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Abstract 

Epilepsy is one of the most common chronic disorders affecting women of childbearing age. 
Unfortunately, many women with epilepsy (WWE) still report not receiving key information 
about pregnancy. They obviously need information about epilepsy and pregnancy prior to 
conception with a particular emphasis on effective birth control (i.e contraception), necessity 
to plan pregnancy, antiepileptic drugs optimization, and folate supplementation. The risks 
associated with use of antiepileptic drugs during pregnancy has to be balanced against fetal 
and maternal risks associated with uncontrolled seizures. 
 This report reviews evidence-based counseling and management strategies concerning 
maternal and fetal risks associated with seizures, teratogenic risks associated with 
antiepileptic drug exposure with a special emphasis on developmental and behavioural 
outcomes of children exposed to intra utero antiepileptic drugs.  
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Pregnancy should be a concern and a topic of discussion with any woman of childbearing age 

who has epilepsy. It is crucial for patients and neurologists to plan ahead for a possible 

pregnancy, as soon as possible. One of the priority objectives is to provide all the information 

necessary for the project, even if it is still distant. There are still misconceptions about this 

situation that can have a negative impact on people [1]. Women and future parents must know 

both what is possible and what the constraints that may weigh on this project are. 

In this article we will review the current data concerning the risks of carrying a pregnancy 

with epilepsy and antiepileptic drugs. However, we will also insist on the need to prepare 

young girls as soon as possible for this eventuality, by emphasizing the imperative of 

anticipating any pregnancy. Finally, we will also address the postpartum period, with the need 

to better manage the risk of significant fragmentation of the mother's sleep, and to correct the 

prescribed dosages.  

Neurologists should feel deeply involved in the care of women with epilepsy, especially 

regarding the four issues discussed below: they should anticipate pregnancy, consider the risk 

of seizures during pregnancy, manage the risk of fetal complication related to antiepileptic 

drug use and anticipate delivery and breast feeding.  

1- Anticipate Pregnancy 

It is important to remind the young girl, even long before the project takes shape that epilepsy 

is in no way a contraindication to pregnancy. There are unfortunately still women who 

believed that the presence of their epilepsy definitively prevented them from having a married 

life, marital projects and children. Being able to plan and properly supervise a pregnancy in a 

woman with epilepsy (WWE) will depend on her previous information. Addressing the issue 

early in life, for example during adolescence, is therefore important. Preconception 

counselling is arguably the most important information a WWE receives in order to minimize 

the teratogenic risk of antiepileptic drugs (AEDs) and optimize seizure control prior to getting 

pregnant. Thus, understanding and obtaining an optimal form of contraception is an important 

part of their health management early in their care. 

 

Contraception counseling 

Which contraception for women with epilepsy? 



 

 

The choice of a contraceptive drug can be challenging for WWE due to possible interactions 

between AEDs and hormonal contraception.   

Five categories of AEDs may be considered: 

- Classical enzyme inducing AEDs such as phenobarbitone, phenytoin, carbamazepine, 

and at a lesser degree oxcarbazepine, and eslicarbazepine:  they increase the 

metabolism of orally administered estrogen and progesterone to a lesser extent. 

Combined estrogen and progestin contraceptives, progestin-only pills and subdermal 

progestogen implants are therefore likely to be ineffective, and are not recommended 

in those patients on enzyme inducing AEDs [2].  Hormonal patch and vaginal rings are 

also prohibited. 

- Dose-dependent enzyme inducing AEDs:  Topiramate over 200 mg/day [3] and 

perampanel at 12 mg/day [4] are less potent inducers but may alter plasma 

concentrations of hormonal contraceptives to some degree. Local or oral hormonal 

contraception is therefore not recommended. 

- Enzyme-inducer AED for hormonal contraception:  

o Felbamate decrease plasma concentrations of hormonal contraceptives and 

carbamazepine but increase plasma concentrations of phenytoin, valproic acid 

or the epoxide metabolite of carbamazepine [5,6]. There again, local or oral 

hormonal contraception is not recommended. 

o Rufinamide is not an enzyme-inducer AED but was shown to decrease the 

exposure to both ethinyl oestradiol and norethindrone at high dose (1600 

mg/day), the mechanism of interaction has not been established and lower 

dosages have not been tested [7] 

-  Enzyme inhibitor: valproate doesn’t alter the metabolism of orally administered 

estrogen and progesterone 

- Neutral AEDs: available data, although sparse, suggest that gabapentin, pregabaline, 

levetiracetam, brivaracetam, zonisamide, lamotrigine and lacosamide do not affect the 

metabolism of oral contraceptives.  Perampanel up to 10 mg/day appears also safe (see 

table 1). 

