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Abstract Hyperthyroidism (thyrotoxicosis) in pregnancy and the child bearing years is
usually attributable to Graves’disease. This is an autoimmune condition in which
thyroid-stimulating immunoglobulins (TSI) cause hyperthyroidism. As a rule, preg-
nancy complicates the management of hyperthyroidism, rather than vice versa.
However, patients who remain thyrotoxic during pregnancy are at increased risk
of maternal and fetal complications, particularly miscarriage and stillbirth. There-
fore, bodyweight loss, eye signs and a bruit over the thyroid gland in a pregnant
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woman warrant thyroid investigation. Investigations should include measure-
ment of serum free thyroid hormone levels [free thyroxine (T4) and free triiodo-
thyronine (T3)] rather than total T4 and T3 levels, because total T4 and T3 levels
may be raised in euthyroid pregnancies due to the presence of increased levels of
thyroxine binding globulin (TBG).

By 20 weeks’ gestational age, the fetal thyroid is fully responsive to TSI and
to antithyroid drugs. Maternal T4 and T3 and thyrotropin pass across the placenta in
small and decreasing amounts as gestation progresses, but thyrotropin releasing
hormone, TSI, antithyroid drugs, iodides and β-blockers are readily transferred
to the fetus from the mother.

Hyperthyroidism is usually treated throughout pregnancy with an antithyroid
drug, preferably propylthiouracil. The smallest dose which controls the disease is
given with careful monitoring of free T4 and T3 levels to minimise the risk of fetal
hypothyroidism and goitre. Bilateral subtotal thyroidectomy may be an option
for a small number of patients with hyperthyroidism in pregnancy.

Hyperthyroidism (thyrotoxicosis) is seen in 0.1
to 0.2% of pregnancies.[1-4] Graves’ disease is the
most common cause of hyperthyroidism in the child-
bearing years[5] and in pregnancy.[6] This autoim-
mune disease is caused by the presence of thyroid-
stimulating immunoglobulin (TSI). Less common
causes of hyperthyroidism are toxic solitary nod-
ule, toxic multinodular goitre, hyperemesis gravi-
darum and trophoblastic disease in pregnancy, and
painless thyroiditis in the postpartum period.

Both hyperthyroidism and hypothyroidism have
been regarded as a cause of infertility[7,8] but only
severe thyroid dysfunction is now thought to be im-
portant in this regard.[6] Nonetheless, thyrotoxic
patients often present with infertility[7,8] and become
pregnant after tretment with antithyroid agents is
started.[6]

Thyroid hormones are essential to normal devel-
opment and function of nearly all organ systems,
especially the CNS.[9] Normal thyroid function is
shown in figure 1.

Iodine is necessary for the synthesis of thyroid
hormone. It is absorbed from the small bowel and
actively taken up by the thyroid gland where it is
oxidised and incorporated into tyrosine residues of
thyroglobulin to form mono and diiodotyrosines.
These are coupled to form triiodothyronine (T3)
and tetraiodothyronine or thyroxine (T4). In hyper-
thyroidism, all phases of iodine metabolism are in-
creased. In pregnancy, iodine uptake is increased

but so also is renal iodide clearance. This can lead
to relative iodide deficiency in pregnant women who
live in areas where dietary iodide is low.[10]

From the fourth to the sixth week through preg-
nancy, maternal serum thyroxine binding globulin
(TBG) is increased due to estrogen stimulation of
its hepatic synthesis.[11] In addition, sialylation of
TBG is increased and this slows its clearance.[12]

Consequently, serum total T4 is raised but serum
free T4 remains within the euthyroid range during
pregnancy. Serum levels of T4, free T4, total T3 and
free T3 rise to the high/normal range in early preg-
nancy but fall to low/normal in the last trimester.
The early rise is probably attributable to the thyro-
tropin (thyroid stimulating hormone)- like effect of
human chorionic gonadotrophin (hCG), as serum
thyrotropin level is then normal or low. Serum thy-
rotropin level rises through pregnancy as serum
free T4 and T3 levels fall. Details in reports on ma-
ternal thyroid function vary but the data in table I
is indicative of the changes.[11]

Sensitive thyrotropin measurement and free T4

and T3 levels are used to assess thyroid function in
pregnancy. Hyperthyroidism is confirmed when thy-
rotropin levels are low and free T4 and free T3 levels
are high. Rarely, only free T3 levels are increased.[13]

Graves’ disease can usually be diagnosed on clini-
cal grounds, but is confirmed by detection of thyroid
microsomal antibodies and TSI.

An ultrasound scan may be useful to document
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thyroid size and reveal nodularity in patients with
suspected Graves’ disease. Although the fetal thy-
roid is not developed before 10 weeks, radioactive
isotope tests should be avoided throughout preg-
nancy.

1. Hyperthyroidism in Pregnancy

1.1 Effects on the Mother

Maternal heart failure may occur in untreated or
inadequately controlled hyperthyroidism.[1,14] Re-
ports suggest that the maternal mortality rate is not

increased unless pre-eclampsia supervenes.[15] For-
tunately, thyrotoxic crisis is extremely rare in preg-
nancy. However, when it does occur, this condition
is most likely to occur during delivery, with eclamp-
sia or in the postpartum period.[16,17]

Concurrent diabetes mellitus becomes more dif-
ficult to control in pregnant women with hyperthy-
roidism.[18]

1.2 Effects on the Pregnancy

Unrecognised or inadequately treated hyperthy-
roidism can have very serious effects on the course

