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Introduction
Women with epilepsy comprise almost half of the 
population with general epilepsy.1 Many treatment 
decisions are not influenced by sex; however, the 
possibility of pregnancy and lactation are unique 
to women in their childbearing years. Antiseizure 
medications (ASMs) are often continued throughout 
pregnancy and lactation to mitigate the risks of 
seizures, making them critical times, owing to 
concerns for women with epilepsy, the fetus, and the 
child.

The early data on increased teratogenicity due to 
antiseizure medications raised enough concerns that 
several prospective pregnancy registries (table 1) 
were created to help decipher these risks with more 
accuracy.3-8 In the ensuing years, the development of 
new antiseizure medications has also been prolific 
(fig 1).9 10 Due to the nature of this field (randomizing 
women to placebo would be unethical), no 
randomized controlled trials have answered the 
questions of safety and teratogenicity. Therefore, 
prospective cohort studies, including registries, 

provide the highest quality evidence from which 
to make treatment decisions. The large number of 
existing antiseizure medications makes it difficult to 
quickly collect appropriate sample sizes of exposures 
for individual drug treatments. Furthermore, the 
Food and Drug Administration implemented a new 
pregnancy labeling system in 2015, known as the 
pregnancy and lactation labeling rule (PLLR),11 
which replaced the former pregnancy risk categories 
(A, B, C, D, or X) with narrative based labeling 
requirements. The PLLR arguably deals with the 
overly simplistic nature of the former pregnancy risk 
categories, but it also puts the onus on healthcare 
professionals to analyze the risks and benefits of a 
drug for a specific patient. While aiming to provide 
more evidence based recommendations, the PLLR 
might have introduced some complexity that has 
affected uptake and general use.

This evidence based review will help clinicians 
as they encounter these difficulties while treating 
women with epilepsy. As we look to the future of 
treatment of other chronic diseases in women of 

Abstract

Epilepsy is a group of neurological diseases characterized by susceptibility to 
recurrent seizures. Antiseizure medications (ASMs) are the mainstay of treatment, 
but many antiseizure medications with variable safety profiles have been approved 
for use. For women with epilepsy in their childbearing years, the safety profile is 
important for them and their unborn children, because treatment is often required 
to protect them from seizures during pregnancy and lactation. Since no large 
randomized controlled trials have investigated safety in this subgroup of people 
with epilepsy, pregnancy registries, cohort and case-control studies from population 
registries, and a few large prospective cohort studies have played an important role. 
Valproate, in monotherapy and polytherapy, has been associated with elevated risk 
of major congenital malformations and neurodevelopmental disorders in children 
born to mothers who took it. Topiramate and phenobarbital are also associated 
with elevated risks of congenital malformations and neurodevelopmental disorders, 
though the risks are lower than those of valproate. Lamotrigine and levetiracetam 
are relatively safe. Insufficient data exist to reach strong conclusions about the 
newest antiseizure medications such as eslicarbazepine, perampanel, brivaracetam, 
cannabidiol, and cenobamate. Besides antiseizure medications, other treatments 
such as vagal nerve stimulation, responsive neurostimulation, and deep brain 
stimulation are likely safe. In general, breastfeeding does not appear to add 
any additional long term risks to the child. Creative ways of optimizing registry 
enrollment and data collection are needed to enhance patient safety.
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childbearing age (HIV, depression, migraines), this 
review will inform and motivate data scientists, 
epidemiologists, and health policy makers to design 
more efficient data collection tools, analytics, and 
other creative study designs that will improve clinical 
care.

Epidemiology
About 50 million people have epilepsy globally.12 
Middle income and low income countries have a 
higher incidence of epilepsy (80% of active epilepsy 
cases) than high income countries.

In the United States, about three million adults 
have epilepsy.13 The prevalence in women and girls 
is 46.2 per 100 000, compared with 50.7 per 100 
000 for men and boys.14 The number of women of 
childbearing age with epilepsy is estimated to be at 
least half a million,15 with about 24 000 giving birth 
annually.16 Fetal exposure to antiseizure medications 
occurs in about one out of every 50 pregnancies.17

Methods
Both authors searched PubMed and Medline-Ovid, 
limiting the dates from 1990 through September 
2022. Searching for “epilepsy and pregnancy” 
identified >10 000 articles. This was limited by 
“clinical trials”, giving 546 articles, of which 31 
were found to be directly relevant. Other search 
terms included “fertility” AND “women with 
epilepsy”, “first generation antiepileptic drugs” AND 
“teratogenicity”, “second generation antiepileptic 
drugs” AND “teratogenicity”, “third generation 
antiepileptic drugs” AND “teratogenicity”, 
“Depakote” AND “neurodevelopmental disorders”, 
“neurodevelopmental effects of antiepileptic drugs”, 
“lactation” AND “antiepileptic drugs”, “vagus 
nerve stimulation” AND “pregnancy”, “responsive 
neurostimulation” AND “pregnancy”, “deep brain 
stimulation” AND “pregnancy”, “neuromodulation” 
AND “pregnancy”. A list of pregnancy registries was 
compiled, and each registry website was reviewed. 
The Maternal Outcomes and Neurodevelopment 
Effects of Antiepileptic Drugs (MONEAD) website 
was also reviewed.18 Earlier review articles on these 

subjects were examined to identify articles before 
1990 for context and historical perspective. Included 
literature was restricted to randomized controlled 
trials, registry analyses, case-control studies from 
population level databases, cohort studies, and 
large hospital or single institution case series or case 
reports when the above were not available.

Pregnancy success and fertility in women with epilepsy
For women with epilepsy who want children, one 
of the first questions is if epilepsy or the use of 
antiseizure medications affects fertility. Results 
from the PubMed search showed 10 studies that 
investigated this question. One 1994 study, based 
on interviewing 1558 people with epilepsy and 
316 siblings without epilepsy, showed that women 
with epilepsy were only 37% as likely to have been 
pregnant as their female siblings without epilepsy.19 
Another study, based on the Northern Finland birth 
cohort, identified 222 people with epilepsy from a 
cohort of 12 058 patients with 39 years of follow-up, 
and showed that only people with active epilepsy in 
adulthood had fewer children; people who went into 
remission before adulthood had a similar number of 
children to those without epilepsy.20 A Scandinavian 
birth registry study identified women with active 
epilepsy in the Kuopio University area of Finland, 
and showed that women with epilepsy had a similar 
number of children (2.1, standard deviation 1.3) 
to healthy women (2.1, standard deviation 1.2).21 
More recently, retrospective analyses of registry data 
have shown reduced pregnancy rates and higher 
rates of assisted reproductive services in women 
with epilepsy, suggesting that women with epilepsy 
have more difficulty getting pregnant.22 23 It has also 
been noted that reduced fecundity trended higher 
in those on antiseizure medication polytherapy 
than those on no antiseizure medication,23 but 
this trend could also be accounted for by more 
poorly controlled seizures that would necessitate 
antiseizure medication polytherapy. By contrast, 
one prospective cohort study, designed specifically 
to answer questions about pregnancy in women with 
epilepsy desiring pregnancy, showed that women 

Table 1 | International prospective pregnancy registries for antiseizure medications
Registry Date established Description No of enrollees Website
The UK and Ireland Pregnancy 
Register

1996 for UK 
2001 for Ireland

Prospective; national 
self-enrollment and physician 
enrollment

10 766 (as of 2016 per 
website)

http://www.epilepsyandpregnancy.co.uk/

North American Antiepileptic 
Drug Pregnancy Registry

1997 Prospective 
US and Canada; 
self-enrollment

13 500 (as of 2021 per 
website)

https://www.aedpregnancyregistry.org/

The European and International 
Registry of Antiepileptic Drugs 
in Pregnancy -EURAP

1999 Prospective 
>40 countries involved; 
physician enrollment

29 488 (as of April 2023) https://eurapinternational.org/

Kerala Registry of Epilepsy and 
Pregnancy

1998 Prospective; 
single center; 
physician enrollment

Registry audit from a recent 
paper reported 1469 
enrollees from 2010 to 
20192

None

The Australian Pregnancy 
Register of Antiepileptic Drugs

2000 Prospective; 
national; 
self-enrollment and physician 
enrollment

2516 (as of 2019 per 
website)

https://www.epilepsy.org.au/apr-registration/
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with epilepsy become pregnant at the same rate as 
other women.24 To specifically isolate the effect of 
the epilepsy diagnosis, this study excluded women 
with a history of infertility, which might explain the 
difference compared with previous studies.

Few studies answer this question in lower income 
countries. One cross sectional study in Nairobi 
included 191 women with active epilepsy, and 
found that fertility rates were two-thirds lower than 
in the general population.25 While socioeconomic 
factors, social stigma, and lower marriage rates 
could contribute to this finding, the use of first 
generation antiseizure medications could also 
influence the chances of successful pregnancy. 
In the Epilepsy Birth Control registry in the US, 
live birth-to-pregnancy ratios among sexually 
active women not using contraception were higher 
with the use of lamotrigine, a second generation 
antiseizure medication, compared with valproate, a 
first generation antiseizure medication.23 However, 
further research is needed to investigate this 
possibility.

In summary, high quality evidence from a single 
prospective cohort study with controls shows that 
in the US, and probably other affluent countries, 
women with epilepsy have similar rates of successful 
pregnancies as women without epilepsy.

Pregnancy outcomes in women with epilepsy
How well do the pregnancies proceed, and how 
do babies do at birth beyond the question of 
teratogenicity? About 100 studies were found that 
dealt with pregnancy and perinatal outcomes. 
Data came from population based registries (eg, 

Iceland) and pregnancy registries (eg, Finland), 
prospective cohort studies such as the Fertility and 
Birth Outcomes in Women with Epilepsy Seeking 
Pregnancy study and the MONEAD, and a few 
hospital based retrospective cohort analyses.

