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Findings in Children Exposed In Utero to Phenytoin
and Carbamazepine Monotherapy: Independent
Effects of Epilepsy and Medications

Irena Nulman, Dennis Scolnik, David Chitayat, Lesly D. Farkas, and Gideon Koren*
The Motherisk Program, Division of Clinical Pharmacology/Toxicology, Department of Pediatrics and Research
Institute, The Hospital for Sick Children, Toronto, Department of Pediatrics, Toronto, Ontario, Canada

Our objective was to evaluate the patterns
of malformations in children exposed in
utero to phenytoin (DPH) and carbamaze-
pine (CBZ) monotherapy, and to compare
them prospectively with matched mother-
child pairs exposed to nonteratogens, and to
separate the effects of antiepileptic drugs
(AEDs) from those of epilepsy by collecting
groups of untreated epileptics and those
treated with DPH and CBZ for conditions
other than epilepsy. This was a prospective,
controlled, and blinded observational study.
Thirty-six mother-child pairs exposed to
CBZ monotherapy, 34 pairs exposed to DPH
monotherapy, and 9 nonmedicated epileptic
women and their children were compared
with matched mother-child pairs exposed to
nonteratogens. The control mothers were
matched for maternal age, time of consulta-
tion, obstetric history, and socioeconomic
status (SES). One main outcome measures a
“blinded” morphological assessment of the
offspring.

We found that minor anomalies were sig-
nificantly more common among children of
epileptics on either drug (P 5 0.01) and
among DPH-treated nonepileptic offspring
(P 5 0.03). Among epileptics, the relative
risk for minor anomalies following DPH
(2.1) was similar to that after exposure to 
either DPH (P 5 0.006) or CBZ (P 5 0.01). 
Increased rates of hypertelorism were de-
tected among DPH-exposed offspring. High
forehead, frontal bossing, malar hypoplasia,
epicanthus and micrognathia were associ-
ated with untreated epilepsy, as well as with
DPH and CBZ treatment. Am. J. Med Genet.
68:18–24, 1997 © 1997 Wiley-Liss, Inc.
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INTRODUCTION
Maternal epilepsy has been associated with higher

rates of malformations in the offspring than in the gen-
eral population [Schardein, 1985]. While women at risk
of seizures during pregnancy should be treated with ef-
fective antiepileptic therapy, several drugs commonly
used in epilepsy are teratogenic in humans. The fetal
hydantoin syndrome (FHS) is characterized by growth
and mental deficiencies, digit and nail hypoplasia and
craniofacial anomalies. The exact rate of this syndrome
among infants exposed to this drug has been estimated
to be between 6% and 30% [Hanson and Smith, 1975;
Kaneko, 1991]. Children with phenotypic characteris-
tics of FHS have also been described among untreated
epileptics, suggesting that fetal malformations are not
necessarily caused by this antiepileptic medication.
The etiology and severity of the underlying disease, ge-
netic and environmental factors must also be consid-
ered [Shapiro et al., 1976; Janz, 1982].

During the last two decades, carbamazepine (CBZ)
has been proven effective for various types of seizures
[Olpe and Jones, 1983; Margcurgos, 1983]. Preliminary
reports of its use in pregnancy were controversial with
nonadverse and adverse fetal effects described. How-
ever, as in studies with phenytoin (DPH), these reports
were not controlled for a variety of confounders that
may affect pregnancy outcome.

While many groups have reported on malformations
associated with these two drugs, no controlled studies
have compared rates of minor anomalies of DPH and
CBZ, the two major antiepileptics used during preg-
nancy. As important, no study has addressed in a con-
trolled manner the rates of anomalies caused by the
epilepsy itself.

Our goals in this prospective study were to evaluate
the rates of developmental anomalies associated with
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maternal phenytoin and carbamazepine monotherapy
in the treatment of maternal epilepsy, and to separate
the effects of antiepileptic drugs from those of epilepsy
itself. The results of the neurobehavioral testing of
most of this cohort were published recently [Scolnik 
et al., 1993].

PATIENTS AND METHODS
This protocol was approved by the Research Ethics

Committee at the Hospital for Sick Children in Toronto.
The study group consisted of groups of pregnant women
treated with either DPH or CBZ monotherapy and an
additional group of women with epilepsy who did not
take medications during the index pregnancy and seen
between 1987 and 1992 by the participating centers.
Twenty-nine women were treated with DPH and 30
women with CBZ for idiopathic epilepsy.

