Neurodevelopmental outcomes of children
born to mothers with epilepsy
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m ABSTRACT

Most children born to women with epilepsy are
normal, but there is an increased risk of abnormal
functional neurodevelopment in these children.
Although there are many contributing factors,
antiepileptic drugs (AEDs) may play a role. Most
women with epilepsy must take AEDs during preg-
nancy because the potential for injury from
seizures to both mother and fetus is a greater risk.
AEDs are also used to treat other disorders, includ-
ing depression and pain. Thus, an understanding of
the effects of AEDs on the unborn child is relevant
to physicians who treat nonepileptic mothers as
well. This review discusses animal and human stud-
ies of the neurodevelopmental effects of AEDs and
briefly reviews the possible mechanisms underlying
these effects. Flaws in the methodology of some
studies of these effects require that the results be
interpreted cautiously and highlight the need for
well-designed studies to explore this issue further.

he majority of children born to mothers
with epilepsy are anatomically and func-
tionally normal, but the risk for adverse
outcomes is increased in these children.
Both somatic malformations and abnormal function-
al neurodevelopment occur with increased frequency
in these children."” A variety of factors contribute to
the cognitive disabilities in children of mothers with
epilepsy, and antiepileptic drugs (AEDs) may be an
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important factor."* For example, the risk of neurode-
velopmental defects is increased in the children of
women with epilepsy but not the children of fathers
with epilepsy. However, the large majority of women
with epilepsy cannot choose to avoid AEDs because
of the risks that seizures pose to the mother and her
unborn child. Trauma is the leading cause of nonob-
stetric deaths in pregnant women with epilepsy, and
the risks of maternal seizures to the fetus include
intracranial hemorrhage, suppression of fetal heart
rate, premature delivery, and miscarriage.

m I[N UTERO EXPOSURE TO AEDs IS WIDESPREAD

Epilepsy affects 0.6% to 1.0% of the population.’ If
the lower estimate of epilepsy prevalence is used,
about 24,000 children are born to women with epi-
lepsy each year in the United States alone. Because
about 95% of women with epilepsy take AEDs,
approximately 22,800 children each year are exposed
in utero to AEDs taken by mothers with epilepsy.
Given that AEDs are also used to treat other disor-
ders, including depression and pain, and that fewer
than half of all prescriptions for AEDs are for epilep-
sy or seizures, the total number of US children
exposed in utero to AEDs each year is probably at
least 45,000. This is why understanding the effects of
AEDs on the unborn child is important. Neverthe-
less, consensus guidelines have not been able to deter-
mine which of the AED:s is the most teratogenic.*’

m BEHAVIORAL TERATOGENICITY: THE EVIDENCE BASE

Animal studies

In utero AED exposure can produce behavioral
deficits in animals, and this occurs at blood levels
similar to therapeutic levels in humans.®’
Phenobarbital can cause neuronal deficits, reduced
brain weight, and impairment of behavioral develop-
ment.*'® Phenytoin can affect genetic expression
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and delay neurodevelopment."™” Prenatal pheny-
toin has been associated with hyperexcitability in
monkeys, producing a syndrome similar to attention-
deficit/hyperactivity disorder."* Behavioral impair-
ments have been seen as a result of in utero exposure
to primidone, trimethadione, or valproate.'*"
Animal studies suggest that in utero exposure to
AEDs can produce neurobehavioral deficits at
dosages lower than those required to produce
anatomic malformations, but direct extrapolation of
these results to humans may be misleading.

Human studies

Children of mothers with epilepsy have an increased
risk of developmental delay and cognitive impair-
ments."” AEDs appear to play a role, although the
exact mechanisms remain uncertain. Like anatomic
defects, cognitive impairments are increased in chil-
dren of mothers with epilepsy, but not in children of
fathers with epilepsy.”® In addition, children of
women with epilepsy who do not take an AED dur-
ing pregnancy have no behavioral deficits compared
with children of matched controls."”

