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The teratogenicity of anticonvulsant
drugs: a progress report

L B Holmes

Antiepileptic medication in pregnancy

ing pregnancy is one of the most

common potentially teratogenic ex-
posures, occurring in 1 in 250 (0.4%) of
pregnancies in a recent study in Boston.'
The teratogenicity of these drugs was first
postulated in the 1960s, with a consensus
developing in the 1970s that a distinctive
anticonvulsant embryopathy was pro-
duced. Two theories developed as to the
cause: (1) the mother’s underlying
epilepsy’ and (2) the anticonvulsant
drug.’

All anticonvulsants marketed up to
1976 have been shown to be teratogenic,
with varied manifestations and degrees
of severity. Hopefully some of the “new”
anticonvulsants marketed in the 1990s,
for example, gabapentin (1993), lamot-
rigine (1994), and topiramate (1996),
will be shown not to be teratogenic.

E xposure to anticonvulsant drugs dur-

PATTERNS OF EFFECTS

I define a teratogenic effect as any harm-
ful fetal effect from an exposure during
pregnancy. Some effects are apparent at
birth and others at older ages. The most
common abnormalities identified in
newborn infants are major malforma-
tions, midface and digit hypoplasia,
microcephaly, and growth retardation.
Experience has shown the importance of
systematic evaluations® for these out-
comes, including definitions of the
physical features being looked for, meas-
urements, inclusion and exclusion
criteria’ for major malformations, and
regular assessments of the reproduc-
ibility of the findings.*’

Major malformations

Theoretically each anticonvulsant drug
could produce specific or distinctive ab-
normalities; a few have been identified.
Five percent of valproic acid exposed
infants in one large study® and 1% of car-
bamazepine exposed infants’ had spina
bifida; nothing distinctive about the spina

bifida lesion has been reported and the
frequency of other neural tube defects,
such as anencephaly, is not increased.
Long bone and preaxial deficiencies in
valproic acid exposed infants have been
reported.” Stiff, tapered fingers with
absent or very small nails in phenytoin
exposed infants, in association with ra-
diographic changes, for example, coned
epiphyses and shortened and hypoplastic
distal phalanges, have been found in
phenytoin exposed infants." Vascular dis-
ruption limb anomalies, such as terminal
transverse limb defects with nubbins,"
have been seen in occasional phenytoin
exposed infants.

Since these associated major malfor-
mations are relatively uncommon, even
in infants exposed to these specific
drugs, the major malformations identi-
fied most often in anticonvulsant ex-
posed children are those which also
occur in unexposed children: heart de-
fects, hypospadias, club foot, and cleft lip
or palate.””

It is usually difficult to know if an
infant’s major malformation is “the
result of” the fact that his/her mother
had taken an anticonvulsant drug dur-
ing pregnancy. Theoretically, this could
be presumed if the infant has some of
the other features of the anticonvulsant
embryopathy, such as the infant with
holoprosencephaly who had the minor
craniofacial and digit anomalies of the
phenytoin  embryopathy.” In one
analysis,” the infants with a drug spe-
cific feature, such as the “anticonvulsant
face” or midface hypoplasia, were more
likely to have the other features of the
embryopathy than control infants.

Microcephaly and growth retardation
Initial reports of children with the
hydantoin,” carbamazepine,” and phe-
nobarbital embryopathy" proposed that
microcephaly and growth retardation
were fetal effects of these exposures. But
this outcome could have reflected the
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effect of polytherapy in some of the chil-
dren evaluated. More recent studies of
infants exposed to phenytoin, car-
bamazepine, and phenobarbital as
monotherapy did not identify an in-
creased frequency of microcephaly.” *
An appropriate comparison group by
race and altitude” is crucial to these
analyses.

Midface hypoplasia

The most common features are de-
pressed bridge of the nose, short nose
with anteverted nostrils, and long upper
lip. Less common features are a broad
bridge of the nose, thin vermilion, a
small mouth, and a wide philtrum.”

Cephalometric radiographs of chil-
dren who had been exposed to either
phenytoin alone or phenytoin plus phe-
nobarbital have shown significant
changes in the facial bones and the cra-
nial base: decreased length and height of
the maxilla, decreased length of the pos-
terior cranial base and mandible, altered
maxillomandibular relationship, and
shortened nasal bone.* These changes
persist beyond childhood.

