
Original Article

Guidelines for the treatment of childhood-onset Graves’ 
disease in Japan, 2016

The Committee on Pharmaceutical Affairs, Japanese Society for Pediatric Endocrinology, and the Pediatric 
Thyroid Disease Committee, Japan Thyroid Association (Taskforce for the Revision of the Guidelines for the 
Treatment of Childhood-Onset Graves’ Disease),  
Kanshi Minamitani1, Hirokazu Sato2, Hidemi Ohye3, Shohei Harada4, and Osamu Arisaka5

1 Department of Pediatrics, Teikyo University Chiba Medical Center, Chiba, Japan
2 Sunrise Children’s Clinic, Chiba, Japan
3 Department of Internal Medicine, Ito Hospital, Tokyo, Japan
4 Division of Neonatal Screening, National Center for Child Health and Development, Tokyo, Japan
5 Department of Pediatrics, Dokkyo Medical University, Tochigi, Japan.

Abstract. Purpose behind developing these guidelines: Over one decade ago, the “Guidelines for the 
Treatment of Graves’ Disease with Antithyroid Drug, 2006” (Japan Thyroid Association (JTA)) were 
published as the standard drug therapy protocol for Graves’ disease. The “Guidelines for the Treatment 
of Childhood-Onset Graves’ Disease with Antithyroid Drug in Japan, 2008” were published to provide 
guidance on the treatment of pediatric patients. Based on new evidence, a revised version of the 
“Guidelines for the Treatment of Graves’ Disease with Antithyroid Drug, 2006” (JTA) was published 
in 2011, combined with the “Handbook of Radioiodine Therapy for Graves’ Disease 2007” (JTA). 
Subsequently, newer findings on pediatric Graves’ disease have been reported. Propylthiouracil (PTU)-
induced serious hepatopathy is an important problem in pediatric patients. The American Thyroid 
Association’s guidelines suggest that, in principle, physicians must not administer PTU to children. 
On the other hand, the “Guidelines for the Treatment of Graves’ Disease with Antithyroid Drug, 
2011” (JTA) state that radioiodine therapy is no longer considered a “fundamental contraindication” 
in children. Therefore, the “Guidelines for the Treatment of Childhood-Onset Graves’ Disease with 
Antithyroid Drug in Japan, 2008” required revision.
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Introduction

Graves’ disease is defined as acquired 
autoimmune hyperthyroidism with a diffuse 
goiter. Graves’ disease is a common disorder 
in adults, with a prevalence of approximately 
0.5–1% (1, 2). It is often diagnosed and treated 
by general practitioners. The evidence-based 
“Guidelines for the Treatment of Graves’ Disease 
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with Antithyroid Drug in Japan, 2006” (Japan 
Thyroid Association: JTA) (3) were prepared as 
the standard therapeutic protocol for Graves’ 
disease for general physicians.

The majority of childhood hyperthyroidism 
cases are attributable to Graves’ disease. 
Pediatric patients account for less than 5% of 
the total number of patients with Graves’ disease 
and the prevalence in children is 0.02% (4, 5). 
Therefore, very few large cohort clinical studies 
have been conducted, and scientific evidence on 
childhood Graves’ disease is scarce. Physicians 
must make diagnoses based on the “Guidelines for 
the Diagnosis of Graves’ Disease” (6). However, 
these guidelines include very little information on 
pediatric treatment for Graves’ disease. However, 
the guidelines do state that, “the remission rate 
with antithyroid drugs is lower in children with 
Graves’ Disease, and the drug therapy is not 
always easy. Insufficient treatment of pediatric 
Graves’ disease may result in major problems, 
and pediatric patients with Graves’ disease 
should generally be treated by specialists” 
(3). Consequently, both the Committee on 
Pharmaceutical Affairs of the Japanese Society 
for Pediatric Endocrinology (JSPE) and the 
Pediatric Thyroid Diseases Committee of the 
JTA took action. These two groups conducted 
questionnaire surveys (7) and retrospective 
clinical studies, as well as comprehensive 
literature searches for preparation of the 
“Guidelines for the Treatment of Childhood-
Onset Graves’ Disease with Antithyroid Drug 
in Japan, 2008” (JSPE, JTA) (8).

Based on newer evidence, the “Guidelines 
for the Treatment of Graves’ Disease with 
Antithyroid Drug in Japan, 2006” were also 
revised and combined with the “Handbook of 
Radioiodine (131I) Therapy for Graves’ Disease 
in Japan, 2007” (JTA) (9); subsequently, the 
“Guidelines for the Treatment of Graves’ Disease 
in Japan, 2011” (JTA) (10) was published.

Since then, even newer findings on pediatric 
Graves’ disease have been reported. One major 
problem faced by pediatric patients is the 

occurrence of serious hepatopathy associated 
with PTU administration (11–18). According 
to the US guidelines, “Hyperthyroidism and 
other causes of thyrotoxicosis: management 
guidelines of American Thyroid Association 
(ATA) and American Association of Clinical 
Endocrinologists” (19), it is suggested in principle 
that physicians refrain from using PTU in 
children. In addition, according to the “Guidelines 
for the Treatment of Graves’ Disease in Japan, 
2011” (10), radioiodine (131I) therapy is no longer 
considered a “fundamental contraindication.” 
In other words, 131I is not contraindicated 
in children and is instead subject to “careful 
administration” (i.e., 131I should be administered 
to children with care). This change has provided 
physicians with more therapeutic options (10). 
The current ATA guidelines recommend a lower 
initial dose of methimazole (MMI) (or thiamazole 
in Japan) than older guidelines (19). Newly 
reported findings in Japan include the efficacy 
of MMI and PTU in pediatric patients, as well as 
adverse reactions (20), the relationship between 
the initial MMI dose and effectiveness (21), the 
initial MMI dose and adverse reactions (22), and 
a higher remission rate with long-term MMI 
treatment (23).

Given these new findings and overseas 
reports, we revised the “Guidelines for the 
Treatment of Childhood-Onset Graves’ 
Disease with Antithyroid Drug in Japan, 
2008”. These guidelines include statements of 
recommendation. For each recommendation, a 
“grade” and “level of the quality of the evidence” 
are provided. The “grade” indicates the strength 
of a recommendation, and the “level of the quality 
of the evidence” defines the level of the study 
used as the rationale for the recommendation. 
Recommendation grading was primarily based on 
published research findings. However, opinions 
from experts were provided if appropriate or in 
the absence of sufficient published findings.

Grade levels
1. Strong recommendation: “The recommendation 
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is beneficial for most patients.”
2. Weak recommendation: “In many cases, the 

recommendation is beneficial for patients; 
therefore, using the recommendation should 
be considered. Always make the most 
beneficial choice for the patient depending 
on circumstances”.

Level of the quality of the evidence
●○○ Low: Uncontrolled case collection
●●○ Moderate: Uncontrolled cohort study
●●● High: Controlled cohort study, non-
randomized controlled trial
Evidence that has not been investigated, but 
is widely acknowledged is labeled “consensus.”

1. Definition and Diagnosis of  
Graves’ Disease

Recommendation
1-1. Graves’ disease is an autoimmune disease. 

Thyroid stimulating hormone (TSH; 
thyrotropin) receptor antibodies (i.e., 
thyrotropin receptor antibodies [TRAb]) 
stimulate the TSH receptor, leading to 
increased thyroid hormone production and 
secretion, causing diffuse toxic goiter. 1 
(Consensus)

1-2. Hyperthyroidism, defined as the increased 
production and secretion of thyroid 
hormone, and an excess of thyroid hormone 
in the absence of increased thyroid 
hormone production are collectively called 
thyrotoxicosis. 1 (Consensus)

Explanation
The term thyrotoxicosis refers to “a clinical 

state that results from increased metabolism and 
activity due to an excess of thyroid hormone”. 
Therefore, thyrotoxicosis is not a synonym for 
hyperthyroidism. Hyperthyroidism, defined as 
the increased production and secretion of thyroid 
hormone, and an excess of thyroid hormone (i.e., 
excess intake of thyroid hormone and destructive 
thyroiditis, defined as a leakage of thyroid 
hormone caused by inflammatory destruction 

of thyroid follicles) in the absence of increased 
thyroid hormone production are collectively 
called thyrotoxicosis (1, 2).

Hyperthyroidism is a disorder characterized 
by excessive thyroid hormone secretion. In 
addition to Graves’ disease, hyperthyroidism 
has multiple causes, including a TSH-producing 
tumor, choriocarcinoma, struma ovarii, toxic 
multinodular goiter (TMNG), toxic adenoma 
(TA), congenital hyperthyroidism (gain-of-
function mutation of the TSH receptor or G 
protein), and excessive iodine.

Common causes of destructive thyroiditis 
include painless thyroiditis, subacute thyroiditis, 
acute suppurative thyroiditis, radiation 
thyroiditis, and drug-induced thyrotoxicosis. 
Amiodarone, gonadotropin releasing hormone 
derivatives, lithium carbonate, or interferon-
alpha may cause Graves’ disease or destructive 
thyroiditis.

The majority of pediatric thyrotoxicosis 
cases involve hyperthyroidism, and most of 
these patients develop Graves’ disease (4, 5). In 
contrast, subacute thyroiditis is extremely rare 
in children.

Graves’ disease was named after the Irish 
physician Robert Graves, who studied and 
reported this disease. This term is usually used 
in English-speaking countries. In non-English-
speaking countries, the term Basedow’s disease, 
named after a German physician, Karl Adolph 
von Basedow, is more commonly used.

2. Diagnosis of Graves’ Disease

Recommendation
2-1. A diagnosis of Graves’ disease should be 

based on the “Guideline for the Diagnosis 
of Graves’ Disease (revised on June 24, 
2013)” (Table 1), which was prepared by 
the JTA and is available on their website. 
1 (Consensus)

a) Clinical findings
1. Signs of thyrotoxicosis such as tachycardia, 

weight loss, finger tremor, and sweating.
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2. Diffuse enlargement of the thyroid gland.
3. Exophthalmos and/or specific 

ophthalmopathy.
b) Laboratory findings
1. Elevation in serum free thyroxine (FT4) and/

or free triiodothyronine (FT3) level.
2. Suppression of serum thyroid stimulating 

hormone (TSH): less than 0.1 μU/mL.
3. Positive for anti-TSH receptor antibody 

(TRAb or TSH binding inhibitory 
immunoglobulin (TBII)) or thyroid 
stimulating antibody (TSAb). 

4. Elevated radioactive iodine (or 99mTcO4
–) 

uptake to the thyroid gland.
1) A patient is diagnosed with Graves’ disease 

if he/she has satisfied at least 1 of the clinical 
findings and all 4 laboratory findings.

2) A patient is suspected of having Graves’ 
disease if he/she has satisfied at least 1 of 
the clinical findings and laboratory findings 

1 through 3.
3) A patient is suspected of having Graves’ 

disease if he/she has satisfied at least 1 of 
the clinical findings and both of laboratory 
findings 1 and 2. Elevation in serum FT4 has 
usually been present for at least 3 months.