The women were recruited either by the Motherisk
Program at the Hospital for Sick Children, by neurolo-
gists at The North York General Hospital, Toronto, and
the Toronto Hospital (Western Division), or by the Ge-
netic Services at Oshawa General Hospital (Ontario).
Each mother exposed to DPH or CBZ was paired with
the next woman attending the Motherisk Clinic who
matched the index mother on age (62 years), gravidity
(61), parity (61), and socioeconomic class (62 points on
the Hollingshead and Redlich scale) whose reason for
attendance was counseling after gestational exposure
to nonteratogens (e.g., penicillin, acetaminophen, den-
tal x-ray), thus ensuring similar ages of the offspring.
Mothers that ingested alcohol routinely or were binging
were excluded from the study.

The following details were recorded for each woman
(study and control) at the first visit during the first
trimester of pregnancy: age, medical and obstetric his-
tory, clinical diagnosis, last menstrual period, time and
dose of the antiepileptic drugs before and during preg-
nancy, and cigarette smoking and alcohol drinking be-
fore and during pregnancy. Details on pregnancy
course, mode of delivery, and pregnancy outcome were
retrieved from the medical records. Information on
birth weight, neonatal course, and complications were
obtained from the mothers within 6 months of delivery,
and further details of psychomotor development were
obtained by interviewing the mothers during the neu-
robehavioural testing and by a report from the chil-
dren’s pediatricians.

For morphological testing, all but 3 participating
mothers and children (study and controls) were stud-
ied in our laboratory at the Hospital for Sick Children
by a team of pediatricians, neurologists and geneti-
cists. In 3 cases we located mothers who had originally
resided in Toronto but who later moved to other Cana-
dian cities, and they and their children were tested in
a similar protocol. Informed consent was obtained from
study and control group parents before the examina-
tions.

The study groups were additionally divided into sub-
groups of those treated with DPH and CBZ for other
conditions than epilepsy (e.g., neuralgias, psychiatric
disorders, postsurgery prophylaxis), and were com-
pared to their matched controls separately.

Malformations are structural abnormalities of em-
bryonic origin present at birth [Heinonen et al., 1977;
Eurocat Working Group, 1991]. Major malformations
were defined by us as structural or functional defects
for which medical or surgical intervention is necessary
or a defect that can impair the child’s future lifestyle.
Minor anomalies were defined as unusual morphologic
traits that are of no serious medical or cosmetic conse-
quence to the patient [Smith, 1982] but that might sig-
nify a major malformation complex, a syndrome com-
prised of only minor anomalies or have a predictive
value in identifying future neurobehavioral problems
[Smith, 1982; Burdic et al., 1985].

The following anthropometric measurements were
obtained by a single examiner (I.N.) unaware of the
mother’s gestational therapy: head circumference
(OFC), height, weight, palm and finger lengths and
canthal measurements. A flexible steel tape was ap-
plied above the supraorbital ridges anteriorly and the
occipital prominence posteriorly to obtain the maximal
OFC. Microcephaly was defined as head circumference
below or equal to two standard deviations from the
mean of children of the same age and sex. The length of
the palm was measured by a tape from the distal volar
wrist crease to the metacarpophalangeal joint of the
middle finger. The length of the middle finger was ob-
tained from the metacarpal joint to the tip of the distal
phalanx.

Assessments of photographs of the children’s faces,
hands and toes were performed by a single clinical ge-
neticist (D.C.) who was blinded. Facial characteristics
were assessed from standardized frontal and lateral 
9 3 7 cm photographs of the face. The children were
asked to hold a comfortable pose with their mouth
closed and the pictures were obtained from a distance
of 125 cm. Examination of photographs allows mini-
mization of the interobserver variability, reproducible
and permits the use of other methods of assessments
such as computerized morphometric assessment.
Palms and fingers were photographed using a magnify-
ing lens from a distance of 25 cm. Palm or finger hy-
poplasia were defined as length equal or less than the
third centile for age and sex.

Two projective linear measurements were obtained
with a 1-mm interval ruler with a bolted pointer di-
rectly from the orbits of the patients: the intercanthal
and the binocular widths. The relationship between
these two measurements was analyzed using the inter-
canthal index which is equal to the ratio between the
intercanthal and binocular widths expressed in per-
cent. The intercanthal width was considered abnormal
(small or large) if it was outside 2 standard deviations
of the normal range for age, sex and race. The degree of
abnormality was defined as the distance between the
measurement and the closest normal measurement, ex-
pressed as a percentage of the closest normal value:
mild, ≤2.9%, moderate, 3% to 9.9% and severe, ≥10.0%
[Farkas et al., 1989].