Because two other teratogens, thalido-
mide and tetracycline, affect the teeth of
children exposed in utero, the size and
shape of the teeth in panoramic radio-
graphs and dental casts from children
exposed to either phenytoin alone or
phenytoin and phenobarbital as poly-
therapy were analysed.” An increased
frequency of missing teeth and an
increase in the mesiodistal diameter,
particularly in the maxillary molars, was
found. It will be important to determine
whether other anticonvulsants produce
similar changes in cranial structures and
teeth.

Digit hypoplasia
An increased frequency of arch patterns
and shortening of the distal phalanges
has been reported in several studies.”**
Changes in the frequency of other
dermal ridge patterns also occur, but are
less common.” The higher frequency of
arch patterns could reflect the fact that
the prenatal exposures made the devel-
oping pad on the ends of the fingers
lower than the pads associated with
developing whorl and loop patterns.*
Hand radiographs of anticonvulsant
exposed children show hypoplastic or
malformed distal phalanges, coned epi-
physes, pseudoepiphyses, and shortened
metacarpals.” In a study of 46 children
between the ages of 5 and 29 years, 14%
of the phenytoin and/or phenobarbital
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exposed subjects had at least two of
these changes." Since the measured nail
sizes of these children in this study were
not reduced, it was concluded that the
presence of digit hypoplasia was deter-
mined most consistently from examin-
ing dermal ridge patterns and radio-
graphs, not clinical inspection. The
radiographs of the toes of the same sub-
jects did not show a significant increase
in the frequency of epiphyseal changes.”

Cognitive function

Assessments of intelligence have been
the most common studies reported in
older anticonvulsant exposed children
and teenagers,” * " ™ some of whom
have shown evidence of cognitive dys-
function.

Phenobarbital

The evaluation of 33 adult men showed a
deficit of 7 IQ points* with confounding
by socioeconomic factors and a dose
response relationship; another study® of
23 matched pairs aged 6.5 to 16 years
showed a difference of 11 full scale IQ
points, with the phenobarbital exposed
also having specific problems with either
language expression or reception.

Phenytoin

The study” of 34 mother-child pairs
showed a 10.6 (£27.9) 1IQ point differ-
ence in 2 to 3 year olds compared to 34
matched pairs. Adams et al” evaluated 21
phenytoin exposed children aged 6.5
years and older in comparison to
matched controls and found no differ-
ence in comparison to 21 matched
controls.

Phenytoin and phenobarbital

A study” of 15 drug exposed children
showed, in comparison to controls, a
deficit of 10 IQ points in both the
Wechsler Full Scale IQ and the Perform-
ance 1Q at 4.5 years and older.

Carbamazepine
Thirty-six mother-child pairs showed no
difference at ages 2 to 3 years between
those exposed to carbamazepine and the
33 mother-child pairs in the comparison
group.™

Based on the information published so
far, the greatest concern about cognitive
dysfunction is for children exposed in
utero to valproic acid. Since the reports
have come from case series** and not
systematic, controlled studies, it is diffi-
cult to know how frequent developmen-
tal delay and mental retardation are in
valproate exposed children. An addi-
tional concern is the occurrence of
autism in case reports of children ex-
posed to valproic acid during preg-
nancy™ ”’; a systematic study of this very
serious potential fetal effect is needed.

While these small systematic studies
and case series show that cognitive dys-
function can be an effect of prenatal
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exposure to anticonvulsants, the limita-
tions of the studies cited above illustrate
the major issues and potential confound-
ing factors to be considered: the test
instruments and subtests used; the sam-
ple size should have adequate statistical
power; the comparison group should be
well matched; the evaluators should be
masked as to exposure status; the age of
the children being evaluated, children
aged 6 years and older have a larger rep-
ertoire of knowledge to be tested and the
findings should be more consistent than
those in 2 and 3 year-olds; the intelli-
gence of the parents of the exposed and
comparison child should be assessed and
considered in the analysis; the mother’s
history of epilepsy posing a “genetic”
risk to each of her infants; the seizures
which the mother had during the child’s
pregnancy; the presence of the features
of the anticonvulsant embryopathy in
the drug exposed child and the compari-
son child.