2-2. A Graves’ disease severity assessment 
should be based on the following criteria:

(1) Clinical assessment of the symptoms of 
thyrotoxicosis (goiter size).

(2) Pre-treatment serum FT4 level analysis 
(e.g. Severe: ≥ 7 ng/dL, Moderate: < 5–7 ng/
dL, Mild: < 5 ng/dL) (FT4 levels may vary 
depending on the measurement kit. The 
above values are merely references).

(3) Ultrasonography findings.
The assessment of criteria (1) through (3) 
should be performed in a comprehensive 
manner. 1 (●○○)

Vol.26 / No.2

Table 1. Guidelines for the diagnosis of Graves’ disease (Japan Thyroid Association)

a) Clinical findings
1. Signs of thyrotoxicosis such as tachycardia, weight loss, finger tremor, and sweating.
2. Diffuse enlargement of the thyroid gland.
3. Exophthalmos and/or specific ophthalmopathy.

b) Laboratory findings
1. Elevation in serum free thyroxine (FT4) and/or free triiodothyronine (FT3) level.
2. Suppression of serum thyroid stimulating hormone (TSH): less than 0.1 μU/ml.
3. Positive for anti-TSH receptor antibody (TRAb or TBII) or thyroid stimulating antibody (TSAb).
4. Elevated radioactive iodine (or 99mTcO4

–) uptake to the thyroid gland.
1) A patient is diagnosed with Graves’ disease if he/she has satisfied at least 1 of the clinical findings and 

all 4 laboratory findings.
2) A patient is suspected of having Graves’ disease if he/she has satisfied at least 1 of the clinical findings 

and laboratory findings 1–3.
3) A patient is suspected of having Graves’ disease if he/she has satisfied at least 1 of the clinical findings and 

both of laboratory findings 1–2. Elevation in serum FT4 has usually been present for at least 3 months.
【Notes】

1. Decrease of serum cholesterol and increase of serum alkaline phosphatase are often observed.
2. There are rare cases with free triiodothyronine (FT3) elevation alone and normal FT4.
3. A patient is diagnosed with “euthyroid Graves’ disease”or “euthyroid ophthalmopathy” if he/she has ophthalmopathy 

and is positive for TRAb or TSAb, but shows normal FT4 and TSH.
4. In an elderly patient, clinical symptoms and signs including an enlargement of the thyroid gland, may not be clear.
5. In children, decreased scholastic ability, accelerated growth, restlessness, and other symptoms may be observed.
6. The FT3/FT4 ratio is helpful to exclude painless thyroiditis.
7. Measurements of thyroid blood flow and urinary iodine levels are useful for differentiation of painless thyroiditis.

Revised on June 24, 2013.
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Explanation
1. Diagnosis

The “Guidelines for the Diagnosis of Graves’ 
Disease, 2013” (6) were prepared for adult patients 
primarily; however, these guidelines should also 
be used to diagnose pediatric patients. Diagnosis 
of Graves’ disease can be confirmed in a patient 
who has, according to clinical observations, 
the following: (1) symptoms of thyrotoxicosis, 
including tachycardia, (2) diffuse goiter, and (3) 
distinctive ocular manifestations. Additionally, 
laboratory findings will show the following: (1) 
high FT4 or FT3 level, (2) suppressed TSH, 
(3) causative positive TSH receptor antibodies 
(TRAb, TBII, TSAb), and (4) nuclear medicine 
findings of a high uptake rate in the thyroid 
gland. However, few medical institutions can 
perform thyroid uptake and scintigraphy tests. 
These tests are not always performed, even on 
adults. Therefore, treatment can be initiated 
with a diagnosis of “probable Graves’ disease”. 
In pediatric patients, radiation exposure should 
be kept to a minimum. Such tests should be 
performed only in cases involving difficult 
diagnoses. In recent years, measurement of 
thyroid blood flow by ultrasonic pulse Doppler 
has been widely used for the diagnosis of Graves’ 
disease.

Graves’ disease is extremely rare in children 
5 years or younger. The occurrence of Graves’ 
disease increases from age 11 to 15 yr, with a 
peak at high-school age (2, 4). A hospital-based 
study of 132 children with Graves’ disease 15 yr 
or younger in Japan, found that only 4 patients 
were under 5 yr-of-age (24). However, a few cases 
of Graves’ disease development in very young 
children (1–2 yr) have been reported. Therefore, 
careful observation is necessary, regardless of 
age. Graves’ disease is more common in girls, 
with reported boy to girl ratios of around 1:3 to 
1:6 (2, 4).

The major clinical symptoms of pediatric 
Graves’ disease are goiter (68.4%), excessive 
sweating (53.4%), fatigue (50.4%), restlessness 
(47.4%), and finger tremors (45.1%). 

Exophthalmos (38.3%), weight loss (36.1%), and 
tachycardia (33.8%) are also common (24) (Table 
2). In adults, frequent clinical symptoms include 
goiter (69%), ocular manifestations (63%), weight 
loss (61%), sensitivity to heat (55%), finger 
tremors (54%), and palpitations (51%) (25). 
Weight loss is less common in children. Weight 
gain is a common physiologic change in puberty. 
Therefore, a lack of weight gain in an adolescent 
is a significant clinical observation. It is difficult 
to recognize finger tremors in schoolchildren, 
whereas hyperactivity, typified by restlessness, 
and excessive growth promotion tend to be 
easily recognized. Occasionally, the drawing of 
a pediatric growth curve might help to detect 
the onset of the disease. Fatigue is a common 
symptom among patients who are junior high-
school students. Other nonspecific symptoms, 
although less frequent, have been reported; 
these include a decline in academic performance, 
slight fever, nocturnal enuresis, menstrual 
irregularities, and diarrhea. In addition, 
thyrotoxic myopathy (muscle weakness), caused 
by increased catabolism of muscle fibers, has 
been reported to precede thyrotoxicosis in 
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Table 2. Clinical symptoms and their frequencies 
in pediatric Basedow’s disease

Goiter 68.40%
Excessive sweating 53.40%
Fatigue 50.40%
Restlessness 47.40%
Hand tremor 45.10%
Exophthalmos 38.30%
Weight loss 36.10%
Increased appetite 35.30%
Tachycardia 33.80%
Palpitation 24.80%
Decreased academic performance 24.10%
Decreased athletic performance 15.00%
Sensitivity to heat 12.00%
Increased bowel movement 11.30%
Slight fever 10.50%
Others: insomnia, thirst, bed-wetting, amenorrhea

Sato H. J Pediatr Endocrinol Metab 2014; 27: 677–83 
(24).
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two-thirds of studied patients (26). Thyrotoxic 
myopathy is occasionally accompanied by 
thyrotoxic hypokalemic periodic paralysis or 
encephalopathy associated with thyroid storm.

Patients may complain of discomfort due 
to tachycardia, palpitations, dyspnea, cardiac 
dilatation, or cardiac failure. However, atrial 
fibrillation is rare in children. An apical systolic 
regurgitant murmur may be present because 
of mitral valve insufficiency resulting from 
papillary muscle dysfunction (4).

Prepubertal patients with Graves’ disease 
exhibit nonspecific physical symptoms, and may 
manifest various mental symptoms. Accordingly, 
the disease tends to be overlooked and 6 to 12 
mo may easily pass between onset of the disease 
and the final diagnosis. Therefore, when a school-
age patient visits a hospital, clinical data tend 
to indicate a severe condition and accelerated 
growth and an increased bone age may be 
observed. However, this rapid growth will not 
affect the final height of the patient (27–29).

The reported frequencies of exophthalmos 
in children are almost similar to those in adults; 
however, this symptom is minor, and highly 
active ophthalmopathies such as ocular motility 
disorder or optic nerve disturbances are fairly 
uncommon (30, 31).

The incidence of Graves’ disease in a sibling 
of the index case is 11.6-fold higher than that 
in the general population (32). The incidence of 
Graves’ disease in identical twins is significantly 
higher (35%) than in dizygotic twins (3%). As 
reported, 79% of the pathogenic mechanisms 
of Graves’ disease can be explained by genetic 
factors (33). In Japan, 40% of children with 
Graves’ disease have a familial history of the 
disease (24), and the frequency of familial 
Graves’ disease is 2–3% (4). In addition to 
multiple genetic factors, environmental factors 
are involved; when a patient’s immune tolerance 
to thyroid antigens is broken, they will develop 
Graves’ disease. Several candidate gene analyses 
and comprehensive genome-wide association 
studies have identified the following disease-

susceptibility genes: human leukocyte antigen 
(HLA)-DR3, HLA-DRβ1-Arg74, thyroglobulin 
(Tg), TSH receptor, cytotoxic T-lymphocyte-
associated protein 4 (CTLA4), CD40, protein 
tyrosine phosphatase-22 (PTPN22), zinc-finger 
gene in AITD susceptibility region (ZAFT), Fc 
receptor-like 3 (FCRL3), interleukin-23 (IL-23R), 
interferon-induced helicase 1 (IFIH1), Forkhead 
box P3 (FOXP3), and interleukin-2 receptor-α 
(IL-2RA; CD25), among others (34, 35). Notably, 
HLA regions are attributed to 20% of the genetic 
factors associated with Graves’ disease, and only 
SNPs in the CTLA4 and TSH receptor genes have 
odds ratios greater than 2 (36, 37). The following 
environmental factors have been reported to 
cause Graves’ disease: infectious diseases, iodine, 
smoking, alcohol, stress, pregnancy/childbirth, 
selenium, drugs, dioxins such as polychlorinated 
biphenyls (PCBs), and radiation exposure (38).

The function of the thyroid gland changes 
according to the patient’s age, sex, and secondary 
sexual characteristics. Therefore, it is not 
appropriate to apply adult standards to children. 
Previously, the reference values for children were 
based on solid-phase radioimmunoassay (RIA) 
standards that were established by the Research 
Group on Reference Values for Children and 
presented in the “Reference Values for Laboratory 
Tests on Japanese Children” (published in 1996 
by the Japan Public Health Association). Several 
non-RIA methods have been developed since 
these standards were established. Presently, 
an enzyme immunoassay (EIA), that does 
not use radioactive substances, and a more 
sensitive luminescent immunoassay (LIA) are 
commonly used. In particular, fully automatic 
measuring devices have been developed for 
a chemiluminescent enzyme immunoassay 
(CLEIA) and chemiluminescent immunoassay 
(CLIA). Reference values of thyroid function 
in healthy children can be measured by a kit, 
ECLusys® (Roche Diagnostics GmbH, Mannheim, 
Germany) with an electrochemiluminescent 
immunoassay (ECLIA) (39) (Table 3). According 
to these standards, the maximum FT3 value is 
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5.10 pg/mL (age 7–8 yr), and the maximum FT4 
value is 1.67 ng/dL (age 4–6 yr). However, values 
may vary depending on the measurement kit.

Increased serum alkaline phosphatase levels 
in patients with Graves’ disease are noted in 
the JTA’s diagnostic guidelines. However, age-
dependent reference values in healthy children 
show a large range compared to the range of 
adult values. So, alkaline phosphatase levels 
have been deleted as a diagnostic reference note 
in these guidelines.

