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Abstract

Hyperthyroidism in pregnancy is associated with a increased incidence of low birth weight, preterm birth and admission to
the neonatal intensive care unit. However, available treatment options are limited. In this report, we present a case of fetal
gastroschisis with a history of intrauterine exposure to methimazole. A 37-year-old woman was diagnosed with Grave’s
disease 3 years before her pregnancy. She had a poor response to propylthiouracil and required high-dose methimazole
before her pregnancy. During the first trimester, she received methimazole 120 mg/day. After her 12th week of pregnancy,
she received block-and-replace therapy (levothyroxine [LT4] 50 ug/day) because of the risk of hypothyroidism, and the dose
of methimazole was downtitrated to 60 mg/day. Fetal ultrasonography showed fetal growth retardation and gastroschisis at
gestational week 33. The relationship between the very high doses of methimazole in the first trimester of pregnancy and
the incidence of gastroschisis in this patient was not fully understood because evidence of a relationship between the use of
antithyroid drugs in the first trimester and congenital abnormalities in the fetus is lacking. Furthermore block-and-replace
therapy is not recommended in pregnancy because it requires a higher dose of methimazole. We recommend preconception
counseling and early screening of thyroid function. The counseling should include the best timeline for pregnancy and a
discussion of the risks and benefits of hyperthyroidism treatment options.

Introduction

Key Points
The management of hyperthyroidism during pregnancy
remains controversial. It is a challenging task for physicians,
as it requires in-depth clinical analysis. Clinicians face a

Block-and-replace therapy is not recommended for the
treatment of hyperthyroidism in pregnancy.

dilemma over whether to avoid the detrimental effects of Female patients of reproductive age with hyperthyroid-
thyrotoxicosis or the unwanted consequences of treat- ism require high-dose antithyroid drugs (ATDs) to
ment. Thyrotoxicosis during pregnancy is associated with achieve euthyroid status. Therefore, it is recommended
a higher incidence of low birth weight, preterm birth and that patients be counseled for alternative therapies—
admission to the neonatal intensive care unit [1]. Unfortu- surgery and radioiodine therapy—before planning a
nately, safe and effective treatment options remain limited pregnancy.

It is still possible for congenital abnormalities to be
caused by methimazole as Naranjo’s score shows con-
genital abnormalities are probably due to an adverse
drug reaction. However, most current epidemiological
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of Internal Medicine, Faculty of Medicine, Universitas methimazole use during the first trimester of pregnancy.
Indonesia, Cipto Mangunkusumo National General Hospital,

Jakarta, Indonesia

P4 Dyah Purnamasari
dyah_p_irawan @yahoo.com

Department of Internal Medicine, Gatot Subroto Army
Hospital, Jakarta, Indonesia

Department of Internal Medicine, Faculty of Medicine,
Universitas Indonesia, Cipto Mangunkusumo National
General Hospital, Jakarta, Indonesia

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s40800-019-0099-2&domain=pdf

5 Page2of7

D. Purnamasari et al.

for this condition. Radioactive iodine therapy is contrain-
dicated for pregnancy, and surgery is limited for certain
conditions because of its high morbidity [2]. Antithyroid
drugs (ATDs) remain the treatment of choice for managing
thyrotoxicosis in pregnancy, but several cautions are recom-
mended, especially during the first trimester. Both methima-
zole and propylthiouracil are believed to have teratogenic
effects, especially when used in early pregnancy. Study by
Seo et.al showed that the highest risk of congenital abnor-
malities is possessed by pregnant women who are treated
with a combination of propylthiouracil and methimazole in
the early trimester of pregnancy. An increased risk of con-
genital abnormalities is also related to the successive use of
methimazole alone, propylthiouracil alone, and no history
of ATD [3]. Meanwhile, another epidemiological study has
shown that the use of ATDs in pregnancy does not increase
the risk of congenital abnormalities [4]. We present a case
of fetal gastroschisis with a history of intrauterine exposure
to high-dose methimazole.

