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INTRODUCTION

Thyrotoxicosis occurs in about 0.2% of pregnancies
and is caused most frequently by Graves disease (Bur-
row, ’85; Kriplani et al., ’94). Graves disease is an
autoimmune disorder characterized by the production
of antibodies, immunoglobulins of the IgG class, di-
rected against thyroid stimulating hormone (TSH) re-
ceptors (Shoenfeld and Schwartz, ’84). This results in
the excess production of thyroid hormones. Because
IgG antibodies pass through the human placenta, their
transfer can induce stimulation of the fetal thyroid
gland causing fetal hyperthyroidism (Hollingsworth,
’83). Thyrotoxic fetuses have a high risk for prematu-
rity, intrauterine growth retardation, craniostenosis,
cardiac failure, fetal hydrops, and intrauterine death
(Treadwell et al., ’96; Zimmerman, ’99). This is appar-
ently unrelated to the status of maternal thyroid func-
tion and effectiveness of treatment (Hollingsworth, ’83;
Porreco and Bloch, ’90).

Antithyroid drugs, which interfere with the synthe-
sis of thyroid hormones, are the treatment of choice for
thyrotoxicosis in pregnancy. Propylthiouracil (PTU),
methimazole (MMI) and carbimazole (CMZ) are thio-
ureylenes, which belong to the family of thioamides.
The antithyroid compounds currently used in the
United States are PTU and MMI. In the United King-
dom and Europe, CMZ, a carboxy derivative of MMI, is
available, and its antithyroid action is due to its con-
version to MMI after absorption. Although both PTU
and MMI cross the placenta, MMI was originally re-
ported to have a three times greater placental transfer
than PTU (Marchant et al., ’77). PTU is therefore pre-
ferred over MMI because of its lower transplacental
passage (Farwell and Braverman, ’96). It was recently
suggested, however, that both drugs have similar ki-
netics of placental transfer (Mortimer et al., ’97).

All antithyroid drugs may inhibit fetal thyroid func-
tion causing fetal hypothyroidism. This is usually tran-
sient with a return to the euthyroid state within sev-
eral days or weeks after birth. (Kriplani et al., ’94;
Wing et al., ’94; Vanderpump et al., ’96;). For that
reason, and because of the transplacental passage of
maternal antithyroid antibodies, it may be important
to assess fetal thyroid function in treated mothers with
Graves disease either by Doppler echography or, in

selected cases, by fetal blood sampling (Porreco and
Bloch, ’90; Lutton et al., ’97). Fetal hyperthyroidism
can be treated by administration of PTU to the mother
(Wallace et al., ’95; Treadwell et al., ’96). Infants of
mothers with Graves disease who had been treated
with antithyroid drugs may have hypothyroidism (due
to drug transfer) or hyperthyroidism (due to the trans-
fer of antibodies). It is therefore important to assess the
thyroid function of each neonate born to a treated hy-
perthyroid mother, especially if thyroid enlargement is
observed by ultrasonography (Brunner and Dellinger,
’97; Momotani et al., ’97; Zimmerman, ’99).

This update will review the use of antithyroid drugs
during pregnancy addressing the risk of congenital
anomalies. Special attention will be given to the possi-
ble associations between in utero exposure to MMI and
aplasia cutis congenita and a spectrum of congenital
anomalies including choanal atresia. The risk of fetal
goiter after treatment with all antithyroid drugs, and
possible neurodevelopmental toxicity will also be dis-
cussed.

PROPYLTHIOURACIL

Animal data

Animal studies were carried out in mice, rats, and
rabbits. Thyroid enlargement was observed in the off-
spring of rabbits (Krementz et al., ’57; Mandel et al.,
’94) and guinea pigs (Peterson, ’53) treated during
pregnancy with propylthiouracil (PTU). Similar stud-
ies in rats and mice resulted in hypothyroidism in the
offspring (Goldey et al., ’95; Calikoglu et al., ’96). The
rate of major congenital anomalies was not increased
in these animals.

Effects of PTU on the developing human fetus

The frequency of congenital anomalies among chil-
dren born to PTU treated hyperthyroid mothers does
not seem to be increased. Momotani and Ito (’91) have
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shown no increase in the rate of congenital anomalies
in 65 children born to mothers treated with either PTU
or MMI, in comparison to untreated mothers with
Graves disease. Several series of reports on children
born to hyperthyroid mothers treated with PTU failed
to show any increase in the rate of major congenital
anomalies (Holt et al., ’70; Goluboff et al., ’74; Wing et
al., ’94; Ghaneim and Atkins, ’98).

