


Figure 1. Women with Graves' disease, active or inactive, or with Hashimoto's thyroiditis, active or hypothyroid,
can give birth to an infant with autoimmune thyroid disease. However, women with active Graves' disease do
not deliver infants with transient hypothyroidism, and those with active Hashimoto's thyroiditis are more
likely to deliver a hypothyroid than a thyrotoxic neonate.
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increase to values comparable to ma­
ternal concentrations.'" Thus, in the
fetus of pregnant women with high
TSI titers, there is a progressive in­
crease in serum TSI during gestation,
with the highest values near term.

Several studies have indicated that
neonatal thyrotoxicosis occurs in the
offspring of women with the highest
TSI concentrations;7,1<i in general,
there is a high risk of fetal-neonatal
thyrotoxicosis if the maternal
TSI level exceeds 500% of control
values.7,!!; The disease may be man­
ifested in utero by fetal tachycardia,
growth retardation, goiter, advance­
ment of bone maturation, and/or
craniosynostosis.',,1O,1:1,14,1719 In such
infants, very high TSI levels during
the last trimester increase fetal thy­
roid hormone production. In utero,
fetal hepatic iodothyronine outer
ring, or 5'monodeiodinase (5'MDI),
activity is low and little or no cir-

culating thyroxine (T.) is converted
to active triiodothyronine (T!).20
Rather, most T. is metabolized by an
iodothyronine inner ring monodeio­
dinase to inactive reverse T! (rT3).

Thus, most ofthe TSI-induced T.
produced by the fetus is monodeiodi­
nated to inactive rT:] by the liver and
placenta.2o

,2' TSI also increases T3

production from the thyroid gland,
and it is this increased fetal T3

secretion that is largely responsible
for the fetal thyrotoxic state.

Onset of Congenital
Hyperthyroidism

In most instances of congenital hy­
perthyroidism, the onset of clinical
thyrotoxicosis is delayed until the
neonatal period. This is due to on­
going maternal treatment. Many hy­
perthyroid women are treated with
antithyroid drugs that cross the pla-

centa and block the fetal thyroid
gland. As the maternally derived anti­
thyroid drug is degraded in the neo­
natal period- with a half-life of a few
hours - neonatal thyrotoxicosis de­
velops, usually during the first week
of life.14.2' Moreover, infants with neo­
natal onset may have relatively lower
TSI levels that are insufficient to
increase in utero fetal thyroid T"
production to thyrotoxic levels.'! In
the newborn period, there is a rapid
and marked increase in hepatic
iodothyronine outer ring (5') mono­
deiodinase activity and a marked
increase in extrathyroidal T, produc­
tion from T•. The combined T,
production from T. and from direct
thyroidal secretion increase circulat­
ing T" concentrations to thyrotoxic
levels by 2 to 3 days of age.20

•
2l

In a rare infant, the onset of clini­
cal thyrotoxicosis may be delayed 1
to 2 months because of the presence
and interaction of thyroid-stimulat­
ing and -inhibiting antibodies."'" An
initially high titer of a TSH receptor­
blocking antibody can inhibit the
effect of the TSI, which in turn
evokes thyrotoxicosis as the block­
ing antibody titer wanes in the neo­
natal period.'"'"

Chronic Neonatal
Hyperthyroidism

Finally, prolonged (chronic) neo­
natal and infantile thyrotoxicosis has
been reported.14.1H.2' In a review of 75
reported cases, the duration of neo­
natal disease in 48 surviving infants
for whom data were available was
less than 8 weeks in 9 (19%), 8 to 48
weeks in 25 (52%) and greater than
48 weeks in 14 (30%).14 The half-life
of maternally derived TSI in the new­
born has been shown to be 1 to 2
weeks, so that modest TSI titers
wane fairly quickly.25'7 High titers
may persist for many weeks. A
characteristic TSI decay curve in a
neonate with transient neonatal
thyrotoxicosis is shown in Figure 2;
treatment was discontinued in this
infant at 50 days of age.
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Figure 2. The degradation of maternal TSI in the blood of a newborn infant with neonatal thyrotoxicosis during
the first 48 days after birth. Measurements were conducted by Basil Rapoport and Sebastiano Filetti ofThe
Medical Service, VA Hospital, San Francisco, California using their unpublished method (Hinds et aI: J Clin
EndocrinolMetab 1981; 52:1204-1210). Results are plotted as fLU/ml TSH equivalent. The half-life approximated
12 days.