TSH

+

+

−

−TRH

I
−

I
− Peroxidase

H
2
O

2

Peroxidase

DeiodinasesMost iodide
recirculated

Hydrolases
H

2
O

2

I
+ T4 + T3MIT

DIT

MIT
DIT

Thyroglobulin
T4 + T3

(Protein bound)
Tyrosine residues
of thyroglobulin

Free T3 Free T4

+ +

Hypothalamus

Anterior pituitary

Thyroid
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of pregnancy.[1,19] A review of 120 000 pregnancies
showed that 60 were complicated by overt hyper-
thyroidism. With diagnosis before pregnancy and
earlier treatment, 80% were euthyroid at delivery.
Those diagnosed during pregnancy had a higher rate
of morbidity, stillbirths, relative delay in gestational
age at diagnosis, preterm delivery and perinatal mor-
tality.[1] Similarly, Montoro and Mestman[20] recor-
ded 15 premature deliveries, 5 perinatal deaths and 5
cases of neonatal morbidity out of 19 patients with
untreated hyperthyroidism.

1.3 Effects of Hyperthyroidism 
on the Fetus and Neonate

Normally, the fetal hypothalamic-pituitary-thy-
roid axis begins to function at 10 weeks’gestational
age as the thyroid starts to concentrate iodine. At 12
weeks, T4 is secreted by the thyroid and thyrotro-
pin, by the pituitary.[21] Fetal T4, TBG, free T4 and
thyrotropin levels increase progressively through
pregnancy; levels of thyrotropin are higher in the
fetus than in the mother. Fetal T3 and free T3 levels
are very low in early pregnancy but increase from the
thirtieth week of gestation (Table II).[22]

The placenta is a significant barrier to the trans-
fer of maternal thyrotropin, T4 and T3 to the fetus.[3,23]

On the other hand, thyrotropin releasing hormone
(TRH) and TSI in Graves’disease readily cross the
placenta. That the placenta is not a total barrier
to maternal T4 and T3 was shown by the finding of T4

and T3 in a neonate with thyroid agenesis.[24] In
Graves’ disease, TSI cross the placenta and may
cause intrauterine and neonatal hyperthyroidism.
The level of TSI in the mother is correlated with
the risk of these complications. Neonatal hyperthy-
roidism is usually transient, but has been reported
in 1 in 70 births to mothers with hyperthyroidism.[15]

The reported incidence of neonatal hyperthyroid-
ism in this setting ranges from 1 to 10%.[6,25]

In 1984 it was suggested that congenital anom-
alies were increased in infants of mothers with un-
treated or inadequately treated hyperthyroidism,[14]

but this was not confirmed by later reports.[26,27]

Antithyroid agents iodine and β-blockers such
as propranolol also cross the placenta.[28-30] The fetal
thyroid gland becomes fully responsive to antithy-
roid drugs by 20 weeks’ gestational age.[3]

The placenta and mammary gland accumulate
iodide and this may be important in providing ad-
equate supplies of iodide for fetal and infant thy-
roid hormone synthesis.

1.4 Effects of Pregnancy on Hyperthyroidism

The increased protein binding of thyroid hormones
and immunosuppression seen in pregnancy both
have a beneficial effect in that Graves’ disease has a
tendency to remit, although postpartum relapse is
common.[3,19,31,32]

2. Choice of Management

In the nonpregnant patient of childbearing
years, there is a strong argument for definitive treat-
ment rather than prolonged and repeated courses of
antithyroid drugs. This may be either by radioac-
tive iodine as commonly favoured in the US, or by
surgery, which is often preferred in the UK.[33-35]

In the US, it is usual to advise women to avoid preg-
nancy for a minimum of 3 months after radioactive
iodine therapy.[36] In the UK, a delay of 4 months is
advocated.[37] This interval has also been applied
to prospective fathers who receive radioactive io-
dine therapy.[38]

Radioactive iodine is completely contraindicated
in pregnancy. Antithyroid drugs are generally used

Table I. Thyroid function in normal pregancy

Trimester TBG Thyrotropin Total T4 Free T4 Total T3 Free T3

First Increased Low/normal High/normal High/normal High/normal High/normal

Second Increased Normal High/normal Normal High/normal Normal

Third Increased High/normal Low/normal Low/Normal Low/normal Low/normal

TBG = thyroxine binding globulin; T4 = thyroxine (tetraiodothyronine); T3 = triiodothyronine.
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during pregnancy[6] but subtotal bilateral thyroid-
ectomy may be an option for some patients.[39-42] The
older literature suggests that surgery has wide ap-
plication for hyperthyroidism in pregnancy,[43,44]

but this approach is now seen as having a more lim-
ited role. There have been no prospective randomised
trials comparing medical with surgical treatment.
However, one review of the literature, which was
based on 318 women treated with antithyroid drugs
and 288 treated surgically, concluded that there was
no apparent advantage for one form of treatment
over the other.[45]

Adverse effects of antithyroid drugs and an in-
ability to control the disease on low doses of these
agents are now the most common indications for
surgery. Reed Larsen et al.[7] believe that in compliant
patients, a propylthiouracil requirement of more than
400 mg/day is a reasonable threshold for consider-
ing subtotal thyroidectomy, preferably in the sec-
ond trimester.[7] Lower threshold doses have also
been advocated, e.g. propylthiouracil 300 mg/day
or carbimazole 10 mg/day.[15,42] Less common in-
dications for surgery now are patients who present
with severe hyperthyroidism, have a long history
of the disease or a large gland. An additional but
unusual indication for surgery is an anxious mother
who fears the effects of medication on the fetus and
will not adhere to an antithyroid drug regimen.