Fetal goiter associated with exposure to PTU

Suppression of fetal thyroid function, which may oc-
cur only after the 10th week of pregnancy, when the
fetal thyroid gland is actively functioning, occurs more
often with PTU treatment than with MMI therapy
(Burrow, ’78; Becks and Burrow, ’91). This may result
in fetal thyroid hyperplasia and goiter while attempt-
ing to compensate for the hypothyroidism (Burrow, ’78;
Becks and Burrow, ’91). Suppression of fetal thyroid
occurs in 1–5% of neonates born to PTU treated moth-
ers. Many of these infants exhibit neonatal goiter that
can be diagnosed ultrasonographically in utero (Becks
and Burrow, ’91; Friedland and Rothchild, ’00). Large
goiters that can cause respiratory compromise in the
newborn infant are rare (Becks and Burrow, ’91). A
combination of PTU and iodides or PTU and thyroid
hormone are contraindicated in pregnancy because
they are more goitrogenic than PTU alone (Mujtaba
and Burrow, ’75; Burrow, ’78, ’85, ’93; Vanderpump et
al., ’96).

Neurodevelopmental effects of in utero
exposure to PTU

Several studies have assessed the cognitive develop-
ment of offspring of PTU or MMI treated hyperthyroid
mothers. They found no difference in several develop-
mental outcomes including intelligence between these
children and controls (Burrow et al., ’78; Messer et al.,
’90; Eisenstein et al., ’92). These studies, however, do
not seem to correlate the developmental outcome with
the fetal thyroid function, and we have to presume that
the children were euthyroid while in utero. This latter
issue is important, because very little is known regard-
ing the long-term effects of transient or permanent
dysfunction of the fetal thyroid gland on postnatal
brain development. Also in these studies attention
span and learning ability were not fully ascertained
and they may still be impaired despite a normal cogni-
tive function, as observed in children born to heroin
dependent mothers adopted at a young age (Ornoy et
al., ’01)

METHIMAZOLE AND CARBIMAZOLE

Animal data

Methimazole (MMI) had no teratogenic activity in
rabbits (Zolcinski et al., ’64). MMI can cause abnormal
development of rat embryos in vitro, although the con-
centration at which MMI disturbs rat embryogenesis is
higher than that which is reached in hyperthyroid pa-
tients treated with clinical doses of MMI or carbima-

zole (CMZ) (Stanisstreet et al., ’90). Postnatal behav-
ioral alterations have been described in both mice (Rice
et al., ’87) and rats (Comer and Norton, ’82; Albee et al.,
’89) after low-dose prenatal administration of MMI.
Virtually all of the antithyroid agents have shown the
capacity to induce fetal goiter in animals, as would be
expected (Schardein, ’93).

APLASIA CUTIS CONGENITA

Aplasia cutis congenita (ACC) is the congenital ab-
sence of skin and encompasses a spectrum of subtypes
where either localized or widespread areas of skin are
affected. The condition is rare with scalp ACC affecting
0.03% of the newborns (Van Dijke et al., ’87). Although
any part of the skin may be involved, most commonly
the lesion is a 0.5–3 cm in size and involves the scalp.
The lesion is solitary in 75% of cases, most commonly
located at the parietal hair whorl. Only 8% of those
lesions have associated congenital defects. Although
the majority of these scalp defects occur sporadically,
many familial cases have been reported. Heredity has
been predominantly autosomal dominant, but reces-
sive inheritance has also been implicated. Multiple eti-
ologies have already been suggested for ACC. Genetic
causes include chromosomal aberrations, namely tri-
somy 13 and deletion (4p) syndromes and single gene
mutations such as focal dermal hypoplasia (Goltz syn-
drome). Other syndromes including ACC are Adams-
Oliver syndrome, Setleis syndrome, Anderson-Hollis-
ter-Szalay syndrome, Johanson-Blizzard syndrome
and a familial syndrome of 46,XY gonadal dysgenesis
with multiple anomalies. It is also inherited with as an
autosomal dominant trait in association with distal
limb reduction anomalies and with postaxial polydac-
tyly.

A small number of teratogens have also been linked
with ACC. These include intrauterine infection (i.e.,
varicella zoster virus, herpes simplex virus), fetal ex-
posure to drugs of abuse (i.e., cocaine, heroin, mari-
juana, and alcohol), or the antithyroid drugs, MMI and
CMZ (Blunt et al., ’92). The significance of MMI or CMZ
treatment during pregnancy as a causal factor of scalp
defects, however, remains a matter of debate.