An Icelandic study analyzed population level 
data on 81 473 pregnancies between 1972 and 
1990, and compared pregnancy outcomes in the 
266 pregnancies in women with epilepsy.26 Overall, 
similar rates of pregnancy related outcomes were 
observed, except that the rate of caesarean section 
was significantly higher in women with epilepsy 
compared with control patients (13% v 8.8%, p=0.01). 
A Finnish study analyzed data from 179 women with 
epilepsy compared with 24 778 controls, and found 
no difference in rates of caesarean section.27 Most 
recently, an analysis of data from MONEAD also 
showed no difference in rates of caesarean section in 
women with epilepsy versus control patients.28 Rates 
of caesarean section probably depend more on other 
factors such as local hospital culture than on patient 
variables; the highest rates of caesarean section are 
found in higher income countries.29

In women with epilepsy, no difference in 
perinatal mortality or birth weight was found in 
the Icelandic study, but the rate of infants small for 
their gestational age was higher; infants of women 
with epilepsy also had smaller head circumference 
in the Finnish study. A similarly designed Danish 
study showed the risk of preterm birth increased as 
a function of the use of antiseizure medications.30 A 
study from Norwaysuggested that the risk of low birth 
weight varies by drug.31 For example, topiramate 
exposure has an increased risk of microcephaly 

1st generation

1850 1900 1920 1940

* Discontinued in US in 2017

1960 1980 2000 2020 2040

1857
Bromide

1912
Phenobarbital

1938
Phenytoin

1960
Ethosuximide

1968
Diazepam

1974
Carbamazepine

1975
Clonazepam

1978
Valproate

1981
Clorazepate

1993
Felbamate

1993
Gabapentin

1994
Lamotrigine

1996
Topiramate

1997
Tiagabine

1999
Levetiracetam

2000
Oxcarbazepine

Zonisamide

2005
Pregabalin

2009
Vigabatrin

2011
Clobazam

Ezogabine*

2012
Perampanel

2013
Eslicarbazepine

2016
Brivaracetam

2018
Cannabidiol
Everolimus
Stiripentol

2019
Cenobamate

2020
Fenfluramine  

2008
Lacosamide
Rufinamide

1954
Primidone

2nd generation 3rd generation

Fig 1 | Timeline of major antiseizure medication introductions in the US.
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11.4% versus 2.4% (odds ratio 4.8, 95% confidence 
interval 2.5 to 9.3) and small for gestational age 
24.4% versus 8.9% (3.1, 1.9 to 5.3). A review 
analyzed data from 38 studies published between 
1990 and 2015 and showed small but significant 
increased risks of spontaneous miscarriage, 
antepartum hemorrhage, hypertensive disorders, 
induction of labor, caesarean section, preterm birth, 
and fetal growth restriction in women with epilepsy 
compared with controls.32 Notably, no difference was 
observed in fetal or neonatal mortality. Regarding 
mortality of children born to women with epilepsy, 
one Danish study analyzing data from 1981 to 2016 
identified increased mortality in children born to 
women with epilepsy, but only in the years before 
2000.33 This suggests that other factors were likely 
responsible for that mortality, such as antenatal care 
or other health system effects, and not antiseizure 
medications. A later review analyzed 11 studies 
published between 2000 and 2016, and showed 
that epilepsy was associated with a small increased 
risk of fetal growth restriction (odds ratio 1.28, 95% 
confidence interval 1.09 to 1.50, p<0.05), unaffected 
by antiseizure medications.34 Another factor that 
seems to influence pregnancy outcomes is good 
antenatal care, including routine neurological care 
and pregnancy planning. One study based on a 
database prospectively collected between 2010 and 

2018 in Chinacompared pregnancy outcomes in 
unplanned and planned pregnancies in women with 
epilepsy, and showed that planned pregnancies had 
fewer induced abortions and preterm births.35

Overall, evidence from cohort studies consistently 
shows that epilepsy and antiseizure medication are 
associated with an increased risk of fetal growth 
restriction, and pregnancy associated complications 
such as preterm births; however, clear evidence 
indicates that some antiseizure medications have 
a stronger influence on fetal growth, such as 
topiramate. Appropriate neurological routine care 
and pre-pregnancy planning can likely reduce those 
risks (fig 2).

Antiseizure medications and risks to the developing 
fetus and child
Congenital malformations
Major congenital malformations are structural 
abnormalities that carry medical, social, or 
cosmetic consequences requiring medical or 
surgical treatment.36 In the US, major congenital 
malformations occur in about 3% of live births.37 
Major congenital malformations arise from genetic 
abnormalities or teratogenic exposures, or both. The 
data on major congenital malformations in women 
with epilepsy will be examined in this review.

Valproate was approved for use in 1978, and 
case reports in the 1980s showed that valproate 
preparations, and to a lesser extent phenytoin and 
phenobarbital, were associated with minor and 
major birth defects.38-40 However, these risks were 
not confirmed and compared among drugs until 
prospective pregnancy registries began enrolling 
pregnant patients in the 1990s. An important case-
control study within the European Surveillance of 
Congenital Anomalies (EUROCAT) was published in 
2010, and showed an increased risk of spina bifida, 
cleft palate, craniosynostosis, and polydactyly 
in children born to mothers who took valproate 
compared with those with no exposure to valproate 
preparations.41

Of the first generation antiseizure medications, 
valproate and its preparations have the highest 
risk of major congenital malformations,based on 
studies from all the major pregnancy registries;42-46 
the strength of association was further confirmed 
by a later Cochrane review (table 2).47 These data 
also support a dose-response effect, with higher 
risks seen at doses around 1500 mg daily and lower 
risks with daily doses <800 mg.46 The Tomson study, 
based on EURAP registry data, analyzed 7355 
pregnancies between 1999 and 2016, and showed 
the prevalence of major congenital malformations 
in eight antiseizure medications (fig 3).48 The first 
generation antiseizure medications phenobarbital 
and phenytoin had a prevalence of major congenital 
malformations of 6.5% (19 of 294 pregnancies) and 
6.4% (8 of 125), respectively. The prevalence of major 
congenital malformations with carbamazepine was 
similar to phenobarbital and phenytoin at 5.5% (107 
of 1957), and valproate had the highest prevalence 

Initial consultation with woman with epilepsy in childbearing years

• Discuss contraception options and potential interactions between oral
   contraception and ADTs
• Discuss how ADTs can affect pregnancy and fetal development and risks
  or benefits of continuing ADTs during pregnancy
• Consider plan to stop VPA if patient desires pregnancy in future

Early pre-pregnancy planning (1 year before active family planning)

• Assess seizure frequency: no recurrent status epilepticus and few
   convulsive seizures
• Assess ADTs : discontinue VPA and minimise polypharmacy if possible
• Check baseline ADT levels
• Consider starting folic acid supplementation

Immediate pre-pregnancy planning

• Check ADT levels
• Start folic acid supplementation

Late pregnancy

• Planning for delivery
• Planning for lactation

Early pregnancy

• For women with no previous pre-pregnancy planning, consider stopping
   VPA and replace with LEV or LTG
• Optimise ADT doses for improved seizure control if needed
• Obtain and trend ADT levels; adjust doses if needed to maintain
   pre-pregnancy levels

Postpartum

• For those on LTG, consider rapid reduction (within 72 hours to 10 days) of
   medication doses back to pre-pregnancy levels to avoid toxicity97

• Pay special attention to sleep deprivation and mood
• For lactating mothers, assess sedation of baby

Fig 2 | Suggested treatment timeline for women with epilepsy planning pregnancy. 
ASM=antiseizure medication; VPA=valproate; LEV=levetiracetam; LTG=lamotrigine.
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at 10.3% (142 of 1381). All registry analyses show 
the highest risk of major congenital malformation 
in children born to mothers who took valproate.48-54 
The Cochrane review47 examined 50 studies, with 
31 studies included in a meta-analysis, with the 
following risk ratios when compared with children 
born to women without epilepsy:
•	 Phenobarbital n=345 versus 1591 (risk ratio 

2.84, 95% confidence interval 1.57 to 5.13)
•	 Phenytoin n=477 versus 987 (2.38, 1.12 to 

5.03)
•	 Carbamazepine n=1367 versus 2146 (2.01, 

1.20 to 3.36)
•	 Valproate n=467 versus 1936 (5.69, 3.33 to 

9.73)
This meta-analysis also included data on second 

generation antiseizure medications: zonisamide, 
lamotrigine, oxcarbazepine, gabapentin, topiramate, 
and levetiracetam. Of these, topiramate was the only 
one to show an increased risk of malformations: 
n=359 versus 442 (risk ratio 3.69, 95% confidence 
interval 1.36 to 10.07). This study showed a risk 
stratification with valproate having the highest risk, 
followed by modest increase with exposure to drugs 
such as topiramate and phenobarbital, and the lowest 
risk in drugs such as levetiracetam and lamotrigine. 
An examination of the North American Registry 
website registry data shows this stratification with 
current data (as of December 2022).55

Based on these registry data, polytherapy with 
valproate clearly drives the risk, while data on 
polytherapy without valproate suggests that the 

risks are lower.56 The MONEAD study, a prospective 
observational study with controls, enrolled patients 
on polytherapy without valproate. The most 
common polytherapy combination of levetiracetam 
and lacosamide (43% of the polytherapy group) 
showed no increased risk of major congenital 
malformation, but the study might not have been 
adequately powered.57 A Finnish study, comparing 
rates of major congenital malformation in women 
who continued antiseizure medication with those 
who discontinued antiseizure medication during 
pregnancy, also showed that polytherapy without 
valproate was not associated with increased risk 
of major congenital malformation.58 In addition to 
the data on valproate, the Kerala registry showed 
duotherapy with topiramate had the highest risk of 
major congenital malformation (relative risk 14.62, 
95% confidence interval 1.88 to 113.83).59 Registry 
data from Australia and China show similarly 
elevated risks related to the use of topiramate, and 
also phenobarbital combinations.60 61

Given the concerns about valproate risks to the 
fetus, attempts to wean valproate before or during 
pregnancy are common. However, caution is advised 
when considering this strategy, as it increases risk 
to women with epilepsy. An analysis of EURAP 
observational international registry of antiepileptic 
drugs and pregnancy data showed a twofold risk 
increase in generalized tonic clonic seizures among 
pregnant women who had valproate withdrawn or 
switched to another antiseizure medication during 
the first trimester of pregnancy.62 In a Norwegian 

Table 2 | Overall major congenital malformation risk associated with antiseizure medication monotherapy

ASM
Compared with women 
without epilepsy

Compared with women with 
untreated epilepsy

Specific MCMs with statistically increased risk in 
subgroup analysis*

CBZ RR: 2.01 (1.20 to 3.36) 
RD: 0.02 (0.00 to 0.03)

RR: 1.50 (1.03 to 2.19) 
RD: 0.01 (0.00 to 0.03)

Orofacial cleft/craniofacial malformations

GBP RR: 0.61 (0.07 to 5.18) 
RD: −0.00 (−0.02 to 0.01)

RR: 1.16 (0.23 to 5.93) 
RD: −0.00 (−0.06 to 0.05)

None

LEV RR: 2.16 (0.76 to 6.17) 
RD: 0.01 (−0.00 to 0.03)

RR: 0.32 (0.10 to 1.07) 
RD: −0.02 (−0.03 to −0.00)

None

LTG RR: 1.68 (0.78 to 3.65) 
RD: 0.01 (−0.00 to 0.02)

RR: 1.07 (0.64 to 1.77) 
RD: 0.00 (−0.01 to 0.02)

None

OXC RR: 1.94 (0.53 to 7.15) 
RD: 0.01 (−0.01 to 0.03)

RR: 2.75 (0.53 to 14.43) 
RD: 0.03 (−0.09 to 0.14)

None

PB RR: 2.84 (1.57 to 5.13) 
RD: 0.04 (0.01 to 0.06)

RR: 1.95 (0.97 to 3.93), P=0.06 
RD: 0.03 (−0.01 to 0.07)

None

PHT RD: 2.38 (1.12 to 5.03) 
RD: 0.02 (−0.00 to 0.04)