In the JTA’s diagnostic guidelines, 
measurements of “thyroid blood flow” and 
“urinary iodine” are noted. A maximum blood flow 
rate of the superior thyroid artery on ultrasonic 
pulse Doppler that exceeds 45 cm/sec supports a 
diagnosis of Graves’ disease (40). Additionally, 
a ratio of 0.5 or more between blood flow pixels/
total pixels as measured by a semi-quantitative 
method is a diagnostic indicator for Graves’ 
disease (41). In patients with Graves’ disease, 
iodine uptake of the thyroid gland increases 
and urinary iodine excretion decreases. On the 
contrary, in patients with painless thyroiditis, 
iodine uptake of the thyroid decreases and 
urinary iodine excretion increases as a result 
of thyroid gland destruction. A 100 × TRAb/
total urinary iodine ratio of over 3:0 supports a 
diagnosis for Graves’ disease (42).

2. Severity
Poor remission rates are reported in Graves’ 

disease patients with high levels of FT4 and FT3, 
with large goiter, with T3 pre-dominance, or with 
childhood onset (1, 2, 43).

The “Guidelines for the Treatment of Graves’ 
Disease, 2011” suggest that the starting dose of 
antithyroid drug be modified according to the 
severity of the disease (10). According to the ATA 
guidelines, severe Graves’ disease is defined as 
a FT4 level 2–3 times greater than the upper 
limit of the reference value (19). According to a 
retrospective study of pediatric Graves’ disease 
in Japan, in which MMI was used as the initial 
treatment, the mean pre-treatment FT4 level of 
patients initially treated with a high dose of MMI 
was 6.1 ± 2.0 ng/dL. On the other hand, the pre-
treatment FT4 level of patients initially treated 
with a low dose of MMI was 4.6 ± 2.6 ng/dL (21). 
It is recommended that the pre-treatment FT4 
level be used as a reference guide for assessing 
the severity of the disease and predicting the 
therapeutic effect.

Graves’ disease is directly induced by 
TRAb, and the TRAb level is therefore useful 
as a diagnostic or control index. However, the 
disease prognosis cannot be predicted from the 
pre-treatment TRAb value (10, 44).

A previous report indicated that the MMI 
requirement at 1 year after starting treatment 
is greater if the maximum blood flow rate in 
the inferior thyroid artery exceeds 100 cm/
sec at disease onset; ultrasonic measurement 
of the maximum blood flow rate might predict 
responsiveness to an antithyroid drug (45).

3. Initial Treatment of Graves’ Disease

Recommendation
3-1. If a patient with Graves’ disease does not have 

a history of treatment, explain the various 
treatment options, including antithyroid 
drug therapy, surgical treatment, and 
radioiodine therapy (131I therapy) before 
initiating treatment. Thoroughly explain the 
benefits and drawbacks of each treatment 
option, as well as the indications and 

April 2017

Table 3. Reference levels of FT3, FT4, and TSH 
by age (ECLIA method)

Age group FT3  
(pg/mL)

FT4  
(ng/dL)

TSH  
(μU/mL)

4–6 yr 2.91–4.70 1.12–1.67 0.62–4.90
7–8 yr 3.10–5.10 1.07–1.61 0.53–5.16
9–10 yr 3.10–4.87 0.96–1.60 0.67–4.52
11–12 yr 2.78–4.90 1.02–1.52 0.62–3.36
13–14 yr 2.77–4.59 0.96–1.52 0.54–2.78
15 yr 2.50–4.64 0.85–1.53 0.32–3.00
Adult 2.20–4.30 0.80–1.60 0.20–4.50

Iwaku K. Endocr J 2013; 60: 799-804 (38).
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contraindications, and obtain consent from 
the patient and their family before selecting 
a treatment method. 1 (Consensus)

3-2. The benefits of antithyroid drugs include 
no risk of radioactive iodine exposure, no 
bothersome hospitalization, and no surgical 
procedure. The drawbacks include a lower 
remission rate in children compared to 
adults, treatment-related suffering, longer 
duration of the treatment, and higher 
frequency of adverse drug reactions. 1 
(Consensus)

3-3. Surgical treatment is more reliable and 
associated with a shorter treatment 
duration. However, surgery requires 
invasive procedures, and thyroid hormone 
replacement therapy will be required after 
the surgery. To avoid recurrence, total or near 
total thyroidectomy to reduce the remaining 
thyroid tissue should be performed. Either 
surgery must be performed by a skillful 
thyroid surgeon. 1 (Consensus)

3-4. 131I therapy is a safe and reliable treatment. 
However, this treatment is associated 
with a high risk of future hypothyroidism 
development. In Japan, 131I therapy is 
subject to “careful administration” for 
children 18 yr or younger because of the risk 
of thyroid cancer development or gonadal 
damage consequent to radiation exposure. 
1 (Consensus)

3-5. For children, antithyroid drug therapy is the 
primary treatment option. 1 (Consensus)

Explanation
Multiple treatment options are available 

for Graves’ disease, including antithyroid drug 
therapy, surgical treatment, and 131I therapy (46, 
47). Drug therapy is available on an outpatient 
basis, and can be used by most patients with 
Graves’ disease. In Japan, approximately 90% of 
patients without a treatment history are initially 
treated with antithyroid drugs. Similarly, long-
term antithyroid drug treatment tends to be 
used in Europe (approximately 80%), Asia and 

Oceania, and South America (48). Previously, 
more than 70% of patients without a treatment 
history in the US received 131I therapy. However, 
in recent years, 40% of patients without a 
treatment history are initially treated with 
antithyroid drugs; thus, the use of 131I therapy 
is decreasing (48, 49).

The indications for surgical treatment for 
Graves’ disease are limited to patients who 
wish to achieve remission sooner, have large 
goiters, have complicating thyroid cancer, do 
not wish to receive treatment with antithyroid 
drugs, or cannot use antithyroid drugs (1, 2, 
10, 19). If a patient exhibits severe symptoms 
of thyrotoxicosis, antithyroid drugs should be 
used initially to normalize thyroid gland function 
before undergoing surgical treatment.

As a general rule, in Japan, 131I therapy is 
subject to “careful administration” for children 18 
yr or younger. However, there is no evidence to 
support this designation. 131I therapy is only used 
for patients who do not wish to take antithyroid 
drugs or receive surgical treatment or who cannot 
choose other treatment options (10). However, 
the ATA guidelines suggest that 131I therapy be 
considered at an early stage for pediatric patients 
5 yr or older with severe Graves’ disease who 
do not achieve remission via drug therapies or 
fail to achieve remission with drug therapies 
after 1 or 2 yr (19). If the patient exhibits severe 
symptoms of thyrotoxicosis, antithyroid drug 
therapy should be combined with a β-blocker to 
improve the systemic condition and ensure that 
131I therapy can be performed safely.

For the above reasons, antithyroid drug 
therapy is the primary treatment option for 
pediatric patients (8, 10, 50–52).

4. Drug Therapies for Graves’ Disease

Recommendation
4-1. As a general rule, use an antithyroid drug 

therapy for Graves’ disease. 1 (Consensus)
4-2. Two antithyroid drugs are available: 

Thiamazole [MMI, proprietary name: 
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Mercazole Tablet 5 mg, Thiamazole Tablet 5 
mg] and Propylthiouracil [PTU, proprietary 
name: Thiuragyl Tablet 50 mg, Propacil 
Tablet 50 mg]. Use MMI as the first-line 
therapy. If using PTU for pediatric Graves’ 
disease, thoroughly explain that the patient 
may develop severe hepatic dysfunction as 
an adverse effect and administer the drug 
cautiously upon obtaining consent. 1 (●●○)

4-3. The starting dose of MMI should be 0.2–0.5 
mg/kg/d once daily (QD) or twice daily (BID); 
the starting dose of PTU should be 2–7.5 mg/
kg/d three times daily (TID). When a dose 
for a pediatric patient (calculated based on 
his/her body weight) exceeds the dose for 
adults, use the adult dose as a general rule 
(15 mg/d for MMI, 300 mg/d for PTU). For 
severe cases, use twice the amount of the 
maximum dose. 1 (●●○)

4-4. For a patient with severe symptoms of 
thyrotoxicosis, use a β-blocker concurrently. 
2 (Consensus)

4-5. After initiating treatment, monitor adverse 
drug reactions every 2–3 wk for at least 
2–3 mo. Perform blood and urine tests in 
addition to the thyroid function test. 1 (●●○)

Explanation
1. Choosing an antithyroid drug

Two types of antithyroid drugs, 
propylthiouracil (PTU) and thiamazole, are 
available. Thiamazole comprises 2 subtypes of 
drugs, MMI and carbimazole (CBZ). Methimazole 
is mainly used in Japan and the US, and CBZ 
is used in Europe. Carbimazole is promptly and 
completely metabolized to MMI in the liver. 
However, because the side chain is detached, 
10 mg of CBZ is equivalent to 6 mg of MMI. 
Both PTU and MMI inhibit thyroid peroxidase 
and suppress iodination of tyrosyl residues on 
TG (inhibition of organification). In addition, 
PTU and MMI inhibit TG synthesis, coupling 
two iodotyrosines to form T3 or T4, and the 
secretion of thyroid hormone (53). PTU inhibits 
a Type-I deiodination enzyme in the liver and 

peripheral tissues and suppresses the conversion 
from T4 to T3. Therefore, PTU is considered for 
patients with thyroid storm. However, the clinical 
response is unsatisfactory unless a large quantity 
(approximately 1,000 mg of PTU) is used (54). 
The reported potency of MMI is 10- to 100-fold 
greater than that of PTU (55). The serum half-life 
of MMI is between 6 and 8 h, whereas that of PTU 
is 0.5 h. Therefore, MMI can be administered only 
once daily, whereas PTU must be administered 
3 times daily (56). MMI and PTU do not differ 
with respect to placental transportability. 
MMI exhibits low protein-binding activity 
and a milk/plasma (m/p) concentration ratio of 
approximately 1. In contrast, PTU exhibits high 
serum protein-binding activity, and a relatively 
small amount of PTU is excreted into milk (m/p 
ratio: approximately 0.1) (10).

Compared with PTU, MMI is preferred 
in Japan and Europe because of its once-daily 
dosing regimen. Such a regimen allows more 
rapid normalization of thyroid function with MMI 
than with PTU (57). In addition, MMI causes 
fewer adverse drug reactions. Accordingly, MMI 
is preferred in those areas (Japan: approximately 
85% of cases, Europe: approximately 95% of 
cases) (7, 49). However, in the US, PTU was 
initially less expensive than MMI and was used 
predominantly in the 1980s (approximately: 85% 
of cases) (49). In the late 1990s, the first generic 
MMI formulations were released and use of MMI 
has increased (58).

