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Management of reproductive risks in people with epilepsy

Marte Helene Bjark, Cristine Cukiert, Bruna Nucera, Rebecca L Bromley

Epilepsy is a common neurological condition worldwide, presenting unique management challenges for those
affected during reproductive age. The effectiveness of contraceptives can be modified by antiseizure medication
treatments and pregnancy can alter the pharmacokinetics of antiseizure medications. Furthermore, although
treatment with some antiseizure medications convey lifelong risks to offspring, inadequately controlled epilepsy
can lead to injury or, in rare cases, death of the mother. In this complex set of circumstances, safe and effective
antiseizure medication treatment, evidence-based decision making regarding contraceptive selections, and clear
counselling and risk minimisation are imperative. Although risk-benefit decision making has become standard
clinical practice for the management of women with epilepsy of childbearing age, reproductive treatment
considerations could also be relevant for men. Most young adults with epilepsy live in low-income and middle-
income countries, where access to contraceptives, antiseizure medications with adequate safety profiles, and
reproductive care and counselling can be scarce. Strategies to optimise care for people with epilepsy in all stages
of their reproductive journey must be tailored for resource-limited settings to improve parent—child health

worldwide.

Introduction

Epilepsy is among the most common neurological
disorders, with an estimated 50 million people living with
the condition worldwide—80% of whom reside in low-
income and middle-income countries (LMICs).! Globally,
around 15% of women with epilepsy are of childbearing
age.” Reproductive risks associated with epilepsy must
elicit clinical considerations to ensure safe pregnancies
for women with epilepsy and their children. For most
women, antiseizure medications are essential to reduce
the elevated risks of mortality and morbidity associated
with uncontrolled seizures;’ however, some of these
medications confer increased risks for their offspring.*
Access to antiseizure drugs with acceptable reproductive
safety profiles, as well as preconception epilepsy
counselling, is often scarce in LMICs. Thus, strategies for
improving reproductive outcomes for people with
epilepsy must be tailored to management in resource-
limited settings.

Although risk-benefit decision making has become
standard practice for women of childbearing potential with
epilepsy, recent research and updates to regulatory
guidance highlight the growing relevance of treatment
considerations for men of reproductive age”’ Other
advances have raised questions about the optimal dose of
folic acid that should be used for women with epilepsy
of childbearing potential,® documented the challenge of
managing antiseizure medication levels during pregnancy,’
and identified potential teratogenic risks beyond those
known for valproate.”* In this Review, we will examine the
new evidence shaping the clinical management of people
with epilepsy of reproductive age.

We acknowledge that people identify themselves in
diverse ways and that gender identity may not always align
with terms used in clinical research. In this Review, we use
the original study terms when citing previous work to
maintain consistency with the original sources. However,
more generally, we use the term people with epilepsy,
recognising gender diversity.
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Management for people of reproductive age
Around half of all pregnancies are unintended, with the
proportion even higher in women with epilepsy of
childbearing potential than in the general population® due
to contraceptive failure associated with enzyme-inducing
antiseizure medications, reduced adherence to con-
traceptive measures, and, in some settings, minimal
access to family planning services.**® The treatment of
epilepsy for people of reproductive age has been less
complicated for males, but recent investigations into
valproate have led to the requirement of reproductive
counselling in certain regions. Treatment of women and
men with epilepsy of reproductive age should be optimised
for both seizure control and potential pregnancy at the
earliest possible opportunity, as stopping antiseizure
medications can lead to breakthrough seizures, and certain
mediciations carry increased risks to offspring.”

Person-centred" reproductive counselling in people with
epilepsy should start before any chance of pregnancy and
be regularly repeated (panel 1). Information is needed to
guide counselling and antiseizure medication selection,
including data on fetal survival, growth, and congenital
anomalies, as well as outcomes only observable as the
child ages, such as child health and neurodevelopmental
outcomes.**"

In this section, we will discuss the risks associated with
antiseizure medication use during pregnancy on fetal and
neonatal outcomes, as well as neurodevelopmental
outcomes. We will then examine treatment consideration
for men with epilepsy of reproductive age, before
discussing decisions around antiseizure medication use
and family planning for men and women with epilepsy of
reproductive age.

Fetal and neonatal risks

Knowledge of fetal risks associated with antiseizure
medication is frustratingly scarce. Currently, it takes
decades to delineate high-risk antiseizure medications
and, equally important, to confidently identify low-risk
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Panel 1: Reproductive counselling for people with epilepsy

Access to counselling
All individuals with epilepsy of reproductive age should have access to comprehensive
reproductive counselling.***

Counselling content
Counselling should focus on optimising antiseizure medication treatment, contraception,
risk mitigation of sudden unexpected death in epilepsy, mental health, and safe childcare.

Many patients also seek information about epilepsy heritability.

Risk reduction strategies

To minimise risks for both parents and infants, antiseizure medication with the highest
evidence-based safety and efficacy should be prescribed at the lowest effective dose
before attempting conception.*

Specific guidance for people with epilepsy of childbearing potential

Individuals should aim to reach stable seizure control for 9-12 months before pregnancy
and receive guidance on antiseizure medication management throughout pregnancy,
folic acid supplementation, pregnancy precautions, obstetric and neurological care,

and breastfeeding practices.

Shared decision approach

Counselling should be person-centred, respecting individual preferences and values,
and use shared decision-making models such as the Three-Talk Model™ (figure 1) to
support informed decision-making and improve treatment quality.

Effective risk communication

Risk discussions should use absolute numbers rather than relative risks or percentages.
For example, stating: among 100 children born to fathers using valproate, five to six were
diagnosed with a neurodevelopmental disorder, compared with two to three of

100 children born to fathers using levetiracetam or lamotrigine, provides better clarity
than stating: the risk was 50% higher for children of fathers using valproate.

