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soon as possible during the neonatal period, carefully man-
aged and maintained over a period of 1–3 months and then 
stopped when TRAb is no longer detectable in serum. 

 © 2016 S. Karger AG, Basel 

 Introduction 

 Neonatal autoimmune hyperthyroidism (neonatal 
Graves’ disease [GD]) is a rare but serious disorder that is 
generally transient, occurring in only about 2% of the off-
spring of mothers with GD. Cardiac insufficiency and 
mortality, intrauterine growth retardation, prematurity, 
craniostenosis, microcephaly, and psychomotor disabili-
ties are the major risks in these infants, highlighting the 
importance of TRAb determination throughout preg-
nancy in women with GD and of the early diagnosis and 
treatment of fetal and neonatal hyperthyroidism. Anti-
thyroid drugs (ATDs) are the treatment of choice for hy-
perthyroidism during gestation and the neonatal period, 
but their use during the teratogenic period of early preg-
nancy may be associated with a higher risk of birth defects 
and fetal hypothyroidism. Management of the mother, 
the fetus, and the neonate requires an experienced multi-
disciplinary team including adult and pediatric endocri-
nologists, obstetricians, and fetal radiologists.

 Keywords 
 Hyperthyroidism · Graves’ disease · Fetus · Neonates 

 Abstract 
 Fetal and neonatal autoimmune hyperthyroidism is a rare, 
serious but transient disorder. Early diagnosis and treatment 
are key objectives for an optimal prognosis and the well-be-
ing of the child. This review focuses on the management of 
these patients during the fetal and neonatal periods. We pro-
pose a diagnostic algorithm for high-risk pregnancies in 
mothers with current or past hyperthyroidism related to 
Graves’ disease, involving repeated fetal thyroid gland as-
sessments from 20 weeks of gestation onwards and mater-
nal serum thyroid-stimulating hormone receptor antibody 
(TRAb) determination, with close monitoring if TRAb levels 
exceed 2 to 3 times the upper limit of the normal range. In 
fetuses with goiter, the main clinical issue is determining 
whether the cause is (1) maternal antithyroid drug (ATD) 
treatment that is appropriate for achieving normal maternal 
thyroid function but inappropriate and excessive for the fe-
tus, resulting in hypothyroidism and necessitating a de-
crease in the ATD dose during pregnancy, or (2) the presence 
of TRAbs resulting in fetal thyroid stimulation and hyperthy-
roidism, requiring an increase in the maternal ATD dose. Me-
thimazole/carbimazole treatment should be initiated as 
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  Pathogenesis 

 Autoimmune fetal and neonatal hyperthyroidism is 
commonly caused by the passage across the placenta of 
maternal stimulating antibodies directed against the thy-
roid-stimulating hormone (TSH) receptor antibodies 
(TRAbs). These antibodies stimulate the adenylate cy-
clase in fetal thyrocytes, leading to the hypersecretion of 
TH. The prevalence of hyperthyroidism in pregnancy is 
about 0.2%, with most cases due to GD. Graves’ thyro-
toxicosis generally improves in the second half of preg-
nancy due to decreases in the serum TRAb concentration 
but it then worsens after delivery  [1] . The preservation of 
normal fetal TH status, which is essential to ensure nor-
mal brain development, is a complex issue in cases of ma-
ternal gestational autoimmune GD. High levels of anti-
body transmission are associated with the occurrence of 

fetal thyrotoxicosis. Fetal hyperthyroidism may develop 
when fetal TSH receptors become physiologically respon-
sive to TSH and to TRAbs during the second half of ges-
tation at around week 20, mostly in women with high 
levels of TRAbs. It may also occur in children of mothers 
who were treated years earlier for GD but still have circu-
lating TRAbs. Thus, all pregnant women with GD and 
euthyroid pregnant women with a history of GD (and/or 
receiving long-term levothyroxine treatment after radio-
iodine or thyroidectomy related to GD) should undergo 
TRAb determinations at the beginning of pregnancy. If 
TRAbs are detected, the fetus should be considered at risk 
of developing thyrotoxicosis and monitored accordingly 
( Fig. 1 )  [1, 2] .

  Autoimmune fetal and neonatal hyperthyroidism 
must be distinguished from other, less frequent mecha-
nisms of non-autoimmune congenital hyperthyroidism 

Consider TSHR gene
mutation if a history

of maternal autoimmune
disease is absent (no
thyroid-stimulating
hormone receptor

antibodies)

Suspected fetal
hyperthyroidism

No risk of
fetal/neonatal

hyperthyroidism
in most cases Start maternal 

antithyroid drugs
in combination

with levothyroxine

Suspected fetal
hyperthyroidism

Increase
maternal

antithyroid
drug dose

Methimazole/carbimazole usually 10–15 mg or less daily
Propylthiouracil usually 100–150 mg or less daily

Suspected fetal
hyperthyroidism

Decrease maternal
antithyroid drug dose

Suspected fetal
hypothyroidism

TRAb negative

Titration of the antithyroid drug dose
(propylthiouracil) recommended

TRAb positive

Goiter of the fetus at any time during monitoring by thyroid
ultrasonography (starting at 20 weeks and every 4–6 weeks)

TRAb negative

Suspected fetal
hypothyroidism

Monitor thyroid function every 4–6 weeks and adjust the treatment dose if necessary to keep the monitor euthyroid.
Check compliance with treatment throughout pregnancy

TRAb determination early in pregnancy and during the 2nd half of gestation

Restrict the use of antithyroid
drugs in weeks 6–10 of pregnancy

Mother taking
antithyroid drugs
before pregnancy

Mother diagnosed
for the 1st time

during pregnancy

Mother treated years earlier for
hyperthyroidism and taking
levothyroxine after radio-
iodine or thyroidectomy

Increase the levothyroxine dose
at the start of pregnancy

TRAb positive

After birth, check infants at risk of hyperthyroidism. Review management postpartum.

  Fig. 1.  Management algorithm for at-risk pregnancies in mothers with current or past hyperthyroidism mostly due to Graves’ disease.  
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 [3] . Non-autoimmune neonatal hyperthyroidism due to 
an activating mutation of the TSH receptor gene or Mc-
Cune Albright syndrome (activating mutation of the  Gsα  
gene) is a very rare disease. Molecular abnormalities of 
the TSH receptor, leading to its constitutive activation, 
may be responsible for severe permanent congenital fetal 
and postnatal hyperthyroidism. Germline mutations are 
found in cases of hereditary autosomal dominant hyper-
thyroidism, and de novo mutations may cause sporadic 
congenital hyperthyroidism. The clinical course of these 
diseases requires careful management. Even with high 
doses of ATDs to control severe congenital thyrotoxico-
sis, thyroid nodules may develop, and goiter enlargement 
may occur early in life, necessitating subtotal thyroidec-
tomy followed by radioiodine therapy. Autonomous ad-
enomas with autonomous TH secretion due to somatic 
mutations of the TSH receptor gene and abnormally high 
levels of constitutive TSH receptor activity remain excep-
tional and are much rarer in neonates and children than 
in adults. Surgical excision of the nodule definitively 
cures the hyperthyroidism.

  This review focuses on the management of autoim-
mune hyperthyroidism during the fetal and neonatal pe-
riods.

  Clinical Manifestations 

 Fetal hyperthyroidism is almost invariably followed by 
neonatal hyperthyroidism. Neonatal autoimmune hyper-
thyroidism is generally transient, and it occurs in only 
about 2% of the offspring of mothers with GD. However, 
it is associated with a risk of mortality and immediate and 
long-term morbidity. Fetal and neonatal thyroid function 
may be disturbed to various extents by the presence of 
TRAbs, the use of ATDs, and maternal TH status. If the 
maternal disease is untreated or poorly controlled, goiter, 
intrauterine growth retardation, oligohydramnios, pre-
maturity, and fetal death may occur  [4] . Tachycardia, hy-
perexcitability, poor weight gain in children with a nor-
mal or large appetite, goiter, staring and/or eyelid re-
traction and/or exophthalmia, small anterior fontanel, 
advanced bone age, hepatomegaly and/or splenomegaly 
are the most frequently observed clinical features during 
the neonatal period. Cardiac insufficiency is one of the 
major risks in these infants. Biological abnormalities of 
the liver may also be observed in the absence of cardiac 
insufficiency. Craniosynostosis, microcephaly, and psy-
chomotor disabilities may occur in severely affected in-
fants  [3, 5] .

  Diagnosis and Management  

 During Pregnancy 
 The early diagnosis and treatment of fetal hyperthy-

roidism or hypothyroidism are crucial and highlight the 
importance of TRAb determination throughout preg-
nancy in women with GD. Current guidelines recom-
mend TRAb determination early in pregnancy and dur-
ing the second half of gestation, starting from 20–24 
weeks of gestation, with close monitoring if TRAb levels 
exceed 2–3 times the upper limit of the normal range  [6] . 
These at-risk pregnancies should be monitored carefully, 
with repeated ultrasound examinations of the fetal thy-
roid gland  [7] . The experience of the ultrasound operator 
is also crucial to the management of pregnancy in women 
with GD. Fetal thyroid width and circumference should 
be determined from 20 weeks of gestation onwards  [8] . In 
fetuses with goiter, the main clinical issue is determin-
ing the cause: maternal ATD treatment appropriate for 
achieving normal maternal thyroid function but inappro-
priate and excessive for the fetus, resulting in hypothy-
roidism and necessitating a decrease in the ATD dose, or 
fetal thyroid stimulation by maternal GD, with the pres-
ence of TRAbs resulting in fetal thyroid stimulation and 
hyperthyroidism, requiring an increase in the maternal 
ATD dose ( Fig. 1 ).

  Fetal ultrasound scans are a noninvasive tool for de-
tecting fetal thyroid dysfunction. Such scans should be 
performed monthly, from 20 weeks of gestation onwards, 
to screen for goiter and evidence of fetal thyroid dysfunc-
tion in pregnant women with GD testing positive for 
TRAbs and/or receiving ATDs. Thyroid gland enlarge-
ment is the starting point for the diagnosis of thyroid dys-
function, and ultrasound scans are also used to assess the 
presence and vascularity of goiter. A positive signal at the 
periphery of the thyroid gland has been shown to be as-
sociated with fetal hypothyroidism, whereas a positive 
signal throughout the gland is linked to fetal hyperthy-
roidism  [7] . Assessments of fetal bone maturation (ad-
vanced bone maturation in cases of fetal hyperthyroid-
ism, with a distal femoral center seen before the normal 
physiological appearance of this structure at a gestational 
age of 32 weeks; delayed bone maturation, with no visible 
distal femoral center after 32 weeks of gestation in cases 
of fetal hypothyroidism) and fetal heart rate (greater than 
160/min in cases of fetal hyperthyroidism) may also fa-
cilitate the diagnosis of hypo- or hyperthyroidism, guid-
ing the choice of the most appropriate treatment ( Fig. 1 ) 
 [2] . Invasive examinations, such as fetal blood collection 
or amniotic fluid sampling, are not usually required and 
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should be reserved for rare cases in which the diagnosis is 
dubious or intra-amniotic thyroxine injection is required 
to treat a secondary fetal hypothyroid state  [2]  if hypothy-
roidism persists 2–4 weeks after ATD dose reduction, 
with propylthiouracil (PTU)  ≤ 100 mg/day or methima-
zole/carbimazole (MMI/CMZ) (CMZ is a precursor of 
MMI) with CMZ  ≤ 10 mg/day. A combination of mater-
nal criteria (TRAb titers, ATD use, and dose) and fetal 
criteria (thyroid Doppler signal, fetal heart rate, and bone 
maturation) is used to distinguish between fetal hypothy-
roidism and hyperthyroidism  [7] .