Depot medroxyprogesterone-acetate (MPA) injections appear to be effective for all AEDs 

categories, however they may not be first choice due to serious side effects (delayed return to 

fertility, impaired bone health).  



 

 

This potential complex interactions between oral contraception and AEDs led the World 

Health Organization to recommend avoiding combination contraceptive pills containing 

estrogen and progesteron in WWE who desire contraception. They recommend at first choice 

the use of intrauterine devices as an alternative method of contraception in the majority of 

WWE, with the advantage of no relevant drug-drug interactions. The levonorgestrel 

intrauterine system appears to be effective, even in women taking enzyme inducing AEDs and 

seems as well tolerated in WWE than in women without epilepsy [8]. In a recent study, 

Herzog et al. demonstrated that among reversible contraceptives, intrauterine devices had the 

lowest failure rate. Oral hormonal contraceptives had a higher failure rate, especially if 

combined with enzyme-inducing AED. As in the general population, failure rates were higher 

in younger, racial minority, and Hispanic WWE [9].  

 

Bidirectionnal link between contraception and AEDs 

Estrogen can increase the metabolism of certain AEDs, such as lamotrigine or at a lesser 

extent valproate, leading to cyclical variation in its blood level with resultant adverse effect 

profile or seizure dyscontrol.  In literature, both lamotrigine and valproate serum 

concentrations are reduced when ethinyl estradiol is taken concomitantly, presumably due to 

accelerated glucuronidation [10-12]. The clinical relevance of the modest effect on valproate 

is unclear and seems meaningless. However, lamotrigine serum concentrations may decrease 

by more than 50%, and therapeutic failure in the form of increased seizure 

frequency/recurrence of seizures has been reported.  It is therefore recommended to dose 

lamotrigine serum concentration before and after the introduction of an oral combined 

contraception. 

Concerning progesterone, a recent study suggests that drospirenon and levonorgestrel but not 

gestoden may reduce lamotrigine serum concentrations when being co-administered in WWE 

which might be of importance concerning seizure risk. Vice versa, no effect of LTG on 

several progestins could be demonstrated, arguing against a potential loss of contraception 

safety with lamotrigine [13]. 

 

 

Unintended pregnancies: a need for a better contraceptive counselling 



 

 

A prospective population based study performed in Newcastle in 2000 demonstrated that less 

than 50% of pregnancies were planned, partly because of oral contraceptive failure [14]. Nine 

years later, an American study showed that 65% of WWE receiving enzyme inducers AEDs 

were unaware of a decrease in oral contraception efficacy  and, there again, women reported 

that 50% of their pregnancies were unplanned [15]. In 2017, one study of 1,144 WWE who 

self-enrolled in a birth control registry and completed a retrospective survey found that 65% 

of reported pregnancies in WWE were unintended [9]. Several causes were found to explain 

this high proportion of unintended pregnancies: i) 30.3% of WWE were using contraceptive 

methods that are not considered to be highly effective in the general population (withdrawal, 

barrier, or combinations thereof), ii) there was an additional 14.5% who used systemic 

hormonal contraception in combination with an enzyme-inducing AED which can 

compromise contraceptive efficacy and finally 34.7% of unintended pregnancies in this WWE 

population occurred on no contraception. Another study performed in 2018 in a population 

including both WWE (n=541) and women without epilepsy (n=73619) found that in WWE, 

55% of pregnancies were unintended compared to 48% in women without epilepsy. Maternal 

age and socioeconomic status differences likely contribute to the higher rates in WWE 

compared to women without epilepsy [16]. All these studies point out a real need for effective 

education on the importance of pregnancy planning and the risk of unintentional pregnancy in 

groups at higher risk such as WWE. A study performed in USA in 2016 demonstrated that 

contraceptive counselling by epileptologists and specific mention of an intrauterine device 

was significantly associated with patient selection of an intrauterine device as a contraceptive 

method,  suggesting that neurologists can play an important role in patients' contraceptive 

choices [17]. 

 

Pregnancy counselling 

The message that is delivered must be precise, careful and not alarmist. It should be recalled 

that there is an increased risk of fetal malformation but that it is manageable, particularly 

when a pregnancy has been planned, and that the accompanying measures have been taken. 

There is more fear of childbirth in WWE  than other women [1].  

