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Graves’ disease

Graves’ disease (GD) is the most common cause of 
hyperthyroidism in children and affects 1 in 10,000 chil-
dren [1]. An autoimmune disorder GD is due to thyroid 
gland stimulation by thyroid receptor antibodies [TRAbs 
or thyroid-stimulating immunoglobulins (TSI)] and 
involves genetic factors [2, 3]. Hyperthyroidism can exert 
profound adverse effects on children, including exces-
sive physical activity, tremor, tachycardia, flushing, pal-
pitations, weight loss, accelerated linear growth, reduced 
bone mineralization and poor school performance [4]. In 
comparison with adults [5–7], eye disease occurs in the 
minority of pediatric patients with GD, and when it pre-
sents, is usually mild [4].

Over the past several years, additional outcome data 
have become available [8–12] to complement older studies 
looking at spontaneous remission rates of children with GD 
[13–17]. Collectively, these studies show that the majority 
of pediatric patients with GD will not undergo spontaneous 
remission even after many years of antithyroid drug (ATD) 
therapy. But, it may be possible to distinguish those chil-
dren with a greater chance of spontaneous remission from 
those in whom definitive therapy will be needed to achieve 
care. That said most pediatric patients will require either 
radioactive iodine (131I) or surgery [4, 18–21]. Importantly, 
each of these treatment approaches is associated with spe-
cific risks that need to be considered. Each of the therapeu-
tic approaches involves controversial aspects, which are 
addressed in this report.

Abstract  Graves’ disease (GD) is the most prevalent 
cause of thyrotoxicosis in children. Because spontane-
ous and lasting resolution of this condition occurs in only 
a minority of patients, most pediatric patients with GD 
will need radioactive iodine treatment (131I) or thyroidec-
tomy. Whereas the medication propylthiouracil (PTU) had 
been used in the past, only methimazole (MMI) should be 
now used in children, as PTU is associated with an unac-
ceptable risk of liver failure. However, MMI may be asso-
ciated minor and major side effects, which may be mini-
mized using lower doses. An area of controversy involves 
the optimal duration of antithyroid drug (ATD) therapy. 
For some children, the prolonged use of antithyroid drugs 
is a valid approach, but for most, this will not increase the 
chance of remission. When 131I is administered, dosages 
should be greater than 150 uCi/gm of thyroid tissue, with 
higher dosages needed for larger glands. Considering that 
there will be low-level whole body radiation exposure asso-
ciated with 131I, this treatment is viewed as controversial by 
some and should be avoided in young children. When sur-
gery is performed, near-total or total thyroidectomy is the 
recommended procedure. Complications for thyroidectomy 
in children are considerably higher than in adults. Thus, an 
experienced thyroid surgeon is needed when children have 
surgery. Overall, when different treatment options for GD 
are considered, the benefits, risks and viewpoints of the 
family need to be considered and discussed in full.
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Controversies with antithyroid drugs

ATDs act by inhibiting oxidation and organic binding of 
thyroid iodide to impair thyroid hormone production and 
include methimazole (MMI) and propylthiouracil (PTU) 
[22]. MMI is tenfold to 20-fold more potent than PTU and 
has a longer half-life [22]. These medications do not cure 
the hyperthyroid state; rather, they palliate the condition 
until spontaneous remission occurs or definitive therapy 
is rendered. Each of these medications is associated with 
adverse events that must be considered when prescribed. 
As such, prior to the initiation of drug therapy, a backup 
plan that takes into account the patient’s age and treatment 
risks must be developed at therapy onset in the event that a 
toxic reaction occurs.

Because it takes one or 2  months until biochemical 
hyperthyroidism resolves on drug therapy [23], treatment 
with beta-blockers (propranolol, atenolol or metoprolol) 
can be used to control GD symptoms. Focusing on symp-
tom control with beta-blockers also alleviates the perceived 
need for initial high-dose ATD therapy.

Which antithyroid drug should be used?

In 2008, Rivkees brought to public attention a number 
of serious complications associated with PTU therapy in 
children [24–26]. From 1990 to 2007, 23 PTU-related 
liver transplants took place, and 30 % of the PTU-related 
transplant recipients were children [24–26]. Based on pre-
scribing data, the risk of PTU-induced liver failure lead-
ing to transplantation was estimated to be 1 in 2000 chil-
dren [1].