Because children exposed in utero to AEDs in
mothers without epilepsy appear to have the same
risks for somatic malformations as children exposed in
utero to AEDs in mothers with epilepsy,”® they are
probably at similar risk for behavioral deficits, but no
data are available in these children. Differential
behavioral effects of in utero AED exposure are
uncertain, and methodologic disparities across studies
have led to inconsistent results."*'? Several studies are
described below because they either raise concerns of
potential risks or highlight research design flaws.

In two studies from Denmark, men exposed in
utero to phenobarbital had lower verbal IQ scores
than predicted (by approximately 7 IQ points, or half
a standard deviation in IQ score).”’ The deficit rose to
20 IQ points if these men also were born as the result
of an unwanted pregnancy and were of lower socioe-
conomic status. Although retrospective and not
definitive, these results suggest that prenatal pheno-
barbital exposure in humans can produce cognitive
deficits lasting into adulthood. Further, the increased
deficit seen in those men with multiple risk factors is
consistent with other research on mental retardation.

In a study attempting to reduce the risk of intra-
cranial hemorrhage in their children, pregnant
mothers at risk for premature delivery were random-
ized to receive placebo plus vitamin K or phenobar-
bital plus vitamin K.”! Behavioral outcomes were
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assessed at 2 years in 121 of the original 353 children.
Children exposed to phenobarbital had a lower
Bayley Mental Developmental Index score (104 + 21
SD) compared with the placebo group (113 + 22
SD). Although the results are consistent with the
Danish studies’ findings, their validity remains in
doubt because only 32% of the total group of ran-
domized children were tested at the 2-year follow-up.

In another study, 20 children exposed in utero to
phenytoin had lower IQ scores (109 + 11 SD) at 4 to
8 years of age compared with 98 controls (118 + 12
SD).* However, failure to control for parental IQ lim-
its confidence in the interpretation of these results.

The adverse effects of phenobarbital are further
supported by the preliminary report of a compara-
tive study.” Children 6 to 16 years of age exposed in
utero to carbamazepine, phenobarbital, or pheny-
toin were evaluated along with matched controls.
Phenobarbital- and carbamazepine-exposed chil-
dren had lower Full Scale IQ scores compared with
matched controls, but the phenytoin group did not
differ from its controls. Further details and replica-
tion are needed.

A prospective study comparing carbamazepine and
phenytoin reported greater adverse effects with
phenytoin.”* However, the results are inconclusive
because a greater proportion of the pregnant women
taking carbamazepine were nonepileptic, the relative
AED dose was lower for carbamazepine, and maternal
IQ scores were not used in the analyses even though
they were available. Comparison of child-mother IQQ
differences suggests that the carbamazepine-exposed
and phenytoin-exposed children did not differ.”

A recent retrospective study assessed the relative
risk of additional educational needs in 594 school-
age children exposed in utero to AEDs.** Special
education needs across groups were as follows:

e No drug, 11%

e Monotherapy with valproate, 30%
Monotherapy with carbamazepine, 3%

Other AED monotherapy, 6%

Polytherapy with valproate, 24%

Polytherapy without valproate, 16%.

The results suggest that the risk of special educa-
tional needs may be elevated with valproate use, but
replication is needed to rule out selection bias. A
preliminary report from the same research group,
based on a retrospective study of 251 children, noted
that the mean IQ score for children exposed to val-
proate was 82 compared with 95 for children
exposed to carbamazepine and 92 for children not
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exposed to AEDs.”