The need for information is obviously felt by people with epilepsy [18]. Knowledge of WWE 

regarding pregnancy is lower than in women without epilepsy [19]. However, regarding 

pregnancy, this information is crucial [20], since, for example, unplanned pregnancies have 

been shown to be associated with more adverse fetal outcomes than planned pregnancies [21].  



 

 

 

Folates 

During the 1950s and 1960s, biochemical studies established that folates were essential for 

cellular reactions including conversion of homocysteine to methionine and DNA methylation 

[22].  Rapidly, in general population, maternal folate insufficiency was suspected to promote 

the occurrence of neural tube defect (NTD) in the offspring. NTD are one of the most 

common types of congenital malformations characterized by incomplete closure of the 

embryonic neural tube, including anencephaly and spina bifida [23].  These defects occur 

between 21 and 28 days after conception when most women are unaware of their pregnancies, 

supporting the need for folate supplementation as a preconception intervention.  Indeed, in 

1991, a double-blind, randomized trial provided strong evidence that folic acid prevented up 

to 70% of the cases in the intervention arm compared with the group that did not receive any 

intervention [24]. Later on, the World Health Organization (WHO) recommended a  threshold 

at a population level, for red blood cell folate concentrations to be above 400 ng/mL (906 

nmol/L), for achieving greatest reductions in NTD [25]. In 2019, the American College of 

Obstetricians and Gynecologists and the American Society for Reproductive Medicine 

recommended a systematic female prepregnancy folic acid supplementation to reduce the risk 

of neural tube defects [26] and the Centers for Disease Control (CDC) recommend that all 

women of childbearing age consume 0.4 mg of folate acid per day since 1992 [27]. In WWE, 

two main points must be considered: i) WWE are at increased risk for having offspring with 

major congenital malformations (MCMs), especially NTD  and ii) enzyme inducing AEDs 

lower serum levels of folates whereas valproate acts as a folate antagonist [28]. But 

unexpectively, the reduction of MCMs in the offspring of WWE who take folic acid 

supplement has not been demonstrated conclusively and furthermore has been questioned by 

the findings of the UK Epilepsy and Pregnancy Register [29].  In this study, they reported a 

higher rate, although non significant, of NTD in WWE having received preconceptual folic 

acid versus WWE who did not receive preconceptual folic acid and questioned whether the 

increased risk of NTD recorded in WWE could occur through mechanisms other than that of 

folic acid metabolism. Despite the lack of definitive evidence that folate supplementation  

reduces congenital malformations in the offspring of WWE, new arguments are emerging in 

favour of preconceptional folate acid supplementation in WWE. Emerging evidence suggests 

potential positive neuropsychological effects of periconceptional folate in both healthy 

children and children exposed in utero to AEDs [30]. Recently, the NEAD study found that 



 

 

periconceptional folate was associated with higher Full Scale Intelligence Quotient at both 3 

and 6 years of age in offspring of WWE [31]. In this study, the folic acid dosage ranged from 

0.4 mg/day to ≥ 4 mg/day. Sample sizes were too low to explore dose-dependent effects of 

acid folic supplementation. It has been suggested that the dose for women taking AEDs might 

differ from that for the general population and that higher doses could be considered for 

WWE taking AEDs. Nevertheless, no definite data exist and further studies are required to 

determine the most effective and safe dose of folic acid in WWE. But there is actually a 

consensus to recommend a preconceptional and conceptional folic acid supplementation in 

WWE [32]. Unfortunately, recent studies still demonstrate a low prevalence of preconception 

folic acid use that may, once again, reflect a need for more education [28]. 

 

 

 

2-Consider seizures during pregnancy   

Bidirectional influences between seizures and ongoing pregnancy should be considered and 

their consequences anticipated. Actually, changes in seizure frequency during pregnancy, and 

the effects of seizures on pregnancy and fetal development are legitimate questions. 

Regarding the effects of pregnancy on the frequency of seizures, two clinical situations and 

three possible developments could be distinguished. The two clinical situations are well-

controlled as opposed to drug-resistant epilepsy. The three possible evolutions are absence of 

change or increase in seizure frequency, and remission (table 2). A variable that could be 

weighted in such changes across pregnancy is the serum concentration of the AED that could 

vary or be kept stable. Some drugs, especially lamotrigine [33,34] and oxcarbamazepine [35], 

have been shown to drop in concentration during pregnancy, up to half of previous dosage. 

