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ABSTRACT

Thionamide therapy is a mainstay of the treatment of hyperthy-
roidism complicated by pregnancy, but it can expose the fetus to
hypothyroidism. In terms of fetal thyroid status, propylthiouracil
(PTU) has been preferred over methimazole (MMI) based on exper-
imental data on limited transplacental passage, and lower doses have
been recommended. However, neither of these practices is supported
by convincing clinical evidence.

We compared the effect of maternal ingestion of PTU with that of
MMI on fetal thyroid status using cord sera at delivery in 77 mothers
with Graves’ hyperthyroidism who were receiving thionamides and
whose free T, (FT,) levels were within the normal range. We also
examined the dose effects on fetal thyroid status in these women.
Thirty-four women were taking PTU (group P), and 43 were taking
MMI (group M).

Neither the mean fetal FT, nor the mean fetal TSH level was
significantly different between the two groups. No significant differ-
ence in the occurrence of low FT, levels or high fetal TSH levels was
found between group P and group M (low FT,, 6% vs. 7%; high TSH,
21% vs. 14%). Little relationship was observed between maternal
doses and fetal thyroid status; in fact, when low doses of both PTU
(100 mg daily or less) and MMI (10 mg daily or less) were adminis-
tered, high TSH levels in the fetus were observed in 7 of the 34 fetuses
(21%) and in 6 of the 43 fetuses (14%), respectively. Higher doses were
associated with normal or low fetal TSH levels.

These findings demonstrate that in terms of fetal hypothyroid-
ism-inducing potential, there is little reason to choose PTU over
MMI. Individualized, not uniformly low, doses of these drugs may
prevent fetal hypothyroidism. (J Clin Endocrinol Metab 82: 3633—
3636, 1997)

HE RISKS OF pregnancy related to Graves’” hyperthy-
roidism are prevented by using antithyroid drugs of
the thionamide type. The fetus directly benefits from ma-
ternal ingestion of these drugs when hyperthyroidism de-
velops due to TSH receptor antibodies transferred from the
mother. However, it has been well established that these
drugs can expose the fetus to the risk of hypothyroidism. In
fact, screening for congenital hypothyroidism revealed that
25% of transient neonatal hypothyroidism was due to ma-
ternal ingestion of propylthiouracil (PTU) (1).

Based on the experimental study by Marchant et al. dem-
onstrating the limited transplacental passage of [*>S]PTU
compared to [*>SIMMI after a single oral dose given to nor-
mal women (2), the prevailing view has been that PTU is less
likely than methimazole (MMI) to induce hypothyroidism in
the fetus. They found a persistent fetal to maternal ratio of
less than 1 after [*>S]PTU administration (2). However, there
has been little clinical evidence that the incidence of neonatal
hypothyroidism is smaller in infants whose mothers received
PTU compared with that in infants whose mothers received
MML On the other hand, Gardner and his colleagues re-
ported that cord serum PTU concentrations were consis-
tently higher than maternal serum PTU concentrations dur-
ing the treatment of hyperthyroidism (3).

It is generally believed that the higher the dose of thio-
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namides, the higher the risk of fetal hypothyroidism; there-
fore, small doses (usually 150 mg PTU or less daily) have
been recommended (4). However, some infants are born
without hypothyroidism even though the mother receives
large doses of thionamides, and as little as 50 mg PTU daily
can cause high TSH levels in neonates (5, 6).

In this study, we compared the suppressive effect of ma-
ternal ingestion of PTU with that of MMI on fetal thyroid
status by examining cord sera of euthyroid mothers with
Graves’ hyperthyroidism during thionamide therapy. The
dose effects on fetal thyroid status were also studied in these
women.