Research and development needs

Further work is needed to optimise preconception counselling in low-income and
middle-income countries and to understand preconception counselling needs for people
with epilepsy who produce sperm. Developing culturally and linguistically appropriate
physical or digital resources, such as information leaflets, videos, or option grids, is
essential to support shared decision-making across diverse health-care settings.”
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antiseizure medications, undermining evidence-based
care. Risks of poor outcomes in offspring vary by
antiseizure medication type, dose, and gestation period
of exposure.”

Valproate use in women with epilepsy of childbearing
potential is now under regulatory restriction in several
regions worldwide due to its high teratogenic properties
across several fetal and longer term outcomes. The most
recent estimates place the risk of major congenital
anomalies at around 9%,” with the absolute risk
differences in comparison to other antiseizure
medications ranging from 5% to 8%.* However, the risk
is up to 25% with doses of more than 1450 mg/day.*
Carbamazepine,  phenytoin,  phenobarbital, and
topiramate are also associated with increased risk of
major congenital anomalies, although a lower risk than
valproate exposure (figure 2).*"** Current data suggest
that second and third generation antiseizure medications

(introduced after 1990) have lower rates of risk of
congenital anomalies, except for topiramate that has a
risk of around 4%.*" Lamotrigine and levetiracetam
appear to be associated with the lowest level of risk
(figure 2), but not every study has been consistent on this
finding.* Despite the variance in statistical significance
across some studies, likely arising from different
methodological approaches, different data sources show
similar absolute risks for the commonly used antiseizure
medications.*?*

Investigations have shown that clinicians should be
vigilant for not only congenital anomalies. Newer
antiseizure medications, such as topiramate”™ and
potentially oxcarbazepine,” carbamazepine,”
clonazepam,”® and zonisamide,” have been associated
with an increased risk of fetal growth disruption
(figure 2), with higher rates of babies born small for
gestational age than in general population. Many other
newer antiseizure medications remain without data.

Neurodevelopmental risks

Children exposed to valproate in utero more often have
poorer functional outcomes, including in cognitive,
social, and behavioural skills,”* leading to higher rates
of autism spectrum disorder, intellectual disability, and
attention-deficit  hyperactivity =~ disorder both in
comparison with the general population and children
exposed to other antiseizure medications.** The
symptoms of in-utero valproate exposure co-occur in a
recognisable clinical presentation,” including major and
minor congenital anomalies, facial dysmorphism,
somatic health issues, and neurodevelopmental disorders
known as fetal valproate spectrum disorder (ICD-11
LD2F.03).® The exact number of people affected
worldwide, and the outcomes in adulthood, remain
unknown. Preclinical studies have suggested that some
parts of the valproate-associated phenotype might be
transferred through up to three additional generations®
via epigenetic mechanisms. Evidence of this phenomena
in human lineages is rare,” but highly concerning and
requires investigation.

Recent findings indicate that neurodevelopmental
disruption should also be considered for antiseizure
medications other than valporate. Following evidence
from the SCAN AED collaboration (a population-based
cohort study using health registry and social registry
data from Denmark, Finland, Iceland, Norway, and
Sweden),” some regions, including the EU and UK,
introduced a pregnancy prevention plan for
topiramate™* due to its association with high risks of
some major congenital anomalies,*® adverse fetal
growth outcomes,”" and potential neurodevelopmental
effects.” However, the extent and nature of
neurodevelopmental risks associated with topiramate
remain uncertain. The SCAN AED collaboration found
a dose-dependent risk for autism spectrum disorder and
intellectual disability, with adjusted hazard ratios (HRs)
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Step 1: the clinician outlines the management decisions
that need to be made regarding antiseizure medication
treatment in relation to pregnancy and encourages the
patient to actively participate in the decision-making
process.

Do

« Personalise information

« Use absolute numbers to communicate risk

« Use decision aid tools

« Practise active listening

« Respect patient values and cultural differences

Step 2: the patient and their partner review
adecision aid tool (eg, an information
leaflet) while the clinician completes
necessary documentation.

Step 3: a shared decision is reached based
on the best available evidence, the patient’s
values and preferences, and the clinician’s
experience and recommendations.

Do not
« Use relative numbers to communicate risk
« Withhold information

Figure 1: The Three-Talk Model: a shared decision-making framework

The figure illustrates the Three-Talk Model, a shared decision-making framework comprising three steps. Step 1: choice talk; the clinician introduces the management
options for a person with epilepsy planning pregnancy (eg, continuing, discontinuing, or switching antiseizure medications) and encourages active patient
involvement. Step 2: option talk; the individual independently reviews decision-support tools, such as leaflets, option grids, or videos, to facilitate informed choice.

If possible, this step can be done with a partner, caregiver, or nurse, while the clinician attends to other tasks. Step 3: decision talk; the clinician and the person with
epilepsy jointly make a decision, integrating the individual’s preferences and the clinician’s expertise.

of 2-8 (95% CI 1-4-5-7) for autism spectrum disorder
and 3-5 (95% CI 1-4-8-6) for intellectual disability,”
along with increased rates of attention-deficit
hyperactivity disorder compared with children of people
with epilepsy who were untreated during pregnancy.”
Although the study population included more than
20000 pregnant individuals with epilepsy, fewer than
250 fetuses were exposed to topiramate, and only ten of
these  offspring were later diagnosed with
neurodevelopmental disorders, resulting in imprecise
risk estimates. Conversely, a US registry study with
larger groups did not replicate the risk of autism
spectrum disorder after covariate adjustment, although
the postnatal follow-up was only 2 years.” A third study
combining average data from medical records taken
from the UK and Sweden (a total of 17495 antiseizure
medication-exposed participants) replicated the finding
of an increased risk of intellectual disability but not for
autism spectrum disorder, however when peformed
only in mothers with epilepsy a higher autism spectrum
disorder risk was observed.* The authors suggest that
this finding reflects confounding by indication;*
however, the potential impact of prolonged adherence to
topiramate treatment for epilepsy, and the use of higher
doses of topiramate should also be considered as an
alternative reason for this association. Despite
inconsistencies in neurodevelopmental findings
between studies, the consistent evidence of increased
risks of major congenital anomaly and fetal growth
restriction underscores the need for cautious use of
topiramate in women of childbearing potential.
Although regulatory restrictions for topiramate aim to
mitigate risks, clear counselling is also required for
carbamazepine, phenytoin, or phenobarbital, which
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also pose increased risks*® and moderate neuro-
developmental effects.””*