ACC and gestational exposure to MMI and CMZ

Milham and Elledge (’72) were the first to suggest an
association between congenital scalp defects and ma-
ternal ingestion of antithyroid drugs during pregnancy.
They reported 11 cases of newborn scalp defects ascer-
tained in Washington State by birth certificate report
and physician questionnaire in a 6-month period. The
lesions were single circular, punched out, ulcer-like
midline defects of the scalp at the vertex or in the
occipital area. Query of the mothers revealed that two
of the 11 had taken MMI during pregnancy for hyper-
thyroidism. A third mother had taken thyroid hormone
during her pregnancy for treatment of hypothyroidism.
One of the mothers taking MMI delivered a set of
fraternal twins both of whom had scalp defects. In
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addition to the scalp defect, one of the twins also had a
patent urachus requiring surgical repair (Milham, ’85).
Mujtaba and Burrow (’75) reported 21 women who had
used MMI or PTU during pregnancy for hyperthyroid-
ism. One who received MMI during two successive
pregnancies gave birth to two siblings with scalp de-
fects, one of whom also had imperforate anus. Bach-
rach and Burrow (’84) mention five verbally reported
cases of ACC in infants whose mothers had been
treated with MMI in pregnancy. Milham (’85) reported
four additional cases of MMI associated scalp defects.
One of the four cases had an associated umbilical de-
fect, patent vitelline duct. In this case the mother had
been treated with CMZ. Van Dijke et al. (’87) report a
case of a newborn with congenital scalp defects whose
mother had taken MMI and thyroid hormone extract
during pregnancy. Another case of ACC associated
with maternal exposure to MMI has been reported with
scalp hypoplasia and elevated alpha-fetoprotein (Kalb
and Grossman, ’86; Farine et al., ’88). Tanaka et al.
(’89) report a case of multiple congenital scalp defects
in an infant whose mother had been treated with MMI
during pregnancy. Dutertre et al. (’91) report a case of
ACC in an infant whose mother had been treated with
CMZ during pregnancy. Martinez-Frias et al. (’92)
identified one child with ACC prenatally exposed to
CMZ because of maternal hyperthyroidism. Sargent et
al. (’94) describes a neonate with multiple areas of ACC
and the stigmata of scalp-ear-nipple syndrome after in
utero MMI exposure. Mandel et al. (’94) reported a case
of ACC on the vertex of the head after in utero exposure
to MMI. Vogt et al. (’95) reported a child with ACC
whose mother was treated with MMI during preg-
nancy. Martin-Denavit et al. (’00) recently reported a
girl with ACC of the scalp, with a combination of signs
including abnormalities of various tissues of ectoder-
mal origin (minor facial abnormalities, areas of hyper-
pigmented skin, two supernumerary nipples, bilateral
syndactylies, dystrophic fingernails, and epilepsy). Her
mother suffered from Graves disease and had been
treated with MMI during pregnancy.

Martinez-Frias et al. (’92) observed a significant in-
crease in the prevalence of ACC during the 1980s from
0.33/10,000 to 1.11/10,000 infants (P , 0.005) in some
areas of Spain. It was suggested that this increase was
associated with illicit addition of MMI, with or without
clenbuterol, a b-agonist, to animal feed as a weight
enhancer. The new cases of ACC in the Spanish Col-
laborative Study of Congenital Malformation (SCSCM)
were predominantly from regions where poisoning
from clenbuterol was reported.

Contrary to the suggestive evidence listed above,
several investigators reported in a retrospective ap-
proach lack of association between ACC and MMI or
CMZ treatment during pregnancy. Momotani et al.
(’84) have reported 243 infants whose mothers had
been treated with MMI during pregnancy (117 mothers
were hyperthyroid and 126 euthyroid). They were com-
pared to infants of 400 mothers (350 euthyroid and 50
hyperthyroid) who did not receive MMI. None of the

children had ACC. Van Dijke et al. (’87) reviewed
49,091 birth records and found that 25 children (0.05%)
had congenital skin defects, which were confined to the
scalp in 13 (0.03%). Examination of patient files
showed that none of the mothers of these children had
used antithyroid drugs. They also found records of 24
mothers who had received treatment in the first tri-
mester of pregnancy with MMI or CMZ and none of
these children had skin defects. In a series of 27
(Kriplani et al., ’94) and 36 (Wing et al., ’94) children
whose mothers were treated with MMI or CMZ during
pregnancy, no cases of ACC were observed. In a recent
multi-center ENTIS (European Network of Teratology
Information Services) study reported by Di Giananto-
nio et al. (in press) of 241 pregnant women treated with
MMI during pregnancy, none of the infants had ACC.