PTU-induced liver injury occurs rapidly and is often irre-
versible [25, 27]. Thus, serial monitoring of transaminase 
levels in a child on PTU, is not viewed as useful in reduc-
ing the hepatotoxicity risk [1]. The only way to reduce the 
risks of PTU-related hepatotoxicity is to thus avoid the use 
of the medication. Reinforcing this notion, in April 2010, 
the US Food and Drug Administration issued a black box 
regarding the use of PTU stating that PTU should not be 
used in children [24].

PTU, though, may be needed in special circumstances 
[26]. These conditions include situations when neither 
prompt 131 I or surgical treatment is options in a patient 
who has had a toxic reaction to MMI, and ATD medication 
is necessary. In this setting, PTU use should only be short-
term [26].

If PTU is prescribed, patients and guardians must be 
informed of the risk of liver failure and to be alert for signs 
and symptoms of liver abnormalities, including pruritus, 
jaundice, anorexia, light colored stools, dark urine and 
abdominal pain. If these symptoms develop, the patient 
should immediately stop the medication, a physician 

contacted and laboratory tests obtained to evaluate hepatic 
function and transaminase levels [26].

How should methimazole be used?

MMI is now the drug of choice for GD. The typical MMI 
doses described in published reports is 0.2–0.5 mg/kg per 
day and range from 0.1 to 1.0 mg/kg per day [3, 28–32]. 
However, as noted below, lower rather than higher doses 
should be considered. Although MMI is often prescribed 
in divided doses over the day, once a day dosing is usu-
ally sufficient [23] and is associated with better compliance 
than multiple daily doses [33].

MMI is available in 5, 10 and 20 mg tablets. When used 
in children, the following doses that are fractions of tab-
lets can be used: infants, 1.25 mg per day; 1–5 years, 2.5–
5.0  mg/day; 5–10  years, 5–10  mg/day; and 10–18  years, 
10–20  mg/day (Table  1). Because the hyperthyroid state 
can be associated with low white cell counts and patients 
will be treated with a medication that can depress neu-
trophil levels, one should obtain a complete blood count 
at therapy onset [34]. In addition, we routinely obtain 
transaminase levels and liver function tests at therapy onset, 
to assess for premorbid liver disease, as we find that 1 % of 
our pediatric patients with GD have autoimmune hepatitis.

It is important to recognize that one does not need to use 
high doses at treatment onset. The response to ATDs influ-
encing circulating thyroid hormone levels is not instanta-
neous, and several months are needed for thyroid hormone 
levels to normalize [20, 23]. Thyroid function tests should 
be obtained monthly after therapy onset. After T4 levels 
become normal, the MMI doses can be cut by half to main-
tain euthyroidism [35].

Rather than titrating the MMI dose lower when circu-
lating thyroid hormone levels fall, some physicians prefer 
the block-and-replace approach and add levo-thyroxine 
while not changing the MMI dose. There is a greater risk 
of adverse events using block-and-replace versus dose 
reduction [35, 36]. Because there is a potential dose–
response relationship for some MMI-related compli-
cations [37, 38], we prefer to use the lowest MMI dose 

Table 1   Recommendations for the use of methimazole

Agranulocytosis and side effects appear to be dose-dependent

Thus, use low doses

Be sure to warn families about side effects

Immediately discontinue medication if child becomes ill

Infants 1.25 mg per day

1–5 years 2.5–5.0 mg per day

5–10 years 5–10 mg per day

10–18 years 10–20 mg a day
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that achieves control, rather than the block-and-replace 
approach.

What are risks of methimazole?

Although MMI is the drug of choice for GD, MMI therapy 
is not without risks. Minor side effects may affect up to 
20 % of children, and major side effects may occur in 1 % 
of children [12, 39]. The most common minor adverse side 
effects related to MMI are hives, arthralgia and neutrope-
nia [12, 39]. Children may also develop major side effects, 
including agranulocytosis, Stevens–Johnson syndrome and 
vasculitis [39].

MMI adverse events most commonly occur within 
6  months of therapy onset [12, 39]. Yet, children may 
develop adverse events more than 12  months after treat-
ment onset. This potential risk highlights the need for con-
stant vigilance while on therapy, an important considera-
tion for those on prolonged ATD treatment.