Lamotrigine and levetiracetam are considered lower
risk than valproate, topiramate, and carbamazepine
based on current data for neurodevelopmental
outcomes,****** consistent with their risk profiles for
congenital anomalies. Autism spectrum disorder,
attention-deficit hyperactivity disorder, and intellectual
disability are not more prevalent than in the general
population in the offspring of those using lamotrigine
and levetiracetam.”*** Lamotrigine has been extensively
studied for its impact on cognitive function, but data on
levetiracetam  remain minimal. The MONEAD
prospective, non-randomised study showed a novel
association between higher third trimester serum
levetiracetam  concentrations and adverse neuro-
psychological scores in children at age 6 vyears,*
underscoring the need for more data on the higher
doses of the antiseizure medications that are considered
safest.

Many antiseizure medications have little adequate data
for use in monotherapy, with even more scarce evidence
for dual or polytherapies.

Treatment considerations for men with epilepsy

Until recently, reproductive risks were primarily
attributed to placental transfer of antiseizure medications.
Although there was evidence of subfertility due to toxic
effects of valproate on sperm,*® poor fetal and child
outcomes had not been linked with paternal valproate
use. However, reports of adverse outcomes in children of
fathers and grandparents exposed to valproate, and
rodent models showing valproate-induced epigenetic
sperm changes that are transferable to subsequent
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Risk of adverse outcomes
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Scarce or conflicting evidence
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Valproate*t+

Topiramate$f Phenobarbital*§§

<Ethosuximide*> <Brivaracetam> <Lacosamide )

<Phenytoin*§§> <Carbamazepine*:}:9

<Es|icarbazepin9 <Zonisamide> <C|0bazam >

Lower risk

No evidence

Oxcarbazepine

Scarce or conflicting evidence

Adequate evidence
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Figure 2: Antiseizure medication risk across fetal growth, major congenital anomaly, and neurodevelopmental outcomes

Information derived from multiple sources.*>*** Medications with no or extremely scarce data are shown as moderate risk, due to the unknown association.
*Included in the WHO Essential List of Medicines.” tSkeletal, limb, cardiac, and other anomalies. Cardiac anomaly. SSkeletal anomaly. fiGastrointestinal. ||Orofacial.
t+Autism spectrum disorder, cognitive, and attention-deficit hyperactivity disorder. $3Autism spectrum disorder and cognitive. §§Cognitive.

generations,” prompted further investigations by market
authorisation holders.”

The European Medicines Agency-mandated post-
authorisation safety study used health records data from
Denmark, Norway, and Sweden® and identified
heightened neurodevelopmental risks with paternal
monotherapy valproate use during spermatogenesis,
compared with lamotrigine or levetiracetam. The pooled
adjusted HR was 1-50 (95% CI 1-09-2-07), although it
varied by country (table 1). Neurodevelopmental effects
occurred in 5% of children whose fathers used valproate
versus 3% of children whose fathers used lamotrigine or
levetiracetam.**® However, independent Danish analyses
were unable to replicate the Danish risk estimates in the
post-authorisation safety study (1-10, 0-88-1-37; table 1).”
An earlier Swedish study had compared children of

fathers not treated with antiseizure medications with
children of fathers treated with valproate, reporting
relative risks as 1-4 (95% CI 0-6-3-1) for autism
spectrum disorder, 1-6 (95% CI 0-5-5-1) for intellectual
disability, and 1-4 (95% CI 0-7-2-8) for attention-deficit
hyperactivity disorder.* However, the study concluded
that neurodevelopmental disorders in the children of
fathers treated with valproate were likely attributable to
epilepsy-related factors.

Regarding major congenital anomalies, the post-
authorisation safety study reported a pooled unadjusted
risk estimate of 0-8 (95% CI 0-49-1-29) for valproate,
compared with levetiracetam or lamotrigine, in Denmark
and Norway; although this finding was not statistically
significant, heterogeneity between the two countries was
observed.® Additional analyses from Denmark and
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Sweden found no increased major congenital anomaly
risks with paternal valproate use.™ Despite unclear
neurodevelopmental risks and no evidence of risk of
congenital anomalies in humans, regulatory guidelines
in some regions, including the EU and the UK, now
recommend that men using valproate should not donate
sperm and effective contraception should be used by
their sexual partners, as well as maintaining these
precautions for 3 months after discontinuation.’ The
UK’s medicines authorities extended recommendations
to require two specialists to confirm that alternative
treatments are unsuitable for men younger than 55 years
starting valproate,” generating substantial debate, and
remains under review (with a recent reduction in
requirements for men already taking valproate).”*
Although counselling is essential in cases when harm is
likely, the benefits of stringent restrictions and the risks
for men with epilepsy who need valproate treatment
remain uncertain.

The strengths and limitations of current knowledge are
covered in more detail in a review dedicated to this topic.”
However, the discrepant and imprecise risk estimates
also highlight the need for studies with diverse
methodologies, including improved accuracy of outcome
measurements, adequately powered studies, data from
other geographical regions, and analyses accounting for
genetic risk of neurodevelopmental disorders, as well as
greater transparency in analytical methods.