In summary, over a two-decade period, more than 18
cases of scalp ACC have been reported in possible as-
sociation with MMI or CMZ treatment during preg-
nancy (Table 1), with further support from the SCSCM.
There was, however, no support to such an association
from prospective cohort studies. Even relatively large
cohort studies are not big enough to detect an associa-
tion with a rare defect as ACC. The lack of reported
cases of scalp ACC after PTU administration in preg-
nancy is interesting. PTU is prescribed more fre-
quently than MMI in hyperthyroidism and especially
in pregnancy. Assuming a spontaneous incidence of
0.03% for scalp ACC, and a 0.2% incidence of hyper-
thyroidism in pregnancy, (approximately a third of
whom are treated with MMI), 20 cases of ACC are
predicted in 100 million births. We have no estimate of
the unreported cases. A causal relationship between
the use of MMI or CMZ during pregnancy and scalp
ACC cannot be excluded. Based on the available data,
a true risk estimate cannot be derived. The possible
association between in utero exposure to MMI or CMZ
and scalp ACC is probably weak. Table 1 summarizes
the published studies.

Congenital anomalies associated with in utero
exposure to MMI

Momotani et al. (’84) examined 643 neonates from
mothers with Graves disease for major malformations
of external organs. The prevalence of major congenital
anomalies did not differ between 243 neonates exposed
to MMI in utero (0.8%) and 400 unexposed neonates
(1.0%).

Is there a specific ‘MMI syndrome’?

An unusual pattern of congenital anomalies has been
reported in several children whose mothers were
treated with MMI or CMZ during pregnancy (Green-
berg, ’87; Ramirez et al., ’92; Hall, ’97; Wilson et al., ’98;
Clementi et al., ’99). It has been suggested that this
may represent a rare MMI embryopathy. Manifesta-
tions include choanal atresia, often with other gastro-
intestinal anomalies such as esophageal atresia with
tracheo-esophageal (T-E) fistula, minor facial and skin
dysmorphic features, growth restriction and develop-
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mental delay. Other possible cases include those re-
ported by Shikii et al. (’89) and Johnsson et al. (’97),
insufficiently described for full assessment. In all these
cases exposure occurred before the 7th week of gesta-
tion. Many of the published cases have the clinical
characteristics of CHARGE association (Koletzko and
Majewski, ’84). Various isolated major congenital
anomalies without choanal atresia have been described
among infants whose mothers had taken MMI during
pregnancy (cerebral atrophy, DiGeorge syndrome,
transposition of great vessels (Sugrue and Drury, ’80;
Kawamura et al., ’89; Shikii et al., ’89).

Di Gianantonio et al. (in press) prospectively studied
pregnancy outcome in 241 MMI exposed women and
compared it to that observed in a control group exposed
to non-teratogenic agents. There was no increase in the
overall rate of major anomalies between the two
groups. Two exposed newborns were affected with one
of the major malformations that are a part of the pos-
tulated MMI embryopathy (choanal atresia and esoph-
ageal atresia). The data are summarized in Table 2.
Although further studies are needed to substantiate a
causal relationship between MMI treatment during the
first trimester of pregnancy and the above-described
embryopathy, we should remember that no such cases
were described after PTU treatment. This is, therefore,
of concern, and may warrant preference of PTU over
MMI treatment during pregnancy.

Fetal goiter associated with in utero exposure
to MMI or CMZ

Congenital goiter, hypothyroidism or both, occasion-
ally occur among infants whose mothers had been
treated with MMI or CMZ during pregnancy (Refetoff
et al., ’74; Sugrue and Drury, ’80; Ramsay et al., ’83;
Burrow, ’85, ’93; Becks and Burrow, ’91; Mestman et
al., ’95; Momotani et al., ’97). This effect is biologically
plausible based on the pharmacological effect of placen-
tally transferred drug after the 10th gestational week
when the fetal thyroid begins to function. As mentioned
earlier, it is also supported by animal data. In most
cases these problems are transient and spontaneously
resolve in a few months.

Neurodevelopmental effect of gestational
exposure to MMI or CMZ

Psychometric assessment of 16 children born to
mothers had been treated with MMI or CMZ during
pregnancy showed no difference in scores from con-
trols (Messer et al., ’90). Similarly, no difference in
intellectual capacity was observed between 15 sub-
jects born to women with Graves disease who re-
ceived MMI (40 –140 mg/week) throughout preg-
nancy and their siblings who were not exposed to
MMI in pregnancy (Eisenstein et al., ’92). Normal
intellectual function and somatic growth was de-

TABLE 1. ACC in association with in utero exposure to MMI or CMZ

Reference

Neonates
with scalp

defects
Solitary vs.

multiple ACC
MMI/CMZ
exposure Additional defects Comments

Milham and Elledge,
’72

3 (1 set of
twins) of
12

Solitary in all MMI One of the twins had
patent urachus
requiring surgical
repair

Another mother with
an offspring with
scalp defect was
on thyroid
hormone for
hypothyroidism