Agranulocytosis is a potential serious ATD adverse 
event and occurs in 0.3  % of adults taking PTU or MMI 
[20, 40]. The agranulocytosis risk is dose-dependent and 
is rare [20, 40]. If an individual receiving MMI feels ill, 
becomes febrile or develops pharyngitis, MMI should be 
stopped immediately, a practitioner contacted and a com-
plete blood cell count obtained.

Agranulocytosis typically develops in the first 100 days 
of therapy [20, 40]. As such, whereas it is tempting to treat 
GD with high doses of ATD therapy at onset to quickly 
control the hyperthyroid state, this heavy-handed approach 
should be avoided in our opinion. Rather, relatively lower 
doses of MMI should be used initially and symptoms man-
aged with beta-blockers. Furthermore, the time to normali-
zation of thyroid function tests is only modestly different in 
individuals treated with high vs. low ATD doses [23].

What is the optimal duration for ATD therapy?

The optimal duration for ATD therapy remains undefined, 
and it is controversial as to whether there is a role for 
extended ATD therapy. Based on available evidence [8, 13–
17], prolonged ATD therapy will not result in an increased 
chance of remission for most children, whereas in oth-
ers it may. As such, with the initial evaluation of a child 
with GD, practitioners should attempt to stratify children 
into two groups: those children with a 30–40 % change in 
remission with prolonged ATD therapy and those with a 
slim chance of spontaneous remission.

Prospective studies in adults show that if remission does 
not occur after 12–18  months of ATD therapy, there is a 
very low likelihood of remission occurring with prolonged 
therapy [41]. In a French study of 94 patients, following 
treatment for 6 or 18 months, remission rates were 42 and 

62  %, respectively, after 2  years of treatment [42]. In 52 
Spanish patients, following treatment for 12 or 24 months, 
remission rates were 46 and 54  %, respectively, 2  years 
after cessation of therapy [43] and at 5-years the relapse 
rate was 85  %. A study of 134 French patients found no 
benefit of 18 versus 43 months of treatment [44].

In the pediatric population, published data generally 
show that when ATDs are used for 1–2  years, remission 
rates are 15–30 %, and possibly up to 40 % in some chil-
dren [8–17]. (Remission is defined as being either euthy-
roid or hypothyroid for 1  year or more after cessation of 
therapy.) Yet, looking closely at these data, one can distin-
guish patients with a greater likelihood of remission from 
those with a much lower chance following prolonged ATD 
therapy. The chance of remission after years of ATDs will 
be low if the thyroid gland is large (>2 times normal size 
for age), the child is young (<12  years), not Caucasian, 
serum TRAb/TSI levels are elevated, or the patient pre-
sents with profound hyperthyroidism at presentation (free 
T4 > 4 ng/dL) [8, 9, 13, 14].

In adults, assessment of TRAb or TSI levels is useful in 
determining disease course and remission likelihood [45, 
46]. This issue has been less studied in children. Consist-
ent with the notion that GD will remit in only a small pro-
portion of children, TRAb levels normalize after 24 months 
in only 18 % of pediatric patients on ATDs [3]. TRAb lev-
els thus persist longer in children than in adults [3]. There 
are no data to show normalization of TRAb levels when 
patients are on ATDs for a longer time.

Rates of remission have been evaluated in several impor-
tant studies. More than 25 years ago, Lippe and coworkers 
estimated that 25 % of children go into remission for every 
2  years of treatment [16]. Of the 63 patients followed on 
ATDs, 36 (57  %) remitted after an average of 4  years of 
therapy [16]. Yet, there are no data to show if the patients 
who came off ATDs remained in remission [16].

Of more than 200 children with GD in Minnesota, 25 % 
were in remission after 1  year; 25 % after 2  years; 26 % 
after 4 years; and 15 % after 10 years. In addition, 30 % 
of the boys and girls who went into remission had disease 
recurrence [15]. Thus, overall remission rates, even after 
10 years of treatment, were about 15 %.

When 184 pediatric children in California were followed 
for up to 4  years, the overall remission rate was 23  % 
[13]. After 1 year of ATDs, 10 % were in remission; after 
2 years, 14 % were in remission; after 3 years, 20 % were 
in remission; and after 4 years, 23 % were in remission.