the newborn would be 1 in 40,000 in­
fants. There are now several reports
describing congenital neonatal hypo­
thyroidism in the offspring of women
with euthyroid or hypothyroid
Hashimoto's thyroiditis.3236 In most of
the recently reported cases the de­
tection of a first involved infant led to
the study of succeeding pregnancies
and characterization of a maternal
antibody that inhibited TSH binding
to thyroid cell membrane TSH recep­
tors, eg, a TSH receptor-blocking or
TSH-binding-inhibiting immuno­
globulin (TBH)'J3·35 (Figure 1, Table 1).

Fetal hypothyroidism carries little
fetal risk. Congenitally athyroid fetuses
are born at term without growth
retardation and asymptomatic.20

Although 40% may have bone age re­
tarded by 3 to 4 weeks, diagnosis (by

• •
36

screening) and early treatment pre­
vent mental retardation.:17

.:J8 Thus, in­
trauterine diagnosis and treatment
are not necessary. Early neonatal di­
agnosis and treatment, however, are
essential. The half-life of the TBH in
the neonate was 3 to 4 weeks in one
infant examined serially,a" and the
neonatal hypothyroid state has been
transient in affected infants.:l2

.:J(; Two
of six hypothyroid infants reported
by Goldsmith et al died during the
neonatal period, as did one of three
infants reported by Iseki et al; and
mental retardation was evident in the
surviving children reported by Gold­
smith et aPJ,:l6

As noted earlier, TBH-blocking
antibody may occur in women with
Graves' disease and be transmitted
to the fetus.1H

,24 However, thyroid-
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Transient neonatal hypothyroid­
ism also is uncommon. Congenital
hypothyroidism is detected by new­
born screening in approximately 1 in
4,000 births and in North America
less than 10% of these are transient.:lI

Although all are not TSH receptor­
antibody mediated, an estimate of
maximal prevalence of transient anti­
body-mediated hypothyroidism in

Transient Neonatal
Hypothyroidism

Symptoms of Neonatal
Graves' Disease

An immunoglobulin enhancer of
the TSI effect has been postulated to
explain more prolonged (6 months)
or subacute neonatal disease.'" Those
cases persisting beyond 6 months
often required treatment continu­
ously or intermittently for several
years, suggesting inherited early­
onset Graves' disease that persisted
during infancy and childhood.14 Most
such cases have occurred in families
with a strong history of familial
Graves' disease and a high preva­
lence ofjuvenile Graves' disease.14

The spectrum of neonatal thyrotoxi­
cosis is summarized in Table 1.

Neonatal Graves' disease may be
manifested by irritability, flushing,
tachycardia, hypertension, poor weight
gain or excessive weight loss, thyroid
enlargement and exophthalmos.14,21,28

Thrombocytopenia with hepato­
splenomegaly andjaundice and hypo­
prothrombinemia have been observed.
Arrhythmias, cardiac failure and death
may occur in severe cases, especially
if treatment is delayed or inadequate.
The mortality approaches 20% in
reported cases.14 The prognosis in in­
fants with chronic or recurrent disease
is guarded. Growth retardation,
untoward advancement of bone age
and craniosynostosis with mild to mod­
erate mental retardation have been
reported, and these complications
are especially likely in infants with
subacute or chronic disease.14,W,2",:lo
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ery and thyrotoxicosis. Maternal
weight loss should be prevented for it
may lead to fetal malnutrition, and
treatment should avoid maternal hy­
pothyroidism since it compromises
placental blood supply and fetal nu­
trient exchange. While modest doses
of antithyroid drugs administered to
the mother are well tolerated by the
fetus, large doses can produce fetal
goiter and impair fetal thyroid hor­
mone secretion.6.4OThis is a minimal
fetal risk but requires evaluation in
the neonatal period. Also, several in­
stances of ablation of the fetal thy­
roid gland have been reported after
administration of therapeutic doses
of radioiodine to pregnant women
during the second trimester of gesta­
tion, and radioiodine therapy of thy­
rotoxicosis is contraindicated during
pregnancy.4l

