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Effects of fetal antiepileptic drug exposure

Outcomes at age 4.5 years

ABSTRACT

Objective: To examine outcomes at age 4.5 years and compare to earlier ages in children with
fetal antiepileptic drug (AED) exposure.

Methods: The NEAD Study is an ongoing prospective observational multicenter study, which en-
rolled pregnant women with epilepsy on AED monotherapy (1999-2004) to determine if differen-
tial long-term neurodevelopmental effects exist across 4 commonly used AEDs (carbamazepine,
lamotrigine, phenytoin, or valproate). The primary outcome is IQ at 6 years of age. Planned analy-
ses were conducted using Bayley Scales of Infant Development (BSID at age 2) and Differential
Ability Scale (IQ at ages 3 and 4.5).

Results: Multivariate intent-to-treat (n = 310) and completer (n = 209) analyses of age 4.5 1Q
revealed significant effects for AED group. |IQ for children exposed to valproate was lower than
each other AED. Adjusted means (95% confidence intervals) were carbamazepine 106 (102-
109), lamotrigine 106 (102-109), phenytoin 105 (102-109), valproate 96 (91-100). IQ was
negatively associated with valproate dose, but not other AEDs. Maternal |Q correlated with child
IQ for children exposed to the other AEDs, but not valproate. Age 4.5 1Q correlated with age 2
BSID and age 3 Q. Frequency of marked intellectual impairment diminished with age except for
valproate (10% with 1Q <70 at 4.5 years). Verbal abilities were impaired for all 4 AED groups
compared to nonverbal skills.

Conclusions: Adverse cognitive effects of fetal valproate exposure persist to 4.5 years and are
related to performances at earlier ages. Verbal abilities may be impaired by commonly used
AEDs. Additional research is needed. Neurology® 2012;78:1207-1214

GLOSSARY

AED = antiepileptic drug; BSID = Bayley Scales of Infant Development; Cl = confidence interval; DAS = Differential Ability
Scales; NART = National Adult Reading Test; NEAD = Neurodevelopmental Effects of Antiepileptic Drugs; SES = socioeco-
nomic status; TONI-3 = Test of Nonverbal Intelligence-third edition; WASI = Wechsler Abbreviated Scale of Intelligence.

Antiepileptic drugs (AEDs) are among the most common potentially teratogenic drugs taken by
women of childbearing potential. Animal studies have demonstrated that fetal AED exposure at
doses lower than those required for anatomic malformations can produce behavior deficits."* Our
group initiated a prospective study to establish if such effects can occur in humans. We have
previously reported differential effects of fetal AED exposure on cognitive outcomes in children at
age 3 years.® Based largely on the data from this report, the Food and Drug Administration recently
released a drug safety communication reporting an increased risk of impaired cognitive development
in children whose mothers took valproate during pregnancy.* Since deficits at age 3 years might
change with maturation, we examined the effects of fetal AED exposure on cognitive functions at
age 4.5 years and compared these findings to outcomes at ages 2 and 3 years.
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METHODS Design. The Neurodevelopmental Effects of
Antiepileptic Drugs (NEAD) study is an ongoing prospective
observational investigation, which enrolled pregnant women
with epilepsy who were on AED monotherapy (i.e., carbamaz-
epine, lamotrigine, phenytoin, or valproate) from October 1999
through February 2004 across 25 epilepsy centers in the United
States and United Kingdom. Sample sizes were estimated to de-
tect 2 0.5 SD in IQ outcome. These AEDs were the most fre-
quently prescribed during pregnancy at our centers during
enrollment. No other AEDs were employed in sufficient num-
bers to allow adequate sample sizes for analysis. Polytherapy was
not included because of prior reports of poorer outcomes.™® A
nonexposed control group was not included at the direction of

the NIH review panel. This is a planned interim analysis.

Standard protocol approvals, registrations, and patient
consents. Institutional review boards at each center approved
the study, and written informed consent was obtained prior to
enrollment according to the Declaration of Helsinki. Study con-
duct and patient safety were monitored by an NIH appointed
Data Safety Management Board. The study is registered at clini-
caltrials.gov as NCT00021866.