Pregnancy increases lamotrigine clearance by more than 50% according to study calculating 

clearance at different time points before, during and after pregnancies in 12 subjects [36], 

with a similar rate (40%) of decrease from baseline contraction (outside pregnancy) for 

levetiracetam [37]. Noncompliance is another factor to be emphasized, since uninformed 

WWE could prefer discontinuing AED not to harm their offspring. In registries examining the 

course of seizures during pregnancy, such discontinuation of treatment are not systematically 

assessed, which could be a limitation [38,39].  

In the case of previously well-controlled epilepsy, the most common course is no change 

during pregnancy. When the seizures reappear during pregnancy, they are most often due to 



 

 

an increase in the metabolic catabolism of the drug, and necessitate an adjustment of the 

prescribed dosage [40]. The other possibility is that the worsening is consecutive to a change 

in the AED, made necessary by the pregnancy project (see below). A not uncommon case, for 

example, is the need for substituting lamotrigine for valproate for the purpose of pregnancy. 

In some cases, lamotrigine, even with high dosage, could not permit optimal control of the 

risk of seizure. Increasing further the dosage, association with a benzodiazepine can then be 

of help to promote the control of seizures. Ancillary measures, such as sick leave, rest, quality 

sleep, are often useful. 

Women with epilepsy who experienced seizures in the year prior to pregnancy appear 3 to 4 

times more likely to continue having seizures during pregnancy than women whose seizures 

are fully controlled prior to pregnancy [41]. Actually, drug-resistant epilepsies are more 

complicated to care, and the persistence of seizures during pregnancy should be anticipated. 

In a quarter of cases, an exacerbation of seizures is observed during pregnancy. This increase 

usually occurs during early and late pregnancy, and it is important to track down any 

mechanisms that may be involved. Factors that may be involved are first trimester vomiting, 

sleep disturbances and anxiety, and sometimes non-compliance due to fear of fetal exposure 

to drugs. Again, drug changes or decreased dosage may also be involved. However, a 

reduction of seizure frequency could be expected in WWE having catamenial epilepsy [42]. 

According to this study, absence of cyclical hormone variation during pregnancy benefits to 

WWE experiencing seizures related to the menstrual cycle: 44% of them had a more than 

50% reduction in seizure frequency during their pregnancy.  

The occurrence of epileptic seizures during pregnancy has an impact which depends on the 

type of seizure. Generalized tonic-clonic seizures could present with a risk of falls and 

trauma. They are associated with transient hypoxia, and a risk of SUDEP, that could have a 

deleterious effect of fetal heart activity [43]. Focal seizures with loss of awareness (formerly 

complex partial seizures) have been associated, in case reports, with fetal bradycardia [44]. 

Actually, loss of awareness within any type of seizure could be causal for trauma and accident 

[45]. Among trauma and more specifically for pregnancy, abdominal trauma has the potential 

to result in ruptured fetal membranes and premature labour. However, absence seizure and 

focal seizures with spared awareness are less harmful and could be tolerated. The balance 

between increased medication and impact of specific seizures should be trade off. In the 

EURAP study [39], among 1956 pregnancies, there were 36 status epilepticus. However, only 

one stillbirth or spontaneous abortion was observed close to a seizure. It is thus believed that 



 

 

having seizures during pregnancy does not affect the offspring in the vast majority of cases. 

Actually, in a meta-analysis of 38 observational studies, Viale et al. found that  women   with   

epilepsy   versus   those   without   epilepsy   had   increased   risks   for   spontaneous   

miscarriage, antepartum   or postpartum, hypertensive    disorders, induction    of   labour ,   

C-section, any  preterm  birth and  fetal  growth  restriction, with rather low odd-ratios 

varying from 1.16 to 1.67 for each complication [46]. Increased risk of being small for 

gestational age and preterm delivery have been associated with occurrence of seizures during 

pregnancy as compared to WWE without seizures during pregnancy [47]. In a retrospective 

study, repeated tonic-clonic seizures (at least five) during pregnancy was associated with a 

lower verbal IQ in 38/249 offsprings [48]. Overall death rate is 10 times more important 

during pregnancy among WWE as compared with women without epilepsy [49]. Major 

causes of death during pregnancy are SUDEP and drowning [50].  

In an encouraging comparative study, it was shown that, with the expanse of more frequent 

AED dosage changes (in 74% of pregnant WWE as compared to 31% of non pregnant WWE 

during the same period), no significant differences in seizure frequency were detected 

between the two groups [51]. This suggests that, with a good support and careful 

management, pregnancy may not be a complicated period for WWE.  