Most physicians prefer to use anti­
thyroid drugs for treatment of mater­
nal thyrotoxicosis with or without
added T4• Propylthiouracil (PTU),
methylthiouracil, methimazole (MT)
and carbimazole are most commonly
employed. PTU and MT are available
in the Uni~edStates, and during preg­
nancy PTU is preferable to MT, which
has been associated with fetal skin
defects." Doses of PTU in pregnancy
are preferably kept in the 100 to 300
mg/day range (10 to 30 mg/day MT),6,4t)
The use of PTU alone is felt by some
to facilitate minimizing the drug
dose. Use of an antithyroid drug plus
T4 avoids the risk of maternal hypo­
thyroidism. Several reports of one or
the other approach are available and
were summarized by Ramsay et a16;
the results are generally comparable
(Table 2). The importance of the 5.5%
congenital abnormality rate in the T4

treatment group in Table 2 is not
clear; this number is only slightly
higher than the 4.1% in uncompli­
cated British births.6Moreover, the
basis of the lower rate of fetal goiter
observed with combined treatment
(Table 2) is equally obscure, since T4 ,

1,1 and rT3levels were similar in cord
blood of the neonates of control and
treated mothers, and the mean TSH

Management of
Autoimmune Thyroid
Disease in Pregnancy

Table 1: Types of Neonatal
Thyroid Autoimmune Disease

Transient Neonatal Thyrotoxicosis (TNT)
TSI'

Delayed onset TNT
TBII+TSI

Subacute Neonatal Thyrotoxicosis
TSI + Enhancer IgG'

Chronic Infantile Thyrotoxicosis
Endogenous TSI

Transient Neonatal Hypothyroidism

stimulating antibodies usually pre­
dominate in these patients,7,16 and the
TBII, if in high enough concentration,
may transiently block the TSI effect.24

Transient hypothyroidism is a theo-
retical possibility in the offspring of In the management of maternal thy-
women with active Graves' disease roid disease, it is necessary to consider
due to very high TBII titers and rela- the placental permeability to thyroid
tively low concentrations of TSt hormones and drugs. The placenta is
Such a combination would likely relatively impermeable to the thyroid
block the maternal TSI effect and hormones T4 and T3; very little hor-
this author is not aware of such a mone traverses the placenta at phys-
reported case (Table 1). iologic hormone concentrations.2!

Congenital hypothyroidism may also Limited maternal-to-fetal transfer of
be produced by maternal administra- thyroid hormone is due to placental
tion of antithyroid drugS.6,39,40 On doses impermeability and the fact that the
of methimazole or carbimazole of 10 to placenta actively monodeiodinates
30 mg/day or methyl- or propylthio- both T4 and T3 to inactive metabolites
uracil of 100 to 300 mg/day, cord blood (reverse Tl and T2 respectively).2! The
TSH values in the infants of hyper- placenta also is impermeable to TSH,
thyroid mothers usually are modestly whereas TRH readily crosses the pla­
elevated. Also, the neonatal TSH surge centa in both the maternal-fetal and
usually is augmented in these infants!O fetal-maternal directions.2! Thyroid
However, T4 and T, concentrations autoimmune antibodies, like other
usually are in the normal range and maternal antibody immunoglobulin
the infants are asymptomatic.6,39,40 G, are transported from the mother
The half-life of propylthiouracil ap- to the fetus during the latter half of
proximates 6 hours in adults and that gestation.ls Finally, antithyroid
of methimazole 1 to 2 hours. Thus, agents and iodide readily traverse the
the antithyroid drug effect wanes in placental barrier.39