  During the Neonatal Period 
 The prenatal response to treatment, based on fetal sta-

tus and the results of thyroid function tests carried out on 
cord blood at birth, may validate the prenatal treatment 
strategy but is not predictive of subsequent neonatal thy-
roid dysfunction. Remarkably, only a minority of neo-
nates born to mothers with gestational autoimmune thy-
roid disease have disturbed TH levels  [7, 9, 10] . Neonates 
from mothers testing negative for TRAbs during the sec-
ond half of gestation (with negative tests on cord blood) 
can be discharged and require no further follow-up  [9, 
11] . Hyperthyroidism may develop in neonates within 
2–5 days of birth if TRAbs persist after the clearance of 
transplacentally transmitted ATDs from the mother. A 
threshold value for a maternal second-generation thyroid 
binding inhibitory immunoglobulin assay of 5 IU/L dur-
ing the second half of gestation and delivery has recently 
been identified for defining risk situations for fetal and 
neonatal hyperthyroidism  [12] . A close relationship has 
been demonstrated between serum maternal TRAb levels 
at the end of gestation and the levels of these antibodies 
in the serum of the neonate. If TRAbs are detectable, thy-
roid function tests should be repeated in the first week of 
life (every 2 days), even if normal (or high TSH levels due 
to excessive ATD treatment in late gestation) results were 
obtained with cord blood. Most cases of neonatal autoim-
mune hyperthyroidism are diagnosed within the first 2 
weeks of life  [11] . Neonates born to mothers with very 
low TRAb levels (less than 2–3 times the upper limit of 
the normal range; values depending on the assay, but usu-
ally below 5 IU/L) may have serum FT4 levels at about the 
95 th  percentile on days 2–5, with these levels subsequent-
ly decreasing to within the normal range during the sec-
ond week of life  [10] . A strong suspicion of neonatal au-
toimmune hyperthyroidism when TRAbs are detectable 
and present at high levels (more than 3 times the upper 
limit of the normal range; generally >5 IU/L) in cord 
blood and free TH levels are high in the first 2–4 days af-

ter delivery (FT4 levels above the upper limit of the nor-
mal range for age,  ≥ 40 pmol/L) should lead to the initia-
tion of ATD treatment in the infant shortly after birth to 
prevent the development of clinical hyperthyroidism, 
thereby protecting the infant from the serious conse-
quences of this condition. In rare cases, transient neona-
tal hypothyroidism may occur for 1–2 weeks due to the 
simultaneous presence of maternally transmitted thyro-
tropin receptor-blocking antibodies (TBAbs), and an im-
balance in TSAb and the TBAb levels. Neonatal hyperthy-
roidism then occurs, in which TRAbs predominate, high-
lighting the need for repeated measurements of serum 
TH levels during the first 2–4 weeks of life in some cases, 
depending on serum TRAb levels. Less widely available 
third-generation bioassays determining the levels of thy-
roid-stimulating or blocking immunoglobulins through 
the monitoring of cyclic adenosine monophosphate pro-
duction may be used in these cases.

  Treatment 

 During Gestation 
 ATD treatment is commonly used to achieve euthy-

roidism in women with GD. However, both MMI/CMZ 
and PTU are associated with an increase in the prevalence 
of birth defects (including maternal agranulocytosis and 
liver failure, both of which are usually very rare), but the 
spectrum of malformations differs between these drugs 
 [13] . Exposure to MMI/CMZ during the teratogenic pe-
riod of pregnancy (6–10 weeks of gestation, correspond-
ing to weeks 4–8 of embryonic development) is associated 
with a higher risk of choanal atresia, omphalocele, esoph-
ageal atresia, omphalomesenteric duct abnormalities, 
aplasia cutis congenital, nipple, and eye malformations. 
The birth defects associated with PTU exposure are mild-
er and appear to be restricted to face and neck malforma-
tions. Exposure to MMI/CMZ or PTU is also associated 
with a higher risk of malformations of the urinary system 
 [14] . Such birth defects are observed in about 3% of the 
neonates, and some birth defects may be detected later, 
resulting in a total prevalence of about 6% at 2 years of 
age. It has, therefore, recently been suggested that the use 
of ATDs at 6–10 weeks of gestation should be limited as 
much as possible to decrease the risk of birth defects  [15] .

  Fetal hyperthyroidism can be prevented by adminis-
tering ATDs to the mother. PTU and MMI/CMZ cross 
the placenta and are equally effective for treating hyper-
thyroidism in pregnancy. PTU is the most widely used 

D
ow

nl
oa

de
d 

by
: 

85
.2

40
.1

06
.9

7 
- 1

1/
15

/2
01

7 
10

:4
3:

39
 P

M



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

PaTologia da Tiróide i  |  seguimenTo de filhos de mães Com doença de graves  |  lurdes samPaio

8

 Management of Fetal and Neonatal 
Graves’ Disease 

Horm Res Paediatr 2017;87:1–6
DOI: 10.1159/000453065

5

during pregnancy, generally with a shift onto this drug 
from MMI/CMZ shortly before conception  [15] . The fe-
tus benefits directly from the maternal ingestion of these 
drugs, which cross the placenta and act on the fetal thy-
roid gland. However, these drugs may also expose the fe-
tus to the risk of hypothyroidism, and small doses (usu-
ally no more than 100–150 mg PTU or 10–15 mg MMI/
CMZ daily) are, therefore, recommended during the sec-
ond half of gestation ( Fig. 1 ). 

  During the neonatal period 
 MMI/CMZ is preferred (0.5–1 mg/kg/day, depending 

on the initial severity of the disease, in 3 divided doses). 
Propanolol (2 mg/kg/day, in 2 divided doses) can also be 
used to control tachycardia during the first 1–2 weeks of 
treatment. It is usually possible to decrease the ATD dose 
progressively, according to the TH levels. Levothyroxine 
may be added to the regimen, but as later in life dose titra-

tion should be preferred over “block-and-replace” ap-
proaches. The disease is transient and may last from 1–3 
months, until maternal TRAbs are eliminated from the 
infant’s bloodstream. Mothers can breastfeed while tak-
ing ATDs (usually with a MMI/CMZ dose of <20 mg per 
day, or a PTU dose <300 mg per day), with no adverse ef-
fects on the thyroid status of their infants  [16] . The man-
agement for neonates with autoimmune hyperthyroid-
ism is summarized in  Table 1 .

  Outcome 

 Craniosynostosis (premature fusion of 1 or more cra-
nial sutures causing an abnormal head shape and restrict-
ing skull growth) is rarely reported but should be diag-
nosed through clinical examination and imaging studies 
and managed as early as possible to improve neurocogni-
tive outcome. Transient central hypothyroidism due to 
thyroid regulatory system impairment as a result of inad-
equately treated maternal GD is rare  [17]  but may become 
apparent after the clearance of ATDs. It requires levothy-
roxine treatment for several weeks and highlights the 
need for careful monitoring of thyroid function after the 
resolution of neonatal hyperthyroidism. 

  Despite the favorable outcome, follow-up studies are 
required to evaluate the long-term neuropsychological, 
emotional, and behavioral functioning of children with 
neonatal hyperthyroidism. Individual assessment during 
preschool years should be considered in all patients, es-
pecially in those with severe fetal and neonatal hyperthy-
roidism.

  Disclosure Statement 

 J.L. has no conflicts of interest to declare.
 

 Table 1.  Management for neonates with autoimmune hyperthy-
roidism

Determine TRAb in cord blood: high risk of neonatal
hyperthyroidism if TRAb >5 IU/L; FT4, TSH levels: may validate 
the prenatal strategy but are not predictive of subsequent
thyroid function

Repeated measurements of serum thyroid hormone levels
during the first 2 weeks of life: days 3, 5, 7, 10, and 15

Physical examination: check for malformations

Admission to hospital for the first week of life

Initiate MMI/CMZ treatment as soon as possible: 0.5–1 mg/kg/
day divided into 2 – 3 doses
The dose should be decreased when serum FT4 levels are
within the reference range

Propanolol: 2 mg/kg/day divided into 2 doses, for 2 weeks

Repeated measurement of serum TH levels weekly until stable, 
and then every 2 weeks

Dose titration should be preferred, but “block-and-replace” 
(levothyroxine) strategies may be considered in some cases

Safety of breast feeding

Treatment should be stopped when TRAb is no longer
detectable in serum (1 – 3 months, depending on initial level)

Outcome: check for craniosynostosis, transient central
hypothyroidism, long-term neuropsychological development

TRAb, thyroid-stimulating hormone receptor antibody; TSH, 
thyroid-stimulating hormone; TH, thyroid hormone; MMI, me-
thimazole; CMZ, carbimazole.
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Over the course of their careers, 
many family doctors, pediatricians, 
and neonatologists will manage the 
offspring of a mother with Graves’ 
disease (GD). Such newborns are 
at risk for developing neonatal 
hyperthyroidism with its potential 
morbidity and mortality and require 
close monitoring after birth. Despite 
its importance, there are no consensus 
guidelines for the management 
of these newborns. We therefore 
conducted a literature review 
to develop an approach to guide 
clinicians caring for these newborns.

BACKGROUND

The prevalence of maternal 
hyperthyroidism due to GD in 
pregnancy varies from 0.1% to 
2.7%.1–4 The prevalence of transient 
GD in infants born to these mothers 
is uncertain, varying from 1.5% to 
2.5%5–7 up to 20.0% in observational 
cohort studies.7–9

The causative antibodies in GD, 
thyroid-stimulating hormone (TSH) 
receptor antibodies (TRAb), belong to 
the immunoglobulin G class and freely 
cross the placenta, particularly during 
the second half of pregnancy.10 There 
are 2 types of TRAb. TSH-receptor 

abstractNeonates born to mothers with Graves’ disease are at risk for significant 
morbidity and mortality and need to be appropriately identified and 
managed. Because no consensus guidelines regarding the treatment 
of these newborns exist, we sought to generate a literature-based 
management algorithm. The suggestions include the following: (1) Base 
initial risk assessment on maternal thyroid stimulating hormone (TSH) 
receptor antibodies. If levels are negative, no specific neonatal follow-up 
is necessary; if unavailable or positive, regard the newborn as “at risk” 
for the development of hyperthyroidism. (2) Determine levels of TSH-
receptor antibodies in cord blood, or as soon as possible thereafter, so that 
newborns with negative antibodies can be discharged from follow-up. (3) 
Measurement of cord TSH and fT4 levels is not indicated. (4) Perform fT4 
and TSH levels at day 3 to 5 of life, repeat at day 10 to 14 of life and follow 
clinically until 2 to 3 months of life. (5) Use the same testing schedule in 
neonates born to mothers with treated or untreated Graves’ disease. (6) 
When warranted, use methimazole (MMI) as the treatment of choice; 
β-blockers can be added for sympathetic hyperactivity. In refractory 
cases, potassium iodide may be used in conjunction with MMI. The need 
for treatment of asymptomatic infants with biochemical hyperthyroidism 
is uncertain. (7) Assess the MMI-treated newborn on a weekly basis 
until stable, then every 1 to 2 weeks, with a decrease of MMI (and other 
medications) as tolerated. MMI treatment duration is most commonly 1 to 2 
months. (8) Be cognizant that central or primary hypothyroidism can occur 
in these newborns.
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stimulating antibodies bind to the 
TSH-receptor on thyroid follicular 
cells and lead to autonomous thyroid 
hormone production. TSH-receptor 
blocking antibodies bind to the 
TSH-receptor but do not initiate 
intracellular signaling. Because fetal 
thyroid development is established 
by 7 weeks’ gestation, thyroid 
hormone synthesis begins at 10 to 12 
weeks of gestation, and the thyroid 
is largely functionally mature by 
25 weeks of gestation, transfer of 
stimulating TRAb to the fetus can 
cause in utero and/or postnatal 
hyperthyroidism.11

When present, fetal hyperthyroidism 
is most commonly seen during 
the third trimester. Signs of fetal 
GD include tachycardia, heart 
failure with non-immune hydrops, 
intrauterine growth retardation, 
preterm birth, advanced skeletal 
maturation, and craniosynostosis. 
In symptomatic cases, fetal 
hyperthyroidism may be treated 
by administering antithyroid drugs 
(ATDs) to the mother.12, 13

Neonatal signs and symptoms of GD 
are multifaceted. Findings include 
goiter with occasional tracheal 
compression, low birth weight, stare, 
periorbital edema, retraction of the 
eyelid, hyperthermia, irritability, 
diarrhea, feeding difficulties, 
poor weight gain, tachycardia, 
heart failure, hypertension, 
hepatomegaly, splenomegaly, 
cholestasis, thrombocytopenia, 
and hyperviscosity.6, 11, 14–17 
Signs and symptoms of neonatal 
hyperthyroidism are nonspecific 
and also could be attributed to 
congenital viral infections or 
sepsis.18 The diagnosis of neonatal 
hyperthyroidism can therefore be 
overlooked, resulting in preventable 
morbidity and mortality, with 
mortality rates up to 20% reported.6 
Neonatal complication rates are 
higher in women who remain 
hyperthyroid during the second half 
of pregnancy.19

Worries about clinical instability are 
a salient reason to treat a newborn 
with GD. Although controversial, 
some authors believe initiating 
treatment positively affects 
neurocognitive outcomes. Normal 
thyroid hormone levels are essential 
for normal brain development, but 
data regarding neurodevelopmental 
outcomes in children born to 
mothers with GD during pregnancy 
are scarce. No differences in total IQ 
and verbal and performance skills 
were found in 31 patients aged 4 
to 23 years (median age 11 years) 
born to mothers with GD, compared 
with 25 controls; all patients were 
euthyroid at birth.20 Similar results 
were found in 2 other studies.21, 22 In 
contrast, in 8 children with neonatal 
hyperthyroidism, craniosynostosis 
was identified in 6 and intelligence 
tests were below average in 4 at 
ages 2 years or older.23 Growth in 
children born to mothers with GD 
during pregnancy is comparable to 
unaffected controls.22, 23

Key issues in the management 
of newborns of mothers with 
GD include the timing of first 
determination of free T4 (fT4) and 
TSH levels (thyroid function tests 
[TFTs]), the frequency and duration 
of follow-up, and indications for 
treatment. To inform these decisions, 
we sought to develop a management 
algorithm (Fig 1) that addresses the 
following questions:

 • Is there an association between 
maternal TRAb levels and risk of 
neonatal hyperthyroidism?