Antithyroid drugs are used in early pregnancy in
all patients with hyperthyroidism provided that
they are tolerated without adverse reactions. As the
middle trimester approaches, a decision on further
management either by continued antithyroid med-
ication or surgery must be made. This requires careful

discussion with both the patient and the obstetrician.
It has been argued that surgery should not be per-
formed until the fetus is viable in case this inter-
vention results in early delivery.[36] However, it is
generally accepted that surgery is best undertaken
in the middle trimester, when the risk of miscarriage
is at its lowest. Unfortunately, a decision about sur-
gery has to be made before there is a chance to see
whether there is amelioration of the patient’s hy-
perthyroidism during the third trimester.

3. Antithyroid Drugs

Astwood[46] successfully treated 3 patients with
thiourea and thiouracil in 1943. Subsequently, safer
drugs such as methylthiouracil and propylthiouracil
were introduced to clinical practice, and were fol-
lowed by thiol compounds such as thiamazole (meth-
imazole) and its carbethoxy derivative, carbima-
zole. The most commonly used antithyroid drugs
are carbimazole in Europe, and thiamazole and pro-
pylthiouracil in the US.[33]

3.1 Modes of Action

The effects and doses of carbimazole and thiama-
zole are similar, because carbimazole is almost com-
pletely converted to its active metabolite thiama-
zole, by hydrolysis and decarboxylation in vivo.[47]

Thiamazole and propylthiouracil reduce synthe-
sis of thyroid hormones. These drugs are concentrated
by cells with a peroxidase system. By inhibiting thy-
roid peroxidase they interfere with the incorporation
of oxidised iodide into tyrosine residues in thyro-
globulin. They also block the coupling reaction in

Table II. Thyroid function in the normal fetus

Gestational
age (wk)

Iodine TBG Thyrotropin Total T4 Free T4 Total T3 Free T3

10-12 Concentration of
iodine begins

Secretion starts Secretion starts

20-30 Thyroid fully
responsive

High Progressive
increase

Progressive
increase

Progressive
increase

Low Low

30-40 High High High High Progressive
increase

Progressive
increase

TBG = thyroxine binding globulinl; T3 = triiodothyronine; T4 = thyroxine (tetraiodothyronine).
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which mono and diiodotyrosines are linked to form
T4 and T3.[3,4,48,49]

Propylthiouracil but not thiamazole also inter-
feres with the peripheral conversion of T4 to T3

by inhibiting type 1 deiodinase. Antithyroid drugs
may also cause a gradual reduction in the level of
TSI, resulting in an increase in suppressor T cell
activity.[50]

The serum half-life of propylthiouracil (75 min-
utes) is considerably shorter than that of thiamazole
(4 to 6 hours).[9,51] Both drugs persist in the thyroid
gland for much longer than this and have a pro-
longed effect on thyroid function.

3.2 Risks to the Mother

The adverse effects of carbimazole, thiamazole
and propylthiouracil to the mother are similar. The
most common adverse effect associated with these
drugs is mild leucopenia (white blood cell count
<4000/mm3) in 12% of patients,[52] but leucopenia
also occurs in patients with untreated hyperthyroid-
ism.[53] Leucopenia is usually transient in patients
who receive antithyroid drugs. Agranulocytosis,
though rare, is the most important adverse effect of
antithyroid drug therapy. It occurs in 0.2% of pa-
tients and was previously thought to be more likely
to occur in patients aged >40 years and in those receiv-
ing high doses of carbimazole or thiamazole.[52,54]

More recently, it has been stated that agranulocy
the dose, duration or previous history of antithy-
roid drug therapy.[53] The onset of this adverse ef-
fect is usually rapid. Unfortunately, monitoring white
blood cell count during treatment has no predictive
value. Patients should be given instructions, ideally
with a written reminder, to immediately report any
experience of sore throat, mouth ulcers, bruising,
malaise or other clinical features of infection, which
could indicate agranulocytosis. Antithyroid drug
therapy should be discontinued immediately, white
blood cell count should be carefully monitored and
a throat swab and blood culture should be done. Ap-
propriate antibacterial therapy is necessary if there
is evidence of infection.

Minor adverse effects occur in 5% of patients
who receive antithyroid drugs. These include mac-

ulopapular rash, pruritus, nausea and vomiting, and
usually occur in the first 2 months of treatment. Less
common adverse effects include fever, headache, ar-
thralgia, alopecia and taste disturbance. Cholestatic
jaundice has been reported in patients who received
carbimazole or thiamazole. Vasculitis, systemic lu-
pus erythematosus and a haemorrhagic tendency
have been reported rarely in patients who received
propylthiouracil. These adverse effects may have an
underlying immunological mechanism and cross-
sensitivity between these drugs occurs, although this
is rare. Usually, propylthiouracil can be substituted
for carbimazole or thiamazole and vice versa.[3,4,9,51]

3.3 Risks to the Fetus and Neonate

Concerns for the fetus have centred on the pos-
sibilities that malformations could occur if antithy-
roid drugs are given during the first trimester and
impairment of growth and functional development
could occur if these drugs are administered during
the second and third trimesters.

