Chapter 5
Neurodevelopmental Considerations
with Antiepileptic Drug Use During Pregnancy

David W. Loring, Elizabeth E. Gerard, and Kimford J. Meador

Definitional Issues and Prevalence

Antiepileptic drugs (AEDs) are the primary therapeutic option for seizure control in
patients with epilepsy. Women with epilepsy wanting to start families, however, face
difficult decisions about how to best manage their epilepsy care while simultaneously
minimizing risks to their unborn children from AED exposure. If a woman’s epilepsy
is mild (e.g., infrequent sensory seizures without altered awareness), she may choose
to discontinue AEDs before attempting to become pregnant. For most women, how-
ever, AED discontinuation produces significant risks to both the mother (e.g., Sudden
Unexplained Death in Epilepsy or SUDEP) and unborn child (e.g., fetal hypoxia;
Edey, Moran, & Nashef, 2014; Viguera et al., 2007). For example, there is an approxi-
mate 10x mortality increase in pregnancy and the postpartum period in women with
epilepsy compared to baseline population rates (Cantwell et al., 2011). The increase
in mortality is assumed to be related to SUDEP (Edey et al., 2014). In addition to
treating epilepsy, AEDs are also commonly used for psychiatric considerations
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(e.g., bipolar disorder, mood stabilization) and pain indications, and in fact, the number
of AED prescriptions for non-epilepsy indications during pregnancy is higher than
those for epilepsy (Bobo et al., 2012). Approximately 2 % of women during their preg-
nancy take AEDs for either psychiatric or neurologic indications (Bobo et al., 2012).

In utero AED risk has traditionally been operationalized by major congenital mal-
formation risk, and it has been suggested that AED monotherapy doubles, and AED
polytherapy triples, the risk of developing major congenital malformations (Hill,
Wilodarczyk, Palacios, & Finnell, 2010). Although estimates vary based upon sam-
pling characteristics, major congenital malformations are observed in 6.1 % of chil-
dren born to women with epilepsy taking AEDs during pregnancy, and 2.8 % among
children born to mothers with epilepsy who were not taking AEDs. This compares to
2.2% in control mothers (Tomson & Battino, 2012). Valproate (VPA) has a higher
major congenital malformation risk than either taking no AEDs or to other AEDs,
with a 1-2 % risk of neural tube deficits, representing a 10-20x increase over the
general population (Meador, Reynolds, Crean, Fahrbach, & Probst, 2008). Several
AEDs including carbamazepine (CBZ), lamotrigine (LTG), phenytoin (PHT), or leve-
tiracetam (LEV) have smaller risks of major congenital malformations (Campbell
et al., 2014; Harden, 2014; Hernandez-Diaz et al., 2012; Mawhinney et al., 2013;
Vajda, O’Brien, Lander, Graham, & Eadie, 2014). Phenobarbital and topiramate
(TPM) exposures are associated with intermediate risks (Harden, 2014; Hernandez-
Diaz et al., 2012; Margulis et al., 2012; Mines et al., 2014). In this chapter, we focus
on cognitive and behavioral developmental outcomes of children exposed to AEDs
during pregnancy that are necessary to inform treatment decision making, and briefly
discuss the role of folate and breast feeding in these patients.

Impact on the Developing Child

Because AEDs have different mechanisms of action, neurodevelopmental risks of in
utero exposure will vary. In this section, we review developmental impact across the
medications for which adequate research and clinical data have been collected.
Risks of AED exposure have only been partially described, however, and even when
specific AED risks have been formally investigated, there are often methodological
issues limiting the confidence of drug-specific findings including absence of asses-
sor blinding during assessment, follow-up that begins at birth or later rather than
during pregnancy, or failure to control for potential confounding factors such as
maternal IQ, seizure type and frequency, or AED dose/blood levels.