 • Is there utility to determination of 
TRAb levels in cord blood?

 • Are cord blood TSH and fT4 levels 
valuable in predicting neonatal 
hyperthyroidism?

 • When should TSH and fT4 levels be 
measured in the “at-risk” newborn?

 • Do maternal ATDs influence the 
newborn’s presentation?

 • What clinical indicators should 
prompt initiation of treatment?

 • How long should ATD treatment be 
continued?

 • Are there other abnormalities of 
thyroid function in newborns born 
to mothers with GD?

METHODS

Medline, Embase, and Cochrane 
databases were searched with the 
assistance of a reference librarian 
from our hospital. The following 
Medline MeSH terms were used: 
“Graves disease, ” “hyperthyroidism, 
” or “thyrotoxicosis.” Search limits 
included publication in the past 
15 years (January 1, 2000–May 
22, 2015); English language, and 
infants (0–23 months). This search 
resulted in 283 publications. After 
reviewing the abstracts, 179 articles 
were not applicable. The remaining 
104 articles were read and 68 were 
included in this review; the other 36 
articles addressed topics beyond the 
scope of this review. In addition, we 
included 18 pre-2000 original reports 
cited as references in the 68 articles. 
The literature includes case reports, 
case series, and observational 
cohort studies; we did not identify 
relevant randomized controlled 
studies or case-control studies. 
Thus, the quality of evidence was 
graded as moderate (observational 
studies with methodological flaws, 
inconsistent or indirect evidence) to 
low (case series and nonsystematic 
clinical observations). The strength 
of recommendation is weak 
(benefits and risks or burdens are 
closely balanced or uncertain, best 
action may differ depending on 
circumstances or patients).24 We 
therefore used the term “suggestion” 
instead of “recommendation.”

In this review, we denote “positive” 
TRAb levels as levels that exceeded 
the reference range. “Negative” 
TRAb levels denote levels within 
the reference range or that are 
undetectable. Because methimazole 
(MMI) is the active metabolite of 
carbimazole, we chose MMI and 
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propylthiouracil (PTU) as the ATDs in 
this review.

DISCUSSION

Question 1: Is There an Association 
Between Maternal TRAb Levels and 
Risk of Neonatal Hyperthyroidism?

TRAb levels are present in mothers 
with active GD; however, they can 
also persist after definitive therapy. 
After subtotal thyroidectomy 

and ATD treatment, TRAb levels 
continued to be elevated in 20% to 
30% of patients on average 1.5 years 
after treatment. Five years after 
radioactive iodine treatment, TRAb 
levels continued to be elevated in 
40% of patients.25

Consensus guidelines from the 
American Thyroid Association and 
Endocrine Society recommend 
determining maternal TRAb levels 
between 20 and 24 weeks’ gestation 

in women with active or past GD or a 
previous infant with neonatal GD.5, 26

Strong correlations between 
maternal and neonatal TRAb 
levels have been documented.9, 

27, 28 Elevated cord TRAb levels 
were found in 73% of newborns 
born to mothers with elevated 
TRAb levels in the third trimester.9 
Furthermore, elevated maternal 
TRAb levels are associated with 
an increased risk of overt neonatal 

3

 FIGURE 1
Management algorithm.
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hyperthyroidism.7–9, 27–33 In a study 
that included 35 pregnancies in 
29 women with GD, 6 newborns 
(17.1%) developed hyperthyroidism. 
TRAb levels fourfold above the 
reference range predicted neonatal 
hyperthyroidism with a positive 
predictive value of 40%, whereas 
levels less than fourfold above the 
reference range were associated 
with a negative predictive value of 
100%.8 In another study describing 
230 pregnancies in 172 women with 
GD, 6 newborns (2.6%) developed 
overt hyperthyroidism and another 
7 (3.0%) developed asymptomatic 
biochemical hyperthyroidism. 
Maternal TRAb levels were twofold 
to fivefold above the reference range 
in 8 of these 13 newborns.7 In a 
recent report, none of 35 infants 
born to mothers with negative TRAb 
levels during pregnancy developed 
hyperthyroidism.9 The risk of 
neonatal hyperthyroidism after 
being born to women with negative 
TRAb levels is therefore regarded as 
negligible.34

There are currently 2 methods 
to measure TRAb levels. Second-
generation receptor binding 
assays measuring thyroid-binding 
inhibitory immunoglobulins 
are widely available, but do not 
distinguish between stimulating and 
nonstimulating immunoglobulins. 
Third-generation bioassays 
measure thyroid-stimulating or 
blocking immunoglobulins through 
cyclic adenosine monophosphate 
production.35 These bioassays 
are less widely available, time-
consuming, and more expensive. 
It has been demonstrated that a 
maternal thyroid-binding inhibitory 
immunoglobulin level of >3.3 times 
the upper reference range had a 
sensitivity of 100% and specificity 
of 43% for identifying affected 
newborns. Thyroid-stimulating 
antibody activity exceeding 400% 
(considered “strong” activity) 
increased the specificity to 85%35; 
however, generalizing exact numeric 

cutoffs is confounded by lack of assay 
harmonization. Laboratories involved 
in the care of these newborns should 
state clearly which assay is used.36, 37

Suggestion:

TRAb levels should be determined 
between weeks 20 and 24 of 
pregnancy. If maternal TRAb levels 
are negative, no specific GD-related 
follow-up is necessary. If TRAb 
levels are unavailable or positive, the 
newborn should be regarded as being 
“at risk” for hyperthyroidism.

Question 2: Is Determination of TRAb 
Levels in Cord Blood Useful?

Skuza et al38 compared TRAb levels 
in 14 infants born to mothers 
with GD. Cord blood TRAb levels 
were normal in 7 infants who 
remained euthyroid, whereas levels 
were threefold to sixfold above 
the reference range in 7 infants 
who developed hyperthyroidism. 
Similarly, Besançon et al9 described 
9 of 9 newborns with negative cord 
blood TRAb levels who remained 
euthyroid. Several other studies also 
have demonstrated that positive 
TRAb levels in cord blood correlate 
with the likelihood of development of 
hyperthyroidism in the first 2 weeks 
of life, whereas negative antibodies 
are associated with little or no risk 
of neonatal hyperthyroidism.9, 30, 38, 

39 Positive cord TRAb levels (up to 
2.5 times the assay upper reference 
limit), however, have been reported 
in newborns with normal thyroid 
function, 40 demonstrating that low 
levels of antibodies can be seen in 
euthyroid newborns.

Although TRAb levels provide 
important clinical information, the 
utility of cord blood TRAb levels can 
be limited by the availability of the 
test and the turnaround time, which 
varies between 1 day and 2 weeks.

Suggestion:

If the assay is available, determine 
TRAb levels in cord blood, or as soon 
as possible thereafter, as this will 

allow those newborns with negative 
antibodies to be discharged from 
follow-up.

Question 3: Are Cord Blood TSH and 
fT4 Levels Valuable in Predicting 
Neonatal Hyperthyroidism?

Several studies have demonstrated 
that cord blood TSH and fT4 levels 
reflect fetal thyroid function but 
do not predict neonatal thyroid 
function.30, 38, 39 Among 6 newborns 
who developed hyperthyroidism, 
Polak et al40 demonstrated that 
cord blood levels indicated 
hyperthyroidism, hypothyroidism, 
and euthyroidism in equal numbers. 
A recent observational study included 
68 women with GD; all women were 
receiving ATD treatment and were 
well-controlled. Of 7 newborns 
who developed hyperthyroidism, 2 
had hypothyroidism in cord blood 
tests.9 Collectively these studies 
demonstrate that cord blood TSH and 
fT4 levels do not reliably predict the 
risk of neonatal hyperthyroidism.

Suggestion:

Determination of cord TSH and 
fT4 levels is not indicated, because 
these levels do not predict neonatal 
hyperthyroidism.

Question 4: When Should TSH and fT4 
Levels Be Measured in the “At-Risk” 
Newborn?

Overt neonatal hyperthyroidism can 
present at birth; however, the onset 
can be delayed due to maternal ATD 
treatment (as discussed in question 
5) or the coexistence of TSH-receptor 
blocking antibodies. Several reports 
demonstrate that >95% of newborns 
who develop symptoms, do so 
between 1 and 29 days of life and 
most are diagnosed within the first 2 
weeks.9, 38, 40, 41

In 1 study, fT4 and TSH levels were 
determined in 96 at-risk newborns 
during the first month of life.42 Four 
(4%) newborns developed clinical 
hyperthyroidism, the ages of onset 
were not specified. In the full group, 
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fT4 levels peaked and were above 
the 95th percentile in 92.9% of 
newborns on day 5 of life, returning 
to the reference range at day 15. 
More than 60% of this cohort had a 
TSH level below the fifth percentile 
at day 6 of life. This study indicates 
that a significant proportion of 
at-risk newborns have abnormal 
TFTs without symptoms. Similar 
to cord blood, TFTs before 3 days 
of life did not predict subsequent 
hyperthyroidism; hence, these 
authors suggested first assessing 
TFTs at day 3 to 5 of life. Because 
TFTs normalized by day of life 15 in 
most asymptomatic newborns, the 
authors also suggested that, when 
thyroid function is normal at 2 weeks 
of life, no further testing is necessary. 
However, infants should continue 
to be followed clinically, because 
development of hyperthyroidism 
as late as day 45 of life has been 
described.41–44

These recommendations for the first 
2 weeks of life are consistent with 
those of others.6, 9, 40 After 2 weeks 
of life, Besançon et al9 recommend 
weekly clinical and biochemical 
evaluation for all newborns with 
positive TRAb levels until levels 
become negative, although it is not 
clear if data support this level of 
prolonged and intensive monitoring 
in all infants.

The same temporal patterns appear 
to be present in preterm infants. 
One study described 7 preterm 
infants from 5 pregnancies born 
after a mean gestational age (GA) 
of 30 (range 25–36) weeks.45 Mean 
age at diagnosis of hyperthyroidism 
was 9 (range 1–16) days. One 
infant developed thyroid storm 
characterized by tachypnea, 
tachycardia, cardiac failure, and 
pulmonary edema.

Whether asymptomatic newborns 
with biochemical hyperthyroidism 
should be treated is perhaps the 
greatest area of uncertainty in 
this population. Further data on 
neurocognitive outcomes (as 

discussed in question 6) are needed 
to inform this decision. In the 
absence of definitive data, it seems 
prudent to obtain TFTs even among 
asymptomatic infants, as the results 
may inform clinical follow-up.

Suggestion:

TFTs should initially be measured 
at 3 to 5 days of life unless clinical 
signs warrant earlier investigations. 
If these data are within age-specific 
reference ranges, repeat TFTs at day 
10 to 14 of life. If no abnormalities 
are identified after 2 weeks of life, 
routine testing can be discontinued. 
At 4 weeks of life and again at 2 and 
3 months of life, infants should be 
assessed clinically to identify the 
small population of infants with 
delayed presentation. Because 
TSH and fT4 levels are influenced 
by variations in analytical assays, 
hospitals should establish age-
specific reference ranges to inform 
these decisions.

Question 5: Do Maternal ATDs 
Infl uence the Newborn’s 
Presentation?

ATDs can delay presentation of 
hyperthyroidism because these 
cross the placenta.46 The duration 
of action of MMI is 36 to 72 hours 
and of PTU is 12 to 24 hours.47 It 
has been reported that newborns 
born to untreated mothers tended 
to be diagnosed at day 1 to 3 of life, 
whereas newborns from mothers 
treated with ATDs were diagnosed 
between days 7 and 17.41 These 
variations would be detected by 
using the schedule delineated 
previously and in Figure 1.

ATDs can reach the newborn through 
breast milk, but only in small 
quantities.48 PTU in doses <300 mg 
per day and MMI <20 to 30 mg per 
day do not impair thyroid function in 
the newborn and are regarded as safe 
during breastfeeding.26, 49–51 Although 
there is insufficient literature to 
make a definitive statement, it 
seems unlikely that this degree of 

medication transfer would affect the 
presentation of neonatal GD.

As this review focuses on evaluation 
and treatment of newborns, it is 
worth noting that MMI use during 
pregnancy has been associated with 
congenital anomalies in some52–54 
but not all1, 55, 56 studies, and that 
high-dose PTU treatment has been 
associated with an increased risk 
of low birth weight.3 Because PTU 
has (rarely) been associated with 
liver failure in pregnant women, 5, 

57 current guidelines recommend 
switching to MMI after the first 
trimester.5, 26

Suggestion:

Although ATDs may delay the 
presentation of hyperthyroidism, the 
first TFTs should still be performed 
on day of life 3 to 5 in neonates born 
to mothers on ATD treatment, with 
subsequent testing as suggested 
previously.

