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Abstract

Antiepileptic drugs (AEDs) are frequently used to treat several conditions that are common in women
of childbearing age, including epilepsy, headaches, and mood disorders. Moreover, as in the case of
epilepsy and severe psychiatric disease, clinicians frequently do not have the option of stopping these
medications or switching to another class of drugs. Overall, AEDs have been associated with an
increased risk of major congenital malformations, minor anomalies, specific congenital syndromes,
and developmental disorders seen in childhood. However, the differential effects of individual AEDs
remain uncertain. Data are accumulating which strongly suggest that these risks are highest in patients
receiving polypharmacy and valproate. There is also modest evidence to suggest an increased risk
for phenobarbital. While other older AEDs appear to carry some teratogenic risk, there is not adequate
evidence to further stratify their risk. Clinical and basic science research regarding newer AEDs
suggests equivalent, if not safer, profiles compared with older AEDs, but these data are inconclusive.
Management of women with epilepsy should include a discussion of these risks, prophylactic
treatment with folic acid, and the minimal use of polypharmacy and valproate needed to maintain
optimum seizure control.
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The first report that antiepileptic drugs (AEDs) may have teratogenic effects dates back over
40 years.! Since that time, considerable evidence has accumulated demonstrating that AED
use is associated with an increased risk of congenital malformations? and may have long-term
effects on intellectual development during childhood.® The epidemiologic importance of this
issue is significant and will continue to grow as these medications become more widely
prescribed. In the United States alone, it is estimated that at least 45,000 children were exposed
to AEDs in utero.3 Unlike many medications, AEDs have the potential to affect fetal
development from early in the first trimester through birth. Although the risks of teratogenicity
of AEDs are most often discussed in reference to patients with epilepsy, there are currently
more women taking AEDs for other indications, such as psychiatric disturbances and
headaches.

Several questions should be considered when evaluating the teratogenicity of any medication.
4 First, are there any genetic or environmental factors that may increase the susceptibility of
the fetus? Both maternal epilepsy and seizures have been reported to increase the risk of poor
outcomes in children independent of AED use. We will examine this issue as well as research
on specific genotypes that may interact with AED teratogenesis during development.
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Second, what are the effects of the drug at different developmental stages? These effects may
be categorized as: (1) major congenital malformations (MCMSs) that affect the development of
major anatomic structures and significantly impair function; (2) minor anomalies that may
affect appearance but do not interfere with function; and (3) developmental deficits that impact
cognition and/or behavior but are not necessarily associated with visible structural changes.
This question is particularly important when it comes to the management of not only pregnant
women, but any woman of childbearing age. In answering this question, we will review the
effects AEDs have on the developing fetus as well as the potential mechanisms by which these
drugs affect fetal development.

Although AEDs may be considered as a class of medications, there is considerable
heterogeneity in the molecular structures, specific targets, pharmacological targets, and
pharmacodynamic profiles of the individual drugs.® While some AEDs are associated with
particular teratogenic syndromes,®:’ the majority of abnormalities seen on a population basis
are nonspecific. Thus, our third question is whether any particular agents have a greater or
lesser risk of teratogenicity. A related question is whether there is a dose-response relationship
or threshold of increased risk for a particular AED. Moreover, as patients are frequently on
more than one AED, we will examine the literature regarding the risks associated with
polypharmacy.

Finally, and perhaps most importantly, is the question of what can be done to prevent or
ameliorate the teratogenic risk of AEDs. While the simplest response is to avoid any AED use
in women of childbearing age, this is frequently not a reasonable or safe option for many
patients with significant epilepsy or psychiatric disease. We will review recommendations and
research pertaining to several practical management issues in women on AEDs and pregnancy.