 

3-Manage the risk of fetal complications related to AED during pregnancy  

It is usual to recommend exposure to the least possible drug, at the lowest possible dosage.  In 

some cases of drug-resistant epilepsy, it is important to agree to a compromise, which can 

tolerate the persistence of mildly disabling seizures, which pose no risk either to mother or 

child. 

Teratogenicity 

The observation that in utero exposure to antiepileptic drugs (AED) increases the risk of 

congenital malformation dates back to the end of the 1960s. Both major malformations 

(microcephaly, growth retardation, lumbosacral spina bifida) and minor abnormalities of the 

face and fingers were reported. The knowledge accumulated since has made it possible to 

specify the nature of the AED in question. The most teratogenic treatments are valproate, 

phenobarbital and phenytoin [52]. Polytherapy is also more teratogenic than monotherapy. 



 

 

Teratogenic and neurodevelopmental risks carried by valproate exposure during pregnancy 

have been well-demonstrated and have led to reconsideration of the place of this drug in the 

therapeutic arsenal for women with epilepsy [53]. Valproate is associated with a 10.7% risk of 

malformations compared to 7.1% in epileptic women and 2.3% in healthy women [54]. 

Compared to other ASD, valproate is more teratogenic than phenobarbital or topiramate, 

which are also associated with an increased risk [55]. There is a link between the dose 

administered and the risk of malformation, with a risk of 4.3% for doses less than 500 mg per 

day.  

A 2016 ANSM report showed that from 2007 to 2014 the annual number of pregnancies 

exposed to valproic acid decreased steadily, from 2316 to 1333 (-42%). The decrease in the 

frequency of exposure of pregnant women to valproic acid between 2007 and 2014 was 

associated with an increased frequency of exposure to alternative products, including 

lamotrigine (1340 to 2116 annual pregnancies), levetiracetam (270 to 819), aripiprazole (323 

to 823) and quetiapine (0 to 481). The pathological context of the prescription was according 

to the AMM indication of the drug used epilepsy in 57% of cases and bipolar disorder in 43%. 

The decrease in the number of pregnancies exposed to valproic acid over the period 2007-

2014 was more marked for epilepsy (-56%) than for the disorder bipolar (-18%). Thus, in 

2014, the proportion of bipolar disorder indication was very slightly higher than that of 

epilepsy (659 patients in the epilepsy indication, 679 in the bipolar disorder indication), then 

that in 2007 it was around 2/3 for epilepsy and 1/3 for bipolar disorder. The annual number of 

women of reproductive age (15-49 years) using valproic acid has decreased by at the same 

time, with a workforce increasing from 122,382 in 2007 to 83,712 in 2015 (data for all health 

insurance). In total, the drop in eight years in the number of women aged 15-49 using of 

valproic acid was 32%. This decrease concerned users of specialties more with MA for 

epilepsy (55,077 to 35,056, i.e. -36%) than those with the indication bipolar disorder (68,335 

to 49,429, i.e. -28%) [56]. While there is certainly a significant fraction of these women for 

whom another antiepileptic treatment cannot be as effective as valproate, it is likely that some 

treatments have been repeated without consideration of the benefit / risk balance. Drug 

combinations should be avoided, especially those including topiramate or valproate [57]. 

However, association of levetiracetam and lamotrigine could be safe [57]. 

According to these data, significant changes in prescriptions for WWE have been recorded 

during the last decades [58]. Although a reduction in the number of child-bearing mothers 



 

 

treated with VPA was measured during the period 2005-2015, no change in malformation 

incidence could be evidenced [59]. 

Neurodevelopment  

Valproate 

While the teratogenic effects, dominated by neural tube closure defects, of valproate have 

been demonstrated since the 1980s, the impact of the exposure of the fetus to valproate in 

utero on its subsequent psychomotor development was established only from end-2000s.  

The preliminar work of Adab et al. highlighted that children exposed to VPA were at an 

increased risk of requiring educational support and that their verbal IQ was significantly 

poorer than both controls and children exposed to other AEDs [48]. 

Actually, starting from 2009 with the NEAD study, evidences accumulate showing that 

children exposed to valproate have an average IQ that is 8 to 11 points lower than children 

exposed to other AEDs [60, 61]. All prospective studies that made adjustment for 

confounding parental and child variables have shown that prenatal exposure to VPA is 

associated with an increased risk of poorer cognitive outcome [62].  Unfortunately, looking 

across the ages of assessment, it is apparent that the difficulties for the children exposed to 

VPA remain into the school aged year [63]. Although there is a clear dose effect, no dosage 

appears to be devoid of potential risk.  