3.3.1 Malformation
There is little evidence to suggest that antithy-

roid drugs are associated with congenital malfor-
mations. The risk of malformation was reported to be
6% in 643 neonates born to mothers with untreated
hyperthyroidism in the first trimester, compared
with only 1% where the mothers became euthyroid
when treated with thiamazole.[14] In a recent study,
congenital malformations were reported in 3% of
neonates whose mothers received propylthiouracil,
and in 2.7% of those whose mothers received thi-
amazole. These figures are similar to the reported
rates of spontaneous congenital malformations in the
general population (2 to 5%).[27]

Another report showed that the risk for birth de-
fects in pregnant women with thyroid disease was
similar with or without treatment in a population-
based, case-controlled study.[26]

Aplasia cutis has been described as a complica-
tion of thiamazole[55,56] but subsequent reports have
failed to confirm this. This adverse event has not
been associated with propylthiouracil. In a review
of a 27 year period where none of the mothers had
been receiving antithyroid drugs, the incidence of
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congenital skin defects was 0.05% and even less
(0.03%) where confined to the scalp. No skin de-
fects were seen in 24 neonates whose mothers had
been receiving antithyroid drugs. The risk for con-
genital scalp defects was not significantly increased
in neonates born to mothers treated with thiamazole
or its analogue carbinazole.[57]

Momotani et al.[14] failed to demonstrate skin
defects in 243 neonates of mothers treated with thia-
mazole.

3.3.2 Growth and Functional Development –
Fetal and Neonatal Hypothyroidism
The risk posed to the fetus by antithyroid drugs

is of hypothyroidism and goitre.
Maternal doses of propylthiouracil as low as

100 to 200mg may cause transient fetal hypothy-
roidism. In 11 neonates born to mothers who received
antithyroid drugs during pregnancy, the mean T4

level was slightly lower and mean thyrotropin level
was slightly higher than in neonates from normal
pregnancies.[58]

In one report in mothers with hyperthyroidism
who received antithyroid drugs during pregnancy,
T4 levels were essentially identical in cord and ma-
ternal blood in 27 women in whom it was possible
to discontinue antithyroid drugs prior to delivery.
However, in 43 mothers in whom the drug was con-
tinued to delivery, T4 levels in cord blood were
slightly lower than maternal levels. T4 levels were
lower or thyrotropin levels were higher in cord com-
pared with maternal blood, or both in 54% of moth-
ers who were euthyroid while receiving antithyroid
drugs.[59]

About 1% of neonates have significant transient
hypothyroidism and a small goitre may be present
when the mother is treated with antithyroid drugs.[3]

The presence of a goitre, although related to fetal
hypothyroidism, bears little relation to the dose of
antithyroid drug given to the mother.[3,4]

3.4 Effect on Childhood Development

Thyroid hormone is essential for brain develop-
ment. Reassurance about long term effects of anti-
thyroid drugs has been provided for both propyl-
thiouracil and thiamazole. Children of mothers

treated in pregnancy with propylthiouracil were fol-
lowed for 10.5 years, and showed no evidence of de-
layed physical or mental development. Childhood
and adolescent intellectual development appeared to
be unimpaired.[60] Similar conclusions were reached
with regard to the long term effects of carbima-
zole.[61] Messer et al.[62] reported that long term
surveillance of the effects of maternal antithyroid
drug therapy on the somatic and intellectual devel-
opment of children failed to demonstrate any det-
rimental effects.[62]

4. Which Antithyroid Drug 
Regimen to Use in Pregnancy?

Both thiamazole and propylthiouracil are effec-
tive drugs[47] with comparable fetal outcomes.[27]

In the nonpregnant patient, carbimazole and thia-
mazole have advantages over propylthiouracil. There
are fewer major adverse events associated with the
first 2 antithyroid drugs, including agranulocyto-
sis, but there are more minor adverse events.[54] Com-
pliance may be better with carbimazole and thia-
mazole as they can be taken once per day compared
with 2 to 3 times per day for propylthiouracil. Re-
portedly, there is less ‘aftertaste’ with thiamazole.
Compared with propylthiouracil, carbimazole is
cheaper in the UK and thiamazole was cheaper in
the US.[51] In pregnancy and during breast feeding,
the balance is in favour of propylthiouracil. Al-
though propylthiouracil, carbimazole and thia-
mazole cross the placenta and affect fetal thyroid
function, the greater protein binding, poorer solu-
bility in aqueous solutions and ionisation at pH 7.4
of propylthiouracil have generally been thought to
reduce the amount passing to the fetal thyroid[29,63]

or into breast milk.[64] It has been reported that pro-
pylthiouracil crosses the placenta at about a quarter
of the rate of thiamazole, and propylthiouracil par-
tially inhibits the peripheral conversion of T4 to
T3.[19,29,49,63] In vitro perfusion of human full-term
placenta lobule with low and high doses of thia-
mazole and propylthiouracil failed to confirm the
generally accepted difference in placental transfer
of the 2 drugs.[65]
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Earlier concerns that aplasia cutis could be as-
sociated with antithyroid drugs related only to car-
bimazole and thiamazole and not to propylthiou-
racil.[55,56]

A number of factors influence the rapidity with
which a hyperthyroid patient treated with antithy-
roid drugs reaches a euthyroid state. Patients with
large and nodular goitres are, in general, slower in
their response than those with small, diffuse glands.
The quantity of stored thyroid hormone, rate of turn-
over in the thyroid, the half-life of thyroid hormone
in the periphery and the completeness of the block
all have an influence.[9,66]

Although the difference was not statistically sig-
nificant, the free T4 index was normalised by 7 weeks
with propylthiouracil compared with by 8 weeks with
thiamazole in pregnant women with hyperthyroid-
ism.[27] In nonpregnant patients with hyperthyroid-
ism, the reverse was shown.[67]

In the nonpregnant patient with hyperthyroid-
ism, a variety of regimens have been utilised in an
attempt to lengthen periods of remission, but none
has been generally accepted. Regimens have in-
volved large doses of antithyroid drug,[68-72] com-
bination of antithyroid drug with T4,[73-75] variation
of the duration of treatment[76,77] and continuing T4

administration after discontinuation of antithyroid
drugs.[73] Population differences may be the reason
for striking differences in reported results.

