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etiology. It is more common in girls
than boys, and more common in
white than black children. AITD
may result in atrophic or goitrous
thyroiditis. Atrophic thyroiditis may
result from antibody- or cell-medi­
ated cytotoxicity or from antibodies
that block binding of TSH to its
receptor. Atrophic thyroiditis
almost always results in hypothy­
roidism. Goitrous thyroiditis may
be produced by one of three mecha­
nisms: lymphocytic and plasma cell
infiltration; production of thyroid
growth-stimulating antibodies; or
increased TSH secretion. Goitrous
thyroiditis is more commonly asso­
ciated with euthyroidism. Children
with certain chromosomal disorders
are at risk for AITD. In one study
of children with Down syndrome
(trisomy 21),28% had antithyroid
antibodies (most commonly against
thyroid peroxidase [TPO]), 14% had
subclinical hypothyroidism, 7% overt
hypothyroidism, and 5% hyperthy­
roidism.23 In a study of girls with
Turner syndrome, 41% had anti­
thyroid antibodies, 18% had a goiter,
and 8% had subclinical or overt
hypothyroidism.24 AITD is also
reported in males with Klinefelter
syndrome. In children with type 1
diabetes mellitus, approximately
20% have antithyroid antibodies,
and 5% develop thyroid function
abnormalities.25 AITD is also a com­
mon problem in the 3 types of auto­
immune polyglandular endocrine
diseases, particularly type III, which
is characterized by type 1 diabetes
mellitus and AITD.

Other causes of acquired hypo­
thyroidism in children are listed in
Table 5. The most common cause
worldwide is iodine deficiency
(endemic goiter). Although rare in
North America because of iodized
salt, it has been reported in immi-
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grants.26 Hypothyroidism may occur
as a result of excess iodine ingestion,
usually associated with iodine-con­
taining expectorants or ingestion of
health foods. Approximately 40% of
children treated with radiotherapy
(5,000 rad [50 Gy]) for tumors ofthe
head and neck (eg, Hodgkin's dis­
ease) develop hypothyroidism during
a follow-up period ranging from 1
to 26 yearsY Approximately 20% of
children who receive craniospinal
radiation for brain tumors or leu­
kemia are at risk for both primary
and secondary (central) hypothy­
roidism. Children with generalized
resistance to thyroid hormone
(GRTH) may have some clinical
manifestations of hypothyroidism.
As the degree of thyroid receptor
defect seems to vary from organ to
organ, clinical features are variable
but often include growth retardation,
delayed skeletal maturation, learn­
ing problems, and attention deficit­
hyperactivity disorder (ADHD).

Clinical manifestations. The
most common manifestation of
acquired hypothyroidism in children
is short stature resulting from a
subnormal growth rate. This is asso­
ciated with delayed skeletal matura­
tion (bone age). School performance
often declines, but some children
continue to be excellent students,
perhaps because they are less easily
distracted, more placid, and better
behaved. Parents and teachers view
them as "model children." Although
these adolescents have delayed pu­
bertal development, approximately
10% of prepubertal children with
acquired hypothyroidism develop
signs of sexual precocity. Girls may
have some breast enlargement and
vaginal spotting, while boys may
have some enlargement ofthe testes
and genitalia. While the mechanism

of this "pseudoprecocious puberty"
is not entirely resolved, recent evi­
dence suggests that there is some
binding of the elevated circulating
TSH to the follicle-stimulating
hormone (FSH) receptor, with FSH
activity producing these physical
changes.28 On examination, the most
common findings are short stature,
immature body proportions, myxe­
dema with puffy features (but not
significant obesity), and hyporeflex­
ia. The thyroid gland may be absent,
normal, or diffusely enlarged, depen­
ding on whether atrophic or goitrous
thyroiditis is present.