Mujtaba and Burrow,
’75

2 siblings Multiple in at
least 1

MMI 1 with imperforate
anus

Bachrach and Burrow,
’84

Mention of 5
verbally
reported
cases

MMI

Milham, ’85 4 Solitary in all 3 MMI None in 3
1 CMZ Patent vitteline duct

in 1
Kalb and Grossman,

’86; Farine et al., ’88
1 Solitary MMI Skull hypoplasia Elevated alpha-

fetoprotein
Van Dijke et al., ’87 1 Multiple MMI None The mother was also

on thyroid
hormone extract

Tanaka et al., ’89 1 Multiple MMI None
Dutertre et al., ’91 1 Solitary CMZ None
Martinez-Frias et al.,

’92
1 CMZ None

Mandel et al., ’94 1 Solitary MMI None
Sargent et al., ’94 1 Multiple MMI Scalp-ear-nipple

syndrome
Vogt et al., ’95 1 Solitary MMI None
Martin-Denavit et al.,

’00
1 Multiple MMI Ectodermal

abnormalities
Total 18 5/18
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scribed in 25, 3–13 years old children exposed in
utero to CMZ (McCarroll et al., ’76). Contrary to the
negative studies listed above, neurodevelopmental
delay has been observed in few case reports describ-
ing a pattern of congenital anomalies in children
exposed to MMI in utero (Greenberg, ’87; Shikii et
al., ’89; Wilson et al., ’98; Clementi et al., ’99).

SUMMARY

Antithyroid drugs are the treatment of choice for
thyrotoxicosis in pregnancy. They do not represent ma-
jor human teratogens. Data is insufficient to draw a
definitive conclusion as to the teratogenic potential of
MMI and CMZ. There are no prospective controlled
studies supporting the teratogenicity of MMI. A cluster
of case reports of ACC in association with prenatal
MMI exposure suggests a probable weak association.
They may be a result of a reporting bias. Controlled
cohort studies will probably not give an answer be-
cause, for rare anomalies, their sample size may be
inadequate. A case-control study comparing the inci-
dence of ACC among offspring of women treated with
MMI in pregnancy compared to another rare anomaly
may provide an answer. A comparative study of the
incidence of ACC among infants of women treated in
pregnancy with MMI vs. PTU may further help. A rare

MMI embryopathy has been suggested in the litera-
ture. The evidence is yet insufficient to substantiate a
causal relationship.

PTU has not been implicated in increasing the rate of
major malformations in most studies. It may be advan-
tageous over MMI or CMZ in pregnancy due to the lack
of an association between PTU and ACC or an embry-
opathy, even if placental transfer of both drugs is sim-
ilar.

With all antithyroid drugs, if used after the 10th
gestational week, fetal toxicity should be looked for.
Congenital goiter, thyroid dysfunction, or both occa-
sionally occur. The risk is probably minimal after ma-
ternal treatment with MMI or CMZ and small after
PTU, but prospective studies are still needed for a true
risk estimate. In most cases, the effect is transient, and
resolves spontaneously. Infants are at increased risk
for hyperthyroidism due to placental transfer of thy-
roid stimulating immunoglobulins, as well as for hypo-
thyroidism and goiter due to a direct drug effect. Pre-
natal ultrasonographic assessment of fetal thyroid
gland is advised in women who are treated with anti-
thyroid drugs during pregnancy. Invasive procedures
should be considered in cases of significant enlargement
of the thyroid gland or hydrops fetalis. Post natal assess-
ment of neonatal thyroid function should be performed.

TABLE 2. Pattern of anomalies in children exposed to MMI in utero

Reference
Antithyroid

drug
GA,

weeks BW, g

Major
congenital
anomalies

Facial
dysmorphology Neurodevelopment

Additional
problems

Neonatal
thyroid
function

Mujtaba and
Burrow, ’75

Case 3

MMI 2520 Imperforate
anus,
hypospadias,
ACC

Greenberg, ’87 MMI 2190 CA, athelia Present Delayed Mild
sensorineural
hearing loss

Euthyroid

Shikii et al., ’89 MMI 29 1290 Brain atrophy Moderate Delayed Hydrops fetalis,
West
Syndrome

Hypothyroid

Ramirez et al.,
’92

MMI 36 1560 EA 1 TEF Mild Hypotonia, died
on day 6

Hypothyroid

Case 1
Ramirez et al.,

’92
MMI 38 2455 EA 1 TEF Absent Died on day 5 Hypothyroid

Case 2
Johnsson et al.,

’97
MMI (until

week 18)
27 750 CA, EA, TEF,

VSD
Died at 6

weeks
Hall, ’97 MMI T1

PTU T2-3
Normal CA, coloboma,

renal pelvis
ectasia

Severe

Wilson et al., ’98 CMZ 34 2070 CA Severe Delayed Hypotonia No goiter
Clementi et al.,

’99
MMI until

week 6
31 1470 CA, EA 1 TEF Severe Delayed Euthyroid

PTU from
week 7

Di Gianantonio
et al., in press

MMI CA

Case 4
Di Gianantonio

et al., in press
MMI EA

Case 9

*T, trimester; GA, gestational age at delivery; BW, birth weight; CA, choanal atresia; EA, esophageal atresia; TEF, tracheo-
esophageal fistula; VSD, ventricular septal defect.