Case Presentation

A 37-year-old woman who was 33 weeks pregnant was
referred to the Dr. Cipto Mangunkusumo National General
Hospital (RSCM) after an ultrasound examination during
gestational week 28 was suspicious for fetal gastroschi-
sis. The patient was diagnosed with Graves’ disease in
2010 and had been treated with methimazole 120 mg/day,
gradually reduced to 20 mg/day. In 2011, the patient dis-
continued the treatment because her symptoms improved.
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In March 2013, the patient started to experience hyper-
thyroidism symptoms, including palpitations, sweating,
and easy fatigue. The patient then received propylthioura-
cil 900 mg/day. After a month, the therapy was switched
to methimazole 90 mg/day because her response to pro-
pylthiouracil was poor. In May 2013, laboratory results
showed high free thyroxine (FT4) levels of 8.8 ng/L
(normal value: 0.70-1.48 ng/dL). Therefore, the methi-
mazole was increased to 120 mg/day. Within a month of
this treatment, the patient was confirmed as being 4 weeks
pregnant. However, as her symptoms had improved, the
patient did not visit the hospital until August 2013, when
she was 12 weeks pregnant. In August 2013, laboratory
results showed that her FT4 had dropped to 0.11 ng/L. The
methimazole was subsequently reduced to 60 mg/day, and
she was given additional levothyroxine (LT4) 50 ug/day.
The methimazole was reduced to 40 mg/day at gestational
week 20 and to 20 mg/day at week 24. Figure 1 shows
the treatment history and FT4 values during pregnancy.
Clinically, the patient remained in a euthyroid state during
the rest of her pregnancy, even though her FT4 level was
2.77 mg/dL before delivery.

During her week-28 antenatal care, an ultrasound detected
gastroschisis . The patient was referred to RSCM for further
evaluation and treatment. The ultrasound at gestational week
33 confirmed the presence of gastroschisis with restricted
fetal growth and nuchal cord. A cesarean section was per-
formed at gestational week 36, followed by placement of a
Bogota bag during the first hour after birth. However, the
baby died of septic shock after 20 days of intensive care.
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Fig. 1 Timeline history of drug administration. F74 free thyroxine, LT4 levothyroxine, MMI methimazole
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Discussion

Current Management of Hyperthyroidism
in Pregnancy

Graves’ disease is the most common cause of hyperthyroid-
ism in pregnancy, followed by other causes of hyperthyroid-
ism such as toxic multinodular goiter, toxic adenoma, troph-
oblastic tumors, and struma ovarii [5]. Hyperthyroidism and
pregnancy are closely related. Untreated hyperthyroidism
increases the risk of preeclampsia, heart failure, miscarriage/
fetal death, and low birth weight [6]. Meanwhile, hormonal
changes and immune regulation during pregnancy may lead
to remission in some patients during the late second trimes-
ter and the third trimester. In combination, these risks and
that of hypothyroidism and/or the teratogenic effect of ATDs
on the fetus increases the need for caution in the administra-
tion of ATDs during pregnancy [7, 8].

Ideally, management of hyperthyroidism should be ini-
tiated before the start of pregnancy during preconception
counseling. This should be encouraged to minimize the
impact of uncontrolled hyperthyroidism and the risk of
teratogenicity and side effects from the use of ATDs during
pregnancy [5]. Women with Graves’ disease are advised to
achieve a euthyroid condition or remission before planning
a pregnancy. If pregnancy occurs under hyperthyroid condi-
tions, several important points need to be considered for the
management of hyperthyroidism during pregnancy. ATDs
are the main choice in the management of hyperthyroidism
in pregnancy. The main difference between the management
of hyperthyroidism in pregnant and nonpregnant women is
the ATD dose and the FT4 target. The ATD dose is lower
in pregnant than nonpregnant women to maintain the tar-
get FT4 at the upper limit of the normal range. However,
the treatment of hyperthyroidism in nonpregnant women
requires the optimum ATD dose until target clinical symp-
toms and FT4 and thyroid-stimulating hormone (TSH) levels
are achieved. In pregnancy, the ATD dose should be lowered
immediately clinical euthyroid status is achieved and/or the
FT4 level has reached the upper normal range, even if TSH
levels remain low. Subclinical conditions for hyperthyroid-
ism in pregnant women with Graves’ disease often do not
require ATD therapy [8].