Diagnosis. Children with primary
hypothyroidism have an elevated
TSH concentration and low free T4

or T4 concentration for age (the
normal range for T4 is slightly
higher in children than in adults).
Approximately 85% to 90% of
children with chronic autoimmune
thyroiditis will have positive anti­
thyroid antibodies; anti-TPO anti­
bodies are found more commonly
than antithyroglobulin antibodies.
Other diagnostic studies, such as
imaging the thyroid gland by ultra­
sound or radionuclide examination,
are not routine in the diagnosis of
acquired hypothyroidism. If one sus­
pects a late-onset form of congenital
hypothyroidism, then radionuclide
uptake and scan may show some
form of thyroid dysgenesis (eg, an
ectopic gland) or confirm an inborn
error of thyroxine synthesis. If a
prominent nodule is associated with
acquired hypothyroidism, it is com­
mon to perform imaging studies,
although fine needle aspiration is
more likely to result in a definitive
diagnosis.

Treatment and prognosis.
Children require higher doses of L-



thyroxine on a weight basis because
they clear T4 more rapidly than
adults. Approximate dosage ranges
are presented in Table 3. The goal
of treatment is to restore normal
growth and development, including
pubertal development. The serum
T4 concentration should be main­
tained in the upper half of the
normal range for age (8 to 13 ]1g/dL
[103 to 167 nmol!L]), and the serum
TSH should be maintained in the
lower half of the normal range.
Overtreatment carries some of the
same risks seen in younger children:
adverse behavior changes, hyperac­
tivity, and poor school performance.
Both hypothyroidism and overtreat­
ment can affect bone mineral den­
sity. One study, however, found no
difference in bone density at diagno­
sis or after long-standing thyroxine
treatment in adolescent girls with
subclinical hypothyroidism com­
pared to normal girls.29

Children with long-standing hy­
pothyroidism, defined by duration
of growth failure and degree of bone
age delay, tend to show rapid catch­
up in growth, but even more rapid
acceleration of skeletal maturation
that may result in loss of adult
height potential. One study showed
a deficit range from 8 to 14 cm. 3D

Thus, it appears that long-standing
hypothyroidism is corrected more
slowly, but it is unclear as to how
this occurs, or even whether one
can prevent the loss of adult height.
One recommendation is to start at
approximately one third of the
replacement dose and to increase
by one third each month until full
replacement dosage is reached.
Growth, pubertal development, and
bone age should be followed care­
fully. Ifthe bone age accelerates so
that adult height prediction decreas­
es, these children may be candidates

for gonadotropin-releasing hormone
agonist therapy to temporarily inter­
rupt puberty in an attempt to recap­
ture growth potential.

Hypothyroidism caused by
chronic autoimmune thyroiditis is
not invariably permanent. One
study of 18 children treated for sub­
clinical hypothyroidism showed that
after 4 years, 10 still had subclinical
hypothyroidism, 7 were euthyroid,
and 1 had overt hypothyroidism.31

Once L-thyroxine is started, it is
probably best to continue treatment
until growth and pubertal develop­
ment are complete. At that point,
treatment can be stopped for a month
and thyroid function reassessed.

Hyperthyroidism in
Childhood

The vast majority of childhood
hyperthyroidism is due to Graves'
disease. While the autoimmune
pathogenesis is similar to that in
adults, thyrotoxicosis has unique
effects on childhood growth and
development. Graves' ophthalmo­
pathy, while common in children,
is less severe than in adults, and
dermopathy is extremely rare.
Pediatric endocrinologists tend to
treat with anti-thyroid drugs for
indefinite periods, but radioiodine
treatment is gaining acceptance at
any age as increased experience in
children continues to demonstrate
its safety.

Neonatal Graves' disease. Graves'
disease occurs in approximately
0.2% of women; neonatal Graves'
disease occurs in approximately
2% of mothers with Graves' disease
during pregnancy, an incidence of
approximately 1:25,000 newborns.
It is unclear why only 2% are

affected, but this probably relates
to the concentration of the thyrotro­
pin receptor stimulating antibody
(TSAb). Neonatal Graves' disease
is caused by the transplacental
passage of maternal TSAb, occurs
equally in males and females, and is
a transient condition that usually
resolves in 3 to 12 weeks. Neonatal
Graves' disease is likely if the TSAb
concentration is >500% of control
values.32 Mothers with lower TSAb
concentrations may have infants
with milder disease that thus goes
undetected.

