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Valproic acid (sodium valproate) is widely used as a first-line antiepilepticAbstract
agent. As with many antiepileptic drugs, there are a number of consequences
associated with the use of valproic acid in women of child-bearing potential. Most
pregnancies have a favourable outcome in women with epilepsy, and these
women should not be discouraged from becoming pregnant. Unlike many other
antiepileptic drugs, valproic acid has no significant pharmacokinetic interactions
with the steroid hormones used in oral contraceptives. During pregnancy, the
major risks to mother and child result from loss of seizure control on the one hand,
and an elevated risk of major congenital malformations due to antiepileptic drug
treatment on the other. In particular, an elevated risk of major congenital malfor-
mations associated with valproic acid use has been a consistent finding in studies
of patient registries and several large case series. In addition, developmental
delay, characterised by low verbal IQ, has also been reported in children exposed
to valproic acid in utero, although the relative risk is not precisely known. For
these reasons, pregnancies in women being treated with valproic acid need to be
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planned, and the benefit-risk ratios associated with continuing valproic acid or
changing treatment need to be discussed with the patient. When treatment with
valproic acid is the most appropriate treatment to achieve optimal seizure control,
a number of measures can be implemented to minimise risk to the fetus. These
include the use of the lowest possible effective dose of valproic acid in monother-
apy (ideally <1000 mg/day), appropriate folic acid supplementation and close
antenatal monitoring. Regular counselling is a prerequisite for informed planning
of pregnancies and optimisation of the probability of a healthy outcome. Future
research on valproic acid and pregnancy should involve risk assessment in large,
population-based prospective studies.

Epilepsy is a frequent, severe and potentially fied. Valproic acid has been considered to be more
problematic than certain other AEDs in these re-incapacitating neurological disorder, with a preva-
spects, because of a potential risk of congenitallence of approximately 0.5–1.5%.[1,2] In most cases,
malformations or developmental delay.[9,10] To min-epilepsy can be controlled adequately with one of
imise these risks, women receiving valproic acidthe many available antiepileptic drugs (AEDs).
who wish to become pregnant need to be fullyThese drugs differ in both the spectrum of epilepsy
informed and managed carefully with respect tosyndromes in which they are efficacious and in their
preparation for pregnancy, medication use and mon-adverse-effect profiles. The principal drugs used as
itoring.first-line treatments are valproic acid for generalised

It should be noted that valproic acid is used in theepilepsies  and  carbamazepine  for  focal  epilep-
treatment of other conditions, particularly mood dis-sies.[3-5] In particular, valproic acid is often consid-
orders. There is no reason to suppose that the issuesered the treatment of choice in juvenile myoclonic
raised in this review of valproic acid treatment inepilepsy, for which it seems highly effective and for
women with epilepsy should be any different towhich other equieffective treatment options are lim-
those in women receiving valproic acid for otherited.[6]

indications, although the consequences for care mayAs epilepsy is relatively frequent in young wo-
differ. However, this review focuses specifically onmen of childbearing age, the impacts of both epilep-
epilepsy, as the vast majority of the available data onsy itself and AED treatment on pregnancy are im-
the impact of valproic acid treatment on pregnancyportant issues to consider. Women with epilepsy
concerns this indication. This article reviews theshould not be discouraged from becoming pregnant,
available data on valproic acid in pregnancy in orderas there is a >90% chance of giving birth to a healthy
to identify the real risks to women with epilepsybaby in such women, compared with 98% in the
who are receiving valproic acid and who wish togeneral population.[7] For example, data from the
become pregnant and to suggest a strategy for riskUK Epilepsy and Pregnancy Patient Registry
minimization in these cases.(UKEPPR) suggest that the proportion of women

with epilepsy having babies with congenital malfor- 1. Antiepileptic Drugs
mations is <5% (4.2% in AED-exposed pregnancies and Contraception
vs 3.5% in non-exposed pregnancies), although this
proportion clearly varies according to the individu- Many AEDs have significant pharmacokinetic
al’s AED exposure.[8] However, these pregnancies interactions with the steroid hormones used in oral
are often considered as high risk because of the contraceptive preparations. This can have clinically
possible loss of seizure control due to endocrine important consequences, including contraceptive
changes or alterations in the disposition of AEDs, failure and loss of seizure control. These interac-
and an increased risk of adverse outcomes. There is tions are principally due to induction of the cyto-
also a potential risk of long-term adverse effects on chrome P450 (CYP) 3A4 isoenzyme, which is re-
postnatal development that remains poorly quanti- sponsible for the metabolism of estrogens and
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progestins, by AEDs such as carbamazepine, felba- tal malformations. This risk is generally considered
mate, lamotrigine, oxcarbazepine, phenobarbital, to be associated principally with exposure to AEDs,
phenytoin, primidone and topiramate.[11-13] This re- including valproic acid, rather than with epilepsy
sults in increased metabolism of exogenous estro- itself; the possible association of epilepsy with an
gens and progestins, with a consequent reduction in elevated risk of malformations remains very contro-
plasma concentrations that may cause contraceptive versial.
failure. Contraceptive failure is sometimes mani- The idea that the use of AEDs may be associated
fested by breakthrough bleeding but is often clini- with congenital malformations originally arose from
cally silent, resulting in a risk of unwanted pregnan- a number of case reports dating back to the early
cies. In this respect, specific warnings have recently 1970s. These reports frequently concerned pheny-
been added to the official prescribing information toin, more widely prescribed then than it is today,
for lamotrigine. In addition, and perhaps more im- and led to the notion of the fetal hydantoin syn-
portantly, oral contraceptives reduce the concentra- drome.[19] This syndrome typically comprises facial
tion of lamotrigine to a clinically important extent, dysmorphism with wide-spaced eyes, deformed fin-
with the possibility of impaired seizure control when gers and fingernails, and retarded development, al-
oral contraceptive therapy is initiated.[13-15] though more severe malformations such as hip dys-

Because of these potentially important interac- plasias, facial clefts and cardiac abnormalities are
tions, contraception needs to be adapted in accor- occasionally seen. However, these reports were
dance with the AED treatment that the patient is largely anecdotal and, in the absence of controlled,
receiving, either by increasing the dosage of es- large-scale studies, the true incidence of the fetal
trogen, using a transdermal formulation or by hydantoin syndrome, and the relative risk of this
switching to an alternative form of contraception. with phenytoin use compared with the use of other
An alternative approach would be to switch epilepsy AEDs, could not be estimated until recently. During
treatment to an AED that does not induce CYP3A4. the intervening period, the use of phenytoin has
However, such considerations are not always made, declined following the introduction of other better
as revealed by a large primary care patient registry tolerated AEDs.
survey of women with epilepsy in the UK, which