Valproate (VPA)

Multiple studies have confirmed that among AEDs adequately studied, VPA is the
AED associated with the greatest risk of cognitive and behavioral teratogenesis. VPA
exposed children are more likely to miss developmental milestones and have decreased
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1Q scores. In addition, verbal skills appear particularly vulnerable to VPA effects. VPA
exposed children also have poorer adaptive skills, with increased risks of Attention
Deficit Hyperactivity Disorder (ADHD) and Autism Spectrum Disorder (ASD).

Cognitive Effects

Despite a variety of methodological limitations, VPA exposure has consistently
been associated with developmental delay and decreased general level of function.
A meta-analysis of developmental outcomes of children of women with epilepsy
estimates that VPA exposure is associated with a 6-point reduction in Full Scale IQ
(Banach, Boskovic, Einarson, & Koren, 2010). Whether used as monotherapy or
part of a polytherapy regimen, VPA exposure is associated with a higher likelihood
of either intellectual disability (i.e., FSIQ <70, 10 %) or borderline cognition (i.e.,
FSIQ=70-79; 14 %) than other AEDs studied (Eriksson et al., 2005). Demonstrating
the importance of potential confounds, mothers taking VPA in this study had lower
FSIQ and also had lower levels of education (p=0.035; Eriksson et al., 2005). A
retrospective study controlling for maternal IQ demonstrated a lower verbal 1Q
(approximately ten points) in children exposed in utero to VPA (n=41) versus other
monotherapy groups and an unexposed group (Adab, Jacoby, Smith, & Chadwick,
2001) . The decrease in IQ in the VPA group was dose-dependent.

An alternative way of characterizing AED risk is the frequency of “additional
educational needs” during schooling, which reflects the provision of additional
assistance during mainstream education. Children exposed in utero to VPA had an
odds ratio of 3.4 (95% CI, 1.6-7.1) of being provided with additional educational
services compared to unexposed children (Adab et al., 2001). VPA exposure has
been associated with an increased risk of delayed early development in comparison
to controls (n=230; Bromley et al., 2010). In an observational cohort study, there
was developmental delay in 40 % of VPA exposed children (OR 26.1, 95% CI,
4.9-139; p<0.001), 20 % for CBZ exposed children (OR 7.7, 95% CI, 1.4-43.1;
p<0.01), but only 3% for LTG exposure. This contrasts with 4.5% in controls
(Cummings, Stewart, Stevenson, Morrow, & Nelson, 2011).

The NEAD study (Neurodevelopmental Effects of Antiepileptic Drugs) character-
ized developmental outcomes of children exposed to either valproate (VPA), carbam-
azepine (CBZ), lamotrigine (LTG), or phenytoin (PHT) monotherapy during their
mothers’ pregnancy in a prospective patient cohort, controlling for multiple potential
confounding factors. The NEAD study demonstrated increased risk of VPA exposure
compared to other AEDs (Meador et al., 2009, 2013). When evaluated at age 6 years,
children exposed to VPA had General Conceptual Ability (GCA) scores that were 7-10
points lower than children exposed to other AEDs demonstrating that additional time
following exposure does not allow them to “catch up.” This effect was seen in correla-
tional analyses in which the strong relationship between maternal IQ and child GCA
scores in all AED groups with the exception of VPA. VPA exposure was associated with
decreased GCA, decreased memory, and decreased executive function. Of the various
domains affected including GCA verbal abilities were most severely affected by VPA. A
dose-dependent adverse effects across all cognitive domains assessed was also described.



94 D.W. Loring et al.

Although risk of drug-induced major malformations are related to first trimester
exposures, the risk for cognitive-behavioral problems, similar to alcohol, appears
greatest during third trimester exposure. A dose relationship for VPA has been
observed across trimesters, although this likely reflects that AED dose for epilepsy
tends to be constant, with higher doses of VPA correlated with lower GCA, verbal
and non-verbal indices, and also lower memory and executive function (Meador
et al., 2013). This dose-relationship reflects VPA’s neurodevelopmental toxicity, but
does not indicate whether any fully safe VPA doses without any risk exists.