Participants. Pregnant women with epilepsy on the 4 mono-
therapies were enrolled. Since maternal IQ is the major predictor
of child IQ in population studies,” mothers with IQ <70 were
excluded to avoid floor effects. Other exclusion criteria included
positive syphilis or HIV serology, progressive cerebral disease,
other major disease (e.g., diabetes), exposure to teratogenic
agents other than AEDs, poor AED compliance, drug abuse in

the prior year, or drug abuse sequelae.

Procedures. Information was collected on potentially con-
founding variables, including maternal 1Q, age, education, em-
ployment, race/ethnicity, seizure/epilepsy types and frequency,
AED dosages, compliance, other medicines, socioeconomic sta-
tus,® UK/US site, preconception folate use, use of alcohol, to-
bacco, or other drugs during pregnancy, unwanted pregnancy,
abnormalities and complications in present or prior pregnancies,
enrollment and birth gestational age, birthweight, breastfeeding,
and childhood medical diseases. Cognitive outcomes were evalu-
ated by assessors (blinded to AED) using the Differential Ability
Scales (DAS)® at ages 3 and 4.5, and Bayley Scales of Infant
Development (BSID)! at age 2. Testing for age 4.5 outcomes
ranged from 51 to 61 months of age. Standardized scores were
calculated. Separate investigations with very similar designs in
the United States and United Kingdom were merged after initi-
ation. Maternal IQs were determined by different measures due
to later merger: Test of Nonverbal Intelligence—third edition
(TONI-3)" in 267 mothers (67 UK), Wechsler Abbreviated
Scale of Intelligence (WASI)" in 20 (all UK), and National
Adult Reading Test (NART)" in 17 (all UK). Training and
monitoring of neuropsychological evaluations were conducted to
assure quality and consistency. Workshops were conducted for
neuropsychological test batteries annually, and each assessor was
required to identify errors and provide appropriate correction for
videotaped testing sessions containing errors in administration
and scoring. Assessors also had to submit videotape of their prac-
tice test session with record forms to the Neuropsychology Core
for review, feedback, and approval. If assessors failed, they sub-
mitted additional video assessments for approval.

Therapeutic dosages (mg/day) vary across AEDs. In order to
allow comparisons across AEDs, average AED dose during preg-
nancy was standardized, as in our prior report,’ relative to ranges

observed within each AED group in the intent-to-treat popula-
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tion by the following calculation: 100 x (observed dose — mini-

mum dose) + range of doses (i.e., maximum — minimum).

Statistical analysis. The primary analysis was intent-to-treat
(n = 310 live births including 6 twin pairs). Secondary analysis
was performed on children who completed testing at age 4.5
years (n = 209 including 6 twin pairs). Secondary analyses also
included comparison to outcomes at ages 2 and 3 years, correla-
tions of age 4.5 IQ to standardized doses and to maternal 1Q for
each AED, propensity score analyses, and comparison of verbal
and nonverbal performances at age 4.5 years. Analyses were per-
formed at the NEAD Data and Statistical Center using SAS and R.

For the primary analysis, linear regression models were used
to examine group differences in 1Q adjusting for maternal 1Q,
standardized AED dose, maternal and gestational age at delivery,
years maternal education, race/ethnicity (self-reported), and al-
cohol use during pregnancy. Additional covariates examined
were epilepsy/seizure types, seizure frequency during pregnancy,
employment, socioeconomic status, US/UK site, tobacco use,
birthweight, unwanted pregnancy, breastfeeding, prior preg-
nancy birth defects and complications, present pregnancy com-
plications, AED compliance, and other medications used (most
common in descending order were vitamins, non-narcotic anal-
gesics, narcotics, antibiotics, iron, antiemetics, antacids, and lo-
cal anesthetics). Our a priori hypothesis was that specific AED,
dose, and maternal IQ were important covariates, so these were
included as predictors in a linear model with child IQ as out-
come. Other covariates were added individually to the model
and were included if found to be significant (p < 0.05), or if
they did not exhibit collinearity with existing predictors. When
added to the model, none of the baseline variables substantively
changed inferences regarding AED group differences.