Question 6: What Clinical Indications 
Should Prompt Initiation of 
Treatment?

Treatment should be initiated at the 
onset of symptoms to avoid short-
term (cardiac failure) and long-
term (craniosynostosis, intellectual 
impairment) complications. It is 
unclear whether asymptomatic 
newborns with biochemical 
hyperthyroidism should be treated, 
and it is difficult to compare 
thresholds used to initiate treatment 
in one study versus another, as 
different assays and different 
reference ranges confound direct 
comparison.

Among 7 newborns with clinical 
hyperthyroidism, PTU was 
initiated at an fT4 level >64 pmol/L 
(reference range 10–30 pmol/L) in 
1 report.38 In 6 patients who were 
asymptomatic, MMI was initiated at 
an average fT4 level of 49.6 pmol/
L40 in another report. Besançon et 
al, 9 who reported mostly on the 
same cohort as previously published 
by Polak et al40 and Luton et al, 30 
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describe ATD treatment being started 
between age 2 and 15 days when 
fT4 levels exceeded 35 pmol/L in 
7 asymptomatic newborns (mean 
fT4 46.5 ± 13.8 pmol/L; reference 
range 21.5–27.8 pmol/L at day 7 and 
16.9–20.2 pmol/L at day 15 of life).9 
The goal of the recommendation 
to start treatment when fT4 levels 
exceed 35 pmol/L is to prevent 
clinical hyperthyroidism with its 
potential morbidity and mortality.9, 

40 However, data linking the initiation 
of therapy in these asymptomatic 
newborns with better clinical and 
neurocognitive outcomes are lacking. 
Related to this uncertainty, other 
case reports and series describe 
initiating treatment only when 
both biochemical hyperthyroidism, 
with fT4 levels ranging from 43 to 
154 pmol/L, and symptoms were 
present.14–18, 42, 58–66 Arguing against 
this approach is the small series 
reported by Daneman and Howard23 
in which untreated neonatal GD 
was associated with later-life 
cognitive impairment. Overall, the 
literature addressing treatment 
of asymptomatic newborns is 
inconclusive, as it comprises only 
a few studies, often with small 
numbers, and lacks defined outcomes 
and/or untreated control groups for 
comparison.

PTU and MMI inhibit thyroid 
peroxidase and consequently 
synthesis of thyroid hormone. PTU 
also inhibits peripheral deiodination 
of T4 to T3. In 2010, the US Food 
and Drug Administration issued a 
warning regarding the association 
between PTU and development of 
liver failure. Subsequent American 
Thyroid Association guidelines 
recommend that PTU should be 
offered only as a short course in 
case of thyroid storm or severe 
adverse reactions to MMI treatment, 
other than agranulocytosis, when 
treatment options such as radioactive 
iodine or thyroidectomy are not 
available.67, 68

Because a response to ATDs is seen 
only once thyroid hormone stores are 
depleted, it can take several days to 
weeks before clinical and biochemical 
effects are noticeable. In symptomatic 
patients, nonselective β-adrenergic 
blockers such as propranolol can 
decrease sympathetic hyperactivity. 
In refractory cases, Lugol solution or 
potassium iodide (oral solution) can 
be added.11 The first dose of iodide 
should be given at least 1 hour after 
the first dose of MMI to prevent the 
initial iodide from being used for 
new thyroid hormone synthesis. 
Less commonly, hyperthyroidism 
is (initially) treated with repeated 
doses of iodide instead of ATDs.18, 

69–71 In extremely ill newborns 
requiring admission to a NICU for 
respiratory or cardiac support, a 
short course of glucocorticoids, 
which inhibit thyroid hormone 
secretion and impair peripheral 
deiodination of T4 to T3, may be 
necessary.

Side effects of MMI occur in up 
to 28% of children.72 The most 
common side effects are mild, such as 
transient elevations of liver enzymes, 
mild and transient leukopenia, skin 
rashes, gastrointestinal symptoms, 
arthralgia, and myalgia.68, 72 Serious 
side effects (0.5% of children) 
include agranulocytosis, liver injury, 
vasculitis and Stevens-Johnson 
syndrome.68, 72 Agranulocytosis 
most commonly presents with 
fever, sore throat, or mouth sores. 
Parents should be instructed to stop 
ATDs immediately if these occur, 
consult a physician, and obtain a 
complete blood count. To the best 
of our knowledge, only a single case 
report described the development 
of neutropenia in a preterm (GA 30 
weeks) neonate treated with MMI 
who recovered after decreasing the 
dose.71

Prematurity is not a contraindication 
to ATD use. However, in 1 study, 2 
extremely preterm newborns (GA 25 
weeks) demonstrated an unusually 
rapid (within 48 hours) decrease in 

fT4 levels after starting carbimazole, 
indicating that is important to 
monitor TFTs more closely in 
preterm newborns.45

Suggestion:

Initiate treatment with MMI with 
signs or symptoms of neonatal 
hyperthyroidism in the setting 
of biochemical hyperthyroidism. 
Empiric therapy could be started 
after drawing TFTs in emergent 
situations. There is a lack of 
consensus regarding the starting 
dose for infants. A range from 0.2 
to 1 mg/kg per day divided in 1 
to 3 doses, with a typical dose of 
0.2 to 0.5 mg/kg per day, has been 
reported.14, 59, 64, 66, 71, 73 For full-term 
newborns, we therefore recommend 
initiating MMI at 0.625 mg twice 
daily (0.4 mg/kg per day for a 3-kg 
newborn). The infant should be 
assessed clinically and biochemically 
on a weekly base until stable, then 
every 1 to 2 weeks with titration of 
MMI dose as tolerated. Treatment 
of asymptomatic neonates remains 
controversial.

With sympathetic hyperactivity, 
such as tachycardia, hypertension, 
and poor feeding, propranolol 2 mg/
kg per day divided in 2 doses for 1 
to 2 weeks can be added. Admission 
to hospital should be considered 
for cardiac monitoring and to 
ensure adequate fluid and caloric 
intake and temperature control. 
Lugol solution 1 drop (0.05 mL) 3 
times per day or potassium iodide 
(oral solution) 1 drop per day may 
be used in conjunction with MMI. 
Hemodynamic instability, respiratory 
distress or cardiac failure warrants 
NICU admission. In these cases, 
a short course of treatment with 
prednisolone 2 mg/kg per day in 1 to 
2 divided doses should be considered 
in addition to MMI.

Question 7: How Long Should ATD 
Treatment Be Continued?

Neonatal hyperthyroidism due to 
maternal GD is self-limited, with 
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duration determined by the rate of 
disappearance of maternal TRAb 
from the infant circulation. TRAb 
half-lives have been reported to be 
approximately 12 days.74 Depending 
on the initial TRAb level, neonatal GD 
generally resolves by 6 months after 
birth, 35, 38, 41, 75 although 1 instance of 
persistence to 12 months has been 
reported.12 Treatment duration is 
most commonly 1 to 2 months.6, 9, 

35, 38 MMI dose should be decreased 
and eventually discontinued when 
fT4 levels are within the reference 
range. Alternatively, the addition of 
levothyroxine to MMI treatment has 
been practiced, 9, 14, 59 although recent 
guidelines recommend against this 
“block and replace” practice.73 The 
decision to discontinue treatment 
should be based on clinical status and 
ongoing normal thyroid hormone 
levels.

Suggestion:

While on treatment, thyroid 
function should be measured 
weekly until hormone levels are 
stable and subsequently every 2 
weeks. Treatment duration is most 
commonly 1 to 2 months.

Question 8: Are There Other 
Abnormalities of Thyroid Function in 
Neonates Born to Mothers With GD?

In addition to neonatal 
hyperthyroidism, transient central 
hypothyroidism, transient primary 
hypothyroidism, and transient 
isolated hyperthyropinemia 
(elevated TSH with normal fT4 levels 
and no clinical symptoms) have been 
described.9, 39, 76–83 One case series 
described 18 infants with central 
hypothyroidism born to mothers 
with GD who were inadequately 
treated during pregnancy. Eleven 
infants were diagnosed in the 
context of a primary T4-based 
newborn screening during days 4 
and 7 of life. One infant presented 
with transient hyperthyroidism 
before evolving into central 
hypothyroidism. Six others were 
euthyroid before developing central 

hypothyroidism during the first 
month of life. Seventeen infants 
started levothyroxine treatment.76 
Transient central hypothyroidism, 
39, 78, 79 sometimes followed by 
hyperthyroidism, 80–82 has been 
reported by others. Recovery 
from hypothyroidism is usually 
seen between 3 and 19 months 
of age. Some physicians decrease 
levothyroxine supplementation as 
the hypothalamic-pituitary-thyroid 
axis recovers, but others advise 
ongoing treatment until 
3 years of age to ensure adequate 
thyroid hormone levels during 
this important period of brain 
development.76, 83 In rare 
instances, central hypothyroidism 
can be prolonged and may be 
permanent.83

The etiology of central 
hypothyroidism in these infants 
is unknown but may stem from 
impaired maturation and/or 
regulation of the fetal hypothalamic-
pituitary-thyroid axis. Another 
explanation invokes direct binding 
of TRAb to the TSH-receptor in the 
pituitary gland with suppression of 
TSH production independent of T4 
production.82, 84

Maternal ATD treatment has been 
associated with elevated cord 
blood TSH levels in 14% to 21% 
and low fT4 levels in 6% to 7% of 
newborns.85 No relationship between 
TSH and fT4 levels with ATD dose 
was found. Other studies have found 
transiently elevated TSH levels and 
transient primary hypothyroidism 
in 7.8% and 2.0% to 9.0% of 
newborns, respectively.7, 33 Primary 
hypothyroidism can sometimes 
precede hyperthyroidism.9 The 
interplay between TSH-receptor 
stimulating and blocking antibodies 
might explain the switch from 
hypothyroidism to hyperthyroidism 
and vice versa.86, 87

Suggestion:

Be cognizant that central or primary 
hypothyroidism can occur in these 

newborns. One must be aware of 
the clinical signs of hypothyroidism, 
including poor feeding, lethargy, 
prolonged jaundice, hypotonia, dry 
skin, large fontanelle, distended 
abdomen, umbilical hernia, and 
reduced linear growth, and monitor 
TFTs. Levothyroxine 10 μg/kg per 
day should be started when the 
diagnosis of hypothyroidism has been 
established. In the setting of central 
hypothyroidism without a previous 
diagnosis of hyperthyroidism, it is 
important to consider a differential 
diagnosis including pituitary 
dysfunction.

CONCLUSIONS

Neonatal hyperthyroidism 
due to maternal GD requires 
early recognition and treatment 
to prevent potential morbidity 
or mortality. We hope our 
literature review and related 
algorithm will assist generalists 
and subspecialists manage these 
patients. Refinement of this 
algorithm based on future studies 
and feedback on its use will be 
important.

ACKNOWLEDGMENT

We thank Dr Guy van Vliet, at the 
Centre Hospitalier Universitaire 
Sainte-Justine and Department of 
Pediatrics, University of Montreal, 
Montreal, Canada, for critically 
reviewing this manuscript before 
submission.