Craniofacial and digital anomalies previously re-
ported to occur in children of epileptic mothers ex-
posed to antiepileptic drugs were assessed using the fol-
lowing checklist: high forehead, frontal bossing malar
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hypoplasia, epicanthal fold, strabismus, depressed nasal
bridge, long philtrum, narrow upper lip, micrognathia,
finger/toe nail hypoplasia, finger and/or toe hypoplasia.
These characteristics were defined qualitatively by one
clinical geneticist, blinded to the maternal exposure
history. High forehead was considered when the fore-
head was disproportionally high relative to face.
Frontal bossing was defined as a prominent forehead;
malar hypoplasia was defined as flattening of the max-
illary area. Epicanthal fold is a presence of vertical
skinfold at the base of the nasal root near the inner can-
thus. Strabismus was recorded by observing eye devia-
tion by the covering test, and was also based on pre-
vious diagnoses when appropriate. Depressed nasal
bridge was considered as deep nasal root. Narrow up-
per lip and philtrum length were assessed qualitatively
in relation to other parts of the face. Figures 1–4

demonstrate examples of typical findings. The parents
were not assessed for dysmorphic features.

STATISTICAL ANALYSIS
Women and their offspring exposed to AEDs were

compared to their controls in a large number of values
by means of the Student t-test for paired data. Children
of untreated epileptic women were compared to their
controls in a similar way.

Comparisons between rates of specific endpoints
were performed by the chi-square test and by Fisher ex-
act test wherever appropriate. Odds ratios (OR) and
relative risk estimates are presented with their 95%
confidence intervals (CI).

RESULTS
A total of 36 mother-child pairs exposed to CBZ and

34 exposed to DPH were studied and compared with an
equal number of matched controls. In addition, there

Fig. 1. High forehead, frontal bossing and wide nasal bridge in a
patient exposed in utero to DPH.

Fig. 2. Fingernail hypoplasia in a patient exposed in utero to DPH.

Fig. 3. High forehead, frontal bossing, wide depressed nasal bridge,
epicanthal fold, narrow upper lip and micrognathia in a patient ex-
posed in utero to DPH.

Fig. 4. Finger-toe abnormalities in a patient exposed in utero 
to CBZ.
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were 3 cases of spontaneous abortions (2 in the CBZ
group and 1 in the DPH group) and 2 therapeutic abor-
tions (one for each drug). The recruited women treated
with DPH had epilepsy except for 5 who received the
drug prophylactically after craniotomy. Seven women
in the CBZ group were not epileptic and were treated
for other conditions (bipolar affective disorder in 3,
glossopharyngeal neuralgia in one, trigeminal neural-
gia in one and postcraniotomy prophylaxis in 2). None
of the women in either group received concomitantly
any other antiepileptic drug during the index preg-
nancy. An additional group of 9 epileptic women who
did not receive drug therapy during the index preg-
nancy was recruited and matched to controls.

All treated women received either DPH or CBZ dur-
ing the first trimester, 29 women took DPH throughout
pregnancy, and 30 women continued taking CBZ
throughout gestation. Twenty-three out of 29 women
were taking DPH and 24 out of 30 took as a treatment
CBZ for generalized tonic-clonic seizures. A few were
treated for partial complex seizures (one with DPH and
one with CBZ) or a combination of two types of seizures
(9 with phenytoin and 5 with CBZ), 8 women treated
with DPH and 6 with CBZ experienced one or two
episodes of seizures during pregnancy (P = 0.3). The
morphological findings in the groups with epileptic
seizures was similar to that of nonseizing mothers.
There was no correlation between the daily dose of ei-
ther DPH or CBZ and number of malformations or
anomalies.

Mothers from the study group were similar to their
matched controls in many characteristics, including
age at conception, gravidity, parity, rates of miscar-
riage, of cigarette smoking and alcohol consumption.
No woman drank heavily or smoked more than 10 cig-
arettes per day. Offspring exposed to DPH or CBZ were
similar to their controls in many neonatal and infancy
characteristics, including gestational age, birth weight,
proportions of modes of delivery, neonatal course, and
time of attainment of psychomotor development ac-
cording to the Denver scale (data not shown).

The mean OFC was not different between groups and
subgroups. Microcephaly (≤22 S.D.) was diagnosed in 2
of 33 (6%) available children exposed to DPH and in 3
of the 34 (8.8%) children exposed to CBZ (not significant)
independent of the doses of AEDs. One of the micro-
cephalic children in the DPH group had a microcephalic

mother. There were no microcephalic children among
the medicated nonepileptic or the nonmedicated epilep-
tic subgroups.

