory analyses, AEDs associated with the
largest risk of major malformations in the fetus were
also associated with the lowest risk of seizures in the
mother. Other studies had suggested a higher fre-
quency of seizures during pregnancy in lamotrigine
users than in valproate users.* In the absence of ran-
domization, the differences in effectiveness observed
among the drugs may be due to the underlying indi-
cation. Clinicians might continue valproate or phe-
nobarbital treatment for women of childbearing age
when their epilepsy is well controlled and they are
reluctant to switch drugs and risk seizure recurrence.
Conversely, newer AEDs could have been prescribed
to patients whose epilepsy was not responding to
traditional drugs. Another important factor is the
pharmacokinetic changes during pregnancy due to
increased clearance, which may be particularly pro-
nounced for specific AEDs and can increase the risk
of seizures. Whatever the explanation might be, it is
intriguing that less effective seizure control during
pregnancy seemed safer for fetal development.

Most traditional AEDs have been associated with
relatively specific defects (i.e., oral clefts, neural tube
defects, cardiac defects, and urogenital defects) to
different degrees. Whether lamotrigine and topira-
mate also increase the risk of oral clefts is still under
investigation. The etiology of all of these malforma-
tions might involve alterations in the fusion of em-
bryonic folds. Embryonic cell adhesion involves
cellular communication processes that might share
mechanisms with neuronal signaling.® Neu-
rotransmitters that participate in embryologic cell-
cell interactions may be later involved in synaptic
transmission.* Because AEDs affect neuronal trans-
missions through various means, one could speculate
that more successful inhibition of neurotransmission
might lead to both better seizure control in the
mother and stronger alteration of cell-cell adhesion
processes in the embryo. This hypothesis would be
compatible with the lower risk of seizures during
pregnancy found for those AED groups associated

with a higher risk of malformations.

Neurology 78 May 22,2012

Because women with epilepsy often need to con-
tinue their AEDs during pregnancy for seizure con-
trol, we need to know which AEDs are safer for the
mother and the fetus. Overall, traditional AEDs such
as valproate and phenobarbital were associated with a
higher risk of major malformations in the fetus than
newer AED:s like lamotrigine and levetiracetam. The
observed association of topiramate with an increased
risk of cleft lip was based on small numbers and
would need to be confirmed by others.
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