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Objective: Antiepileptic drugs (AED) have chronic teratogenic effects, the most common of which are congenital heart disease, 
cleft lip/palate, urogenital and neural tube defects. The aim of our study is to examine teratogenic effects of AED and the correla-
tion between these malformations and AED in single or multiple pregnancies. 
Methods: This is a retrospective study of malformations in children born to mothers currently followed up by our outpatient 
clinics who used or discontinued AED during their pregnancy. Their children were then investigated using echocardiography, 
urinary ultrasound, cranial magnetic resonance image, and examined by geneticists and pediatric dentists. 
Results: One hundred and seventeen children were included in the study. Ninety one of these children were exposed to AED 
during pregnancy. The most commonly used AED were valproic acid and carbamazepine in monotherapy. The percentage of 
major anomaly was 6.8% in all children. Dysmorphic features and dental anomalies were observed more in children exposed 
especially to valproic acid. There were 26 mothers with two and four mothers with three pregnancies from the same fathers. 
No correlation was found between the distribution of malformations in recurring pregnancies and AED usage. 
Conclusion: Our study has the highest number of dysmorphism examined in literature, found in all the children exposed to 
valproic acid, which may account for the higher rate of facial dysmorphism and dental anomalies. On lower doses of valproic 
acid, major malformations are not seen, although the risk increases with polytherapy. Our data also indicate possible effects 
of genetic and environmental factors on malformations.
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INTRODUCTION

Epilepsy ranks first among neurological disorders re-
quiring continuous treatment during pregnancy, since an-
tiepileptic drugs (AEDs) have frequent chronic terato-
genic effects, the most common of which are congenital 
heart disease, cleft lip/palate, urogenital defects, and neu-
ral tube defects.1-4) A two to three fold increase in major 
malformations was shown in children exposed to AEDs 
during pregnancy.5-8) Minor malformations and cognitive 
delay have been examined in terms of their relation to long 
term adverse effects of AEDs.9-11) Certain patterns of mi-
nor malformations were related to causes including cer-

tain AEDs, developmental problems and epilepsy.12-16) 
Likewise, various factors have been indicated for early de-
velopmental delay in children born to women with 
epilepsy.17,18) Not only AEDs but also genetic dispositions 
have been suggested to increase the probability of malfor-
mation in children born to women with epilepsy following 
the birth of another child with malformation.19,20) In this 
long-term retrospective study, we report the developmental, 
neuroradiological, cardiological, urological, dental and 
dysmorphic features of children exposed to AEDs during 
pregnancy in comparison to children unexposed to AEDs. 
Our aim is to make an analysis of the data on children born 
from women who either used or discontinued AEDs dur-
ing pregnancy to determine major or minor malforma-
tions, drug specific effects and the association among the 
results of various investigation methods including cranial 
magnetic resonance image (MRI), ultrasound and echo-
cardiography. This is a more comprehensive study than 
found in literature in that a medical geneticist and a pedia-
tric dentist were also included in the research group. We 
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also examine teratogenic consequences of AEDs on dif-
ferent births of the same parents to verify the effects of 
AEDs. 

METHODS

This is a retrospective study initiated in 2006 involving 
children born from mothers with epilepsy, who got preg-
nant between 1990-2006, while they were either followed 
up by the epilepsy outpatient clinics of Department of 
Neurology, Istanbul Faculty of Medicine, Istanbul Uni-
versity; or Department of Neurology, Bakirkoy Research 
and Training Hospital for Psychiatry, Neurology, and 
Neurosurgery; or applied to our clinic after birth. Data 
were collected until 2007 and mothers willing to contrib-
ute to the study were invited to the clinic with their chil-
dren, and data from mothers who declined to participate 
were not included. Mothers were divided into two groups 
depending on their use or non-use of AEDs (AED group 
and non-AED group). If the mother stopped taking their 
AEDs after learning she was pregnant, she was included in 
the AED group considering that the fetus had been ex-
posed to AED until the time of disuse. The demographic 
and clinical data of patients (age of onset, type of epilepsy, 
dosages of AEDs used during pregnancy), pregnancy de-
tails (age of pregnancy, frequency of seizures and alcohol 
use or smoking duration of pregnancy), information about 
the baby (age and sex, febrile convulsions or epilepsy di-
agnosis), and folic acid usage were recorded retrospe-
ctively from patient files. Epilepsy syndromes were 
grouped according to the International League Against 
Epilepsy (ILAE) 2010 classification. Routine biochemi-
stry, complete blood count, thyroid function tests were 
done for each child. Urinary ultrasound was performed by 
a pediatric radiologist; echocardiography was checked by 
a pediatric cardiologist. Cranial MRIs with thin slices 
were taken from children with sufficient cooperation at 
1.5 tesla, T1, T2, flair, coronal, sagittal, and axial. Parents 
and children were examined and photographed by a medi-
cal geneticist according to a list of 47 items comprised of 
dysmorphism and dental anomalies assembled from the 
results of previous studies, and their dysmorphic features 
of the face and the extremities (if any) were determined. 