7

ABBREVIATIONS

ATD:  antithyroid drug
fT4:  free T4
GA:  gestational age
GD:  Graves’ disease
MMI:  methimazole
PTU:  propylthiouracil
TFT:  thyroid function test
TRAb:  TSH-receptor antibodies
TSH:  thyroid stimulating 

hormone
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Abstract

Graves’ disease is an autoimmune disorder. It is the leading cause of hyperthyroidism, but is rare in children. Patients 

are initially managed with antithyroid drugs (ATDs), such as methimazole/carbimazole. A major disadvantage of 

treatment with ATD is the high risk of relapse, exceeding 70% of children treated for duration of 2 years, and the 

potential major side effects of the drug reported in exceptional cases. The major advantage of ATD treatment is that 

normal homeostasis of the hypothalamus–pituitary–thyroid axis may be restored, with periods of drug treatment 

followed by freedom from medical intervention achieved in approximately 40–50% of cases after prolonged 

treatment with ATD, for several years, in recent studies. Alternative ablative treatments such as radioactive iodine 

and, less frequently and mostly in cases of very high volume goiters or in children under the age of 5 years, 

thyroidectomy, performed by pediatric surgeons with extensive experience should be proposed in cases of non-

compliance, intolerance to medical treatment or relapse after prolonged medical treatment. Ablative treatments 

are effective against hyperthyroidism, but they require the subsequent administration of levothyroxine throughout 

the patient’s life. This review considers data relating to the prognosis for Graves’ disease remission in children and 

explores the limitations of study designs and results; and the emerging proposal for management through the 

prolonged use of ATD drugs.
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Introduction

Graves’ disease (GD) is much rarer in children than in 
adults, with children accounting for only 1–5% of all 
patients with GD (1). It may occur at any age during 

childhood, but its frequency increases with age, peaking 
during adolescence. The incidence of GD is thought to 
have risen over the last few decades (2, 3). The estimated 
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prevalence of GD varies between countries, from 1/10 000 
person-years in the United States to 1/100 000 person-
years (for children aged 0–15 years) in the UK and Ireland 
(2). A frequency of up to 14 per 100 000 person-years 
has been reported in Hong Kong, and differences in the 
frequency of this condition do not seem to depend on 
dietary iodine intake (4, 5). This autoimmune disorder 
is the major cause of hyperthyroidism in children and, 
similar to most other thyroid disorders in both adults 
and children, it is much more frequent in female than 
in male subjects. GD is thought to result from complex 
interactions between genetic and environmental factors 
and the immune system, although its pathogenesis 
remains unclear. The immune system of patients with 
GD produces a thyroid-stimulating hormone receptor 
antibody (TRAb) that triggers the production of excess 
thyroid hormone by the thyroid gland. The prevalence 
of GD is higher in first-degree relatives of patients with 
the disease than that in controls. Together with data from 
twin studies, this suggests that GD is largely determined by 
genetic factors (approximately 80% of the susceptibility to 
this disease), with environmental factors playing a lesser 
role (20% of susceptibility) (6, 7, 8). The frequency of GD 
is higher in children with other comorbid autoimmune 
disorders (or conditions associated with such disorders, 
such as Turner’s, Down’s or Di George syndrome), and 
in children from families with a history of autoimmune 
thyroid diseases (9, 10, 11).

Before discussing the pros and cons of the prolonged 
use of antithyroid drugs (ATDs) in children with GD, we 
should look at the most commonly used treatments. There 
is no specific cure for the disease and each therapeutic 
option is associated with complications. The best way to 
manage GD, and the pros and cons of prolonged ATD use 
in children with GD remain a matter of debate among 
pediatric endocrinologists.

As in adults, ATDs are usually the first-line treatment 
for GD in children and adolescents in most countries. 
They are used for various lengths of time, ranging from 
2 to several years. Propylthiouracil (PTU) is no longer 
recommended for use in children due to its potential 
severe hepatotoxicity, and should only be used in 
exceptional circumstances, for short periods, with close 
monitoring for signs of hepatic dysfunction, before radical 
treatment, in patients experiencing severe side effects on 
carbimazole (CMZ)/methimazole (MMI) (12). CMZ and 
its active metabolite, MMI are, thus, the mostly widely 
used ATDs. They act by interfering with the iodination of 
thyroglobulin tyrosine residues by the thyroid peroxidase, 

thereby inhibiting thyroid hormone synthesis. Concerns 
have been raised regarding ATD toxicity, which is usually 
mild and reversible but may exceptionally be severe, 
mostly during the first 3–6 months, potentially limiting 
the use of ATD. It is difficult to achieve compliance in 
the long term and relapse rates are higher in children 
than that in adults. The ability of treatment with ATD 
to restore normal homeostasis of the hypothalamus–
pituitary–thyroid axis in some cases is a key advantage, 
as it may allow patients to alternate periods of medical 
treatment with periods free from medical intervention. 
However, it may take some time to establish remission, 
and a large proportion of patients may never achieve 
remission (12).

Destruction of the thyroid gland through 
radioactive iodine (RAI) treatment or surgical ablation 
is frequently proposed as an alternative for second-
line treatment. Such treatments frequently result in 
hypothyroidism, and appropriate doses of levothyroxine 
must therefore be administered throughout the 
patient’s life. However, regardless of compliance with 
treatment, hypothyroidism is considered preferable 
to hyperthyroidism, as hyperthyroidism is associated 
with more serious morbidities, such as cardiovascular 
complications, osteopenia, an increase in height velocity 
with advanced bone age and emotional symptoms with a 
neuropsychological impact (13).

Radical treatments are generally considered in 
children with relapse after an appropriate course of drug 
treatment (‘appropriate’, in such cases, remains to be 
defined), a lack of compliance on the part of the patient 
or the parents and severe ATD toxicity (12).

RAI is more frequently used than surgery. The 
treatment with RAI is effective and most patients can 
be successfully treated with a single oral dose. The 
use of low doses can lead to hyperthyroidism being 
cured without the development of hypothyroidism. 
However, relapse rates are high for this approach. Higher 
doses of 131-I (generally 220–275 µCi/g, equivalent to 
approximately 250 Gy) are therefore preferred (12). It is 
preferable to treat patients with ATDs to render them 
euthyroid before treatment with RAI. Repeat treatment 
with 131-I is indicated in cases of hyperthyroidism 
persisting 3–6  months after treatment (14). There have 
been no reports of reproductive dysfunction or of a 
higher frequency of abnormalities among the children of 
treated patients (15). RAI increases the risk of neoplasia 
and is therefore absolutely contraindicated during 
pregnancy and breastfeeding, and is highly inadvisable 
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in very young children (aged <5  years). Concerns have 
been raised about its potential to cause thyroid cancers, 
hyperparathyroidism and death, but recent studies have 
shown that the excess cancer risk in adult patients can be 
attributed to hyperthyroidism itself and to the risk factors 
common to these patients, rather than to the nature of 
the treatment received (16, 17).

Total (or near-total) thyroidectomy is usually 
indicated for patients with a contraindication for RAI 
treatment, such as very young children or patients with 
high volume of goiter (>80 g). Complications, such as 
hypoparathyroidism, vocal cord palsy due to recurrent 
laryngeal nerve injury and keloid formation, may 
occur with an estimated incidence of approximately 
15%, although such complications are less frequent if 
the operation is performed by pediatric surgeons with 
extensive experience (18). For patients with recurrent 
hyperthyroidism after surgery, treatment with RAI is 
recommended, because the risk of complications is higher 
for a second operation (19).

As in many rare diseases, there is currently no 
evidence-based strategy for the management of this 
disease and for the optimal duration of ATD treatment in 
children. GD treatment policy varies considerably within 
and between countries, and depends on local traditions 
and resources, the age and preference of the patient, the 
size of the goiter and the severity of the disease.

Monitoring ATD treatment

The initial starting dose of MMI/CMZ (CMZ is a precursor 
of MMI and is rapidly converted to MMI in the serum; 
10 mg of CMZ is metabolized to yield approximately 
6 mg of MMI) is 0.2–0.8 mg/kg/day, depending on the 
initial severity of the disease and the drug used (MMI or 
CMZ), with a maximal dose of 30 mg per day for MMI 
and 40 mg per day for CMZ. A complete blood cell count 
and liver function evaluation should be performed 
before starting the treatment, to check that the absolute 
neutrophil count is above 1000/mm3 and that the 
levels of liver enzymes are no more than three times 
the upper limit of the normal range (12). Both drugs 
have a long half-life and are effective when given as a 
single daily dose, which might improve the compliance. 
Beta adrenergic blockade may also be required during 
the first 2 weeks of the treatment, to reduce tachycardia. 
After 2–4 weeks, when thyroid hormone secretion is 
effectively blocked and free thyroid hormone levels 

have strongly decreased, the initial dose of MMI/CMZ is 
gradually reduced by 30–50%.

Treatment with ATD normalizes serum thyroid 
hormone levels within 1 month, with thyroid-stimulating 
hormone (TSH) becoming detectable in the serum, usually 
within 2–4  months. It also leads to improvements in 
metabolic rates, growth velocity and body weight within 
3 months, with some patients gaining more weight than 
expected on the basis of weight loss at presentation (20). 
Thyroid function tests and clinical evaluations should be 
carried out every 3–6 weeks during the first 3–4 months 
of treatment, because hypothyroidism may occur if ATD 
dose is not reduced, as serum free (f) T4 levels return to 
normal and most of the side effects of ATD occur during 
the first few months of the treatment. Once the ATD dose 
has been reduced, biochemical evaluations should be 
carried out every 3–4  months. However, approximately 
10% of patients with fT3-predominant GD, have high 
serum fT3 concentrations after serum fT4 concentrations 
have returned to normal or subnormal levels (21). These 
patients therefore have a high fT3:fT4 ratio, making it 
necessary to determine serum free T3 concentrations 
in patients with long-term undetectable TSH levels, to 
identify cases with this presentation. These patients have 
larger thyroid glands and high serum titers of TRAb (21, 
22, 23). They are more likely to be younger and require 
doses of ATD twice as high as those used in patients with 
classic GD, over long periods of time, although it remains 
unclear why the maintenance of high doses is required to 
overcome the resistance to ATD (21).

Two possible approaches have been discussed: the 
block and replace (BR) approach and the dose titration 
(DT) regimen. The BR approach involves the use of 
a high dose of ATDs together with levothyroxine, 
whereas the DT approach involves adjusting the dose of 
ATD to achieve euthyroidism, improving compliance. 
Compliance may also be a particularly difficult issue in 
adolescent patients, who may find it easier to take one 
ATD rather than two ATDs and levothyroxine. In most 
adult and child patients, no additional benefit accrues 
from the maintenance of a high dose of ATD together 
with replacement doses of levothyroxine, and there is 
currently no rationale for the use of levothyroxine in 
combination with ATDs to enhance remission rates 
(24). Recent studies have even suggested that high-dose 
treatment may be harmful, because the frequency of side 
effects is dose-dependent (24). Recent American Thyroid 
Association (ATA) guidelines suggest that the BR regimen 
should be avoided (12).
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The use of ATDs, such as MMI/CMZ or PTU, is 
associated with an increase in the risk of some minor 
reversible adverse reactions (such as skin rash, urticaria, 
arthralgia and less frequently, gastrointestinal problems) 
in approximately 5–25% of cases, requiring concomitant 
transitory antihistamine treatment in some cases, and the 
risk of much rarer severe skin reactions (Stevens-Johnson 
syndrome) (25). The frequency of agranulocytosis, the 
most severe side effect, is between 0.2 and 0.5% for both 
drugs. Other major side effects are rare and are observed 
mostly with PTU, which should be avoided in children. 
They include drug-induced hepatitis, and the production 
of cytoplasmic anti-neutrophil antibodies (ANCA). 
ANCA-positive vasculitis occurs only in exceptional 
cases, and susceptibility to this condition seems to be 
higher in patients of Asian origin (26). The risk appears 
to increase with the duration of PTU therapy, following 
the opposite pattern to other adverse effects of ATDs, 
which typically occur during the first 3–6  months of 
treatment (25, 26, 27). In adults, MMI/CMZ use has 
also been shown to be associated with ANCA positivity, 
although the risk for this combination is lower than 
that reported for PTU (26, 28). Typical manifestations 
of ANCA-positive vasculitis are polyarthritis, purpuric 
skin lesions and occasionally, pulmonary and/or renal 
involvement. Discontinuation of the drug generally 
results in symptom resolution, but glucocorticoids or 
other immunosuppressive drugs may be required in 
more severe cases (12, 26).

The frequency of side effects is thought to be 
dose-related and is very low for severe side effects in 
patients receiving MMI at a dose of less than 10 mg/
day or CMZ at a dose of less than 15 mg/day (12, 29). 
With the exception of dose-dependent effects at high 
doses of ATDs and recently identified genetic variants 
associated with ATD-induced agranulocytosis identified 
in a European population (30), no factors predictive of the 
development of severe, potentially life-threatening side 
effects have been identified. Patients and their families 
should be informed of the potential side effects of ATDs, 
preferably in writing, and should inform their physician 
immediately if they develop a pruritic rash, jaundice, 
acholic stools or dark urine, arthralgia, abdominal pain, 
nausea, fatigue, fever or pharyngitis, due to the need for 
an immediate evaluation of complete blood cell count 
and liver function (12). However, most adverse effects 
occur only rarely and, as many are minor and transient, 
it is not generally necessary to stop the treatment with 
ATD (27). Detailed physical and biochemical tests should 

therefore be performed in the first 3–6  months, with 
frequent examinations thereafter.

Outcome

Studies in adults and children have taught us that the 
initial severity and course of the disease are highly 
variable and that relapse rates are higher in children 
than that in adults, with remission occurring in 20–30% 
in children and 40–60% of adults after a first course of 
treatment lasting a median of 2 years (3, 24, 31, 32, 33, 
34, 35, 36, 37, 38, 39). Relapse occurs within 6 months 
of the end of drug treatment in 75% of patients, whereas 
only 10% of patients present a relapse more than 
18  months after the end of the treatment (36, 40, 41). 
However, the definition of remission differs between 
studies, with patients being considered to be in remission 
if they display euthyroidism for a period of 0.5–2 years 
after the end of the ATD therapy, although most studies 
have reported the recurrence of hyperthyroidism after at 
least 1 year off ATD treatment (Table 1) (12, 24, 27, 31, 
32, 33, 34, 35, 36, 38, 39, 40).