2.1 Epilepsy and Pregnancy Outcomesfound that contraception was not adapted for con-
comitant AED treatment in over half of the patients, Some studies have suggested that maternal
thus putting them at risk for contraceptive failure seizures, particularly during the first trimester, in-
and unwanted pregnancy.[16] A survey of US neurol- crease the risk of minor craniofacial malformations,
ogists and obstetricians showed that only 45% of the possibly due to reduced placental blood flow.[20,21]

neurologists and none of the obstetricians were However, these results have not been confirmed by
aware of the interactions between commonly used larger, more recent studies.[22] Holmes et al.[23] re-
AEDs and oral contraceptives, despite the fact that ported malformation rates were not higher in 98
they had often been confronted with contraceptive women with untreated epilepsy compared with 508
failure in patients taking AEDs.[17]

women without epilepsy, whereas rates were signifi-
Valproic acid does not induce CYP3A4 and thus cantly higher in 316 women with epilepsy who were

does not interact with oral contraceptives.[18] It is receiving AEDs. The same conclusion was drawn
one of the few extensively used drug therapies for from another study in 1411 children born to women
epilepsy that does not interact with oral contracep- with epilepsy who were treated during the first tri-
tives. mester and 2000 control children.[24] Similarly, data

from the UKEPPR did not reveal an elevated major2. Valproic Acid and Major
congenital malformation rate in children born toCongenital Malformations
untreated women with epilepsy with respect to the

Although the vast majority of women with epi- general population.[8] A recent meta-analysis of esti-
lepsy have normal, healthy babies, a number of mates of malformation rates in untreated women
studies have identified an increased risk of congeni- with epilepsy concluded that there is no specific
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teratogenic risk attributable to epilepsy per se.[25] ago. Another consequence of the relatively dated
Overall, the available evidence is not in favour of a populations included in these studies is that they do
systematic relationship between non-treated epilep- not reflect the potential teratogenic impact of more
sy and congenital malformations. If seizures do con- recent extended-release formulations of certain
tribute to an increased risk of congenital malforma- AEDs, such as carbamazepine and valproic acid,
tions, albeit a minor increase, seizure type is likely which are now widely prescribed.[31] Additionally,
to be a critical determinant, with the malformation the sample sizes in these studies are relatively small,
risk being highest among those with generalised which compromises the demonstration of significant
tonic clonic seizures and lower for patients who differences between the malformation rates associ-
experience focal, absence or myoclonic seizures. ated with the individual AEDs. Importantly, the

various studies have not provided consistent infor-
2.2 Antiepileptic Drugs and mation on either the absolute malformation rates or
Pregnancy Outcomes the relative risks associated with the individual

AEDs, which prevents the drawing of conclusionsWith respect to AED exposure, teratogenic ef-
with any certitude. It is possible that some of thefects have been suspected from case reports and
identified variability in the malformation rates issmall case series for many years. Neural tube defects
attributable to differences between countries andare considered to be of particular concern in infants
over time, to differences in the doses of AEDsexposed to valproic acid, and to a lesser extent,
prescribed and the indications for which they arecarbamazepine, the two most frequently used AEDs.
used, thus introducing important variation in expo-More recently, several larger studies have aimed to
sure. Finally, the studies do not take into accountinclude sufficient patients to quantitate this risk and
independent determinants of congenital malforma-to determine the relative risks associated with differ-
tions  that may be unevenly distributed betweenent AEDs.[26,27] The principal studies are briefly
the studies and treatment groups. These includereviewed in table I and the, estimated therein, rela-
epilepsy-related variables; particularly epileptictive risks of major malformations (presented as odds
syndrome, seizure type and severity; and epilepsy-ratios [ORs] with respect to carbamazepine) associ-
independent variables, such as socioeconomic sta-ated with the most extensively studied AEDs that
tus, general health and comorbidities.are used as monotherapy are presented in figure 1.

An elevated risk of major congenital malformations 2.2.1 Retrospective and Prospective Case Series
associated with valproic acid exposure has been a The first large-scale evaluation of the malforma-
consistent finding in these studies, even though the tion rates associated with AED exposure in utero
relative risk may not be always significantly differ- was a pooled analysis of five individual prospective
ent from the reference group because of the relative- studies performed in three European countries (Fin-
ly low number of cases involved. land, Germany and The Netherlands).[28] The total

There are a number of limitations to the conclu- sample size was 1221 children exposed to AEDs
sions that can be drawn from these studies. First, from 1972 to 1990, which gives the analysis sub-
they have principally evaluated phenobarbital, stantially more power than the original source stud-
phenytoin, carbamazepine and valproic acid, the ies. Crude major congenital malformation rates va-
principal AEDs used as monotherapy, and there is ried from 6% for phenytoin monotherapy to 10% for
consequently little information available on the phenobarbital monotherapy, with much higher rates
third-generation AEDs, such as lamotrigine, oxcar- being observed with polytherapy. In one of the
bazepine, gabapentin, topiramate, tiagabine, vigaba- source studies, a group of 158 unexposed infants
trin and levetiracetam. This is primarily due to the born to women without epilepsy were also studied,
fact that these drugs, with the exception of lamo- allowing an estimation of relative risks compared
trigine, are not widely used, if at all, as monotherapy with unexposed infants. Elevated relative risks were
and secondly, to their relatively recent introduction observed for carbamazepine (OR: 4.9; 95% CI 1.3,
in relation to the time base of enrolment of these 18.0; n = 4 children with major congenital malfor-
studies, which in some cases began over 20 years mations) and valproic acid (OR: 4.9; 95% CI 1.6,
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Table I. Recent studies evaluating major congenital malformation (MCM) rates in the children of women with epilepsy who used antiepileptic drugs (AEDs) including valproic acid
during pregnancy

Study details Samrén et al., 1997[28] Samrén et al., 1999[24] Canger et al., 1999[29] Kaneko et al., 1999[22] Kaaja et al., 2003[30]

Region Multinational The Netherlands Italy Multinational Finland

Inclusion period 1972–90 1972–92 1977–99 1978–91 1980–98

Total no. of patients 1221 1411 452 983 740

Study design Prospective Retrospective Prospective Prospective Prospective

Definition of MCM Abnormality of an Abnormality of an Abnormality of an Not specified Malformation resulting
essential embryonal essential embryonic essential embryonic in death or one likely to
structure that is present structure or an structure or an cause a serious
at birth or discovered abnormality requiring abnormality requiring handicap or require
during the first year of significant therapy that special therapy surgery
life is present at birth or (spreading device or

discovered during the surgery) during the first
first 6 weeks of life year of life

Control group Matched non-epileptic Matched unexposed Small group of women None Women who were not
women women receiving no treatment treated in the first

trimester

Case ascertainment Yes No Yes Yes Yes

Preterm terminations Excluded Terminations for MCM Excluded Excluded Included
included

