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A B S T R A C T   

Safe pregnancies have been a major concern for women with epilepsy. With more than 50 years of research, we 
have learned that antiseizure medications (ASMs) differ in their teratogenic risk. Valproate is associated with 
greater risks for malformations and adverse neurodevelopmental outcomes than other ASMs. Furthermore, 
seizure control is important for maternal health in pregnancy and it can be affected by a decline in serum 
concentrations of many ASMs during pregnancy. 

However, significant knowledge gaps remain. First, there is insufficient evidence about the relative teratogenic 
risks of most newer generation ASMs, as well as diverse ASM combinations. Similarly, information on gestation- 
induced changes in maternal serum levels and transfer into breastmilk is inadequate for the majority of the newer 
ASMs. Further, the optimal dose of folate supplementation remains unknown for women with epilepsy. Finally, 
most of previous studies on epilepsy and pregnancy come from Europe or North America. Efforts should be made 
to include more countries in collaboration with existing prospective epilepsy and pregnancy studies to increase 
the cohort size while at the same time enhancing the generalizability of the results. Large countries, such as 
China, present great potential to shorten the time to obtain answers to important unsolved questions.   

1. Introduction 

Safe pregnancies have been a major concern for the approximately 
15 million women with epilepsy that are of child-bearing age in the 
world. Safety issues include the risk for obstetrical and perinatal com
plications, offspring outcomes, as well as maternal seizure control. More 
than 50 years ago, the first article reported a link between maternal 
exposure to antiseizure medications (ASMs) and congenital abnormal
ities in offspring [1]. Since then, numerous studies have been addressing 
the issues related to the management of epilepsy in pregnancy with 
various methodologies. These include prospective single center or 
multicenter cohort studies, population-based studies utilizing adminis
trative national registers, and specific epilepsy and pregnancy registries 
[2]. 

However, there are still significant knowledge gaps. Currently, we 
have insufficient evidence regarding the safety of most of the newer 
ASMs during pregnancy. Additionally, the optimal dosage of folic acid 
supplementation for pregnant women with epilepsy remains unknown. 
And such issues could only be addressed through large-scale multicenter 
clinical studies. Past experience has shown that obtaining sufficient 
evidence requires a significant amount of time. In this regard, countries 

with large population such as China could play an potential role in 
shortening the time to obtain answers. 

2. What we have learned so far 

Studies have confirmed an increased prevalence of major congenital 
malformations (MCM) in offspring of women with epilepsy, which is 
mainly related to exposure to ASMs [2]. We have also learned that ASMs 
differ in the overall risk of teratogenic effects and also in the types of 
teratogenic outcomes, including growth restrictions, MCMs, and neu
rodevelopmental outcomes. Overall, the risk of teratogenic effects such 
as MCMs and adverse neurodevelopmental outcomes including autism 
spectrum disorders and intellectual disabilities, is greater with valproate 
and topiramate than with other ASMs including carbamazepine, lamo
trigine, and levetiracetam [2–5]. These findings that have prompted 
regulatory bodies such as the European Medicines Agency (EMA) and 
the US Food and Drug Administration (FDA) to introduce strict limita
tions for the use of valproate in women of childbearing age. Studies have 
also shown that teratogenic effects of some ASMs, in particular val
proate, but also phenobarbital, carbamazepine, and lamotrigine are 
dose-dependent [3,8]. Research has demonstrated that opting for 
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lamotrigine and levetiracetam instead of valproate before conception is 
linked to a lower occurrence of MCMs [9]. 

Studies have demonstrated that women with epilepsy had increased 
risks of maternal, fetal, and neonatal complications including miscar
riage, preterm birth, antepartum and post-partum haemorrhage, hy
pertensive disorders and induction of labour [10,11]. Other studies have 
confirmed that epilepsy is a serious condition with increased mortality 
not least during pregnancy, with a maternal mortality 7–10 times than 
expected [12]. Effective treatment aiming at complete control of tonic- 
clonic seizures is thus important also during pregnancy despite the po
tential teratogenic risks associated with ASMs. Maintaining seizure 
control is complicated by the fact that pregnancy can have a profound 
effect on serum concentrations of ASMs. We have learned that this 
impact varies between ASMs, being most pronounced for lamotrigine, 
levetiracetam, oxcarbazepine, zonisamide and topiramate; but also that 
the decline in serum concentrations is unpredictable and varies between 
individual persons [13]. 

Another important lesson learned is that some ASMs, notably 
phenobarbital, probably lamotrigine and zonisamide, are extensively 
transferred into breastmilk but also that immediate or long-term adverse 
effects of breastfeeding are rare [14–16]. Given the benefits of breast
feeding to both mother and child, breastfeeding should be encouraged 
for women with epilepsy taking ASMs. 

3. What we still need to learn 

Important knowledge gaps persist, and new issues emerge over time. 
A significant reason is that there is limited knowledge about the use of 
many new ASMs during pregnancy [Drug Safety Update - GOV.UK 
(https://www.gov.uk)], [The North American Antiepileptic Drug Preg
nancy Registry (aedpregnancyregistry.org)]. Experience has taught us 
that it takes decades from the introduction of a new ASM to the market 
before enough data is available to make a reasonable assessment of its 
safety during pregnancy. In the following we will discuss deficits in some 
specific relevant areas. 