Hopefully future studies will include
as many of these confounders as possible
with the detailed analysis of the children
and their parents.

The fetal effect of each potential
confounding factor could theoretically
be evaluated in separate studies. This has
been done for the potential “genetic”
risk to the fetus from the mother’s
history of epilepsy in a pregnancy when
she was not taking an anticonvulsant
drug and did not have seizures severe
enough to make her unconscious.” In
this study, 57 seizure history (no drug)
exposed children had no dysmorphic
features and their intelligence was the
same as that of the 57 matched controls.
The power of the study was adequate to
rule out a difference of 7 IQ points.

Late onset effects

An exposure during pregnancy can also
produce fetal effects that are only appar-
ent when that person is a teenager or
young adult. Two examples from studies
of other teratogens are the altered social
behaviour in adult men who had been
exposed in utero to diethylstilbestrol®
and the higher frequency of diabetes
mellitus in adults with congenital
rubella.”

Recently, Dessens et al* reported an
increased frequency of cryptorchidism in
males exposed to phenytoin and/or phe-
nobarbital during pregnancy and, later,
menstrual irregularities in adult women.
Dean ef al report on page 251 of this issue
of JMG the findings in a retrospective
review of the medical records of 293
anticonvulsant exposed children. They
identified an increased frequency of
developmental delay, behaviour disor-
ders, and a diverse group of medical
problems that included refractive errors
in vision, joint laxity, and otitis media
(only in valproate exposed children).

COMMENTARIES

Genetic susceptibility

Twenty years ago, David Smith* presented
his clinical observation that parents with
one child with phenytoin embryopathy
had a higher risk of having a second
affected child than the parents whose
anticonvulsant exposed fetus showed no
signs of the embryopathy in childhood.
Both Van Dyke et al® and Moore et al’”
confirmed the increased recurrence risk
after the birth of an infant with the anti-
convulsant embryopathy.

Several hypotheses have been devel-
oped to explain why some infants of
mothers taking anticonvulsant drugs
have this apparent genetic susceptibility:
(1) decreased function of epoxide hydro-
lase (EPHX1), an enzyme which metabo-
lises phenytoin, postulated to be the
result of an autosomal recessive gene in
one study* and an autosomal dominant
mutation in another”; (2) altered distri-
bution of polymorphisms in microsomal
EPHXI, no abnormalities were identified
in one study of 16 subjects with the anti-
convulsant embryopathy (L Walsh, J K
Hartsfield Jr, personal communication);
(3) production of free radicals by pheny-
toin®; (4) inhibition of potassium chan-
nel function”, which produces injury by
hypoxia and reperfusion; (5) decreased
maternal serum folate, possibly associ-
ated with a deficiency of methylene
tetrahydrofolate reductase.”

Counselling the pregnant woman
taking an anticonvulsant

Because exposure to anticonvulsants is
SO common among pregnant women, it
is important that all health care profes-
sionals be able to inform her of the
potential for fetal effects and her options
in her treatment, which include: take a
daily folic acid supplement before con-
ception; take the anticonvulsant drug as
monotherapy, if possible; keep the dose
of the anticonvulsant drug during preg-
nancy as low as possible, as the lower the
dose presumably the lower the risk of a
harmful fetal effect. Describe the in-
creased risk for the spectrum of common
malformations; do not emphasise an
increased risk for cleft lip and palate, as
this has been notable only for phenobar-
bital with an odds ratio of about 3."” Even
when the mother takes phenobarbital,
that risk should be put in the context of
the rate in that mother’s ethnic group: if
she is white, the baseline risk is about
1:1000 or 0.1% and a three-fold increase
makes the risk 1:333 or 0.3%. This
de-emphasis would help make her con-
cerns more realistic.