Block-and-replace therapy is not recommended in preg-
nancy because it requires increased ATD doses because of
the administration of LT4, thus increasing the risk of tera-
togenicity of ATD on the fetus and hepatotoxicity in the
mother [5]. To avoid hypothyroidism during ATD therapy,
periodic clinical and laboratory monitoring is recommended
every 4—-6 weeks during pregnancy or more frequently
according to the clinical status of the patient. If hyperthyroid
conditions are difficult to control with ATDs or the mother

experiences ATD-related allergies and toxic effects, then the
next option is surgery performed in the second trimester of
pregnancy [8].

Experts continue to debate the choice of ATD in pregnant
women with Graves’ disease, and it continues to be investi-
gated. The 2017 American Thyroid Association guidelines
recommend propylthiouracil as the first-choice ATD dur-
ing the first trimester of pregnancy. Unfortunately, there is
no available recommendation to continue propylthiouracil
or replace with methimazole during the second and third
trimesters of pregnancy. The guideline is further supported
by epidemiological studies that show a lower incidence of
congenital abnormalities with propylthiouracil exposure
than with methimazole. Pregnant women with hyperthy-
roidism who have received methimazole before pregnancy
are recommended to switch from methimazole to propylthi-
ouracil during the first trimester [8]. There is no specific
recommendation for the second and third trimesters. How-
ever, if hyperthyroidism is difficult to control with ATDs,
then definitive therapy can be chosen, in the form of surgery
during the second trimester [8].

Prevalence and Pathophysiology of Gastroschisis

Gastroschisis is a rare defect in the abdominal wall in which
the intestines, liver, and other visceral organs are located
outside the abdominal cavity and without a membranous
sac. This defect results from a failure of umbilical coelom
formation, resulting in rupture and hole formation, most
commonly on the right side of the umbilicus [9]. Gastro-
schisis occurs in 1 in 4000 births or 2-3 per 10,000 live
births and is usually associated with young maternal age and
a history of alcohol intake and tobacco consumption during
pregnancy [9, 10]. Congenital abnormalities due to ATDs
(methimazole and propylthiouracil) are reported as percent-
ages of live births with a history of exposure to ATD in the
first trimester, making it difficult to compare the numbers.
Unfortunately, the underlying mechanism of this teratogenic
effect in human embryo has not been established.
Evidence regarding methimazole exposure and gastro-
schisis is limited, but abdominal wall abnormalities have
been reported in fetuses with a history of intrauterine
methimazole exposure. Omphalocele and omphalos vitreal
duct anomalies were found in 1-14% of babies exposed to
methimazole during the first trimester, and this number was
significantly higher when compared with propylthiouracil-
exposed (0-0.35%) and general population (0.48%) pregnan-
cies [11, 12]. This disorder is often accompanied by other
methimazole-related anomalies, such as aplasia cutis con-
genital [13]. Omphalocele may occur as a result of failure
of the lateral fold to fuse in the midline, resulting in a small
opening in the midline that allows the intestine to herniate
[14]. However, gastroschisis occurs due to amniotic rupture
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along the umbilical cord in pars flaccida between gestational
weeks 811 [15]. Gastroschisis is not related to chromosome
malformation and does not result in premature halt of fetal
development. The development of gastroschisis is related to
a history of substance abuse, such as alcohol, tobacco, and
recreational vasoconstrictive agents [14]. To date, only one
study has reported the presence of gastroschisis and gesta-
tional methimazole exposure [16].

Previous studies have shown the increased risk of tera-
togenic defects due to methimazole exposure during the
first trimester of pregnancy [11, 12]. Andersen et al. [11]
reported a 9.12% increase in birth defects due to exposure
to methimazole. This percentage is higher than those asso-
ciated with propylthiouracil, which accounts for a 7.98%
increase in birth defects [11]. Yoshihara et al. [12] also
reported that intrauterine exposure to methimazole increased
the odds of birth defects twofold when compared with con-
trols (odds ratio 2.28; 95% confidence interval 1.54-3.33;
p=0.0002) regardless of maternal thyroid status. Although
study by Andersen et al. [11] and Seo et al. [3] showed a
higher risk of birth defect when exposed to ATDs in early
pregnancy, epidemiological study by Anderson et al. [4] has
not consistently supported these findings. Findings from two
large-scale epidemiological studies, in Sweden (2017) [4]
and South Korea (2018) [3], mean the impact of ATDs on
congenital abnormalities in infants remains controversial.
The study in South Korea [3] demonstrated the effects of
ATD exposure during the first trimester of pregnancy, show-
ing that exposure to methimazole alone increased the risk
of congenital births when compared with propylthiouracil
alone, methimazole and propylthiouracil or no ATD expo-
sure history. There was an absolute increase in the preva-
lence of congenital abnormalities per 1000 live births of
8.81 cases with propylthiouracil, 17.05 cases with methima-
zole, 16.53 for both methimazole and propylthiouracil, and
1.87 with no ATD exposure [3].