For the intent-to-treat analysis, Markov Chain Monte Carlo
methods were used to impute missing age 4.5 outcomes from avail-
able age 2 and 3 outcomes and from baseline variables related to
outcome or missingness.'*!> Baseline variables in the imputation
model included AED, dose, maternal IQ and age, gestational age at
delivery, years of maternal education, alcohol use, race/ethnicity,
and socioeconomic status (SES). Mothers of children with missing
age 4.5 outcomes differed significantly from the rest on maternal
IQ, years of maternal education, and SES (p < 0.05, ¢ test for
continuous variables, Fisher exact test for categorical variables).
They had lower 1Q), fewer years of education, and lower SES. These
variables were included in the imputation model. Standard errors
and confidence intervals of parameter estimates incorporated impu-
tation uncertainty. Least squares mean IQs were estimated for each
group adjusting for maternal IQ, maternal age, dose, gestational age,
years maternal education, alcohol use, and race/ethnicity. Similar
secondary analyses, without imputations for missing cognitive data,
were conducted for the completer sample (i.e., children with cogni-
tive testing at 4.5 years).

To investigate whether baseline differences in seizure type or
other characteristics explain the association of valproate with
poorer cognitive outcomes, post hoc subgroup analyses were con-
ducted and forest plots were created. Subgroups were defined by 1)
seizure type and 2) propensity scores.'® Further description of our
propensity analysis approach is available in our prior report.?

To test the probability that the proportion of children with
marked impairment of cognition (i.e., IQ < 70) is unchanged
across time, Cochran Q statistic was used to test the null hypoth-
esis using the sample of children with cognitive testing at all 3
ages (i.e., 2, 3, and 4.5 years). To test for differences across AEDs
in % IQ <70 at age 4.5, Fisher exact test was used.
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[ Table 1

Demographics and 1Q results for mothers of 209 children with IQ at 4.5 years

Antiepileptic drug Carbamazepine Lamotrigine Phenytoin Valproate Total® Missing®
Mothers, n 53 72 40 38 203 101
Mean maternal IQs (95% CI) 100 (95, 104) 103(99, 107) 93 (88, 98) 99 (94,104) 100(97,102) 95(91, 98)
Mean maternal ages, y (95% Cl) 31(29,32) 31(30,32) 30(28,32) 28(26, 30) 30(30,31) 29(28,30)
Mean dose, mg/d (95% Cl)° 798 (687, 908) 486 (429, 543) 387 (346, 428) 992(833,1150) NA NA
Standardized dose (95% CI)¢ 33(28,38) 37(33,42) 47(41,53) 25 (20, 30) 36 (33, 38) 33(28,37)
Gestational age at birth, wk 39(38,39) 39(39, 40) 39(38,39) 39(39, 40) 39(39,39) 39(38,39)
(95% CI)
Years of maternal education 14 (14, 15) 15(14,16) 13 (12, 14) 14 (13, 14) 14 (14, 15) 13(13,14)
(95% Cl)
Preconception folate, n (%) 29(55) 47 (65) 18 (45) 26 (68) 120 (59) 53(52)
Alcohol use, n (%)® 5(9) 5(7) 1(3) 3(8) 14(7) 10(10)
Epilepsy types®
Localization related, n (%) 46(87) 38(53) 30(75) 6(16) 120(59) 63(62)
Idiopathic generalized, n (%) 5(9) 26 (36) 6(15) 29 (76) 66 (33) 31(31)
GTCS, n (%) 2(4) 8(11) 4(10) 3(8) 17(8) 7(7)
Nonconvulsive seizures, n (%) 16 (33) 25(40) 13(35) 10(27) 64 (35) 22 (24)
Convulsions?
None, n (%) 41 (85) 49(78) 29(78) 30(81) 149 (81) 75(82)
>5 Convulsions, n (%) 2(4) 0(0) 2(4) 1(3) 5(3) 3(3)
Race/ethnicity
Caucasian 45 (85) 63(88) 23(58) 32(84) 163 (80) 81 (80)
Black 3(6) 1(1) 3(8) 1(3) 8(4) 6(6)
Hispanic 3(6) 3(4) 13(33) 2(5) 21(10) 10(10)
Other 2(4) 5(7) 1(3) 3(8) 11(5) 4(4)

Abbreviations: Cl = confidence interval; GTCS = generalized tonic-clonic seizures; NA = not applicable.
2 Total across antiepileptic drugs for mothers whose children had age 4.5 cognitive outcomes. Note that there were 6 twins for a total of 209 children.
® Missing = mothers for whom their children’s age 4.5 year cognitive outcomes are missing. Data were available for seizure frequency in 276 mothers
(91%), breastfeeding in 245 (81%), antiepileptic drug compliance in 238 (78%), and infant birthweight in 307 children (99%). Data for remaining covari-
ates were complete.