MCM rates [%] (no. patients assessed)

overall 9 (1221) 3.7 (1411) 9.7 (452) 8.4 (983) Not reported

no AED Not assessed in full Not assessed Not assessed 3 (98) 1 (239)
cohort

carbamazepine monotherapy 8 (280)a 4 (379)a 7 (113) 6 (158) 3 (363)

phenobarbital monotherapy 10 (48) 3 (172) 5 (83) 5 (91) None reported (5)

phenytoin monotherapy 6 (41) 1 (151) 3 (31) 9 (132) 2 (124)

primidone monotherapy 9 (43) None reported (18) 9 (35) 14 (35)a 17 (6)

valproic acid monotherapy 9 (184)a 6 (158)a 16 (44)a 11 (81)a 7 (61)a

ethosuximide monotherapy 8 (13) None reported (9) Not assessed Not assessed None reported (2)

Dose-dependence of risk (valproic High risk ≥1000 mg/d High risk ≥1000 mg/d 1000 mg/d = no MCM High risk ≥1000 mg/d Valproic acid: none
acid) Mean dosage 1712 mg/d (mean study dosage observed (mean study

in MCM (mean study 823 mg/d) dosage 900 mg/d)
dose = 1129 mg/d)

Comments Pooled data from five MCM due to genetic and Risk associated with
studies chromosomal anomalies low serum folate levels

included

a Incidences represent significantly higher rates than in the control group.
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allowed the marked centre effect in the previous
study to be avoided. This was a retrospective cohort
study of 1411 index children born between 1972 and
1992 to mothers with epilepsy who were exposed to
AEDs during the first trimester of pregnancy, com-
pared with 2000 matched controls. Overall malfor-
mation rates were lower than those observed in the
previous pooled analysis. Increased rates of major
congenital abnormalities compared with unexposed
infants were reported for infants exposed to carba-
mazepine (3.7%; 95% CI 1.8, 5.6) and valproic acid
(5.7%; 95% CI 2.1, 9.3) monotherapy, with an ele-
vated risk that did not reach statistical significance
being observed for phenobarbital. Phenytoin
monotherapy was not associated with an increased
risk of major congenital abnormalities. Polytherapy
was generally associated with higher rates of mal-
formation. Odds ratios for major malformations be-
tween treatment groups did not demonstrate any
significant differences. Once again, there was evi-

0 1 2 3 4 5 6 7
Odds ratio

Phenobarbital
Phenytoin
Valproic acid

Canger et al.,[29] 1999

Holmes et al.,[23] 2001

Kaneko et al.,[22] 1999

Samrén et al.,[24] 1999

Kaaja et al.,[30] 2003

Samrén et al.,[28] 1997

Figure 
not available 
electronically

Fig. 1. Malformation rates in babies born to women taking an-
tiepileptic drugs during pregnancy identified in six recent studies.
Data for phenobarbital, phenytoin and valproic acid (sodium val-
proate) are presented as odds ratios and 95% confidence limits
compared with the risk associated with carbamazepine (reproduced
from Tomson et al.,[26] with permission). dence for a significant dose-response relationship

for the rate of malformations associated with valpro-
15.0; n = 6 children with major congenital malfor- ic acid, whereas no such association was observed
mations) when used in monoptherapy. Using the for carbamazepine. The relative risk of major con-
data for all 1221 exposed children, the relative risk genital malformations in the children of mothers
of a major malformation associated with exposure to exposed to a dosage of valproic acid >1000 mg/day
the different drugs was compared against the risk compared with those exposed to <600 mg/day was
associated with exposure to the drug with the lowest 3.9 (95% CI 1.4, 11.1).
rate of malformations (phenytoin). However, there

Another multinational analysis used a standardis-were no differences in the relative rates of malfor-
ed method to collect data on major congenital mal-

mations between the different drug groups. Con-
formations in 983 infants exposed to AEDs in utero

cerning valproic acid, a significant dose-dependence
who were born in participating centres in Canada,

was observed in the incidence of malformations,
Italy and Japan between 1978 and 1991.[22] The

with a risk of major malformations that was 6.8-fold prospective nature of the study allowed information
higher in those infants exposed to ≥1000 mg/day on potential confounding variables related to epilep-
than in those exposed to ≤ 600 mg/day. Spina bifida sy, treatment and pregnancy to be collected system-
was the most frequent malformation observed in atically. For monotherapy, crude malformation rates
valproic acid-exposed children and accounted for varied from 5.1% (95% CI 0.2, 9.9) with phenobar-
seven cases of malformation associated with valpro- bital to 14.3% (95% CI 2.7, 25.9) with primidone;
ic acid monotherapy in this study. Regarding the the rate reported for valproic acid was 11.1% (95%
other AEDs, spina bifida was only observed in four CI 4.3, 18.0). There were no significant differences
children exposed to carbamazepine. in malformation rates between the various drugs,

A subsequent and more extensive analysis of data although the rates observed for primidone (p =
from 28 hospital centres in the western Netherlands 0.029) and valproic acid (p = 0.039) were signifi-
that included some of the subjects from the previous cantly higher than those for unexposed infants. In
study has also been published.[24] The use of a the case of polytherapy, a particularly striking linear
standardised methodology permitted malformation relationship between the malformation rates and the
rates to be estimated with improved precision and number of AEDs used was observed (p = 0.012;

 2006 Adis Data Information BV. All rights reserved. Drug Safety 2006; 29 (1)
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out epilepsy and 414 born to women with epilepsy
(98 untreated, 223 receiving monotherapy and 93
receiving polytherapy). Major congenital malforma-
tion rates were higher in infants exposed to AEDs
(3.7%) than in unexposed infants born to mothers
with a history of seizures (no malformations ob-
served) or with no seizure history (1.8%). Malfor-
mation rates seen with individual AEDs varied from
3.4% with phenytoin to 5.2% with carbamazepine;
valproic acid was not evaluated in this study. None
of the reported differences achieved statistical sig-
nificance with respect to mothers without epilepsy,
except for the polytherapy group.

Another prospective study was performed in a
single centre in Milan.[29] The incidence of malfor-
mations among infants of mothers with epilepsy
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Fig. 2. Malformation rates in babies born to women taking an-
tiepileptic drugs during pregnancy as a function of the number of
antiepileptic drugs used.[22] treated with AEDs during pregnancy was deter-

mined. A total of 517 pregnancies were followed,
and in 25 of the pregnancies the mother did notfigure 2). Valproic acid was the only AED for which
receive AEDs. The overall rate of all types of con-a significant dose-response relationship was demon-
genital malformations in the 313 infants exposed tostrated (p = 0.0075). The authors suggested that a
AED monotherapy was 10.5% (95% CI 7.1, 13.9);daily dosage of 1000 mg/day represented an inflex-
no such malformations were detected in the 25ion point in the dose-risk relationship curve with
unexposed infants. The highest rate was observed inrespect to malformations. Similarly, they suggested
infants exposed to valproic acid (15.9%; 95% CIthat there was a significant association between
6.8, 29.6). However, there were significant differ-plasma valproic acid levels in the mother during the
ences in the relative rates of malformations betweenfirst trimester and malformation rates in the infant,
the valproic acid and other drug exposure groups.with an inflexion point of approximately 70 µg/mL

(p = 0.005; figure 3). The most recent study was a single-centre pro-
A prospective multicentre study performed in the spective study performed in Helsinki.[30] Malforma-