Future directions

This review highlights the need for more
information on many aspects of the
teratogenicity of anticonvulsants. First,
hopefully the “new” anticonvulsants will
be shown not to be teratogenic. Second,
determine whether taking folic acid con-
ception reduces the risks for a harmful
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fetal effect. Third, do anticonvulsant
exposed children have an increased risk
for cognitive dysfunction? Fourth, the
“anticonvulsant face” is a common ef-
fect; is its presence associated with an
increased risk for cognitive dysfunction?
Fifth, studies are needed to identify the
candidate genes that are associated with
the familial clustering of children with
the anticonvulsant embryopathy. One
would predict that each drug will have
its own molecular mechanism for con-
veying this risk. Hopefully, it will be pos-
sible to identify the woman with a high
risk for a teratogenic effect from taking
one anticonvulsant drug and to select a
lower risk treatment for her.

ACKNOWLEDGEMENTS

Much of the work summarised has been sup-
ported by NIH Grant No NS24125, and funds
from Parke-Davis (now Pfizer) and the Pea-
body Foundation. I also thank Mrs Rosanna
Greco who typed this manuscript.

J Med Genet 2002;39:245-247

Author’s affiliation

L B Holmes, Genetics and Teratology Unit,
Pediatric Service, Massachusetts General
Hospital, Warren 801, 55 Fruit Street, Boston,
MA 02114-2696, USA

Correspondence to: Dr L B Holmes;
holmes.lewis@mgh.harvard.edu

REFERENCES
Holmes LB, Harvey EA, Coull BA, Huntington
KB, Khoshbin S, Hayes AM, Ryan LM. The
teratogenicity of anticonvulsant drugs. N Engl
J Med 2001;344:1132-8.
Monson RR, Rosenberg L, Hartz SC, Shapiro
S, Heinonen OP, Slone D. Diphenylhydantoin
and selected congenital malformations. N
Engl ) Med 1973;289:1049-52.
Hanson JW, Myrianthopoulos NC, Harvey
MA, Smith DW. Risks to the offspring of
women treated with hydantoin
anticonvulsants, with emphasis on the fetal
hydantoin syndrome. J Pediatr
1976,89:662-8.
Leppig KA, Werler MM, Cann Cl, Cook CA,
Holmes LB. Predictive value of minor
anomalies. |. Association with major
malformations. J Pediatr 1987;110:531-7.
Holmes LB. Need for inclusion and exclusion
criteria for the structural abnormalities
recorded in children born from exposed
pregnancies. Teratology 1999;59:1-2.
Holmes LB, Kleiner BC, Leppig KA, Cann Cl,
Munoz A, Polk BF. The predictive value of
minor anomalies. Il. Use in cohort studies to
identify teratogens. Teratology
1987;36:291-7.
7 Harvey EA, Hayes AM, Holmes LB. Lessons
on objectivity in clinical studies. Am J Med
Genet 1994;53:19-20.
Omtzigt JG, Los FJ, Grobbee DE, Pijpers L,
Jahoda MGJ, Brandenburg H, Stewart PA,
Gaillard HL, Sachs ES, Wladimiroff JW,
Lindhout D. The risk of spina bifida aperta
after firstrimester exposure to valproate in a
prenatal cohort. Neurology 1992;42:119-25.
Rosa FW. Spina bifida in infants of women
treated with carbamazepine during
pregnancy. N EnglJ Med 1991;324:674-7.
10 Sharony R, Garber A, Viskochil D. Preaxial
ray reduction defects as part of valproic acid
embryopathy. Prenat Diagn 1993;13:909-18.

N

w

I

(@]

o

[ee]

O

13

20

2

2

N

23

24

25

26
27

28

29

30

Lu MCK, Sammel MD, Ryan LM, Holmes LB.
Digit effects produced by prenatal exposure to
antiepileptic drugs. Teratology
2000;61:277-283.

Sabry MA, Farag Tl. Hand anomalies in
fetal-hydantoin syndrome: from
nail/phalangeal hypoplasia to unilateral
acheiria. Am J Med Genet 1996;62:410-12.
Battino D, Binelli S, Caccamo ML, Canevini
MP, Canger R, Como ML, Croci D, De
Giambattista M, Granata T, Pardi G, van
Avanzini G. Malformations in offspring of
305 epileptic women: a prospective study.
Acta Neurol Scand 1992;85:204-7.