After adjustment for maternal head circumference
the difference between DPH and CBZ group was still
not significant. One microcephalic child in the DPH
group and one in the CBZ groups had low IQ (80 and 76,
respectively). Weights and heights were available in 27
of DPH- and 33 of CBZ-exposed children. Five children
of DPH group had height ≤22 S.D. and one had ≤22
S.D. weight, versus 4 children from CBZ group that had
≤22 S.D. height and 2 children ≤22 S.D.weight, (N.S.).
However, the mean centile weight values in the DPH
children was significantly different (P = 0.04) (47.1)
than the CBZ (62.1) children. The median weight and
height for DPH controls were 42.5 (4–97) and 47.5
(3–97) and for CBZ controls 40 (3–97) and for CBZ con-
trols 40 (3–97) and 42.5 (3–97), respectively.

Malformations were observed in 3 (8.8%) of 34 DPH-
exposed children and 2 (5.7%) of 35 CBZ exposures.
Among the 34 DPH controls there were 2 (6%) malfor-
mations and among the 36 CBZ controls there were 
2 (5.6%; Table I). The differences between the two
groups and their controls were not significant.

One child in the DPH group was born without a dis-
tal phalan of the right index, another with hypospa-
dias, and one with clubfoot. An additional child who
suffered from massive adrenal hemorrhage was not
classified as malformed. Both malformed children in
the CBZ group had multiple anomalies (one of them
was born with spina bifida and meningomyelocele, hy-
drocephalus, pneumothorax, hip dislocation and club-
foot; the second with inguinal hernia, hypospadias,
cleft palate) and IQ 76 and 82, respectively. In the DPH
control group, clubfoot (n = 1) and congenital heart dis-
ease (n = 1) were found. In the CBZ control group, there
was one child with hip dislocation and a second with
undescended testes.

The total number of minor anomalies and the distri-
bution per child are shown in Tables II and III. The typ-
ical findings are summarized in Table IV. Children ex-
posed to AEDs in utero had significantly more minor
anomalies (P < 0.01) than their matched controls. There
were no differences between the DPH and CBZ groups.
The number of children with facial anomalies was sig-
nificantly higher in children of nonepileptic mothers
treated with DPH (P = 0.03) than in their controls.

TABLE I. Malformations*

DPH CBZ

No. No.
Group n of malf. P n of malf. P

Study 34 3 (8.8%) NS 35 2 (5.7%)
NSControl 34 2 (6%) 36 2 (5.6%)

Case 1: Clubfoot Case 1: Microcephaly, 
Case 2: Hypospadias hypospadias, inguinal hernia,
Case 3: Missing distal phalang cleft palate

of right index Case 2: Spina bifida,
meningomyelocele, hip
dislocation, hydrocephaly,
pneumothorax, club foot

* NS, not significant.
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The values of the intercanthal index are given in
Table V. The total number of children with hyper-
telorism as well as the number of severe and moderate
cases were significantly higher in the DPH-treated
group than among their controls (P = 0.04). The mean
intercanthal index (40.2) was similar in the DPH group
and their matched controls (39); the values were 38.4
and 37.4 in the CBZ-exposed children and their con-
trols (N.S.).

Finger and palm lengths were not different in any of
the AED groups. Seventeen children of the DPH group
had fingernail and/or toenail dysplasia versus 9 of their
matched controls (P = 0.02). However, there was no sig-
nificant difference between the two drug groups (P =
0.4). Finger and toe anomalies, including tapering,
were found in 6 children in the DPH group (3 children
with tapering, one with absence of the distal phalan of
the right index, one with clinodactyly of both 5th fin-
gers and one with short toes), and in 2 children of 
their controls (one with tapering and one with short
thumbs); P = 0.1). Four children in the CBZ group (3
with tapering and 1 with clinodactyly of the 5th fingers)
versus 0 in their control group had finger abnormalities
(P = 0.05).

DISCUSSION
The incidence of malformations in children of epilep-

tic mothers has been reported to be higher than in 
the general population. Careful analysis of available
prospective studies [Kelly et al., 1994] suggests that
many of the minor craniofacial anomalies in these 
children, previously considered to be the consequence
of intrauterine exposure to AEDs, may in fact be linked
to epilepsy itself and may be genetically determined. It
is possible that the anticonvulsant medications in-
crease the frequency of anomalies that are already ge-
netically predicted. Minor anomalies may be caused by
different mechanisms [Spranger et al., 1982; Cohen,
1982]. They arise during phenogenesis, persist
throughout life and may serve as indicators of altered
morphogenesis, thus suggesting the presence of a more
serious underlying defect. Teratogenic insult during

gastrulation could reduce the cell population of the
early neural plate, so that there are insufficient cells to
form a normal size forebrain.