In cases of known maternal
Graves' disease, the fetus is consid­
ered at risk for fetal thyrotoxicosis.
Besides its untoward hypermetabolic
effects, there is evidence that fetal
hyperthyroidism adversely acceler­
ates fetal central nervous system
maturation, causing disorganization
of brain development and eventual
mental retardation. Thus, the fetus
should be considered a patient
requiring monitoring and potential
treatment. Fetal thyrotoxicosis
may be manifested by tachycardia
>160/min and a goiter as seen by
ultrasound examination. The tachy­
cardia may be ameliorated by mater­
nal propylthiouracil (PTU) treat­
ment. If there is evidence of fetal
thyrotoxicosis, the fetus is a candi­
date for cordocentesis to monitor
fetal thyroid function and the effects
of maternal PTU treatment in an
attempt to maintain fetal euthyroid­
ism until delivery.

Clinical manifestations of neo­
natal Graves' disease include low
birth weight, small head circumfer­
ence, tachycardia, excessive appetite
but poor weight gain, irritability,
and sleep disturbances. On physical
examination, most infants have
diffuse thyroid enlargement and
mild exophthalmos, along with
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bounding pulses, cardiomegaly,
hepatosplenomegaly, and hyper­
reflexia. The diagnosis is confirmed
by finding elevations of serum free
T4 or T4, Ts, and suppressed TSH
concentrations for age.

Recommended treatment is anti­
thyroid drugs, either PTU or methi­
mazole (MMI), and a beta-blocker
to control adrenergic effects of thy­
rotoxicosis. Serum free T4 and Ts
should be monitored carefully to be
sure hyperthyroidism is controlled
and to prevent overtreatment and
hypothyroidism. In general, medica­
tion doses can be tapered off over 3
to 12 weeks. The risk oflong-term
morbidity, including mild intellec­
tual impairment, hyperactivity, and
craniosynostosis, emphasizes the
importance of trying to control the
hyperthyroidism, both fetal and
neonatal.

Some cases of congenital thyro­
toxicosis occur in the absence of
maternal Graves' disease, and they
are persistent rather than transient.
It is now recognized that most cases
are the result of activating muta­
tions of the TSH receptor, which
may be an autosomal dominant
condition. 33 These infants lack any
laboratory features of AITD. Their
hyperthyroidism will always relapse
when antithyroid drugs are discon­
tinued, and so another, more perma­
nent form of treatment, such as
radioiodine treatment or surgery,
must be carried out.

Childhood Graves' disease. The
incidence of childhood Graves' dis­
ease approximates 0.02% (1:5,000),
peaking in the 11- to 15-year-old
adolescent. As in other autoimmune
disorders, there is a female prepon­
derance, approximately 5:1. The
autoimmune pathogenesis of child
hood Graves' is the same as in
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adults, and may be associated with
other autoimmune diseases, such
as diabetes mellitus and Addison's
disease.

Clinical manifestations. While
the clinical features of Graves' dis­
ease in children and adults are
similar, those that are unique to
children include greater emotional
lability and disturbances of behavior
resulting in difficulty with attention
span, hyperactivity, disturbed sleep
patterns, and poor school perfor­
mance. These features are often
insidious in onset and may be pre­
sent for months or years prior to
diagnosis. The children are some­
times referred to developmental
specialists or child psychiatrists to
address the emotional and behav­
ior issues. Acceleration of growth
accompanied by advancement of
epiphyseal maturation is common;
adult height is normal. Puberty may
be delayed by the hypermetabolic
process, and girls who have under­
gone menarche develop secondary
amenorrhea. While goiter is present
in almost all patients, it is not a
common complaint. While some
degree of exophthalmos is present
in 50% to 75% of children with
Graves' disease, it is usually mild,
not an initial complaint, and often
does not require special treatment.