Samren EB, van Duijn CM, Koch S,
Hiilesmaa VK, Klepel H, Bardy AH,
Mannagetta GB, Deichl AW, Gaily E,
Granstrom ML, Meinardi H, Grobbee DE,
Hofman A, Janz D, Lindhout D. Maternal use
of antiepileptic drugs and the risk of major
congenital malformations: a joint European
prospective study of human teratogenesis
associated with maternal epilepsy. Epilepsia
1997,38:981-90.

Arpino C, Brescianini S, Robert E, Castilla EE,
Cocchi G, Cornel MC, de Vigan C, Lancaster
PA, Merlob P, Sumiyoshi Y, Zampino G, Renzi
C, Rosano A, Mastroiacovo P. Teratogenic
effects of antiepileptic drugs: use of an
International Database on Malformations and
Drug Exposure (MADRE). Epilepsia
2000;41:1436-43.

Kotzot D, Weigl J, Huk W, Rott HD.
Hydantoin syndrome with holoprosencephaly:
a possible rare teratogenic effect. Teratology
1993;48:15-19.

Holmes LB, Coull BA, Harvey EA, Hayes
AM. Maijor malformations in
anticonvulsant-exposed children: association
or coincidence? (Spanish). Boletin del ECEMC
2001;Serie IV(No 6):31-4.

Jones KL, Lacro RV, Johnson KA, Adams J.
Pattern of malformations in the children of
women treated with carbamazepine during
pregnancy. N Engl ] Med 1989;320:1661-6.
Jones LL, Johnson KA, Chambers CC.
Pregnancy outcome in women treated with
phenobarbital monotherapy. Teratology
1992;45:452.

Nulman I, Scolnik D, Chitayat D, Farkas LD,
Koren G. Findings in children exposed in
utero to phenytoin and carbamazepine
monotherapy; independent effects of epilepsy
and medications. Am J Med Genet
1997;68:18-24.

Choulika S, Harvey E, Holmes LB. Effect of
antiepileptic drugs (AED) on fetal growth:
assessment at birth. Teratology 1999,;59:388.
Wong KS, Scott KE. Fetal growth at sea level.
Biol Neonate 1972;20:175-88.

Orup HI Jr, Holmes LB. Changes in facial soft
tissues in individuals exposed to antiepileptic
drugs in utero. Teratology 1998;57:195-6.
Orup HI Jr, Holmes LB. Persistence of
craniofacial effect of antiepileptic drug (AED)
teratogenicity into adult years. Teratology
1997,55:34.

Orup HI Jr, Keith DA, Holmes LB. Prenatal
anticonvulsant drug exposure: teratogenic
effect on the dentition. J Craniofac Genet Dev
Biol 1998;18:129-37.

Hanson JW, Smith DW. The fetal hydantoin
syndrome. J Pediatr 1975;87:285-90.

Kelly TE, Edwards P, Rein M, Miller JQ,
Dreifuss FE. Teratogenicity of anticonvulsant
drugs. Il. A prospective study. Am J Med
Genet 1984;19:435-43.

Andermann E, Dansky L, Andermann F,
Loughman PM, Gibbons J. Minor congenital
malformations and dermatoglyphic alterations
in the offspring of epileptic women: a clinical
investigation by the teratogenic effects of
anticonvulsant medication. In: Janz D, Bossi L,
Dam M, Helge H, Richens A, Schmidt D, eds.
Epilepsia, pregnancy, and the child. New
York: Raven Press, 1982:235-49.

Bokhari A, Coull B, Holmes LB. Effect of
prenatal exposure to antiepileptic drugs on
dermal ridge patterns of fingers. Teratology
1999,59:379.

Robinow M, Johnson GF. Dermatoglyphics in
distal phalangeal hypoplasia. Am J Dis Child
1972;124:860-3.

247

31 Bokhari A, Connolly S, Harvey EA, Holmes
LB. Effects on toes produced by prenatal
exposure fo antiepileptic drugs (AED) are
common, but subtle. Teratology 1998;57:55.

32 Reinisch JM, Sanders SA, Rubin DB. In utero
exposure fo phenobarbital and infelligence
deficits in adult men. JAMA
1995,724:1518-25.