In a study of 32 prepubertal vs. 68 pubertal children 
with GD, remission occurred in 17 % of prepubertal chil-
dren treated for 6  years versus 30  % of pubertal children 
[17]. In another report with pre- and post-pubertal cohorts, 
remission occurred in 28 % of children [47], but the time 
to remission was three times longer in the prepubertal 
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children than pubertal children [47]. Adverse reactions to 
ATDs occurred with greater frequency in prepubertal chil-
dren (71 %) than in the pubertal (28 %) and post-pubertal 
(25 %) children [47].

In a study of children in Argentina, 113 patients received 
ATDs for prolonged periods [48]. After 10 years of treat-
ment, 33  % of the patients treated with ATDs went into 
remission [48].

An important prospective study performed in France 
reported that drug therapy for 8 years or longer was associ-
ated with about 50 % remission rates in children [8]. One 
hundred fifty-four children with GD diagnosed between 
1997 and 2002 were examined following treatment with 
carbimazole. The estimated rates of remission were 20, 37, 
45 and 49 %, after 4, 6, 8 and 10 years of therapy, respec-
tively [8]. However, if one includes all the children in the 
study, the overall remission rate was about 30 %.

More recently, in a larger retrospective analysis from 
Japan of 1138 children, 723 were continued on long-term 
ATD treatment, 271 underwent surgery or RAI and 144 
dropped out. Of the 639 patients who continued long-term 
ATD treatment, 46.2 % achieved remission after 8 years of 
treatment, and 34.2 % relapsed. The prevalence of adverse 
events associated with MMI and PTU were 21.4 and 
18.8  %, respectively [12]. Considering all of the patients 
enrolled, including those who had definitive therapy or 
discontinued medication due to adverse events, the overall 
remission rate was about 30 %.

Other studies of long-term remission rates of pediatric 
GD treated with ATDs for up to 10 years have been recently 
published. Remission rates were very low (<20  %), even 
with long-term therapy in cohorts from Germany (65 
patients) [11] and Denmark (237 patients) [10].

Collectively, these data show that the majority of chil-
dren with GD treated with ATDs, even for prolonged peri-
ods of time, do not go into remission. And in those chil-
dren, who tolerate prolonged ATD therapy for 8 years or 
more, remission rates will be 40 % at best. For those chil-
dren with unfavorable risk factors for spontaneous remis-
sion at treatment onset, it is reasonable to treat children 
for up to 2 years with MMI and see whether spontaneous 
remission has occurred. At that point, if there is no remis-
sion, it is appropriate to move on to definitive therapy if 
desired by the family. Alternatively, treatment for longer 
periods can be considered, as long as side effects to medi-
cation do not occur. This approach may be especially use-
ful if the child is considered too young for surgery or radi-
oactive iodine.

For the child with favorable risk factors for remission, 
if spontaneous remission has not occurred after the 2 years 
of ATDs, continuation of antithyroid medication for pro-
longed periods is also acceptable. Parents, though, need to 

be informed that chance of spontaneous remission will be 
less than the need for definitive treatment.

Are there risks with long‑term ATD therapy?

For individuals who are long-term ATD therapy, it is impor-
tant to recognize that the risks of MMI and PTU are clearly 
greater than the risks of replacement doses of levothyroxine 
[12, 39]. Whereas adverse events to these medications most 
commonly occur within the first 6  months of treatment, 
they can occur any time over the course of therapy [12, 39]. 
Thus, one should never be lured into a false sense of secu-
rity for child on long-term ATD treatment.

An issue that remains to be determined is whether those 
children who go into remission following prolonged ATD 
therapy will have a higher risk of thyroid cancer. GD is asso-
ciated with a higher rate of thyroid cancer than the normal 
population [49–51]. Data from the Cooperative Thyrotoxico-
sis Study Group show that when one compares rates of thy-
roid cancer and mortality due to thyroid cancer, individuals 
treated with ATDs have a cancer rate that is tenfold that of 
individuals treated by radioactive iodine or surgery [52, 53].

Another potential complication of prolonged ATD 
therapy relates to the risk of ANCA-mediated vasculitis. 
Although ATDs can be used long term, reports describe 
the development of anti-neutrophil cytoplasmic antibod-
ies (ANCAs), which are associated with vasculitis and 
may limit prolonged medical therapy [54–56]. In adults up 
to 15 % of individuals treated with PTU, develop ANCAs 
after 2 years of therapy [54, 55]. MMI use is also associ-
ated with ANCA-positivity conversion, albeit with a lower 
incidence than PTU [54, 55].