Recent findings from adult studies

Early studies in adults provided no evidence to suggest 
that the prolongation of the treatment with ATD 
beyond 2  years was of any benefit (24). Remission 
rates vary between geographic areas and seem to be 
better in Europe and in Japan than those in the USA, 
where RAI was, until recently, favored as the first-line 
treatment or used within 1 year of the start of the ATD 
treatment (12, 42, 43). Lower remission rates have been 
reported for men, smokers (especially men) and those 
with severe biochemical disease with high serum TRAb 
levels and large goiters (≥80 g) (12, 44). However, some 
patients prefer to prolong treatment with low doses of 
ATD (2.5–7.5 mg/day, MMI or CMZ) over several years 
(45) and two recent studies have even suggested that 
prolonged ATD treatment yielded better results (46, 
47). A better outcome with the treatment with ATD 
was demonstrated particularly for patients with severe 
ophthalmopathy, which is likely to be aggravated by the 
treatment with RAI, and TSH receptor antibody levels 
were found to decrease more rapidly after the treatment 
with ATD than after RAI treatment (45). The prolonged 
use of low doses of MMI/CMZ was safe in these studies 
(45, 47) and thyroid function seemed to remain more 
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stable in the low-dose MMI group, with subclinical and 
overt hypothyroidism more frequently observed in the 
RAI + levothyroxine group than in the MMI group (45). 
An individual approach based on a predictive score at 
the time of diagnosis for the risk of recurrence after a 
first 2-year course of ATD has recently been described, 
with genetic background also modulating individual 
responsiveness in adults (48).

Recent findings from studies in children

Pediatric GD studies are scarce, due to the rarity of this 
disease in children. They also tend to present the biases 
inherent to observational design, with most studies 
retrospective, with a limited number of patients enrolled, 
many of whom are lost to follow-up, and large amounts 
of missing data. The main pediatric cohort studies are 
summarized in Table 1 (3, 27, 31, 32, 33, 34, 35, 36, 37, 
38, 39, 40, 49). The comparative effectiveness of treatment 
with ATD, as characterized by the remission rate (the 
definition of which differs between studies), varied from 
11 to 49% with treatment most effective for the longer 

duration of treatment with ATD in two large independent 
cohorts, with no fatal side effects reported (27, 40).

Methods for identifying patients unlikely to achieve 
remission after the drug treatment would greatly 
improve patient management, by making it easier to 
tailor treatment more effectively in newly diagnosed 
patients. Age, goiter size, decrease in body mass index 
and severity of biochemical hyperthyroidism at onset, 
TRAb levels at onset and at the end of treatment, 
and duration of medical treatment have all been 
evaluated as predictive markers for GD relapse during 
childhood (32, 33, 34, 35, 37). However, these studies 
were subject to major limitations: all but one (35) was 
retrospective, with most patients receiving ATDs for 
approximately 2  years, and none of these studies has 
led to widespread changes in the clinical practice. Our 
prospective study (36) showed that the risk of relapse 
after a first course of ATD for an intended duration of 
2 years was higher in very young patients and patients 
of non-Caucasian origin, and that this risk increased 
with disease severity at diagnosis, as assessed on the 
basis of serum TRAb and free thyroid hormone levels 

Table 1 Summary of studies on remission rate after antithyroid drug treatment for Graves’ disease in children (studies included 

if ≥50 studied patients with a follow-up period after discontinuation of treatment ≥6 months).

 
 
Reference

 
 
Country

 
 
Study design

Number 
of 

patients

ATD treatment 
duration (years; 
median or range)

 
 
Remission rate 

 
Follow-up  
period*, years

 
 
Pronostic factors

(30) USA Retrospective 182 2 20% 2 ND
(31) USA Retrospective 60 Up to 6 25%† >1 ND
(32) USA Retrospective 100 2–6 PP: 17%;

PC: 30%
1 Prepubertal children appear to 

require longer periods of 
treatment than pubertal 
children to achieve remission

(33) USA Retrospective 106 2 25% 6 mo BMI (SDS), goiter volume
(48) Argentina Retrospective 113 10 34% ND ND
(34) USA Prospective 51 2 29% 1 Initial severity (FT4), age, 

euthyroidism by 3 months on 
ATD

(35) France Prospective 154 2 30% 2 years Age, ethnicity, initial severity 
(FT4, TRAbs), duration of 
treatment

(39) France Prospective 154 Up to 12 49% >1.5 Initial severity (FT4), other 
autoimmune conditions

(26) Japan Retrospective 1138 3.8 46% >1 Duration of ATD treatment
(36) Italy Retrospective 115 1.5–2 33% ND Initial severity (TRAbs), time 

required for TRAb level 
normalization, goiter volume

(37) Australia Retrospective 65 2 11% ≥4 ND
(3) Denmark Retrospective 79 2.5 14% ND ND
(38) USA Retrospective 291 ND 15% >1 Remission not affected by 

ethnicity or sex

PP, prepubertal; PC, pubertal children; mo, months. 
*Follow-up period for defining remission after discontinuation of treatment; †25% every 2 years of treatment for up to 6 year.
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(high levels being associated with severity). Conversely, 
relapse risk decreases with increasing duration of the 
first course of ATD. In this study, a prognostic score was 
generated, allowing the identification of three different 
risk groups at diagnosis, defined on the basis of clinical 
and biological characteristics and intended duration of 
ATD treatment: a low-risk group with a score between 
0 and 3 (38% of cases); an intermediate-risk group with 
a score between 4 and 7 (47% of cases); and a high-risk 
group with a score between 8 and 11, (15% of cases). The 
patients in the low-risk group have a predicted 2-year 
relapse rate of 46%, those in the intermediate-risk group 
have predicted relapse rate of 77%, whereas those in the 
high-risk group have relapse rates as high as 98% 2 years 
after the end of treatment with ATD (36). It could be 
argued that definitive treatment should be considered 
earlier in the management of patients in the high-risk 
group (score >8), because almost all these patients 
suffer relapses after 2 years of treatment with ATD, but 
these patients are often younger (<5 years old), and it is 
prudent to avoid RAI and thyroidectomy in such young 
patients. These patients should, therefore, preferably be 
offered prolonged treatment with ATD without the need 
for re-evaluation after the ‘classic’ period of 2 years of 
medical treatment, as they are likely to present relapses 
after 2  years of treatment. However, little is known 
about the long-term outcome, because there have been 
few studies of the relationship between duration of 
treatment with ATD and remission rate or relapse risk 
in pediatric patients, although it is widely accepted that 
there is a need to prescribe longer courses of treatment 
for children than that for adults. Our study was the 
first to investigate the effect of long-term treatment 
with ATD prospectively. In this cohort, after three 
consecutive courses of treatment, each lasting about 
2  years, and a median follow-up period of 10.4  years, 
approximately half of the patients achieved remission 
after the discontinuation of ATD treatment with CMZ 
(40). Less severe forms of hyperthyroidism at diagnosis 
and the presence of other associated autoimmune 
conditions were associated with an increase (by a factor 
of about 2.2) in the predicted remission rate achieved 
with ATD treatment. In contrast to our previous report 
concerning the risk of relapse after the first course of 
treatment (36), we observed no independent effect on 
long-term remission rate of age, ethnicity or serum 
TRAb levels at diagnosis (40). Other factors, such as 
sex, iodine intake, smoking and genetic background are 
thought to modulate individual responsiveness in adults  
(44, 48). This study was subjected to several limitations: 

a relatively small number of boys were included, possibly 
preventing the detection of male sex as a determinant of 
GD relapse, a lack of serum TRAb determinations during 
the follow-up and a lack of information about genetic 
background, precluding evaluations of the association of 
these factors with relapse rate (37). Our findings suggest 
that children with GD displaying good compliance with 
treatment and with no major adverse effects of ATD 
could be offered several years of treatment with ATD, 
to increase the chances of remission, before definitive 
ablative treatment is envisaged (40).

Strategies for managing GD involving the 
prolonged use of ATDs in children

It is widely accepted that the remission of GD in 
patients treated with ATDs is linked to the restoration 
of euthyroidism, rather than the immunosuppressive 
effects of the drugs. Hyperthyroidism has been shown 
to aggravate autoimmune problems, and autoimmunity 
leads to the generation of more TSH receptor antibodies 
and a worsening of hyperthyroidism. Once this cycle has 
been broken by treatment with ATD rendering the patient 
euthyroid, the patient may experience gradual remission 
of the disease (13, 50). This hypothesis and our results, 
together with those of a Japanese study of the largest 
pediatric cohort investigated to date (27), highlight the 
positive impact on outcome of a long period of first-line 
treatment with ATD, to minimize thyroid autoimmunity 
and disease recurrence. The use of ATDs for longer periods, 
of at least 3–6 years, depending on initial disease severity, 
may be required to achieve a better rate of remission in 
children (27, 32, 40, 49). Continuous treatment, rather 
than 2-year treatment cycles, may be more effective 
for achieving a gradual remission of GD, and should, 
therefore, be considered in future clinical trials. The use 
of prolonged low doses of MMI/CMZ may also yield 
better outcomes by triggering a faster decrease in serum 
TRAb levels than that by treatment with RAI, particularly 
in the rare children presenting severe ophthalmopathy 
(45, 51, 52). Compliance is, therefore, an important issue 
in the management of these children, and should be 
improved by educational strategies.

Conclusion

The major advantage of ATD therapy is that normal 
homeostasis of the hypothalamus–pituitary–thyroid 
axis may be restored, with periods of medical treatment 
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followed by freedom from medical intervention. 
However, remission may take a long time to achieve, and 
may never be achieved in a substantial proportion of 
patients (approximately 50–60%), regardless of ethnicity 
and age at diagnosis. In patients who are not cured by 
the treatment with ATD and experiencing recurrences 
of hyperthyroidism after prolonged ATD treatment, the 
RAI therapy may be safer than near-total thyroidectomy 
and can be used for definitive treatment. However, both 
these radical treatments entail a high risk of permanent 
hypothyroidism.

As recommended in recent guidelines (12), the 
treatment with ATD should be proposed as the initial 
therapy in all children with GD, to bring the disease under 
control as soon as possible. Careful discussion with the 
parents and the child is then required, to determine the 
best choice of treatment, long-term ATD or more definitive 
options, such as treatment with RAI and thyroidectomy, 
as large prospective randomized trials with long-term 
quality-of-life assessment have not yet been carried out 
to address this issue in children. The long-term treatment 
with the lowest MMI/CMZ dose resulting in euthyroidism 
should be offered to all patients, to increase the likelihood 
of remission. This new strategy requires optimization 
through educational strategies, to improve compliance 
with treatment and medical care, particularly during the 
transition from pediatric to adult services.

Further prospective randomized studies are required 
in children to confirm the efficacy of a prolonged 
conservative approach and to compare the efficacy and 
side effects of long-term ATD treatment with those of RAI 
and surgical ablation.
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and Other Causes of Thyrotoxicosis
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Background: Thyrotoxicosis has multiple etiologies, manifestations, and potential therapies. Appropriate
treatment requires an accurate diagnosis and is influenced by coexistingmedical conditions and patient preference.
This document describes evidence-based clinical guidelines for the management of thyrotoxicosis that would be
useful to generalist and subspecialty physicians and others providing care for patients with this condition.
Methods: The American Thyroid Association (ATA) previously cosponsored guidelines for the management of
thyrotoxicosis that were published in 2011. Considerable new literature has been published since then, and the
ATA felt updated evidence-based guidelines were needed. The association assembled a task force of expert
clinicians who authored this report. They examined relevant literature using a systematic PubMed search sup-
plemented with additional published materials. An evidence-based medicine approach that incorporated the
knowledge and experience of the panel was used to update the 2011 text and recommendations. The strength of the
recommendations and the quality of evidence supporting themwere rated according to the approach recommended
by the Grading of Recommendations, Assessment, Development, and Evaluation Group.
Results: Clinical topics addressed include the initial evaluation and management of thyrotoxicosis; management
of Graves’ hyperthyroidism using radioactive iodine, antithyroid drugs, or surgery; management of toxic multi-
nodular goiter or toxic adenoma using radioactive iodine or surgery; Graves’ disease in children, adolescents, or
pregnant patients; subclinical hyperthyroidism; hyperthyroidism in patients with Graves’ orbitopathy; and
management of other miscellaneous causes of thyrotoxicosis. New paradigms since publication of the 2011
guidelines are presented for the evaluation of the etiology of thyrotoxicosis, the management of Graves’ hyper-
thyroidism with antithyroid drugs, the management of pregnant hyperthyroid patients, and the preparation of
patients for thyroid surgery. The sections on less common causes of thyrotoxicosis have been expanded.
Conclusions: One hundred twenty-four evidence-based recommendations were developed to aid in the care of
patients with thyrotoxicosis and to share what the task force believes is current, rational, and optimal medical
practice.
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DEDICATION

These guidelines are dedicated to the memory of Peter
Laurberg, our friend and colleague, who died tragically during
their preparation.