A previous study of 684,340 live births by Andersen et al.
[4] showed no significant difference in the incidence of con-
genital abnormalities in children born to groups of mothers
who received ATDs during pregnancy (methimazole 6.8%
vs. propylthiouracil 6.4%) and who did not receive ATDs
(8.0%). In this study, the incidence of congenital abnormali-
ties in children with a history of mothers receiving two types
of ATD (propylthiouracil and methimazole) did not differ
from those in children with mothers who had never been
exposed to ATDs [4]. In 2013, Andersen et al. [11] found
the most common congenital abnormalities after fetal expo-
sure to methimazole or propylthiouracil in the early trimester
of pregnancy included neurological disorders; abnormali-
ties of the eyes, face and neck area and digestive, urinary,
circulatory and musculoskeletal systems. The study also
found that the incidence of congenital abnormalities due
to methimazole was higher than that for propylthiouracil.
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The congenital abnormalities due to propylthiouracil mostly
affected the ears, face and neck area, whereas the use of
methimazole in pregnancy was related to abnormalities in
the internal organs [11]. Another study also showed that the
condition of hyperthyroidism itself increases the risk of con-
genital abnormalities. The risk of congenital abnormalities
due to exposure to ATDs during pregnancy is one of the con-
siderations in determining the type and dose of ATD during
pregnancy. In this case, Naranjo’s algorithm of adverse drug
reaction showed a possible relationship between gastroschi-
sis and methimazole, as shown in Table 1 [17].

High-Dose Methimazole During Pregnancy
and Consideration of Surgical Therapy

Management of hyperthyroidism in pregnancy remains chal-
lenging because of the detrimental effects of thyrotoxicosis
on both the mother and the fetus as well as the potential
teratogenic effect of ATDs. Our illustrative patient received
high-dose methimazole during the first week of pregnancy,
which was then tapered as the pregnancy progressed, which
placed the fetus at high risk of developing congenital mal-
formations or drug-induced hypothyroidism.

Generally, methimazole is more effective than other
ATDs at achieving an euthyroid state. However, the effi-
cacy of treatment is not the only consideration when treat-
ing hyperthyroidism in pregnancy. The management of this
patient was complicated because of the need for high-dose
methimazole and her suboptimal response to propylthioura-
cil, even before the start of the pregnancy, making propylthi-
ouracil a less favorable treatment option. Before pregnancy,
her thyrotoxicosis did not improve after a month of treatment
with propylthiouracil 900 mg. This case shows the need for
preconception counseling for female patients of reproductive
age with Graves’ disease. Patients need to achieve normal
thyroid function with a minimum ATD dose and/or remis-
sion before pregnancy to avoid the effects of hyperthyroid-
ism and ATD in pregnancy. If hyperthyroidism cannot be
controlled with ATDs in early pregnancy, surgery for defini-
tive therapy in the second trimester of pregnancy should be
considered [2].

Both methimazole and propylthiouracil have shown
increased risks of birth defects, but the congenital defects
due to propylthiouracil were less severe than those due to
methimazole [13]. Patients with gestational Grave’s disease
may experience a worsening of symptoms during the first
trimester due to the effects of human chorionic gonado-
tropin [7]. However, this condition is followed by remis-
sion in the second and third trimesters, so dose adjustment
should be considered at that stage. Hyperthyroidism during
pregnancy may contribute to the restricted growth of the
fetus observed at week 33. Usually pregnancy correlates
with remission status of Grave’s disease. Human placenta
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Table 1 Naranjo’s algorithm of adverse drug reactions