Because ANCA antibodies can trigger serious vasculi-
tis events, antithyroid medications should be stopped and 
definitive therapy considered when ANCA antibodies are 
detected [21]. To test for this potential problem, it is rea-
sonable to perform annual assessment of ANCAs on chil-
dren on prolonged ATD therapy, i.e., more than 2  years. 
However, this issue requires additional study.

Another problem with long-term therapy is the pen-
alty of delaying the inevitable. For individuals with clini-
cal characteristics that portend a slim chance of remission, 
and definitive therapy can be rendered with low risk, one 
needs to ask how long is it appropriate to delay treatment if 
remission is not achieved? This consideration is especially 
important for teenagers before they leave pediatric care and 
become of childbearing age for several reasons. It is well 
recognized that the health care of young adults may be less 
comprehensive and sporadic than that of adolescents [57, 
58]. The management of pregnancy is more complicated 
for an individual on ATDs versus an individual replacement 
levothyroxine [34, 59].
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Issues related to radioactive iodine use in the 
pediatric population

Radioactive iodine use for thyroid ablation was introduced 
in the 1940s at the Massachusetts Institute of Technology 
and Massachusetts General Hospital [18, 60]. Because of a 
longer half-life, 131I is the favored iodine isotope for treat-
ing thyroid cancer and hyperthyroidism. As with surgery, 
the goal for 131I therapy for GD is to induce hypothyroid-
ism. Radioactive iodine should not be given to cause euthy-
roidism in children, as this results in partially irradiated 
residual thyroid tissue that will be associated with a higher 
risk of thyroid neoplasm than the normal population [52, 
61].

It has been suggested that dosages delivering 30,000–
40,000 cGy (rad) to the thyroid are necessary to ablate the 
thyroid gland [62, 63]. But, dosages delivering 10,000–
20,000 cGy to the thyroid are more often used and result 
in partial or complete destruction of the thyroid [4, 64, 
65]. Typically, administered thyroid doses of 150 uCi/gm 
(5.5  MBq/gm) generate radiation doses of 12,000  cGy to 
the thyroid [66].

Some centers give a fixed administered dosage of 10 or 
15  mCi 131I to all children [67], rather than individually 
calculated administered activation. There are no studies 
comparing outcomes of fixed doses versus calculated doses 
in children. In adults, the two different approaches lead to 
similar outcomes [68, 69]; however, in children, a potential 
advantage of calculated versus fixed dosing is that it might 
be possible to use lower dosages of 131I if the administered 
dose is calculated.

When children are to be treated with 131I, ATDs should 
be stopped 3–5  days prior to treatment [70] (Table  2). 
Patients are then placed on beta-blockers until T4 and/or 
free T4 levels normalize post-therapy. Whereas some cli-
nicians restart ATDs after treatment with131I, this is rarely 
required in children [4, 67, 70, 71]. Thyroid hormone lev-
els begin to decrease about 7 days after radioiodine therapy 
in children, and continued ATD use can make it difficult to 

assess if post-treatment hypothyroidism is the result of 131I 
or the ATD.

Side effects of 131I therapy are unusual. Less than 10 % 
of children will complain of mild tenderness over the thy-
roid in the first week after 131I therapy [70, 71]. This can 
be treated with either acetaminophen or non-steroidal, anti-
inflammatory agents for 24–48 h [70, 71].

There are rare reports of children with severe hyperthy-
roidism developing thyroid storm after 131I [72]. In general, 
these children were severely hyperthyroid when 131I was 
rendered. Thus, if T4 levels are >20 ug/dl (200 nmol/l) or 
free T4 levels are >5 ng/dl (60 pmol/l), children should be 
treated with MMI until T4 and/or free T4 levels normalize 
before proceeding with 131I therapy [70, 73]. It is important 
to recognize that most children with GD have been hyper-
thyroid for months prior to diagnosis; there is no need to 
rush to 131I therapy.

It usually takes 6–12 weeks after 131I treatment for the 
patient to become biochemically euthyroid or hypothyroid. 
Until then, symptoms of hyperthyroidism can be controlled 
using beta-blockers [74–76]. The use of SSKI or Lugol’s 
solution 1 week after 131I will also quickly attenuate bio-
chemical hyperthyroidism without adversely affecting the 
outcome of radioiodine therapy [76].