Children older than six months were examined by a pe-
diatric dentist for developmental dental anomalies such as 
delayed eruption of permanent teeth and malocclusion 
which may have been caused by the AEDs. All the exam-
iners were blinded to AED and non-AED groups. Unusual 
morphological traits that are of no serious medical or cos-

metic consequence to the patients were defined as ‘minor 
anomaly’.21) Any anatomical deformity that threatens life 
or necessitates medical or surgical intervention is termed 
as ‘major anomaly’.22)

This study is conducted under the permission of the 
Ethics committee of Istanbul Faculty of Medicine, Istanbul 
University. Before every examination, parents were asked 
to sign the approval form after reading and being ex-
plained verbally about every detail of the procedure. 

The study was conducted according to the Declaration 
of Helsinki criteria and no pharmaceutical support was 
obtained. 

Continuous variables are expressed as mean±standard 
deviation; categorical variables are presented as fre-
quency and percentage. Differences between groups were 
assessed using unpaired t-test for normally distributed 
data. The chi-square and Fisher exact tests were used to 
compare the differences of categorical variables between 
the groups. SPSS statistical software ver. 17.0 (SPSS Inc., 
Chicago, IL, USA) was used for statistical analysis. A  p val-
ue less than 0.05 was considered statistically significant.

RESULTS

In this study, a total of 117 children, born of 88 mothers 
with epilepsy, were included. Of 117, 91 were born to 71 
of the mothers on AEDs and 26 born to 17 of the mothers 
were not exposed to AED during pregnancy. Four of the 
mothers had three, and 22 of the mothers had two children, 
which add up to 56 siblings. Data for 21 of the children 
were received from Bakirkoy Research and Training 
Hospital for Psychiatry, Neurology, and Neurosurgery. 

According to the history of mothers, one mother had 
multiple sclerosis and another one antiphospholipid syn-
drome in addition to epilepsy. Age for epilepsy onset was 
close to each other (14.7±5.8 years in the AED group and 
16.1±4.1 in the non-AED group). Average age of preg-
nancy was close in both groups, 29.9±4.5 years in the 
AED group and 31.3±6.1 years in the non-AED group, 
with no statistically significant difference between the 
groups (p＞0.05). The frequency of seizure remained the 
same during pregnancy and there was no instance of status 
epilepticus in either group. There was no significant differ-
ence in seizure frequency in either group (p＞0.05) (Table 
1).

In the AED group, 76 (83.5%) of the pregnancies were 
completed under monotherapy, and the most frequently 
used drugs were valproic acid (VPA; 32) and carbamaze-
pine (CBZ; 24) (Table 2).