Hashizume et al.[78] reported a study in which they
stopped antithyroid drug treatment at 5 to 6 months
of pregnancy but continued treatment with thyrox-
ine. The relapse rate at 1 year postpartum was 5%
compared with 32% in those not given thyroxine.
This was not a block and replacement regimen
where antithyroid drug and thyroxine are given
concurrently. Such a regimen should not be used
during pregnancy as the fetus is then exposed to
high doses of antithyroid drug without being able
to benefit from the prescribed thyroxine.

Areview of outcomes from 20 reports of hyperthy-
roidism in pregnancy compared antithyroid drug
therapy alone with antithyroid drug therapy com-
bined with T4. This showed that the rates of fetal loss
(14 and 9%) and the percentages of offspring with

cretinism or hyperthyroidism did not differ signifi-
cantly between the 2 treatment regimens. However,
congenital abnormalities were significantly more
common when the combination regimen was used.[79]

Propylthiouracil is the drug of choice and is pre-
scribed in an initial dosage of 100 to 150mg 3 times
per day; the dose is reduced as quickly as clinical
control of hyperthyroidism and return of free T4

levels to the high normal range allows. The patient
with hyperthyroidism who is receiving carbima-
zole or thiamazole and who becomes pregnant can
continue to receive the same drug. Careful titration
of the dose should be continued throughout preg-
nancy, based on free T4 levels in euthyroid pregnant
women. In pregnant women with Graves’ disease,
the fetal and maternal thyroid glands are under the
same stimulatory and inhibitory factors, thus con-
trol of maternal hyperthyroidism may cause fetal
hypothyroidism. Maternal serum T4 level is re-
ported to be useful, and certainly it, or preferably
free T4, is the most practical indicator of fetal thy-
roid function.[59] It should be recalled that fetal hy-
pothyroidism can occur even when maternal serum
T4 levels are in the normal range. Therefore, the mo-
ther’s serum T4 level should be maintained in the
high normal range. It may be possible to reduce the
dose of antithyroid drug in the last month of preg-
nancy,[3,59] but although it is often recommended that
the drug should be stopped in the last 6 to 8 weeks
this may be possible in only 28% of cases and in
some an increase in dose becomes necessary.[80] If
it is possible to discontinue the antithyroid drugs,
hyperthyroidism recurs in 50% post partum.[6]

Ultrasound examinations through pregnancy
are helpful in showing fetal growth, heart rate and
possible development of a fetal goitre.[81] A fetus
which is small for its gestational age and with tach-
ycardia >160 suggests fetal hyperthyroidism and
this may be accompanied by a goitre. High levels
of TSI during late pregnancy is a warning sign for
fetal and neonatal hyperthyroidism.[82] The neo-
nate must be carefully examined; some clinicians
recommend that cord blood be taken to determine
fetal thyroid function.[81] However, normal or near
normal cord blood thyrotropin and T4 levels do not
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exclude later development of neonatal hyperthy-
roidism. This condition may present at birth or be
delayed until 8 to 9 days after birth. The delay is
due to carryover of maternal antithyroid drug and
possibly thyrotropin receptor blocking antibody.
The neonate may exhibit goitre; central nervous
system signs such as irritability, jitteriness and rest-
lessness; eye signs such as oedema, lid retraction
and proptosis; cardiovascular signs such as tachy-
cardia and arrhythmias leading to cardiac failure;
and general signs of hypermetabolism including
persistent acrocyanosis, increased appetite, weight
loss, diarrhoea, sweating and flushing. Although it
may be self-limiting, neonatal hyperthyroidism has a
high mortality rate and should be anticipated and pre-
vented.[83] In most pregnancies fetal hyperthyroid-
ism is effectively prevented by control of the moth-
er’s hyperthyroidism. However, the neonate with
hyperthyroidism should receive propylthiouracil 5
to 10 mg/kg/day or carbimazole 0.5 to 1 mg/kg/day.
Both drugs should be administered in divided doses
and should be withdrawn only after several weeks
of careful monitoring. If immediate treatment of
the neonate is not required close observation for
signs of the condition must continue for at least 2
weeks.[83] Neonatal hyperthyroidism may also oc-
cur in infants born to mothers who are euthyroid but
have had previous successful treatment of Graves’
disease, or who have Hashimoto’s disease.[15]

Neonatal hypothyroidism is uncommon when the
mother’s hyperthyroidism has been carefully con-
trolled, but requires prompt assessment and treat-
ment when it does occur. Routine screening in the
UK is with a heel prick thyrotropin assay, but when
hypothyroidism is suspected, neonatal serum T4

levels should be measured. T3 levels are variable.[83]

Neonatal serum T4 and thyrotropin levels should be
repeated at 3 days as by then transient hypothyroid-
ism due to carryover of maternal antithyroid drug
therapy will usually have resolved.[59] Adequate
treatment of neonatal hypothyroidism is initially
with oral T4 8 to 10 µg/kg/day and usually results in
normal growth and development.[6]

A mother who is receiving propylthiouracil, car-
bimazole or thiamazole can breastfeed. The pro-

portion of maternal antithyroid drug ingested by the
baby has been calculated as 0.07% of the adminis-
tered dose of propylthiouracil, compared with 0.5%
and 10% of the administered doses of carbimazole
and thiamazole, respectively.[38] Ideally a mother
who is breastfeeding should receive the lowest ef-
fective dosage of propylthiouracil. With low dosage
the infant’s thyroid function appears to be unaffected.
Nonetheless, the neonate’s development and thyroid
function should be carefully monitored.

5. Other Drugs Used in Thyrotoxicosis
and Thyrotoxic Crisis

β-blockers such as propranolol and iodide are
commonly used in treatment of hyperthyroidism,
but should be avoided in pregnancy as far as pos-
sible.