INTRODUCTION

Thyrotoxicosis is a condition having multiple eti-
ologies, manifestations, and potential therapies. The

term ‘‘thyrotoxicosis’’ refers to a clinical state that results
from inappropriately high thyroid hormone action in tis-
sues generally due to inappropriately high tissue thyroid
hormone levels. The term ‘‘hyperthyroidism,’’ as used in
these guidelines, is a form of thyrotoxicosis due to inappro-
priately high synthesis and secretion of thyroid hormone(s) by
the thyroid. Appropriate treatment of thyrotoxicosis requires
an accurate diagnosis. For example, thyroidectomy is an ap-
propriate treatment for some forms of thyrotoxicosis and not
for others. Additionally, b-blockers may be used in almost all
forms of thyrotoxicosis, whereas antithyroid drugs (ATDs) are
useful in only some.

In the United States, the prevalence of hyperthyroidism is
approximately 1.2% (0.5% overt and 0.7% subclinical); the
most common causes include Graves’ disease (GD), toxic
multinodular goiter (TMNG), and toxic adenoma (TA) (1).
Scientific advances relevant to this topic are reported in a
wide range of literature, including subspecialty publications
in endocrinology, pediatrics, nuclear medicine, and surgery,
making it challenging for clinicians to keep abreast of new
developments. Although guidelines for the diagnosis and
management of patients with thyrotoxicosis were published
previously by the American Thyroid Association (ATA) and
the American Association of Clinical Endocrinologists
(AACE) in 2011, the ATA determined that thyrotoxicosis
represents a priority area in need of updated evidence-based
practice guidelines.

The target audience for these guidelines includes general
and subspecialty physicians and others providing care for
patients with thyrotoxicosis. In this document, we outline
what we believe is current, rational, and optimal medical
practice. These guidelines are not intended to replace clin-
ical judgment, individual decision making, or the wishes
of the patient or family. Rather, each recommendation
should be evaluated in light of these elements so that opti-
mal patient care is delivered. In some circumstances, the
level of care required may be best provided in centers with
specific expertise, and referral to such centers should be
considered.

METHODS OF DEVELOPMENT
OF EVIDENCE-BASED GUIDELINES

Administration

The ATA Executive Council selected a chairperson to
lead the task force and this individual (D.S.R.) identified
the other 10 members of the panel in consultation with the
ATA board of directors. Membership on the panel was
based on clinical expertise, scholarly approach, and rep-
resentation of adult and pediatric endocrinology, nuclear
medicine, and surgery. The task force included individuals
from North America, South America, and Europe. Panel
members declared whether they had any potential conflict

of interest at the initial meeting of the group and periodi-
cally during the course of deliberations. Funding for the
guidelines was derived solely from the general funds of the
ATA, and thus the task force functioned without com-
mercial support.

The task force reviewed the 2011 guidelines and pub-
lished editorials regarding those guidelines. It then de-
veloped a revised list of the most common causes of
thyrotoxicosis and the most important questions that a
practitioner might pose when caring for a patient with a
particular form of thyrotoxicosis or special clinical con-
dition. One task force member was assigned as the primary
writer for each topic. One or more task force members
were assigned as secondary writers for each topic, pro-
viding their specific expertise and critical review for the
primary writer. The relevant literature was reviewed using
a systematic PubMed search for primary references and
reviews published after the submission of the 2011 guidelines,
supplemented with additional published materials found on
focused PubMed searches. Recommendations were based on
the literature and expert opinion where appropriate. A pre-
liminary document and a series of recommendations con-
cerning all the topics were generated by each primary writer
and thencritically reviewedby the task force at large.The panel
agreed recommendations would be based on consensus of the
panel and that voting would be used if agreement could not be
reached. Task force deliberations took place between 2014 and
2016 during several lengthy committee meetings and through
electronic communication.

Rating of the recommendations

These guidelines were developed to combine the best
scientific evidence with the experience of seasoned clini-
cians and the pragmatic realities inherent in implementa-
tion. The task force elected to rate the recommendations
according to the system developed by the Grading of Re-
commendations, Assessment, Development, and Evalua-
tion Group (3–6). The balance between benefits and risks,
quality of evidence, applicability, and certainty of the
baseline risk are all considered in judgments about the
strength of recommendations (7). Grading the quality of
the evidence takes into account study design, study quality,
consistency of results, and directness of the evidence. The
strength of a recommendation is indicated as a strong rec-
ommendation (for or against) that applies to most patients
in most circumstances with benefits of action clearly out-
weighing the risks and burdens (or vice versa), or a weak
recommendation or a suggestion that may not be appro-
priate for every patient, depending on context, patient
values, and preferences. The quality of the evidence is in-
dicated as low-quality evidence, moderate-quality evi-
dence, or high-quality evidence, based on consistency of
results between studies and study design, limitations, and
the directness of the evidence. In several instances, the
evidence was insufficient to recommend for or against a test
or a treatment, and the task force made a statement labeled
‘‘no recommendation.’’ Table 1 describes the criteria to be
met for each rating category. Each recommendation is
preceded by a description of the evidence and, is followed in
some cases by a remarks section including technical sug-
gestions on issues such as dosing and monitoring.
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Presentation of recommendations

The organization of the task force’s recommendations is
presented in Table 2. The page numbers and the location key
can be used to locate specific topics and recommendations.
Specific recommendations are presented within boxes in

the main body of the text. Location keys can be copied into
the Find or Search function in a file or Web page to rap-
idly navigate to a particular section. A listing of the recom-
mendations without text is provided as Supplementary
Appendix A (Supplementary Data are available online at
www.liebertpub.com/thy).

Table 1. Grading of Recommendations, Assessment, Development, and Evaluation System

Type of grading Definition of grades

Strength of the recommendation Strong recommendation (for or against)
Applies to most patients in most circumstances
Benefits clearly outweigh the risk (or vice versa)

Weak recommendation (for or against)
Best action may differ depending on circumstances or patient values
Benefits and risks or burdens are closely balanced, or uncertain

No recommendation (insufficient evidence for or against)

Quality of the evidence High quality; evidence at low risk of bias, such as high quality
randomized trials showing consistent results directly applicable
to the recommendation

Moderate quality; studies with methodological flaws, showing
inconsistent or indirect evidence

Low quality; case series or unsystematic clinical observations
Insufficient evidence

Table 2. Organization of the Task Force’s Recommendations

Location key Description Page

[A] Background 1347
[A1] Causes of thyrotoxicosis 1347
[A2] Clinical consequences of thyrotoxicosis 1347

[B] How should clinically or incidentally discovered thyrotoxicosis be evaluated and
initially managed?

1348

[B1] Assessment of disease severity 1348
[B2] Biochemical evaluation 1348
[B3] Determination of etiology 1349
[B4] Symptomatic management 1350

[C] How should overt hyperthyroidism due to GD be managed? 1350
[D] If RAI therapy is chosen, how should it be accomplished? 1352

[D1] Preparation of patients with GD for RAI therapy 1352
[D2] Administration of RAI in the treatment of GD 1353
[D3] Patient follow-up after RAI therapy for GD 1354
[D4] Treatment of persistent Graves’ hyperthyroidism following RAI therapy 1355

[E] If ATDs are chosen as initial management of GD, how should the therapy be
managed?

1355

[E1] Initiation of ATD therapy for the treatment of GD 1355
[E2] Adverse effects of ATDs 1356
[E3] Agranulocytosis 1356
[E4] Hepatotoxicity 1356
[E5] Vasculitis 1356
[E6] Monitoring of patients taking ATDs 1357
[E7] Management of allergic reactions 1358
[E8] Duration of ATD therapy for GD 1358
[E9] Persistently elevated TRAb 1358
[E10] Negative TRAb 1358

[F] If thyroidectomy is chosen for treatment of GD, how should it be accomplished? 1359
[F1] Preparation of patients with GD for thyroidectomy 1359
[F2] The surgical procedure and choice of surgeon 1359
[F3] Postoperative care 1360

[G] How should thyroid nodules be managed in patients with GD? 1361
[H] How should thyroid storm be managed? 1361
[I] Is there a role for iodine as primary therapy in the treatment of GD? 1363

(continued)
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Table 2. (Continued)

Location key Description Page

[J] How should overt hyperthyroidism due to TMNG or TA be treated? 1363
[K] If RAI therapy is chosen as treatment for TMNG or TA, how should it be

accomplished?
1365

[K1] Preparation of patients with TMNG or TA for RAI therapy 1365
[K2] Evaluation of thyroid nodules prior to RAI therapy 1366
[K3] Administration of RAI in the treatment of TMNG or TA 1366
[K4] Patient follow-up after RAI therapy for TMNG or TA 1366
[K5] Treatment of persistent or recurrent hyperthyroidism following RAI therapy for
TMNG or TA

1367

[L] If surgery is chosen, how should it be accomplished? 1367
[L1] Preparation of patients with TMNG or TA for surgery 1367
[L2] The surgical procedure and choice of surgeon 1367
[L3] Postoperative care 1368
[L4] Treatment of persistent or recurrent disease following surgery for
TMNG or TA

1368

[M] If ATDs are chosen as treatment of TMNG or TA, how should the therapy be managed? 1368
[N] Is there a role for ethanol or radiofrequency ablation in the management of TA or

TMNG?
1369

[N1] Ethanol ablation 1369
[N2] Radiofrequency ablation 1369

[O] How should GD be managed in children and adolescents? 1369
[O1] General approach 1369

[P] If ATDs are chosen as initial management of GD in children, how should the therapy be
managed?

1370

[P1] Initiation of ATD therapy for the treatment of GD in children 1370
[P2] Symptomatic management of Graves’ hyperthyroidism in children 1371
[P3] Monitoring of children taking MMI 1371
[P4] Monitoring of children taking PTU 1371
[P5] Management of allergic reactions in children taking MMI 1371
[P6] Duration of MMI therapy in children with GD 1372

[Q] If radioactive iodine is chosen as treatment for GD in children, how should it be
accomplished?

1372

[Q1] Preparation of pediatric patients with GD for RAI therapy 1372
[Q2] Administration of RAI in the treatment of GD in children 1373
[Q3] Side effects of RAI therapy in children 1373

[R] If thyroidectomy is chosen as treatment for GD in children, how should it be
accomplished?

1374

[R1] Preparation of children with GD for thyroidectomy 1374
[S] How should subclinical hyperthyroidism be managed? 1375

[S1] Prevalence and causes of SH 1375
[S2] Clinical significance of SH 1375
[S3] When to treat SH 1376
[S4] How to treat SH 1377
[S5] End points to be assessed to determine effective therapy of SH 1378

[T] How should hyperthyroidism in pregnancy be managed? 1378
[T1] Diagnosis of hyperthyroidism in pregnancy 1378
[T2] Management of hyperthyroidism in pregnancy 1379
[T3] The role of TRAb level measurement in pregnancy 1384
[T4] Postpartum thyroiditis 1385

[U] How should hyperthyroidism be managed in patients with GO? 1386
[U1] Assessment of disease activity and severity 1386
[U2] Prevention of GO 1387
[U3] Treatment of hyperthyroidism in patients with no apparent GO 1389
[U4] Treatment of hyperthyroidism in patients with active GO of mild severity 1389
[U5] Treatment of hyperthyroidism in patients with active and moderate-to-severe or
sight-threatening GO

1390

[U6] Treatment of GD in patients with inactive GO 1390
[V] How should iodine-induced and amiodarone-induced thyrotoxicosis be managed? 1390

[V1] Iodine-induced thyrotoxicosis 1390
[V2] Amiodarone-induced thyrotoxicosis 1391

(continued)
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RESULTS

[A] Background

[A1] Causes of thyrotoxicosis
In general, thyrotoxicosis can occur if (i) the thyroid is

excessively stimulated by trophic factors; (ii) constitutive
activation of thyroid hormone synthesis and secretion occurs,
leading to autonomous release of excess thyroid hormone;
(iii) thyroid stores of preformed hormone are passively re-
leased in excessive amounts owing to autoimmune, infec-
tious, chemical, or mechanical insult; or (iv) there is exposure
to extrathyroidal sources of thyroid hormone, which may be
either endogenous (struma ovarii, metastatic differentiated
thyroid cancer) or exogenous (factitious thyrotoxicosis).