Subjects and Methods

Of 249 pregnant women with Graves’ disease who continued PTU or
MMI until delivery, 77 women had taken the drugs for at least 4 weeks,
had normal free T, (FT,) levels at delivery and were delivered at term.
None of them had a history of radioiodine therapy or surgery for Graves’
disease. Of these 77, 34 were treated with PTU (group P), and 43 were
treated with MMI (group M). PTU and MMI tablets contained 50 and 5
mg, respectively. PTU was administered in divided doses when the
dosages were higher than 50 mg, and once when they were 50 mg or
lower. MMI was administered in divided doses when the dosages were
higher than 15 mg, and once when they were 15 mg or lower. Thirty-two
healthy women who had no history of thyroid disease and who were
delivered at term served as normal controls. Blood samples were ob-
tained from the women and from the umbilical cords of their respective
infants at the time of delivery. Informed consent for blood drawing was
obtained from every mother who was studied.

Each pair of serum samples was assayed for FT,, TSH, and antibodies
that inhibit TSH binding (TBIAb). Normal ranges for maternal FT,,
maternal TSH, cord FT,, and cord TSH levels based on data obtained
from the normal group were 7.7-15.6 pmol/L, 0.3-3.5 pU/L, 10.4-19.9
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pmol/L, and 1.8-21.1 mU/L, respectively. FT, levels were measured
with the Amerlex Free T, RIA Kit (Amersham Medical, UK), and TSH
levels were measured using the Boots-Celltech Sucrosep TSH immu-
noradiometric assay (Celltech Diagnostic, Slough, UK). TBIAD levels
were measured by RRA using the TRAb Kit (Baxter, Tokyo, Japan),
which was originally developed by Shewring and Smith (7).

Statistical significance was analyzed by Wilcoxon and x* tests. Dif-
ferences were considered significant at a level of P < 0.05.

Results
Fetal thyroid status

There was no significant difference in the mean fetal FT,
level between group P and group M (13.8 = 2.6 vs. 14.2 = 3.0
pmol/L; Fig. 1). The incidence of fetal FT, levels below the
normal range was 2 in 34 (6%) in group P and 3 in 43 (7%)
in group M. The difference was not significant. The mean FT,
level in either test group was not significantly different from
that in the healthy group (15.2 = 2.4 pmol/L; P < 0.05; Fig.
1).
The difference in the mean fetal TSH level between group
P and group M was not significant (15.0 = 13.4 vs. 12.6 £ 10.9
mU/L; Fig. 2). The incidence of TSH levels above the normal
range in group P fetuses was 7 in 34 (21%), and that in group
M fetuses was 6 in 43 (14%). The difference was not signif-
icant. The single highest TSH value was 75.9 mU/L in group
P. The differences in both the mean TSH levels and the
incidences of high fetal TSH levels were still insignificant
between the two groups when this case was excluded. The
mean fetal TSH level in group P was significantly higher than
that in the healthy group (7.4 = 47 mU/L; P < 0.05), and the
difference between the mean fetal TSH level in group M and
that in the healthy group was insignificant (Fig. 2).

All infants with low FT, or high TSH levels were clinically
euthyroid, and none had goiters at birth. None of them was
hypothyroid at the screening test for congenital hypothy-
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Fic. 1. Individual cord FT, levels and the mean = 1 sD level in group
P, to which PTU was administered; in group M, to in which MMI was
administered; and in healthy subjects. The differences in the mean
level among group P, group M, and the healthy subjects were not
significant.
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Fic. 2. Individual cord TSH levels and the mean =+ 15D level in group
P, to which PTU was administered; in group M, to which MMI was
administered; and in healthy subjects. The difference in the mean
level between groups P and M was not significant. The mean level in
group P was significantly higher than that in the healthy subjects.
The difference in the mean level between group M and the healthy
subjects was insignificant.

roidism using capillary blood specimens obtained 4 or 5 days
after birth. This test was conducted at a variety of institutions
around Tokyo and at all times measured TSH. Depending on
the institution, occasionally either T, or FT, was also
measured.

