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ABSTRACT

Valproate and formulations thereof are approved

for the management of seizure disorders, bipolar
disorder, and migraine. Valproate is also used for
many off-label indications. Unfortunately, data

from observational studies indicate that valproate

is perhaps the most teratogenic drug in the
neuropsychiatric pharmacopeia. It is significantly
more teratogenic than many other antiepileptic
drugs (AEDs). In observational studies, gestational
exposure to valproate is also associated with higher
risks of cognitive, language, and psychomotor delay
during early childhood and possibly with an increased
risk of autism, as well. Although untreated epilepsy

is itself associated with many adverse gestational
and neonatal outcomes, confounding by indication
is an unlikely explanation for the adverse outcomes
observed with valproate. This is because of the range
of the adverse outcomes, the magnitude of the

risks, the dose-dependent nature of the risks, the
consistency of findings across studies, the specificity
of outcomes for valproate exposure, and the greater
risks with valproate relative to other AEDs. Despite the
existence of a large body of literature that documents
these risks, valproate continues to be prescribed to

a substantial proportion of women of childbearing
potential. As a result, many regulatory bodies across
the world have discouraged and even banned the
use of valproate during pregnancy and in women

of childbearing potential unless no satisfactory
alternatives exist or unless a pregnancy prevention
program is implemented.
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In most parts of the world, sodium valproate, valproic acid, and
various formulations thereof are approved drugs for the treatment
and/or prevention of seizure disorders, manic and mixed mood states,
and migraine. Valproate is also used off-label and with inadequate
evidence-based support to treat a variety of other conditions, including
behavioral and psychological symptoms of dementia, aggression as a
symptom, tardive dyskinesia, alcohol dependence, neuropathic pain,
and cyclic vomiting.

Unfortunately, valproate is arguably one of the most teratogenic
drugs in neuropsychiatry. Gestational exposure to valproate is also
associated with a high risk of adverse childhood neuropsychological
and neurodevelopmental outcomes.! = This article is not an exhaustive
review of the consequences of valproate exposure in pregnancy; rather,
it summarizes recently published data that illustrate the risks, as well
as recent regulatory responses associated with the recognition of the
risks.

Morphological Teratogenicity Associated With
Gestational Exposure to Valproate

The teratogenicity of valproate has been recognized for decades.* In
a systematic review and meta-analysis of observational data on major
congenital malformations in the offspring of mothers who received
monotherapy with antiepileptic drugs (AEDs) to treat epilepsy
during pregnancy, Weston et al' showed that, in children with in
utero exposure to valproate (N =467), relative to children born to
women without epilepsy (N =1,936), there was a quintupled risk of
congenital malformations (relative risk [RR]=5.69; 95% confidence
interval [CI], 3.33-9.73). This risk was higher than the risks associated
with carbamazepine (RR=2.01), phenobarbital (RR=2.84), phenytoin
(RR=2.38), and topiramate (RR=3.69).

Weston et al! also found that, in children with in utero exposure
to valproate (N =1,923), relative to children born to women with
untreated epilepsy (N =1,259), there was a more than trebled risk of
malformation (RR=3.13;95% CI, 2.16-4.54). This risk was higher than
the risks associated with carbamazepine (RR=1.50) and phenytoin
(RR=2.40).

Finally, in direct comparisons, these authors' found that valproate
was associated with a significantly higher malformation risk than 9
other AEDs; that is, carbamazepine (RR =2.44), gabapentin (RR=6.21),
levetiracetam (RR=5.82), lamotrigine (RR=3.56), topiramate (2.35),
oxcarbazepine (RR=3.71), phenobarbitone (RR=1.59), phenytoin
(RR=2.00), and zonisamide (RR=17.13).

In this study,! relative to other AEDs, valproate was also associated
with a significantly higher risk of neural tube, cardiac, orofacial/
craniofacial, and skeletal and limb malformations. Finally, the risk
of major malformations with valproate was dose-dependent. The
absolute risk of major malformations with valproate was 10.93% (95%
CL 8.91-13.13).
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Postnatal Developmental Risks Associated With
Gestational Exposure to Valproate

Gestational exposure to valproate has effects that may
only become evident during early childhood. In this context,
in a systematic review and Bayesian network meta-analysis
of 29 cohort studies with 5,100 children, Veroniki et al®
found that valproate was the only AED to be significantly
associated with both cognitive delay (odds ratio [OR] =7.40;
97% credible interval [Crl], 3.00-18.46) and language
delay (OR=7.95; 95% Crl, 1.50-49.13). Valproate was also
associated with psychomotor delay (OR=4.16; 95% CrI,
2.04-8.75) and autism/dyspraxia (OR=17.29; 95% Cr, 2.40-
217.60). AED polytherapies that included valproate were also
associated with increase in certain developmental risks. No
significant associations were found between AEDs and social
impairment or attention-deficit/hyperactivity disorder.