¢ Average dose for pregnancy.
9 See Methods for description of how antiepileptic drug dosages during pregnancy were standardized.
e Any alcohol use during pregnancy (yes/no).
f Epilepsy types: localization related (includes cryptogenic and symptomatic); idiopathic generalized (includes absence, juvenile myoclonic, genetic, and
other idiopathic generalized not otherwise classified); GTCS (unknown if generalized or secondary generalized).

9 Convulsions = n (%) of mothers without convulsions or >5 during pregnancy. Seizure frequency during pregnancy not reported for 17 mothers.

RESULTS The primary intent-to-treat analysis in-
cluded 304 mothers and 310 live births (6 sets of twins).
Mean gestational age at enrollment was 18 weeks (range
4-37), which did not differ across drugs. The second-
ary completer analysis included 203 mothers and 209
children (6 sets of twins). Baseline maternal characteris-
tics for the intent-to-treat sample were given in our
prior publication,® and for age 4.5 completers are de-
picted in table 1. Statistical results for the primary
intent-to-treat and completer analyses with age 4.5 1Q
as the dependent variable in the linear regression analy-
ses are in table 2. Because different measures were used
to estimate maternal IQ), a covariate for type of maternal
IQ measure was added to the primary model; this cova-
riate was nonsignificant (p = 0.39). In addition, reanal-
ysis of the completer group analysis using only those

with maternal TONI measure yielded results similar to
the original analyses.

Adjusted mean age 4.5 1Q scores along with 95%
confidence intervals (Cls) for each AED group are
listed in table 3 for the intent-to-treat and completer
analyses. Children exposed in utero to valproate had
significantly lower mean IQ than each of the other
AEDs. Scatterplots and correlations (figure 1) depict
the relationship of age 4.5 IQ with standardized
dose. Dose-dependent effects were present for val-
proate but not for other AEDs. Similar results were
found for separate analyses using first and third tri-
mester dosages. Child and maternal IQ were signifi-
cantly related for each AED except valproate (figure e-1
on the Neurology® Web site at www.neurology.org).
Verbal abilities were significantly lower than nonver-
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Table 2 Results for linear regression analysis with age 4.5 1Q as dependent
variable for intent-to-treat analysis (n = 310 children) and
completer analysis (n = 209 children)
‘ Effect Fvalue df Coefficient(Cl) p Value

Age 4.5 intent-to-treat analysis®

(R? = 41%; average R? over all datasets)
AED (4 groups) 5.9 3 NA 0.0005
Maternal IQ® 19.4 1 0.31(0.17,0.45) <0.0001
Maternal education, y 6.9 1 1.10(0.28,1.91) 0.0086
Maternal age, y°© 11.5 1 0.63(0.26,0.99) 0.0007
Gestational age 8.4 1 1.28(0.41,2.15) 0.0039
Race/ethnicity?® 35 3 NA 0.0148
Alcohol usef 3.9 1 -7.40(-14.73,-0.07) 0.0479
Standardized dose? 7.0 1 -0.15(-0.26, —0.04) 0.0087

Age 4.5 completer analysis" (R? = 42%)
AED (4 groups) 4.4 3 NA 0.0051
Maternal IQ 14.6 1 0.28(0.14,0.43) 0.0002
Maternal education, y 8.9 1 1.28(0.43,2.12) 0.0032
Maternal age, y°© 11.7 1 0.68(0.29,1.07) 0.0008
Gestational age 3.6 1 0.91(-0.03,1.85) 0.0589
Race/ethnicity? 3.8 3 NA 0.0105
Alcohol use 7.3 1 -10.94(-1894,-2.94) 0.0076
Standardized dose? 4.6 1 -0.12(-0.23,-0.01) 0.0334

Abbreviations: AED = antiepileptic drug; Cl = confidence interval; NA = not applicable.

2 Cognitive outcomes were available for at least one test age (i.e., 2, 3, 4.5 years) in 270
children (87% of intent-to-treat sample).

® Higher maternal IQ was associated with higher child IQ scores (r = 0.51; p < 0.0001).

¢ Maternal age was associated with higher child scores (r = 0.33; p < 0.0001); lower child
scores seen for youngest mothers.