Because the behavioral risk of VPA occurs in the first trimester, women taking
VPA often incur exposure risk since it will often occur prior to a woman knowing
that she is pregnant. High dose VPA exposure (>800 mg/day) has been associated
with an GCA that was nearly ten points lower than healthy controls, which was
accompanied by an eightfold increased need of educational intervention (Baker
et al., 2015). Lower VPA levels (<800 mg/day) was not associated with reduced
GCA, but it was associated with impaired verbal abilities and a sixfold increase in
the need for educational intervention. Again, despite this dose-related effect, a com-
pletely safe dose of VPA has not been established.

Behavioral Effects

Early reports identified an association between autism and VPA exposure
(Christianson, Chesler, & Kromberg, 1994; Rasalam et al., 2005; Williams et al.,
2001; Williams & Hersh, 1997). In addition to ASD, 20 % of ASD affected children
also experienced major congenital malformations (Rasalam et al., 2005). Even
when excluding major congenital malformations, impaired social and adaptive
functioning in VPA children has been described with an increased risk autism or
ASD diagnosis (Christensen et al., 2013). The absolute risk was 2.5 % for autism
and 4.4 % for ASD in the VPA exposed children cohort compared with 0.5 and
1.5 % in the general population. The rates of autism and ASD in children of mothers
taking CBZ, clonazepam, oxcarbazepine (OXC), or lamotrigine (LTG) monother-
apy were not increased.

When characterizing poor outcomes using a combined neurodevelopmental disor-
ders (NDD) outcome to account for low incidence of specific events including autism,
ASD, ADHD, or dyspraxia, a NDD was present in 6 of 50 (12 %) children exposed to
VPA monotherapy and 3 of 20 (15 %) children exposed to VPA in polytherapy (33).
These rates are higher than in 214 controls (1.9 %) (Bromley et al., 2013).

VPA exposed children have lower daily living and socialization skills than do
children exposed to other AEDs. In the prospective NEAD cohort at both 3 and
6 years, VPA exposed children had poorer scores for adaptive functioning than chil-
dren exposed to phenytoin or lamotrigine, but not carbamazepine (Cohen et al., 2011;
Cohen et al., 2013). VPA exposed children were significantly more likely to receive
poor scores for adaptive functioning compared to children exposed to phenytoin or
lamotrigine, but not carbamazepine. VPA dose correlated with poorer scores for
adaptive functioning, and VPA exposure correlated with a greater number of atypical
(socially immature) behavior and inattention signs than did either PHT or LTG.
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Carbamazepine (CBZ)

The evidence addressing CBZ exposure risks has been conflicting, although most
reports describe no adverse cognitive or development effects (Adab et al., 2004;
Gaily et al., 2004; Thomas, Sukumaran, Lukose, George, & Sarma, 2007; Vinten
et al., 2005, 2009). Nevertheless, several studies describe increased rates of devel-
opmental delay (Cummings et al., 2011; Dean et al., 2002; Mawer, Clayton-Smith,
Coyle, & Kini, 2002; Ornoy & Cohen, 1996). Although a meta-analysis surveying
studies conducted before 2005 described adverse negative effects of CBZ exposure
on Performance IQ, not all of these studies controlled for maternal IQ. A negative
correlation between CBZ dose with verbal performance and motor functioning was
observed in the NEAD study at 3 years but not when tested at 6 years (Cohen et al.,
2011, 2013; Meador et al., 2009). No 1Q difference for CBZ exposed children was
described at age 6 years compared to controls, although the verbal index was 4.2
points lower (Baker et al., 2015). This was associated with an increased risk of hav-
ing an 1Q<85. Although CBZ is associated with a smaller risk of poor cognitive
outcomes compared to VPA, there appears to be increased risk relative to controls.
No increased risk of diagnosed neurodevelopmental disorders for CBZ exposed
children was observed (Bromley et al., 2013).