RR: 2.40 (1.42 to 4.08) 
RD: 0.03 (0.01 to 0.06)

None

PRM RR: 0.48 (0.03 to 8.43) 
RD: −0.04 (−0.12 to 0.03)

RR(FE): 2.81 (1.13 to 7.02) 
RR(RE): 3.92 (0.76 to 20.14), 
P=0.10 
RD: 0.07 (−0.00 to 0.14)

None

TPM RR: 3.69 (1.36 to 10.07) 
RD: 0.03 (0.01 to 0.05)

RR: 1.99 (0.65 to 6.08) 
RD: 0.02 (−0.02 to 0.05)

None

VPA RR: 5.69 (3.33 to 9.73) 
RD: 0.08 (0.05 to 0.11)

RR: 3.13 (2.16 to 4.54), 
p<0.00001 
RD: 0.06 (0.04 to 0.08)

Neural tube malformations, cardiac malformations, 
orofacial cleft/craniofacial malformations, skeletal/limb 
malformations

ZNS RR: 0.44 (0.02 to 7.93) 
RD: −0.01 (−0.03 to 0.01)

RR: No studies 
RD: No studies

None

Data obtained from Weston J, Bromley R, Jackson CF, et al.47

ASM=antiseizure medication; CBZ=carbamazepine; FE=fixed effect analysis; GBP=gabapentin; LEV=levetiracetam; LTG=lamotrigine; MCM=major 
congenital malformation; OXC=oxcarbazepine; PB=phenobarbital; PHT=phenytoin; PRM=primidone; RD=risk difference; RE=random effect analysis; 
RR=risk ratio; TPM=topiramate; VPA=valproate; ZNS=zonisamide.
*Subgroup analysis evaluated the following malformation categories: neural tube malformations, cardiac malformations, orofacial cleft/craniofacial 
malformations, skeletal/limb malformations; statistically significant results denoted in bold.
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nested case-control study, lamotrigine, a commonly 
chosen antiseizure medication during pregnancy 
owing to its low risk of teratogenicity, was shown 
to have a higher risk of sudden unexpected death 
in epilepsy patients (SUDEP) compared with other 
antiseizure medications.63 Fear of teratogenicity 
and lack of patient counseling can lead women 
with epilepsy to abruptly stop or reduce antiseizure 
medications without physician discussion. In 
one prospective cross sectional study, 66 of 365 
women (18.1%) surveyed reported stopping or 
reducing antiseizure medications without input 
from their physician,64 a choice that can lead to 
status epilepticus and increased risk of SUDEP. 
Management decisions should apply shared decision 
making between the woman with epilepsy and her 
physician, after a thorough discussion of risks and 
benefits of all available options from the perspective 
of the woman’s safety, as well as that of the unborn 
child.

Overall, evidence from cohort studies/population 
and specific birth registry analyses consistently 
shows that exposure to valproate carries an elevated 
(2-3 times the baseline) risk of major congenital 
malformation. Lamotrigine and levetiracetam 
monotherapy have the lowest risk, and drugs such 
as topiramate and phenobarbital carry intermediate 
risk. Furthermore, polytherapy with valproate 
combinations, topiramate combinations, and 
phenobarbital combinations also carry elevated risk 
of major congenital malformation, but polytherapy 
without these drug treatments is not associated with 
an increased risk of major congenital malformation. 
No strong conclusions can yet be made on the risk 
of major congenital malformation with use of most 
of the third generation antiseizure medications. 
Management decisions need to balance patient 
choice and be made jointly between the woman with 
epilepsy and her physician.

Neurodevelopmental disorders
Case reports in the 1990s and early 2000s 
described lower intelligence and increased risk for 
developmental disorders, such as autism spectrum 
disorder, in children born to mothers who took 
valproate preparations,65-67 but the studies were 
small and often flawed. This propelled the launch of 
a large prospective cohort study in the US called the 
Neurodevelopmental Effects of Antiepileptic Drugs 
(NEAD), which enrolled pregnant women between 
1999 and 2004.68 The NEAD study is an observational 
study that recently expanded to the MONEAD 
study, which has tracked not only the women, but 
the children born to mothers taking antiseizure 
medications. Analysis of children who were exposed 
to valproate, carbamazepine, lamotrigine, and 
phenytoin was performed at 3 years and 6 years 
of age. Cognitive outcome data from 309 children 
aged 3 were analyzed while controlling for maternal 
and other relevant characteristics, and valproate 
exposure was shown to be associated with lower 
IQ. This effect was also seen at age 6, with children 
who had valproate exposure having IQ scores 6-10 
points lower than children exposed to lamotrigine, 
carbamazepine, or phenytoin.69 Valproate seems 
to negatively impact verbal abilities more than 
non-verbal abilities. In a later analysis of data from 
the MONEAD cohort enrolled between 2012 and 
2016, when most women took levetiracetam and 
lamotrigine, no significant difference in cognitive 
outcomes was observed in children aged 2 born to 
women with epilepsy, compared with controls.70

A recent analysis of the Nordic register based study 
of antiepileptic drugs in pregnancy (SCAN-AED) has 
spurred increased caution in the prenatal use of 
topiramate, and triggered a safety review in the UK.71 
This large observational cohort study assessed the 
cumulative incidence of autism spectrum disorder 
and intellectual disability at 8 years of age in those 
with prenatal exposure to 10 antiseizure medication 
monotherapies and five duotherapies. In this study, 
both topiramate and valproate were associated with 
a greater risk of autism spectrum disorder (4.3% and 
2.7%, respectively) and intellectual disability (3.1% 
and 2.4%, respectively) in a dose dependent fashion, 
when compared with unexposed children (1.5% 
and 0.8%, respectively). Not surprisingly, the safest 
duotherapy in this study was the levetiracetam-
lamotrigine combination. All other duotherapies 
showed an increase in neurodevelopmental 
disorders, though sample sizes were smaller than 
the monotherapy groups. The increased incidence of 
neurodevelopmental disorders in children exposed 
to topiramate prenatally contradicts previously 
reported findings from other observational 
studies.72  73 The common practice of stopping 
topiramate early in the prenatal course owing to 
concerns for major congenital malformations could 
have also attenuated results in previous studies.

In summary, persuasive data from prospective 
cohort studies, as well as analysis of registry data, 
indicate that valproate use during pregnancy is 
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Fig 3 | Risk of major congenital malformations associated with perinatal antiseizure 
medication exposure. An analysis of data from the EURAP international registry 
examining prevalence of major congenital malformations in offspring with perinatal 
antiseizure medication exposure showed the prevalence to be 2.8% with levetiracetam, 
2.9% with lamotrigine, 3.0% with oxcarbazepine, 3.9% with topiramate, 5.5% with 
carbamazepine, 6.4% with phenytoin, 6.5% with phenobarbital, and 10.3% with 
valproate. Data from Tomson T, Battino D, Bonizzoni E, et al.48
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associated with lower IQs and more developmental 
disorders in children with fetal valproate exposure. 
Topiramate might also be problematic, based on a 
cumulative incidence analysis from a population 
registry. Drug treatments like levetiracetam and 
lamotrigine have no such association.

Folic acid supplementation
Folic acid is essential for nucleic acid and DNA 
synthesis. Folic acid deficiency during pregnancy has 
been linked to increased risk of neural tube defects, 
as well as other major congenital malformations, 
and evidence supports the use of periconceptional 
folic acid supplementation to reduce these risks in 
the general population.74-76 For pregnant women 
with epilepsy, the question is whether they are at 
additional risk and whether higher doses of folic acid 
are needed.

Women with epilepsy have shown an increased 
risk of major congenital malformations; while this 
increased risk has been largely linked to specific 
antiseizure medications,47 genetics could play a 
role in some cases. Multiple antiseizure medications 
have been shown to reduce serum folate levels.77 
One study also reported a low serum folate 
concentration in pregnant women with epilepsy 
as a significant independent risk factor for major 
congenital malformations (odds ratio 5.8, 95% 
confidence interval 1.3 to 27.0).78 It follows that 
folic acid supplementation could benefit these 
patients. One analysis of Hungarian pregnancy 
registry data showed a reduction of major congenital 
malformations in children exposed specifically 
to carbamazepine, phenobarbital, phenytoin, 
or primidone in utero, when their mothers used 
periconceptional folic acid supplementation (1.27, 
0.85 to 1.89), compared with those born to mothers 
who did not use supplementation (1.47, 1.13 to 
1.90),79 but this finding did not reach statistical 
significance. A UK study found that no children with 
major congenital malformations were born to women 
with epilepsy who took periconceptional folic acid.80 
Notably, the UK pregnancy registry, as well as those 
of other countries, lack conclusive data showing that 
folic acid supplementation reduces the risk of major 
congenital malformations in children born to women 
with epilepsy.48 This suggests that the higher risk 
of major congenital malformations is caused by an 
alternate mechanism, cannot be overcome with folic 
acid supplementation, or the data to date lack the 
power to detect an effect modification.

Folic acid supplementation, however, has been 
shown to have neurocognitive benefits in children 
born to women with epilepsy. A study in Norway 
found an increased risk of autistic traits in children 
exposed to antiseizure medications perinatally when 
their mothers did not use periconceptional folic acid 
supplements compared with those born to women 
who did supplement with folic acid (minimum of 
0.4 mg/day).81 This increased risk was noted in 
offspring at 18 months (adjusted odds ratio 5.9, 95% 
confidence interval, 2.2 to 15.8) and 36 months of 

age (7.9, 2.5 to 24.9). Data from the NEAD study, a 
prospective, observational, multicenter study of 311 
children born to women with epilepsy on antiseizure 
medication monotherapy, showed higher full scale 
IQ at 3 and 6 years of age in children born to women 
with epilepsy who took periconceptional folic acid 
supplements of at least 0.4 mg/day.82 No additional 
protection was seen in those who took higher dose 
folic acid supplements (>0.4-1 mg/day, >1-4 mg/
day, and >4 mg/day). Other reported benefits of folic 
acid supplementation include decreased risk of 
spontaneous abortion and preterm birth.83 84

Concerns have been raised regarding potential 
harms of high dose folic acid supplementation.85 86 
A recent Scandinavian observational cohort 
study analyzing registry data of over three million 
mother-child pairs collected over 20 years found an 
increased risk of childhood cancer in children born 
to women with epilepsy prescribed periconceptional 
high dose (≥1 mg daily, mean dose 4.3 mg) folic acid 
supplements, compared with children born to women 
with epilepsy who were not prescribed high dose 
folic acid (adjusted hazard ratio 2.7, 95% confidence 
interval 1.2 to 6.3),with an absolute risk if exposed 
of 1.4% (95% confidence interval 0.5% to 3.6%), 
and an absolute risk if unexposed of 0.6% (0.3% to 
1.1%).87 This increased risk was not seen in children 
born to mothers without epilepsy who were also 
exposed to high dose folic acid (mean dose 2.9 mg), 
and it also could not be accounted for by any specific 
antiseizure medication exposure during pregnancy. 
One of the limitations of the study is the presumption 
that women who filled folic acid prescriptions took 
the drug treatment as prescribed and that those not 
prescribed high dose folic acid were not taking over-
the-counter folic acid supplements. Dietary folate 
intake is also unaccounted for, and serum folate 
levels were not available for analysis. These factors 
should be considered in future studies on the topic.

