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Major malformations with valproic acid
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ABSTRACT

QUESTION Increasing numbers of pregnant patients are treated with valproic acid, not just for epilepsy, 
but also for psychiatric conditions. Are there teratogenic risks other than the risk of spina bifi da?

ANSWER It has now become evident that valproic acid might cause more than just neural tube defects 
(NTDs). In a systematic review of all cohort studies intended to answer this question, higher rates of 
major malformations (and not just NTDs) were found in most studies. The calculated relative risk was 
2.59 when compared with other antiepileptic drugs and was 3.77 when compared with risk in the 
general population. There is compelling evidence that the risk is dose dependent. The risks appear to 
begin increasing at doses of 600 mg/d and to become more prominent at doses above 1000 mg/d.

RÉSUMÉ

QUESTION Un nombre grandissant de patientes enceintes suivent un traitement à l’acide valproïque, 
non seulement pour l’épilepsie, mais aussi pour des problèmes psychiatriques. Y a-t-il des risques 
tératogènes autres que celui du spina bifi da?

RÉPONSE Il est maintenant devenu évident que l’acide valproïque peut causer plus que des défauts du 
tube médullaire. Dans une synthèse critique de toutes les études de cohortes conçues pour répondre à 
cette question, des taux plus élevés de malformations majeures (ne se limitant pas au tube médullaire) 
ont été observés dans la plupart des études. Le risque relatif calculé se situait à 2,59 en comparaison 
de celui observé avec d’autres médicaments contre l’épilepsie et à 3,77 par rapport au risque dans 
la population en général. Des données scientifi ques convaincantes indiquent que le risque dépend 
de la dose. Le risque semble commencer à augmenter avec des doses de 600 mg/j et à devenir plus 
prépondérant à des doses de plus de 1 000 mg/j.
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Soon after valproic acid was introduced to clinical use 
for epilepsy, cases emerged suggesting an increased 

risk of neural tube defects (NTDs), particularly of spina 
bifi da, among offspring exposed to the drug in early ges-
tation.1,2 The experimental animal work by Nau and col-
leagues was very important in establishing that valproic 
acid caused development of NTDs.3 The overall risk for 
NTDs has been estimated at 2%. While this looks like a 
low rate, it virtually doubles the overall risk for major 
malformations in the general population from its usual 
1% to 3%. Because NTDs can be detected in utero in most 
cases by detailed ultrasonography and by measuring lev-
els of alpha-fetoproteins in maternal serum or amniotic 
fl uid, women treated with valproic acid in early gestation 
should be informed of these diagnostic options.

Over the last 15 years, an increasing number of 
anecdotal reports and case series have suggested that 
valproic acid causes malformations other than NTDs, 

including limb and cardiac anomalies. Until recently, a 
lack of controlled or large-scale studies precluded cor-
roboration of these impressions. To complicate the situ-
ation, increasing numbers of women are now receiving 
valproic acid as part of treatment for a variety of psychi-
atric conditions.4

Over the last few years, larger cohort studies of preg-
nancy outcome among women exposed to valproic acid in 
pregnancy have been published, now allowing us to eval-
uate the overall rates of teratogenic risk of valproic acid.

We searched the MEDLINE, EMBASE, and Cochrane 
databases from 1978, when reports on valproic acid use 
in pregnancy began to emerge, to December 31, 2005. 
We selected controlled cohort studies that reported the 
use of valproic acid during the fi rst trimester of preg-
nancy and that had a comparison group of women 
treated with other antiepileptic drugs, untreated epi-
leptic women, or healthy women representing the 
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general population of pregnant women. To be included 
in our analysis, the studies had to describe rates of 
major malformations among the study and compari-
son groups. Several studies had comparison groups, 
but the papers did not allow extraction of these num-
bers. Individual and summary relative risks were cal-
culated with the Mantel-Haenszel random effect test 

using Cochrane’s Review Manager (version 4.2). We 
calculated the relative risk for major malformations 
among babies exposed to valproic acid alone or in 
combination with other anticonvulsant drugs during 
embryogenesis as compared with babies exposed to 
other anticonvulsants, or babies of unexposed healthy 
control subjects.
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Figure 1. Meta-analysis of major congenital malformations in women treated during pregnancy with valproic acid monotherapy: Rates are 
compared with those of A) women treated with other anticonvulsant monotherapies, B) untreated epileptic women, and C) healthy control subjects.