For other antiseizure medications, no associated
paternal risks are known, although this likely reflects
data gaps rather than confirmation of safety. Danish
studies have found an increased risk of congenital
anomalies with paternal lamotrigine use, with one study
reporting an odds ratio of 1-4 (95% CI 1-1-1-7) compared
with unexposed fathers.* However, the interpretations of
these findings are uncertain.

Decisions around continuing antiseizure medications

Following evaluation of an individual’s epilepsy history,
factors that could justify the continuation of an
antiseizure medication with an uncertain or high-risk
profile include epilepsy severity, outcomes of previous
medication trials, and the potential for harm from
seizures. A severe epilepsy history can include frequent
generalised tonic—clonic seizures, previous status
epilepticus, or nocturnal seizures. In women with
epilepsy, these factors are associated with risks to the
fetus and to the pregnant person.”* Conversely, for other
individuals with less severe or infrequent seizures,
switching to a safer antiseizure medication, reducing the
dose, or even discontinuing treatment might be
appropriate. Infrequent focal aware seizures or absence
seizures are less harmful, although some studies in
women have found associations with personal injury,
intrauterine growth restriction, and premature delivery.”
For people with epilepsy in remission (based on clinical
judgement), discontinuation should be considered.”

www.thelancet.com/neurology Vol 24 July 2025

Comparison

HR (95% Cl)

Composite of neurodevelopmental diagnoses
PAS Study (2023)7*

Denmark Valproate vs levetiracetam and lamotrigine
Sweden Valproate vs levetiracetam and lamotrigine
Norway Valproate vs levetiracetam and lamotrigine
All studied countries Valproate vs levetiracetam and lamotrigine

Christensen et al (2024)*

Denmark Valproate vs general population comparator
Autistic spectrum disorder diagnoses
Tomson et al (2020)*

Sweden Valproate vs general population control
PAS Study (2023)"*

Denmark Valproate vs levetiracetam and lamotrigine

Sweden Valproate vs levetiracetam and lamotrigine

Norway Valproate vs levetiracetam and lamotrigine

All studied countries Valproate vs levetiracetam and lamotrigine

Christensen et al (2024)*

Denmark Valproate vs general population comparator
Intellectual disability diagnoses
Tomson et al (2020)*

Sweden Valproate vs general population control
Attention deficit hyperactivity diagnoses
Tomson et al (2020)*

Sweden Valproate vs general population control

HR=hazard ratio. *Pooled HR.

1:34(079-225)
1.54 (0-95-2-51
1.52(0-93-2:49)
1.76 (0483—3-71)*

110 (0-88-1:37)

1.4(0-6-31)
076 (0-30-1-89)
268 (1-17-612)
Not reported

1.52 (0-83-2-81)*

0-92 (0-65-1-30)

16 (0-5-5-1)

14 (07-2-8)

spermatogenesis and offspring neurodevelopmental outcomes

Table 1: Findings from population-based studies regarding use of valproate by men during

Factors that increase the risk of recurrence following
discontinuation include epileptiform abnormalities on
EEG, duration of seizure freedom, number and duration
of previous seizures, known focal pathology, and a history
of febrile seizures.”

Given the potentially life-altering impact of antiseizure
medication selection during reproductive age, the
minimal evidence for many antiseizure medication
exposures, and the modern emphasis on patient
participation in decision making, joint decision making
should be pursued whenever possible (figure 1).

Contraception

Family planning counselling is a crucial component of
care for women with epilepsy of childbearing potential,*
yet they still generally have lower rates of contraception
use, in both high-income countries and LMICs.** Up to
30% of women with epilepsy of childbearing potential do
not use highly effective birth control methods, and 7%
potentially use hormonal contraception together with
enzyme-inducing antiseizure medications, risking
contraceptive failure.** Birth control advice should be
provided before sexual activity begins and reviewed
regularly,” particularly for those who take higher risk
antiseizure medications.”**
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See Online for appendix

Antiseizure medication and contraception interactions
Interactions between combined hormonal contra-
ceptives and potent CYP3A enzyme-inducer antiseizure
medications, such as phenytoin, phenobarbital, and
carbamazepine, accelerate the hepatic metabolism of the
oestrogenic and progestogenic components of hormonal
contraceptives, reducing contraceptive efficacy and
potentially causing failure (appendix pp 1-2, table 1).%5**
However, large discrepancies in hormonal interaction
reports are common with newer antiseizure medications,
such as cenobamate, topiramate, oxcarbazepine,
eslicarbazepine acetate, and felbamate, that are low
potency enzyme-inducing antiseizure medications and
can cause selective reduction of progestin or estradiol
concentrations in a dose-dependent manner.”>*** For
example, oxcarbazepine induces the metabolism of oral
contraceptives for doses as low as 900 mg/day” and
topiramate reduces ethinyl estradiol concentrations in a
dose-dependent manner; 50-200 mg/day results in an
11-12% reduction, whereas 400 mg/day results in a 22%
reduction.”

Antiseizure medications that do not induce CYP3A,
such as lacosamide, levetiracetam, and zonisamide, are
not expected to affect hormonal contraceptives
substantially, whereas the interaction between lamotrigine
and combined oral contraceptives is intricate. Some data
show that lamotrigine accelerates progestin clearance,
reducing progestin concentrations by about 20%, which
heightens the risk of contraceptive failure with progestin-
only oral contraceptives.® Conversely, combined oral
contraceptives reduce lamotrigine concentrations.® This
interaction is believed to stem from the oestrogen in
combined oral contraceptives, which induces uridine-
diphosphate glucuronosyltransferase enzymes, thereby
increasing lamotrigine glucuronidation and excretion,
leading to a 40-60% reduction in lamotrigine
concentrations and potentially causing breakthrough
seizures.®® This reduction by oral contraceptives seems
to follow a cyclic pattern, with the reduction occurring
during the 21-day pill exposure period and a striking rise
during the 7-day pill-free period.® However, data since
2020 also show that specific types of progestin can also
reduce lamotrigine concentrations.® Furthermore,
combined oral contraceptives containing drospirenone or
levonorgestrel reduced lamotrigine concentrations,
whereas those with gestodene did not. Further research is
needed to elucidate the potential bilateral interactions
between progesterone and lamotrigine.® The effects of
non-oral hormonal contraception on lamotrigine
pharmacokinetics are not well documented. Similar to
oral hormonal contraceptives, withdrawing non-oral
hormonal contraceptives, such as oestrogen patches and
vaginal rings, during the medication-free week could lead
to substantial fluctuations in lamotrigine concentrations.*