In short, folic acid supplementation is advisable 
in pregnant women with epilepsy. Registry data for 
pregnant women with epilepsy has not yet shown a 
reduction of major congenital malformations with 
folic acid supplementation. However, strong evidence 
indicates neurocognitive benefits in children born to 
women with epilepsy who received periconceptional 
folic acid supplements of at least 0.4 mg/day. Further 
research is needed to establish optimal dosing 
recommendations, as well as to investigate the safety 
of high dose folic acid supplementation.

Vitamin K supplementation
The literature contains multiple case reports of 
hemorrhagic disease in neonates born to mothers 
taking enzyme inducing antiseizure medications.88 89 
It has been hypothesized that enzyme inducing 
antiseizure medications cross the placenta and lead 
to an increased rate of oxidative degradation of 
vitamin K and resultant vitamin K deficiency in the 
fetus.90 This led to a recommendation for pregnant 
women with epilepsy on enzyme inducing antiseizure 
medications to take an oral vitamin K supplement in 
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the final weeks of pregnancy.91 This recommendation 
was in addition to the standard 1 mg parenteral 
vitamin K supplementation given to all neonates at 
the time of birth. However, a large prospective study of 
>600 pregnant women with epilepsy taking enzyme 
inducing antiseizure medications (carbamazepine, 
phenytoin, phenobarbital, primidone, and 
oxcarbazepine) found no significant difference in 
the incidence of hemorrhagic disease of the newborn 
compared with the control group.92 Instead, the 
incidence of neonatal bleeding was increased when 
birth occurred before 32 weeks of gestation, or in the 
context of maternal alcohol abuse. No women in the 
study received antenatal vitamin K, and all neonates 
received parenteral vitamin K after birth.

Given these findings, evidence is insufficient 
to recommend antenatal maternal vitamin K 
supplementation for all pregnant women with 
epilepsy taking enzyme inducing antiseizure 
medications. This conclusion is in keeping with the 
current American Academy of Neurology guidelines 
on the topic.93

Antiseizure medication monitoring during pregnancy
In general, antiseizure medication levels are not 
frequently measured in people with epilepsy when 
seizures are controlled and who are without clinical 
signs of toxicity. Given the pharmacokinetic changes 
that occur during pregnancy,94 an argument can 
be made to monitor antiseizure medication serum 
levels closely in this context, as tonic clonic seizures 
during pregnancy can cause decreased fetal heart 
rate, maternal and fetal hypoxia and acidosis, and 
possibly contribute to miscarriage.95 The logical 
follow-up question is whether changes in serum 
concentrations of antiseizure medications lead to a 
clinically significant impact on seizure frequency that 
would warrant monitoring of antiseizure medication 
levels. Two retrospective cohort studies and two 
prospective observational studies have shown an 
increased frequency of seizures in pregnant women 
when antiseizure medication concentrations 
decreased below 65% of preconception 
concentrations.96-99 The MONEAD study expands 
on these results in a large prospective cohort study 
(351 pregnant women and 109 controls) that 
included antiseizure medication serum monitoring 
for multiple antiseizure medications.100 Those in the 
pregnancy group taking lamotrigine, levetiracetam, 
oxcarbazepine, lacosamide, and zonisamide 
showed significant decreases in serum antiseizure 
medication dose normalized concentrations, 
while significant changes were not seen in dose 
normalized concentrations of topiramate, unbound 
carbamazepine, and carbamazepine-10,11-
epoxide. The previously reported increase in seizure 
frequency accompanying decreased antiseizure 
medication concentrations was not replicated in this 
study, but the antiseizure medication doses were also 
increased throughout the study based on antiseizure 
medication concentrations, which could account for 
this discrepancy.

It remains to be seen whether serial monitoring 
of serum antiseizure medication levels during 
pregnancy leads to better outcomes than clinical 
monitoring alone. In one double blind, randomized 
trial nested within a cohort study, conducted 
at 50 obstetric and epilepsy clinics in the UK, 
pregnant women with epilepsy taking lamotrigine, 
levetiracetam, carbamazepine, or phenytoin, who 
also had serum antiseizure medication levels ≤75% 
of their baseline level, were randomized to either 
a group in which antiseizure medication dose 
adjustments were determined by clinical features 
alone (n=130) or a group in which antiseizure 
medication dose adjustments were determined by 
antiseizure medication serum level in addition to 
clinical features (n=127).101 The time to first seizure 
between these groups was not significantly different 
(hazard ratio 0.82, 95% confidence interval 0.55 to 
1.2). This finding could have been influenced by the 
threshold serum antiseizure medication level used 
as a criterion for group randomization, or possibly 
by variabilities in practice patterns of the clinicians 
across the study sites.

Collectively, evidence indicates that antiseizure 
medication concentrations of lamotrigine, 
levetiracetam, oxcarbazepine, lacosamide, and 
zonisamide decrease during pregnancy, and an 
increase in seizure frequency is associated with 
a serum antiseizure medication concentration of 
≤65% compared with preconception concentrations 
for women taking lamotrigine and levetiracetam. 
This supports routine antiseizure medication level 
monitoring for pregnant women with epilepsy 
taking these drug treatments and appropriate 
dose adjustments. In situations where monitoring 
is not possible, consideration could be given to 
empiric dose adjustments based on the typical 
pharmacokinetics of the drug treatment during 
pregnancy or the use of carbamazepine, which did 
not have the same fluctuations in concentration in 
the unbound form or metabolite in the MONEAD 
study. While topiramate also did not show 
significant fluctuations in concentration, it should 
be avoided when possible, owing to increased risk 
of major congenital malformations and possibly 
neurodevelopmental consequences. Additional 
research is needed to determine optimal frequency 
of antiseizure medication level monitoring, and 
whether it leads to better outcomes at a practical 
level.

Lactation
The period when a woman with epilepsy is lactating 
is also unique, and historically, there has been a 
concern that the risks of exposure to antiseizure 
medications could be too high for the infant. The 
NEAD and MONEAD studies offer the highest quality 
evidence to date, and support the practice of lactation 
for most women.102-104

The NEAD study, a prospective multicenter 
observational study, provided data of cognitive 
outcomes of children who were breastfed by a 
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mother on antiseizure medication monotherapy 
with carbamazepine, lamotrigine, phenytoin, or 
valproate, with a median breastfeeding time of six 
months.102 Out of a sample size of 199 children born 
to women with epilepsy in the US and UK, 42% were 
breastfed, and were found to have no statistically 
significant difference in IQ at age three years when 
compared with the children in the sample who 
were not breastfed. The analysis on this sample was 
subsequently extended to six years of age (42.9% 
of 181 children in the breastfed group, with mean 
breastfeeding duration of 7.2 months), and still, no 
significant difference in IQ was observed between 
the breastfed group and the non-breastfed group.103 
Additional measures of verbal, non-verbal, memory, 
and executive function were performed and showed 
superior verbal abilities (adjusted verbal index four 
points higher (95% confidence interval 0-7, P=0.03)) 
in the breastfed group. Similarly, the prospective 
Norwegian Mother and Child Cohort Study showed 
no adverse outcomes in social skills, language, or 
behavior at three years of age in children breastfed 
by mothers taking antiseizure medications 
(monotherapy with carbamazepine, lamotrigine, 
valproate, or polytherapy) compared with the non-
breastfed group.105

Moreover, the MONEAD study showed that 
breastfed infants born to women with epilepsy 
typically have a much lower antiseizure medication 
serum concentration than their mothers.104 Of 
the 138 breastfed infants of women with epilepsy 
in the study population, 49.3% had antiseizure 
medication concentrations below even the lower 
limit of quantification. The exception to this was 
lamotrigine, a finding that highlights the importance 
of decreasing the lamotrigine dose expeditiously in 
postpartum women who required dose increases 
during pregnancy. Notably, this study only 
included women with epilepsy on monotherapy 
with carbamazepine, lamotrigine, levetiracetam, 
oxcarbazepine, topiramate, valproate, or 
zonisamide. The lower serum concentrations could 
provide one explanation for the lack of deleterious 
effects attributable to breastfeeding in children born 
to women with epilepsy. However, many antiseizure 
medications currently in use were not included in 
these studies.

Some experts have recommended breastfeeding 
with caution for women with epilepsy taking 
phenobarbital, primidone, clobazam, and 
clonazepam, with close monitoring of the infant 
for lethargy, hypotonia, poor suck, or apneas.106 
Breastfeeding for women with epilepsy taking 
felbamate is generally avoided owing to lack of safety 
evidence for the infant and known risks of acute 
hepatic failure and aplastic anemia in adults.107 108 
Another notable feature of the NEAD and MONEAD 
studies is that antiseizure medication exposure 
in utero preceded exposure during breastfeeding. 
Future research including women who require the 
addition of new antiseizure medications post partum 
would also be valuable and allow for more objective 

guidance in the treatment of postpartum women 
with new onset seizures, or those who require 
an antiseizure medication for another indication 
outside of epilepsy.

In general, women with epilepsy should be 
encouraged to breastfeed. The evidence suggests 
that breastfeeding is safe when the mother is 
taking carbamazepine, lamotrigine, levetiracetam, 
oxcarbazepine, topiramate, valproate, zonisamide, 
or phenytoin. Close monitoring for the infant could 
be advisable when the breastfeeding mother is 
taking phenobarbital, primidone, clobazam, or 
clonazepam. Further research is needed for women 
with epilepsy using newer antiseizure medications, 
but breastfeeding could be considered in such 
cases with close infant monitoring following careful 
discussion between patient and physician.