Women who use valproate during pregnancy probably
continue to use valproate during breastfeeding. However,
neonatal exposure to valproate during breastfeeding is
probably very small and of little clinical importance.®’
Therefore, the neurodevelopmental effects associated with
valproate are probably more relevant to gestational exposure
than to exposure during breastfeeding.

Perinatal Outcomes in Women With Epilepsy

To what extent might the adverse outcomes associated
with gestational exposure to valproate be a result of
confounding by indication? To answer this question, it is
first necessary to determine the extent to which epilepsy is
associated with adverse gestational outcomes. This matter
was studied by Razaz et al.3

These authors® described a large population-based cohort
study of singleton offspring born during 1997-2011 after
at least 22 weeks of gestation. The data were drawn from
various registries in Sweden. The sample included 1,424,279
pregnancies; data on AED exposure were available only
for the subset of offspring born between July 1, 2005, and
December 31, 2011.

Analyses were conducted on 869,947 women without
epilepsy vs 3,585 women with epilepsy and on 1,015 women
with epilepsy who were not receiving AEDs vs 926 women
with epilepsy who were receiving AEDs. There were 5,373
births to the women with epilepsy; the mean age at first
delivery in these women was 30.5 years. Poisson log-linear
regression analyses were adjusted for potential confounds,
including maternal age, education, height, early pregnancy
body mass index, smoking, cohabitation with a partner,
country of origin, year of delivery, pregestational diabetes,
hypertension, and psychiatric disorders.

Important findings from the study® are presented in Table
1. In summary, women with epilepsy were at an increased
risk of a large number of pregnancy complications, including
those related to adverse delivery outcomes and those related
to adverse neonatal outcomes. In contrast, antiepileptic drug
use did not appear to significantly raise most of the risks; the
implication is that the underlying disorder, epilepsy, rather
than treatment thereof with AEDs, was responsible for the

Table 1. Perinatal Outcomes Associated With Epilepsy?

1. Relative to women without epilepsy, women with epilepsy were at
increased risk of a large number of adverse pregnancy and delivery
outcomes. These were

. Preeclampsia (RR=1.24; 95% Cl, 1.07-1.43)

b. Infection (RR=1.85; 95% Cl, 1.43-2.29)

¢. Placental abruption (RR=1.68;95% Cl, 1.18-2.38)

d. Induction of labor (RR=1.31; 95% Cl, 1.21-1.40)

e. Elective cesarean section (RR=1.58;95% Cl, 1.45-1.71)

Emergency cesarean section (RR=1.09; 95% Cl, 1.00-1.20)

2. Relative to infants of women without epilepsy, infants of women with
epilepsy were at increased risk of a large number of adverse gestational
outcomes. These were

. Stillbirth (RR=1.55; 95% Cl, 1.05-2.30)

. Medically indicated preterm birth (RR=1.24; 95% Cl, 1.08-1.43)

. Spontaneous preterm birth (RR=1.34; 95% Cl, 1.20-1.53)

. Small for gestational age at birth (RR=1.25; 95% Cl, 1.13-1.30)

. Neonatal infections (RR=1.42; 95% Cl, 1.17-1.73)

Any congenital malformation (RR=1.48; 95% Cl, 1.35-1.62)
. Major congenital malformation (RR=1.61; 95% Cl, 1.43-1.81)
. Neonatal asphyxia-related complication (RR=1.75; 95% Cl,
1.26-2.42)
i. Apgar score 4-6 at 5 min (RR=1.34; 95% Cl, 1.03-1.76)
j. Apgar score 0-3 at 5 min (RR=2.42; 95% Cl, 1.62-3.61)
k. Neonatal hypoglycemia (RR=1.53; 95% Cl, 1.34-1.75)
. Respiratory distress syndrome (RR=1.48; 95% Cl, 1.30-1.68)

3. In women with epilepsy, after adjustment for confounding variables,
the use of antiepileptic drugs during pregnancy remained significantly
associated with only an increased risk of induction of labor (RR=1.30;
95% Cl, 1.10-1.55).