For other antiseizure medications, such as
valproate and eslicarbazepine, uridine-diphosphate glu-
curonosyltransferase glucuronidation is also crucial for

the metabolism with combined hormonal contraceptives;
for example, valproate concentrations can be reduced by
20-40%. Knowledge surrounding the interaction
between hormonal contraceptives and newer antiseizure
medications, such as cannabidiol and fenfluramine, is
still scarce.

Optimal contraception strategies

Contraception choices in women with epilepsy of
childbearing potential should be individualised,
considering the potential interactions (appendix p 1-2),
to minimise contraceptive failure and ensure optimal
seizure control. Long-acting reversible contraceptives,
including implants and intrauterine devices (IUDs) are
the most effective.® Both copper and hormonal IUDs are
safe for people with epilepsy of childbearing potential, as
hormonal [UDs containing levonorgestrel interact
minimally with antiseizure medications.® Individuals
using enzyme-inducing antiseizure medications and
oral contraceptives should use a higher dose of oral
contraceptives or combine hormonal contraceptive
methods with barrier methods, such as condoms with
spermicide.*

Folic acid supplementation

Serum folate concentrations could potentially modulate
the risk of antiseizure medication-associated fetal
harm, since low folate and elevated homocysteine
concentrations are common in patients using antiseizure
medications.” ¥ Folate deficiency in the general
population is linked to adverse outcomes, and are
more frequent in antiseizure medication-exposed
pregnancies.®® Research on folic acid supplementation
in pregnant people taking antiseizure medications
suggests potential benefits, including reduced risk of
fetal loss, preterm birth, and neurodevelopmental
outcomes.®” However, these findings are not consistent
across all studies.”” Robust clinical evidence for the
prevention of antiseizure medication-associated major
congenital anomaly is scarce, with most studies not
showing a benefit of supplementation.*” Delayed
initiation of folic acid supplements is common*”” and
could mask any positive effect.” One case—control study
on neural tube defects reported a reduced risk when folic
acid was taken before 28 days after the last menstrual
period in pregnancies exposed to antiseizure
medications.”

Studies have raised concerns about high-dose folic
acid and poorer child cognitive development,”” with
the suggestion of a U-shaped relationship where both
too low and too high concentrations could be harmful.””
Additionally, in one large Nordic registry-based cohort,
prescriptions of 1 mg or more were linked to an
increased risk of cancer in children of mothers with
epilepsy® and a small increased risk of maternal cancer;”
however, replication is required to confirm these
observations.
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The optimal folic acid dose and treatment duration in
people with epilepsy of childbearing potential using
antiseizure  medications are unknown.* WHO
recommends that all people of childbearing potential
maintain red blood cell folate concentrations of more
than 906 nmol/L (corresponding serum folate of
28-30 nmol/L)” and use 0-4 mg daily folic acid
supplements for 2-3 months before conception until the
12th week of pregnancy to prevent neural tube defects.”
To ensure sufficient folate status in the periconceptional
period, the International League Against Epilepsy
additionally advises women of childbearing potential
using antiseizure medications to take at least 0-4 mg of
folic acid daily, regardless of pregnancy plans.” The
American Academy of Neurology recommends at least
0-4 mg daily preconceptionally and continued
throughout pregnancy.’ Others suggest doses up to
5mg,”” and prescribing practices vary internationally.**””
Given the uncertain risk-benefit profile, more recent
recommendations  suggest lowering doses to
0-8-3 mg™* or advocate for individualised doses based
on personal risk factors for folate deficiency (eg, low
folate status, supplement non-adherence, family history
of major congenital anomaly, MTHFR rs1801133 TT
polymorphisms, obesity, smoking, diabetes, or use of
valproate, carbamazepine, or high-dose antiseizure
medications).® Although data on a personalised
approached are scarce, tailored folate supplementation
to target serum folate concentrations (28-30 pmol/L or
red blood cell folate >906 nmol/L) might reduce neural
tube defects and avoid concentrations in excess.” Since
low adherence to folic acid recommendations is
common,®””" preconception folate measurements could
be helpful to identify individuals who would benefit
from intensified counselling or higher doses. B12
concentrations should also be measured before initiating
high-dose folic acid to avoid masking deficiencies, as it
has been shown that elevated folic acid concentrations in
the context of low B12 are detrimental to synaptic
development in fetal animals.®

Management of epilepsy during pregnancy

Physiological changes associated with pregnancy lead to
changes in the pharmacokinetics of some antiseizure
medications.” Serum concentrations of some antiseizure
medications should be monitored across the
preconception, pregnancy, and postpartum periods.*
Monitoring is especially important in people using
antiseizure medications with a known pregnancy-
associated drop in serum concentrations, such as
lacosamide, lamotrigine, levetiracetam, oxcarbazepine,
topiramate, and zonisamide,” or those who are already
taking the lowest, effective antiseizure medication dose
at the start of their pregnancy, had previous severe or
injurious seizures, or had previous breakthrough
seizures after missing doses.” The MONEAD prospective,
observational cohort study, including 1087 women with
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epilepsy in the USA, showed that changes in clearance
for some antiseizure medications, such as lamotrigine,
are seen as early as in the third week of pregnancy, with
clearance increasing by 50% by the end of the first
trimester” However, further investigation of this cohort
revealed that 9% of women taking lamotrigine did not
have increased clearance. The greatest increase in
levetiracetam clearance also appears to occur in the first
trimester, with smaller changes throughout the second
and third trimesters and a decrease postpartum,
requiring a rapid reduction after delivery.*”*** Unbound
valproate should be monitored during pregnancy due to
the substantial pharmacokinetic variability observed
during this period. The unbound fraction is the
pharmacologically active substance, responsible for both
therapeutic efficacy and potential teratogenic effects.
Physiological changes in pregnancy, such as increased
plasma volume and decreased serum albumin, can lead
to higher concentrations of unbound valproate, making
total valproate concentration measurements potentially
misleading.*