Teratogenicity of Antiepileptic Drugs 21

Table 2. Antiepileptic drugs used by mothers and major anomaly 
(n=117)

Variable Data Major anomaly*

Monotherapy 76 (83.5) 4 (5.3)

VPA 32

CBZ 24

PB 8

OXC 8

PHT 2

CLZ 2

Polytherapy 15 (16.5) 3 (20.0)

VPA＋CBZ 2

VPA＋PB 2

VPA＋LTG 1

VPA＋LTG＋LEV 1

VPA＋CBZ＋PHT 1

PB＋PHT 1

PB＋LTG 1

PB＋PHT＋CBZ 2

PB＋PHT＋CBZ＋VGB 1

PHT＋PRM 1

PHT＋OXC 1

PHT＋VGB＋CBZ 1

Non-AED group 26 1 (3.8)

Values are presented as number (%) or number only.
AED, antiepileptic drug; VPA, valproic acid; CBZ, carbamazepine; 
PB, phenobarbital; OXC, oxcarbazepine; PHT, phenytoin; CLZ, 
clonazepam; LTG, lamotrigine; LEV, levetirecetam; PRM, primidone; 
VGB, vigabatrin.
*p＞0.05 in AED (monotherapy and polytherapy) and non-AED 
groups.

Table 1. The features of mothers and children 

Variable On AED Non-AED p value

Mother (n=88)

Epilepsy onset age (year) 14.7±5.8 16.1±4.1 0.34

Epilepsy type

Idiopathic epilepsy

Unknown epilepsy

Symptomatic epilepsy

31

30

10

12

5

0

0.08*

Mean gestational age (year) 29.9±4.5 31.3±6.1 0.69

Seizure frequency during pregnancy

No change 

Increased

Decreased

64 

13 

14 

18 

6 

2 

0.39*

Children (n=117)

Age (yr) 4.4±3.5 6.5±3.5  0.07

Gender (female/male) 46/45 16/10 0.32

Values are presented as mean±standard deviation, or number only.
AED, antiepileptic drug.
*Fisher exact test.

The blood tests were normal for each child. In the uri-
nary ultrasound, echocardiography and cranial MRI ex-
aminations, eight major malformations (6.8%) and 23 mi-
nor malformations (19.7%) were detected among all the 
children. The percentage of major anomaly in the 
non-AED group was 3.8% and 7.7% in the AED group 
which indicates no significant difference from the AED 
group (p＞0.05) (odds ratio [OR], 0.48; 95% confidence 
interval [CI], 0.56-4.08). The percentage of major anom-
aly was 5.3% in monoteraphy group and 20% in poly-
therapy which was not statistically significant (p＞0.05) 
(Table 3). 

Dysmorphism was detected in 79.7% of the children by 
the medical geneticist according to the list comprised for 
this study. The mean number of dysmorphic features was 
3.2±7.7 in the AED group, and 0.9±2.5 in the non-AED 
group. Hence, the statistical difference with regards to 
dysmorphism frequency between the groups was sig-
nificant (p＜0.001). Dysmorphic features had no statisti-
cally significant correlation with either mono/polytherapy 
or type of epilepsy (p＞0.05). The most common dysmor-
phic features were observed in children whose mothers 
used VPA, regardless of the daily dosage, with statistically 
significant difference (p＜0.05) (Table 4, Fig. 1). Hence, 
all the children of mothers who were on VPA during preg-
nancy had five dysmorphic features on average. Our study 
has the highest number of dysmorphism examined in liter-
ature which may be attributed to the higher rate of dys-
morphism in our patients. 

Dental anomalies were observed in 48.4% of all the 
children. The most frequent dental anomalies were hypo-
plasia, delayed eruption and malocclusion. Moreover, 

54% of the AED and 23.5% of the non-AED children had 
dental anomalies, which was again statistically note-
worthy (p＜0.05) (Table 4, Fig. 2). Our study is also 
among the few studies with a high number of dental fea-
tures examined in children. 

In the study, 56 children were siblings from 30 mothers. 
The number of mothers with a second pregnancy was 26, 
and third pregnancy was four, all from the same fathers. 
The distribution of malformations with respect to the re-
currence of pregnancies was found to be independent of 
AED use (Table 5). For instance, both siblings had renal 
agenesis although their mother was on AED (1,000 
mg/day VPA and 100 mg/day lamotrigine [LTG]) during 
her first pregnancy but discontinued AEDs during her 
second. In another example of three siblings, their mother 
never used AED during pregnancies, the first and last chil-
dren were healthy, whereas the second child had a major 
malformation. In the case of two other siblings, the first 
child was healthy despite being exposed to phenobarbital 
(25 mg/day) during pregnancy; the second child had a mi-
nor malformation, although not exposed to an AED during 
pregnancy.

