








thyroxine on a weight basis because
they clear T, 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
T, concentration should be main-
tained in the upper half of the
normal range for age (8 to 13 pg/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.”

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 em.*
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. If the 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.*
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 commeon in children,
1s 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.* Mothers with lewer 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 propylthicuracil (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
T, or Ty, T5, 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 T, and Ty
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 of long-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.® 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
radiociodine 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 autcimmune
disorders, there is a female prepon-
derance, approximately 5:1. The
autoimmune pathogenesis of child
hood Graves’ is the same as in

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 T, (or total T,) and total
T;, 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.®
In cases where the free T, or T, 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
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with Graves’ disease.®* MMI, at

a dose of 0.5 to 1.0 mgrkg/d (15 to
30 mg/m¥d), or PTU, at a dose of 5
to 10 mg/kg/d (150 to 300 mg/m¥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.*
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.**® 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
TSADb), 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/mm?®).
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 /mm?). 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.*
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-I per gram (estimated) of thy-
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.*
Beta-adrenergic antagonists or even
antithyroid drugs may be needed
until radiciodine produces euthy-
roidism. As with adults, the major
consequence of radioicdine treat-
ment is hypothyrcidism. 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 of thyroid
carcinoma did not increase.* 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.” One
must keep in mind that the life span
of children treated with radiciodine
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%*; about half develop
hypothyroidism.
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Because all 3 treatment modali-
ties for childhood Graves’ disease
carry a risk of relapse of hyperthy-
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

Ts, triiodothyronine

T4, thyroxine

TBII, thyrotropin binding
inhibiting immunoglobulin

TPO, thyroid peroxidase

TSH, thyroid-stimulating
hormone, thyrotropin

TSAb, thyrotropin-receptor
stimulating antibody

References

1. Fisher DA: Second International Con-
ference on Neonatal Screening: Progress
report. J Pediatr 1983;102:653-654.

2. Macchia PE, Lapi L, Chiovato M,
Baserga A, Pinchera GF, Fenzi M,
Busslinger M, Di Lauro R: Identification
of two mutations in the PAX-8 genein a
patient with thyroid hormone ectopy.
Thyroid 1997;7(suppl 1):S-6.

3. Brown RS, Bellasario RL, Botero D,
Fournier L, Abrams CAL, Cowger ML,
David R, Fort P, Richman RA: Incidence of
transient congenital hypothyroidism due to
maternal thyrotropin receptor antibodies
in over one million babies. J Clin
Endocrinol Metab 1996;81:1147-1151.

4. Hanna CE, Krainz PL, Skeels MR,
Miyahira RS, Sesser DE, LaFranchi SH:
Detection of congenital hypopituitary
hypothyroidism: ten-year experience in
the Northwest Regional Screening
Program. J Pediatr 1986;109:959-964.

5. Triulzi F, Scotti G, di Natale B, Pellini
C, Lukenzic M, Scognamiglio M, Chiumello
G: Evidence of a congenital midline brain
anomaly in pituitary dwarfs: a magnetic
resonance imaging study in 101 patients.
Pediatrics 1994,;93:409-416.

6. Vulsma T, Gons MH, de Vijlder JJM:
Maternal-fetal transfer of thyroxine in
congenital hypothyroidism due to a total
organification defect or thyroid agenesis.
N Engl J Med 1989;321:13-21.

7. Muir A, Daneman D, Daneman A,
Ehrlich R: Thyroid scanning, ultrasound,
and serum thyroglobulin in determining
the origin of congenital hypothyroidism.
Am J Dis Child 1988;142:216-216.

8. Germak JA, Foley TP Jr: Longitudinal
assessment of l-thyroxine therapy for
congenital hypothyroidism. J Pediatr
1990;117:211-219.

9. American Academy of Pediatrics:
Newborn screening for congenital
hypothyroidism: recommended
guidelines. Pediatrics 1993;91:1203-1209.