Risks of Not Using Antiepileptic Drugs

Before examining the teratogenic risks of AEDs, it is important to highlight the benefits to
both the mother and fetus. These medications are widely prescribed because they are able to
treat many painful and life-threatening conditions effectively. In the case of bipolar mood
disorder, pregnancy appears to be a time of particularly high risk for mood episodes and suicide.
8 While seizure frequency often changes during pregnancy, there is no consistent pattern to
this change, with 20 to 33% of pregnant women experiencing an increase, 10 to 25% a decrease,
and the remainder experiencing no change.® However, the risks of seizures to both the mother
and fetus are substantial and should be treated aggressively. Trauma related to seizures and
status epilepticus appear to be the leading causes of excess maternal mortality seen in women
with epilepsy.19 Not uncommonly, women on AEDs will discontinue or reduce the dose of
their AED during pregnancy. This places them at increased risk for morbidity due to seizures,
but unfortunately does not significantly decrease the risk of MCMs, as much of the risk of
AEDs accrues during the first trimester before many women realize they are pregnant.

Although there is no direct evidence of a teratogenic effect of seizures during pregnancy, animal
studies have demonstrated hippocampal injury to the fetus, and clinical studies have shown
that even complex partial seizures may induce fetal bradycardia and possibly hypoxia.12 While
the long-term effects of seizures during pregnancy remain uncertain, one clinical study has
reported that neurodevelopmental outcomes and verbal 1Q are lower in children of pregnancies
affected by five or more generalized tonic-clonic seizures compared with other seizure types
or lower frequencies. This effect is significant even when controlling for AED use.13

Genetic and Environmental Risk Factors

Several authors have reported that epilepsy is a risk factor for congenital abnormalities
independent of AED use.* This increased risk has been posited to be due to genetic factors
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seen in patients with epilepsy.1° While this risk is highest for children of mothers with epilepsy,
paternal epilepsy is associated with a smaller, but significant, increased risk of MCMs
compared with the general population.1® However, a recent meta-analysis of ten studies
comparing the pregnancy outcomes of control subjects with treated and untreated women with
epilepsy concluded that there is no evidence for an increased risk of malformations associated
with epilepsy (odds ratio [OR] 1.92; 95% confidence interval [CI], 0.92 to 4.00).17 The OR
was significantly elevated in women taking AEDs (OR 3.26; 95% Cl, 2.15 to 4.93). Further
analysis of the selected studies suggested that there was a significant publication bias, with
smaller studies (<100 subjects) skewed toward positive findings. When these studies were
removed, the OR was 0.99 (95% CI, 0.49 to 2.01). Although untreated women with epilepsy
likely differ in many respects from treated women, other studies have shown that women taking
AEDs for conditions other than epilepsy have similarly increased rates of malformations.18

While epilepsy per se may not confer a significant genetic risk for MCMs, research has shown
that pharmacogenetic interactions may increase the risk of malformations in certain women
taking AEDs. This was first suggested by studies showing that women taking AEDs who had
had prior pregnancies affected by MCMs were more likely to have similar outcomes in future
pregnancies compared with the baseline risk of women taking AEDs.19 These pharmacogenetic
interactions may be due to a reduced ability of the mother to detoxify AED metabolites.20
AEDs may also interact with other predisposing genetic factors. A common polymorphism
(677C—T) in the methylene tetrahydrofolate reductase gene (MHTFR) reduces folate
metabolism. In the general population, both homozygotes and heterozygotes of this genotype
show an increased risk for neural tube defects (NTDs).2! In a study of infants born to mothers
taking valproic acid (VPA), maternal heterozygotes for this mutation showed an increased risk
for NTDs and other MCMs compared with mothers with the normal genotype.22 This
association was not seen when looking at paternal or fetal genotypes. While it is likely that
fetal genotypes are an important factor in teratogenesis,23 this has not yet been demonstrated
with relation to AEDs.