5.1 Propranolol

Successful use of propranolol throughout preg-
nancy for both hypertension and hyperthyroidism
was noted in early reports. This allowed postpone-
ment of definitive treatment of hyperthyroidism in
pregnancy.[84,85] Subsequently, intrauterine growth
retardation, small placenta, hypoglycaemia, hypo-
calcaemia, fetal bradycardia and neonatal respira-
tory depression and low Apgar scores were associ-
ated with propranolol therapy in pregnancy.[86,87]

Difficulties appeared to be most marked when the
drug was administered in late pregnancy. Fetal bra-
dycardia indicative of fetal distress may be partic-
ularly confusing.[88] Campbell[89] raised the possi-
bility of a teratogenic effect in an infant born with
a type A tracheo-oesophageal fistula but this has not
been confirmed.

A more sanguine view of β-blockers used in the
management of hypertension in pregnancy has also
been reported.[90]

During pregnancy, short courses of propranolol
are used to treat tachycardia or to control thyrotoxic
crisis. In practice, many physicians also use pro-
pranolol in low doses as an adjuvant to antithyroid
drugs without experiencing problems.
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5.2 Iodine

Iodides cross the placenta and even iodine–con-
taining medication has resulted in fetal hypothy-
roidism and large goitres in the newborn.[90,91] With
iodides, the goitres are larger and firmer than those
produced by antithyroid drugs, defective autoreg-
ulation of the fetal and neonatal thyroid gland oc-
curs and escape from the Wolff-Chaikoff effect oc-
curs less readily. In contrast, it was suggested that
iodine seldom if ever leads to fetal hypothyroidism.
This was based on a study in which a low dose of
iodine, only 6 to 40 mg/day, was administered to
pregnant women with Graves’ disease starting at
11 to 37 weeks gestation. Cord samples at delivery
showed 2 of 35 fetuses had a serum free T4 level
above the normal range and none had levels below
it. However 22 of the 35 mothers had serum free T4

levels at delivery slightly above the normal range
with 13 within the normal range.[92]

Iodine is avoided as far as possible in the preg-
nant patient. However, short term use during the sec-
ond trimester or in treatment of thyrotoxic crisis is
unlikely to be detrimental.[93]

5.3 Thyrotoxic Crisis

Thyrotoxic crisis (thyroid storm) is an extremely
acute form of hyperthyroidism which tends to occur
in patients with Graves’ disease rather than toxic
nodular disease.[17] Fortunately, thyrotoxic crisis is
rare, because it is a life-threatening condition. With
respect to pregnancy, this condition is most likely
to occur at or after delivery and with toxaemia of
pregnancy.[16,94]

Serum T4 and T3 levels in the patient with thy-
rotoxic crisis do not differ from those in the patient
with severe uncomplicated hyperthyroidism, but free
T4 and T3 levels are generally thought to be higher.[17]

The diagnosis is made on clinical grounds and
treatment should not be delayed while waiting for
biochemical results.

Thyrotoxic crisis should be managed in an in-
tensive care unit. This section gives only a brief out-
line of management of this condition.[17,95]

Dehydration and electrolyte imbalance should
immediately be treated with intravenous fluids. β-
blockers such as propranolol should be administered.
Initially, propranolol 1mg may be administered in-
travenously over 1 minute and repeated at 2 minute
intervals if necessary. The total propranolol dose
should not exceed 10mg (5mg if the patient is anaes-
thetised). Intravenous propranolol should be fol-
lowed by oral propranolol 40 to 80mg every 6 hours.
The relatively cardioselective β-blocker atenolol
and the calcium antagonist diltiazem are generally
contraindicated in pregnancy, but use of one of these
as an alternative to propranolol may have to be con-
sidered in patients in thyrotoxic crisis who have
bronchial asthma. Usually hydrocortisone 100mg
every 6 hours is administered intravenously.

Synthesis of further T4 and T3 is prevented by
the use of propylthiouracil, initially 600 to 1000mg,
followed by 200 to 250mg every 4 hours. Propyl-
thiouracil may be administered as crushed tablets via
a nasogastric tube. If there is a history of agranulo-
cytosis or hepatotoxicity, antithyroid drugs should
not be used.

After inhibition of thyroid hormone synthesis with
propylthiouracil, release of pre-formed thyroid hor-
mone is hindered with iodide, which is administered
orally as a saturated solution of potassium iodide 5
drops every 6 hours, or as Lugol’s solution 10 drops
every 8 hours. A less important effect of this excess
iodide is reduction of organification of iodine and
consequently of thyroid hormone synthesis.

The cholecystographic agents ipodate 0.5 to 3 g/day
and iopanoate 0.5g twice daily are tri-iodoaniline der-
ivatives that inhibit outer ring T4 deiodinase thereby
acutely reducing T3 levels. As these agents are de-
iodinated, the inorganic iodide released causes se-
rum T4 levels to fall.[96] The tri-iodoaniline deriv-
atives may also inhibit binding of thyroid hormone
to cell receptors.[97] The rapidity of action of these
agents is an advantage in patients with thyrotoxic
crisis, but they should probably only be used after
delivery.

Other important measures in the management of
thyrotoxic crisis are reduction of the patient’s temper-
ature, avoidance of aspirin or other salicylates and
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maintenance of adequate oxygenation. Cardiac
failure and arrhythmias may need conventional treat-
ment, and anticoagulation should be considered in
the latter situation.