What are outcomes of radioactive iodine in children?

Several studies have reported the details of 131I therapy for 
childhood GD [15, 77–83]. Children as young as 1 year old 
have been treated with 131I with excellent results [83, 84]. 
But, treatment of such young children is not common, nor 
is now recommended. 131I dosages in children and teenag-
ers have ranged from 100 to 400 uCi/gm of thyroid tissue 
[4]. Similar to that found in adults [65, 85, 86], responses 
to 131I therapy are related to gland size and dose. 25–40 % 
of children treated with 50–100 uCi of 131I per gm of thy-
roid tissue are hyperthyroid several years after therapy 
[61]. In children treated with 150–200 uCi of 131I per gm 
thyroid, hyperthyroidism remains in 5–20, and 60–90  % 
become hypothyroid [4, 21, 64, 81, 84].

Our group analyzed outcomes of the children treated 
with radioactive iodine therapy to assess the effectiveness 
of therapy as related to gland size and dose [70]. Fol-
lowing treatment, when treated with 80–120 uCi of 131I 
per gm of thyroid tissue, 28  % of children were hyper-
thyroid, 28  % of children were euthyroid and 42  % of 
children were hypothyroid. Following treatment with 
200–250 uCi per gm of thyroid tissue, 37 % of children 
were hyperthyroid and 62 % were hypothyroid. Follow-
ing, treatment with 300–400 uCi per gm of thyroid tissue, 
0 % of children were hyperthyroid, euthyroid and 93 % 
were hypothyroid. Comparing these pediatric data with 
those from adults [65, 70, 85], thyroid tissue of children 

Table 2   Recommendations for the use of 131I

Stop antithyroid drugs 3-5 days before therapy

Begin beta-blocker when antithyroid drugs stop

No need to restart antithyroid drugs after 131I

Check thyroid hormone levels every 30 days after therapy

2–4 months before hypothyroidism ensues

5 % or more in a get a good weekend after a need retreatment

Not effective if gland >80 gm

Avoid in children less than 5 years of age

When used between 5 and 10 years of age, use less than 10 mCi if 
possible
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appears to be more sensitive to 131I induced ablation than 
adults.

As in adults, we find that gland size influences therapy 
outcomes. In general, higher dosages per gm of thyroid tis-
sue are needed with larger than smaller glands. Yet, with 
glands larger than 80 gm, 131I efficacy is low and is not 
recommended.

Can radioactive iodine be used in children 
with ophthalmopathy?

The development of progression of ophthalmopathy fol-
lowing 131I in adults has been reported [5–7]. However, 
unlike adults, children rarely develop severe ophthalmopa-
thy and proptosis is mild [4, 21, 34].

Studies show that disease worsens in only a small per-
centage of children with GD, irrespective of therapy type. 
Of 87 children treated with 131I for GD at one center, prop-
tosis improved in 90 % of children, did not change in 7.5 % 
and worsened in 3  % post-therapy [84, 87]. In 45 chil-
dren who had ophthalmopathy at the onset of treatment at 
another center, eye disease improved in 73 % and worsened 
in 2 % after 1 year or more of drug therapy [88]. After sub-
total thyroidectomy in 80 children, eye disease was wors-
ened in 9 % [89] and was stable in 75 % after total surgical 
thyroidectomy [89].

In adults, it has been shown that progression of ophthal-
mopathy can be prevented by treatment with prednisone for 
3  months following 131I therapy [7, 34]. Adjunctive pred-
nisone therapy is not routinely recommended for the major-
ity of children, as most do not have significant eye disease. 
The prolonged administration of prednisone is also associ-
ated with growth failure, weight gain and immune suppres-
sion. Nevertheless, prednisone may be useful for the child 
who has moderate or severe eye disease and will be treated 
with 131I.

What are the risks of radioactive damage in children 
treated for GD?

There is no evidence showing adverse effects to offspring 
of children treated with 131I. Birth defects are not higher 
in 500 offspring born to about 370 individuals treated with 
131I for hyperthyroidism during childhood or adolescence 
[4]. Additionally, the rates of birth defects are not higher in 
children treated with 80–700 mCi of 131I for thyroid cancer, 
which are dosages that are much higher than those used for 
GD [90].