Emerging treatments
Neuromodulation safety in pregnancy
Vagus nerve stimulation has been used as adjunctive 
treatment for intractable epilepsy since the 1990s. 
The largest study to date investigating the safety of 
vagus nerve stimulation for women with epilepsy 
and fetal outcomes during pregnancy was an 
international observational cohort study using 
primarily EURAP registry data, as well as Australian 
and UK pregnancy registries.109 Twenty-six 
pregnancies were assessed in 25 women, with most 
women (70%) on antiseizure medication polytherapy. 
One major congenital malformation was reported 
(3.9%, 95% confidence interval 0.1% to 19.6%), in 
keeping with the major congenital malformation rate 
seen in women on antiseizure medication without 
vagus nerve stimulation. The authors also noted a 
higher proportion of women requiring obstetrical 
interventions (53.9%, 33.4% to 73.4%) compared 
with the EURAP average (48.2%, 47.2% to 49.1%). 
Although vagus nerve stimulation could in theory 
have led to physiological changes contributing to the 
need for obstetrical interventions, the higher number 
of obstetrical interventions might also be accounted 
for by the population of women who receive vagus 
nerve stimulation, those with intractable epilepsy. 
Over 90% of the women included in the study 
had seizures during pregnancy, which also could 
contribute to the need for obstetrical interventions. 
Overall, no evidence indicated teratogenicity from 
vagus nerve stimulation, and no clear causation 
for the increased obstetrical interventions was 
reported. Though most women receiving vagus 
nerve stimulation during pregnancy had the device 
implanted before conception, in one case report, a 
woman with intractable epilepsy safely underwent 
vagus nerve stimulation implantation and activation 
during the third trimester of pregnancy, resulting in 
improved seizure control.110

Responsive neurostimulation is another option for 
adjunctive treatment and has been FDA approved 
since 2014 for adults with intractable focal onset 
epilepsy with one to two foci. The largest study to 
date focusing on the maternal and fetal safety and 
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outcomes of women with epilepsy and responsive 
neurostimulation adjunctive treatment was a 
retrospective cohort study including data from 
nine US epilepsy centers between 2014 and 2020, 
that described outcomes of 10 patients and 14 
pregnancies.111 No major congenital malformations 
were reported, and the rate of obstetrical 
complications was in keeping with that expected for 
women with epilepsy.

In 2018, deep brain stimulation received FDA 
approval as an adjunctive treatment for people with 
intractable focal onset epilepsy. As the newest of the 
neuromodulatory treatment options in the US for 
epilepsy, the data on pregnant women, specifically 
for intractable epilepsy treatment, is sparse. One 
case report of two women with epilepsy with deep 
brain stimulation found no teratogenicity concerns 
or changes in the expected obstetrical complication 
rate.112 Additional data are available for deep 
brain stimulation for other indications outside of 
intractable epilepsy. A case series of 11 women with 
deep brain stimulation for movement disorders or 
psychiatric indications also supported the safety of 
deep brain stimulation for both mother and baby.113

Overall, the neuromodulatory treatments for 
intractable epilepsy seem to be safe in pregnancy, 
though the sample sizes of the case series/case 
reports leading to this conclusion are small. 
Additional data for these devices are being gathered 
through the pregnancy registries, and updates are 
certain to follow, as the use of neuromodulatory 
devices becomes more commonplace in women with 
epilepsy. Should the safety continue to be shown in 
pregnant women with epilepsy, future consideration 
could be given to using these treatments to help 
reduce the number of antiseizure medications 
required in women with epilepsy who are on 
polytherapy and considering pregnancy.

The newest antiseizure medications and pregnancy
The use of antiseizure medications approved by the 
FDA over the past 10 years has become more frequent, 
but antiseizure medications such as eslicarbazepine, 
perampanel, brivaracetam, cannabidiol, and 
cenobamate are not yet included in the available 
pregnancy registry data.55 Standard practice 
encourages the use of antiseizure medications known 
to be safe in pregnancy in women of childbearing 
age, which could contribute to the dearth of data 
on the newer antiseizure medications in pregnant 
women. Those who require these newer agents to 
control seizures should be encouraged to enroll in 
the pregnancy registries, to document outcomes and 
contribute to the available data in this area.

Registries face specific challenges; for example, 
not all women contribute their data. Consideration 
should be given to mandating data collection for 
all women who are on chronic drug treatment, like 
mandated data collection for hemoglobinopathies 
in all black women in the US. In the case of 
hemoglobinopathies, testing is completed by 
obstetricians; a case can be made to have hospitals 

and obstetrics and pediatric clinics collect important 
variables without depending on the specialist 
neurologist. Data from middle income and lower 
income countries are also sorely needed. One 
example describes a multicountry, community based 
registry not limited to one disease.114 We hope that 
registries will be able to work more collaboratively to 
increase sample sizes.

In brief, the safety of most of the newest antiseizure 
medications is not yet known. We need to enroll 
a greater percentage of women with epilepsy in 
pregnancy registries, and for registries to collaborate 
internationally.

Guidelines
The International League Against Epilepsy (ILAE) 
recently surveyed its members to ascertain the use of 
guidelines on this topic, and concluded that guidelines 
in many countries were outdated and too vague 
regarding questions such as neurodevelopmental 
outcomes, antiseizure medication choice, drug 
monitoring during pregnancy, and breastfeeding.115 
Many countries (35% of those who completed the 
survey), therefore, use guidelines from the American 
Academy of Neurology (AAN), American Epilepsy 
Society (AES), or the UK’s National Institute for 
Health and Care Excellence (NICE).

Both the AAN and NICE have guidelines that 
pertain to women with epilepsy during pregnancy 
and postpartum periods. The AAN guidelines 
were originally published in 2009 and reaffirmed 
in 2013 and 2022, per the AAN website.93 116-118 
They are evidence based and cover teratogenesis 
and perinatal outcomes, obstetrical complications, 
and change in seizure frequency and management 
during pregnancy including blood levels, folic acid 
supplementation, vitamin K, and breastfeeding. 
NICE guidelines are also evidence based,119 and its 
website includes links to an adverse event reporting 
system (the yellow card app).120 Few studies seem 
to cover knowledge of these specific guidelines by 
treating obstetricians; however, the evidence based 
guidelines by the Royal College of Obstetricians 
and Gynaecologists for epilepsy in pregnancy offer 
guidance that is largely consistent with that given by 
the AAN.121 The biggest point of divergence between 
these guidelines seems to be a lack of a consistent 
dose recommendation for folic acid supplementation 
in women with epilepsy, with guidance ranging 
from 0.4 to 5.0 mg/day.93 121 This wide range is 
not surprising, given the dearth of high quality 
evidence regarding the optimal dosing of folic acid 
supplementation in this population as discussed 
previously in this review. A 1996 study suggested 
that obstetricians in Scotland could benefit from 
increased collaboration with neurologists when 
treating pregnant women with epilepsy.122

Guidelines specific for middle and low income 
countries are needed, considering the dramatically 
different healthcare landscape. In 2011, the World 
Health Organization released evidence based 
epilepsy care guidelines to be used in low and 
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middle income countries.123 With regard to women 
with epilepsy, these guidelines recommended the 
avoidance of valproate and polytherapy (compared 
with safer drugs carbamazepine, phenytoin, 
and phenobarbital) and recommended folic acid 
supplementation. This guideline has not been 
updated as of December 2022, but the access to 
second generation antiseizure medications such as 
levetiracetam or lamotrigine is probably limited or 
unreliable. In addition, even though epidemiologic 
research and registries are few and far between,124 
when they are attempted, facilities should collect data 
on all relevant diseases; for example, drug treatments 
used for HIV and exposure to antimalarials should 
be documented. It might be easier to feed these data 
into well known registries that exist already, such 
as through WHO, or perhaps even registries such 
as EURAP. Enrollment should not be dependent on 
high level experts who will not be available; criteria 
should be simplified to allow trained non-technical 
staff members to help with data collection.

Conclusion
Rates of successful pregnancy in women with 
epilepsy are generally comparable with other 
women, if they obtain prenatal care and avoid 
high risk drug treatments such as valproate and 
topiramate. Antiseizure medications have different 
risks of major congenital malformation, with 
valproate having the highest risk. Phenobarbital and 
topiramate are also problematic, although lower risk 
than valproate. Phenytoin and carbamazepine are 
even lower risk, and levetiracetam and lamotrigine 
have the lowest risks, approaching the risk levels of 
healthy controls. With regard to cognitive outcomes, 
fetal valproate exposure is associated with lower 
intelligence in children when compared with 
carbamazepine, phenytoin, and lamotrigine. Fetal 
valproate and topiramate exposure are associated 
with increased risk of developmental disorders such 
as autism spectrum disorder. The use of valproate 
(and potentially topiramate and phenobarbital) 
should be avoided in women of childbearing age, 
unless the prescriber and the patient have an explicit 
agreement.

Too few studies have been done on the best approach 
for antiseizure medication serum level monitoring 
during pregnancy, but it seems reasonable to check 
and adjust the levels of those drug treatments that 
are known to decrease significantly.

Though many antiseizure medications are present 
in breast milk, lactation does not appear to confer 
any measurable long term risks for the child, and so 
should be encouraged.

Data on the newest antiseizure medications are 
limited, so they cannot be confidently recommended 
for pregnancy at this time.

Ongoing pregnancy registries have been important 
in this population and could be optimized by 
improved international collaborations and increased 
emphasis on enrollment.
Patients were not directly involved in the creation of this article.
Competing interests: We have read and understood the BMJ policy 
on declaration of interests and declare the following interests: none.
Contributorship statement and guarantor: Both authors 
participated in the literature search, reviewing the literature, as well as 
conception, drafting, and revising the manuscript. Both authors accept 
full responsibility for the work, had access to the data, and controlled 
the decision to publish. Both authors act as guarantors. 
Funding: No funding was given to this study.
Provenance and peer review: commissioned; externally peer 
reviewed.

1 	 GBD 2016 Epilepsy Collaborators. Global, regional, and national 
burden of epilepsy, 1990-2016: a systematic analysis for the Global 
Burden of Disease Study 2016. Lancet Neurol 2019; 18:459-80.

2 	 Seshachala BB, Jose M, Lathikakumari AM, Murali S, Kumar AS, 
Thomas SV. Valproate usage in pregnancy: An audit from the Kerala 
Registry of Epilepsy and Pregnancy. Epilepsia 2021;62:1141-7. 
doi:10.1111/epi.16882 

3 	 Gadoth N, Millo Y, Taube E, Bechar M. Epilepsy among parents of 
children with cleft lip and palate. Brain Dev 1987; 9:296-9.

4 	 Bertollini R, Mastroiacovo P, Segni G. Maternal epilepsy and birth 
defects: a case-control study in the Italian Multicentric Registry of 
Birth Defects (IPIMC). Eur J Epidemiol 1985;1:67-72. doi:10.1007/
BF00162315 

5 	 Winter RM, Donnai D, Burn J, Tucker SM. Fetal valproate syndrome: 
is there a recognisable phenotype?J Med Genet 1987;24:692-5. 
doi:10.1136/jmg.24.11.692 

6 	 Nakane Y, Okuma T, Takahashi R, et al. Multi-institutional study on 
the teratogenicity and fetal toxicity of antiepileptic drugs: a report 
of a collaborative study group in Japan. Epilepsia 1980;21:663-80. 
doi:10.1111/j.1528-1157.1980.tb04320.x 

7 	 Anonymous American Academy of Pediatrics Committee on Drugs. 
anticonvulsants and pregnancy. Pediatrics 1979;63:331-3. 
doi:10.1542/peds.63.2.331 

8 	 Kaneko S, Otani K, Fukushima Y, et al. Teratogenicity of antiepileptic 
drugs: analysis of possible risk factors. Epilepsia 1988;29:459-67. 
doi:10.1111/j.1528-1157.1988.tb03746.x 

9 	 Porter RJ, Cereghino JJ, Gladding GD, et al. Antiepileptic Drug 
Development Program. Cleve Clin Q 1984;51:293-305. 
doi:10.3949/ccjm.51.2.293 

10 	 Rho JM, White HS. Brief history of anti-seizure drug development. 
Epilepsia Open 2018;3(Suppl 2):114-9. doi:10.1002/epi4.12268 

11 	 Food and Drug Administration, HHS. Content and format of 
labeling for human prescription drug and biological products; 
requirements for pregnancy and lactation labeling. Final rule. Fed 
Regist 2014;79:72063-103.