33 Adams J, Harvey EA, Holmes LB. Cognitive
deficits following gestational monotherapy
with phenobarbital and carbamazepine.
Neurotoxicol Teratol 2000;22:466.

34 Scolnik D, Nulman |, Rovet J, Gladstone D,
Czuchta D, Gardner HA, Gladstone R, Ashby
P, Weksberg R, Einarson T, Koren G.
Neurodevelopment of children exposed in
utero to phenytoin and carbamazepine
monotherapy. JAMA 1994;271:767-70.

35 VanOverloop D, Schnell RR, Harvey EA,
Holmes LB. The effects of prenatal exposure to
phenytoin and other anticonvulsants on
intellectual function at 4 to 8 years.
Neurotoxicol Teratol 1992;14:329-35.

36 Ardinger HH, Atkin JF, Blackston RD, Elsas
L, Clarren SK, Livingstone S, Flannery DB,
Pellock JM, Harrod MJ, Lammer EJ, Majewski
F, Schinzel A, Toriello HV, Hanson JW.
Verification of the fetal valproate syndrome
phenotype. Am J Med Genet
1088;29:171-85.

37 Moore SJ, Turnpenny P, Quinn A, Glover S,
Lloyd DJ, Montgomery T, Dean JC. A clinical
study of 57 children with fetal anticonvulsant
syndromes. J Med Genet 2000;37:489-97.

38 Christianson AL, Chester N, Kromberg JGR.
Fetal valproate syndrome: clinical and
neurodevelopmental features in two sibling
pairs. Dev Med Child Neurol 1994,36:361-9.

39 Williams PG, Hersh JH. A male with fetal
valproate syndrome and autism. Dev Med
Child Neurol 1997;39:632-4.

40 Holmes LB, Rosenberger PB, Harvey EA,

Khoshbin S, Ryan L. Intelligence and physical

features of children of women with epilepsy.

Teratology 2000;61:196-202.

Beral V, Colwell L. Randomized frial of high

doses of stilbestrol and ethisterone therapy

during pregnancy: longterm follow-up of the
children. J Epidemiol Community Health
1981;35:155-60.

42 Shaver KA, Boughman JA, Nance WE.
Congenital rubella syndrome and diabetes: a
review of epidemiologic, genetic and
immunologic factors. Am Ann Deaf
1985;130:526-32.

43 Dessens AB, Cohen-Kettenis PT, Mellenbergh
GJ, Koppe JG, Poll NE, Boer K. Association of
prenatal phenobarbital and phenytoin
exposure with genital anomalies and
menstrual disorders. Teratology
2001;64:181-8.

44 Smith DW. Hydatoin effects on the fetus in
phenytoin-induced teratology and gingival
pathology. New York: Raven Press, 1980.

45 Van Dyke DC, Hodge SE, Helde F, Hill LR.
Family studies in fetal phenytoin exposure. J
Pediatr 1988;113:301-6.

46 Buehler BA, Delimont D, van Waes M,
Finnell RH. Prenatal prediction of risk of the
fetal hydantoin syndrome. N Engl J Med
1990;322:1567-72.

47 Strickler SM, Dansky LV, Miller MA, Seni
MH, Andermann E, Spielberg SP. Genetic
predisposition to phenytoin-induced birth
defects. Lancet 1985;ii:746-9.

48 Wells PG, Nagri MK, Grego GS. Inhibition of
trimethadione and dimethadione
teratogenicity by the cyclooxygenase inhibitor
acetylsalicylic acid: a unifying hypothesis for
the teratogenic effects of hydantoin
anticonvulsants and structurally related
compounds. Toxicol Appl Pharmacol
1989,97:406-14.

49 Danielsson BRG, Danielson M, Rundqvist E,
Rieland S. Identical phalangeal defects
induced by phenytoin and nifidipine suggest
hypoxia and vascular disruption behind
phenytoin teratogenicity. Teratology
1992;45:247-58.

50 Dean JCS, Moore SJ, Osborne A, Howe J,
Turnpenny PD. Fetal anticonvulsant syndrome
and mutation in the maternal MTHFR gene.
Clin Genet 1999;56:216-20.

4

www.jmedgenet.com


http://jmg.bmj.com