In comparison with MMI, PTU is associated 
with a higher incidence of serious adverse drug 
reactions (59–62). In particular, many cases of 
severe hepatopathy, liver failure (11–18), and 
antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitis syndrome (63–66) have 
been reported in children. In the US, many cases 
of serious PTU-associated hepatic dysfunction 
have been reported in children younger than 17 
years. Regarding MMI, an association between 
use in early pregnancy and teratogenicity (i.e., 
MMI embryopathy) has been suggested (53, 67, 
68). Based on these findings, the ATA guidelines 
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principally suggest use of MMI for antithyroid 
drug therapy, whereas use of PTU is limited 
to the following exceptions: (1) during the first 
trimester of pregnancy, (2) patients with thyroid 
storm, and (3) patients with minor reactions to 
MMI who refuse 131I therapy or surgery (10, 19). 
In Japan, the incidence of PTU-associated severe 
hepatopathy is extremely rare in children with 
Graves’ disease. However, given the reported 
situation in the US, these guidelines suggest that 
physicians provide a sufficient explanation to 
patients and families and obtain consent before 
administering PTU.

A retrospective study of children who 
developed Graves’ disease at 15 yr or younger 
was conducted to evaluate the interval from 
treatment initiation to normalization of thyroid 
function, and the frequency of adverse drug 
reactions relative to the type and dosage of the 
initial medication. In this study, 133 children 
with Graves’ disease who had been monitored 
for more than 1 yr after the start of antithyroid 
drug therapy were divided into 4 groups: MMI 
Low-Dose Group (low MMI group: initial dose 
< 0.75 mg/kg, n = 34), MMI High-Dose Group 
(high MMI group: MMI ≥ 0.75 mg/kg, n = 30), 
PTU Low-Dose Group (low PTU group: PTU < 
7.5 mg/kg, n = 24), and PTU High-Dose Group 
(high PTU group: PTU ≥ 7.5 mg/kg, n = 45). 
The mean intervals to normalization of thyroid 
function were 1.9 mo in the low MMI group, 1.4 
mo in the high MMI group, 3.1 mo in the low 
PTU group, and 1.7 mo in the high PTU group. 
The low PTU group had a significantly longer 
treatment to normalization interval. However, a 
between-group comparison showed no significant 
relationships between the pre-treatment FT4 
level and the interval to normalization of thyroid 
function (20).

2. Starting doses and dosage regimens of 
antithyroid drugs

Since the recent designation of a reduction 
in adverse drug reactions as the highest priority, 
doses of antithyroid drugs have tended to 

decrease. As a textbook example, the stated 
starting doses are 0.25–1.0 mg/kg/d for MMI (2, 
4) and 2–6 mg/kg/d for PTU (5). This amount is 
equivalent to 5–15 mg/d of MMI in adults.

The “Guidelines for the Treatment of Graves’ 
disease in Japan, 2011” suggest starting doses of 
MMI of 15 mg/d for mild and moderate cases and 
30 mg/d for severe cases. The suggested starting 
dose of PTU is 300 mg/d.

According to the ATA guidelines (19), the 
suggested starting dose of MMI is 0.2–0.5 mg/
kg/d, and MMI should be used within a range of 
0.1–1.0 mg/kg/d (27, 44, 50, 69–72). Specifically, 
the suggested doses are 1.25 mg/d for infants, 
2.5–5.0 mg/d for children aged 1–5 yr, 5–10 mg/d 
for children aged 5–10 yr, and 10–20 mg/d (i.e., 
the adult dose) for children and adolescents 
aged 10–18 yr. For severe cases, the dose can 
be increased to as high as twice the above-listed 
amounts. According to the guidelines used in 
Brazil (73), the suggested dose of MMI is 0.2–0.5 
mg/kg/d, and MMI should be used within a range 
of 0.1–1.0 mg/kg/d. The upper limits are 30 mg/d 
for MMI. The suggested dose of PTU is 4.7–8.6 
mg/kg/d. In a review article by Kaguelidou (74), 
the initial starting dose of MMI was 0.5–1.0 mg/
kg/d with a maximum of 30 mg/d, whereas that 
of PTU was 5–10 mg/kg/d with a maximum of 
300 mg/d. A retrospective study reported MMI 
starting doses of 0.7 mg/kg/d for children younger 
than 7 yr and 0.5 mg/kg/d for children older than 
7 yr. In this study, an average of approximately 
6 mo was required for patients younger than 7 yr 
to achieve normalization of thyroid function (75). 
In another study, low-dose MMI treatment was 
found to be successful for mild cases; however, 
for severe cases, dose increases only led to 
an increase in the incidence of adverse drug 
reactions, and the efficacy did not differ from 
that of low-dose treatment for mild cases. Based 
on these results, this study suggested a standard 
MMI dose of 0.5 mg/kg/d. This amount could 
be adjusted depending on disease severity. In 
particular, the suggested doses are 2.5–10 mg/d 
for children younger than 4 yr, 10–20 mg/d for 
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children between 4–10 yr of age, and 15–30 mg/d 
for children 10 yr or older (Fig. 1) (21).

Specialists have expressed differing 
opinions on whether to increase the doses for 
childhood-onset cases according to disease 
severity. Thyroidologists (internal medicine 
physicians) tend to use lower doses than do 
pediatric endocrinologists (pediatricians) (7). For 
adults, the highest priority is placed on reducing 
the incidence of adverse drug reactions, and 
physicians thus tend to initiate treatment with 
smaller doses of MMI than those used previously 
(19). In addition, the concurrent use of inorganic 
iodine is thought to reduce the required dose of 
MMI.

A young age, large goiter, elevated pre-
treatment FT4 level, and persistently high TRAb 
level at the initial visit have been reported as 

predictors of poor prognosis (i.e., decreased 
remission rate) (76–79). Using these findings 
as a reference and considering the impact of 
increased thyroid function on a patient’s growth, 
an initial dose of 1 mg/kg/d of MMI is considered 
reasonable for thyroid function normalization in 
severe cases with symptoms of heart failure. For 
mild and moderate cases, and particularly for 
older children, a starting dose of approximately 
0.5 mg/kg/d of MMI is suggested. If the FT4 level 
does not decrease as expected with an initial 
low-dose treatment, the dose can be increased.

Pediatric doses calculated based on body 
weight may occasionally exceed the recommended 
doses for adults. However, the use of a larger dose 
of MMI will only increase the incidence of adverse 
drug reactions; it will not affect the effectiveness 
of the therapy. Therefore, these guidelines 
suggest that the recommended pediatric dose 
must not exceed the adult dose. If symptoms 
cannot be controlled with the recommended 
dose of the antithyroid drug, the patient must 
be referred to a pediatric endocrinologist or 
thyroidologist.

Most adverse reactions to antithyroid drugs 
tend to emerge within 3 mo after treatment 
initiation (59–61). As a general rule, the patient 
should be monitored for adverse reactions every 
2–3 wk for at least the first 3 mo. In particular, 
monitoring should be performed every 2 wk 
during the first 2 mo. Adverse drug reactions 
may occur even during maintenance therapy; 
therefore, the patient must be monitored 
at prescribed intervals. For monitoring, the 
complete blood count, differential white blood 
count, and levels of aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), gamma-
glutamyl transpeptidase (γ-GTP), and total 
bilirubin (T-Bil) should be checked. (80–82). 
The frequency of adverse reactions to MMI is 
associated with the delivered dose (21, 62, 83–85).

3. Combination therapy
Thyroid hormone affects the actions of 

catecholamines, thus causing the typical 
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Fig. 1. Initial Methimazole (MMI) dose by age. The 
curve shows the doses per weight calculated 
from the average weights of Japanese female 
children. Low-dose group (Group A): Doses 
by age recommended in the US guidelines. 
High-dose group (Group B): Doses higher 
than but less than 2-fold that of Group A 
and lower than 30 mg/d (recommended for 
severe cases in the Japanese Guidelines for 
adults). Super high-dose group (Group C): 
Doses higher than that of Group B (Sato H. 
J Pediatr Endcr Met 2012; 25: 863-7) (21).
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symptoms of thyrotoxicosis, which include 
tachycardia, excess sweating, and restlessness. 
Concomitant use of β-blockers is useful for 
patients with severe symptoms of thyrotoxicosis. 
The ATA guidelines strongly suggest concomitant 
use of a β-blocker if pulse rate exceeds 100/
min (19). The following β-blockers should be 
administered orally: propranolol, 0.5–2.0 mg/
kg/d TID; atenolol, 1–2 mg/kg/d QD; metoprolol, 
1.0–2.0 mg/kg/d TID; nadolol; or esmolol. These 
β-blockers can be used carefully by patients with 
bronchial asthma (86). In Japan, however, the use 
of β1-nonselective β-blockers (e.g., propranolol, 
nadolol) is contraindicated in patients with 
bronchial asthma.

4. Other drug therapies and combination 
therapies

Inorganic iodine can be used by patients who 
are unable to use antithyroid drugs. For infants 
or schoolchildren, the recommended starting 
doses are 10–20 mg /d QD of potassium iodide 
solution (adjusted dose of iodine: 12.5 mg/mL) or 
3–4 drops/d of Lugol’s solution (1 drop of Lugol’s 
solution = 6.3 mg iodine). For junior high school 
students, 1–2 potassium iodide pills (inorganic 
iodine: 38.2 mg/pill) should be taken per day. A 
patient who intends to use potassium iodide must 
be referred to a thyroidologist as soon as possible.

A large amount of inorganic iodine will 
inhibit organification of iodine and suppress 
the release of thyroid hormone, thus promptly 
controlling the thyroid function (Wolff–Chaikoff 
effect). Inorganic iodine therapy should be used 
to control thyroid function in the case of thyroid 
storm, as pre-operative Graves’ disease care, as 
pre- and post-131I therapy, or in a patient who has 
developed an adverse reaction and cannot use 
any antithyroid drugs (87). In such cases, careful 
consideration must be given to the potential for 
escape phenomenon, or a rapid exacerbation of 
thyrotoxicosis after treatment discontinuation. 
A study of adult patients with relatively small 
goiters, FT4 levels ≤ 2.5 ng/dL, and relatively low 
TRAb levels, showed that approximately two-

thirds of patients treated with inorganic iodine 
monotherapy did not develop escape phenomenon 
and maintained normal thyroid function for a 
long period; furthermore, approximately 60% 
of these patients achieved remission after an 
average of 7.4 yr of treatment (88, 89). In adults 
with Graves’ disease, combined treatment with 
MMI and inorganic iodine was used to reduce 
the MMI dose (83, 90, 91). In these studies, this 
combination therapy reduced blood flow in the 
thyroid gland and bleeding during surgery; 
however, exacerbated thyroid gland enlargement 
was also reported. Only a few reports have 
discussed the use of combination therapy in 
pediatric patients; therefore, this therapy should 
be administered to children with caution (87).

For patients with thyroid function that is 
sensitive to changes in MMI dose and experience 
exacerbation of the condition, block and 
replace therapy is sometimes used to stabilize 
thyroid function. This therapy uses a sufficient 
amount of MMI (15 mg/d) to control thyroid 
function, combined with a minimum amount of 
L-thyroxine (LT4) to maintain normal thyroid 
function. Another type of block and replace 
therapy uses large fixed amounts of MMI and 
LT4. This therapy uses the immunosuppressive 
action of MMI to improve the remission rate. 
However, evidence that this type of long-term 
combination therapy improves the remission rate 
is not convincing, and this regimen was reported 
to significantly increase the incidence of adverse 
reactions. Therefore, the use of this therapy is 
not recommended (92–96).