9 Race/ethnicity has 4 categories (Caucasian non-Hispanic, Black non-Hispanic, Hispanic,
and other).

e Child 1Q scores were higher for Caucasian than other race/ethnicity categories (p =
0.015), and scores were higher for children whose mothers completed more years of edu-
cation (r = 0.43; p < 0.0001).

fScores were lower in children whose mothers reported alcohol use (p = 0.05); mean (95%
Cl) child 1Q score adjusted for factors in the primary analysis model was 97 (90:102) for
children exposed to alcohol in utero vs 104 (102:106) in children not exposed.

9 See Methods for description of how AED dosages during pregnancy were standardized,
and see Results for details of dose effects. Median dosages for the whole pregnancy aver-
age were carbamazepine 800 mg, lamotrigine 483 mg, phenytoin 390 mg, valproate 1,000
mg. Means (ranges) of whole pregnancy average dosages in mg were carbamazepine 797
mg (33-1,800), lamotrigine 486 mg (50-1,217), phenytoin 387 mg (67-780), valproate
992 mg (200-2,250).

h Age 4.5 outcomes were available in 209 children (67%). Reasons for absence of age 4.5
test results included early terminations and missing scheduled testing within assessment
window.

bal abilities across all drugs combined and for each
AED (table 4).

Age 4.5 1Q correlated with age 2 BSID (» = 0.66,
2 < 0.0001) and age 3 DAS IQ (» = 0.77, p <
0.0001). Adjusted mean cognitive scores (BSID and
DAS IQ) and % marked intellectual impairment
(<70 standard score) are in table e-1 for each AED
across ages 2, 3, and 4.5 years for all children tested at
each age and for those tested at all 3 ages. Overall,
mean IQ scores improved (p < 0.0001) and %
marked intellectual impairment decreased (p =
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0.0037) as children became older. From age 3 to 4.5,
IQ improved for carbamazepine (p = 0.008), lam-
otrigine (p < 0.0001), and phenytoin (p» = 0.002),
but not valproate (p = 0.57). At age 4.5, 10% of
children exposed to valproate had marked intellec-
tual impairment compared to 0%—4% for other
AEDs (p = 0.0064); this AED difference was also
present in the subset of children tested at all 3 time
points (p = 0.0007).

Propensity score analysis demonstrates that the
results are not due to differences in baseline variables
related to either the child IQ outcome or chances of
belonging to the valproate group. The forest plot dis-
playing means by seizure type and AED group shows
that AED group differences cannot be explained by
imbalances in undetlying seizure type (figure e-2). A
subanalysis of patients with juvenile myoclonic epilepsy
did not alter the results. The analysis examining sensi-
tivity of results to missing data demonstrated that the

results cannot be explained by incomplete data.

DISCUSSION The present age 4.5 year results are
consistent with our prior findings,? and demonstrate
reduced cognitive abilities in children exposed in
utero to valproate monotherapy. Similar to our age 3
year findings,® valproate dose was associated with
lower child 1Q at age 4.5, but the dose of the other
AEDs was not. In addition, maternal IQ was asso-
ciated with child IQ at age 4.5 for each AED ex-
cept valproate, similar to our age 3 finding.? Our
findings are consistent with other studies report-
ing impaired cognition in children with fetal val-
proate exposure.'’~2?

The present results add confidence to our prior
results, and also add new findings. Since age 4.5 out-
comes are related significantly to age 2 and 3 out-
comes, impairments may be detected early
facilitating appropriate intervention programs. Cog-
nitive improvements occurred as children aged. It is
possible that this improvement could be due at least
in part to practice effects. However, a different test
was use at age 2 vs 3 and 4.5. Further, improvement
did not appear to occur in valproate exposed chil-
dren, in which 10% of the children had marked in-
tellectual impairment range (i.e., <70 1Q) at age 4.5.
If practice effects are occurring, they do not appear to
be present in the valproate group.

Higher maternal IQ was associated with higher
child IQ overall and for carbamazepine, lamotrigine,
and phenytoin individually, but not for valproate.
Greater maternal education and age were both asso-
ciated with higher child IQ; lower child IQ was seen

in very young mothers. Lower gestational age and

maternal alcohol use were both associated with lower
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Table 3

Analysis
ITT
Mean IQ
Cl
DCI
p
No.
Completer
Mean IQ
Cl
DCI

p
No.