,40 Since hypo-
the first day or two and normal thy- thalamic TRH is not circulating in
roid function is observed within one maternal blood, the fetal thyroid sys­
week in the absence of high titers of tern functions autonomously of the
TSH receptor directed antibodies. maternal system and maternal hyper-
Thus, thyroid hormone therapy is not iodothyroninemia usually does not
usually indicated in infants of thyro- harm the fetus.
toxic mothers on antithyroid drugs.6,39,4o Maternal hypothyroidism is un­

common because hypothyroid
women usually are anovulatory." But
some hypothyroid women conceive,
especially if the hypothyroxinemia is
mild or moderate in degree, and the
fetal risk in such women is small.5

Nonetheless, treatment is indicated
to guarantee normal placental blood
flow and substrate supply. Treatment
is directed to normalizing the serum
T4 and TSH concentrations.

Hyperthyroidism during preg­
nancy poses a minimal risk to the
mother; the incidence of toxemia
has been reported to be somewhat
higher and thyroid storm is an un­
usual complication;5 However, there
is risk to the fetus of premature deliv-

'Indicates likely causative antibody type.
'Enhancer IgG is an antibody postulated to augment
the effects of TSI18t 4

TSI = Thyroid-stimulating immunoglobulin;
TEll = TSH-binding-inhibiting immunoglobulin.
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Table 2: Outcome of Thyrotoxicosis Treatment in Pregnancy
Using Antithyroid Drugs Alone or Antithyroid Drngs PIns T4*

Treatment
No. of Fetal Newborn Congenital Newborn Newborn

patients loss (%) goiter (%) abnormalities (%) hypothyroidism (%) thyrotoxicosis (%)

Antithyroid drug

Antithyroid drug+T4

Combined groups

417

165

582

13.9

9.1

12.5

4.3

3.3

1.4

5H

2.6

2.2

o
1.5

1.0

3.0

2.6

'Modified from Ramsay et alB
tStatistically different from antithyroid drug group at p';;;O.02.

concentration was increased in
infants of treated mothers."

In women who manifest toxicity to
antithyroid drugs, the use of sodium
ipodate (Oragrafin) in a dose of 0.5 to
1gm daily or 3 gm every 3 days might
be considered.42 ,43 This and other sim­
ilar radiographic contrast agents
have been shown to be effective in­
hibitors ofperipheral conversion ofT4
to T3•

43 Ipodate compares favorably
with PTU (600 mg/day) in reducing
circulating T3 and T4and ameliorat­
ing clinical thyrotoxicosis in adult
patients.43 Treatment beyond 6
months has not been studied and the
drug has not been used in pregnancy.
However, the toxicity seems minimal
and the risk to the fetus small.

Surgery is an acceptable but rarely
used treatment for maternal thyro­
toxicosis during pregnancy:' Usually
it is reserved for intractable disease
in the mother and is postponed until
the second trimester; antithyroid
drug therapy is used to control the
disease during the first half of the
gestational period. T4replacement
has been suggested postoperatively
to minimize the risk of maternal hy­
pothyroidism. Propranolol may be
useful in preparing the pregnant thy­
rotoxic subject for surgery, but this
drug does not control the hyper­
metabolic state, and if used near term
it may affect uterine contractions and
produce depression ofthe neonate.41

Radiographic contrast agents (Ora­
gratin, Telepaque) also are useful in
preparing patients for surgery.43

The prevalence of fetal thyrotoxi­
cosis in women with Graves' disease
is not known, but it is uncommon
and probably considerably lower than

the prevalence of neonatal thyrotoxi­
cosis. Certainly, women with a previ­
ous history ofa thyrotoxic infant
should have measurements of TSI
titers to assess fetal risk.7

)6 Assess­
ment of amniotic fluid iodothyronine
or TSH concentrations is not useful
in fetal diagnosis.44 However, it is im­
portant to carefully monitor fetal size
and to assess fetal heart rate in all
pregnant women with autoimmune
thyroid disease, and particularly in
those with a previous history of a
thyrotoxic infant.