CBZ exposed children may have decreased fine motor and social skills at 18
months, and have been characterized as having more aggressive behaviors at 36
months (Veiby et al., 2013). Adaptive scores for VPA exposed children at age 6
years in the NEAD study were significantly lower than that of children exposed to
LTG or PHT but did not differ from CBZ exposed children (Cohen et al., 2013).
CBZ exposure was also associated with an increased risk for ADHD by parental,
but not teacher, behavior reports. A retrospective study found no difference between
parentally reported adaptive behavior of CBZ exposed children age 616 years
compared with unexposed children (Vinten et al., 2009). In summary, although
there are some inconsistencies in the literature, CBZ appears to have less cognitive
and behavioral risk than VPA, and appears comparable to controls regarding overall
level of general function.

Lamotrigine (LTG)

Risks of LTG exposure appear low, with developmental outcomes that do not differ
from controls (Bromley et al., 2010; Cummings et al., 2011). The NEAD study
described GCA scores in LTG exposed children that did not differ from either CBZ
or PHT exposed children, while being significantly higher than children exposed to
VPA (Cohen et al., 2011; Meador et al., 2009, 2013). In the 6-year-old NEAD
cohort, both VPA and LTG exposure were associated with poorer verbal indices
than non-verbal indices, and both had higher incidence of atypical handedness
(Meador et al., 2013) raising the possibility of the AEDs altering the process of
normal cerebral language development and lateralization. In contrast to the NEAD
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findings, an independent report described no IQ score differences between VPA and
LTG exposed children (Rihtman, Parush, & Ornoy, 2013). However, LTG and VPA
were both associated with poorer non-verbal IQs compared with controls, although
the non-verbal IQ in the control group was seven points higher than verbal IQ.

In one study, LTG exposure has been reported to be associated with increased
frequency of autistic traits based on a parental questionnaire (Veiby et al., 2013).
Parents of children exposed to LTG in the NEAD study rated children as being at
increased risk for ADHD, although this pattern was not reported by teachers (Cohen
et al., 2013). This pattern of neurodevelopmental disorders has not been observed,
however, in other reports (Bromley et al., 2013).

Levetiracetam (LEV)

In a subset from the UK pregnancy register, 51 children exposed to levetiracetam
were found not to differ from controls at either 3-24 months or 36-54 months, but
were better than VPA exposed children (Shallcross et al., 2011, 2014). The develop-
mental scores of the exposed children did not differ from those of controls at either
time point, but were better than VPA. This is the only current report of developmen-
tal outcomes for LEV exposure.

Phenobarbital (PB)

In several prospective studies, phenobarbital exposure is associated with lower 1Q
scores (Reinisch, Sanders, Mortensen, & Rubin, 1995) which appears primarily
reflected with decreased verbal 1Q. Exposure during the third trimester appears to
be associated with the greatest negative effect. This relationship has been described
in a separate prospective study (Thomas et al., 2007). Retrospective studies, how-
ever, have produced inconsistent results (Dean, Colantonio, Ratcliff, & Chase,
2000; Dessens et al., 2000; van der Pol, Hadders-Algra, Huisjes, & Touwen, 1991).
Although phenobarbital is infrequently prescribed in North America and Europe, its
low cost makes phenobarbital a common first-line treatment option in less well
developed regions (Zhang, Zeng, & Li, 2011).