Effects of AEDs on the Developing Fetus

Large epidemiological studies have repeatedly demonstrated an increased risk of teratogenesis
in mothers taking AEDs.2 These studies generally demonstrate an increased risk of MCMs in
mothers taking AEDs (4 to 7%) versus the rate in the general population (2 to 3%).2 While the
most recent recommendations from the American Academy of Neurology?4 and International
League Against Epilepsy2® did not distinguish between individual AEDs, there is an
accumulating body of evidence to suggest that these risks are significantly greater with VPA,
26 polypharmacy,?” and possibly phenobarbital .28

MCMs and the Fetal Antiepileptic Syndrome

AED exposure prior to 3 weeks' gestation may have adverse effects on the fetus, and this
exposure would be expected to result in fetal loss.2? In fact, women taking AEDs do have an
increased rate of miscarriages and fetal loss.? It is not until the period of organogenesis (weeks
3 to 8) that MCMs occur.2? The most common MCMs seen in children exposed to AEDs are
similar to MCMs seen in the general population and include cardiac defects, urogenital
malformations, craniofacial defects, and skeletal abnormalities.3? The only exception to this
rule is NTDs, which occur at a higher rate in AED-exposed children, particularly with VPA
and carbamazepine.3!

Several AEDs, including phenytoin,® VPA 32 carbamazepine,33 and phenobarbital 34 have
been reported to be associated with unique fetal syndromes, broadly referred to as the fetal
anticonvulsant syndrome or AED syndrome.” These syndromes are generally similar and
include a low or broad nasal bridge, epicanthic folds, hypertelorism, low hairline, and
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hypoplasia of distal phalanges and nails. Given the association of craniofacial and brain
development,3® it is not surprising that these abnormalities are frequently associated with
abnormalities of cognitive development.12

Late Neurodevelopmental Effects

Until recently little was known regarding the long-term outcome of children exposed to AEDs.
A cross-sectional retrospective study of 375 children born to mothers with epilepsy made
several interesting findings regarding this question.13 First, there were no overall group
differences between exposed and unexposed children in terms of full scale, verbal, or
performance 1Q. These scores were in the low normal range, and may have been lower than
expected due to selection bias among participants. However, children exposed to VPA had a
significant reduction in their verbal 1Q and a higher proportion had exceptionally low scores
(1Q <69; 22% in VPA group vs. 8% with other AEDs). This effect appeared to be related to
dose, with a dose threshold of 800 mg per day. Finally, this study has confirmed previous
reports of developmental delays associated with craniofacial abnormalities by showing a higher
risk of low 1Q among children with dysmorphic facies (55%) compared with normal features
(22%). Similar findings related to verbal 1Q have also been reported for phenobarbital .36
Another retrospective study of 293 children suggests that in addition to VPA, developmental
delays may be associated with polypharmacy, carbamazepine, and phenytoin.3” A more recent
prospective study found that VPA exposure was associated with worse developmental
outcomes at age 2 compared with carbamazepine, lamotrigine, and phenytoin.38 Moreover,
this effect was related to maternal dose and serum levels. Although anatomic teratogenesis
may lead to behavioral issues, isolated behavioral and cognitive teratogenesis likely represents
a distinct process beginning in the third trimester and lasting until birth.39