Other drug therapies include lithium 
carbonate, perchlorate, corticosteroid, 
cholestyramine, or immunoregulation therapy 
(rituximab).

Lithium carbonate is taken up by the thyroid 
gland via active transport by the sodium/iodide 
symporter (NIS). This agent suppresses the 
synthesis and secretion of thyroid hormone, but 
causes escape phenomenon. Lithium carbonate is 
less effective than MMI and has been associated 
with many reported cases of adverse drug 
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reactions. This therapy is not covered by public 
health insurance.

Similarly, perchlorate (Perchloracap®) is 
also taken up by the thyroid gland via NIS-
mediated active transport. This drug releases 
iodine in the thyroid gland and inhibits the NIS, 
thus suppressing thyroid hormone synthesis. 
Perchlorate is used to diagnose the type of 
congenital hypothyroidism. However, this agent 
has not been approved by the Ministry of Health, 
Labor and Welfare. Adverse effects of perchlorate 
treatment, such as fever, rash, enlarged lymph 
nodes, renal disorders, agranulocytosis, and 
critical aplastic anemia, have been reported. 
Currently, perchlorate is not commonly used 
for long-term treatment of Graves’ disease.

When used in large doses, corticosteroid 
can suppress T4 secretion from the thyroid 
gland or conversion of T4 to T3 in peripheral 
tissues. However, to avoid serious side effects 
related to long-term use, corticosteroid use 
should be limited to treatment of thyroid storm, 
Graves’ ophthalmopathy, or localized pretibial 
myxedema, or for pre-thyroidectomy control in 
patients with severe Graves’ disease.

Cholestyramine, an anion exchange resin, 
binds both T4 and T3 and inhibits enterohepatic 
circulation. Cholestyramine may rapidly reduce 
the T3 and T4 levels when used concurrently 
with MMI for thyrotoxicosis (97). However, this 
treatment is not covered by health insurance.

Rituximab is an anti-CD20 monoclonal 
antibody, that specifically targets CD20-positive 
B lymphocytes via antibody-dependent cellular 
cytotoxicity, complement-dependent cytotoxicity, 
and apoptosis induction. Rituximab has been 
reported to be effective for non-Hodgkin’s 
lymphoma, granulomatosis with polyangiitis, 
rheumatoid arthritis, systemic lupus 
erythematosus, pediatric refractory nephrotic 
syndrome, idiopathic thrombocytopenic purpura, 
and type 1 diabetes mellitus. The ability of 
rituximab to reduce TRAb levels has been 
evaluated (98).

5. Method for Reducing Antithyroid Drug 
Doses, Maintenance Therapy,  

and Duration of Treatment

Recommendation
5-1. Once serum FT4 and FT3 levels have 

normalized, start reducing the antithyroid 
drug dose. 1 (Consensus)

5-2. Usually, the thyroid function will stabilize 
2–3 mo after starting the medication; the 
standard maintenance dose ranges from 5 
mg/every other day to 5 mg/d. 1 (●○○)

5-3. At least once every 3–4 mo, perform a 
thyroid function test and general blood 
test. While using PTU, urinalysis and 
annual myeloperoxidase-antineutrophil 
cytoplasmic antibody (MPO-ANCA) 
measurement are necessary to avoid 
overlooking signs of MPO-ANCA-associated 
vasculitis syndrome. 1 (●●○)

5-4. To achieve functional stabilization, small 
amounts of MMI and LT4 may be combined. 
2 (Consensus)

5-5. For at least 18–24 mo, continue antithyroid 
drug therapy to maintain remission. 2 (●○○)

5-6. Long-term continuous antithyroid drug 
treatment (5–10 yr) may lead to remission. 
1 (●●○)

Explanation
1. Management during treatment

Graves’ disease may induce abnormalities 
in the hematopoietic system, immune system 
(79), or hepatic function (80, 81).

Most adverse reactions to antithyroid 
drugs tend to emerge within 3 mo of starting 
the medication. As a general rule, monitor the 
patient every 2–3 wk, at least during the first 
3 mo, and check for any adverse reactions. In 
particular, monitoring should be performed 
every 2 wk in the first 2 mo. The risk of adverse 
reactions to antithyroid drugs is not negligible. 
The frequency of adverse reactions to MMI is 
dose-dependent (21, 62, 83–85). Because PTU 
and MMI may cross-react, adverse reactions 
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may occur even with a change in the drug 
regimen (53). Adverse drug reactions tend to 
occur at the beginning of treatment, but may also 
occur during maintenance therapy. Therefore, 
the patient must be monitored at prescribed 
intervals. Regarding monitoring, tests should 
include a complete blood count, differential white 
blood count, analyses of AST, ALT, γ-GTP, T-Bil, 
and creatine kinase (CK), and urinalysis.

2. Method for reducing antithyroid drug doses 
and maintenance therapy

Usually, thyroid function will stabilize 2–3 
mo after starting treatment. Normalization of 
the FT3 level will occur after normalization of 
the FT4 level. Normalization of the TSH level 
will occur at a later time point. After the serum 
FT4 and FT3 levels are completely normalized, 
reduce the medication dose while monitoring 
the FT4 level. Once the TSH level becomes 
measurable, gradually reduce the antithyroid 
drug dose while maintaining the TSH level 
within the normal range (titration method). The 
usual maintenance dose of MMI ranges from 5 
mg/every other day to 5 mg/d; the maintenance 
dose of PTU is 50 mg/d. Monitor the patient every 
3–4 mo to confirm normal thyroid function. In 
the ATA guidelines, the maintenance dose of 
MMI is 5–10 mg/d and 100–150 mg/d for PTU. 
In the Brazilian guidelines, the maintenance 
dose of MMI is 5–10 mg/d and 50–100 mg/d for 
PTU. The maintenance dose for children should 
be approximately a quarter of the starting dose.

Although the usual maintenance dose of 
MMI ranges from approximately 5 mg/every 
other day to 10 mg/d, this may vary among 
individual patients. Testing to confirm normal 
thyroid function should be performed every 3–4 
mo. Sometimes, treatment may be combined with 
LT4 to achieve functional stabilization of the 
thyroid gland.

If more than 6 mo have passed since 
treatment initiation and the thyroid function 
has not improved, or if a previously achieved 
therapeutic effect has weakened, consider drug 

discontinuation. TSH-stimulation blocking 
antibodies may cause sudden elevations of TRAb 
and TSH levels.

3. Duration of treatment
Before starting treatment, it is important to 

explain to the patient how long he/she will need 
to take the drug and obtain their commitment to 
continued treatment. Generally, as children are 
not aware of their disease, they tend to exhibit 
poorer medication adherence. Specifically, they 
tend to stop taking the drug once the subjective 
symptoms disappear. A positive TRAb result can 
be used as an indicator of the duration of treatment 
(99). A previous report suggested that in children, 
the TRAb level does not decrease during the course 
of treatment to the same extent as in adults (72). 
Some cases will require an extended duration 
of treatment before a negative TRAb result is 
achieved. Patients with Graves’ disease require 
long-term medication treatment. Accordingly, to 
support continued medication adherence, patients 
need to understand their illness and have a sense 
of participation in their treatment. Additionally, 
patients need social support.

There is no established method for accurately 
determining remission in Graves’ disease; 
accordingly, there is no specific standard for 
treatment discontinuation. However, previous 
reports indicate that a longer duration of 
minimum dose treatment is associated with a 
higher remission rate (10, 71, 100, 101). Regarding 
the duration of antithyroid drug treatment, in 
“Endocrinology: Adult and Pediatric” by Jameson 
and De Groot (1), it is stated that children tend to 
exhibit poor medication compliance and require 
a longer treatment duration. If remission is 
not achieved after 3–4 yr of antithyroid drug 
treatment, another treatment method should 
be selected once the patient reaches 18–20 yr of 
age. In the ATA guidelines (19), the suggested 
duration of antithyroid drug treatment is 12–18 
mo. The medication dose should be decreased or 
discontinued if the TSH level is normal. In such 
cases, the results of TRAb measurements can be 
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used to make such judgments. If remission cannot 
be achieved after 12–18 mo, either 131I therapy or 
surgical treatment should be considered unless 
the patient wishes to continue antithyroid drug 
therapy (102, 103). In the Brazilian guidelines 
(44), the suggested duration of antithyroid 
drug therapy is 12–24 mo. In some studies, the 
remission rate did not improve after 18 mo of 
antithyroid drug therapy (43, 104). According 
to other studies, either 131I therapy or surgical 
treatment should be considered if remission 
cannot be achieved after 2 yr of antithyroid drug 
therapy and if a child requires at least 2–4 yr to 
achieve remission (73, 105, 106).

Approximately 50% of children with Graves’ 
disease in a multicenter prospective study in 
France achieved remission after 8–10 yr of long-
term treatment with CBZ. This remission rate 
is higher than those in previous reports, but this 
rate did not improve after continued treatment 
beyond 10 yr (107). In the aforementioned study 
of Japanese children who developed Graves’ 
disease at ages 15 yr or younger, the remission, 
non-remission, and therapy change rates of 
children who received treatment for more than 
10 yr were 50, 43, and 8%, respectively with PTU, 
and 35, 45, and 20%, respectively with MMI (20). 
Given the retrospective nature of the study, the 
data from cases treated with PTU were relatively 
old. Thus, drug therapy was continued for longer 
periods of time. In contrast, data for MMI were 
obtained from recent cases, and switching to 
other treatment methods appeared to occur 
at an earlier stage. After taking these factors 
into consideration, the non-remission rates 
achieved with MMI and PTU appear to be almost 
the same. This suggests that the continuous 
use of MMI might have led to remission. In 
another study of 1,138 children (age ≤ 18 yr) 
with Graves’ disease in Japan, the remission 
rate with antithyroid drug therapy was 46.2% 
after a median treatment period of 3.8 yr. As the 
remission rate usually improves for up to 5 yr 
after treatment initiation, this result suggests 
that the remission rate might be improved with 

long-term antithyroid drug therapy (23). Based 
on the above results, nearly half of all patients 
might achieve remission regardless of the type 
of antithyroid drug, as long as the drug is used 
for a long period of time. Because drug therapy 
must be continued for more than 10 yr in some 
cases, it is not always necessary to suggest other 
treatment methods even if remission cannot be 
achieved within 1 or 2 yr.

In particular, drug therapy may be continued 
if the patient is a junior or high-school student 
and is preparing for an entrance examination in 
order to maintain stability in his/her school life, 
even if thyroid function has stabilized. Significant 
changes in a child’s environment, such as starting 
a new school term or advancing to the next stage 
of schooling, may lead to recurrence if treatment 
is interrupted. Thus, the timing of treatment 
discontinuation requires careful consideration.