Questions for future research
•	Does animal data on teratogenicity correlate with safety in humans?
•	What are the risks of antiseizure medication in people without epilepsy? (Many 

antiseizure medications are used for pain and psychiatric disorders.)
•	How many exposures are needed to know whether a typical antiseizure medication is 

safe for pregnancy? Can predictive modeling and other big data principles be used to 
define simple timeframes for when a drug is deemed to be safe?

•	How can more women be enrolled in pregnancy registries in the US, where 
enrollment is voluntary? Should neurologists be bypassed?

Questions to help promote equitable care 
around the world
•	Can low income and middle income countries afford 

to consistently have safer drugs on their national 
formularies?

•	How can low cost pregnancy surveillance systems 
be designed in low income countries to help gather 
data to inform health risks associated with chronic 
treatment in women of childbearing age (malaria, 
epilepsy, HIV, etc)?

•	Can low income and middle income countries depend 
on the data collected from higher income countries to 
inform their national health policies?

 on 28 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2022-074630 on 8 S
eptem

ber 2023. D
ow

nloaded from
 

http://www.bmj.com/


State of the Art REVIEW

12� doi: 10.1136/bmj-2022-074630 | BMJ 2023;382:e074630 | the bmj

12 	 WHO. Epilepsy. Geneva: World Health Organization. https://www.who.
int/news-room/fact-sheets/detail/epilepsy.

13 	 Zack MM, Kobau R. National and State Estimates of the Numbers 
of Adults and Children with Active Epilepsy - United States, 2015. 
MMWR Morb Mortal Wkly Rep 2017;66:821-5. doi:10.15585/mmwr.
mm6631a1 

14 	 Savic I. Sex differences in human epilepsy. Exp Neurol 2014;25:408-
30.

15 	 Hirtz D, Thurman DJ, Gwinn-Hardy K, Mohamed M, Chaudhuri 
AR, Zalutsky R. How common are the “common” neurologic 
disorders?Neurology 2007;68:326-37. doi:10.1212/01.
wnl.0000252807.38124.a3 

16 	 Sazgar M. Treatment of Women With Epilepsy. Continuum (Minneap 
Minn) 2019;25:408-30. doi:10.1212/CON.0000000000000713 

17 	 Bobo WV, Davis RL, Toh S, et al. Trends in the use of antiepileptic 
drugs among pregnant women in the US, 2001-2007: a medication 
exposure in pregnancy risk evaluation program study. Paediatr 
Perinat Epidemiol 2012;26:578-88. doi:10.1111/ppe.12004 

18 	 Pennell PB, Karanam A, Meador KJ, et al. Anonymous Maternal 
Outcomes and Neurodevelopmental Effects of Antiepileptic 
Drugs (MONEAD) Study. JAMA Neurol 2022;79:370-9. 
https://web.emmes.com/study/monead/. doi:10.1001/
jamaneurol.2021.5487 

19 	 Schupf N, Ottman R. Likelihood of pregnancy in individuals with 
idiopathic/cryptogenic epilepsy: social and biologic influences. 
Epilepsia 1994;35:750-6. doi:10.1111/j.1528-1157.1994.
tb02506.x 

20 	 Löfgren E, Pouta A, von Wendt L, Tapanainen J, Isojärvi JIT, Järvelin 
M-R. Epilepsy in the northern Finland birth cohort 1966 with special 
reference to fertility. Epilepsy Behav 2009;14:102-7. doi:10.1016/j.
yebeh.2008.08.007 

21 	 Viinikainen K, Heinonen S, Eriksson K, Kälviäinen R. Fertility in women 
with active epilepsy. Neurology 2007;69:2107-8. doi:10.1212/01.
wnl.0000277451.06420.b6 

22 	 Zaidan S, Nakken KO, Lillestølen KM, Alvestad S, Lossius MI. 
Assisted reproductive treatment in women with epilepsy. Tidsskr 
Nor Laegeforen 2020;140 (In Norwegian.). doi:10.4045/
tidsskr.19.0253.

23 	 MacEachern DB, Mandle HB, Herzog AG. Infertility, impaired 
fecundity, and live birth/pregnancy ratio in women with epilepsy 
in the USA: Findings of the Epilepsy Birth Control Registry. 
Epilepsia 2019;60:1993-8. doi:10.1111/epi.16312 

24 	 Pennell PB, French JA, Harden CL, et al. Fertility and Birth 
Outcomes in Women With Epilepsy Seeking Pregnancy. JAMA 
Neurol 2018;75:962-9. doi:10.1001/jamaneurol.2018.0646 

25 	 Kariuki JG, Joshi MD, Adam AM, Kwasa TOO, Machoki M. Fertility 
rate of epileptic women at Kenyatta National Hospital. East Afr Med 
J 2008;85:341-6. doi:10.4314/eamj.v85i7.9646 

26 	 Olafsson E, Hallgrimsson JT, Hauser WA, Ludvigsson P, 
Gudmundsson G. Pregnancies of women with epilepsy: a 
population-based study in Iceland. Epilepsia 1998;39:887-92. 
doi:10.1111/j.1528-1157.1998.tb01186.x 

27 	 Viinikainen K, Heinonen S, Eriksson K, Kälviäinen R. Community-
based, prospective, controlled study of obstetric and neonatal 
outcome of 179 pregnancies in women with epilepsy. Epilepsia 
2006;47:186-92.

28 	 McElrath TF, Druzin M, Van Marter LJ, et al, MONEAD Investigator 
Group. The Obstetrical Care and Delivery Experience of Women with 
Epilepsy in the MONEAD Study. Am J Perinatol 2022;Dec 31:1788-
4791. doi:10.1055/a-1788-4791 

29 	 Allotey J, Aroyo-Manzano D, Lopez P, Viale L, Zamora J, Thangaratinam 
S. Global variation in pregnancy complications in women with 
epilepsy: A meta-analysis. Eur J Obstet Gynecol Reprod Biol 
2017;215:12-9.

30 	 Kilic D, Pedersen H, Kjaersgaard MI, et al. Birth outcomes after 
prenatal exposure to antiepileptic drugs--a population-based study. 
Epilepsia 2014;55:1714-21. doi:10.1111/epi.12758 

31 	 Veiby G, Daltveit AK, Engelsen BA, Gilhus NE. Fetal growth restriction 
and birth defects with newer and older antiepileptic drugs during 
pregnancy. J Neurol 2014;261:579-88. doi:10.1007/s00415-013-
7239-x 

32 	 Viale L, Allotey J, Cheong-See F, et al. Epilepsy in pregnancy and 
reproductive outcomes: a systematic review and meta-analysis. 
Lancet 2015;386:1845-52.

33 	 Christensen J, Antonsen S, Sun Y, Dreier JW. Maternal Epilepsy and 
Long-term Offspring Mortality: A Nationwide Cohort Study. Ann 
Neurol 2022;91:455-65. doi:10.1002/ana.26315 

34 	 Chen D, Hou L, Duan X, Peng H, Peng B. Effect of epilepsy in 
pregnancy on fetal growth restriction: a systematic review and 
meta-analysis. Arch Gynecol Obstet 2017;296:421-7. doi:10.1007/
s00404-017-4404-y 

35 	 Zhang YY, Song CG, Wang X, Peng H, Peng B. Clinical characteristics 
and fetal outcomes in women with epilepsy with planned and 
unplanned pregnancy: A retrospective study. Seizure 2020 79:97-
102. doi:10.1016/j.seizure.2020.05.011.

36 	 Centers for Disease Control and Prevention. 1.4 Congenital 
anomalies—definitions. 2020. https://www.cdc.gov/ncbddd/
birthdefects/surveillancemanual/chapters/chapter-1/chapter1-4.html.

37 	 Centers for Disease Control and Prevention. Update on overall 
prevalence of major birth defects-Atlanta, Georgia, 1978-2005. 
MMWR Morb Mortal Wkly Rep 2008;57:1-5.

38 	 Carter BS, Stewart JM. Valproic acid prenatal exposure. Association 
with lipomyelomeningocele. Clin Pediatr (Phila) 1989;28:81-5. 
doi:10.1177/000992288902800205 

39 	 Chitayat D, Farrell K, Anderson L, Hall JG. Congenital abnormalities 
in two sibs exposed to valproic acid in utero. Am J Med 
Genet 1988;31:369-73. doi:10.1002/ajmg.1320310214 

40 	 Tein I, MacGregor DL. Possible valproate teratogenicity. 
Arch Neurol 1985;42:291-3. doi:10.1001/
archneur.1985.04060030113019 

41 	 Jentink J, Loane MA, Dolk H, et al, EUROCAT Antiepileptic Study 
Working Group. Valproic acid monotherapy in pregnancy and major 
congenital malformations. N Engl J Med 2010;362:2185-93. 
doi:10.1056/NEJMoa0907328 

42 	 Campbell E, Kennedy F, Russell A, et al. Malformation risks of 
antiepileptic drug monotherapies in pregnancy: updated results 
from the UK and Ireland Epilepsy and Pregnancy Registers. J Neurol 
Neurosurg Psychiatry 2014;85:1029-34. doi:10.1136/jnnp-2013-
306318 

43 	 Hernández-Díaz S, Smith CR, Shen A, et al, North American 
AED Pregnancy Registry, North American AED Pregnancy 
Registry. Comparative safety of antiepileptic drugs during 
pregnancy. Neurology 2012;78:1692-9. doi:10.1212/
WNL.0b013e3182574f39 

44 	 Thomas SV, Jose M, Divakaran S, Sankara Sarma P. Malformation 
risk of antiepileptic drug exposure during pregnancy in women 
with epilepsy: Results from a pregnancy registry in South India. 
Epilepsia 2017;58:274-81. doi:10.1111/epi.13632 

45 	 Tomson T, Battino D, Bonizzoni E, et al, EURAP study group. Dose-
dependent risk of malformations with antiepileptic drugs: an analysis 
of data from the EURAP epilepsy and pregnancy registry. Lancet 
Neurol 2011;10:609-17. doi:10.1016/S1474-4422(11)70107-7 

46 	 Vajda FJ, O’Brien TJ, Graham JE, Lander CM, Eadie MJ. 
Dose dependence of fetal malformations associated with 
valproate. Neurology 2013;81:999-1003. doi:10.1212/
WNL.0b013e3182a43e81 

47 	 Weston J, Bromley R, Jackson CF, et al. Monotherapy treatment 
of epilepsy in pregnancy: congenital malformation outcomes 
in the child. Cochrane Database Syst Rev 2016;11:CD010224. 
doi:10.1002/14651858.CD010224.pub2 

48 	 Tomson T, Battino D, Bonizzoni E, et al. Comparative risk of major 
congenital malformations with eight different antiepileptic drugs: 
a prospective cohort study of the EURAP registry. Lancet Neurol 
2018;17:530-8.