Adjusted® mean I1Qs, 95% Cls, DCls, and p values® for comparisons to
valproate, and sample sizes for each AED at age 4.5 years for ITT (n =
310) and completer (n = 209) analyses for each antiepileptic drug

Carbamazepine

106
102,109
5,16
0.0008
93

107
103,110
3,17
0.0032
54

Lamotrigine Phenytoin Valproate
106 106 95
102,109 102,111 91,100
5,16 4,18 NA
0.0008 0.0021 NA
100 55 62

106 106 96
102,109 102,111 92,101
2,16 2,18 NA
0.0056 0.0156 NA

73 43 39

Abbreviations: AED = antiepileptic drug; Cl = confidence interval; DCI = difference confi-
dence interval; ITT = intent-to-treat; NA = not applicable.

2 Mean age 4.5 years 1Q scores adjusted for maternal IQ, maternal education, maternal age,
dose, race/ethnicity, and alcohol use during pregnancy. ITT analysis includes imputed IQ
data. Unadjusted IQ means for the ITT analysis were carbamazepine = 106, lamotrigine =
108, phenytoin = 101, valproate = 95. Unadjusted means for the completer analysis were
carbamazepine = 107, lamotrigine = 109, phenytoin = 102, valproate = 95.

P p Values adjusted for 3 pairwise comparisons to valproate using Dunnett correction.

child IQ. Child IQ was higher in Caucasians. Similar
results were found in our completer analysis.

The prospective design, blinded cognitive assess-
ments using standardized measures, and detailed
monitoring of multiple potential confounding fac-
tors are strengths of our study. Limitations include a
relatively small non-population-based sample, loss of
enrolled subjects to analysis, lack of randomization,
lack of AED blood levels, and absence of an unex-
posed control group during pregnancy. Another
weakness of our study is that different measures were
used to estimate maternal IQ. However, the maternal
IQ measures used in our study correlate well with a
standard adult IQ measure (i.e., full-scale IQ of the
Wechsler Adult Intelligence Scale).!''* Further, re-
gression analyses controlling for type of maternal IQ
measure and analysis of the completer sample limited
to mothers receiving the TONI both produce similar
results. A potential confounding issue for observa-
tional studies is that differences in baseline character-
istics might affect child IQ and alter results.
However, the observed associations persist in analy-
ses adjusted for baseline characteristics, including
propensity scores and seizure type.

We previously reported that all 4 of these com-
monly used AEDs impair verbal abilities compared
to nonverbal abilities at age 3.2* Here, we find that
this verbal deficit persists for all 4 AEDs at age 4.5
years. The verbal and nonverbal measures are ex-
pressed as standard scores, so these scores should be

equal based on normed data in healthy children. Per-
formance IQ is more susceptible to practice effects
than verbal 1Q.2*?> Although practice effects could
affect the cognitive outcomes, it is unlikely that such
an effect is a major factor in our findings. The 30-day
practice effects on the DAS for the verbal and non-
verbal cluster scores are modest,” and our test—retest
interval was 1.5 years. Further, practice effect does
not explain the verbal/nonverbal split at age 3 on the
first exposure to DAS, nor the fact that the split does
not widen across AEDs between age 3 and 4.5. In
addition, several studies have found verbal impair-
ments in children exposed to valproate,'”'®2?? and
one other study reported that language functions
were impaired in children with antenatal AED expo-
sure.?° Nevertheless, we caution that this finding re-
quires replication in separate cohorts to determine if
language abilities are particularly susceptible to fetal
AED exposure. If this verbal impairment from fetal
AED exposure is confirmed, it has important practi-
cal and theoretical implications.

Alcohol can induce widespread neuronal apopto-
sis in the immature brain,?” raising concern that
AEDs might produce similar effects. Some AEDs in-
duce neuronal apoptosis in the immature brain when
given in monotherapy, and many AEDs can enhance
apoptosis in polytherapy.?®=3 The effect is dose de-
pendent, occurs at therapeutically relevant blood lev-
els, and requires only relatively brief exposure.
Valproate appears to induce the apoptosis at dosages
relatively lower in terms of effective therapeutic dose
compared to other AEDs.?*? However, many AEDs
have not been tested in this model. In regards to the
induced cognitive deficits, the neuronal apoptosis
likely only contributes in part, and the more impor-
tant factor may be impaired physiology in the surviv-
ing neurons, similar to alcohol.*® Although it is
possible that widespread neuronal apoptosis or dys-
function might differentially affect verbal abilities,
we have hypothesized that the greater verbal impair-
ment might result from altered cerebral lateralization
from fetal AED exposure.? Additional research is
needed to test this hypothesis and fully delineate the
mechanisms of behavioral teratogenesis.