Baseline fetal heart rate averages
about 140 beats/min between 21 and
30 weeks gestation and 135 beats/
min between 31 and 40 weeks.',,4t; The
currently acceptable normal range
during the last 15 weeks of gestation
is 120 to 160 beats/min.'M" The base­
line rate is defined as the average
baseline fetal heart rate in a 10 min­
ute period rounded off to the nearest
5 beats/min.46 In the reported in­
stances of fetal thyrotoxicosis re­
sponding to maternal antithyroid
drug treatment, fetal tachycardia ex­
ceeding 160 beats/min occurred be­
tween 25 and 30 weeks gestation:u:l,I7

Maternal antithyroid drug treatment
normalized the fetal heart rate within
2 weeks. Treatment of fetal thyrotox­
icosis is accomplished by administra­
tion of an antithyroid drug to the
mother in a dose of150 to 300 mg/day.
The dose is adjusted at 1- to 2-week
intervals to maintain the fetal heart
rate at 140 beats/min. The antithyroid
drug dose usually can be decreased
progressively aiming for a 75 to
100 mg/day dose near term.

Routine TSH receptor antibody
titer testing in all pregnant women

with a history of active or inactive
autoimmune thyroid disease would
not seem justified. However, careful
monitoring of fetal heart rate should
be routine during any such preg­
nancy and a rate exceeding 160/min
should arouse suspicion of fetal thy­
rotoxicosis. A high maternal TSI titer
would support the suspicion, as
would a fetal heart rate response to
maternal antithyroid drug treatment.

Management of
the Neonate

Any infant born to a mother with
Graves' disease or a history of
Graves' disease should be examined
carefully and cord blood obtained for
measurement of serum T4and TSH
concentrations. Normal values in
term infants range from 6 to 15 !-Lg/dl
for T4and 1to 20 !-LU/ml for TSH. In
2% to 3% of newborns, cord serum
TSH values range to 60 !-LU/mt Cord
blood T3 and rT3 concentrations
range from 15 to 90 ng/dl and 100 to
500 ng/dl, respectively (Table 3). In­
fants of mothers with high TSI titers
usually are born euthyroid, particu­
larly if the mother has been treated
with antithyroid drugs. A few infants
present euthyroid with elevated cord
blood T4and rT3 concentrations, nor­
mal T3 values and low or low normal
TSH levels;23 and a minority of neo­
nates with high TSI titers manifest
high cord blood T4and T3concentra­
tions and early evidence of mild­
moderate thyrotoxicosis. Most
infants with high TSI titers develop
chemical thyrotoxicosis during the
first 48 hours after birth as hepatic
5'MDI activity increases in the extra-
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'Values recorded as mean and range, from Vandershueren-Lodeweyc KX, Delange F, Fisher DA, Malvaux P
(eds): Pediatric Thyroidowgy. Basel, Karger, 1985, p 130.

hypothyroidism using filter paper
blood spot assays for serum T4 or
TSH on samples collected before
discharge from the nursery.3l This
screening will exclude neonatal
hypothyroidism; the result usually
is available within 1 to 2 weeks.

As indicated earlier, neonatal
hypothyroidism due to antithyroid
drugs is transient, usually lasting
only a few days. An increase in ini­
tially low or borderline levels of
serum T, and TSH concentrations
during the first few days indicates
normalization of thyroid function
and treatment is not necessary. If
there is persistence of a low T4 value
with an increasing TSH concentra­
tion beyond 2 weeks, treatment with
T4 is necessary and the presence of
TBn should be suspected. The levo­
thyroxine sodium replacement dose
is 10 to 15 I-lg/kg/day orally. In infants
with persistent hypothyroidism or
hypothyroidism detected by neonatal
screening where there is a maternal
history of autoimmune thyroid dis­
ease, measurements of maternal and
newborn levels of TSH receptor anti­
body and particularly TSH-receptor­
binding-inhibiting immunoglobulin
(TBn) can be conducted to confirm
the mechanism of the hypothyroid
state and its transient nature. IfTBn
is not present and the hypothyroid
state persists beyond 2 weeks, the in­
fant should be managed as any infant
with sporadic congenital hypothy-