Boston area enrolled women giving birth in materni- tion rates were compared between 740 infants born
ty units between 1986 and 1993.[23] Four groups of to women using AEDs and 239 born to untreated
newborns were compared: 508 born to women with- women between 1980 and 1998. In this study, the
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majority of AEDs were used as monotherapy (80% group was 1.86 (95% CI 1.42, 2.44) and was signifi-
of pregnancies) and no distinction was made be- cantly higher in subjects exposed to AED polyther-
tween exposure to monotherapy and polytherapy in apy than AED monotherapy. For the most widely
the subsequent assessment of individual drug risks, used AEDs, the observed rate of major congenital
although, as in previous studies, polytherapy was malformations was higher than the background rate
associated with a higher risk than monotherapy in in the general population, and was 4.0% for carba-
general. An elevated risk compared with unexposed mazepine (n = 703), 4.4% for lamotrigine (n = 90),
infants was reported for newborns exposed to carba- 6.8% for phenytoin (n = 103) and 9.7% for valproic
mazepine (OR: 2.6; 95% CI 1.0, 6.0; p = 0.054; n = acid (n = 268). The only intergroup difference that
455), valproic acid (OR: 4.1; 95% CI 1.6, 10.5; p = was statistically significant was between carba-
0.003; n = 126) and oxcarbazepine (OR: 10.8; 95% mazepine and valproic acid (OR: 2.59; 95% CI 1.43,
CI 1.1, 106.2; p = 0.04; n = 9). In contrast to 4.68). Potential dose-outcome relationships were
previous studies, no dose-response relationship for not evaluated.
valproic acid was observed in this study, although
the number of cases involving high dosages was 2.2.3 Prospective Pregnancy Registries
low. An original finding of the study was that the To address the problem of low patient numbers in
risk of malformations was associated with low se- such studies, several national and international epi-
rum folate levels during the first trimester (OR: 5.6; lepsy and pregnancy databases have been set up
95% CI 1.2, 25.8; p = 0.02). with the aim of generating a sample size sufficient to

estimate relative rates of malformations with preci-
2.2.2 Retrospective Registry Analyses sion. Another advantage of these prospective regis-
A recent Swedish study[32] has addressed the try studies is that malformations leading to volun-

problem of malformation rates in a rather different tary termination of pregnancy and malformations
way. Infants exposed to AEDs in utero were identi- seen in spontaneous preterm abortions are accurate-
fied by combining entries on all births to women ly represented. Obviously, this precision will in-
who had reported the use of AEDs recorded in the crease with the rate of recruitment of subjects into
Swedish Medical Birth Registry with data on birth the registries and the length of time the registries
defects in the Swedish Registry of Congenital Mal- have been set up. Currently, none of the registries
formations. Major congenital malformations were have achieved the several thousand subjects per
defined using the International Classification of Dis- treatment group that is required to estimate the rela-
eases (9th Edition), although certain malformations tive risk associated with different drugs with high
considered unlikely to be related to AED exposure, precision, in spite of the fact that the oldest of these
such as undescended testicle, were excluded. The has already been including patients for 8 years.
methodology used presents three advantages: firstly, Nonetheless, certain trends are already apparent and
it generates a large sample size, increasing the preci- are comparable between the different registries,
sion of the estimate; secondly, it ensures the most reinforcing the clinical relevance of the findings. A
exhaustive (estimated as 70%) and representative potential source of error in the estimates generated
possible sample of potential cases in Sweden; and from these registries is inclusion bias, for example
finally, it minimises inclusion bias. However, the inclusion of patients following detection of a fetal
study also has certain limitations; for example, data malformation during antenatal monitoring. This
on terminations of pregnancy due to fetal malforma- would result in an overestimation of the malforma-
tions were not available, leading to a possible under- tion rate. To avoid such bias, inclusions should be
estimation of malformation rates. During the study systematic and prospective, but there is little way of
period (1995–2001), 1398 infants had been exposed ensuring that this actually occurs. Reported ‘non-
to AEDs in utero and 121 presented with a congeni- prospective’ inclusion rates have been as high as
tal malformation. Assuming a malformation rate in 50%. The data on malformation rates from these
the Swedish general population of 1%, the OR for registries that have been reported to date are
having a major malformation in the AED-exposed presented in table II.
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Table II. Pregnancy in epilepsy patient registry characteristics and major congenital malformation rates that have been reported in these registries, stratified according to
antiepileptic drug (AED) exposure

Registry details UKEPPR[8] NAREP[33,34] ARADP[35,36] ILPR[37]

Region UK North America Australia Multinational

Inclusion period 1996–2005 1997–2004 1999–2004 1992–2004

Total number of pregnancy 3607 3708 555 414
outcomes

Definition of MCM Eurocat criteria Abnormalities with surgical, BDR criteria CDC criteria. Genetic and
medical or cosmetic chromosomal abnormalities
importance. Genetic and excluded
chromosomal abnormalities
excluded

Control group Untreated epilepsy All hospital births Untreated epilepsy None

Case ascertainment Consultation Consultation By telephone By telephone

Time of inclusion Before known outcome Before known outcome Unspecified First trimester
(in principle)

Outcome status at inclusion Unknown Unknown in 62% of cases Not an inclusion criterion Unknowna

Malformation rates [%] (no. patients assessed)

no AED 3.5 [95% CI 1.8, 6.8] (227) 1.62 2.5 (40) Not evaluated

carbamazepine 2.2 [95% CI 1.4, 3.4] (900) Not reported Not reported Not evaluated

lamotrigine 3.2 [95% CI 2.1, 4.9] (647) Not reported None reported (61) 2.9 [95% CI 1.6, 5.1] (414)

phenobarbital Not reported 6.5 [95% CI 2.4, 13.7] (92) Not assessed Not evaluated

valproic acid 6.2 [95% CI 4.6, 8.2] (715) 10.7 [95% CI 6.3, 16.9] (149) 16.1 (113) Not evaluated

Risk factors Valproic acid dose (>1000 mg/d); Not reported Polytherapy; valproic acid dose Polytherapy with valproic acid
lamotrigine dose (>200 mg/d) (>1100 mg/d)

a Pregnancies with known outcomes at inclusion are excluded from prevalence calculations.