4. Lifestyle guidance for junior- or high-school 
students

For patients who are junior- or high-school 
students, it is important to provide guidance 
regarding school activities, including physical 
education (PE) classes and sporting activities. 
No clinical reports have discussed exercise 
guidance during treatment. However, patients 
should refrain from PE classes and sporting 
activities until thyroid function normalizes. After 
this normalization, no particular restrictions 
are needed except for participating in vigorous 
sporting activities. If normal thyroid function 
is maintained for an extended period of time, 
no restrictions are necessary, even for vigorous 
sporting activities.

In Japan, the traditional diet includes 
seaweed, and the intake of iodine from food is 
more common than in other countries. Because 
high amounts of iodide affect thyroid function, 
excess iodine intake has been reported to decrease 
the effects of antithyroid drugs in some countries 
with characteristically lower levels of iodine 
intake from food. However, in areas without iodine 
deficiency, iodine restrictions, during the initial 
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treatment of Graves’ disease did not improve the 
treatment outcomes (108). In addition, iodine 
intake was not found to affect recurrence (109). 
Therefore, in Japan, it is not necessary to restrict 
dietary iodine intake as a component of Graves’ 
disease management.

The JTA guidelines state that, “regardless 
of pre-treatment, during treatment, or during 
remission, patients with Graves’ disease 
should not smoke”. Smoking increases the 
risk of Graves’ disease, reduces the effects of 
antithyroid drugs, and increases the recurrence 
rate. Many adolescents begin smoking as junior 
or senior high-school students and this coincides 
with the age of disease onset. Therefore, it is 
strongly recommended both adolescents with 
Graves’ disease and their families refrain from 
smoking (8, 10).

6. Side Effects of Antithyroid Drugs

Recommendation
6-1. If minor adverse drug reactions (rash, mild 

hepatopathy, fever, arthralgia, myalgia, 
etc.) appear, continue treatment while 
monitoring; if symptoms do not improve, 
select a different drug. 2 (Consensus)

6-2. If serious adverse drug reactions 
(agranulocytosis, severe hepatopathy, MPO-
ANCA-associated vasculitis syndrome, 
etc.) appear, discontinue drug treatment 
immediately. Subsequently, administer 
an inorganic iodine preparation to prevent 
deterioration of thyroid function. Switch 
the treatment to surgical treatment or, if 
necessary, radioiodine therapy. 1 (●○○)

6-3. A relationship between the use of MMI 
during the first trimester of pregnancy 
and MMI embryopathy (scalp defect, the 
umbilical cord hernia, remnant of ductus 
omphaloentericus, tracheoesophageal 
fistula, esophageal atresia, choanal atresia, 
etc.) in newborns has been suggested. Use 
of MMI should be avoided during the first 
trimester of pregnancy. 1 (●●○)

Explanation
The risk of adverse reactions to antithyroid 

drugs is certainly not negligible. The frequency 
of adverse reactions to MMI is known to be dose-
dependent (60). Approximately 5–50% of MMI 
users experience minor adverse drug reactions 
such as rash or mild hepatic dysfunction 
(20, 23, 62); however, patients affected by 
these reactions tend to recover naturally. An 
antihistamine drug may be used concurrently in 
some cases. If the patient does not recover from 
these reactions, the other type of antithyroid 
drug should be used. Serious adverse drug 
reactions, including agranulocytosis, severe 
hepatopathy, polyarthritis, and MPO-ANCA-
associated vasculitis syndrome occur in 0.1–1.0% 
of antithyroid drug users (59). If a patient 
develops such a severe reaction, the antithyroid 
drug should be discontinued immediately and 
the patient should be referred to a specialist. 
Because PTU and MMI exhibit cross-reactivity, 
adverse reactions may occur even if the drugs are 
switched (53). In such cases, an inorganic iodine 
preparation should be administered rather than 
the other type of antithyroid drug, and non-drug 
treatment options should be selected.

In a study of Japanese children who 
developed Graves’ disease at age 15 yr or younger, 
the adverse reaction rates were 16.0% in the low 
MMI group, 29.2% in the high MMI group, 5.6% 
in the low PTU group, and 45.9% in the high PTU 
group; the difference between the low PTU and 
high PTU groups was significant (20).

In a study of Japanese children who developed 
Graves’ disease at age 18 yr or younger, the 
frequencies of adverse drug reactions were 21.4% 
among all MMI users and 18.8% among all PTU 
users. Most patients developed adverse reactions 
within 3 mo of initiation of drug therapy, and 
PTU users more frequently experienced late-onset 
adverse reactions compared with MMI users (23).

MPO-ANCA-associated vasculitis syndrome 
is a serious adverse drug reaction that tends to 
occur at or beyond 1 yr of treatment (63–66). 
Among PTU users, the MPO-ANCA positive 
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rate is higher in children (64%). In a study 
that included adult patients, PTU users were 
approximately 40 times more susceptible to 
MPO-ANCA-associated vasculitis syndrome 
compared to MMI users. However, there was no 
association between vasculitis severity and MPO-
ANCA antibody levels (59, 64). Approximately 
20% of MPO-ANCA-positive patients develop 
vasculitis. Patients who use PTU for extended 
periods of time should undergo an annual serum 
MPO-ANCA measurement and urinalysis should 
be performed for those with positive results. 
During the course of treatment, if the patient has 
fever, rash, arthralgia, myalgia, or common cold 
symptoms, MPO-ANCA-associated vasculitis 
should be suspected and the serum MPO-ANCA 
level should be measured. Urinalysis is necessary 
to avoid missing the signs of hematuria due to 
nephritis. A change in the drug regimen should 
be considered for patients with high MPO-
ANCA antibody levels. If the antibody level is 
low and the patient is asymptomatic, it should 
be explained that the MPO-ANCA test was 
positive and the patient is at risk of developing 
MPO-ANCA-associated vasculitis syndrome. 
After obtaining consent, PTU use can then be 
continued. High dose adrenal corticosteroid 
therapy, immunosuppressants, or hemodialysis 
should be used for MPO-ANCA-associated 
vasculitis syndrome, with the treatment choice 
depending on disease severity. The prognosis of 
PTU-induced MPO-ANCA-associated vasculitis 
is reported to be better than that of other primary 
ANCA-associated vasculitis syndromes (66).

Serious adverse drug reactions, such 
as agranulocytosis, severe hepatopathy, or 
polyarthritis, tend to appear within 3 mo after 
treatment initiation (59); however, these reactions 
may also occur several months later (110). If a 
patient develops such a reaction, discontinue 
use of the antithyroid drug immediately and 
switch to an inorganic iodine preparation 
including potassium iodide solution at 10–20 
mg/d (QD) or 1–2 potassium iodide pills per day 
(inorganic iodine = 38.2 mg/pill). Treatment with 

an inorganic iodine preparation may induce the 
development of escape phenomenon, which could 
exacerbate hyperthyroidism. In such cases, the 
patient should be referred immediately and 
at an early stage to a medical institution with 
specialists in surgical treatment or 131I therapy.

Agranulocytosis, which is dependent on the 
antithyroid drug dose, reportedly occurs in 0.35% 
of cases (85, 111, 112). Based on aggregated 
data from a study of Japanese children with 
agranulocytosis, the dose of MMI at the time of 
onset was 20–45 mg/d and the treatment period 
ranged from 15 to 1,344 d. Patients developed 
agranulocytosis after receiving more than 
20 mg/d of MMI, regardless of the treatment 
period (22). To treat agranulocytosis, granulocyte 
colony stimulating factor (G-CSF) should be 
administered according to the severity (113, 114).

A US study (115) reported that serious 
hepatopathy was more common in patients 
younger than 17 yr who were treated with PTU 
(23 of 76 patients with severe hepatopathy). In 
contrast, minor hepatopathy was more common 
in patients 61 yr or older who were treated with 
MMI (22 of 85 patients). Based on these results, 
use of PTU is not recommended for children in the 
US (11–18, 116). However, in Japan, aggregated 
data between 1995 and 2007 in patients aged 
15 yr or younger who had serious hepatopathy 
failed to indicate PTU-induced liver failure in the 
“Study on Intractable Hepatobiliary Diseases” by 
the Health and Labour Sciences Research Grant. 
Based on information for adverse reactions 
submitted by two Japanese pharmaceutical 
companies that handle antithyroid drugs, no 
cases of PTU-induced liver failure have been 
reported since 1999 (117). However, according 
to the retrieved data, two Japanese children 
developed serious hepatitis and one died (118, 
119). In comparison with the US, periodic hepatic 
function monitoring and earlier action may have 
led to a reduced number of patients with serious 
hepatitis (120). However, PTU should still be 
used for children with caution.

The use of MMI during the first trimester of 
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pregnancy has been suggested to be associated 
with MMI embryopathy (e.g., scalp defects, 
umbilical cord hernia, ductus omphaloentericus, 
tracheoesophageal fistula, esophageal atresia, 
and choanal atresia) in newborns (53, 68). All 
treatment guidelines suggest use of PTU, rather 
than MMI, during the first trimester of pregnancy.

7. Criteria for Antithyroid Drug 
Discontinuation

Recommendation
7-1. During continued drug therapy, if normal 

thyroid function is maintained with the 
maintenance dose of an antithyroid drug 
(approximately 5 mg of MMI/every other 
day to 5 mg/d), consider discontinuation of 
the drug. 2 (●○○)

7-2. If the goiter decreases in size and negative 
TRAb results are maintained, the patient 
may have achieved remission. 2 (●○○)

7-3. Continue using an antithyroid drug (1 
tablet every other day) for more than 6 mo. 
If thyroid function is normalized, it may 
be possible to discontinue drug therapy. 2 
(Consensus)

7-4. Drug therapy may be continued with 
consideration of the patient’s school life (e.g., 
preparation for entrance examinations). 2 
(Consensus)

7-5. Most recurrences occur within 1 yr of drug 
discontinuation. However, recurrences may 
also occur beyond 1 yr after discontinuation. 
Periodic check-up is required during 
remission. 1 (Consensus)

Explanation
There are no accurate predicting factors for 

the remission of Graves’ disease; therefore, there 
is currently no specific standard for treatment 
discontinuation. Patients with a younger age, 
larger goiters, higher serum T3/T4 ratios, 
severity of pre-treatment hyperthyroidism, and 
persistent positive TRAb results have a greater 
risk of recurrence (75–78, 121–127). In children, 

the reported remission rates vary (18–65%), but 
most studies suggest a rate of approximately 
30% (29, 100, 122, 128–130). However, higher 
remission rates have been associated with 
longer minimum dose treatment durations (4.3 
± 1.5 yr) (131). In most cases, antithyroid drug 
therapy can be continued for an extended period 
if remission cannot be achieved after 18–24 mo of 
treatment. Once remission is achieved, therapy 
discontinuation can be considered if normal 
thyroid function, including the TSH level, is 
maintained for more than 6 mo with a treatment 
regimen involving one antithyroid drug tablet 
every other day (8, 10, 132).