Older AEDs 

Apart valproate, several studies have shown some old  AEDs to pose a greater risk than 

others, including phenobarbital and phenytoin [64,65]. Concerning carbamazepine, results are 

more conflicting   due in part to limitations in study methodologies, number of participants 

(small sample size), ages of children included and tools used to measure developmental 

outcomes  [66]. Two large prospective studies that analyze factors that could confound the 

data have shown no significant difference in measures of cognition between carbamazepine 

exposed children and children exposed to other AEDs. The NEAD study found that mean IQ 

for children exposed to carbamazepine, lamotrigine, or phenytoin ranged from 98 to 101 with 

no statistical difference between drugs [61] whereas the Liverpool and Manchester 

Neurodevelopment Group study found that  monotherapy exposure to carbamazepine or 

lamotrigine was not associated with impaired development [67]. Similarly, a population-based 

study that examined intelligence of 182 children of mothers with epilepsy and 141 control 



 

 

children found that carbamazepine monotherapy with maternal serum levels within the 

reference range did not impair intelligence in prenatally exposed offspring [68]. But an older 

study points out a potential developmental delay of the in utero exposure to carbamazepine 

[69]. Anyway, most studies demonstrate that carbamazepine monotherapy does not seem to 

affect the cognition of exposed children.  

 

Benzodiazepins 

The effect of fetal exposure to benzodiazepins is largely unknown.  In the general population, 

use of benzodiazepine for  anxiety during pregnancy is associated with preterm delivery and 

low birth weight and potential short-term neonatal effects of hypotonia, depression, and 

withdrawal [70]. A methodologically sound study found no greater risk for lower language 

competence at ages 3 years [71]. A recent study in general population on  283 women treated 

antenatally by benzodiazepins provides some reassurance that neurodevelopmental effects, if 

present, are not likely to be of great magnitude in children exposed to benzodiazepines and 

hypnotics in utero [72] . Unfortunately, data are lacking in WWE offspring.  

 

Newer AEDs 

There is very limited high-quality data on newer medications, but the preponderance of the 

evidence suggests that lamotrigine and levetiracetam have no significant neurodevelopmental 

adverse effects.  

Lamotrigine 

Lamotrigine safety has ever been addressed by the NEAD study (see below). Additional sub-

investigations within the NEAD study have shown that lamotrigine appears to be better than 

valproate and carbamazepine with regards to motor development, and better than valproate 

and phenytoin with regards to adaptive and emotional / behavioral functioning [73,74]. A 

study published by the Liverpool and Manchester Neurodevelopment Group showed no 

significant increase in the risk of neurodevelopmental disorders in children exposed to 

monotherapy with lamotrigine [75].  In a population-based case–cohort study using Danish 

nationwide register data from 2005 to 2008 that included 636 cases and 434 controls, learning 

disabilities were identified among 7.1% cases compared with 3.7% for controls. Among cases 

not exposed to polytherapy (n=556), in utero exposure to lamotrigine compared with another 

antiepileptic drug was associated with the lowest adjusted risk (OR 0.42) [76]. 

Levetiracetam 



 

 

 A study on two small prospective cohorts in United Kingdom found that children exposed to 

levetiracetam in utero were not at an increased risk of delayed early cognitive development 

under the age of 24 months [77]. The follow up study evaluating these children at age 36 to 54 

months showed that they did not differ from unexposed controls on any scale administered 

[78]. 

Topiramate 

While topiramate is known to affect cognition, especially verbal domains [79], during active 

use, there is insufficient evidence to determine whether there is any neurodevelop-mental 

effect.  We only found one cross-sectional observational study that compared children 

exposed to monotherapy levetiracetam (n = 42), topiramate (n = 27), or valproate (n = 47) 

[75]. In this study, topiramate was not found to be associated with reductions in child 

cognitive abilities, even with high doses. 

Other new AEDs 

Whether in utero exposure to other new  AEDs affects cognitive neurodevelopment is yet to 

be determined. 

 

Polytherapy 

In all studies, polytherapy is associated with a lesser cognitive outcome [80, 81]. A 2014 

Cochrane review including 28 studies concluded that AED polytherapy led to poorer 

developmental outcomes and IQ compared with healthy controls, epileptic controls and 

unspecified monotherapy [82].  However, most studies predominately involved older AEDs, 

so the risk of polytherapy comprised of the newer AEDs is not clear [83]. 