The thyroid gland is unique in its developmental sensi-
tivity to malignancy after low-level radiation exposure [91–
94]. There is an increased risk of thyroid cancer in indi-
viduals less than 20 years of age at the time of low-level 

thyroid irradiation [91–93]. In contrast, individuals who are 
older than 20 years of age do not exhibit an increased risk 
of thyroid cancer when exposed to low-level thyroid irra-
diation [91–94].

The risk of thyroid neoplasms in children is greatest 
with exposure to low-level external radiation (0.1–25 Gy; 
~0.09–30 uCi/gm) [21, 91–95] and not with the higher dos-
ages used to treat GD. At present, we are not aware of any 
cases of thyroid cancer that developed in pediatric patients 
treated with >150 uCi of 131I per gm of thyroid tissue for 
childhood GD that can be attributed to 131I therapy.

Important in considering radioactive iodine use in chil-
dren is the potential influences of 131I therapy on other 
cancers, as 131I therapy results in low-level, whole body 
radiation exposure. Several studies in adults have exam-
ined potential risks of 131I therapy for GD on cancers. 
These studies have generally not revealed increased mortal-
ity or increased rates of cancer following 131I for GD [53, 
96–101].

In comparison with studies in adults, few studies have 
focused on outcomes of 131I therapy for childhood GD. The 
most extensive study of pediatric patients involved 36 year 
outcomes of 116 patients who were less than 20-years old 
when treated with 131I therapy for GD [102]. There was no 
evidence for increase cancer risk in this population. Yet, 
this sample size is small.

The total-body radiation dose after 131I varies with age, 
and the same absolute dose of 131I will result in more radi-
ation exposure in a young child than in an adolescent or 
adult [103, 104]. Currently, we do not have dosimetry data 
on 131I use in pediatric patients with GD to assess total-
body exposure in pediatric patients. Based on phantom 
modeling, it is estimated that at 0, 1, 5, 10, 15 years and 
adulthood, respective total-body radiation doses will be 
11.1, 4.6, 2.4 1.45, 0.90 and 0.85  rem (0.01 Sv) per mCi 
of 131I administered [103, 104]. Based on the Biological 
Effects of Ionizing Radiation Committee V (BEIR VII) 
analysis of low-level, acute exposure to radiation [26], the-
oretical lifetime attributable risk of cancer mortality and all 
cancer incidences can be projected. Based on these theoret-
ical calculations, we feel that it is prudent to avoid radioac-
tive iodine therapy in children under 5 years of age and to 
avoid >10 mCi in patients less than 10 years old. Yet, these 
recommendations are based on theoretical projections and 
not on hard data.

We recognize that there may be circumstances when 131I 
therapy is necessary for young children. The need for 131I 
in a young child may occur when the child develops a toxic 
reaction to an ATD, proper surgical expertise is not acces-
sible, or the child is not a suitable surgical candidate. In 
these circumstances, the lowest dosage possible should be 
employed.
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Surgery for pediatric GD

Surgery is an effective form of therapy for GD if it can 
be performed by an expert surgeon and in some settings 
it is preferable to radioactive iodine. When surgery is per-
formed, near-total or total thyroidectomy is indicated, as 
subtotal thyroidectomy is associated with a higher relapse 
rate [89]. Hypothyroidism is nearly universal in children 
and adults who undergo total thyroidectomy [89, 105–107]. 
In comparison, after subtotal thyroidectomy, hyperthyroid-
ism recurs in 10–15 % of patients [89, 105, 106].

Surgery is preferred in children younger than 5  years 
when definitive therapy is needed and can be performed 
by a skilled thyroid surgeon. In individuals who have large 
thyroid glands (>80 gm), the response to 131I is poor [65, 
86]. Thus, surgery is also recommended for these patients.

In preparation for surgery, the patient should be rendered 
euthyroid. Typically, this is done by continuing MMI until 
T4 levels normalize. A week before surgery, iodine drops 
are started (1–3 drops, t.i.d.), which inhibits thyroid hor-
mone production and causes the gland to become firm and 
less vascular.

Postoperatively, younger pediatric patients are at a higher 
risk of transient hypoparathyroidism than adolescents or adults 
[108]. To mitigate postoperative hypocalcemia, we treat chil-
dren with 0.5 mcg of calcitriol, twice a day, for 3 days prior to 
surgery. Postoperatively, the calcitriol is weaned over 15 days 
(0.5  mcg bid  ×  5  days; 0.5 mcg q.d.  ×  5  days; 0.5  mcg 
q.o.d  ×  5  days) [109]. Using this approach, only 5  % of 
patients require postoperative calcium infusions versus 40 % 
of patients without preoperative treatment [109].