6. Surgery

Bilateral subtotal thyroidectomy is generally an
effective means of treating hyperthyroidism.[41] Be-
cause this procedure is performed in the middle tri-
mester, it eliminates the need for antithyroid drugs,
which may have effects on fetal growth and func-
tion, in the last trimester. Control of hyperthyroid-
ism with antithyroid drugs before surgery is the
ideal, but when antithyroid drugs cannot be used a
short course of propranolol 20 to 40mg every 8 hours
and iodine as Lugol’s solution 0.1 to 0.3ml (total
iodine 130 mg/ml) every 8 hours should be admin-
istered. Postoperatively, propranolol should not be
withdrawn abruptly. The dose is halved at 48 hours
and the drug is usually discontinued 4 days after
surgery. Thyroid hormone replacement in the form
of oral T4 100 µg/day is initiated 2 days after sur-
gery and adjusted according to the serum free T4

level at 4 weeks after surgery. Thyroid hormone re-
placement is discontinued within 12 months in most
patients.

The risks of surgery to the pregnant woman are
not increased beyond those of the nonpregnant pa-
tient.[42] With an experienced surgeon, the reported
incidence of complications such as postoperative
haematoma, recurrent laryngeal nerve palsy and
hypoparathyroidism is low (1.2%). The incidence
of recurrent hyperthyroidism after bilateral subto-
tal thyroidectomy has been reported to be 1.4% at
18 months[98] and 1.28% at 5 to 13 years after the
procedure.[99]

Hypothyroidism, on the other hand, is common
after bilateral subtotal thyroidectomy. After sur-
gery leaving a 3g remnant on each side, hypothy-
roidism occurs in approximately 50% of patients.[100]

However, this is readily treated and for many pa-
tients, the scar is the major side effect of surgery.[101]

Total thyroidectomy has been advocated by some
surgeons for nonpregnant patients with Graves’
disease,[102] Graves’ disease with severe ophthalmo-

pathy[100] and toxic multinodular goitre,[100] but has
not been evaluated in pregnancy.

The older literature shows that the risk of mis-
carriage and spontaneous labour as a result of bilat-
eral subtotal thyroidectomy is low. In a comparison
of medical and surgical treatment, all but 1 of 33
pregnant women with hyperthyroidism who under-
went bilateral subtotal thyroidectomy went to
term.[43,44] A review of the literature[45] concluded
that there was no advantage for one form of treat-
ment over the other; it showed that surgery imposed
risks to the pregnancy no greater than those imposed
by administration of antithyroid drugs throughout
pregnancy. This review compared 318 pregnant
women who received antithyroid drugs and 288 who
had a thyroidectomy. Of the women who received
antithyroid drugs, 80% had a normal delivery and
6%, a premature delivery; the incidence of miscar-
riage was 10%. The corresponding figures in women
who underwent surgery were 91, 1 and 4%, respec-
tively. However, first trimester miscarriages were
reported only for those patients who were treated
medically. Perinatal infant deaths were 4% with
both forms of management.[45] More recently, a
report of 20 pregnant women with hyperthyroidism
who were treated surgically showed that, with the
exception of 1 woman who gave birth at 36 weeks,
all went to term. All the infants in this study had
normal birth weights, and none had congenital mal-
formations, goitre or thyroid dysfunction.[42]

Bilateral subtotal thyroidectomy, in the pre-
pared patient, performed in the middle trimester by
an experienced surgeon with careful anaesthetic su-
pervision avoiding hypotension, hypoxia and drugs
known to affect the fetus carries little risk to the
mother or fetus and remains a useful option.

7. Hyperthyroidism and 
Hyperemesis Gravidarum

Nausea and vomiting may occasionally be pre-
senting features of hyperthyroidism, and should be
differentiated from hyperemesis gravidarum. The
latter is characterised by excessive vomiting in early
pregnancy, loss of 3 to 5% of bodyweight, ketonu-
ria and electrolyte disturbance. However, these pa-
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tients exhibit few of the other features of hyperthy-
roidism and do not have detectable thyroid micro-
somal antibodies. Reduced levels of thyrotropin and
elevated T4 levels have been found in 30 to 60% of
patients with hyperemesis but these levels return to
normal by 18 weeks of pregnancy.[103,104] This hy-
perthyroxinaemia is not usually accompanied by
clinical signs of hyperthyroidism. However, 2 of 39
patients with hyperemesis gravidarum exhibited such
clinical signs in one study.[105]

hCG levels are higher than normal in many but
not all pregnant women with hyperemesis. hCG
shares a common α subunit with thyrotropin and is
believed to stimulate the thyroid via the thyrotropin
receptor. Both the severity of vomiting and free T4

levels have been reported as correlating with hCG
levels.[106] However, some uncertainty about the role
of hCG was raised when it was found that serum
with low levels of hCG, obtained from women who
recently had a pregnancy terminated, stimulated thy-
roid cells to secrete T4 and T3 in vitro.[107] The ex-
planation appears to be that hCG is a heterogenous
protein. Isomers of hCG with low or no sialylation
have the greatest thyroid stimulating activity and
these are present in high titre in severe vomiting in
early pregnancy.[108]

One report described hyperthyroidism in the sep-
arate pregnancies of a mother and daughter, each of
whom had serum hCG levels which would not nor-
mally have been associated with hyperthyroid-
ism.[109] The mechanism was believed to be a mutant
thyrotropin receptor which was hypersensitive to
hCG.