ARADP = Australian Registry for Antiepileptic Drugs in Pregnancy; BDR = Birth Defects Registry; CDC = Centers for Disease Control (USA); ILPR = International Lamotrigine
Patient Registry; MCM = major congenital malformation; NAREP = North American Registry for Epilepsy and Pregnancy; UKEPPR = UK Epilepsy and Pregnancy Patient Registry.
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The first such registry to be established was the valproic acid was clearly related to the dosage re-
UKEPPR in 1996[27] and this had included 4414 ceived. The mean daily dosage of valproic acid
women by 31 March 2005.[8] In principle, non- taken by women who gave birth to babies with
prospective inclusion of women whose outcome malformations was very high; nearly twice as high
was known from antenatal screening is not permit- as the dosages used in pregnancies with normal
ted in this registry. The relatively long lifetime of outcomes (1906 mg/day vs 1005 mg/day).[35] Dos-
this registry has allowed a preliminary estimation of ages >1100 mg/day were associated with a high risk
the risk of major congenital malformations in infants (p < 0.001), whereas dosages below this that were
exposed in utero to the AEDs most widely used in used in monotherapy were not associated with statis-
monotherapy compared with a reference group of tically significant increases in the risk of malforma-
babies born to untreated women with epilep- tion.[36] Valproic acid was the only AED evaluated
sy.[8,38,39] Malformation rates observed following ex- for which such a dose-outcome relationship was
posure to carbamazepine or lamotrigine monother- observed.
apy were close to the rate observed in the unexposed The latest registry to have been established is a
groups (3.5%). On the other hand, after exposure to European collaborative registry, EURAP.[51,52] This
valproic acid, the malformation rate (6.2%) was registry also includes the data from the previously
significantly higher (p < 0.001) than that observed in mentioned Australian registry and India.[53] Al-
the carbamazepine group (table II). A dose-response though >4800 pregnancies have now been included
relationship between lamotrigine dose and malfor- in the EURAP database, no data on malformation
mation rate (p = 0.005), and a non-significant trend rates have been released.
towards such an association for valproic acid dose, A manufacturer-sponsored pregnancy registry,
were observed. the International Lamotrigine Patient Registry

(ILPR), has also been set up specifically to monitorThe North American Registry for Epilepsy and
the risk of major malformations in neonates exposedPregnancy (NAREP)[48,49] was established in 1997
to lamotrigine during the first trimester.[54] This is anand had enrolled 3708 women by July 2004. Estima-
international collaboration that prospectively enrolstions of malformation rates associated with the indi-
pregnant women in 31 countries. The data publishedvidual AEDs are released from this registry only
from this registry[37] have indicated a malformationwhen their 95% confidence limits exclude the postu-
rate in neonates exposed to lamotrigine monother-lated ‘background’ malformation rate of 2%, thus
apy of 2.9%, an identical figure to that observed indemonstrating a statistically significant association.
the UKEPPR. However, in 88 women receivingSo far, estimated malformation rates have been di-
combination therapy with lamotrigine and valproicvulged for phenobarbital[33] and valproic acid.[34]

acid, the malformation rate rose to 12.5% (95% CIFor valproic acid, the major malformation rate was
6.7, 21.7), whereas in 182 instances of lamotrigine10.7%, comprising 16 affected individuals. This
combination therapy involving drugs other than val-corresponded to a relative risk for having an affected
proic acid, the observed rate (2.7%; 95% CI 1.0, 6.6)infant of 7.3 (95% CI 4.4, 12.2; p < 0.001) for
was similar to that observed in women receivingwomen with epilepsy exposed to valproic acid com-
lamotrigine monotherapy.pared with a reference cohort of all maternity de-

partment births. The relative risk in women exposed
3. Valproic Acid and Minorto phenobarbital (five affected individuals) was 4.2
Congenital Malformations(95% CI 1.5, 9.4; p = 0.001).

An Australian registry (ARADP) was established In addition to these major congenital malforma-
in 1999 and had included 565 pregnancies by July tions, less severe malformations, notably facial dys-
2004.[35,50] Of the four AEDs implicated (valproic morphisms, have also been described in association
acid, carbamazepine, phenytoin and lamotrigine), a with AED therapy. As discussed earlier, one of the
malformation rate significantly different from that first AEDs to be associated with a fetal syndrome
observed in untreated patients was only observed for was phenytoin, but it is now recognised that dys-
valproic acid. The increased risk associated with morphic features may occur in children of mothers
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who are taking other AEDs, including carba- 4.1 Retrospective Studies
mazepine[55-57] and valproic acid.[58-63] Facial dys-
morphisms associated with a fetal valproate syn- The first study in which data on valproic acid are
drome include epicanthic folds, a flat nasal bridge, a available is a retrospective study of 40 children
broad nasal base, a short nose with anteverted nos- exposed in utero to phenobarbital, phenytoin or
trils, a shallow philtrum, a long, thin upper lip and a valproic acid monotherapy.[40] The study reported
thick lower lip. In the absence of dedicated large that the children who were exposed to valproic acid
retrospective or prospective studies, the absolute were the most compromised in terms of later neuro-
prevalence of the fetal valproate syndrome is not logical function, which was assessed using a check-
definitely known and the relative risk compared list previously developed for paediatric use by
with other AEDs is poorly established. Nonetheless, Touwen.[70] In most of the affected children, the
data from the US suggest that polytherapy with impairment was considered to be minor neurologi-
multiple AEDs is a risk factor for fetal anticonvul- cal dysfunction. Valproic acid serum concentrations
sant syndrome.[63] This was also reported in a study at birth were correlated with the number of abnor-
of 57 children followed up in Scotland, where trends mal items on the Touwen checklist at 6 years of age.
for more severe malformations and symptoms was The largest series of data on developmental out-
seen with both maternal exposure to dosages of comes in children exposed to valproic acid in utero
valproic acid of ≥1000 mg/day and exposure to has come from a retrospective study of women
multiple AEDs.[42]

followed in the Mersey Regional Epilepsy Clinic in
In all of these fetal anticonvulsant syndromes, Liverpool between 1989 and 1999. Two analyses

facial dysmorphisms may be associated with be- have been published from this database.[43,46] In the
havioural problems and retarded development. In first analysis, questionnaires were sent to 1267 wo-
clinical practice, the presence at birth of facial dys- men in the database aged between 16 and 40 years.
morphisms that are characteristic of fetal valproate Women with other identified neurological disorders
syndrome should incite the physician to follow the or learning difficulties were excluded. The question-
neuropsychological and behavioural development of naire collected data on the seizure history, treat-
the child closely, so that remedial measures can be ments and pregnancies of the women, and the educa-
taken as soon as possible if problems arise. tional status of their children. Information on treat-

ments was validated from hospital records. Data
4. Valproic Acid and were collected for 330 mothers and their 594 chil-
Developmental Delay dren aged between 3 months and 23 years. Of the

400 children attending school, 42 required remedial
help. Risk factors for children with additional edu-It was first suggested over 30 years ago that
cational needs were estimated as ORs comparedexposure to AEDs in utero could be associated with
with unexposed children born to untreated mothersdelayed psychomotor development in the offspring
from the same series. Sufficient cases were availableof women taking such drugs during pregnancy.[64-69]

to estimate the risk associated with exposure toThis was most commonly described in children of
monotherapy with valproic acid (56 children) orwomen with epilepsy treated with phenytoin, al-
carbamazepine (63 children). The OR for the associ-though a causal association between treatment and
ation between exposure to valproic acid and addi-developmental delay could not be unequivocally
tional educational needs was 3.40 (95% CI 1.63,established. Valproic acid was not specifically as-
7.10). No such association was observed for expo-sessed in these early studies. The characteristics of
sure to carbamazepine.more recent studies that have evaluated valproic

acid are listed in table III. It should nevertheless be However, as the authors pointed out, a number of
pointed out that these studies are difficult to com- potential confounding factors that could differ be-
pare because of differences in the form of testing tween treatment groups and also influence scholas-
performed and in the age at which the children were tic achievement, such as differences in the epilepsy
assessed. syndrome, type and severity of seizures, sociodemo-
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Table III. Recent studies evaluating developmental delay (DD) in the children of women with epilepsy who used antiepileptic drugs during pregnancy