Question Yes No Do notknow Score
1. Are there previous conclusive reports on this reaction? +1 0 0 0
2. Did the adverse event appear after the suspected drug was administered? +2 -1 0 2
3. Did the adverse reaction improve when the drug was discontinued or a specific antagonist was adminis- +1 0 0 0
tered?
4. Did the adverse event reappear when the drug was readministered? +2 -1 0 0
5. Are there alternative causes (other than the drug) that could on their own have caused the reaction? -1 +2 0 -1
6. Did the reaction reappear when a placebo was given? -1 +1 O 0
7. Was the drug detected in blood (or other fluids) in concentrations known to be toxic? +1 0 0 0
8. Was the reaction more severe when the dose was increased or less severe when the dose was decreased? +1 0 0 0
9. Did the patient have a similar reaction to the same or similar drugs in any previous exposure? +1 0 0 0
10. Was the adverse event confirmed by any objective evidence? +1 0 0 0
Total score 1

lactogen will decrease the lymphocyte function and attenu-
ate the autoimmune process in pregnancy, especially after
the late second trimester. Our patient is a relatively rare and
difficult case. During the first trimester, she had high FT4
levels of 8.8 ng/L despite receiving methimazole 90 mg/
day and required methimazole during the entire duration of
her pregnancy. High FT4 levels despite receiving high-dose
methimazole might denote an intense autoimmune process
in the mother that was not controlled by oral ATDs or may
be influenced by the use of LT4 (block-and-replace therapy),
so she was given a higher dose of methimazole. Difficulty
maintaining normal thyroid function with low-dose ATD
is associated with a risk of disease relapse or ATD failure
[8]. Moreover, measurement of thyroid antibody levels was
important for this patient since it may predict remission and
the risk of disease relapse.

A therapeutic dose of ATD in pregnancy is usually lower
than that in nonpregnant women since clinicians need to
minimize the risk of fetal hypothyroidism. The initial
methimazole dose in nonpregnant hyperthyroid patients is
usually 20-40 mg/day, and in pregnancy it is uncommon
to initiate methimazole > 30 mg. This patient was receiv-
ing methimazole 90 mg/day when she found out she was
4 weeks pregnant. At that time, her FT4 level was still very
high at 8.8 ng/dL despite taking methimazole 90 mg/day
regularly, thus the doctor increased the methimazole dose to
120 mg/day and asked the patient to check thyroid hormone
levels in 1 month (8 weeks of gestation). Unfortunately, this
patient only came to the doctor at 12 weeks of gestation,
and the FT4 level was very low at 0.11 ng/dL. The methi-
mazole dose this patient was receiving was too high, thus,
after taking methimazole 90-120 mg/day in the first tri-
mester, the FT4 level dropped to 0.11 ng/dL at 12 weeks of
gestation. At this point, the patient faced two potential risks:
hypothyroidism and congenital malformation in the fetus
due to the high-dose ATD. After the FT4 level dropped to

0.11 ng/dL, the methimazole dose was tapered from 120
to 60 mg, which is still a high dose. In pregnancy, ATDs
should be stopped when the FT4 level reaches the lower
limit range and the patient is clinically euthyroid regardless
of the TSH level, and the thyroid hormone level should be
evaluated within 2—4 weeks. From 12 to <20 gestational
weeks, the patient did not come to the doctor for thyroid
hormone evaluation and continued to receive methimazole
60 mg/day, thus the FT4 level remained low (0.44 ng/dL)
at 20 weeks of gestation. At that time, the doctor decreased
the methimazole dose to 40 mg/day and maintained LT4 at
50 ug. After 1 month, the FT4 level was within the normal
range and the methimazole dose was tapered to 20 mg/day
until the patient was referred to RSCM.

Besides the detrimental effect of hyperthyroidism and
the teratogenicity of ATDs, FT4 levels should be closely
monitored in gestational hyperthyroidism to prevent hypo-
thyroidism. The therapeutic target of hyperthyroidism in
pregnancy differs from that in nonpregnant women. Dur-
ing pregnancy, the target FT4 is at the upper limit level
to minimize the risk of hypothyroidism in the fetus [8].
Hypothyroidism during the first 20 weeks of pregnancy
gives rise to a potential risk of miscarriage, fetal distress,
preterm delivery, poor vision, and neurological develop-
ment delay [18, 19]. The higher the ATD dose, the more
frequently thyroid function tests should be monitored.
This patient received a very high dose of methimazole,
but thyroid function tests were not regularly checked. At
this point, proper education would have been beneficial
to improve the patient’s self-awareness and compliance.