42 DIAV-CITRIN AND ORNOY



LITERATURE CITED

Albee RR, Mattsson JL, Johnson KA, Kirk HD, Breslin WJ. 1989.
Neurological consequences of congenital hypothyroidism in Fischer
344 rats. Neurotoxicol Teratol 11:171–183.

Bachrach LK, Burrow GN. 1984. Aplasia cutis congenita and methim-
azole [letter]. Can Med Assoc J 130:1264.

Becks GP, Burrow GN. 1991. Thyroid disease and pregnancy. Med
Clin North Am 75:121–150.

Blunt K, Quan V, Carr D, Paes BA. 1992. Aplasia cutis congenita: a
clinical review and associated defects. Neonatal Netw 11:17–27.

Bruner JP, Dellinger EH. 1997. Antenatal diagnosis and treatment of
fetal hypothyroidism. A report of two cases. Fetal Diagn Ther 12:
200–204.

Burrow GN. 1978. Hyperthyroidism during pregnancy. N Engl J Med
298:150–153.

Burrow GN. 1985. The management of thyrotoxicosis in pregnancy.
N Engl J Med 313:562–565.

Burrow GN. 1993. Thyroid function and hyperfunction during gesta-
tion. Endocr Rev 14:194–202.

Burrow GN, Klatskin EH, Genel M. 1978. Intellectual development in
children whose mother received propylthiouracil during pregnancy.
Yale J Biol Med 51:151–156.

Calikoglu AS, Gutierrez-Ospina, G, D’Ercole AJ. 1996. Congenital
hypothyroidism delays the formation and retards the growth of the
mouse primary somatic sensory cortex (S1). Neurosci Lett 213:132–
136.

Clementi M, Di Gianantonio E, Pelo E, Mammi I, Basile RT, Tenconi
R. 1999. Methimazole embryopathy: delineation of the phenotype.
Am J Med Genet 83:43–46.

Comer CP, Norton S. 1982. Effects of perinatal methimazole exposure
on a developmental test battery for neurobehavioral toxicity in rats.
Toxicol Appl Pharmacol 63:133–141.

Di Gianantonio E, Schaefer C, Mastoiacovo PP, Cournot MP, Benedi-
centi F, Reuvers M, Occupati B, Robert E, Bellemin B, Addis A,
Arnon J, Clementi M. Adverse effects of prenatal methimazole
exposure. Teratology (in press).

Dutertre JP, Jonville AP, Moraine C, Autret E. 1991. Aplasia cutis
after exposure to carbimazole in utero [French]. J Gynecol Obstet
Biol Reprod (Paris) 20:575–576.

Eisenstein Z, Weiss M, Katz Y, Bank H. 1992. Intellectual capacity of
subjects exposed to methimazole or propylthiouracil in utero. Eur
J Pediatr 151:558–559.

Farine D, Maidman J, Rubin S, Chao S. 1988. Elevated alpha-feto-
protein in pregnancy complicated by aplasia cutis after exposure to
methimazole. Obstet Gynecol 71:996–997.

Farwell AP, Braverman LE. 1996. Thyroid and antithyroid drugs. In:
Hardman JG, Limbind LE, Molinoff PB, Ruddon RW, Gilman AG
(eds.) Goodman and Gilman’s: The pharmacological basis of thera-
peutics. 9th Ed. New York: McGraw-Hill. p 1383.

Friedland DR, Rothschild MA. 2000. Rapid resolution of fetal goiter
associated with maternal Grave’s disease: a case report. Int J Pe-
diatr Otolaryngol 54:59–62.

Ghaneim A, Atkins P. 1998. Management of thyrotoxicosis in preg-
nancy. Int J Clin Pract 52:36–38.

Goldey ES, Kehn LS, Rehnberg GL, Crofton KM. 1995. Effects of
developmental hypothyroidism on auditory and motor function in
the rat. Toxicol Appl Pharmacol 135:67–76.

Goluboff LG, Sisson JC, Hamburger JI. 1974. Hyperthyroidism asso-
ciated with pregnancy. Obstet Gynecol 44:107–116.

Greenberg F. 1987. Choanal atresia and athelia: methimazole terato-
genicity or a new syndrome? Am J Med Genet 28:931–934.

Hall BD. 1997. Methimazole as a teratogenic etiology of choanal
atresia/multiple congenital anomaly syndrome [abstract]. Am J
Hum Genet 61(Suppl):A100.

Hollingsworth PR. 1983. Grave’s disease. Clin Obstet Gynecol 26:615–
634.