Preliminary results from a prospective study sup-
port the observation of poorer outcomes with val-
proate.”® The investigators tested 60% of 299 chil-
dren of mothers with epilepsy and 50% of 277 chil-
dren of healthy control mothers who had been fol-
lowed since birth. The mean IQ score following in
utero exposure to valproate was 83 compared with
95 for the rest of the epilepsy group. This difference
was significant even after controlling for age, educa-
tion, and polytherapy. However, a weakness of the
study is that the valproate monotherapy group con-
sisted of only 11 children. Thus, additional studies
are needed to confirm this finding.

m POSSIBLE MECHANISMS OF AED EFFECTS
ON NEURODEVELOPMENT

The mechanisms underlying the teratogenicity of
AEDs are uncertain, and it is unclear whether func-
tional and anatomic defects involve the same fac-
tors. Mechanisms hypothesized to underlie the ter-
atogenic effects of AEDs include neuronal suppres-
sion, folate-related mechanisms, N-methyl-D-aspar-
tate/y-aminobutyric acid (NMDA/GABA)-related
mechanisms, ischemia/hypoxia, and reactive inter-
mediates (eg, epoxides and free radicals).

Neuronal suppression

AED:s suppress neuronal irritability, and thus may
impair neuronal excitation, in turn altering synaptic
growth and connectivity. There is no experimental
proof of this hypothesis, but these effects could
potentially lead to long-term deficits in cognition
and behavior, especially in the rapidly developing
brain of a fetus, infant, or child.

Folate-related mechanisms

Folate is important for DNA and RNA synthesis.
Phenobarbital, phenytoin, primidone, and valproate
can interfere with folate metabolism,”* and folate
requirements are increased during pregnancy. Blood
folate concentrations are reported to be lower in
women with epilepsy who have abnormal pregnancy
outcomes,” but no controlled trial has been conduct-
ed. The effects of folate on malformation rates in mice
exposed to phenytoin in utero are controversial.**’!

NMDA/GABA-related mechanisms

An animal model of fetal alcohol syndrome has shown
that cognitive deficits from in utero ethanol exposure
are due to the combined effects of NMDA glutamate
receptor blockade and GABA A receptor activation.”
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The effect of alcohol is greatest in the third trimester,
resulting in widespread apoptotic neurodegeneration,
reduced brain mass, and neurobehavioral deficits. A
recent study in neonatal rats demonstrated that sev-
eral AEDs can produce neuronal apoptosis.”

Ischemia/hypoxia

AEDs may affect cardiac function. Phenytoin-
induced congenital defects in animals resemble the
effects of ischemia, and hyperbaric oxygen can reduce
phenytoin malformations.” The similarity of the
effects of ischemia and phenytoin may be due to free
radical formation. No studies have been conducted in
humans to confirm or refute this hypothesis.

Reactive intermediates
AED teratogenicity may not be mediated by the
parent compound but may be the result of toxic
intermediary metabolites, which can bind protein,
lipids, and nucleic acid, causing cellular damage.
Epoxides. Some AEDs are metabolized to highly
reactive arene oxide intermediates called epoxides.
Arene oxides can be detoxified by epoxide hydrolase,
and inhibition of this enzyme leads to an increase in
malformations in animals.”® Further, children
exposed to phenytoin are more likely to have dys-
morphic features if they have low epoxide hydrolase
activity in their amniocytes.” However, it is unclear
whether this is a viable hypothesis because the P450
enzymes that convert an AED to an epoxide are not
expressed in embryonic tissues.” It seems unlikely
that an epoxide formed by maternal enzymes would
reach the fetus before binding to maternal tissues.
Free radicals. Prostaglandin H synthetase and
lipoxygenases are active in the fetus and can bioacti-
vate AEDs to free radical-reactive intermediates.™
These reactive oxygen species can bind to DNA, pro-
tein, or lipids, leading to teratogenesis in the fetus.
Consistent with this hypothesis, prostaglandin H syn-
thetase inhibitors, free radical—trapping agents, antiox-
idants (eg, vitamin E), and antioxidative enzymes
(eg, superoxide dismutase) can reduce phenytoin-
induced teratogenic defects in animals.”* Studies in
humans are needed to confirm this hypothesis.

m CONCLUSIONS

Children born to women with epilepsy are at
increased risk for somatic malformations and behav-
ioral impairments. AEDs probably contribute to this
risk, but the potential for injury from seizures to both
the mother and the unborn child is a greater risk.
Thus, most women with epilepsy must take AEDs
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