Phenytoin (PHT)

Several reports of PHT exposure have noted no differential cognitive outcome com-
pared to controls (Adab et al., 2004; Koch et al., 1999; Thomas et al., 2007; Wide,
Winbladh, Tomson, Sars-Zimmer, & Berggren, 2000). Even in the absence of gen-
eralized cognitive impairment, decreased locomotor performance has been observed
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(Wide et al., 2000). One study describing decreased FSIQ associated with PHT
exposure (Scolnik et al., 1994) was criticized due to significant differences in mater-
nal IQs across groups (Loring, Meador, & Thompson, 1994). Other reports have
described increased risk of developmental delay in children exposed to PHT, but
also associated with VPA and CBZ exposure (Dean et al., 2002). The NEAD study
reported no differences between PHT exposed children from either CBZ or LTG
exposed children on FSIQ or verbal IQ, with PHT scores higher than with VPA
exposure. No differences in adaptive behavior following PHT exposure as reported
by parents compared to controls have been noted (Vinten et al., 2009).

Topiramate (TPM)

TPM exposure was associated with lower IQ scores in a very small sample of nine
children, which was accompanied by poorer motor and visual spatial skills, and high
rates of speech, occupational or physical therapy (Rihtman, Parush, & Ornoy, 2012).

Other AEDs

There is little or no information on the developmental outcomes associated with
exposure to other AEDs including benzodiazepines, eslicarbazepine, ezogabine,
felbamate, gabapentin, lacosamide, oxcarbazepine, perampanel, pregabalin, rufin-
amide, vigabatrin, or zonisamide.

Polytherapy

Multiple studies described an increased risk of poor developmental outcomes for
children exposed to multiple AEDs during pregnancy (Adab et al., 2001; Dean
et al., 2002; Dessens et al., 2000; Gaily et al., 2004; Koch et al., 1999; Nadebaum,
Anderson, Vajda, Reutens, & Wood, 2012; Thomas et al., 2007; Veiby et al., 2013),
although several reports have not found an increased risk (Adab et al., 2004;
Bromley et al., 2010; Gaily, Kantola-Sorsa, & Granstrom, 1988; Wide et al., 2000).
This discrepancy likely reflects different polytherapy combinations examined.
When polytherapy combinations include VPA, an increased cognitive risk is
described whereas polytherapy combinations with AEDs other than VPA are not
associated with a similar risk. Polytherapy exposures including VPA are associated
with lower FSIQ and verbal scores compared with either VPA monotherapy or poly-
therapy combinations with AEDs other than VPA (Baker et al., 2015; Nadebaum
et al., 2012). Nevertheless, the effects of various polytherapy AED combinations
remain uncertain and need to be more fully established.
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Prognosis and Moderating Factors

Long-term studies of developmental outcomes have not been performed.
Unfortunately, there is no research as yet that has identified specific moderating fac-
tors or long term outcomes. At the same time, there is no reasons to suspect that
children with neurodevelopmental deficits or ASD from AED exposure in untero
would differ from others with similar neurobehavioral disorders simply as a func-
tion of etiology.

Possible Mechanisms of Action

AED-induced cognitive and behavioral deficits have been described in the animal
literature at dosages lower than what is necessary to increase risks of physical mal-
formation (Adams, Vorhees, & Middaugh, 1990). Phenobarbital, for example, pro-
duces neuronal deficits, reduces brain weight and brain catecholamine levels, and
impairs development of normal behaviors (Forcelli, Janssen, Vicini, & Gale, 2012).
Prenatal phenytoin has been associated with dose-dependent impairment of coordi-
nation and learning (Ogura et al., 2002). Behavioral deficits have been described not
only with older AEDs (e.g., PB, PHT, VPA), but also impaired rotorod performance
for adult rats with neonatal-exposure to lamotrigine (Forcelli et al., 2012). Behavioral
and anatomical defects likely involve different mechanisms—anatomical risks are
related to first trimester exposure, and functional deficits appear primarily related to
third trimester exposure. Third trimester exposure association interferes with the
development of functional properties and connectivity, and susceptible to AED-
induced apoptosis and altered synaptogenesis (Forcelli et al., 2012). Possible mech-
anisms associated with functional AED teratogenicity include folate deficiency,
reactive intermediates (e.g. epoxides or free radicals), ischemia, apoptosis-related
mechanisms, and neuronal suppression (Gedzelman & Meador, 2012).