Acute complications that follow thyroidectomy include 
hemorrhage, hypocalcaemia and recurrent laryngeal 
nerve paresis [108, 110–113]. In children, rates from 0 to 
6 years were 22 %, from 7 to 12 years, 11 %; and from 13 
to 17 years, 11 % [108]. These rates are higher than those 
observed in adults.

Who should operate on children with GD?

Complication rates are related to the expertise of surgeon. 
When performed by pediatric surgeons, the complication 
rate for total thyroidectomy is approximately 15 % [108]. 
In comparison, the complication rate in children for high-
volume thyroid surgeons (>30 thyroidectomies/year) is 
approximately 4 % [108].

Considering these data, if local pediatric thyroid surgery 
expertise is unavailable, referral of a child with GD to a 
high-volume, thyroid surgery center with pediatric experi-
ence should be considered [114, 115]. Very low complica-
tion rates for children undergoing the thyroidectomies for 
GD have been reported with this type of multidisciplinary 
model [109, 114].

Conclusions

Several aspects of the treatment of Graves’ disease remain 
controversial; however, based on what we know about both 
the risks of different treatments and the pathogenesis of 
GD, we can be discriminating in our approach to therapy 
(Figs.  1, 2). Doing such, it is possible to reduce risks of 
treatment and personalize the treatment approach. Therapy 
decision making should be guided by the patient’s clinical 
condition, considering risk factors that portend the likeli-
hood of remission or not.

For those individuals who have favorable factors for 
remission (normal TSI levels, moderately elevated thyroid 
hormone levels, normal size thyroid gland, pubertal), it is 
important to recognize that the chance of remission will be 
about 40 % at best after 8 years or more of ATDs. These 
patients constitute the minority of children with GD. MMI 

Fig. 1   Option A for treatment of pediatric Graves’ disease

Fig. 2   Option B for treatment of pediatric Graves’ disease
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can be used in this group of children with long-term hope 
of achieving spontaneous remission. If remission does not 
occur, and the family desires definitive therapy in the midst 
of long-term drug therapy, surgery or radioactive iodine 
should be considered. This consideration is especially 
important for teenagers before they leave pediatric care and 
become of childbearing age, as the risks of definitive ther-
apy are very low in teenagers.

For those individuals, with risk factors indicating a low 
chance of spontaneous remission at diagnosis (elevated TSI 
levels, significantly elevated thyroid hormone levels, thy-
romegaly and younger age), all treatment options may be 
initially considered, including MMI. However, definitive 
therapy in the form of either radioactive iodine or surgery 
will generally be needed for this cohort. Thus, after about 
1–2  years of ATDs, if not in remission, one can consider 
definitive therapy for this cohort. Considering the potential 
risks of radioactive iodine or surgery in young children, if 
toxic reactions to each of these are not occurring in this 
group of children, it is reasonable to continue medication 
for extended periods until the patient is viewed old enough 
for definitive therapy. Fortunately, only 10 % of the pediat-
ric population with GD presents younger than 10 years of 
age.

When MMI is used, one should consider lower rather 
than higher doses. It is essential that the patient and family 
warned of potential side effects and to discontinue medica-
tion if any adverse reactions develop. Prior to biochemical 
control of the hyperthyroid state, symptomatic relief can 
be achieved through the use of beta-blockers, avoiding the 
perceived need for higher MMI doses.

When radioactive iodine is used, the dosage administered 
should begin with the goal of ablating thyroid tissue. Because 
of the potential risks of full body radiation to young children, it 
is recommended that this be avoided children less than 5 years 
of age and used conservatively in children less than 10 years 
of age. If there is a risk to radioactive iodine use, available data 
in children and adults show that this risk is very low.

Surgery for GD can be associated with a significant risk 
of complications in the pediatric population. As such, the 
decision to operate on children should not be made lightly, 
and surgery should be performed by expert, high-volume 
thyroid surgeons.

Lastly, it is important to consider that whatever form of 
treatment is selected that selection of the approach be done 
so considering and respecting the viewpoints of the child 
and family.
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