10. Grant SB, Fuggle P, Tokar S, Smith I:
Psychomotor development in infants with
congenital hypothyroidism diagnosed by
newborn screening. Acta Med Austriaca
1992;19:54-56.

11. Rovet JF, Ehrlich RM, Sorbara DL:
Neurodevelopment in infants and
preschool children with congenital
hypothyroidism: etiological and
treatment factors affecting outcome.

J Pediatr Psych 1992;17:187-213.

12. Glorieux J, Dussault J, Van Vliet G:
Intellectual development at age 12 years
of children with congenital
hypothyroidism diagnosed by newborn
screening. J Pediatr 1992;121:581-584.

13. New England Congenital
Hypothyroidism Collaborative:
Characteristics of infantile
hypothyroidism discovered on neonatal
screening. J Pediatr 1984;104:539-544.

14. New England Congenital Hypothyroid-
ism Collaborative: Correlation of cognitive
test scores and adequacy of treatment in
adolescents with congenital hypothyroid-
ism. J Pediatr 1994;124:383-387.

15. Thorpe-Beeston JG, Nicolaides KH,
Felton CB, Butler J, McGregor AM:
Maturation of the secretion of thyroid
hormone and thyroid-stimulating
hormone in the fetus. N Engl J Med
1991;324:532-536.

16. Frank JE, Faix JE, Hermos RJ,
Mullaney DM, Mitchell ML, Klein RZ:
Thyroid function in very low birth weight
infants: effects on neonatal hypothyroid-
ism screening. J Pediatr 1996;128:548-
554.

17. Ares S, Escobar-Morreale HF, Quero
J, Duran S, Presas MJ, Herruzo R,
Morreale de Escobar G: Neonatal
hypothyroxinemia: effects of iodine
intake and premature birth. J Clin
Endocrinol Metab 1997;82:1704-1712.

18. Adams LM, Emery JR, Clark SJ,
Carlton EL, Nelson JC: Reference range
for newer thyroid function tests in
premature infants. J Pediatr 1995;126:
122-127.

19. Hunter MK, Mandel SH, Sesser DE,
Miyahira RS, Rien L, Skeels MR,
LaFranchi SH: Follow-up of newborns
with low T, and ‘nonelevated’ TSH
concentrations: results of the 20 year
experience in the Northwest Regional
Newborn Screening Program. J Pediatr
1998;132:70-74.

12



20. Reuss ML, Paneth N, Pinto-Martin
JA, Lorenz JM, Susser M: The relation of
transient hypothyroxinemia in preterm
infants to neurologic development at two
years of age. N Engl J Med 1996;334:821-
8217.

21. Van Wassenaer AG, Kok JH, de Vijlder
JJM, Briet JM, Smit BJ, Tamminga P,
van Baar A, Dekker FW, Vulsma T:
Effects of thyroxine supplementation on
neurologic development in infants born at
less than 30 weeks gestation. N Engl J
Med 1997;336:21-26.

22, Fisher DA: The hypothyroxinemia of
prematurity (editorial). J Clin Endocrinol
Metab 1997;82:1701-1703.

23. Pueschel SM, Pezzallo JC: Thyroid
function in Down syndrome. Am J Dis
Child 1985; 139:636-639.

24. Gruneiro de Papendieck L, Lorcansky
S, Coco R: High incidence of thyroid
disturbances in 49 children with Turner
syndrome. J Pediair 1987;111:258-261.

25. Riley WJ, Maclaren NK, Lezotte DC,
Spillar BP, Rosenbloom AL: Thyroid
autoimmunity in insulin-dependent
diabetes mellitus: the case for routine
screening. J Pediatr 1981;99:350-354.

26. Pacaud D, Van Vliet G, Delvin E,
Garel L, Chad Z, Delange F, Deal C: A
third world endocrine disease in a 6-year-
old North American boy. J Clin
Endocrinol Metab 1995;80:2574-2576.