The leading hypothesis for the mechanism behind behavioral/cognitive dysfunc-
tion involves AED induced apoptosis and altered synaptogenesis. Similar to alco-
hol, exposure of the immature brain to some AEDs is associated with widespread
neuronal apoptosis (Turski & Ikonomidou, 2012). NMDA antagonist and GABA
mimetic traits of ethanol have been postulated to produce apoptogenic action since
other drugs that block NMDA glutamate receptors also trigger apoptosis in the
developing brain. This may be clinically relevant because many AEDs used thera-
peutically in humans have NMDA antagonist or GABA mimetic properties (e.g.,
barbiturates and benzodiazepines; Olney et al., 2002). The associated cognitive
deficits are likely more related to dysfunction in the surviving neurons than to the
actual neuronal loss; exposure of the immature brain to AEDs impairs synaptic
maturation in neurons that survive the initial exposure (Forcelli et al., 2012). Genetic
predisposition likely also plays a role involving interaction of teratogens with mul-
tiple liability genes (Finnell, Shields, Taylor, & Chernoff, 1987). Genetic predispo-
sition may explain the observed individual variability.
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Considerations to Minimize Risk and Maximize
Cognitive Outcome

Folate

Folate supplementation for women of reproductive age is now standard of care
based on population studies demonstrating decreased neural tube defect risk
(Blencowe, Cousens, Modell, & Lawn, 2010), although the optimal dose has not yet
been established (Aguglia et al., 2009; Kjaer et al., 2008; Wilson et al., 2003).
Several studies have demonstrated a similar relationship between folate levels or
supplementation and decreased major congenital malformations in women with
epilepsy although larger studies are needed (Harden et al., 2009; Kaaja, Kaaja, &
Hiilesmaa, 2003; Kjaer et al., 2008).

In the NEAD study, children whose mothers reported periconception folate sup-
plementation had higher Developmental Abilities Scale (DAS) GCA scores at 6
years of age than children whose mother did not take folate during their pregnancy
(Meador et al., 2013). When excluding VPA, there was a dose-related effect of
folate on conceptual abilities scores. This suggests that folate may have a positive
effect on cognitive development, although others have failed to observe a similar
beneficial effect of folate supplementation on cognitive outcome (Baker et al.,
2015). Whether there is a more general beneficial effect of folate on cognitive
outcome is unknown since, in the case of the NEAD study, the positive effect may
simply have occurred from mitigating the negative AED effects. However, other
studies report a beneficial effect of periconceptional folic acid supplementation for
cognitive and behavioral outcomes in the general population (Chatzi et al., 2012;
Roth et al., 2011; Schmidt et al., 2012; Suren et al., 2013). There is presently insuf-
ficient evidence to conclude that folate supplementation mitigates the structural or
developmental teratogenic effects of AEDs, but it appears to provide a more general
benefit and should be used in women of childbearing age being treated with AEDs.

Breast Feeding

Breast feeding provides important health benefits for both mother and child (Ip,
Chung, Raman, Trikalinos, & Lau, 2009) that may include improved cognitive
development (Heikkila, Kelly, Renfrew, Sacker, & Quigley, 2014; Kramer et al.,
2008; Quigley et al., 2012). This benefit also appears to be present in children
exposed to AEDs who are breast-fed. In the NEAD study, AED exposed children
who were breast-fed had higher DAS GCA scores and Verbal Scores when tested at
age 6 years than children who were not breast-fed (Meador et al., 2014). Although
a similar pattern was described in a separate cohort of children when tested up to
age 18 months, the benefit was no longer observed when tested at age 36 months
(Veiby et al., 2013). Importantly, however, both studies indicate an absence of



100 D.W. Loring et al.

increased cognitive risk for children being breast-fed by mothers taking AEDs.
Breast feeding by women taking AEDs has often been discouraged due to concerns
that the child will be exposed to AED through breast milk. Unlike in utero exposure,
in which the fetal levels are similar to maternal plasma concentrations, AEDs are
differentially secreted into human milk. Although additional studies are needed, the
current data suggest that the theoretical concern of infant breast milk AED exposure
likely does not outweigh the known long-lasting benefits of breast feeding.