Study Country Study period Study type Total no. of Mean valproic acid Incidence of DD (%) Dose dependence Comments
children dosage (mg/d) (high-risk group)

Koch et al., Germany NR Retrospective 40 (PB = 18; NR PB: 11 For VPA serum Variable observed:

1996[40] VPA = 9) VPA: 33 concentrations minor neurological

dysfunction

Wide et al., Sweden 1985–95 Prospective 100 (CBZ = 48; NR Equivalent to general Not evaluated Evaluation performed

2000[41] PHT = 28; population at age 9mo

VPA = 7)

Moore et al., UK NR Retrospective 57 (VPA = 46) NR Overall: 77 Not evaluated Only evaluated

2000[42] subjects with minor

malformations

Adab et al., UK 1975–98 Retrospective 594 (CBZ = 63; NR Unexposed: 11 Not evaluated

2001[43] VPA = 56) CBZ monotherapy: 3

VPA monotherapy: 30

Dean et al., UK 1976–2000 Retrospective 293 NR Unexposed: 10.5 None identified Higher risk with

2002[44] Exposed: 24 polytherapy (n = 51;

PB: 10 38%)

VPA: 28

PHT: 33

Mawer et al., UK 1990–99 Prospective 45 (CBZ = 18; 1236 CBZ: 27.8 VPA (≥1000 mg/d)

2002[45] VPA = 23) VPA: 34.8 CBZ: none

Adab et al., UK NR Retrospective 249 (CBZ = 52; NR CBZ: no effect VPA Low maternal IQ and

2004[46] PHT = 21; PHT: no effect (>800 mg/d) generalised tonic

VPA = 41) VPA: VIQ CBZ: none clonic seizures during

pregnancy are risk

factors

Gaily et al., Finland 1989–94 Retrospective 182 (CBZ = 109; 1200 VPA: VIQ VPA (p = 0.04)

2004[47] VPA = 30)

CBZ = carbamazepine; MT = monotherapy; NR = not reported; PB = phenobarbital; PHT = phenytoin; VIQ = verbal IQ; VPA = valproic acid.
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graphic status, mother tongue, parental IQ or mater-
nal education, were not taken into account.[43] This
limitation was partially addressed in a subsequent
analysis of this database,[46] in which more detailed
information on both the mothers and the children
was obtained by semi-structured interviews. Assess-
ments of IQ and neuropsychological functioning
were also performed in the children. Data were
available for 249 children of school age, of whom 41
had been exposed to valproic acid. Verbal IQ was
significantly lower in children exposed to valproic
acid than in those exposed to carbamazepine or
phenytoin and unexposed children, and the OR for
having a verbal IQ of ≤69 in valproic acid-exposed
children compared with untreated children was 3.5
(95% CI 1.1, 10.6).[46] Determinants of verbal IQ
were assessed by multivariate regression analysis,
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Fig. 4. Verbal IQ of children exposed to valproic acid (sodium
valproate) in utero as a function of valproic acid dose during preg-
nancy.[46]

which identified low maternal IQ, multiple tonic-
clonic seizures during pregnancy and exposure to Another population-based study evaluated out-
valproic acid as being independent determinants of comes in 293 children of 149 women treated for
IQ. There was some suggestion that the association epilepsy who had given birth in the Aberdeen Ma-
of low IQ with valproic acid exposure might be ternity Hospital in Scotland between 1976 and
dose-related (figure 4), with the verbal IQ of chil- 2000.[44] Developmental delays were observed in
dren exposed to doses of valproic acid of ≤800 mg/ 24% of exposed children compared with 10.5% of
day being similar to that of unexposed children. unexposed children. For individual AEDs, the pro-
Nonetheless, this second analysis does not resolve portion of children with developmental delay varied
all of the potential ambiguities associated with the from 10% for phenobarbital to 33% for phenytoin
retrospective methodology used, notably the low (28% for valproic acid). The use of polytherapy was
response rate (40%) and the potential inclusion and associated with an even higher risk of developmen-
recall biases. The true impact of valproic acid and tal delay (38%). Developmental impairment of the
other AEDs on development will only be able to be children was also associated with a family history of
ascertained unequivocally from large, carefully developmental delay, which suggests that an inter-
planned and implemented prospective studies.[71]

action between AED exposure and other susceptibil-
ity factors may be important.Verbal IQ was also assessed in a study performed

in Finland[47] that evaluated 189 children born to
mothers with epilepsy in Helsinki between 1989 and 4.2 Prospective Studies
1994 and 121 age-matched controls born in the same
hospital. The number of mothers treated with val- A prospective study performed in Sweden fol-
proic acid during pregnancy was low: 13 monother- lowed 100 children born to mothers who received
apy and 17 polytherapy recipients. The majority of AEDs during pregnancy; however, only seven cases
the index cases had been exposed to carbamazepine. concerned exposure to valproic acid.[41] This study
A reduced mean verbal IQ was reported for children evaluated psychomotor development at 9 months of
exposed in utero to valproic acid compared with age using the Griffiths test and found no difference
those exposed to carbamazepine or to matched con- in scores between the study cohort and matched
trols. Again, a negative association was observed unexposed controls, even for the subgroup of 21
between valproic acid dosage and verbal IQ; the children exposed in utero to phenytoin. The study
higher the dosage, the lower the verbal IQ (p = also evaluated the emergence of minor congenital
0.04). abnormalities and observed an increased risk associ-
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ated with carbamazepine treatment, but no increased deen described previously.[44] However, the inter-
risk associated with the other drugs studied (OR pretation of these reports is confounded by the lack
11.0; 95% CI 1.42, 85.2; n = 39). A contemporary, of consistent diagnostic criteria for the definition of
but retrospective study[42] evaluated intellectual per- autism. A more quantitative and reliable estimate of
formance in 57 children with a fetal anticonvulsant this risk has come from a subsequent prospective
syndrome characterised by facial dysmorphism and study reported by the Aberdeen group, who evalu-
other minor malformations, of whom the majority ated 626 children exposed in utero to AEDs.[74]

(80%) had been exposed to valproic acid; 34 to Valproic acid was the drug most commonly associ-
monotherapy and 12 to polytherapy. Exposure to ated with autistic disorder and corresponded to 45%
carbamazepine and phenytoin was reported in 19% of the identified cases of autism. Five of 56 (8.9%)
and 16% of the subjects, respectively, either as of the study children exposed to valproic acid
monotherapy or as polytherapy. Exposure to AEDs monotherapy fulfilled Diagnostic and Statistical
other than valproic acid, carbamazepine or pheny- Manual of Mental Disorders-IV diagnostic criteria
toin was only reported when they were used in for autistic disorder or Asperger syndrome.
association with one of these three AEDs. A devel-