Diagnosis. Generally, children with
Graves' disease have an elevated
serum free T4 (or total T4) and total
Ts, and a suppressed TSH concen­
tration, confirming the clinical
diagnosis. Serum TSAb is found
in more than 90% of children with
Graves' disease, but its presence is
not necessary for the diagnosis.34

In cases where the free T4 or T4 is
elevated and the TSH is normal,
the differential diagnosis is like

that for adults, but conditions such
as thyroxine-binding globulin
(TBG) excess and GRTH are recog­
nized more commonly, while pitui­
tary TSH secreting adenomas occur
less often. Radionuclide uptake and
scanning is not routine in children
with clinical Graves' disease. Pain­
less or silent thyroiditis is virtually
unreported in children, and suba­
cute thyroiditis is rare. Radionuclide
uptake and scan are helpful in the
evaluation of autonomous hyper­
functioning thyroid adenomas,
which are increasingly recognized
as a cause of hyperthyroidism in
children. These may be congenital,
as with the germline TSH receptor
activating mutations causing con­
genital thyrotoxicosis (see above),
or they may be seen later in life as
part of McCune-Albright syndrome,
where they are the result of somatic
cell mutations leading to constitu­
tive activation of the a subunit of
the G protein.

Treatment of childhood Graves'
disease. The same 3 treatment
modalities are used in adults and
children. However, pediatric
endocrinologists have a preference
for antithyroid drug treatment
rather than the more common use
of radioiodine in adults. Radioiodine
is gaining acceptance as a second,
and in some cases initial, treatment
modality. In those centers with
decades of experience, surgical near­
total thyroidectomy is a successful
initial treatment of choice. Each
treatment modality has its advan­
tages and adverse effects, which are
important to explain to the patient
and family for their involvement in
the treatment decision process.

Antithyroid drugs are successful
in achieving an initial euthyroid
state in 87% to 100% of children



with Graves' disease.35
-
37 MMI, at

a dose of 0.5 to 1.0 mg/kg/d (15 to
30 mg/m2/d), or PTU, at a dose of 5
to 10 mg/kg/d (150 to 300 mg/m2/d),
may be used. Pediatricians gener­
ally have a preference for MMI be­
cause it can be given once a day and
requires half as many tablets (issues
that may be important for adoles­
cents in whom drug compliance is a
problem). Studies have estimated
that 10% to 20% of adolescents re­
quire radioiodine or surgery because
of long-term drug compliance
issues. Beta-adrenergic antagonists
are used until a euthyroid state is
achieved. The general strategy is to
titrate the antithyroid dose against
the clinical and biochemical res­
ponse until a remission occurs. In
1 study using a survival method of
statistical analysis, 25% of children
went into a remission (defined as
being euthyroid without treatment
for 1 year) every 2 years, with a 50%
remission rate every 4.5 years.38

Thus, while pediatric endocrinolo­
gists tend to use antithyroid drugs
indefinitely, as long as the patient
is compliant and no serious side
effects occur, families should under­
stand that this is a 2- to 7-year com­
mitment to drug treatment. Once a
remission occurs, relapse of thyro­
toxicosis occurs in 3% to 47% of
children.35-38 This wide range reflects
the different treatment approaches
and definition of relapses.

While different clinical and
biochemical markers have been
named predictors of remission vs
relapse (such as measurement of
TSAb), none are completely accurate.
A decrease in goiter size has been
shown to be the best clinical marker
of a likely remission. Minor drug
toxicity is seen in approximately
5% to 20% of children. Manifestation
consists of papular or urticarial

rashes, arthralgias, nausea and ab­
normal taste sensation, and trans­
ient granulocytopenias (<1500/mm3

).