In this case, surgery was considered as a definitive
therapy for hyperthyroidism because such a high ATD
dose was required to achieve remission. However, we did
not perform surgery because of the patient’s poor compli-
ance and our limited experience of performing surgery in
a pregnant patient with hyperthyroidism.
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Block-and-Replace Therapy for Hyperthyroidism
During Pregnancy

The administration of block-and-replace therapy during
the second and third trimester also increases the risk of
developing hypothyroidism in pregnancy. Block-and-
replace therapy was not recommended in the illustrated
case because of the lack of evidence for its safety and
efficacy in pregnancy. The fetal thyroid is more sensitive
to the effects of ATDs than is the maternal thyroid, but
maternal LT4 does not readily permeate the blood—pla-
centa barrier. Thus, the fetus will experience the effects
of ATDs and be unable to maintain the thyroxine level
by outsourcing the maternal LT4. A study [2] showed
that the administration of block-and-replace therapy in
pregnancy increases the risk of neonatal goiter and hypo-
thyroidism. Furthermore, block-and-replace therapy was
associated with a need for a higher methimazole dosage in
pregnancy, thus increasing the risk of congenital malfor-
mation due to ATD, such as choanal atresia, esophageal
atresia with tracheal fistula, jejunal atresia/stenosis, kidney
cysts, omphalocele, and cardiac defects (ventricular and
atrial septal defects) in the first trimester [13]. However,
a causal relationship between abdominal wall defects and
hypothyroidism is not yet clear and might be biased by
the presence of ATD teratogenicity. This patient started
block-and-replace therapy from 12 weeks of gestation due
to her low FT4 level until 36 weeks of gestation, when she
came to RSCM.

The doctor found abnormalities in ultrasonogra-
phy examination at gestational week 28 and referred
her to RSCM. The patient came to RSCM at 32 gesta-
tional weeks, at which time FT4 had already increased
to 2.77 ng/dL. In general, pregnant women with Grave’s
disease would experience relief of symptoms during the
second and third trimesters, at which point approximately
20-30% would be able to cease using thyroid medication
[7, 8]. The increased FT4 level at 32 gestational weeks
in this patient might be due to the use of LT4 50 pg at
that time, which supports that block-and-replace therapy
increases the dose requirements of ATD in pregnant
women with hyperthyroidism.

Plan for Managing Postpartum Patients

To prevent the effects of hyperthyroidism and ATDs in
subsequent pregnancies, patients are advised to undergo
definitive therapy before planning their next pregnancy.
Treatment options for preconception definitive therapy
are radioiodine ablative therapy and surgery. If a woman
plans to receive ablative therapy, conception should be
postponed until 6 months post-ablation. This should pre-
vent transplacental crossing of thyroid autoantibodies
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(TRAD), which can increase the effectiveness of radiation
and prevent it affecting the fetus. Although TRAD levels
do not increase after surgery, pregnancy should be post-
poned until a stable euthyroid state is achieved for those
patients who are scheduled to undergo surgery. The patient
is advised to undergo definitive therapy for Grave’s disease
before planning the next pregnancy, since hyperthyroidism
is difficult to manage with ATDs.

Conclusion

As a recommendation, fertile women with thyrotoxico-
sis should be counseled regarding the detrimental effects
of hyperthyroidism, the therapy choices, and the risk of
adverse effects from ATDs. Preconception counseling
should review the risks and benefits of all treatment
options and the patient’s desired timeline for conception.
A definitive therapy should be considered in this popula-
tion as part of preconception counseling. The incidence
of congenital malformation in this case might be related
to several factors, such as hyperthyroidism, hypothyroid-
ism during ATD therapy, and the use of (a high dose of)
methimazole in pregnancy. Previous reports have shown an
association between fetal abdominal wall deformities and a
history of intrauterine exposure to methimazole in the first
trimester. Although the patient received very high doses
of methimazole, the causal relationship between methi-
mazole use and gastroschisis cannot be clearly defined in
this case since maternal hyperthyroidism itself also car-
ries a high risk of congenital malformation in the fetus.
However, further analysis is still needed to confirm the
relationship between gastroschisis and the use of methi-
mazole in pregnancy.
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