Mechanisms of AED Teratogenesis

Animal studies of AED exposure in utero have provided much insight into the possible
teratogenic mechanisms of the various AEDs at different stages of fetal development. As
several excellent reviews exist on this topic,”4%41 we will highlight some emerging themes.
First, AEDs may exert toxic effects on the developing brain through their regular mechanisms
of action. For example, both gamma aminobutyric acid and N-methyl-D-aspartic acid
glutamate receptors have been demonstrated to be critical for neuronal migration, and
antagonists to these receptors can alter neuronal migration in slice culture and in vivo.4°
Second, AEDs or their metabolites may directly impact critical regulatory pathways for
development. The Whnt signaling pathway allows communication between the cell membrane
and nucleus, which is critical to normal fetal development and is highly conserved across
species.*2 VPA has been shown to disrupt this pathway.43 Moreover, VPA analogues that do
not interact with Wnt do not show teratogenic effects, while other molecules interfering with
this pathway produce teratogenic effects similar to VPA. Similarly, several AEDs have been
posited to exert their teratogenic effects through inhibiting folate metabolism.** Unfortunately,
clinical studies have not demonstrated any alteration in risk to women taking AEDs through
folate supplementation, suggesting that low folate levels may only be a marker for the
underlying causative mechanism. Finally, there is evidence that a broad range of AEDs may
influence brain development by inducing neural apoptosis. Bittigau and colleagues*®
performed a study in rats examining the effects of therapeutic concentrations of several
common AEDs (VPA, phenytoin, clonazepam, phenobarbital, vigabatrin, and diazepam) on
brain development. They found that all drugs caused apoptotic neurodegeneration and found
evidence to suggest a common mechanism for these AEDs may be through the suppression of
an endogenous neuroprotective system, including several neurotrophic factors. As with their
antiepileptic modes of action, it is probable that each AED can affect development through
multiple mechanisms.
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Risks of MCMs for Specific AEDs

Valproate—Evidence that VPA may have a greater teratogenic potential than other AEDs
was first suggested in the early 1980s by several case series of spina bifida in children exposed
to VPA in utero.*6 In 1997, a large multicenter prospective study of AED exposure reported
that VPA appeared to have an increased risk of MCMs versus other AEDs.*” This study also
demonstrated a relationship to VPA dose, with a significantly increased risk occurring for
mothers taking more than 1000 mg per day. This finding has been replicated in subsequent
publications from several large pregnancy registries, including the North American Pregnancy
Registry*8 (10.7% vs. 2.9% other AED monotherapies), the Australian Pregnancy
Registry?® (17.1% vs. 2.4% other AEDs), the Swedish Medical Birth Registry®° (9.7% vs.
4.0% carbamazepine), the Finnish National Medical Birth Registry®! (10.7% vs. 3.5%
carbamazepine), the United Kingdom Pregnancy Registry®2 (6.2% vs. 2.2% carbamazepine),
and the International Lamotrigine Pregnancy Registry®3 (12.5% polytherapy with valproate
vs. 2.7% polytherapy without valproate). Most recently, the Neurodevelopmental Effects of
Antiepileptic Drugs (NEAD) Study Group confirmed both the increased risk of poor fetal
outcome (MCM or death) and the dose-dependent effect of VPA in a prospective study (20.3%
with VPA vs. 10.7% in phenytoin, 8.2% in carbamazepine, and 1% in lamotrigine).26 Based
on their findings and the collective evidence of previous studies, the NEAD study group
recommended that VPA not be used as a first-line medication in women in their childbearing
years, and that the dose should be limited if used.

Phenobarbital—Phenobarbital is the oldest AED currently in common use. Early studies of
its teratogenic effect suggested that it had little teratogenic risk, and less teratogenic risk than
other AEDs.5* However, amore careful examination of this data suggests that the risk of MCMs
with phenobarbital was higher than in the general population (11%) and possibly a dose-
response relationship for doses greater than 60 mg per day. Subsequent studies have
demonstrated specific anomalies associated with phenobarbital3* as well as evidence of
increased risk in large prospective studies. The North American Pregnancy Registry
demonstrated a 6.5% risk among 77 phenobarbital monotherapy exposures compared with a
2.9% rate among other AEDs and background population rate of 1.6%.28 Given the low cost
of phenobarbital, it might be expected that this effect is partially mediated through other known
environmental risk factors such as socio-economic status. However, in this study there was no
difference in education, maternal 1Q, smoking, or alcohol use between mothers taking
phenobarbital and other AEDs.