Management during labour

With optimal care, 90% of children born to people with
epilepsy are healthy at birth.” However, women with
epilepsy of childbearing potential still face increased risks
during pregnancy and childbirth, including complications
such as hypertensive disorders, preterm labour, placental
abruption, gestational diabetes, anaemia, premature
rupture of membranes, and mortality.*”* In a systematic
review and meta-analysis including 76 studies, neonates
born to women with epilepsy had higher odds of being
small for gestational age, low birthweight (<2500 g), a
1-min and 5-min Apgar score of less than 8, and neonatal
or infant death.® Other complications such as preterm
birth, fetal distress, neonatal hypoglycaemia, neonatal
infection, and respiratory distress syndrome have also
been reported.*?*

Carefully developed, cross specialty birth plans are
therefore imperative: caesarean section can be considered
for those with high-frequency seizures during pregnancy
and high seizure risk during labour;” epidural anaesthesia
can reduce seizure risk by alleviating stress and pain;”
hyperventilation and maternal exhaustion should be
avoided to prevent seizure exacerbation;” antiseizure
medications should be taken regularly during labour and
venous access should be ready for timely benzodiazepine
or antiseizure medication administration, if required;®
and continuous cardiotocography and fetal monitoring
are essential to prevent complications linked to fetal
hypoxia, and the birthing facility should be equipped for
maternal and neonatal resuscitation.®*

Breastfeeding management during postpartum
Although the benefits of breastfeeding for both mother
and child are widely acknowledged, the initiation and
duration rates of breastfeeding are still much lower in
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Milk to maternal serum Infant to maternal serum Adverse effects on breastfed infant
concentration ratio (number concentration ratio (number

of cases, [average; range]) of cases, [average; range])

Serum concentration in infant (%)

Brivaracetam
Carbamazepine

Clonazepam

Ethosuximide

Gabapentin

Lacosamide

Kohn et al, 2020%
Kacirova et al, 2022%

Lamotrigine

Kacirova et al*®
Levetiracetam

Dinavitser et al®
Oxcarbazepine

Perampanel

Kacirova et al,
2022%°

Phenobarbital
Phenytoin
Pregabalin

Primidone
Topiramate

Valproate
Kacirova et al”’
Zonisamide

Kacirova et al****

2 (0-61-0-75)

72 (<0-5;0-13-15)

1(035)
16 (0-9; 0-8-1-0)

7 (1:0; 0-7-1:3)
2(0-1-0-83)

1(05)
6 (0-77-0-93)
92 (0-6-07;0-18-1-4)

158 (0-60; 0-18-1-22)
82 (1-0; 0-58-1.79)
14 (0-88; 0-23-1-1)

3(0:5-0-8)
1(01-0-17)

6 (0-01-0-10)

37 (0-40; 0-16-0-70)
15 (0-13-0-18)

10 (0-76)

36 (0-41; 0-48-1-1)

31 (1-0; 0-62-2:43)

56 (0-025; 0-01-0-1)
90 (0-01-0-22)
3(0:7-1-03)
6 (0-76-1-26)

2 (<L0Q-0-20)
66 (<0-1; 0-04-0-7)

1(0-2)
12 (0-3-0-75)

7(0-1)
2(0-05-027)

1(0-22)
6 (0-16 -0-35)
166 (0-3; 0-2-0-9)

143 (0-60; 0-13-2-43)
121 (0-1; <71-0-71)

8 (<L0Q-0-009)
1(0-16-0-27)

6(0-36)

24(0-8-0-9)
6 (<L0Q-0-01)
0
0

28 (0-25; <L0Q-0-7)

34 (0-1; <LOQ-0-25)
78 (0-01-1.61)

5(0-44; 0-17-1-25)
6

(
(
(
(0-44-0-85)

Approximately 30% of maternal serum
concentrations

<10% of maternal serum concentrations

<10% of maternal serum concentrations

30-100% of maternal serum concentrations

<10% of maternal serum concentrations

Approximately 30% of maternal serum
concentrations

Approximately 30% of maternal serum
concentrations

<10% of maternal serum concentrations

<10%of maternal serum concentrations

Approximately 30% of maternal serum
concentrations

30-100% of maternal serum concentrations
<10% of maternal serum concentrations
None reported

None reported
Approximately 30% of maternal serum

concentrations

<10% of maternal serum concentrations

30-100% of maternal serum concentrations

None reported

1 case of hepatic dysfunction, 1 case of vomiting and
regurgitation, and 1 case of cholestatic hepatitis

None reported

1 case of sedation, 1 case of poor suckling, and 1 case
of weight gain

None reported

None reported

None reported
None reported

1 case of episodes of apnoea and 1 case of anaemia

1 case of hypotonia and 3 cases of sedation

None reported

None reported
None reported

1 case of lethargy with high concentrations
None reported
None reported

2 cases of prolonged feeding difficulties and 2 cases
of sedation

1 case of diarrhoea

None reported
None reported
None reported
None reported

No data available for cenobamate, eslicarbazepine-acetate, everolimus, felbamate, fenfluoramine, pregabalin, rufinamide, retigabine, stiripentol, tiagabine, vigabatrin or clobazam, therefore careful counselling
is required for people with epilepsy taking these medications who wish to consider breastfeeding. Data in the table are from Tomson and colleagues, 2022.% The other references in the table were published after
that review. LOQ=level of quantification.