Relationship between drug doses and fetal thyroid status

Table 1 shows the relationship between the daily maternal
doses of PTU or MMI and fetal TSH levels. In group P,
mothers were receiving 25-200 mg PTU daily. Thirty of the
34 mothers in group P were receiving 100 mg PTU or less
daily. Seven of the fetuses (23%) from these 30 mothers had
TSH levels above the normal range, and the other 23 fetuses
(77%) had normal TSH levels. In 4 mothers who were taking
more than 100 mg PTU daily, all he fetal TSH levels were
within the normal range. MMI doses in group M ranged from
2.5-20 mg daily. In 41 of the 43 mothers in this group, the
doses were 10 mg or less. Six of the fetuses (15%) from these
41 mothers showed high TSH levels, and the other 35 fetuses
(85%) had normal TSH levels. Four of the 6 fetuses with a
high TSH level in group M were from mothers taking 5 mg
MMI or less daily. Both of the fetuses whose mothers were
taking 20 mg daily had a low TSH level.

Maternal FT, and TSH concentrations

Maternal FT, concentrations ranged from 9.1-15.6 pmol/L
in group P and from 7.7-15.6 pmol/L in group M. The mean
maternal FT, levels in groups P and M were 13.5 = 1.6 and
12.5 = 2.0 pmol/L, respectively; the difference was signifi-
cant (P < 0.05). Maternal TSH values were below normal in
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TABLE 1. Cord TSH levels and daily thionamide doses in mothers with normal FT, concentrations at delivery
PTU MMI
Dose Above Normal Below Dose Above Normal Below
(mg) normal fetal TSH normal (mg) normal fetal TSH normal
fetal TSH fetal TSH fetal TSH fetal TSH

200 0 2 0 20 0 0 2
150 0 2 0 15 0 0 0
100 5 2 0 10 2 2 0

75 0 1 0 7.5 0 1 0

50 2 19 0 5 3 12 0

25 0 1 0 2.5 1 20 0

26 subjects in group P and 21 subjects in group M, within the
normal range in 8 subjects in group P and 19 subjects in group
M, and above the normal range in no subject in group P and
in 3 subjects in group M. Mothers had low TSH levels sig-
nificantly more often in group P than in group M.

Maternal TBIAb levels

Maternal mean TBIAD levels in groups P and M were not
significantly different (17.6 * 11.8% vs. 22.0 * 10.8%).

Discussion

As we have reported previously, thyroid status in fetuses
of mothers with normal FT, levels receiving thionamides was
suppressed, although mildly, at a substantial frequency (8).
This observation and the significant correlation between ma-
ternal and fetal thyroid status (8) suggest that thionamide
doses sufficient to maintain mothers in a euthyroid state are
somewhat excessive for the fetuses.

No difference was found between fetal thyroid status in
PTU-treated women (group P) and that in MMI-treated
women (group M) despite the fact that maternal thyroid
status in the former group was not lower than that in the
latter group. Therefore, it is evident that PTU is not less
potent than MMI in inducing fetal hypothyroidism when
treating Graves” hyperthyroidism in pregnancy. This obser-
vation seems to contradict the finding of Marchant et al. that
PTU showed smaller transference from the mother to the
fetus and lower infant serum/maternal serum ratios than
MMI when the drugs were administered in a single dose (2).
It has been appreciated that the limited transplacental pas-
sage of PTU is due to its binding to serum protein about 80%
of the time (9). MMI does not bind to protein in serum (10).
A possible explanation for the similarity of the suppressive
effect of PTU to that of MMI found in our study may be that
in clinical use, the drugs are given by repeated administra-
tion (multiple doses). In this situation, the concentration in
the fetus is likely to be close to or even higher than that in
the mother [as reported by Gardner ef al. (3)], provided that
placental transfer is rapid compared with drug elimination
and that back diffusion of the drug from fetus to mother is
the predominant pathway of drug elimination from the fetus,
as has been reported to be the case with other drugs. TBIAb
levels in group P were similar to those in group M, indicating
that differences in the activity of Graves’ hyperthyroidism
are unlikely to affect the result.