Benzodiazepines—Clinical data suggest that benzodiazepines have, at most, a mild
increased risk of MCM. A large meta-analysis of 12 cohort studies, representing over 1000
exposed pregnancies, found no increased risk of MCMs or cleft lip versus controls (OR 0.9;
95% ClI, 0.61 to 1.35), including two studies of patients with epilepsy.>> However, a meta-
analysis of case control studies from the same paper found an increased risk of MCMs (OR
3.01; 95% Cl, 1.32 to 6.84). Although case-control studies may be more sensitive to rare
outcomes, they also suffer from biases (e.g., recall bias). Moreover, several of these case-
control studies allowed the use of other medications, making the increased risk reported tenuous
at best. A more recent study of 52 mothers taking clonazepam found one MCM (3%) in a
patient on monotherapy and none with polytherapy.>®

Phenytoin—The risks of phenytoin to the developing fetus have been well known and
documented for several decades.® This risk has been estimated to be two to three times that of
mothers not taking phenytoin as has been confirmed in several recent studies.8:26 While several
neurodevelopmental studies have suggested an increased risk for phenytoin versus other AEDs,
57 these results are still debatable and may be due to confounds of dosage and maternal 1Q.58
It is still unknown if phenytoin has a higher risk than newer AEDs because of insufficient
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sample sizes in most newer studies (possibly due to the avoidance of phenytoin in young women
for cosmetic reasons).

Carbamazepine and Oxcarbazepine—The risks associated with carbamazepine have
generally been similar to phenytoin, with the exception of a higher incidence of NTDs.31
Although there are greater numbers of patients taking carbamazepine in recent registries, these
data do not consistently demonstrate a differential risk. While there is less clinical experience
with oxcarbazepine, a review of reported studies representing over 300 pregnancies exposed
to oxcarbazepine found no evidence of an increased risk of MCMs with monotherapy (2.4%),
except when used in polytherapy (6.6%).5°

Lamotrigine—The latest report from the International Lamotrigine Pregnancy Registry
concluded that there is no evidence for an increased risk of MCMs with lamotrigine exposure
based on a rate of 2.9% over 800 exposures.59 Similarly, in the most recent NEAD study,
lamotrigine compared favorably to other AEDS with a 1% risk of MCMs and appeared to have
no increased risk compared with mothers not taking AEDs.26 Although an early analysis of
the Lamotrigine Registry suggested a dose-response effect for lamotrigine,>3 which is highly
suggestive of having some teratogenic potential, the more recent logistic analysis of 800
pregnancies was unable to reproduce this result.50

Other AEDS—Clinical data regarding other AEDs are quite minimal. The largest study of
levetiracetam (117 patients) found no evidence of an increased risk of MCMs.61 Only 3 cases
of MCM were reported (2.7%), all of whom were also exposed to other AEDs. To date, only
26 pregnancy outcomes have been reported for zonisamide, with 2 MCMs (7.7%), both in
women on polytherapy.%2 A study of 51 pregnancies exposed to gabapentin found no increased
risk of MCM (2%) among live births.%3 With the exception of a handful of case reports, there
are few clinical data regarding other AEDs. Animal studies have suggested that gabapentin,
topiramate, vigabatrin, and lamotrigine may have teratogenic potential.#44:64 However,
caution must be applied when interpreting these results, particularly as many of the doses used
were supratherapeutic. However, some case reports have demonstrated specific MCMs that
appear to support these studies.5°

Polypharmacy—The vast majority of studies that have compared monotherapy to
polypharmacy have found an increased risk of teratogenesis with polypharmacy.2” This risk
appears to increase with the number of medications, and may also be related to specific
combinations of medications. A study of lamotrigine found that the incidence of MCMs
associated was significantly higher when it was given with VPA (12.5%) compared with
polypharmacy with other AEDs (2.7%), or as monotherapy (2.9%).5% The risk of polypharmacy
combining only newer AEDs is currently unknown.