Supportive measures should be used initially in
pregnant women with hyperemesis who exhibit hy-
perthyroidism. However, if hyperthyroidism persists
into the second trimester or is severe, short term an-
tithyroid drug therapy is probably indicated.[53,109]

Hyperthyroxinaemia is not associated with mor-
ning sickness.[110]

8. Hyperthyroidism Associated 
with Trophoblastic Neoplasms

Gestational trophoblastic neoplasms represent a
spectrum of pregnancy-related trophoblastic prolif-

erative disorders. They are classified on the basis
of clinical features and serum hCG levels rather than
histology. The incidence varies from 1 in 1200 to
2000 pregnancies in the US and Western Europe, but
is 10 times higher in Eastern Europe and Asia and is
more common at the extremes of reproductive age.

From 10 to 50% of patients with trophoblastic
disease, which includes either hydatidiform mole
or choriocarcinoma, have hyperthyroxinaemia. A
much lower proportion are clinically toxic although
thyrotoxic crisis has been described.[111] Antithy-
roid drugs and propranolol are sometimes required
but rapid resolution of hyperthyroidism occurs with
effective treatment of trophoblastic disease.

9. Postpartum Painless Thyroiditis

A subacute thyroiditis occurs in about 5% of
postpartum women.[112-115] It is believed to be caused
by a rebound in the immune response after the sup-
pression associated with pregnancy. The condition
occurs about 6 to 12 weeks after delivery. Approx-
imately two-thirds of the patients have a hyperthy-
roid phase which must be differentiated from Graves’
disease. Unlike Graves’ disease, this condition is
attributable to the release of preformed T4 andT3 from
a damaged thyroid. Symptoms are mild and may eas-
ily be missed. This condition is characterised by a
high titre of microsomal antibodies, a low techne-
tium or radioactive iodine uptake and absence of
TSI. Breastfeeding needs to be discontinued for
only 1 day after investigation with technetium.[53]

Mild hyperthyroidism may persist for 1 to 2 months
in patients with postpartum painless thyroiditis,
and is followed in two-thirds of patients by tran-
sient hypothyroidism. In one-third of patients the
disease will resolve without a hypothyroid phase. A
small goitre may occur in half the patients and per-
sist through the hypothyroid phase.[115]

Treatment with a β-blocker should be consid-
ered in patients with postpartum painless thyroidi-
tis only if hyperthyroidism is symptomatic. T4 should
be administered if the patient is symptomatically
hypothyroid but can usually be discontinued after
6 months. Thyroid function is carefully monitored;
most patients return to a euthyroid state within a
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year, but about 20% develop permanent hypothy-
roidism. Annual thyroid function tests should be
performed for 5 years in all patients who develop
postpartum painless thyroiditis, because these pa-
tients are at risk of developing permanent hypothy-
roidism.[116]

10. Conclusion

In pregnancy, hyperthyroidism is usually caused
by Graves’ disease. Pregnancy commonly occurs
after treatment for hyperthyroidism has been started.
Therefore, women of child bearing age should be
reminded of the importance of using contraceptive
measures when antithyroid drug treatment is started.

Unrecognised or inadequately treated hyperthy-
roidism has serious effects on the mother and par-
ticularly on the pregnancy, the fetus and the neo-
nate. Stillbirths, relative delay in gestational age at
diagnosis, preterm delivery and perinatal deaths
occur more often than when hyperthyroidism has
been diagnosed, and antithyroid drug treatment
started before pregnancy. TSI crosses the placenta
and infrequently may cause fetal and neonatal hy-
perthyroidism.

Investigation of hyperthyroidism in pregnancy
should include measurement of thyrotropin and
free T4, as total T4 is raised in normal pregnancy
due to increased thyroxine binding globulin levels.

Hyperthyroidism in pregnancy is usually man-
aged throughout with antithyroid drugs, preferably
propylthiouracil. Antithyroid drugs readily cross
the placenta but the latter is a significant barrier to
the passage of thyrotropin, T4 and T3. As the fetal
thyroid is fully responsive to antithyroid drugs (and
TSI) by 20 weeks gestation, the smallest dose which
will control maternal hyperthyroidism is used.

There is little evidence to suggest that fetal mal-
formation occurs more commonly than normal in
hyperthyroidism whether treated with antithyroid
drugs or not. Fetal and neonatal hypothyroidism,
however, is a possible outcome of antithyroid drug
management of the mother. A block and replace-
ment regimen should not be used. This exposes the
fetus to high doses of antithyroid drug and to the risk
of hypothyroidism; thyroxine given to the mother

does not cross the placenta in sufficient quantity to
avoid this risk. Maternal serum free T4 is the most
practical index of fetal thyroid function and the
dose of antithyroid drug should aim to keep this in
the high normal range. Intellectual and physical de-
velopment of children born to mothers treated with
antithyroid drugs is unimpaired.

Failure to control hyperthyroidism on a ‘small’
dose of antithyroid drug or adverse reactions to
them are now the most common indications for bi-
lateral subtotal thyroidectomy in pregnancy. Sur-
gery is performed during the middle trimester ide-
ally on a patient prepared with antithyroid drugs
but otherwise after a short course of propranolol and
iodine. Surgery is an effective form of treatment and
removes concern about the effects of hyperthyroid-
ism or antithyroid drugs on fetal growth and func-
tion.

Transient depression of thyrotropin and an ele-
vated thyroxine, but rarely clinical hyperthyroid-
ism, occurs in some patients with hyperemesis gra-
vidarum. This is related to the thyroid stimulating
effect of hCG in early pregnancy. Similarly hyper-
thyroxinaemia and even overt hyperthyroidism oc-
cur with trophoblastic neoplasms. Hyperthyroid-
ism in post partum painless thyroiditis is due to the
release of preformed thyroid hormone from a dam-
aged thyroid. These conditions should be distin-
guished from Graves’disease. At a suitable time after
the pregnancy definitive treatment of Graves’ dis-
ease should be offered.
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