Table 2: Antiseizure medication concentrations in maternal and infant samples and adverse event data for infants
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people with epilepsy than in women without epilepsy.?**®
Socioeconomic limitations, fear of seizures due to sleep
deprivation, and concern over transfer of antiseizure
medications to the baby via breastmilk are the main
causes.”” These causes are exacerbated by insufficient
information, inconsistent safety advice from health-care
providers, or discouragement from social support
networks.” However, counselling before and after
delivery ~ with  lactation  consultants  improves
breastfeeding initiation and continuation rates.”
Concentrations of antiseizure medications are
detectable in breastmilk and, consequently, breastfeeding
infants.” The transfer of antiseizure medications to the
infant is influenced by the chemical properties of the
drug, the maternal serum drug concentration, and the
infant’s absorption and elimination capabilities.”
However, precise measurement of the infant’s drug

exposure via breastmilk is challenging.” Comprehensive
data on antiseizure medication concentrations in
breastfed infants are available only for some medications,
whereas information on others is limited to case reports
or case series in ten mother—child pairs or fewer, or
completely absent (table 2).”* For most antiseizure
medications, including carbamazepine, gabapentin,
levetiracetam, oxcarbazepine, phenytoin, valproate, and
clonazepam, very low to low concentrations in breastfed
infants are reported (<10% of maternal serum
concentrations),”” but individual concentrations can
vary.”® Infants exposed to other antiseizure medications
such as lamotrigine” or topiramate can have up to 30%
of maternal serum concentrations. Among the studied
antiseizure medications, ethosuximide, phenobarbital,
and zonisamide have been associated with high
infant concentrations (30-100% of maternal serum
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concentrations; table 2).°%%™ For many newer
antiseizure = medications, data on  breastmilk
concentrations or infant plasma concentrations are
absent.

The most reported acute side-effects in infants exposed
to antiseizure medications via breastmilk are drowsiness,
sedation, absent suck, cyanosis, bradycardia, vomiting,
and diarrhoea.” These side-effects are rare, but if
suspected, measuring antiseizure medication concen-
trations in the infant should be considered regardless of
which antiseizure medication the mother is taking.
Exposure can be reduced by combining breastfeeding
with formula milk.

Little is known about long-term effects, with the
exception of lamotrigine, levetiracetam, carbamazepine,
phenytoin, and valproate, for which there are some
supportive data that breastfeeding does not adversely
affect neurodevelopment up to 6 years of age
(table 3).0%*0 Although data are minimal, there is
agreement, based on current information, that the
benefits of breastfeeding outweigh the likely small risk of
adverse antiseizure medication effects in the infant, and
breastfeeding should be encouraged in people with
epilepsy.”” Therefore, the decision to breastfeed should
be based on the person’s feeding preferences, an
evaluation of the specific antiseizure medication, dosage,
serum concentrations, and infant health status. However,
parents should be informed about signs of adverse
effects from antiseizure medications.

Epilepsy care in the postpartum period

In the postpartum period, women with epilepsy
face challenges including antiseizure medication
adjustments, sleep deprivation, and seizure-related
concerns. Perinatal depression and anxiety are more
frequent in both mothers and fathers with epilepsy than
in other parents.” Factors associated with major
depressive episodes during pregnancy and postpartum
include frequent seizures, antiseizure medications
polytherapy, unplanned pregnancy, and a history of
mood disorders."™ These findings highlight the need for
enhanced screening and management of anxiety and
depression in pregnant and postpartum women with
epilepsy (panel 2).

Two studies underline that postpartum women with
epilepsy are at higher risk for health issues®"® and
mortality than the general postpartum population.* The
management of antiseizure medications in the
postpartum period requires diligent consideration and
monitoring. Following birth, antiseizure medication
dosages can be reduced by 50% within 3 days, with a
return to preconception concentrations”  within
3 weeks.”"” Specific antiseizure medications, such as
levetiracetam,  eslicarbazepine, lamotrigine, and
topiramate, require close monitoring during pregnancy
and the postpartum period.” Maintaining slightly
elevated antiseizure medication doses can help mitigate

www.thelancet.com/neurology Vol 24 July 2025

Number of
participants

Key findings

Carbamazepine 47

children
Lamotrigine 61 As above
Phenytoin 37 As above
Valproate 36 As above

Veiby et al (2013):*prospective, cohort study in Norway

Carbamazepine 48

Lamotrigine 71 As above

Valproate 27 As above
Lattanzi et al (2017): case series
Lacosamide 3

Meador et al (2025):* prospective, observational, multicentre study

Bromley et al (2023):* prospective, observational, multicentre study

Lamotrigine 106

Levetiracetam 70 As above

1Q=intelligence quotient.

Meador et al (2010, 2013):*°*** prospective, observational, multicentre study

Higher 1Q and enhanced verbal abilities at age 6 years in breastfed

Continuous breastfeeding linked to less impaired development at age
6 months and 18 months compared with no breastfeeding, with similar
development at 36 months to those who had discontinued earlier

Normal milestones at age 18 months, 24 months, and 36 months

Lamotrigine 97 Development at 2 years of age did not differ between children of women
with epilepsy taking antiseizure medications and children of women
without epilepsy

Levetiracetam 70 As above

Development at age 2 years did not differ (regarding cognitive, language,
or motor developmental scores) compared with the control group

medications

Table 3: Studies of neurodevelopmental outcomes in breastfed infants of mothers taking antiseizure

the effects of sleep deprivation, stress, and increased
bodyweight, but should be tailored to the individual
situation and seizure risk."” Patients should be vigilant of
side-effects of higher antiseizure  medication
concentrations, including diplopia, dizziness, ataxia, and
the risk of breakthrough seizures. Several adaptations
are also required for new parents with epilepsy (panel 2).