The treatment of epilepsy in women of childbear-
ing potential requires balancing risks that seizures
pose to the mother and child vs risks of teratogenesis
(i.e., congenital malformations and cognitive defi-
cits) in the child. A discussion of these risks should
occur prior to pregnancy in all women of childbear-
ing potential treated with AEDs. Based on the cur-
rent literature, valproate poses the most consistent,
frequent, and severe risks for both anatomic and be-
havioral teratogenesis.>¢ We contend that valproate

is a poor first choice AED for most women of child-

Neurology 78  April 17,2012 1211

Copyright © by AAN Enterprises, Inc. Unauthorized reproduction of this article is prohibited.



[ Figure 1 Scatterplots of age 4.5 IQ vs standardized dose for each antiepileptic drug during pregnancy ]
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bearing potential. Some women with generalized ep-
ilepsy can only be controlled by valproate.®®
However, if other AEDs are ineffective in seizure
control, then valproate can be used subsequently.
When valproate is necessary, we recommend em-
ploying the lowest dose possible. Recent animal data
suggest that peak drug levels may be an important

Table 4 Verbal and nonverbal cluster means and their mean differences at
age 4.5 years across AEDs?

‘ Verbal cluster Nonverbal cluster Difference ‘
Group (95% CI)? (95% CI)? (95% Cl)2b p Value®
Carbamazepine 102(98,105) 108(104,112) 6.2(2.0,10.3) 0.0039
Lamotrigine 99(96,102) 108(105,112) 9.1(5.4,12.7) <0.0001
Phenytoin 101 (96, 105) 107(102,112) 6.5(1.5,11.5) 0.0114
Valproate 91 (86, 95) 102 (96, 106) 10.6 (5.5, 15.7) <0.0001
All AEDs combined 99 (96,101) 107 (104, 109) 8.1(5.7,10.4) <0.0001

Abbreviations: AED = antiepileptic drug; Cl = confidence interval.

2 Mean verbal and nonverbal cluster scores, and their mean differences using a linear model
controlling for maternal IQ, dose, age of mother, gestational age, alcohol use, race/ethnicity,
and years of maternal education.

b Difference of nonverbal cluster minus verbal cluster.

¢ p Values for paired t tests.
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risk factor for damage to the immature brain,* but
there are inadequate human data to determine if
multiple daily doses or extended release formulations
would reduce risk.

Our present knowledge remains inadequate on
many issues to direct care of women with epilepsy
who might become pregnant.®*”3® If teratogenetic is-
sues alone are considered, fetal risks are not fully de-
lineated for most AEDs in regards to malformations
or cognitive outcomes. Investigations of both ana-
tomic and behavioral teratogenesis in humans are
based on observational studies. Thus, a signal needs
to be observed in multiple cohorts, as is the case for
valproate. The recent EURAP results show dose-
dependent malformation risks for not only valproate,
but also carbamazepine, lamotrigine, and phenobarbi-
tal.?” Teratogens act in a dose-dependent manner, and
delineation of dose effects for both anatomic and func-
tional deficits in other AEDs may require larger sample
sizes than valproate. Further, the relative risks of specific
polytherapy combinations are unknown. Understand-
ing these effects is critical to management of women

with epilepsy who are of childbearing potential.
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The risk for malformations is primarily due to
exposure early in the first trimester, but the risk for
cognitive deficits appears to be in the third trimester,
similar to alcohol. While dose might be a reasonable
surrogate for AED exposure eatly in pregnancy, it is
not late in pregnancy due to considerable variability
in AED clearance during pregnancy across AEDs and
across individual patients. To date, no study of out-
comes in children of women with epilepsy have con-
trolled for this factor by assessing AED blood levels,
which would be a much better measure of intrauter-
ine AED exposure. Further, it is critical that our ob-
servation of language deficits in 4 commonly used
AEDs be examined in other cohorts and in addi-
tional AEDs. Given the evolving nature of our evi-
dence base, clinicians and patients should remain
attentive to future information and its implications.
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