A)
STUDY

TREATMENT
SAMPLE/TOTAL

CONTROL
SAMPLE/TOTAL

RR
95% CI

WEIGHT
%

RR
N (95% CI)

Tanganelli and Regesta,5 1992 0/6 3/72 0.50 1.49 (0.09, 26.01)

Samren et al,6 1997 6/21 20/159 6.53 2.27 (1.03, 5.01)

Canger et al,7 1999 6/44 12/269 4.76 3.06 (1.21, 7.72)

Kaneko et al,8 1999 9/81 30/419 8.20 1.55 (0.77, 3.14)

Samren et al,9 1999 9/158 21/741 7.04 2.01 (0.94, 4.31)

Mawer et al,10 2002 1/14 1/29 0.56 2.07 (0.14, 30.74)

Meischenguiser et al,11 2004 3/21 3/62 1.76 2.95 (0.64, 13.52)

Wide et al,12 2004 26/268 42/988 18.48 2.28 (1.43, 3.65)

Artama et al,13 2005 28/263 24/968 14.66 4.29 (2.53, 7.28)

Morrow et al,14 2006 44/715 47/1753 25.30 2.30 (1.54, 3.43)

Wyszynski et al,15 2005 16/149 31/1048 12.21 3.63 (2.04, 6.47)

TOTAL (95% CI) 148/1740 234/6508 100.00 2.59 (2.11, 3.17)

  

B)
STUDY

TREATMENT
SAMPLE/TOTAL

CONTROL
SAMPLE/TOTAL

RR
95% CI

WEIGHT
%

RR
N (95% CI)

Canger et al,7 1999 6/44 0/25 1.76 7.51 (0.44, 128.00)

Kaneko et al,8 1999 9/81 3/98 8.52 3.63 (1.02, 12.96)

Mawer et al,10 2002 1/14 0/1 1.75 0.40 (0.02, 6.85)

Kaaja et al,16 2003 4/61 2/239 4.98 7.84 (1.47, 41.79)

Adab et al,17 2004 7/63 4/101 9.75 2.81 (0.86, 9.20)

Artama et al,13 2005 28/263 26/939 45.60 3.84 (2.30, 6.44)

Morrow et al,14 2006 44/715 8/227 24.05 1.75 (0.83, 3.65)

Vajda and Eadie,18 2005 19/110 1/40 3.59 6.91 (0.96, 49.94)

TOTAL (95% CI) 118/1351 44/1670 100.00 3.16 (2.17, 4.60)

C)
STUDY

TREATMENT 
SAMPLE/TOTAL

CONTROL 
SAMPLE/TOTAL

RR
95% CI

WEIGHT
%

RR
N (95% CI)

Tanganelli and Regesta,5 1992 0/6 4/128 3.77 2.05 (0.12, 34.39)

Samren et al,6 1997 6/21 12/158 39.88 3.76 (1.58, 8.96)

Samren et al,9 1999 9/158 29/2000 56.35 3.93 (1.89, 8.15)

TOTAL (95% CI) 15/185 45/2286 100.00 3.77 (2.18, 6.52)

RR—relative risk (random).

0.01   0.1                1                    10      100
    FAVOURS TREATMENT          FAVOURS CONTROL 

0.01   0.1                1                    10      100
    FAVOURS TREATMENT          FAVOURS CONTROL 

0.01   0.1                1                    10      100
    FAVOURS TREATMENT          FAVOURS CONTROL 
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Malformation rates
Based on more than 1700 exposed babies reported in 
11 cohort studies, exposure to monotherapy with val-
proic acid was associated with a relative risk of 2.59 for 
major malformation (95% confi dence interval [CI] 2.11 
to 3.17) when compared with monotherapy using other 
anticonvulsant drugs (Figure 1A).5-15 Based on more 
than 1300 exposed babies, the relative risk was 3.16 
(95% CI 2.17 to 4.60) when compared with untreated 
epileptic patients (Figure 1B).7,8,10,13,14,16-18 Although less 
frequently reported, when compared with the general 
population of healthy control subjects the relative risk of 

major congenital malformations among patients receiv-
ing monotherapy with valproic acid was 3.77 (95% CI 
2.18 to 6.52) (Figure 1C).5,6,9 This means that women 
exposed to valproic acid monotherapy during embryo-
genesis have more than 2.5 times the risk of having 
babies with malformations and that this trend is highly 
signifi cant (P < .001).

When valproic acid was administered as part of anti-
convulsant polytherapy, the number of exposed babies 
was lower than those exposed to valproic acid mono-
therapy, yet the relative risk also increased signifi cantly 
over that of other anticonvulsant drugs (1.84 [95% CI 

Figure 2. Meta-analysis of major congenital malformations among women treated during pregnancy with valproic acid polytherapy: Rates 
are compared with those of A) women treated with other polytherapies, B) untreated epileptic women, and C) healthy control subjects.