3.1. Risk for malformations with less frequently used ASMs in 
monotherapy 

Sufficient information on relative risk of MCMs is available only for a 
few ASMs, including carbamazepine, lamotrigine, levetiracetam, val
proate, phenobarbital, and possibly oxcarbazepine, and topiramate. Of 
these, lamotrigine, levetiracetam, and possibly oxcarbazepine appear to 
be the safest, whereas valproate and possibly topiramate are associated 
with a higher occurrence of MCMs [4,7]. For newer ASMs, gabapentin 
and zonisamide seems to be safe in pregnancy. However, for most ASMs 
introduced during the last 20 years, information is insufficient to 
determine to what extent they are associated with increased risk of 
MCMs [17,18]. 

These knowledge gaps are even more pronounced when it comes to 
the associations between specific MCMs and ASMs. The differentiation is 
very important as different types of MCMs, such as hypospadias and 
neural tube defects, have varying impacts on quality of life. While we 
know that the pattern of malformations differs for the most commonly 
used ASMs, much more information is needed to fully understand this 
aspect. 

3.2. Intrauterine growth restrictions 

Similar limitation discussed above also apply for intrauterine growth 
restrictions. Current data suggests that exposure to topiramate, and 
possibly also carbamazepine and zonisamide, may have adverse effects 
on body weight and head circumference [19,20]. However, data on most 
other newer generation ASMs are still lacking. Another area that re
quires further research is the extent to which ASM-induced intrauterine 
growth restrictions affect the postnatal development of children. 

3.3. Risk for malformations with ASMs in combination therapy 

Approximately 10–15 % of all pregnancies among women with ep
ilepsy are exposed to ASMs in polytherapy. While polytherapy was 
previously thought to be associated with higher teratogenic risks than 
monotherapy, data from epilepsy and pregnancy registries suggest that 
the risk is more dependent on the type of ASM included in the combi
nation therapy than the number of ASMs [21,22]. However, data 
comparing teratogenic risks between specific ASM combinations and 
between specific combinations and ASM monotherapy are limited. Such 
studies are more complicated than monotherapy comparisons since they 
may involve pharmacodynamic as well as pharmacokinetic interactions, 
change in levels of active metabolites etc. Nevertheless, they are 
becoming increasingly important as prescribers search for alternatives 
to valproate and topiramate monotherapy. 

3.4. Neurodevelopmental outcomes 

Our current understanding of the possible impact of intrauterine 
exposure to ASM on the neurodevelopment of the child is even more 
limited than with structural teratogenicity. Recent smaller prospective 
cohort studies with meticulous assessments of the offspring at school 
age, and nationwide register-based studies have consistently demon
strated that valproate exposure is associated with increased risks of 
lower IQ, autism spectrum disorders, and intellectual disabilities in 
children. More recent studies have also suggested a similar association 
with topiramate exposure [5,6,17]. However, it is only with lamotrigine 
and possibly carbamazepine that we have sufficient data to assume that 
they are reasonably safe to use in this regard. Data on levetiracetam are 
accumulating but so far less than for lamotrigine and carbamazepine. 
When it comes to other old or newer ASMs data is clearly insufficient. 

More recently, administrative nationwide registers have been uti
lized for long-term follow-up until adolescence to evaluate the associa
tion between prenatal exposure to ASMs and psychiatric disorders [26]. 
Exposure to valproate was found to be associated with increased risks, 
and concerns were raised regarding topiramate. Levetiracetam, lamo
trigine, carbamazepine, and oxcarbazepine appeared to be safe in this 
regard. Nevertheless, this study emphasizes the need for studies with 
extended follow-up to assess the safety of most ASMs currently in use, as 
data in this area are lacking. 

3.5. Impact on outcomes of switches/withdrawals of ASMs during 
pregnancy 

Prospective studies have demonstrated that switching ASM selection, 
particularly from valproate to lamotrigine or levetiracetam, is associated 
with a reduction in the prevalence of MCMs in the offspring [9]. How
ever, these observations are based on women who have been on these 
less teratogenic medications before conception. Therefore, it is generally 
recommended that an ASM switch or withdrawal should be completed 
well in advance of pregnancy. Data on risks and benefits of similar 
changes during pregnancy are very limited. A study from EURAP indi
cated that the risk of tonic-clonic seizures increased significantly among 
women that withdraw or switch from valproate treatment during the 
first trimester [23]. However, it is largely unknown whether with
drawing a potentially teratogenic ASM when pregnancy is already 
established is associated with improved outcomes in the offspring. This 
is an extremely important knowledge gap since the majority of preg
nancies among women with epilepsy are unplanned, and the question of 
drug discontinuation often arises when a woman on valproate realizes 
that she is pregnant. 