 

 Other factors 

In assessing cognitive outcomes of AED exposure, there are a myriad of potential 

confounding factors including maternal IQ,  type and severity of maternal epilepsy, 

polytherapy, socioeconomic status, presence of other comorbidities, and breastfeeding 

exposure [84]. 



 

 

Concerning maternal epilepsy, there is an increased risk of neurodevelopmental disorders in 

pregnant women whose epilepsy is not optimally controlled, especially if the repeated 

seizures are generalized tonic-clonic [70]. 

 

Autism and behavioral outcome 

Valproate 

Specific behavioral disorders, such as attention deficit hyperactivity disorder, autism and 

autism spectrum disorders, also appear to be associated with in utero exposure to valproate 

[85].  

A population-based study of all children born alive in Denmark from 1996 to 2006 

demonstrated that, among 655 615 children, the 508 children exposed to valproate had an 

absolute risk of 4.42% for autism spectrum and an absolute risk of 2.50% for childhood 

autism. The increased risk compared to controls was of 5 for autism spectrum disorder and 2.5 

for autism [86]. As for neurodevelopmental delay, a dose effect was suspected in further 

studies [87]. 

A recent study on the same Danish National Prescription Registry has demonstrated that 

maternal use of valproate, but not other AEDs, during pregnancy was associated with an 

increased risk of attention-deficit/hyperactivity disorder in the offspring [88]. 

Benzodiazepines 

Several studies in general population suggest that in utero exposure to benzodiazepines is not 

associated to significant behavioural symptoms [72]. Associations between prenatal 

benzodiazepine exposure and gross motor and fine motor impairment have been observed in 

toddlers, although the gross motor delay resolved as children grew older [89]. 

 

Other AEDs 

A recent systematic review and network meta-analysis found that, as expected, Valproate 

alone or combined with another AED is associated with the greatest odds of adverse 

neurodevelopmental and autistic outcomes compared with control [90]. Unexpectively, they 

also found that oxcarbazepine and lamotrigine were associated with increased occurrence of 



 

 

autism/dyspraxia.  An alert with these two drugs had never been published before. Of course, 

these results are a major matter of concern but two major biases must be noted: 

1) The heterogeneity of the maternal population and of the methology of the studies: this 

meta-analysis explored 29 cohort studies (5100 patients) published between 1989 and 

2016 but the network meta-analysis (NMA) concerned only 5 cohort studies for the 

autism/dyspraxia section.  2551 children exposed in utero with 12 treatments were 

analyzed. Treatments consisted in various combinations of lamotrigine, valproate, 

carbamazepine, levetiracetam, oxcarbazepine, clonazepam, and phenytoin. This 5 

cohort studies included both offspring of WWE and women with psychiatric disorders. 

Restricting the NMA to studies including only WWE as their treatment indication 

excluded oxcarbazepine from the significant results and controlling results accorded to 

the adequacy of follow-up of cohorts excluded lamotrigine 

2) The authors selected as primary outcome autism/dyspraxia without distinction 

between these two distinct behavioural disorders with very different outcomes 

To note, Rasalam et al. [91] also reported an increased risk of autistic spectrum diagnosis in 

children exposed to carbamazepine, however, this has not been replicated by others studies 

[92], including the large population study based on the Danish register [86]. 

These conflicting results argue for long-term follow-up studies to further delineate 

neurodevelopmental risks in children exposed in utero to AEDs. Nevertheless, all studies 

converge to demonstrate that Valproate is significantly associated with more children 

experiencing autism, dyspraxia, language, cognitive and psychomotor developmental delays. 

 

4. Anticipate delivery and breastfeeding 

Delivery 

Anticipation of the course of childbirth is a frequent concern for pregnant women. In the case 

of WWE, there is the additional fear that a seizure may interfere with childbirth. Moreover, 

this fear could be shared by the obstetrician who may favor a planned cesarean delivery to 

limit this risk. Accordingly Caesarean-section (C-section) has been reported more frequently 

in WWE than those without [93-95], and increase in proportions of induced labour (p<0.005) 

and use of epidural analgesia (p<0.005) have been observed [96]. Preterm delivery is reported 



 

 

more frequently in WWE (OR 2.83, 95%CI 1.03-7.76) [95]. Despite the fact that there is a 

global trend, including women without epilepsy, showing an increase in C-section rate and 

induction of labour, such a systematic approach for WWE has some limitations. In 45 out of 

67 C-section performed in 103 WWE (66.7% as compared to 24.9% in the control group), the 

relevant indication included epilepsy, meaning that obstetrical reasons for C-section were less 

prevalent [95]. A similar reason explained high rate of C-section in Australian WWE [97] and 

in Norway [98]. Given that, a C-section, in particular acute, is associated with an increased 

health‐related risk to both mother and child, the advantage-risk ratio should be balanced for 

each case. Actually, seizure is a rare event that may complicate childbirth. Seizure has been 

reported in only 2% of WWE (with slight variations depending on which AED they are) 

during delivery [99], meaning that in the exceeding large proportion of delivery no seizures 

are observed.  