Major drug toxicity occurs in 2%
to 10% of children and includes
collagen vascular-like symptoms
with purpuric rash and arthritis,
glomerulonephritis, hepatitis, and
agranulocytosis «250 /mm3

). While
these side effects are usually rever­
sible with discontinuation of drug
treatment, they indicate the need
to switch to another form of treat­
ment. In children successfully
treated with antithyroid drugs,
follow-up ranging from 8 to 22 years
shows that approximately 10% will
develop hypothyroidism.39

Radioiodine is the alternate
treatment preferred by pediatric
endocrinologists after failure of
antithyroid drugs, and it is the
initial treatment of choice in some
centers. As with adults, children are
not treated with antithyroid drugs
prior to receiving radioiodine. The
recommended dose is 50 to 200 mCi
of 131-1 per gram (estimated) ofthy­
roid tissue divided by the fractional
24-h 131-1 uptake. In 1 study using
the higher dose of 200 mCi/g of thy­
roid, 88% of children were euthyroid
after one dose, 96% after a second
dose, and 97% after a third dose,
with 3% remaining thyrotoxic.40

Beta-adrenergic antagonists or even
antithyroid drugs may be needed
until radioiodine produces euthy­
roidism. As with adults, the major
consequence of radioiodine treat­
ment is hypothyroidism. Given that
20% of patients become hypothyroid
in the first year and 3% per year
thereafter, eventually most children
will become hypothyroid. In the
past, reservations about the use of
radioiodine in children have cen­
tered on radiation oncogenesis and
genetic damage. In one study using

radioiodine in patients <20 years of
age, the incidence of benign thyroid
adenoma increased from 0.6% to
1.9%; the incidence ofthyroid
carcinoma did not increase.41 Other
studies do not show an increased
risk of leukemia or other forms of
cancer. Studies of offspring born to
patients receiving radioiodine for
childhood Graves' disease show a
3% incidence of congenital anom­
alies, similar to that in the general
population. Thus, follow-up of chil­
dren treated with radioiodine for
almost 50 years is reassuring to
those who are looking for an alter­
native to antithyroid drugs.42 One
must keep in mind that the life span
of children treated with radioiodine
for Graves' disease may be 60 to 70
years. Thus, continued surveillance
for an increased risk of thyroid and
other cancers must continue.

In some centers, surgery is the
initial treatment of choice or first
alternate treatment after failure
of antithyroid drugs for childhood
Graves' disease. If surgery is chosen,
it is important to treat with anti­
thyroid drugs (and beta-blockers if
desired) until the child is euthyroid
to minimize surgical risks. At this
point, treatment with Lugol's solu­
tion is recommended to decrease
thyroid vascularity. The operation
of choice is near-total thyroidectomy,
with the goal of achieving euthyroid­
ism (the risk of hypothyroidism is
preferred to residual hyperthyroid­
ism). The complications of surgery
in children are like those in adults,
and mortality is now rare. Transient
hypocalcemia occurs in about 10% of
children, and permanent hypopara­
thyroidism in 2%. Injury to the
recurrent laryngeal nerve occurs in
about 1%, and postoperative hemor­
rhage in 0.7%43; about half develop
hypothyroidism.
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Because all 3 treatment modali­
ties for childhood Graves' disease
carry a risk of relapse ofhyperthy­
roidism or the development of hypo­
thyroidism, lifelong monitoring of
thyroid function should be carried
out in these patients.

Glossary

AITD, autoimmune thyroid
disease

CP, cerebral palsy

FSH, follicle-stimulating
hormone

GRTH, generalized resistance
to thyroid hormone

hGH, human growth hormone

MMI, methimazole

PTU, propylthiouracil

T3' triiodothyronine

T4' thyroxine

TBII, thyrotropin binding
inhibiting immunoglobulin

TPO, thyroid peroxidase

TSH, thyroid-stimulating
hormone, thyrotropin

TSAb, thyrotropin-receptor
stimulating antibody
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