The number of mothers on VPA, with 1,000 mg/day and 
above, as mono- or part of a poly-therapy, was 15. There 
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Table 4. Dysmorphic features and developmental dental anomalies

Dysmorphic features*
Monotherapy (n=76) Polytherapy 

(n=15)

Non-AED 

(n=26)VPA CBZ PB PHT OXC CLZ

Eye
a

48 25 9 1 8 2 14 8

Nose
b

35 8 4 0 1 0 14 5

Ear
c

3 0 1 1 0 0 1 0

Mouth
d

23 20 7 1 2 2 13 10

Joint
e

8 3 4 0 1 0 6 0

Others
f

14 8 2 0 2 0 6 1

Dental anomalies
g

11 9 6 1 2 2 9 4

Total mean number of dysmorphic features
†

Total mean number of dysmorphic features for AED group

3.1±8.1 3.6±5.6 0.9±2.5

3.2±7.7

Ratio of of dental anomalies (%)
‡

53.8 23.5

Values are presented as number only, mean±standard deviation, or percent only.
AED, antiepileptic drug; VPA, valproic acid; CBZ, carbamazepine; PB, phenobarbital; PHT, phenytoin; OXC, oxcarbazepine; CLZ, clonazepam.
aMedial deficiency of eyebrow, epicanthus, infraorbital grooves, hypertelorism, upward slanting palpebral fissures, downward slanting 
palpebral fissures, prominent eyelashes, telecanthus, blue sclera, supraorbital fullness; bBroad nasal root, short nose, anteverted nares, broad 
nasal tip, hypoplastic nasal alae, tubular nose; 

c
Retroverted ears, low set ear; 

d
Smooth philtrum, thin upper lip, thick lower lip, down turned 

corners of the mouth, large mouth, small mouth, high arched palate, prominent columella; eHyperextensible joints, cubitus valgus, fetal 
finger pad, tapering fingers; fBroad forehead, high forehead, facial hirsuitism, nail hypoplasia, frontal bossing, micrognathia, mongolian spot, 
pectus excavatum; 

g
Hypoplasia, delayed eruption, malocclusion, disturbances of shape, supernumerary teeth, hypodontia.

*Every patient has more than one diysmorphic feature.
†p＜0.001 in AED and non-AED groups, but p＞0.05 in monoteraphy and polyteraphy; ‡p＜0.05 in AED and non-AED groups.

Table 3. Congenital malformations

Malformations Drug (mg/day) Folic acid*

Major malformations (n=8)

Atrial septal defect＋atrial septal aneurysm

Atrial septal defect

Atrial septal defect

Patent foramen ovale＋atrial septal defect＋left persistent superior vena cava

Hydronephrosis 

Syndactyly

Congenital hip dislocation

Ventricular septal defect

VPA 300

CBZ 200

VPA 500＋PB 150

PB 300＋PHT 100＋CBZ 300

PHT 150＋OXC 1,200

VPA 500

VPA 1,000

Non-AED

＋

＋

＋

−
−
＋

＋

＋

Minor malformations (n=23)

Left intraventricular band/t

Patent foramen ovale＋strabismus

Patent foramen ovale 

Patent foramen ovale 

Patent foramen ovale 

Patent foramen ovale 

Patent foramen ovale 

Left intraventricular band/t

Bilateral medullar nephrocalcinosis

Bilateral medullar nephrocalcinosis

Bifid renal pelvis＋ptotic kidney 

Ptotic kidney 

Renal agenesis

Dilatation in pericaliceal  system 

Renal agenesis

Hyperintense noduler lesion 

Choroid fissure cyst

Arachnoid cysts

Ventricular asymmetry＋deep white  matter lesion

Periventricular leukomalacia＋arachnoid cyst＋cerebellar atrophy

Inguinal hernia

Strabismus (n=2)