The large amount of physiologic cell deaths in the
neural plate during gastrulation makes them very vul-
nerable to teratogens [Sulik et al., 1988]. Head defects
are the severe end of abnormalities that extend to rela-
tively mild facial and central nervous system (CNS)
anomalies. Ocular hypotelorism, iris colobomas, flat
nasal bridge and midface hypoplasia can all be induced
by damage during gastrulation [Sulik and Johnson,
1985]. Furthermore, patterns of associated anomalies
are important in the diagnosis of specific known mal-
formation syndromes [Smith, 1982]. Examination of
the pattern of minor anomalies is therefore important
before one makes any conclusions about the fetal effects
of AEDs.

Rates of minor anomalies and their risk have varied
in different studies, but at the present time no con-
trolled studies using anthropometric methods have
compared rates of abnormality associated with DPH
and CBZ monotherapy, considering the complex inter-
action between epilepsy, genetic and environmental
factors. Our study addresses these points by perform-
ing a controlled, blinded assessment and examining
unique groups of untreated epileptics on the one hand
and a group treated with AEDs for conditions other
than epilepsy.

Our data confirm the previously shown increased
risk of minor anomalies among offspring of medicated
epileptics. As we found similar rates among DPH-
treated nonepileptics, it is conceivable that this anti-
epileptic medication has a causative role in the appear-
ance of some minor anomalies.

Microcephaly has been suggested to be a common
sign of AEDs teratogenicity. The risk of microcephaly
in children with intrauterine AEDs exposure has var-
ied among studies from no risk [Kelly et al., 1984] to
25–30% [Hauson et al., 1976; Vent et al., 1982]. Gaily 
et al. [1990] proposed that genetic causes may con-
tribute to the cause of reduced head circumference in
AED-exposed children. Our DPH and CBZ groups had
6% and 8.8% rates of microcephaly, respectively, prob-
ably higher than the 1.9% prevalence observed in a
normal school population [Sells, 1977]. When com-
pared to their controls, these figures did not reach a
statistical level of significance, possibly due to insuffi-
cient sample size.

Children exposed in utero to AEDs had significantly
more minor anomalies than their controls; a similar
trend of some anomalies was shown among offspring of

TABLE II. Children With Minor Anomalies*

DPH CBZ

Total No. of Total No. of
Groups no. anomalies RRa no. anomalies RR

Study 33 26 33 26
Control 33 16 2.122 34 17 2.073

* P < 0.01.
a RR, relative risk.

TABLE III. Number of Minor Anomalies Per Child

0 1 2 3 4 5 6 7 8 9 Total

DPH 3 0 2 6 4 5 5 2 2 2 139
DPH control 12 6 1 3 8 1 2 1 — — 73
CBZ 1 9 1 0 2 6 7 6 2 — 149
CBZ control 15 5 2 0 2 3 2 3 3 — 89
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nonepileptics exposed to DPH. Craniofacial and digital
anomalies previously reported as typical of the fetal hy-
dantoin syndrome [Hansen and Smith, 1975] were in-
cluded in our minor anomaly checklist. As expected, we
found that epicanthal fold and hypertelorism were as-
sociated with DPH treatment; however, malar hypopla-
sia and micrognathia occurred more commonly also
among offspring of nontreated epileptics. Conversely,
high forehead, frontal bossing and malar hypoplasia
were associated with untreated epilepsy, as well as
with DPH and CBZ treatment. This suggests that dif-
ferent features of anomalies may be caused by the
epilepsy than those caused by these drugs. Further-
more, a synergistic effect of drug and epilepsy may give
rise to different malformations.

Hypertelorism has been reported in 23% to 52% of 
exposed children [Hansen et al., 1976; Rating et al.,
1982]. However, in previous studies the data were col-
lected by unblinded clinical observation and could be
affected by observer bias. Using precise anthropometric
methods of measuring of the intercanthal distance, we
found a 25% rate of hypertelorism among children in
the DPH group versus 11% in their controls; severe and
moderate cases were significantly more common in the
DPH group.

In summary, the present study is unique in separat-
ing the effects of epilepsy from the two most commonly
used AEDs. Because most women with epilepsy are
treated with these drugs, the “untreated” epileptic
group was relatively small, as were the groups of

nonepileptics treated by DPH and CBZ. While larger
numbers in these groups would make the conclusions
stronger, the effect size on some morphologic finding
was large enough to allow the conclusion that the drugs
and the epilepsy have independent effects on the devel-
oping fetus. DPH appears to be more teratogenic than
CBZ as related to minor anomalies. Our previous
analysis of neurotoxicity reveals DPH to be also sub-
stantially more teratogenic to the developing brain
[Scolnik et al., 1993].
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