49 	 Thomas SV, Jeemon P, Pillai R, et al. Malformation risk of new 
anti-epileptic drugs in women with epilepsy; observational data 
from the Kerala registry of epilepsy and pregnancy (KREP). Seizure 
2021;93:127-32.

50 	 Vajda FJE, Graham JE, Hitchcock AA, Lander CM, O’Brien TJ, Eadie MJ. 
Antiepileptic drugs and foetal malformation: analysis of 20 years of 
data in a pregnancy register. Seizure 2019;65:6-11.

51 	 Wyszynski DF, Nambisan M, Surve T, Alsdorf RM, Smith CR, 
Holmes LB, Antiepileptic Drug Pregnancy Registry. Increased 
rate of major malformations in offspring exposed to valproate 
during pregnancy. Neurology 2005;64:961-5. doi:10.1212/01.
WNL.0000154516.43630.C5 

52 	 Morrow J, Russell A, Guthrie E, et al. Malformation risks of 
antiepileptic drugs in pregnancy: a prospective study from the UK 
Epilepsy and Pregnancy Register. J Neurol Neurosurg Psychiatry 
2006;77:193-8.

53 	 Vajda FJ, O’Brien TJ, Hitchcock A, et al. Critical relationship between 
sodium valproate dose and human teratogenicity: results of the 
Australian register of anti-epileptic drugs in pregnancy. J Clin Neurosci 
2004;11:854-8.

54 	 Vajda FJ, Eadie MJ. Maternal valproate dosage and foetal 
malformations. Acta Neurol Scand 2005;112:137-43.

55 	 The North American Antiepileptic Drug Pregnancy Registry. Latest 
Study Data. https://www.aedpregnancyregistry.org/latest-data/

56 	 Holmes LB, Mittendorf R, Shen A, Smith CR, Hernandez-Diaz S. Fetal 
effects of anticonvulsant polytherapies: different risks from different 
drug combinations. Arch Neurol 2011;68:1275-81. doi:10.1001/
archneurol.2011.133 

57 	 Meador KJ, Pennell PB, May RC, et al, MONEAD Investigator Group. 
Fetal loss and malformations in the MONEAD study of pregnant 
women with epilepsy. Neurology 2020;94:e1502-11. doi:10.1212/
WNL.0000000000008687 

58 	 Artama M, Auvinen A, Raudaskoski T, Isojärvi I, Isojärvi J. Antiepileptic 
drug use of women with epilepsy and congenital malformations 
in offspring. Neurology 2005;64:1874-8. doi:10.1212/01.
WNL.0000163771.96962.1F 

 on 28 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2022-074630 on 8 S
eptem

ber 2023. D
ow

nloaded from
 

https://www.who.int/news-room/fact-sheets/detail/epilepsy
https://www.who.int/news-room/fact-sheets/detail/epilepsy
https://web.emmes.com/study/monead/
https://www.cdc.gov/ncbddd/birthdefects/surveillancemanual/chapters/chapter-1/chapter1-4.html
https://www.cdc.gov/ncbddd/birthdefects/surveillancemanual/chapters/chapter-1/chapter1-4.html
https://www.aedpregnancyregistry.org/latest-data/
http://www.bmj.com/


State of the Art REVIEW

the bmj | BMJ 2023;382:e074630 | doi: 10.1136/bmj-2022-074630� 13

59 	 Keni RR, Jose M, Sarma PS, Thomas SV, Kerala Registry of Epilepsy and 
Pregnancy Study Group. Teratogenicity of antiepileptic dual therapy: 
Dose-dependent, drug-specific, or both?Neurology 2018;90:e790-6. 
doi:10.1212/WNL.0000000000005031 

60 	 Vajda FJE, Graham JE, Hitchcock AA, Lander CM, O’Brien TJ, Eadie MJ. 
Antiepileptic drugs and foetal malformation: analysis of 20 years of 
data in a pregnancy register. Seizure 2019;65:6-11.

61 	 Shi X, Wang Y, Zhang Y, et al. Effects of antiepileptic drugs polytherapy 
on pregnancy outcomes in women with epilepsy: An observation 
study in northwest China. Epilepsy Behav 2022;135:108904.

62 	 Tomson T, Battino D, Bonizzoni E, et al, EURAP Study Group. 
Withdrawal of valproic acid treatment during pregnancy and seizure 
outcome: Observations from EURAP. Epilepsia 2016;57:e173-7. 
doi:10.1111/epi.13437 

63 	 Aurlien D, Larsen JP, Gjerstad L, Taubøll E. Increased risk of sudden 
unexpected death in epilepsy in females using lamotrigine: a nested, 
case-control study. Epilepsia 2012;53:258-66. doi:10.1111/j.1528-
1167.2011.03334.x 

64 	 May TW, Pfäfflin M, Coban I, et al. Fears, knowledge, and need of 
counseling for women with epilepsy. Results of an outpatient study. 
Nervenarzt 2009;80:174-83. (In German.)

65 	 Adab N, Jacoby A, Smith D, Chadwick D. Additional educational 
needs in children born to mothers with epilepsy. J Neurol Neurosurg 
Psychiatry 2001;70:15-21. doi:10.1136/jnnp.70.1.15 

66 	 Adab N, Kini U, Vinten J, et al. The longer term outcome of 
children born to mothers with epilepsy. J Neurol Neurosurg 
Psychiatry 2004;75:1575-83. doi:10.1136/jnnp.2003.029132 

67 	 Bromley RL, Mawer G, Clayton-Smith J, Baker GA, Liverpool 
and Manchester Neurodevelopment Group. Autism spectrum 
disorders following in utero exposure to antiepileptic 
drugs. Neurology 2008;71:1923-4. doi:10.1212/01.
wnl.0000339399.64213.1a 

68 	 Meador KJ, Baker GA, Browning N, et al, NEAD Study Group. 
Cognitive function at 3 years of age after fetal exposure to 
antiepileptic drugs. N Engl J Med 2009;360:1597-605. 
doi:10.1056/NEJMoa0803531 

69 	 Meador KJ, Baker GA, Browning N, et al. Fetal antiepileptic drug 
exposure and cognitive outcomes at age 6 years (NEAD study): a 
prospective observational study;12:244-52. Lancet Neurol 2013.

70 	 Meador KJ, Cohen MJ, Loring DW, et al, Maternal Outcomes and 
Neurodevelopmental Effects of Antiepileptic Drugs Investigator 
Group. Two-Year-Old Cognitive Outcomes in Children of 
Pregnant Women With Epilepsy in the Maternal Outcomes and 
Neurodevelopmental Effects of Antiepileptic Drugs Study. JAMA 
Neurol 2021;78:927-36. doi:10.1001/jamaneurol.2021.1583 

71 	 Bjørk MH, Zoega H, Leinonen MK, et al. Association of Prenatal 
Exposure to Antiseizure Medication With Risk of Autism and 
Intellectual Disability. JAMA Neurol 2022;79:672-81. doi:10.1001/
jamaneurol.2022.1269 

72 	 Blotière PO, Miranda S, Weill A, et al. Risk of early 
neurodevelopmental outcomes associated with prenatal exposure 
to the antiepileptic drugs most commonly used during pregnancy: 
a French nationwide population-based cohort study. BMJ 
Open 2020;10:e034829. doi:10.1136/bmjopen-2019-034829 

73 	 Bromley RL, Calderbank R, Cheyne CP, et al. Cognition in school-age 
children exposed to levetiracetam, topiramate, or sodium valproate. 
Neurology 2016;87:1943-53.

74 	 Czeizel AE, Dudás I, Vereczkey A, Bánhidy F. Folate deficiency and 
folic acid supplementation: the prevention of neural-tube defects and 
congenital heart defects. Nutrients 2013;5:4760-75. doi:10.3390/
nu5114760 

75 	 Laurence KM, James N, Miller MH, Tennant GB, Campbell H. 
Double-blind randomised controlled trial of folate treatment 
before conception to prevent recurrence of neural-tube defects. 
Br Med J (Clin Res Ed) 1981;282:1509-11. doi:10.1136/
bmj.282.6275.1509 

76 	 Haider BA, Bhutta ZA. Multiple-micronutrient supplementation 
for women during pregnancy. Cochrane Database Syst 
Rev 2017;4:CD004905.

77 	 Reynolds EH. Antiepileptic drugs, folate and one carbon metabolism 
revisited. Epilepsy Behav 2020;112:107336.

78 	 Kaaja E, Kaaja R, Hiilesmaa V. Major malformations in offspring of 
women with epilepsy. Neurology 2003;60:575-9. doi:10.1212/01.
WNL.0000044157.28073.DC 

79 	 Kjaer D, Horvath-Puhó E, Christensen J, et al. Antiepileptic drug 
use, folic acid supplementation, and congenital abnormalities: a 
population-based case-control study. BJOG 2008;115:98-103.

80 	 Betts T, Fox C. Proactive pre-conception counselling for women with 
epilepsy-is it effective? Seizure 1999;8:322-7.

81 	 Bjørk M, Riedel B, Spigset O, et al. Association of Folic Acid 
Supplementation During Pregnancy With the Risk of Autistic 
Traits in Children Exposed to Antiepileptic Drugs In Utero. JAMA 
Neurol 2018;75:160-8. doi:10.1001/jamaneurol.2017.3897 

82 	 Meador KJ, Pennell PB, May RC, et al, NEAD Investigator Group. 
Effects of periconceptional folate on cognition in children of 

women with epilepsy: NEAD study. Neurology 2020;94:e729-40. 
doi:10.1212/WNL.0000000000008757 

83 	 Pittschieler S, Brezinka C, Jahn B, et al. Spontaneous abortion and the 
prophylactic effect of folic acid supplementation in epileptic women 
undergoing antiepileptic therapy. J Neurol 2008;255:1926-31. 
doi:10.1007/s00415-008-0029-1 

84 	 Alvestad S, Husebye ESN, Christensen J, et al. Folic Acid and Risk of 
Preterm Birth, Preeclampsia, and Fetal Growth Restriction Among Women 
With Epilepsy: A Prospective Cohort Study. Neurology 2022;99:e605-
15. doi:10.1212/WNL.0000000000200669 

85 	 Asadi-Pooya AA. High dose folic acid supplementation in women with 
epilepsy: are we sure it is safe? Seizure 2015;27:51-3.