There has been a report by Mortimer et al. that fetal thyroid
status was inversely related to maternal drug dosage in 10

PTU-treated and 6 carbimazole-treated women with Graves’
disease, although they did not make their data available (11).
In our patients with Graves’ disease, higher doses did not
result in high TSH levels in the fetus, and lower doses were
accompanied by high fetal TSH levels at a substantial fre-
quency in both groups P and M (21% and 14%, respectively).
Consistent with our observation, Gardner et al. and Cheron
et al. did not find a significant correlation between PTU doses
and fetal thyroid status (3, 12). A close correlation in both
TSH receptor antibody activities and serum thionamide con-
centrations between the fetus and the mother in patients with
Graves’ disease indicates that the fetal thyroid is under the
influence of the same stimulatory and inhibitory factors as
the maternal thyroid (3, 8). As a result, there is a significant
correlation between fetal and maternal thyroid function (8).
When maternal hyperthyroidism is due to autonomously
functioning thyroid nodules, the dose relationship is likely to
be seen, because the fetus does not suffer from hyperthy-
roidism in this case.

The significant correlation of fetal thyroid status with ma-
ternal thyroid status coupled with the fact that there are
variations in doses necessary to maintain individual mothers
in the same thyroid status suggests that a lack of relationship
between maternal doses and fetal thyroid status is reason-
able. Of course, in some cases, noncompliance may be an-
other reason for the lack of correlation between dose of
thionamides and maternal/fetal thyroid function. Doses
higher than those in our study would not cause fetal hypo-
thyroidism as long as maternal FT, levels are in a high nor-
mal range or above (8).

The reason why the thyroid status of some fetuses was
suppressed, though mildly, whereas that of others was not
remains unclear. Refetoff et al. reported the occurrence of
hypothyroidism in only one infant in each of two sets of
dizygotic twins born to mothers treated with thionamides
during gestation (13). This may be another example of the
individual variability. Differences, if any, in transplacental
passage of both drugs and TSH receptor antibodies among
the patients may not be the only factor responsible for the
individual variation, as there is a good correlation in both of
these factors between the fetus and the mother (3, 8). The
cause may be multifactorial. Subtle individual variability in
serum concentrations, in transplacental passage of both
drugs and antibodies, and in susceptibility to drugs or an-
tibodies may produce significant differences.

Recent studies on neuropsychological outcomes in early
treated congenital hypothyroidism have shown that intel-
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lectual retardation, if it ever occurs, can be caused only by
severe hypothyroidism (14, 15). Therefore, transient mild
hypothyroidism due to maternal thionamide therapy is un-
likely to affect normal brain development. In fact, previous
studies on the intellectual development of children exposed
to thionamide therapy have shown no discernible retarda-
tion (16, 19). However, it may be best to keep the fetus in a
euthyroid state because any subtle developmental defects
may have been missed in these studies. Currently, maternal
thyroid status, but not thionamide dose, may be the most
convenient and reliable marker in avoiding fetal hypothy-
roidism (8). It is advisable to keep maternal FT, in a high
normal to slightly hyperthyroid range at least near term as
thyroid hormones become increasingly important for normal
brain development.

There has been another reason for some clinicians to
choose PTU. Aplasia cutis, a localized defect of the skin on
the vertex of the scalp, the prognosis of which is benign, has
been associated with MMI administration in a small number
of cases (20, 21). However, statistical investigation refutes the
causal relationship of maternal ingestion of MMI with apla-
sia cutis in the fetus (22, 23).

MMI is commonly chosen for routine management of thy-
rotoxic patients because of its more rapid and reliable effi-
cacy and possible lower incidences of major side effects (24—
26), although Wing and her colleagues did not find a
significant difference in the time needed to normalize FT,
indexes in pregnant patients (27).

We conclude that when maternal FT, levels are used as an
index of fetal thyroid function, PTU and MMI are comparable
in the treatment of hyperthyroidism due to Graves’ disease,
at least in terms of the fetal thyroid.
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