School Accommodations

There has been no systematic research demonstrating the specific benefit of school
accommodations in this group of children. However, as with other developmental
disorders, children with AED induced language delay or attentional impairment
will likely benefit based upon their specific needs from modification of assignment
length, the provision of extended time for assignments and tests, the assistant of a
peer tutor/study partner, and private location for testing as needed. Similarly, chil-
dren with ASD related to AED exposure may benefit from strategies to develop
social skills and teaching social rules, with small group (or one-to-one) instruction
and interventions generally appropriate for those with ASD.

Conclusions

Women of reproductive age taking AEDs for any indication should be counseled
about exposure risks. These risks should also be discussed with teens and preteens
and their parents before the girls become sexually active. Because roughly half of
pregnancies in women with epilepsy are unplanned (Davis, Pack, Kritzer, Yoon, &
Camus, 2008), not discussing risks until a woman is planning pregnancy is often too
late. Contraceptive counseling is also extremely important for all women taking
AEDs since they have significant drug—drug interactions with hormonal contracep-
tion (Gaffield, Culwell, & Lee, 2011).

Even with effective contraception, however, medication management of a
reproductive-age woman should involve AEDs with lowest teratogenic risk that
effectively manage their epilepsy. Thus, VPA is a poor first choice for females of
child-bearing potential. Unfortunately, some women will have inadequate control of
seizures or mood symptoms with medications other than VPA. In these cases, the
smallest effective dose of VPA should be employed. Although the dose-related
exposure risks appear to be the greatest for VPA, women taking other AEDs should
be managed with the smallest effective doses as well. Polytherapy should be avoided
if possible. Finally, it may also be necessary to establish that AEDs are appropri-
ately indicated since some patients with non-AED responsive seizures or atypical
histories may have non-epileptic seizures, and appropriate monitoring in an epi-
lepsy unit may be necessary to establish this diagnosis.
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An area of debate is whether AED changes should ever be contemplated during
pregnancy. When characterization of AED teratogenesis was limited to major con-
genital malformations, this was generally not considered since by the time pregnancy
was confirmed, the risks of cross-titrating AEDs was thought to simply expose the
fetus to polytherapy and increased the risk of seizures after the major congenital
malformation risk had already occurred. We now know that cognitive AED risks
likely occur throughout pregnancy and, in particular, during the third trimester.
Consequently, some have suggested that it is reasonable to consider AED changes
during pregnancy, particularly if the woman is taking VPA. This consideration should
include seizure history or severity of her mood disorder, history of prior medication
trials and effectiveness, likelihood of responding to a different medication, and the
ability to closely monitor her and her child. This is strictly a clinical consideration
since there is insufficient evidence to argue for or against this approach.

Women taking AEDs should receive folate supplementation since it decreases
risk of neural tube defects, may reduce the risk of other malformations, and may
have a positive effect on cognitive development. Although it is unclear if folate
provides benefit to women taking AEDs beyond that seen in the general population,
supplementation is recommended by multiple professional organizations.

Most women taking AEDs should not be discouraged from breast-feeding their
child. For women taking CBZ, LTG, PHT, or VPA in monotherapy, there is no evidence
to suggest risk to the child. Women taking other AEDs or being treated with polytherapy
may consider the risks vs. benefits of breast feeding since the AED risks remain primar-
ily theoretical. Further, pediatricians treating children exposed to AEDs in utero should
also monitor the child’s development closely and consider early intervention for children
exposed to AEDs (especially VPA) who demonstrate any signs of developmental delay.
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