4.4 Systematic Reviews and Perspectivesopmental delay or learning difficulties were ob-
served in 77% of the study group. Information on

A recent review of all published data on theexposure to individual AEDs in these subjects was
developmental outcomes of the children of mothersnot reported.
exposed to AEDs during pregnancy performed for

The only long-term prospective study of develop- the Cochrane database[75] concluded that there were
mental outcomes corresponds to a cohort of 45 insufficient data available to advise women about
children born to mothers with epilepsy who were the risks of individual AEDs with respect to their
followed at the Manchester Royal Infirmary be- children’s development and cognition and that,
tween 1990 and 1999.[45] A developmental delay based on the available evidence, it would be advisa-
was observed in 8 of 23 children exposed to valproic ble for women to continue optimised AED medica-
acid monotherapy in utero. There was a suggestion tion during pregnancy in order to achieve adequate
of a positive association between developmental seizure control. Nonetheless, the available evidence
outcome and valproic acid dosage, as the higher the clearly points to an increased risk of developmental
valproic acid dose the poorer the developmental delay in the children of women with epilepsy who
outcome, although this was not of statistical signifi- use valproic acid during pregnancy. The severity of
cance (p = 0.06). At dosages of 1000 mg/day, im- this syndrome can range from a mild reduction in
pairment was absent or mild, whereas it was moder- age-matched IQ to full autism. However, quantifica-
ate or severe in approximately half of the children tion of this risk, and notably assessment of the
exposed to higher doses. Interestingly, the subse- impact of potential treatment-unrelated confounding
quent pregnancies of three women treated with a factors, requires more rigorous evaluation in a dedi-
high dose of valproic acid who had given birth to cated prospective study.
children with severe developmental delay resulted
in healthy children following a reduction in dosage 5. Managing Pregnancies in Patients
(two cases) or the withdrawal (one case) of valproic Treated with Valproic Acid
acid.  A  developmental impact was  also observed
in 5 of 15 children exposed to carbamazepine

5.1 Initiation of Valproic Acid Treatment inmonotherapy, although, in this case, no relationship
Women of Childbearing Potentialwith the dosage was observed.

When AED treatment is first initiated in women4.3 Autism
of childbearing age, the potential impact on repro-

Autistic symptoms have been described in case ductive health in general, and the risk of fetal harm
histories of children exposed in utero to valproic in particular, should be considered in the choice of
acid,[61,72,73] as well is in the case series from Aber- treatment. In many cases, an equally effective alter-
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native to valproic acid may be available and should should ideally be planned, they are often unplanned
be considered as a first-line treatment. In other and, for this reason, a treatment regimen with the
cases, for example in juvenile myoclonic epilepsy, lowest risk to any future pregnancy should be cho-
such alternatives may not exist. If initiation of val- sen wherever possible from the moment that valpro-
proic acid treatment is considered appropriate in ic acid is initiated.
women with epilepsy, the future reproductive poten-
tial of the patient needs to be taken into account, 5.2 Planning a Pregnancy
regardless of the age of the patient.[76] For all women
of reproductive age, it is important to consider the Optimal management should address concerns
treatment regimen, appropriate contraception and about safety but not lose sight of the primary treat-
pregnancy planning. The issues related to valproic ment objective, which is the prevention of seizures.
acid treatment in pregnancy need to be presented to Management should aim to increase overall quality
the patient in an objective way that is adapted to the of life, which is determined both by seizure frequen-
educational level of the patient. At the same time, cy and treatment-related adverse effects.[80] It is
the patient needs to be reassured that, if appropriate important to carefully consider the relative risk of
precautionary measures are taken, the chances of harm to the mother or fetus, which is attributable, on
having a trouble-free pregnancy and a healthy baby the one hand, to the AED and, on the other hand, to
are very high. A trusting relationship between pa- the potential loss of seizure control.
tient and physician, in which appropriate counsel- Familial and personal antecedents should be tak-
ling can be offered, needs to established and sus- en into consideration. If the mother has already
tained throughout the treatment duration. Appropri- given birth to one affected child with valproic acid-
ate information should be provided to enable the related embryopathy, a change in drug treatment
patient to plan pregnancies and optimise their out- from valproic acid to another AED should be under-
comes. Regular counselling sessions should be pro- taken whenever possible. There is some evidence
posed so that the advice provided can be adapted to that there may be a genetic susceptibility to valproic
the current clinical, emotional and social context of acid-induced fetal abnormalities. For example, an
the patient. increased rate of fetal valproate syndrome has been

If the decision is made that valproic acid should associated with mutations in the methyltetrahydro-
be continued, despite the risks, patients should, folate reductase gene.[81] This should be explored
wherever possible, be treated with the lowest dosage more thoroughly in future studies, in order to pro-
valproic acid monotherapy that can adequately con- vide specific recommendations for genetic testing.
trol seizures, and preferably with a dosage <1000 When a pregnancy is planned, treatment should
mg/day.[77] Preclinical data have shown that high be reassessed and the risks and benefits of alterna-
plasma concentrations of valproic acid are potential- tive AED regimens evaluated carefully. In all cases,
ly associated with an increased teratogenic risk,[78] the most appropriate drug for providing optimal
although this has not been investigated in humans. seizure control for the given seizure type and epilep-
High peak plasma concentrations may be avoided by sy syndrome should be considered first. If the deci-
use of a sustained-release formulation[79] and this sion is made that valproic acid should be continued,
may be a suitable precautionary measure to reduce despite the risks, patients should be treated, wherev-
the risk of adverse outcomes in women with epilep- er possible, with the lowest dosage valproic acid
sy. However, it should be pointed out that there are monotherapy that will adequately control seizures
no data available that compare pregnancy outcomes and, wherever possible, with a dose <1000 mg/
in women using sustained-release formulations with day.[77] Whatever the treatment, the importance of
those in women using immediate-release formula- compliance with therapy throughout pregnancy
tions. needs to be clearly communicated to the patient.