27. Samann NA, Schultz PN, Yang KP,
Vassilopoulou-Sellin R, Maor MH, Cangir
A, Goepfert H: Endocrine complications
after radiotherapy for tumors of the head
and neck. J Lab Clin Med 1987;109:364-
372.

28. Anasti JN, Flack MR, Froehlich J,
Nelson LM, Nisula BC: A potential new
mechanism for precocious puberty in
Jjuvenile hypothyroidism. J Clin
Endocrinol Metab 1995;80:276-279.

29. Saggese G, Bertellone S, Baroncelli
GI, Costa S, Ceccarelli C: Bone mineral
density in adolescent females treated
with I-thyroxine: a longitudinal study.
Eur J Pediatr 1996;122:452-457.

30. Rivkes SA, Bode HH, Crawford JD:
Long-term growth in juvenile acquired
hypothyroidism: the failure to achieve
normal adult stature. N Engl J Med
1988;318:599-602.

31. Moore DC: Natural course of
‘subelinical’ hypothyroidism in childhood
and adolescence. Arch Pediatr Adol Med
1996;150:293-297.

32. Zakarija M, McKenzie JM: Pregnancy-
associated changes in the thyroid-
stimulating antibody of Graves’ disease
and the relationship to neonatal
hyperthyroidism. / Clin Endocrinol
Metab 1983;57:1036-1040.

33. Kopp P, van Sande J, Parma J,
Duprez L, Gerber H, Joss E, Jameson JL,
Dumont JE, Vassart G: Brief report:
congenital hyperthyroidism caused by a
mutation in the thyrotropin-receptor
gene. N Engl J Med 1995;332:150-154.

34. Foley TP, Jr, White C, New A: Juvenile
Graves’ disease: usefulness and limitations
of thyrotropin receptor antibody determin-
ations. JJ Pediatr 1987;110:378-386.

35. Barnes H, Blizzard RM: Antithyroid
drug therapy for toxic diffuse goiter
(Graves’ disease): thirty years experience
in children and adolescents. J Pediatr
1977;91:313-320.

36. Vaidya VA, Bongiovanni AM, Parks
JS, Tenore A, Kirkland RT: Twenty-two
years experience in the medical
management of juvenile thyrotoxicosis.
Pediatrics 1974;54:565-570.

37. Gorton C, Sadeghi-Nejad A, Senior B:
Remission in children with hyperthyroid-
ism treated with propylthiouracil. Long-
term results. Am J Dis Child 1987;141:
1084-1086.

38. Lippe BM, Landau EM, Kaplan SA:
Hyperthyroidism in children treated with
long term medical therapy: twenty-five
percent remission every two years. J Clin
Endocrinol Metab 1987;64:1241-1245.

39. Tamai H, Kasagi K, Takaidhi Y,
Takamatsu J, Komaki G, Matsubayashi
S, Konishi J, Kuma K, Kumagai LF,
Nagataki S: Development of spontaneous
hypothyroidism in patients with Graves’
disease treated with antithyroid drugs:
clinical, immunological, and histological
findings in 26 patients. J Clin Endocrinol
Meiab 1989;69:49-53.

40. Hamburger JI: Management of
hyperthyroidism in children and
adolescents. J Clin Endocrinol Metab
1985:60:1019-1024.

41. Dobyns BM, Sheline GE, Workman
JB, Tompkins EA, McConahey WM,
Becker DV: Malignant and benign
neoplasms of the thyroid in patients
treated for hyperthyroidism: a report of
the cooperative thyrotoxicosis therapy
follow-up study. J Clin Endocrinol Metab
1974;38:976-998.

42. Levy WJ, Schumacher P, Gupta M:
Treatment of childhood Graves’ disease.
A review with emphasis on radioiodine
treatment. Cleve Clin J Med 1988;55:
373-382.

43. Zimmerman D, Gan-Gaisano M:
Hyperthyroidism in children and
adolescents. Pediatr Clin North Am 1990;
37:1273-1295.

13