A)
STUDY

TREATMENT 
SAMPLE/TOTAL

CONTROL
SAMPLE/TOTAL

RR
95% CI

WEIGHT
%

RR
N (95% CI)

Tanganelli and Regesta,5 1992 0/4 3/40 1.27 1.17 (0.07, 19.53)

Samren et al,6 1997 5/26 7/42 9.30 1.15 (0.41, 3.26)

Kaneko et al,8 1999 11/86 30/299 23.89 1.27 (0.67, 2.44)

Samren et al,9 1999 8/136 14/322 14.04 1.35 (0.58, 3.15)

Mawer et al,10 2002 1/5 0/5 1.12 3.00 (0.15, 59.89)

Meischenguiser et al,11 2004 0/2 2/29 1.28 2.00 (0.12, 32.72)

Wide et al,12 2004 12/42 7/100 13.57 4.08 (1.73, 9.64)

Artama et al,13 2005 9/98 4/82 7.71 1.88 (0.60, 5.89)

Morrow et al,14 2006 27/304 16/414 27.82 2.30 (1.26, 4.19)

TOTAL (95% CI) 73/703 83/1333 100.00 1.84 (1.34, 2.52)

B)
STUDY

TREATMENT 
SAMPLE/TOTAL

CONTROL
SAMPLE/TOTAL

RR
95% CI

WEIGHT
%

RR
N (95% CI)

Kaneko et al,8 1999 11/86 3/98 13.11 4.18 (1.21, 14.49)

Mawer et al,10 2002 1/5 0/1 2.64 1.00 (0.06, 15.99)

Kaaja et al,16 2003 4/65 2/239 7.22 7.35 (1.38, 39.26)

Artama et al,13 2005 9/98 26/939 38.15 3.32 (1.60, 6.87)

Morrow et al,14 2006 27/304 8/227 34.18 2.52 (1.17, 5.44)

Vajda and Eadie,18 2005 6/55 1/40 4.70 4.36 (0.55, 34.84)

TOTAL (95% CI) 58/613 40/1544 100.00 3.24 (2.06, 5.08)

C)
STUDY

TREATMENT
SAMPLE/TOTAL

CONTROL
SAMPLE/TOTAL

RR
95% CI

WEIGHT
 %

RR
N (95% CI)

Tanganelli and Regesta,5 1992 0/4 4/128 4.40 2.87 (0.18, 46.29)

Samren et al,6 1997 5/26 12/158 37.15 2.53 (0.97, 6.59)

Samren et al,9 1999 8/136 29/2000 58.45 4.06 (1.89, 8.70)

TOTAL (95% CI) 13/166 45/2286 100.00 3.35 (1.87, 6.01)

RR—relative risk (random).

0.01   0.1                1                    10      100

0.01   0.1                1                    10      100
    FAVOURS TREATMENT          FAVOURS CONTROL 

    FAVOURS TREATMENT          FAVOURS CONTROL 

0.01   0.1                1                    10      100
    FAVOURS TREATMENT          FAVOURS CONTROL 
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1.34 to 2.52]), untreated epilepsy (3.24 [95% CI 2.06 to 
5.08]), and healthy control subjects (3.35 [95% CI 1.87 to 
6.01]) (Figure 2).5,6,8-14,18 Valproic acid polytherapy regi-
mens varied greatly, and combinations with all commer-
cially available treatments were reported.

Dose dependence
Several studies6-10,13,14,18-21 performed subanalyses evalu-
ating dose effects. Most suggested that the risk for major 
congenital malformations was dose dependent, with 
risks increasing statistically at 600 mg/d.9,14 The larg-
est attributable risks, however, were seen when doses 
exceeded 1000 mg/d.

Neurobehavioural risk
Several studies have compared child development and 
cognitive defi cits among children exposed in utero to 
valproic acid with those among children exposed to 
other anticonvulsant drugs.17,22-25 Although variation in 
study designs, outcomes, and cognitive tests precluded 
synthesis of these data into meta-analyses, all research-
ers reported developmental delays and cognitive def-
icits associated with valproic acid use in pregnancy. 
The most prominent effect was on verbal intelligence 
quotient (IQ). Two of the studies, however, noted that 
mothers taking valproic acid had had lower levels of 
education,23,24 which could predict lower levels of cog-
nitive functioning among their children. Another study17

found that frequent tonic-clonic seizures in pregnancy 
were significantly associated with a lower verbal IQ 
(P = .007). More neurodevelopment studies are needed 
to control for confounders affecting child development, 
such as maternal IQ and socioeconomic class.

Conclusion
A 3-fold increase in major congenital malformations 
above the general population is associated with use 
of valproic acid in early pregnancy. Consequently, 
practitioners should inform women of increased risk of 
malformation and of potentially higher risk of cognitive 
defi cits when valproic acid is used in early pregnancy, 
especially at high doses. A combination of high-res-
olution ultrasonography, measuring maternal serum 
levels of alpha-fetoprotein, and (if necessary) fetal echo-
cardiography between weeks 16 and 18 of pregnancy 
sometimes helps to evaluate major malformations. 
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Do you have questions about the effects of drugs, chemi-
cals, radiation, or infections in women who are pregnant or 
breastfeeding? We invite you to submit them to the Motherisk 
Program by fax at 416 813-7562; they will be addressed in 
future Motherisk Updates.

Published Motherisk Updates are available on the College of 
Family Physicians of Canada website (www.cfpc.ca) and also 
on the Motherisk website (www.motherisk.org).
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