Holt WA, Talbert LM, Thomas CG Jr, Rankin P. 1970. Hyperthyroid-
ism during pregnancy. Obstet Gynecol 36:779–785.

Johnsson E, Larsson G, Ljunggren M. 1997. Severe malformations in
infant born to hyperthyroid woman on methimazole [letter]. Lancet
350:1520.

Kalb RE, Grossman ME. 1986. The association of aplasia cutis con-
genita with therapy of maternal thyroid disease. Pediatr Dermatol
3:327–330.

Kawamura M, Nishimura T, Izumi T, Fukuyama Y. 1989. A case of
partial DiGeorge syndrome born to a mother with familial Basedow
disease and methimazole treatment during pregnancy. Teratology
40:663.

Koletzko B, Majewski F. 1984. Congenital anomalies in patients with
choanal atresia: CHARGE association. Eur J Pediatr 142:271–275.

Krementz ET, Hooper RG, Larsen PR. 1957. The effect on the rabbit
fetus of the maternal administration of propylthiouracil. Surgery
41:619–631.

Kriplani A, Buckshee K, Bhargava VL, Takkar D, Ammini AC. 1994.
Maternal and perinatal outcome in thyrotoxicosis complicating
pregnancy. Eur J Obstet Gynecol Reprod Biol 54:159–163.

Lutton D, Fried D, Sibony O, Vuillard E, Tebeka B, Boissinot C, Leger
J, Polak M, Oury JF, Blot P. 1997. Assessment of fetal thyroid
function by colored Doppler echography. Fetal Diagn Ther 12:24–
27.

Mandel SJ, Brent GA, Larsen PR. 1994. Review of antithyroid drug
use during pregnancy and report of a case of aplasia cutis. Thyroid
4:129–133.

Marchant B, Brownlie EW, Hart DM, Horton PW, Alexander WD.
1977. The placental transfer of propylthiouracil, methimazole and
carbimazole. J Clin Endocrinol Metab 45:1187–1193.

Martin-Denavit T, Edery P, Plauchu H, Attia-Sobol J, Raudrant D,
Aurand JM, Thomas L. 2000. Ectodermal abnormalities associated
with methimazole intrauterine exposure [letter]. Am J Med Genet
94:338–340.

Martinez-Frias ML, Cereijo A, Rodriguez-Pinilla E, Urioste M. 1992.
Methimazole in animal feed and congenital aplasia cutis [letter].
Lancet 339:742–743.

McCarroll AM, Hutchinson M, McAuley R, Montgomery DA. 1976.
Long-term assessment of children exposed in utero to carbimazole.
Arch Dis Child 51:532–536.

Messer PM, Hauffa BP, Olbricht T, Benker G, Kotulla P, Reinwein D.
1990. Antithyroid drug treatment of Graves disease in pregnancy:
long-term effects on somatic growth, intellectual development and
thyroid function of the offspring. Acta Endocrinol (Copenh) 123:
311–316.

Mestman JH, Goodwin TM, Montoro MM. 1995. Thyroid disorders of
pregnancy. Endocrinol Metab Clin North Am 24:41–71.

Milham S Jr, Elledge W. 1972. Maternal methimazole and congenital
defects in children [letter]. Teratology 5:125–126.

Milham S Jr. 1985. Scalp defects in infants of mothers treated for
hyperthyroidism with methimazole or carbimazole during preg-
nancy [letter]. Teratology 32:321.

Momotani N, Ito K. 1991. Treatment of pregnant patients with Base-
dow’s disease. Exp Clin Endocrinol 97:268–274.

Momotani N, Ito K, Hamada N, Ban Y, Nishikawa Y, Mimura T. 1984.
Maternal hyperthyroidism and congenital malformation in the off-
spring. Clin Endocrinol (Oxf) 20:695–700.

Momotani N, Noh JY, Ishikawa N, Ito K. 1997. Effects of propylthio-
uracil and methimazole on fetal thyroid status in mothers with
Grave’s hyperthyroidism. J Clin Endocrinol Metab 82:3633–3636.

Mortimer RH, Cannell GR, Addison RS, Johnson LP, Roberts MS,
Bernus I. 1997. Methimazole and propylthiouracil equally cross the
perfused human term placental lobule. J Clin Endocrinol Metab
82:3099–3102.

Mujtaba Q, Burrow GN. 1975. Treatment of hyperthyroidism in preg-
nancy with propylthiouracil and methimazole. Obstet Gynecol 46:
282–286.

Ornoy A, Segal J, Bar-Hamburger R, Greenbaum C. 2001. The devel-
opmental outcome of school age children born to mothers with
heroin dependency: importance of environmental factors. Dev Med
Child Neurol 43:668–675.