Table 3: Serum Thyroid Hormone Concentrations in
the Neonatal Period and Infancy*

Age T, T, rT3 TBG
(lLg/dl) (ng/d!) (ngldl) (mg/dl)

Birth 11 50 224 3.0
(6-15) (15-90) (100-500) (0.8-5.2)

1-3 days 16 220 3.0
(11-22) (110-330) (0.8-5.2)

1-4 weeks 13 90 2.8
(8-17) (25-300) (0.6-5.0)

1-6 months 11 175 40 2.6
(6-16) (100-250) (10-130) (1.6-3.6)

uterine environment and 1\ produc­
tion increases. Reverse T3 levels also
remain high or increase because of
the persistent hyperthyroxinemia.
Elevated T, and T, values lead to
progressive clinical manifestations as
described previously. An infant may
be discharged as "euthyroid" at 2 to 3
days only to return at 7 to 10 days with
severe signs and symptoms. The mor­
tality rate is high for any such infants
who develop cardiac failure. Thus, to
make an early diagnosis of neonatal
hyperthyroidism, determination of
the serum concentrations ofT" 1\ and
TSH is necessary on samples
obtained on day 2 or 3 after birth.

Infants with hypothyroidism rarely
have clinical signs and symptoms.20

However, the diagnosis usually can
be made on the basis of thyroid func­
tion test results in a cord blood sam­
ple. Usually, hypothyroid neonates
manifest an increased TSH concen­
tration with a low or low normal T4

level. Cord blood T, and rT" values
are quite variable and not usually help­
ful in the diagnosis of hypothyroidism
(Table 3). Two to three percent of
normal infants will have TSH values
as high as 60I-lU/mi. Infants with sus­
picious but not diagnostic cord blood
thyroid function parameters should
have a confirmatory serum sample
drawn on days 3 to 5 for repeat thy­
roid function testing. Alternatively, in
North America most newborn infants
are routinely screened for congenital

6

TSH
(ILUlml)

10
(1-20)

12
(1-30)

2.5
(0.5-6.5)

roidism. A thyroid scan with tech­
netium 99m or iodine 123 usually will
identify infants with thyroid dys­
genesis. In the usual infant with con­
genital sporadic hypothyroidism in
the absence of maternal thyroid dis­
ease, early thyroxine treatment is
prescribed, carefully monitored, and
continued for 2 to 3 years before a
trial off treatment is conducted.

Treatment of neonatal Graves' dis­
ease usually is accomplished using
an antithyroid drug with or without
iodide.23 PTU or MT is administered
in doses of 5 to 10 mg/kg/day or 0.5
to 1.0 mg/kg/day, respectively, in di­
vided doses at eight hourly intervals.
Strong iodine solution (5% iodine and
10% potassium iodide, 126 mg iodine
per ml) is given in a dose of8 mg (one
drop) each 8 hours. If a therapeutic
response is not observed within 48
hours, the dose of one or both drugs
can be increased 50% to 100%. Pro­
pranolol hydrochloride is useful in
controlling sympathetic overstimula­
tion and is particularly useful in man­
agement of marked tachycardia. The
recommended dose is 2 mg/kg/day
divided in two or three portions. Dig­
italization may be necessary if car­
diac failure supervenes; in this case
the dose of propanolol should be re­
duced or discontinued. Adrenal corti­
costeroids acutely inhibit thyroid
hormone secretion in Graves' dis­
ease and might be considered in
unusually severe cases. Minimal
effective doses have not been estab­
lished in the newborn, but the usual
2 mg/kg/day anti-inflammatory dose
of prednisone or equivalent drug is
reasonable.

Measurement of the TSI titer in
cord blood can be useful in roughly
predicting the severity and possible
duration of neonatal disease; a re­
peat determination at 2 to 3 weeks
strengthens the prediction (Figure 2).
In infants delivered of women with
a mixture of antibody types (TSI,
TBn ± TSI, a possible antibody with
enhancer function), in vitro studies
have been useful in predicting
delayed onset disease.18

,24
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