Challenges in low-resource settings

The burden of epilepsy is greater in LMICs than in high-
income countries due to a higher prevalence and reduced
access to specialist care. Treatment options are often
restricted to low cost antiseizure medications that can be
afforded by public health systems, such as carbamazepine,
phenytoin, and phenobarbital, and these drugs can still
have low availability.**° For example, in a study from low-
resource areas in China, antiseizure medications were
among the least available medications, with phenytoin in
stock at 1% of public hospitals and carbamazepine in
stock at 5% of public hospitals." For people with epilepsy
of childbearing potential, these differences often become
more evident. The scarcity of ideal contraceptive
methods, such as IUDs, occurs both due to restricted
access and religious barriers. The use of phenobarbital,
phenytoin, and carbamazepine can interfere with the
metabolism of oral contraceptives, leading to unintended
pregnancies (appendix pp 1-2).
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Panel 2: Postpartum care considerations

Preventing seizure triggers

Sleep deprivation in the postpartum period increases seizure risk; stable sleep patterns
and medication adherence are essential

Shared feeding duties using pumped breastmilk or formula can increase opportunities
to sleep and decrease risk of early morning seizures, such as myoclonias, which could
potentially harm the child

Reducing impact on mental health

Perinatal depression and anxiety are more frequent in both mothers and fathers with
epilepsy than in other parents;**** previous psychiatric disorders and epilepsy severity
are strong predictors

Ensure that postnatal care teams are aware of the increased risk for poor mental
health for people with epilepsy****®

Screening for peripartum depression should be done during pregnancy and in the
postpartum period with validated tools such as the Patient Health Questionnaire-9

(9 questions) and the Edinburgh Postnatal Depression Screen (10 questions)

Provide advice and guidance regarding strategies protective of mental health in the
postpartum period and the health professionals that should be contacted if
difficulties start

Infant care and safety practices

Use cots on wheels for indoor transport and prams for outdoor mobility
Choose lifts over stairs to minimise risks

Do nappy changes on the floor and use facecloths instead of bathing to reduce
potential hazards

Safe breastfeeding practices

Breastfeed in a secure, comfortable environment (eg, the centre of a large bed)
Take antiseizure medications immediately after breastfeeding or before the infant’s
longest sleep period to reduce exposure

For high antiseizure medication concentrations in the infant’s serum that cause
sedation, introduce formula feeding alongside breastfeeding and consider regular
serum monitoring for medications with scarce safety data

Referral for child health or developmental concerns

610

Refer children with suspected physical or neurodevelopmental concerns or high-risk
in-utero antiseizure medication exposure (figure 2) to multidisciplinary teams with
experience of fetal exposure conditions (ie, fetal valproate spectrum disorder)®

Medications that are frequently

available and
affordable, and therefore used more in LMICs, appear to

have higher associated risks of poor outcomes in
offspring. Valproate, despite its high teratogenic
potential, is commonly used by people with epilepsy of
childbearing potential in LMICs due to its low cost, poor
availability —of alternative  effective  antiseizure
medications, and little access to adequate monitoring."**
Valproate was added to the WHO essential medicines list
in 1977, and now is included in 93% of national essential
medicines lists. However, lamotrigine was not included
in the WHO essential medicines list until 2017, and
levetiracetam was not included until 2023, despite these
being safer alternatives (figure 2), and thus they are not
yet readily available and affordable on a sustainable basis
in many countries.” For example, in 2022, valproate
was available in 95% of public and private pharmacies in

Search strategy and selection criteria

References for this Review were identified by searches of
MEDLINE, Embase, and PsycINFO via OVID

between Jan 1, 2019, and Jan 1, 2025, and references from
relevant articles. The search terms included “epilepsy”,

nou ”ou

, “antiseizure”, “anticonvulsant”, “antiepileptic”,
“pregnans$”, “utero, “fetal”, “neurodevelopment$”,
“neurocognitive”, "development$”, “neuropsycholog$”,
“anomaly”, “malformation”, “growth”, “breastfeeding”,
“contraception”, "birth”, and “postnatal”. There were no
language restrictions. The final reference list was generated

based on relevance to the topics covered in this Review.

"seizure

Ethiopia, whereas lamotrigine was dispensed in only
22% of public and private pharmacies and at a higher
cost.” By avoiding higher cost antiseizure medications,
LMICs are inadvertently increasing the health, social,
and educational costs associated with caring for children
with fetal exposure-related conditions. When there is no
alternative to high risk antiseizure medications, risk
counselling and shared decision making is crucial and,
when possible, monotherapy must be used at the lowest
effective dose.

Conclusions and future directions

Important challenges occur at reproductive age for
people with epilepsy, and clinical knowledge of optimal
care is continually evolving. Despite life-altering
implications for people with epilepsy, clinical care is
often compromised by a scarcity of information for many
antiseizure  medications regarding  contraceptive
interactions, alterations in clearance, and offspring
outcomes. An absence of risk evidence should not be
assumed to be evidence of safety. Therefore, there is an
urgent need for additional research and an improved
pharmacovigilance strategy alongside an equally urgent
need to optimise care for people with epilepsy in all
stages of their reproductive journey.

Improvement will require collaborative efforts from
multiple  stakeholders, including national and
international initiatives with different methodological
frameworks (clinical and epidemiological). Harmonised
protocols facilitating pooled data analyses are essential to
provide more robust short-term and long-term risk
assessments, and also to assess safety and efficacy of
high dose folic acid supplementation.

Finally, we call for inclusive research into the
reproductive risks associated with epilepsy that
recognises the diverse experiences of all individuals with
epilepsy, regardless of gender identity.
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