VPA 2,000

PB 200

CBZ 100

CBZ 200

VPA 500

OXC 900

Non-AED

Non-AED

VPA 500

CLZ 0.5

PB 100＋PHT 100

PB 300＋PRM 50

VPA 1,000＋LTG 100

VPA 500

Non-AED

CLZ 50

PB 100

VPA 500

PB 100

VPA 200

Non-AED

VPA 2000

＋

＋

−
−
＋

−
＋

−
＋

−
−
−
−
＋

−
−
−
−
−
−
＋

＋

AED, antiepileptic drug; VPA, valproic acid; CBZ, carbamazepine; PB, phenobarbital; PHT, phenytoin; OXC, oxcarbazepine; LTG, lamotrigine; 
CLZ, clonazepam; PRM, primidone.
*p＞0.05 major malformations and folic acid using.
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Fig. 1. Epicanthic folds, hypertelorism, broad nasal root, short nose, 

thin upper lip (valproic acid, 500 mg/day). 

Table 5. The conditions of children from the same parents with two or more pregnancies

Patient
1. Pregnancy

AED  (mg/day)
Malformation

2. Pregnancy

AED (mg/day)
Malformation

3. Pregnancy

AED (mg/day)
Malformation

1 CBZ 100 - CBZ 100 PFO

2 CBZ 800 Teeth CBZ 800 Teeth

3 CBZ 200+VPA 500 - CBZ 200 PFO

4 CBZ 300 - CBZ 600 -

5 VPA 500 Dilatation in 

pericalyxial system

VPA 500 -

6 VPA 2,000 Strabismus VPA 2,000 Strabismus

7 VPA 1,000 - VPA 1,000 -

8 VPA 600 - VPA 200 -

9 VPA 1,500 Teeth VPA 1,000 -

10 VPA 500 Teeth VPA 500 - VPA 500 -

11 PB 200 Teeth VPA 500 -

12 PB 100 Teeth PB 300 Teeth

13 PHT 300 Teeth PHT 150+PB 150 Hydronephrosis

14 OXC 1,000 PFO OXC 1,000 -

15 CLZ 0.5 Teeth CLZ 0.5 Teeth

16 PB 25 - Non-AED PFO

17 CBZ 300+PB 

300+PHT 300

Teeth CBZ 300+PB 300

+PHT 100

Teeth+PFO+ASD+

left persistant superior 

vena cava*

CBZ 200+PB 300

+PHT 100

Teeth

18 Non-AED Renal agenesis VPA 1,000 Renal agenesis

19 Non-AED - Non-AED VSD Non-AED -

20 Non-AED - Non-AED Left intraventricular

band/t

21 Non-AED - VPA 500 Syndactyly

22-25 Non-AED - Non-AED -

26 Non-AED - Non-AED - Non-AED -

AED, antiepileptic drug; CBZ, carbamazepine; VPA, valproic acid; PB, phenobarbital; PHT, phenytoin; OXC, oxcarbazepine; CLZ, clonazepam; 
PFO, patent foramen ovale; ASD, atrial septal defect; VSD, ventricular septal defect.

Fig. 2. Supernumerary teeth (valproic acid, 600 mg/day). 

was no significant statistical difference between VPA 
doses of mothers and the malformations in their babies 
(p＞0.05). Furthermore, distribution of malformations ac-
cording to not only VPA monotherapy, but also poly-
therapy including VPA and AEDs other than VPA was not 
found to be statistically significant (p＞0.05) (OR, 0.53; 

95% CI, 0.11-2.5). This may be due to the limitation of our 
sample size.

While folic acid usage was prevalent among mothers on 
AED (59.3%), there was no statistically significant differ-
ence between its use and the occurrence of a major malfor-
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mation (p＞0.05) (OR, 3.48; 95% CI 0.67-18.0).

DISCUSSION

Using safe AEDs in pregnancy is important not only to 
render the mother seizure-free during pregnancy but also 
to prevent teratogenic side effects in the baby. There have 
been a significant number of researches on this subject in 
recent years. 

From the mothers’ point of view, it is known that seiz-
ure frequency does not change during pregnancy in 47% 
to 83% of the mothers.23-26) Similarly, in our study, seizure 
frequency remained the same in 70.1% of the cases. 