A negative TRAb result suggests the 
possibility of remission (133–136). According 
to the JTA guidelines, patients with negative 
TRAb results tend to have a significantly 
higher remission rate than those with positive 
results. However, even with negative results, 
approximately 30% of patients experienced a 
recurrence. In addition, approximately 30% of 
patients with positive results achieved remission. 
Therefore, accurate prediction of prognosis is 
very difficult (10).

The T3 suppression test was previously 
used to indicate the timing of antithyroid drug 
discontinuation (99). T3 (Thyronamin Tablet® 
5 μg, 25 μg) at 1.5 μg/kg/d (75 μg/d maximum) 
TID should be administered for 7 days while 
continuing antithyroid drug therapy. If using 
the thyroid radioactive iodine uptake (RAIU) 
as an indicator, the RAIU (24-h value) should 
be measured after administering T3. If the 
RAIU is 30% or lower, the T3 suppression test 
result is considered to be positive. If using the 
serum T4 level as an indicator, T4 levels should 
be measured before and after administration 
of T3. Next, the rate of decrease from before 
to after T3 administration is calculated; if the 
serum T4 level has decreased by more than 30%, 
the T3 suppression test result is considered to 
be positive. According to a study of pediatric 
Graves’ disease patients who were treated with 
PTU for more than 2 yr, the recurrence rate after 
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treatment discontinuation was 22.2% when the 
T3 suppression test was used as an indicator. 
In another study in adult patients with Graves’ 
disease who were treated with MMI for more 
than 2 yr, a T3 suppression test was performed 
and treatment was discontinued once 6 mo or 
more had passed since the normalization in TRAb 
levels. This study reported a recurrence rate of 
22.0% (136). More recently, the T3 suppression 
test has been used less frequently to determine 
the timing of drug therapy discontinuation (7).

8. Surgical Treatment for Graves’ Disease

Recommendation
8-1. Thyroidectomy is an effective treatment for 

Graves’ disease. 2 (●●●)
8-2. The following are surgical indications: 1) the 

patient’s condition is complicated by a thyroid 
cancer, 2) because of an adverse reaction, 
the patient cannot use any antithyroid drugs 
and does not wish to receive 131I therapy, 3) 
the patient has a large goiter and has not 
achieved remission with antithyroid drug 
treatment, 4) the patient’s antithyroid drug 
compliance is poor, and the thyroid function 
is not stable, and 5) the patient wishes to 
achieve complete remission and regain his/
her social life more quickly. 1 (Consensus)

8-3. Surgery must be performed by a skillful 
thyroid surgeon. 1 (●●○)

8-4. Total or near total thyroidectomy should be 
performed to reduce the remaining thyroid 
tissue as much as possible. 1 (●●○)

8-5. Children tend to have a higher recurrence 
rate and higher frequency of complications. 
1 (●○○)

8-6. The patient requires life-long thyroid 
hormone replacement therapy because 
of decreased thyroid gland function after 
thyroidectomy. 1 (●●○)

Explanation
1. Indications

Surgical treatment is effective for Graves’ 

disease. It is a quick and reliable method; however, 
the necessity of hospitalization, surgical scarring, 
and post-operative complications preclude its 
selection as a primary treatment option (8, 10). 
This method is used to treat patients who are 
not responsive to drug therapy, cannot continue 
drug therapy because of adverse reactions, cannot 
achieve remission after long-term drug therapy, 
wish to achieve remission more quickly, are 
complicated by thyroid cancer, have a large goiter, 
and/or exhibit poor medication adherence (8, 10). 
This treatment is indicated for children of age 5 
yr or younger who require complete remission. 
Most patients who select surgery tend to do so 
for personal reasons such as poor medication 
adherence.

2. Complications
Hemorrhage, hoarseness due to recurrent 

laryngeal nerve paralysis, and hypoparathyroidism 
are known complications of surgery. A larger 
goiter is associated with an increased amount of 
bleeding during surgery, and the risks of blood 
transfusion are increased in children. Because the 
recurrent laryngeal nerves are thinner in children 
than in adults, pediatric cases must be handled 
with caution. Post-operative hypoparathyroidism 
might be prolonged in children as a result of 
growth-related bone metabolism.

According to a Japanese study that compared 
the surgical outcomes of 3 age groups—(1) 
15 yr or younger (74 patients), (2) 16–20 yr 
(345 patients), and (3) 21 yr or older (1,478 
patients)—, the respective recurrence rates at 
5 yr after surgery in patients with less than 4 g 
of remaining thyroid tissue were 18, 10, and 8%, 
respectively. In Group (1), both recurrences and 
complications such as voice hoarseness occurred 
more frequently (137).

When surgery was performed by skillful 
thyroid surgeons, the incidence rates of 
permanent hypoparathyroidism and permanent 
recurrent laryngeal nerve paralysis were less 
than 2% and less than 1%, respectively (138–141).
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3. Operative procedures
Hyperthyroidism should be well controlled 

before surgery by MMI, an inorganic iodine 
preparation, or a β-blocker. Dexamethasone is also 
useful to improve uncontrolled hyperthyroidism 
rapidly.

Children with Graves’ disease exhibit high 
disease activity and have a higher recurrence 
rate. Therefore, total or near total thyroidectomy 
(i.e., < 3 g of remaining thyroid tissue) is 
recommended to reduce the remaining thyroid 
tissue as much as possible (142–144). In such 
cases, thyroid function will certainly decrease 
and thyroid hormone replacement therapy will 
be required (145, 146). According to the ATA 
guidelines (19), total or near total thyroidectomy 
is suggested for children younger than 5 yr, if 
a complete cure for hyperthyroidism is desired, 
or if the goiter is large (> 80 g). Other guidelines 
and reviews also suggest total or near total 
thyroidectomy in consideration of the risks of 
recurrence or bleeding during surgery.

The surgery must be performed by a skillful 
thyroid surgeon (147, 148).

9. 131I Therapy for Graves’ Disease

Recommendation
9-1. 131I therapy is a reliable, effective, and safe 

treatment for Graves’ disease. 2 (●●○)
9-2. 131I therapy should be performed thoughtfully 

in children 18 yr or younger. In addition, 
131I therapy is generally contraindicated in 
children 5 yr or younger. 1 (●○○)

9-3. A specialist with sufficient experience 
should perform the procedure. 1 (●○○)

9-4. Before performing 131I therapy, provide 
a sufficient explanation of the treatment 
and obtain consent from the patient. 1 
(Consensus)

9-5. Prior to 131I therapy, use an antithyroid drug 
or β-blocker to normalize thyroid function. 
1 (●○○)

9-6. To reduce thyroid function with a single 131I 
therapeutic procedure, a sufficient dose of 

131I should be given. 1 (●○○)
9-7. After 131I therapy, thyrotoxicosis may be 

temporally exacerbated. 2 (●○○)
9-8. Patients who receive 131I therapy are likely 

to develop hypothyroidism in the future. 1 
(●○○)

Explanation
1. Indications

131I therapy is a reliable, effective, and safe 
treatment for Graves’ disease (149, 150). 131I 
therapy had been generally contraindicated in 
patients 18 yr or younger. However, according 
to the “Guidelines for the Treatment of Graves’ 
Disease in Japan, 2011”, 131I therapy can be 
performed with caution. This change was made 
to provide physicians with more options in cases 
that cannot tolerate other treatments (10). 131I 
therapy should even be considered in children 
who do not respond at all to drug therapy, 
cannot receive drug therapy because of an 
adverse reaction, and/or refuse to have surgical 
treatment. The usefulness of 131I therapy for 
pediatric patients has also been reported in 
several articles published overseas (151–154).

The absolute indications for 131I therapy 
are patients who experienced serious adverse 
drug reactions during antithyroid drug therapy 
and do not wish to receive surgical treatment 
and patients who cannot use either of the 
antithyroid drugs and do not wish to receive 
surgical treatment (10). The relative indications 
are as follows: 1) patients who do not wish to 
use another treatment method, 2) those who 
can not achieve remission with an antithyroid 
drug and do not wish to continue drug therapy, 
3) those with recurrent Graves’ disease after 
surgery, 4) those who wish to receive a complete 
cure for hyperthyroidism, 5) those who wish to 
decrease the size of their goiter, and 6) those 
with a chronic disease, such as heart disease 
or diabetes mellitus, that lead to difficulties 
achieving control with drug therapy. The relative 
contraindication for 131I therapy is the presence 
of severe thyroid-associated ophthalmopathy.
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As a general rule, it should be ensured that 
the patient: 1) does not have complicating thyroid 
cancer, 2) is not pregnant or lactating and is not 
likely to become pregnant in the next 6 mo, 3) 
is 19 yr or older, and 4) does not have thyroid-
associated ophthalmopathy.

131I therapy can only be used in children 
if other treatment options are not possible. In 
such cases, the physician must fully explain 
the therapy, consult with the patient and 
their family, and decide whether to select this 
treatment method (155).

2. Practical guidelines
Restrict iodine intake more than 1 week prior 

to 131I therapy, and discontinue the antithyroid 
drug more than 3 days prior to 131I therapy. 
Measure the RAIU (156) to confirm that iodine is 
restricted. Methods have not yet been established 
to determine the dose of 131I required to normalize 
the thyroid function after this treatment.

The ATA guidelines (19) state that 131I 
therapy should be avoided in children younger 
than 5 yr of age. 131I therapy is acceptable in 
children aged 5–10 yr if less than 10 mCi of 131I 
is administered. In patients 10 yr or older, 131I 
therapy is acceptable if the dose exceeds 150 
μCi/g of thyroid tissue (157–160).

The Brazilian guidelines state that 131I 
therapy is acceptable in patients 10 yr or older 
if the dose exceeds 160 μCi/g of thyroid tissue. 
For patients with a smaller goiter, 131I therapy 
is useful at a 131I dose between 10 and 15 mCi. 
131I dose exceeding 150 μCi/g of thyroid tissue 
induced hypothyroidism in 95% of patients (73, 
161, 162).

Kaguelidou suggested that the 131I dose 
should be between 220 and 275 μCi/g of thyroid 
tissue (74).

Rivkees recommended 131I should be 
administered at a fixed activity dose of 15 mCi. If 
calculating the dose according to thyroid weight, 
the activity should exceed 150 μCi/g of thyroid 
tissue. If the thyroid weight is between 30 and 
80 g (163), the 131I dose should be as high as 200 

to 300 μCi/g of thyroid tissue (106, 164).
After 131I therapy, thyrotoxicosis may be 

temporarily exacerbated. If necessary, use an 
antithyroid drug, inorganic iodine preparation, 
or corticosteroids (165, 166).

The TRAb level will be elevated in the 
6-mo period after 131I therapy, which might 
significantly affect the state of hyperthyroidism 
(167). Thyroid function should be evaluated 
periodically and, if necessary, an antithyroid 
drug should be used. After 131I therapy, note 
that the patient may develop or experience 
exacerbated thyroid-associated ophthalmopathy.

The second 131I therapy should be considered 
for early achievement of normo- or hypo-thyroid 
function if antithyroid drug therapy cannot be 
discontinued after 1 yr.

After 131I therapy, it is difficult to maintain 
normal thyroid function for a long period, and 
hypothyroidism will eventually develop. Thyroid 
hormone replacement therapy will be required 
in most patients (168, 169).