Clinical Recommendations for AED Use before and during Pregnancy

Although the relative risks of MCMs and worse developmental outcomes are increased in
women taking AEDs, the absolute risk is low and the majority of women on AEDs will have
healthy pregnancies and children. Thus, neither the use of AEDs nor epilepsy should be
considered as a contraindication to pregnancy. As approximately half of all pregnancies are
unintended,56 it is important that clinicians consider issues regarding the effects of medications
on pregnancy in all women of childbearing age. This point bears emphasis, as a recent study
of physician prescribing patterns shows that less than half of women of childbearing age who
receive Class D teratogenic medications receive contraceptive counseling or prescriptions,
including for emergency contraception.®7
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Given the preponderance of evidence suggesting worse fetal outcomes in women taking VPA,
we recommend that other agents be considered first in women of childbearing age. Similar
recommendations have been made for patients taking VPA in the setting of bipolar mood
disorder.8 If other treatments have failed and VPA must be used, we recommend using the
lowest dose possible and dividing the dose three times a day or using extended release
preparations to avoid high peak levels. Similarly, we would recommend caution in the use of
phenobarbital. Although there are insufficient data to clearly recommend one AED over
another, we would recommend using the minimal effective dose and avoiding or minimizing
polypharmacy when possible.

NTDs and Folic Acid

There is significant evidence demonstrating the value of folate supplementation in preventing
NTD in the general population and in women at high risk due to NTDs in previous pregnancies.
68 Based on these data, it is recommended that all women of childbearing age take 0.4 mg
folate and that high-risk women take 4 mg.%° Beyond these general recommendations there is
no evidence to show that the risk of NTD can be further reduced by folate supplementation in
women taking AEDs.’% While low folate levels have been associated with an increased risk of
MCMs and NTDs in women on AEDs, 0 the majority of studies examining folate
supplementation have found no decrease in risk, particularly for VPA.”! Nevertheless, we
recommend 0.4 mg/day of folate in women of childbearing potential and high-dose folate (1
to 4 mg/day) for women taking VPA or enzyme-inducing AEDs (carbamazepine, phenytoin,
and phenobarbital). Appropriate screening for NTDs, including maternal serum a-fetoprotein

and ultrasonography, is recommended, particularly for women taking VPA and carbamazepine.
72

Recommendations for the Pregnant Patient with Epilepsy

It is generally not recommended to switch AEDs during pregnancy due to the increased risk
of seizures during these transitions.”® Similar considerations may apply to AED use for other
disorders, such as bipolar mood disorder.” Blood levels should be followed during pregnancy
to avoid toxicity, although increased clearance and low levels of AEDs are a more common
complication.” Although technically not a teratogenic effect, several AEDs, including
phenytoin, carbamazepine, and phenobarbital, can induce a vitamin K deficiency which has
been associated with bleeding complications in the fetus and neonate.”® Maternal
supplementation of 10 to 20 mg vitamin K per day orally in the last month of pregnancy and
1 mg intramuscularly to the infant at birth have been recommended to prevent bleeding
complications.””

Areas for Future Research

While randomized controlled trials cannot be ethically or practically performed to provide
answers to the teratogenic potential of AEDs, there are still many avenues to pursue in
answering remaining questions. There are currently several large multicenter prospective AED
pregnancy registries which have the potential to increase our understanding of individual
AEDs, particularly regarding newer agents and developmental outcomes. There is also an effort
to carry out longitudinal studies of cognitive development in children exposed to AEDs in utero
to better understand the impact of AEDs on cognitive development. Finally, continued animal
and in vitro research on teratogenic mechanisms of AEDs is needed to develop safer drugs and
better prevention strategies.
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Conclusions

Our understanding of the clinical risks of AED treatment in pregnancy and the mechanisms
underlying AED-induced teratogenesis have advanced significantly over the past decade. It is
expected that this research will be reflected in new recommendations for the treatment of
women of childbearing age taking AEDs. However, many questions remain unanswered and
there is a great need for additional research in this area.
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