In this study, all investigations including urinary ultra-
sound, echocardiography and cranial MRI were used, 
which is particularly important for the detection of asymp-
tomatic malformations. Two siblings who had renal 
agenesia unknown to their parents but detected in our in-
vestigations are a case in point. There is no study on 
asymptomatic children in literature.

While malformation rates in the general population 
range from 2% to 3%, it was reported to be 3.65% in the 
Turkish population.27-29) The ratio of major malformation 
due to AED use during pregnancy has been documented to 
be 2.8-10%, and higher in mothers on AED polytherapy, 
although there are arguments to the contrary.24,26,30) We 
found major malformation in 7.7% of the cases in the 
AED group, which was statistically not significant with 
5.3% in the monotherapy, and 20% in the polytherapy 
group. In line with the figures for the general Turkish pop-
ulation, the percentage of major malformation in the 
non-AED group was 3.8%, not statistically significant 
with respect to AED group. However, the OR was 0.48, 
which indicates that the percentage of major malforma-
tion in the AED group was 2.08 times higher.

Long-term teratogenic effects of older AEDs are 
well-known whereas the same cannot be argued for new 
AEDs. Our information on the teratogenic effects of new 
AEDs is limited to case reports and pregnancy registries. 
Oxcarbazepine (OXC) is reported to cause spina bifida, 
cardiac, urinary and skeletal system malformations, LTG 
to cause orofacial cleft, urinary system malformations.31,32) 
We had 15 cases on new generation AEDs, three of whom 
had malformations (one major and two minor). We ob-
served patent foramen ovale with 900 mg/day OXC, renal 
agenesis with 100 mg/day LTG and 1,000 mg/day VPA 
and hydronephrosis with 1,200 mg/day OXC and 150 
mg/day phenytoin. In our study we report no results on 
levetirecetam, pregabalin, vigabatrin, topiramat although 

they can be found in the market in Turkey. 
We detected 4 major and 9 minor malformations in the 

group on VPA and no significance was observed in major 
malformations between patients who were on VPA and 
those who were not. However, the odd ratio was 0.53, 
which indicates that the percentage of major malforma-
tion in the VPA group was 1.9 times higher. There is evi-
dence in literature to suggest that the ratio of major mal-
formation increases due to VPA monotherapy or poly-
therapy including VPA, especially with higher doses, and 
has a negative impact on the long-term cognitive develop-
ment of the child.18,33-38) There was one child with autism 
while 28 children were below the age of two, hence im-
possible to diagnose at the time of the study. Therefore, the 
ratio of autism in our sample needs to be revised at a later 
date. In our previous study, higher cognitive impairment 
was detected in children exposed to polytherapy and VPA, 
whereas the electroencephalography abnormality was 
statistically significant among children in the AED group, 
more common under VPA, than the non-AED group.39) 
We demonstrated the importance of maximum reduction 
possible in AED dosage for the healthy cognitive and be-
havioral development of a child.40)

Mothers on VPA who had a child with malformation are 
reported to have higher risk for malformation in their chil-
dren in following pregnancies.19) Likewise, the ratio of 
malformation is known to be higher in recurrent pregnan-
cies with VPA and topiramat.20) In comparison to liter-
ature, our study is one of the few studies with a high num-
ber of mothers with multiple pregnancies. We observed 
noteworthy findings with respect to recurrent pregnancies 
although the results are not statistically significant due to 
the small size of the group. For instance, we had one mother 
who had two children with renal agenesis although she 
was on AED (VPA 1,000 mg/day and LTG 100 mg/day) in 
one of her pregnancies and the other one was non-AED. It 
must be pointed out that the children’s uncle also had renal 
agenesis with no other systemic disease or AED use dur-
ing his mother’s pregnancy, which suggests that there 
might be a genetic disposition rather than AED effect. 
Another mother with three children, who never used AED 
during her pregnancies, had her first and last child healthy, 
whereas her second child had a major malformation. Yet 
another mother, who used phenobarbital (25 mg/day) dur-
ing her first pregnancy, had a healthy child, but her second 
child had a minor malformation, although she did not use 
an AED during her second pregnancy. These examples il-
lustrate the difficulty of associating malformations with 
the teratogenic effects of AEDs only.
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As for mothers with multiple pregnancies on VPA, 
there were major malformations in two siblings born to a 
mother on 2,000 mg/day VPA. On the other hand, another 
patient who had a minor malformation in her first-born 
child was on 1,500 mg/day VPA, but reduced her dose to 
1,000 mg/day during her second pregnancy which may ac-
count for the fact that her second child was healthy. Our 
usual protocol is to administer 500 mg/day VPA and we 
have few mothers on doses higher than the standard. The 
presence of malformations of various degrees in children 
exposed to high or different doses of VPA during preg-
nancy might be considered an important finding—al-
though not statistically significant—as it suggests a corre-
lation between higher doses of VPA and congenital mal-
formations, consistent with literature.14,35)