3. Malignant tumors and teratogenic and genetic 
disorders

The relative risk of developing thyroid 
cancer following external irradiation of the head 
and neck was evaluated in children aged 5 yr or 
younger, 5–10 yr, and 10–15 yr; the calculated 
risks were 9.0, 5.4, and 1.8, respectively (149). 
However, overseas studies of 131I therapy showed 
no increase in the risk of malignant diseases, 
including thyroid cancer (151–154, 160, 170–180).

Excluding children younger than 10 yr who 
were administered more than 10 mCi of 131I and 
children 5 yr or younger, there is no evidence to 
suggest that 131I therapy increases the risk of 
malignant tumors, including thyroid cancer, or 
risk of teratogenic or genetic disorders (19, 73, 
74, 106, 181).

According to a nation-wide study in the UK, 
the number of children and adolescents aged 20 yr 
or younger, treated with 131I therapy, is increasing 
slightly. This increase has been attributed to the 
decreased hesitation surrounding the use of 131I 
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therapy, as well as the lowered indication age 
(from 18 to 11 yr) (182).

Japan is the only nation to suffer atomic 
bombings. In addition, Japan recently 
experienced an accident at the Tokyo Electric 
Power Company Fukushima Daiichi Nuclear 
Power Station after the Great East Japan 
Earthquake. Therefore, Japanese citizens are 
very sensitive about “radiation”. If 131I therapy 
must be used, it is important that a detailed 
explanation is provided by physicians, and that 
consent is obtained from patients. Subsequently, 
therapy should be performed by experienced 
specialists (183–185).

10. Thyroid Storm

Recommendation
10-1. Thyroid storm is a severe, life-threatening 

form of thyrotoxicosis. 1 (Consensus)
10-2. A patient with thyroid storm must be 

treated in an intensive care unit under 
whole-body management. The patient 
must promptly receive a large fluid 
infusion, body temperature management, 
large dose of an antithyroid drug, inorganic 
iodine preparation, β-blocker, and adrenal 
corticosteroid. If the patient’s clinical 
symptoms do not improve, plasmapheresis 
should be performed. 1 (Consensus)

Explanation
1. Definition, epidemiology, and diagnosis

Thyroid storm is an acute exacerbation 
of thyrotoxicosis. Thyrotoxicosis is caused by 
an untreated or poorly controlled underlying 
thyroid condition; when accompanied by a 
strong stressor, such as infection, trauma, or 
surgery, multiple organ dysfunction will occur 
consequent to a disturbance in the mechanism 
that compensates for excessive thyroid hormone 
action. This life-threatening clinical condition 
requires emergency treatment (186). Infection 
is the most common trigger of thyroid storm. In 
addition, a patient may develop thyroid storm 

after an emergency operation if the presence 
of Graves’ disease is overlooked. The reported 
frequency of thyroid storm among patients 
with thyrotoxicosis is 1.0% (187); additionally, 
1–2% of patients with thyrotoxicosis require 
hospitalization, and the fatality rate associated 
with this condition is 10–75% (188). A taskforce 
committee of the JTA and the Japan Endocrine 
Society for the “Establishment of Diagnostic 
Criteria and Nationwide Surveys for Thyroid 
Storm” conducted an epidemiological study in 
Japan in 2009, in which the estimated number of 
patients with thyroid storm was approximately 
150 per year, or 0.22% of all thyrotoxicosis 
patients. Thyroid storm is an extremely rare 
clinical condition with a fatality rate of 11.0% 
(186). The pathogenic mechanisms underlying 
thyroid storm are unknown, and the associated 
fatality rate is high (186–188). This disease 
requires emergency treatment.

Regarding thyroid storm in children, a 
previous study reported that this disease occurs 
in 0.1–3 per 100,000 children (189); however, 
there are not enough epidemiological data (187). 
In Japan, according to the retrieved data, only 
around 10 pediatric cases have been reported; 
however, the actual situation regarding thyroid 
storm remains unknown. Although most children 
undergo physical check-ups at school and visit 
pediatric clinics because of common colds, Graves’ 
disease may be overlooked in this population. 
Many of these children develop thyroid storm 
and finally receive treatment at emergency 
medical facilities. Thyroid diseases are rarely 
included in a differential diagnosis, particularly 
in pediatric emergency medical facilities. Many 
children who see physicians for central nervous 
system manifestations accompanied by fever are 
diagnosed with acute encephalopathy; thyroid 
storm may be overlooked (190).

The Thyroid Storm Scoring System can 
be used to diagnose thyroid storm according 
to symptoms and signs (191). The JTA also 
established and published diagnostic criteria 
for thyroid storm (186) (Table 4). A diagnosis 
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must be made based on these clinical symptoms 
and signs (189).

2. Treatment
A patient with thyroid storm must be 

treated in an intensive care unit. In addition to 
respiratory support, resuscitation, and whole-
body monitoring, the following treatment 
approach should be promptly undertaken: a large 
initial fluid infusion (10–20 mL/kg/h), cooling 
blankets, body temperature management with 
antipyretics (acetaminophen at 10 mg/kg/dose, 
maximum of 500 mg TID to QID), a large dose 
of an antithyroid drug (PTU at 15–30 mg/kg/d, 

adult dose of 800–1,200 mg/d TID to QID; MMI 
at 1.0–2.0 mg/kg/d, adult dose of 60–80 mg/d TID 
to QID), inorganic iodine preparation (125–250 
mg/d TID to QID, 3–6 potassium iodide pills 1 
h after administration of the antithyroid drug), 
β-blocker (initial intravenous administration 
of propranolol at 10 μg/kg), and adrenal 
corticosteroids (dexamethasone at 0.6 mg/kg/d; 
hydrocortisone at 15 mg/kg/d, TID) (19, 186–188). 
An antibacterial drug should be administered 
concurrently if thyroid storm has been triggered 
by an infection. If clinical symptoms do not 
improve, plasmapheresis should be performed. 
PTU, adrenal corticosteroids, inorganic iodine 
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Table 4. Criteria for the diagnosis of thyroid storm (2nd Edition) (Japan Thyroid Association)

[Definite Case]
a. Thyrotoxicosis and at least one central nervous system (CNS) manifestation and one of the following: fever, 

tachycardia, congestive heart failure (CHF), or gastrointestinal (GI)/hepatic manifestations.
b. Thyrotoxicosis and at least three of fever, tachycardia, CHF, or GI/hepatic manifestations.

[Suspected case]
a. Thyrotoxicosis and a combination of two of the following: fever or tachycardia or CHF or GI/hepatic 

manifestations.
b. Patients who meet the diagnostic criteria for “Definite Case” except that serum FT3 or FT4 values are 

not available, but in whom data before or after the episode suggest that they are thyrotoxic at the time of 
thyroid storm.

Definitions
Thyrotoxicosis: Elevated FT3 or FT4.
CNS manifestations: Restlessness, delirium, mental aberration/psychosis, somnolence/lethargy, convulsion, 
coma including a score of 1 or higher on the Japan Coma Scale (JCS), or 14 or lower on the Glasgow Coma 
Scale (GCS).
Fever: 38 degrees Celsius or higher.
Tachycardia:130 beats/min or higher (arrhythmias such as atrial fibrillation are evaluated by measuring 
the heart rate).
CHF: The patient presents with severe symptoms such as pulmonary edema, moist rales for more than half 
the lung field, or cardiogenic shock. The patient’s CHF is categorized as Class IV by the New York Heart 
Association classification or Class III or higher by the Killip classification.
GI/hepatic manifestations: The patient presents with nausea, vomiting, diarrhea, or a bilirubin of > 3 mg/dL.

Exclusions and Provisos
Cases are excluded if other underlying diseases are clearly causing any of the following symptoms: fever 
(e.g., pneumonia and malignant hyperthermia), impaired consciousness (e.g., psychiatric disorders and 
cerebrovascular disorders), heart failure (e.g., acute myocardial infarction), and liver disorders (e.g., viral 
hepatitis and acute liver failure). However, some of these disorders trigger thyroid storm. Therefore, it is 
difficult to determine whether the symptom is caused by thyroid storm or is simply a symptom of an underlying 
disease that is possibly triggered by thyroid storm; therefore, the symptom should be regarded as being due 
to a thyroid storm that is caused by these precipitating factors. Clinical judgment in this matter is required.
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preparations, and β-blockers suppress the T4 to 
T3 conversion. Usually, PTU is considered more 
effective than MMI for thyroid storm; however, 
there is no clear evidence to support this view. 
Inorganic iodine preparations must be used 1 
h after administration of the antithyroid drug.
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Appendix

1. Preparation Funds
The preparation of these guidelines was funded by 

the Japanese Society for Pediatric Endocrinology and 
the Japan Thyroid Association.

2. Preparation Process
2-1. Understanding the current situation

On April 27, 2013, at the 14th Committee Meeting 

of Pediatric Thyroid Diseases of the Japan Thyroid 
Association, a revision of the guidelines was suggested. 
On November 16, 2013, at the 15th Committee Meeting 
of Pediatric Thyroid Diseases, opinions were sought 
regarding clinical questions on the current guidelines. 
On December 14, 2013, a preparation committee 
meeting was held to draft these clinical questions. On 
April 26, 2014 and November 15, 2014, at the 16th 
and 17th Committee Meetings for Pediatric Thyroid 
Diseases, respectively, opinions were sought on a draft 
modification of the guidelines.

2-2. External evaluation
From January 1 to January 31, 2016, a draft of the 

Guideline was posted on the website to allow members 
of the Japanese Society for Pediatric Endocrinology, as 
well as the Japan Thyroid Association, to view the draft 
and to solicit their opinions.

Based on these opinions, a draft of the revision was 
created on March 10, 2016.

The prepared draft was reviewed by members of 
the Guidelines Committee of the Japanese Society for 
Pediatric Endocrinology (including external members) to 
evaluate its scientific integrity as medical guidelines, as 
well as the appropriateness of the contents. In response 
to suggestions from the Guideline Committee Members 
(dated on March 22, 2016), the draft was again modified. 
Prior to its release, the final version of the Guideline 
was approved on April 6, 2016 by the Executive 
Board Members of the Japanese Society for Pediatric 
Endocrinology, and on April 22, 2016 by the Executive 
Board Members of the Japan Thyroid Association.

2-3. Coordination with other related academic societies
Information on preparation-related tasks, progress, 

and an understanding of the guidelines was shared via 
close communication maintained with the Japan Thyroid 
Association during preparation committee meetings.

3. Revision Schedule
These guidelines are scheduled to be revised within 5 

years of their release. Preparation committee members 
who will engage in this revision will be appointed by the 
Executive Board Members of the Japanese Society for 
Pediatric Endocrinology, as well as the Japan Thyroid 
Association. In the occurrence of any situations that 
might have a significant impact on the contents of the 
guidelines, or if either the Executive Board Members of 
the Japanese Society for Pediatric Endocrinology or the 
Japan Thyroid Association consider that urgent changes 
are required, modifications to the guidelines can be made 
as “recommendations.”
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