86 	 Murray LK, Smith MJ, Jadavji NM. Maternal oversupplementation with 
folic acid and its impact on neurodevelopment of offspring. Nutr 
Rev 2018;76:708-21. doi:10.1093/nutrit/nuy025 

87 	 Vegrim HM, Dreier JW, Alvestad S, et al. Cancer Risk in Children 
of Mothers With Epilepsy and High-Dose Folic Acid Use During 
Pregnancy. JAMA Neurol 2022;79:1130-8. doi:10.1001/
jamaneurol.2022.2977 

88 	 Bleyer WA, Skinner AL. Fatal Neonatal Hemorrhage After Maternal 
Anticonvulsant Therapy. JAMA 1976;235:626-7. doi:10.1001/
jama.1976.03260320034020.

89 	 Traggis DG, Maunz DL, Baroudy R. Splenic hemorrhage in a neonate 
of a mother on anticonvulsant therapy. J Pediatr Surg 1984.

90 	 Thorp JA, Gaston L, Caspers DR, Pal ML. Current concepts and 
controversies in the use of vitamin K. Drugs 1995;49:376-87. 
doi:10.2165/00003495-199549030-00005 

91 	 Delgado-Escueta AV, Janz D. Consensus guidelines: preconception 
counseling, management, and care of the pregnant woman with 
epilepsy. Neurology 1992;42(Suppl 5):149-60.

92 	 Kaaja E, Kaaja R, Matila R, Hiilesmaa V. Enzyme-inducing antiepileptic 
drugs in pregnancy and the risk of bleeding in the neonate. 
Neurology 2002;58:549-53. doi:10.1212/WNL.58.4.549 

93 	 American Academy of Neurology. Update: Management Issues for 
Women with Epilepsy—Focus on Pregnancy: Vitamin K, Folic Acid, 
Blood Levels, and Breastfeeding. 2009. https://www.aan.com/
Guidelines/Home/GuidelineDetail/335.

94 	 Anderson GD. Pregnancy-induced changes in pharmacokinetics: a 
mechanistic-based approach. Clin Pharmacokinet 2005;44:989-
1008. doi:10.2165/00003088-200544100-00001 

95 	 Teramo K, Hiilesmaa V, Bardy A, Saarikoski S. Fetal heart rate during 
a maternal grand mal epileptic seizure. J Perinat Med 1979;7:3-6. 
doi:10.1515/jpme.1979.7.1.3 

96 	 Reisinger TL, Newman M, Loring DW, Pennell PB, Meador KJ. 
Antiepileptic drug clearance and seizure frequency during pregnancy 
in women with epilepsy. Epilepsy Behav 2013;29:13-8.

97 	 Schelhaas M, Wegner I, Edens M, Wammes-Van Der 
Heijden E, Touw D, Ter Horst P. Association of Levetiracetam 
Concentration With Seizure Frequency in Pregnant Women 
With Epilepsy. Neurology 2023;100:e172-81. doi:10.1212/
WNL.0000000000201348 

98 	 Pennell PB, Peng L, Newport DJ, et al. Lamotrigine in 
pregnancy: clearance, therapeutic drug monitoring, and seizure 
frequency. Neurology 2008;70:2130-6. doi:10.1212/01.
wnl.0000289511.20864.2a 

99 	 Voinescu PE, Park S, Chen LQ, et al. Antiepileptic drug clearances 
during pregnancy and clinical implications for women with 
epilepsy. Neurology 2018;91:e1228-36. doi:10.1212/
WNL.0000000000006240 

100 	Pennell PB, Karanam A, Meador KJ, et al, MONEAD Study Group. 
Antiseizure Medication Concentrations During Pregnancy: Results 
From the Maternal Outcomes and Neurodevelopmental Effects of 
Antiepileptic Drugs (MONEAD) Study. JAMA Neurol 2022;79:370-9. 
doi:10.1001/jamaneurol.2021.5487 

101 	Thangaratinam S, Marlin N, Newton S, et al. AntiEpileptic drug 
Monitoring in PREgnancy (EMPiRE): a double-blind randomised trial 
on effectiveness and acceptability of monitoring strategies. Health 
Technol Assess 2018;22:1-152. doi:10.3310/hta22230 

102 	Meador KJ, Baker GA, Browning N, et al, NEAD Study Group. 
Effects of breastfeeding in children of women taking 
antiepileptic drugs. Neurology 2010;75:1954-60. doi:10.1212/
WNL.0b013e3181ffe4a9 

103 	Meador KJ, Baker GA, Browning N, et al, Neurodevelopmental 
Effects of Antiepileptic Drugs (NEAD) Study Group. Breastfeeding in 
children of women taking antiepileptic drugs: cognitive outcomes 
at age 6 years. JAMA Pediatr 2014;168:729-36. doi:10.1001/
jamapediatrics.2014.118 

104 	Birnbaum AK, Meador KJ, Karanam A, et al, MONEAD Investigator 
Group. Antiepileptic Drug Exposure in Infants of Breastfeeding 
Mothers With Epilepsy. JAMA Neurol 2020;77:441-50. doi:10.1001/
jamaneurol.2019.4443 

105 	Veiby G, Engelsen BA, Gilhus NE. Early child development and 
exposure to antiepileptic drugs prenatally and through breastfeeding: 
a prospective cohort study on children of women with epilepsy. JAMA 
Neurol 2013;70:1367-74. doi:10.1001/jamaneurol.2013.4290 

 on 28 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2022-074630 on 8 S
eptem

ber 2023. D
ow

nloaded from
 

https://www.aan.com/Guidelines/Home/GuidelineDetail/335
https://www.aan.com/Guidelines/Home/GuidelineDetail/335
http://www.bmj.com/


State of the Art REVIEW

14� doi: 10.1136/bmj-2022-074630 | BMJ 2023;382:e074630 | the bmj

106 	Al-Faraj AO, Pang TD. Breastfeeding recommendations for women 
taking anti-seizure medications. Epilepsy Behav 2022;136:108769.

107 	Tomson T, Battino D, Bromley R, et al. Breastfeeding while on 
treatment with antiseizure medications: a systematic review from 
the ILAE Women Task Force. Epileptic Disord 2022;24:1020-32. 
doi:10.1684/epd.2022.1492 

108 	Wong IC, Lhatoo SD. Adverse reactions to new anticonvulsant drugs. 
Drug Saf 2000;23:35-56. doi:10.2165/00002018-200023010-
00003 

109 	Sabers A, Battino D, Bonizzoni E, et al. Maternal and fetal outcomes 
associated with vagus nerve stimulation during pregnancy. Epilepsy 
Res 2017;137:159-62.

110 	Jazebi N, Moghimi N, Lall R, Osadebey E, Ortega-Barnett J, Masel T. 
Successful implantation and immediate activation of Vagus Nerve 
Stimulation (VNS) during pregnancy in a patient with intractable 
epilepsy: A case illustration and review of the literature. J Clin 
Neurosci 2017;42:114-5.

111 	Li Y, Eliashiv D, LaHue SC, et al. Pregnancy outcomes of refractory 
epilepsy patients treated with Brain-responsive neurostimulation. 
Epilepsy Res 2021;169:106532.

112 	Bóné B, Kovács N, Balás I, Horváth RA, Dóczi T, Janszky J. Pregnancy 
and deep brain stimulation therapy for epilepsy. Epileptic 
Disord 2021;23:633-8. doi:10.1684/epd.2021.1304 

113 	Scelzo E, Mehrkens JH, Bötzel K, et al. Deep Brain Stimulation during 
Pregnancy and Delivery: Experience from a Series of “DBS Babies”. 
Front Neurol 2015;6:191. doi:10.3389/fneur.2015.00191 

114 	McClure EM, Garces AL, Hibberd PL, et al. The Global Network 
Maternal Newborn Health Registry: a multi-country, community-based 
registry of pregnancy outcomes. Reprod Health 2020;17(Suppl 
2):184. doi:10.1186/s12978-020-01020-8 

115 	Tomson T, Battino D, Bromley R, et al. Global Survey of Guidelines 
for the Management of Epilepsy in Pregnancy: A report from the 
International League Against Epilepsy Task Force on Women 
and Pregnancy. Epilepsia Open 2020;5:366-70. doi:10.1002/
epi4.12420 

116 Harden CL, Meador KJ, Pennell PB, et al, American Academy 
of Neurology, American Epilepsy Society. Practice parameter 
update: management issues for women with epilepsy--focus 
on pregnancy (an evidence-based review): teratogenesis and 
perinatal outcomes: report of the Quality Standards Subcommittee 
and Therapeutics and Technology Assessment Subcommittee 
of the American Academy of Neurology and American 
Epilepsy Society. Neurology 2009;73:133-41. doi:10.1212/
WNL.0b013e3181a6b312 

117 	American Academy of Neurology. Update: Management Issues for 
Women with Epilepsy—Focus on Pregnancy: Teratogenesis and 
Perinatal Outcomes. 2022. https://www.aan.com/Guidelines/Home/
GuidelineDetail/334

118 	American Academy of Neurology. Update: Management Issues 
for Women with Epilepsy—Focus on Pregnancy: Obstatrical 
Complications and Change in Seizure Frequency. 2022. https://www.
aan.com/Guidelines/home/GuidelineDetail/333.

119 	National Institute for Health and Care Excellence. Epilepsies in 
children, young people and adults. London, NICE: 2022. https://
www.nice.org.uk/guidance/ng217.

120 	Medicines & Healthcare products Regulatory Agency. Yellow Card. 
https://yellowcard.mhra.gov.uk/

121 	Royal College of Obstetricians and Gynaecologists. Epilepsy in 
Pregnancy (Green-top Guideline No. 68). 2016. https://www.rcog.
org.uk/media/rzldnacf/gtg68_epilepsy.pdf.

122 	Russell AJ, Macpherson H, Cairnie V, Brodie MJ. The care of pregnant 
women with epilepsy--a survey of obstetricians in Scotland. Seizure 
1996;5:271-7.

123 	Katchanov J, Birbeck GL. Epilepsy care guidelines for low- and middle- 
income countries: From WHO mental health GAP to national programs. 
BMC Med 2012;10:107. doi:10.1186/1741-7015-10-107 

124 	Mehta U, Clerk C, Allen E, et al. Protocol for a drugs exposure 
pregnancy registry for implementation in resource-limited settings. 
BMC Pregnancy Childbirth 2012;12:89. doi:10.1186/1471-2393-
12-89 

 on 28 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j-2022-074630 on 8 S
eptem

ber 2023. D
ow

nloaded from
 

https://www.aan.com/Guidelines/Home/GuidelineDetail/334
https://www.aan.com/Guidelines/Home/GuidelineDetail/334
https://www.aan.com/Guidelines/home/GuidelineDetail/333
https://www.aan.com/Guidelines/home/GuidelineDetail/333
https://www.nice.org.uk/guidance/ng217
https://www.nice.org.uk/guidance/ng217
https://yellowcard.mhra.gov.uk/
https://www.rcog.org.uk/media/rzldnacf/gtg68_epilepsy.pdf
https://www.rcog.org.uk/media/rzldnacf/gtg68_epilepsy.pdf
http://www.bmj.com/