Breastfeeding 

Breastfeeding is worldwide encouraged, since it is associated with a lower risk of infections 

and a decrease in mortality in infants [100]. These benefits include mothers, who experienced 

less risk of postpartum depression and cardiovascular disease. Exclusive breastfeeding has 

been recommended by the American Academy of Pediatrics for the first six months of live, 

although economic constraints could lead women to interrupt or manage breastfeeding to go 

back to work before this time point. Regarding WWE, presence of AED in the maternal milk 

is a major cause of concerns, although the balance between benefits and risks is rarely 

discussed. In the mind of care givers and mothers, the fear of adverse effects (sedation, liver 

dysfunction, cutaneous rash) due to AED in breastfeed infants overcomes the expected 

benefits. Among benefits, higher IQ showed after breastfeeding from women without epilepsy 

as compared to formula-fed infants [100] has also been demonstrated for WWE [101].  In a 

distinct study from Norway, the same results were observed, with infants exposed to AED 

during pregnancy and breastfeeding had better neurodevelopmental outcomes at 18 months 

than those without breastfeeding [102].   

Levels of exposure to breastfed infants are related to AED use. Administration of 

phenobarbitone, ethosuximide, and primidone to lactating WWE expose to a level of exposure 

to infants estimated at 100%, 50% and >10% of the weight-adjusted therapeutic dose [103]. 

Despite exposure to breastfeeding has been shown to be beneficial for offsprings of WWE, a 

smaller rate is observed as compared to women without epilepsy [104]. 



 

 

However, we must keep in mind that the precautionary principle may advocate the avoidance 

of breastfeeding in the case of polytherapy or therapy including sedative molecules. 

  

5. CONCLUSION 

For WWE, the reproductive choice is complex. Women need accurate information tailored to 

their individual circumstances in order to make informed decisions about their families. 

Counselling is advised concerning teratogenic and developmental risks associated to the 

prescription of AEDs. AEDs modifications must always be balanced against the need for 

seizure control. In all circumstances, clinician must have knowledge of literature to enable 

appropriate decision and counselling.  



 

 

Tables 

Table 1: Interactions between hormonal contraceptives and antiepileptic drugs 

 COC P-oP P-oI IUD P-oIUD 

classical enzyme-inducers AEDs 

phenobarbitone no no no yes yes 

 phenytoin no no no yes yes 

carbamazepine no no no yes yes 

oxcarbazepine no no no yes yes 

eslicarbazepine no no no yes yes 

dose-dependent enzyme inducers 

topiramate > 200 mg/day no no no yes yes 

perampanel at 12 mg/day no no no yes yes 

enzyme-inducer AED for hormonal contraception 

felbamate no no no yes yes 

rufinamide no no no yes yes 

enzyme-inhibitor AED 

sodium valproate yes yes yes yes yes 

neutral AEDs 

brivaracetam yes yes yes yes yes 

gabapentin yes yes yes yes yes 

lacosamide yes yes yes yes yes 

lamotrigine yes yes yes yes yes 

levetiracetam, yes yes yes yes yes 

perampanel ≤ 10 mg/day yes yes yes yes yes 

pregabaline yes yes yes yes yes 

zonisamide yes yes yes yes yes 

 

AEDs= antiepileptic drugs, Combined oral contraceptive (COC), Progestin-only pills (P-oP)  , 

Progestin-only implants (P-oI) , intrauterine device  (IUD), Progestin-only intrauterine device 

(P-oIUD)  



 

 

Table 2: Effect of pregnancy on epilepsy 

Pregnancy effect on 

seizure frequency  

No 

change  

Increase  Decrease  

Well-controlled 

epilepsy 

Often Occasional (consider change in 

AED, decreased dosage) 

Not applicable 

Drug-resistant 

epilepsy 

50% 25% (consider change in AED, 

decreased dosage, vomiting, sleep 

disturbances, anxiety, lack of 

compliance)  

25% 
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