3Data from Razaz et al.?

Abbreviations: Cl=confidence interval, RR=relative risk.
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adverse outcomes recorded. These results must be viewed
with some caution:

1. On the one hand, it is possible that the reassuring
findings regarding AED exposures were because the
AED analyses were underpowered. On the other
hand, one would expect that women who continued
AED medication during pregnancy would have had
more severe epilepsy and would hence be found to
be at greater risk of adverse outcomes. Either way,
the finding that AED use was not associated with
heightened risks is reassuring.

2. Because this was not a randomized controlled trial,
the findings are indicative but not confirmatory of
the risks associated with untreated epilepsy during
pregnancy and of the general safety of AEDs in
pregnancy.

3. The results were pooled across AEDs, and so risks
associated with specific AEDs would have been
difficult to estimate. However, it is important to note
that, in this study, valproate exposure was associated
with a 10.6% rate of major congenital malformations.

Confounding by Indication

Valproate has broad spectrum antiepileptic action and
so may be used in more severely ill, difficult-to-diagnose,
or otherwise problematic patients who are at greater risk of
adverse gestational outcomes because of the nature of the
seizure disorder for which the drug is prescribed. Women
who have epilepsy for which valproate is more likely to be
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prescribed may-have lower 1Q, may be less likely to use
folic acid before and during pregnancy, and may have other
risk factors for adverse gestational and child development
outcomes. In theory, these sources of confounding by
indication are indeed possible. Or, it is possible that valproate
is causal for only some and not all adverse gestational and
neurodevelopmental outcomes.

How is the situation with valproate different from, for
example, SSRI exposure during pregnancy and the risk of
autism spectrum disorders, where it has been suggested
that confounding rather than drug is responsible for the
adverse outcomes®!'? For one, the range and magnitude of
the findings with valproate are large; for another, the risk is
dose-dependent; next, and importantly, the findings have
been repeatedly replicated with almost no disagreement
across studies; additionally, the adverse findings among
AEDs are relatively specific to valproate; and finally, the
risks with valproate are significantly greater than those with
other AEDs.

Valproate Use in Women

Is the growing concern about the use of valproate in
women of childbearing potential evident from prescribing
behavior? In a study of 40,526 individuals with active
prescriptions for non-antipsychotic mood stabilizers,
extracted from New York State Medicaid data, Wisner et
al'? found that valproate was the most commonly prescribed
drug among young women (23.4%). Citing US data for 2012,
the US Food and Drug Administration'® observed that as
many as (approximately) 22% of prescriptions for valproic
acid and derivative products were for women of reproductive
potential (age 13-45 years). In Finland, the use of valproate
among women aged 15-44 years decreased only marginally,
from 50 per 10,000 to 40 per 10,000 between 2012 and 2016."

Paton et al'® described an audit of 648 clinical teams from
55 mental health trusts in the United Kingdom. The audit
sample comprised 6,705 patients with bipolar disorder, 3,854
of whom were aged 50 years and below. The time period that
the audit covered was not specified by the authors. Important
findings from the audit are presented in Table 2. In summary;,
a quarter of potentially fertile women with bipolar disorder
were prescribed valproate; in only half of these women was
there documentation about the provision of education about
valproate-related risks and the need for contraception during
valproate therapy. The authors noted that the lower dosing
of valproate in women, relative to men, may not have been
related to concerns about dose-dependent gestational risks;
rather, the lower dosing may have been related to the less
challenging target of treatment in women. Clearly, audits
need to be conducted in other parts of the world, as well,
to determine the magnitude of exposure of bipolar women
to valproate.

Recent Regulatory Responses

The risks associated with gestational exposure to valproate
have resulted in largely similar regulatory responses in many
parts of the world. These responses reflect the concern
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Table 2. Valproate Use in Women: Findings From a UK Audit?

1. Valproate had been prescribed to 24% of 2,364 women and to 43% of
1,490 men aged 50 years and below; the mean dose was a little lower in
women relative to men (1,196 vs 1,391 mg/d, respectively).

2.In women, valproate had most commonly been used to treat hypomania
and to prevent relapse. In men, valproate had most commonly been
used to treat mania and aggression.