Peterson RR. 1953. Comparison of the effects of placental transmis-
sion of propyl- and iodothiouracil in the guinea pig. Anat Rec 115:
359–360.

Porreco RP, Bloch CA. 1990. Fetal blood sampling in the management
of intrauterine thyrotoxicosis. Obstet Gynecol 76:509–512.

Ramirez A, Espinosa de los Monteros A, Parra A, De Leon B. 1992.
Esophageal atresia and tracheoesophageal fistula in two infants

ANTITHYROID DRUGS IN PREGNANCY 43



born to hyperthyroid women receiving methimazole (Tapazolt) dur-
ing pregnancy. Am J Med Genet 44:200–202.

Ramsay I, Kaur S, Krassas G. 1983. Thyrotoxicosis in pregnancy:
results of treatment by antithyroid drugs combined with T4. Clin
Endocrinol (Oxf) 18:73–85.

Refetoff S, Ochi Y, Selenkow HA, Rosenfield RL. 1974. Neonatal
hypothyroidism and goiter in one infant of each of two sets of twins
due to maternal therapy with antithyroid drugs. J Pediatr 85:240–
244.

Rice SA, Millan DP, West JA. 1987. The behavioral effects of perinatal
methimazole administration in Swiss Webster mice. Fundam Appl
Toxicol 8:531–540.

Sargent KA, Stopfer JE, Mallozzi M, Khandelwal M, Quashie C,
Schneider AS. 1994. Apparent scalp-ear-nipple (Findlay) syndrome
in a neonate exposed to methimazole in-utero [abstract]. Am J Hum
Genet 55(Suppl):A312.

Schardein JL. 1993. Chemically induced birth defects. 2nd Ed. New
York: Marcel Dekker, Inc.

Shikii A, Izumi T, Uehara T, Fukuyama Y. 1989. A case of hydrops
fetalis, minor anomalies and symptomatic West syndrome born to a
mother with Basedow disease and thiamazole treatment. Teratol-
ogy 40:663.

Shoenfeld Y, Schwartz RS. 1984. Immunologic and genetic factors in
autoimmune diseases. N Engl J Med 311:1019–1029.

Stanisstreet M, Herbert LC, Pharoah POD. 1990. Effects of thyroid
antagonists on rat embryos cultured in vitro. Teratology 41:721–
729.

Sugrue D, Drury MI. 1980. Hyperthyroidism complicating pregnancy:
results of treatment by antithyroid drugs in 77 pregnancies. Br J
Obstet Gynaecol 87:970–975.

Tanaka S, Yamashita Y, Koga Y, Hagisawa M, Hanatani K, Fujimoto
S. 1989. Three cases of neonatal congenital anomalies associated
with maternal hyperthyroidism [abstract]. Teratology 40:673–674.

Treadwell MC, Sherer DM, Sacks AJ, Ghezzi F, Romero R. 1996.
Successful treatment of recurrent non-immune hydrops secondary
to fetal hyperthyroidism. Obstet Gynecol 87:838–840.

Van Dijke CP, Heydendael RJ, De Kleine MJ. 1987. Methimazole, car-
bimazole, and congenital skin defects. Ann Intern Med 106:60–61.

Vanderpump MP, Ahlquist JA, Franklyn JA, Clayton RN. 1996. Con-
sensus statement for good practice and audit measures in the man-
agement of hypothyroidism and hyperthyroidism. The Research
Unit of the Royal College of Physicians of London, the Endocrinol-
ogy and Diabetes Committee of the Royal College of Physicians of
London, and the Society for Endocrinology. BMJ 313:539–544.

Vogt T, Stolz W, Landthaler M. 1995. Aplasia cutis congenita after
exposure to methimazole: a causal relationship? Br J Dermatol
133:994–996.

Wallace C, Couch R, Ginsberg J. 1995. Fetal thyrotoxicosis: a case
report and recommendations for prediction, diagnosis, and treat-
ment. Thyroid 5:125–128.

Wilson LC, Kerr BA, Wilkinson R, Fossard C, Donnai D. 1998. Cho-
anal atresia and hypothelia following methimazole exposure in
utero: a second report. Am J Med Genet 75:220–222.

Wing DA, Millar KL, Koonings PP, Montoro MN, Mestman JH. 1994.
A comparison of propylthiouracil versus methimazole in the treat-
ment of hyperthyroidism in pregnancy. Am J Obstet Gynecol 170:
90–95.

Zimmerman D. 1999. Fetal and neonatal hyperthyroidism. Thyroid
9:727–733.

Zolcinski A, Heimrath T, Rzucidlo Z. 1964. Effect of thiamazole (methim-
azole) on fetal development in rabbits. Gynekol Pol 35:593–596.

44 DIAV-CITRIN AND ORNOY