Minor dysmorphic features such as epicanthic folds, 
small mouth, abnormal philtrum, dysplastic ears, hypo-
plastic digits and nails were described in AED exposed 
infants. After assessing the dysmorphisms of the subjects 
according to the checklist put together in accordance to the 
previous studies, it was observed that children exposed to 
VPA, CBZ and polytherapy had more minor dysmorphic 
features compared to other groups. Furthermore, patients 
with multiple minor dysmorphic features may be at in-
creased risk of cognitive impairment.9) As for the non-AED 
group, approximately 25% of the non-exposed subjects 
were scored with respect to their one or more dysmorphic 
features. These included features such as epicanthic folds, 
hypertelorism, high arched palate which is among normal 
variations in the population. Epicanthic folds, broad nasal 
root and tip, anteverted nares, short nose, depressed nasal 
tip, smooth philtrum, thin upper lip and hypertelorism 
were commonly seen in our patients with VPA exposure. 
These findings were in correlation with the typical VPA 
gestalt mentioned in previous reports.9,41) Patient in Fig. 1 
is a typical example for fetal valproate syndrome faces. 

Overall, our study resonates with previous studies in 
that subjects receiving VPA, CBZ or polytherapy during 
pregnancy have more minor dysmorphic findings than 
non-AED exposed subjects and subjects exposed to dif-
ferent AEDs. Dysmorphic features most commonly ob-
served in our study were in the children of mothers who 
used VPA during pregnancy. Similarly, Kini et al.,9) had 
described more facial dismorphic features in the VPA ex-
posed children than non-exposed AEDs.

AED use during pregnancy has been associated with 
mineralization defects of teeth. Dental anomalies and de-
layed eruption were found in 10% of children born to 
mothers on AED.41) In our study, the percentage of dental 

anomaly is significantly higher in all children (48.4%) 
with 39.3% in children exposed to VPA. In our study, en-
amel hypoplasia and delay of eruption were the most com-
mon dental anomalies among children of mothers on AED 
during pregnancy. This is the first study to examine such a 
high number of both dental and dysmorphic abnormalities 
together. This is particularly important since both dental 
and dysmorphic anomalies are not considered malforma-
tions and frequently disregarded. 

While it has been reported in 2009 that daily use of 
2.5-5 mg folic acid before pregnancy reduced malforma-
tion, there are also studies that suggest the contrary.42,43) In 
our study, daily folic acid dose was 5 mg (59.3%) with no 
statistically significant difference in the two groups of 
mothers in terms of major malformations. However, the 
odd ratio was 3.48, which indicates that the percentage of 
major malformation was three times higher in patients 
who did not use folic acid. 

The small sample size and the restrospective study de-
sign are limitations on the generalizability of our results as 
well as the limited follow-up period and exclusion of data 
on abortions. The study would have benefitted from a con-
trol group comparison, a limitation unfortunately found in 
many studies.

Even with these limitations, our study conveys sig-
nificant results. On lower doses of VPA, major malforma-
tions are not seen, although the risk increases with 
polytherapy. As a final note, we argue that development of 
malformations may be associated with not only exposure 
to AEDs during pregnancy but also with genetic and envi-
ronmental factors, and hence is multifactorial. 

This study was supported by the Research Fund of 
Istanbul University (571/140820006). We would like to 
thank all the patients who participated in this study.
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