3.6. Effects of maternal seizures on fetus 

The commonly accepted strategy of using ASMs during pregnancy, 
despite their teratogenic potential, is based on the belief that poorly 
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controlled seizures pose a greater harm than the ASMs themselves. The 
maternal risks with uncontrolled seizures are well known, and it has for 
instance been shown that maternal mortality is significantly increased 
among women with epilepsy [27]. However, there is limited knowledge 
about the fetal risks associated with maternal seizures, and this aspect 
has rarely been systematically studied in clinical studies. There is no 
evidence of an association between maternal seizures and the occur
rence of MCMs in the offspring [4], whereas data are conflicting con
cerning the association with adverse neurodevelopmental outcomes. It 
is generally assumed that if there are adverse effects on the fetus, they 
are primarily related to tonic-clonic seizures, but possible risks associ
ated with other types of maternal seizures have not been thoroughly 
assessed. 

3.7. Effect of pregnancy on serum concentrations of ASMs 

Serum concentrations of some ASMs decline significantly during 
pregnancy, which can be associated with a loss of seizure control [13]. 
Pronounced gestational alterations have been reported for lamotrigine, 
levetiracetam, lacosamide, oxcarbazepine, topiramate, and zonisamide, 
while active serum concentrations of carbamazepine and valproate 
remain fairly stable throughout pregnancy [13]. However, data on other 
ASMs such as brivaracetam, eslicarbazepine acetate, cannabidiol, per
ampanel, cenobamate, fenfluramine and more are lacking. 

3.8. Breastfeeding 

When known, ASM concentrations in children breastfed by mothers 
on treatment are generally very low. However, for some ASMs, notably 
phenobarbital and ethosuximide, the serum concentrations in the 
breastfed infant may reach levels comparable to those in the treated 
mother [14]. Data for lamotrigine have been variable, with ratios lower 
to 0.2 and higher to nearly 1 [14,24,25]. However, the average ratio is 
about 0.3. Zonisamide also may be transferred into breastmilk to a 
greater degree, but the data are quite limited [14]. A recent systematic 
review has highlighted that there are no data on levels in breastmilk or 
breastfed infants for most of the newer ASMs, including cannabidiol, 
cenobamate, eslicarbazepine-acetate, everolimus, felbamate, fenflur
amine, rufinamide, and stiripentol [14]. Furthermore, little is known of 
possible long-term effects on children of exposure to ASMs through 
breastfeeding with the exception for lamotrigine, carbamazepine, 
phenytoin, and valproate, where no negative effects were noted on the 
child development at age six [19]. 

3.9. Folate supplementation 

All women considering pregnancy are usually recommended a folate 
supplementation of 0.4 mg daily. However, those with risk factors for 
neural tube defects in the offspring are often advised to take higher 
doses, ranging from 4 to 5 mg daily. It is important to note that there is 
currently no consensus on the optimal folate dosage [28]. 

Observational pregnancy registers have not been able to demonstrate 
any beneficial effects of folate on the risk of MCMs in offspring of women 
with epilepsy on ASM treatment [4]. However, folate supplementation 
has been associated with improved neurodevelopmental outcomes [29]. 
It is important to note that high-dose folate supplementation has also 
been linked to an increased risk of childhood cancer [30]. However, 
such findings are not a proven causal relationship and remain contro
versial [31]. Therefore, the optimal dose and timing for folate supple
mentation in women on ASM treatment have yet to be established. 

3.10. Outcomes in different populations 

Most large-scale cohort studies on pregnancy outcomes in women 
with epilepsy have been carried out in Europe, North America and 
Australia [2–4,17,18]. It is unclear whether the results obtained from 

these studies are applicable to a broader population, including large 
parts of Asia and Africa. In Asian countries, similar registries are usually 
led by a single doctor or research team with relatively limited resources, 
which could be potential barriers for large-scale cohort studies. 

4. How can we close the knowledge Gaps? 

Due to obvious ethical reasons, many of the unknowns regarding 
epilepsy and pregnancy cannot be resolved through randomized 
controlled trials. Therefore, we are limited to observational studies, 
which come with inherent risks of confounding. This highlights the need 
for large cohorts to enable adjustments to control for confounders. A 
major issue with many current cohort studies, such as the epilepsy and 
pregnancy registries, is that only a fraction of ASM exposed pregnancies 
is enrolled [2–4]. As a result, it is essential to find ways to increase 
enrollment in existing observational studies. Large countries in Asia, 
such as China, present an opportunity to accelerate recruitment and 
shorten the time to obtain answers to important unsolved questions. One 
possibility would be to establish new prospective observational studies 
similar to those operating in Europe, Australia, and North America. 
However, it would likely be more practical for these countries to join 
already established pregnancy registries and take advantage of the 
experience that has been gained. 

Some important issues, such as the risks and benefits of different 
doses of folate supplementation, may be challenging to resolve through 
observational studies alone [29,30]. To address these questions, ran
domized controlled trials comparing different doses in large populations 
of women with epilepsy would be necessary. Implementing such trials 
could potentially be feasible in large countries like China. 
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