It should be borne in mind when considering the It is important to convince patients to plan their
initiation of valproic acid treatment in women of pregnancies. Once the decision to attempt to become
reproductive age that even though pregnancies pregnant has been made, the physician needs to
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discuss with the patient all relevant management rationale for the use of folic acid supplementation in
issues that arise, including the advisability of contin- pregnant women using this drug.[97,98]

uing valproic acid treatment, and to implement any However, a case report of a child born with spina
changes to treatment that may be necessary. bifida to a mother taking valproic acid 2000 mg/day

If women are not already treated with the lowest despite adequate folic acid supplementation[99] cau-
risk regimen possible, i.e. monotherapy at the lowest tions against considering that folic acid supplemen-
possible dosage required to achieve satisfactory tation provides complete protection against neural
seizure control, a switch to monotherapy should tube defects. In addition, in all 16 instances de-
always be considered. If it is decided that the patient scribed in the NAREP where babies with congenital
should continue valproic acid, dosages >1000 mg/ malformations were born to mothers taking valproic
day should be avoided. As a precautionary measure, acid, the mothers were also receiving folic acid
splitting of the dosage into multiple doses per day supplementation.[34]

may be useful, and the use of sustained release Recent consensus guidelines recommend folic
formulations should be considered, although there is acid supplementation for all women with epilepsy,
no hard evidence for the benefit of such practices. A regardless of whether they are being treated with
switch from valproic acid to another AED with a valproic acid or not.[82,100,101] It is important to initi-
lower teratogenic risk could be envisaged, although ate folic acid supplementation before conception in
there is little consensus or evidence from studies to order to achieve effective serum concentrations
guide such decisions. It is important to initiate these before the neural tube closes (22–28 days of devel-
changes well before conception, ideally 6–12 opment) and to maintain these up until the 12th
months before, in order to verify that seizure control week after conception. There is some evidence that
is satisfactory before conception.[82] Changes in valproic acid inhibits folic acid absorption, although
treatment after conception should be avoided as it not all studies have shown this. For this reason, as a
will be too late to significantly reduce any risk of precautionary measure, higher dosages of folic acid
congenital malformations and there will be a risk of (2.5–5 mg/day) should be given than those recom-
loss of seizure control. mended for the general population.[89,102] However,

it should be emphasised that there is currently no
evidence that such folic acid supplementation exerts5.3 Folic Acid Supplementation
any protective effect against valproic acid-associat-
ed congenital malformations in the children of wo-The risk of neural tube defects may be reduced by
men with epilepsy.folic acid supplementation. Although this has been

demonstrated in the general population,[83] no spe- 5.4 Monitoring During Pregnancy
cific studies have been performed in women with
epilepsy who are being treated with either valproic Careful monitoring of women during pregnancy
acid in particular, or AEDs in general. However, is essential to minimise all risk to the mother and the
some,[84-87] but not all,[88] animal studies have fetus. Maintenance of seizure control is extremely
demonstrated that folic acid supplementation can important. The mother should be closely monitored
prevent the failure of neural tube closing that is for an increase in seizure frequency, an occurrence
associated with valproic acid administration in mice. that is observed during pregnancy in a considerable
There is inconsistent evidence that valproic acid proportion (17–37%) of women with epilep-
modifies plasma folate levels in humans,[89] with sy.[100,103] This may be because of alterations in
some studies showing a reduction of folic acid ab- seizure threshold due to endocrine changes, a fall in
sorption or plasma levels[90-92] and others failing to AED exposure, decreased absorption of AEDs from
demonstrate such an effect.[93-96] Nonetheless, the the gastrointestinal tract or reduced compliance with
ability of valproic acid and other AEDs to inhibit the treatment. It is important for the physician to em-
absorption of folic acid and reduce endogenous folic phasise the need for treatment compliance in order
acid levels provides not only a feasible explanation to maintain good seizure control. If nausea and
for the occurrence of neural tube defects but also a vomiting are problematic, the use of a microsphere
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formulation of valproic acid may allow more flexi- actions with valproic acid is relatively low, so there
ble administration with respect to diet. In the case of are no contraindications to the use of peridural
emergence of seizures or an increase in seizure rate, anaesthetics.
it may be necessary to adapt treatment, either by Although there is some data to suggest an in-
increasing the dose or introducing another treat- creased risk of pre-eclampsia in pregnant women
ment. However, wherever possible, modifications to with epilepsy,[109,110] no specific risk has been de-
the treatment regimen during pregnancy should be scribed in women treated with valproic acid. How-
avoided. If treatment is adjusted, this needs to be ever, as in all pregnancies, blood pressure should be
normalised promptly post partum. monitored closely.

It has been recommended that both free and total Valproic acid does not induce the CYP enzymes
plasma levels of valproic acid should be monitored responsible for metabolising vitamin K, so this drug
throughout pregnancy. Baseline plasma levels need would not be expected to decrease plasma vitamin K
to be established before conception and then mea- levels. Although there is a theoretical risk of in-
surements should repeated if clinically justified. Al- creased bleeding during delivery because of
though this drug is extensively protein bound, and thrombocytopenia,[111] this has never been reported
plasma protein binding is known to decrease in in women with epilepsy. Moreover, no bleeding
pregnancy, a fall in plasma free drug concentrations complications have been reported in subjects treated
during pregnancy has not been observed for valproic with valproic acid when undergoing epilepsy sur-
acid, in contrast to most of the other first-line treat- gery.[112] Supplementation with vitamin K (10mg
ments for epilepsy.[77,104,105] oral daily dosage) during the last trimester of preg-

Given the risk of congenital malformations with nancy is recommended for all pregnant women with
valproic acid, rigorous antenatal monitoring of the epilepsy,[82] but there is no evidence that this is
fetus is necessary.[106,107] High-resolution ultraso- useful in patients receiving valproic acid, unlike
nography performed between weeks 11 and 13 can what may be observed in certain patients receiving
detect neural tube defects and scans performed up to enzyme-inducing AEDs.[113] In addition, coagula-
the 20th week may detect other problems such as tion status should be checked in the mother before
cardiac or facial malformations.[100] Ultrasonogra- delivery, and the fibrinogen level, platelet count and
phy will detect major malformations with high sen- coagulation time should be determined in a sample
sitivity and specificity, including >90% of neural of umbilical blood after birth.
tube defects, as well as a high proportion of cardiac Concerning lactation, the levels of valproic acid
malformations, skeletal defects and orofacial excreted into breast milk are relatively low (≤10%)
clefts.[108] Measurement of serum α-fetoprotein at compared with many other AEDs.[114] For this rea-
week 15 is also useful for detecting defective neural son, breastfeeding can be considered for mothers
tube closing, although abnormal levels are only in- treated with valproic acid monotherapy, since the
formative in cases where cutaneous closing has exposure of the neonate will be minimal and unlike-
failed.[102] Amniocentesis, which carries a risk of ly to be problematic. Any drug absorbed into the
inducing spontaneous abortion, is not recommended breast milk in fact ensures that the baby is slowly
unless there is another specific reason for perform- withdrawn from valproic acid exposure.
ing this.

7. Conclusions6. Perinatal Considerations

There are no specific issues associated with val- Although valproic acid is usually recognised as
proic acid concerning labour, delivery, birth and the an effective first-line treatment for many seizure
immediate post-natal period. Plasma levels of val- types and epilepsy syndromes, risks have been iden-
proic acid do not fall significantly during pregnan- tified when this drug is used during pregnancy,
cy,[105] so there is usually no need to adjust the dose notably with respect to congenital malformations
following birth unless there is some specific clinical and post-natal developmental delay. It has been
justification. Moreover, the potential for drug inter- difficult to quantify this risk but, for congenital
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