3. There was documentation about valproate-related teratogenic and
neurodevelopmental risks, and the need for contraception, for only
about half of women (n=74) who had been prescribed valproate during
the previous 6 months.

aData from Paton et al.'®

that the state is responsible for the rights of the unborn
child, potentially overriding choices that women and their
physicians may make. For example, on July 6, 2017, the
French National Agency for the Safety of Medicines and
Health Products banned the use of valproate by girls and
women who are diagnosed with bipolar disorder and who
are either pregnant or of childbearing age and are not using
an efficient form of contraception. The ban does not apply to
the use of valproate for epilepsy.'® Guidance, but not a ban,
already exists to discourage the use of valproate in girls and
women who are of reproductive age and who are diagnosed
with epilepsy, unless the use of the drug is unavoidable.'®

Restrictions have been placed on the use of valproate by
women in the United Kingdom, as well.!” The Medicines
and Healthcare Products Regulatory Agency in the United
Kingdom has prohibited the use of valproate in all women of
childbearing potential who are not enrolled in a pregnancy
prevention program. Girls and women who are already taking
valproate are required to have their treatment reviewed.
This prohibition will be further supported by smaller
valproate pack sizes that encourage monthly prescribing, by
a pictogram or warning image on the medication labeling,
and by medical professional computer alerts. The National
Institute for Health and Care Excellence guidelines are also
amended to reflect the regulatory change.”

On March 23, 2018, the European Medicines Agency'®
announced that the Coordination group for Mutual
recognition and Decentralized procedures—human
(CMDh), European Medicines Agency, had endorsed
the recommendations of the Pharmacovigilance Risk
Assessment Committee regarding the use of valproate
by pregnant women and women of childbearing age. The
recommendations ban the use of valproate for migraine or
bipolar disorder during pregnancy, as well as ban the use
of valproate to treat epilepsy during pregnancy unless no
other effective treatment is available. The recommendations
also prohibit the use of valproate in females of childbearing
potential unless the conditions of a pregnancy prevention
program are met. The recommendations are being sent to
the European Commission for the final, legally binding
decision that will be applied across the European Union.

Earlier, the US FDA"? issued a drug safety communication
that contraindicated the use of valproate for the prevention
of migraine in pregnant women. The safety communication
added that valproate should be used in pregnant women with
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epilepsy or bipolar disorder only if other treatments did
not provide adequate symptom control or were otherwise
unacceptable and that valproate should not be administered
to a woman of childbearing age unless the medication is
essential for the management of her medical condition.
The safety communication also noted that women who are
planning a pregnancy should be counseled regarding the
risks and benefits of valproate use during pregnancy and
that alternative therapeutic options should be considered for
such women. Other regulatory responses were summarized
by Angus-Leppan and Liu."

The concerns about valproate have not been adequately
addressed in recent treatment guidelines. For example,
the Canadian Network for Mood and Anxiety Treatments
guidelines®® include divalproex among the first-line
treatments for a manic episode and for the maintenance
treatment of bipolar I disorder; the guidelines merely
state in table footnotes that divalproex and carbamazepine
should be used with caution in women of childbearing
age. However, in a section on pregnancy as a special
situation, the guidelines discourage the use of divalproex
during pregnancy. The guidelines cite Health Canada
recommendations that valproate should not be used in
female children and adolescents or in women of childbearing

potential” unless alternate treatments are inetféctive or
not tolerated and that women of childbearing potential
should use effective contraception during treatment and be
educated about the risks associated with gestational exposure
to valproate. Finally, Health Canada recommends that, in
valproate-treated women planning to become pregnant,
effort should be made to switch to other treatments before
conception.?

Conclusions

Gestational exposure to valproate is associated with high
teratogenic and neurodevelopmental risks. This indictment
is based on observational data obtained from cohort, case-
control, and registry studies, most of which were conducted
in patients with epilepsy. Observational data can never
confirm causality. Nevertheless, the association between
gestational exposure to valproate and adverse outcomes is
so strong as to make it prudent to advise against the use of
valproate in women of childbearing age, and especially during
pregnancy, unless the need is substantial and compelling. In
all cases, women should be fully educated about the risks,
and decision-making should be shared between client and
physician. In all cases, local clinical and regulatory guidance
should be followed.

Published online: May 29, 2018.
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