Hyperthyroidism is generally considered overt or subclinical,
depending on the biochemical severity of the hyperthyroidism,
although in reality the disease represents a continuum of over-
active thyroid function. Overt hyperthyroidism is defined as a
subnormal (usually undetectable) serum thyrotropin (TSH) with
elevated serum levels of triiodothyronine (T3) and/or free thy-
roxine estimates (free T4). Subclinical hyperthyroidism is de-
fined as a low or undetectable serum TSHwith values within the
normal reference range for both T3 and free T4. Both overt and
subclinical disease may lead to characteristic signs and symp-
toms, although subclinical hyperthyroidism is usually considered
milder. Overzealous or suppressive thyroid hormone adminis-
tration may cause either type of thyrotoxicosis, particularly
subclinical thyrotoxicosis. Endogenous overt or subclinical thy-
rotoxicosis is caused by excess thyroid hormone production and
release or by inflammation and release of hormone by the gland.

Endogenous hyperthyroidism is most commonly due to GD
or nodular thyroid disease. GD is an autoimmune disorder in
which thyrotropin receptor antibodies (TRAb) stimulate the
TSH receptor, increasing thyroid hormone production and re-
lease. The development of nodular thyroid disease includes
growth of established nodules, new nodule formation, and de-
velopment of autonomy over time (8). In TAs, autonomous
hormone production can be caused by somatic activating mu-
tations of genes regulating thyroid growth and hormone syn-
thesis. Germline mutations in the gene encoding the TSH
receptor can cause sporadic or familial nonautoimmune hyper-

thyroidism associated with a diffuse enlargement of the thyroid
gland (9). Autonomous hormone production may progress from
subclinical to overt hyperthyroidism, and the administration of
pharmacologic amounts of iodine to such patients may result in
iodine-induced hyperthyroidism (10). GD is the most common
cause of hyperthyroidism in the United States (11,12). Although
toxic nodular goiter is less common than GD, its prevalence
increases with age and in the presence of dietary iodine
deficiency. Therefore, toxic nodular goiter may actually be more
common than GD in older patients, especially in regions of
iodine deficiency (13,14). Unlike toxic nodular goiter, which is
progressive (unless triggered by excessive iodine intake), re-
mission of mild GD has been reported in up to 30% of patients
without treatment (15).

Less common causes of thyrotoxicosis include the enti-
ties of painless and subacute thyroiditis, which occur due to
inflammation of thyroid tissue with release of preformed
hormone into the circulation. Painless thyroiditis caused by
lymphocytic inflammation appears to occur with a different
frequency depending on the population studied: in Denmark it
accounted for only 0.5% of thyrotoxic patients, but it was 6% of
patients in Toronto and 22% of patients in Wisconsin (16–18).

Painless thyroiditis may occur during lithium (19), cyto-
kine (e.g., interferon-a) (20), or tyrosine kinase inhibitor
therapy (21), and in the postpartum period it is referred to as
postpartum thyroiditis (22). A painless destructive thyroiditis
(not usually lymphocytic) occurs in 5%–10% of amiodarone-
treated patients (23). Subacute thyroiditis is thought to be
caused by viral infection and is characterized by fever and
thyroid pain (24).

[A2] Clinical consequences of thyrotoxicosis
The cellular actions of thyroid hormone are mediated by

T3, the active form of thyroid hormone. T3 binds to two
specific nuclear receptors (thyroid hormone receptor a and b)
that regulate the expression of many genes. Nongenomic
actions of thyroid hormone include regulation of numerous
important physiologic functions.

Thyroid hormone influences almost every tissue and organ
system. It increases tissue thermogenesis and basal meta-
bolic rate and reduces serum cholesterol levels and systemic

Table 2. (Continued)

Location key Description Page

[W] How should thyrotoxicosis due to destructive thyroiditis be managed? 1394
[W1] Subacute thyroiditis 1394
[W2] Painless thyroiditis 1395
[W3] Acute thyroiditis 1395
[W4] Palpation thyroiditis 1395

[X] How should other causes of thyrotoxicosis be managed? 1395
[X1] Interferon-a and interleukin-2 1395
[X2] Tyrosine kinase inhibitors 1396
[X3] Lithium 1396
[X4] TSH-secreting pituitary tumors 1397
[X5] Struma ovarii 1397
[X6] Choriocarcinoma 1398
[X7] Thyrotoxicosis factitia 1398
[X8] Functional thyroid cancer metastases 1398

ATD, antithyroid drug; GD, Graves’ disease; GO, Graves’ orbitopathy; MMI, methimazole; PTU, propylthiouracil; RAI, radioactive
iodine; SH, subclinical hyperthyroidism; TA, toxic adenoma; TMNG, toxic multinodular goiter; TRAb, thyrotropin receptor antibody;
TSH, thyrotropin.
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vascular resistance. Some of the most profound effects of in-
creased thyroid hormone levels occur within the cardiovascular
system (25). Untreated or partially treated thyrotoxicosis is
associated with weight loss, osteoporosis, atrial fibrillation,
embolic events, muscle weakness, tremor, neuropsychiatric
symptoms, and rarely cardiovascular collapse and death (26,27).
Only moderate correlation exists between the degree of thyroid
hormone elevation and clinical signs and symptoms. Symptoms
and signs that result from increased adrenergic stimulation in-
clude tachycardia and anxiety and may be more pronounced in
younger patients and those with larger goiters (28). The signs
and symptoms of mild, or subclinical, thyrotoxicosis are similar
to those of overt thyrotoxicosis but differ in magnitude. Mea-
surable changes in basal metabolic rate, cardiovascular hemo-
dynamics, and psychiatric and neuropsychological function can
be present in mild thyrotoxicosis (29).

[B] How should clinically or incidentally
discovered thyrotoxicosis be evaluated
and initially managed?

[B1] Assessment of disease severity
Assessment of thyrotoxic manifestations, and especially

potential cardiovascular and neuromuscular complications, is
essential in formulating an appropriate treatment plan. Al-
though it might be anticipated that the severity of thyrotoxic
symptoms is proportional to the elevation in the serum levels
of free T4 and T3, in one small study of 25 patients with GD,
the Hyperthyroid Symptom Scale did not strongly correlate
with free T4 or T3 and was inversely correlated with age (28).
The importance of age as a determinant of the prevalence and
severity of hyperthyroid symptoms has recently been con-
firmed (30). Cardiac evaluation may be necessary, especially
in the older patient, and may require an echocardiogram,
electrocardiogram, Holter monitor, or myocardial perfusion
studies (31). The need for evaluation should not postpone
therapy of the thyrotoxicosis. In addition to the administra-
tion of b-blockers (31), treatment may be needed for con-
comitant myocardial ischemia, congestive heart failure, or
atrial arrhythmias (25). Anticoagulation may be necessary in
patients in atrial fibrillation (32). Goiter size, obstructive
symptoms, and the severity of Graves’ orbitopathy (GO), the
inflammatory disease that develops in the orbit in association
with autoimmune thyroid disorders, can be discordant with
the degree of hyperthyroidism or hyperthyroid symptoms.

All patients with known or suspected hyperthyroidism
should undergo a comprehensive history and physical exam-
ination, including measurement of pulse rate, blood pressure,
respiratory rate, and body weight. Thyroid size, tenderness,
symmetry, and nodularity should also be assessed along with
pulmonary, cardiac, and neuromuscular function (29,31,33)
and the presence or absence of peripheral edema, eye signs, or
pretibial myxedema.

[B2] Biochemical evaluation
Serum TSH measurement has the highest sensitivity and

specificity of any single blood test used in the evaluation
of suspected thyrotoxicosis and should be used as an ini-
tial screening test (34). However, when thyrotoxicosis is
strongly suspected, diagnostic accuracy improves when a
serum TSH, free T4, and total T3 are assessed at the initial
evaluation. The relationship between free T4 and TSH when

the pituitary–thyroid axis is intact is an inverse log-linear
relationship; therefore, small changes in free T4 result in large
changes in serum TSH concentrations. Serum TSH levels are
considerably more sensitive than direct thyroid hormone
measurements for assessing thyroid hormone excess (35).

In overt hyperthyroidism, serum free T4, T3, or both are
elevated, and serum TSH is subnormal (usually <0.01mU/L in
a third-generation assay). In mild hyperthyroidism, serum T4

and free T4 can be normal, only serum T3 may be elevated, and
serum TSH will be low or undetectable. These laboratory
findings have been called ‘‘T3-toxicosis’’ andmay represent the
earliest stages of hyperthyroidism caused by GD or an auton-
omously functioning thyroid nodule. As with T4, total T3

measurements are affected by protein binding. Assays for es-
timating free T3 are less widely validated and less robust than
those for free T4. Therefore, measurement of total T3 is fre-
quently preferred over free T3 in clinical practice. Subclinical
hyperthyroidism is defined as a normal serum free T4 and
normal total T3 or free T3, with subnormal serum TSH con-
centration. Laboratory protocols that store sera and automati-
cally retrieve the sample and add on free T4 and total T3

measurements when the initial screening serum TSH concen-
trations are low avoid the need for subsequent blood draws.

In the absence of a TSH-producing pituitary adenoma or
thyroid hormone resistance, or in the presence of spurious
assay results due to interfering antibodies, a normal serum
TSH level precludes the diagnosis of thyrotoxicosis. The
term ‘‘euthyroid hyperthyroxinemia’’ has been used to de-
scribe a number of entities, primarily thyroid hormone–
binding protein disorders, which cause elevated total serum
T4 concentrations (and frequently elevated total serum T3

concentrations) in the absence of hyperthyroidism (36).
These conditions include elevations in T4 binding globulin
(TBG) or transthyretin (37); the presence of an abnormal
albumin which binds T4 with high capacity (familial dysal-
buminemic hyperthyroxinemia); a similarly abnormal trans-
thyretin; and, rarely, immunoglobulins that directly bind T4

or T3. TBG excess may occur as a hereditary X-linked trait, or
it may be acquired as a result of pregnancy or estrogen ad-
ministration, hepatitis, acute intermittent porphyuria or dur-
ing treatment with 5-fluorouracil, perphenazine, or some
narcotics. Other causes of euthyroid hyperthyroxinemia in-
clude drugs that inhibit T4 to T3 conversion, such as amio-
darone (23) or high-dose propranolol (31), acute psychosis
(38), extreme high altitude (39), and amphetamine abuse
(40). Estimates of free thyroid hormone concentrations fre-
quently also give erroneous results in these disorders. Spur-
ious free T4 elevations may occur from heterophilic
antibodies or in the setting of heparin therapy, due to in vitro
activation of lipoprotein lipase and release of free fatty acids
that displace T4 from its binding proteins.

Heterophilic antibodies can also cause spurious high TSH
values, and this should be ruled out by repeating the TSH
in another assay, measurement of TSH in serial dilution, or
direct measurement of human anti-mouse antibodies.

Ingestion of high doses of biotin may cause spurious re-
sults in assays that utilize a streptavidin–biotin separation
technique (41,42). In immunometric assays, frequently used
to measure TSH, excess biotin displaces biotinylated anti-
bodies and causes spuriously low results, while in competitive
binding assays, frequently used to measure free T4, excess
biotin competes with biotinylated analogue and results in
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falsely high results. Patients taking high doses of biotin or
supplements containing biotin, who have elevated T4 and
suppressed TSH, should stop taking biotin and have repeat
measurements at least 2 days later.

After excluding euthyroid hyperthyroxinemia, TSH-mediated
hyperthyroidism should be considered when thyroid hormone
concentrations are elevated and TSH is normal or elevated. A
pituitary lesion on magnetic resonance imaging (MRI) and a
disproportionately high ratio of the serum level of the a-subunit
of the pituitary glycoprotein hormones to TSH supports the di-
agnosis of a TSH-producing pituitary adenoma (43). A family
history and genetic testing for mutations in the thyroid hormone
receptor b (THRB) gene supports the diagnosis of resistance to
thyroid hormone (44).

[B3] Determination of etiology

& RECOMMENDATION 1
The etiology of thyrotoxicosis should be determined. If the
diagnosis is not apparent based on the clinical presentation
and initial biochemical evaluation, diagnostic testing is
indicated and can include, depending on available exper-
tise and resources, (1) measurement of TRAb, (2) deter-
mination of the radioactive iodine uptake (RAIU), or (3)
measurement of thyroidal blood flow on ultrasonography.
A 123I or 99mTc pertechnetate scan should be obtained
when the clinical presentation suggests a TA or TMNG.

Strong recommendation, moderate-quality evidence.

In a patient with a symmetrically enlarged thyroid, recent
onset of orbitopathy, and moderate to severe hyperthyroid-
ism, the diagnosis of GD is likely and further evaluation of
hyperthyroidism causation is unnecessary. In a thyrotoxic
patient with a nonnodular thyroid and no definite orbitopathy,
measurement of TRAb or RAIU can be used to distinguish
GD from other etiologies. In a study using a model of a
theoretical population of 100,000 enrollees in a managed care
organization in the United States, the use of TRAb mea-
surements to diagnose GD compared to RAIU measurements
reduced costs by 47% and resulted in a 46% quicker diag-
nosis (45).

RAIUmeasures the percentage of administered RAI that is
concentrated into thyroid tissue after a fixed interval, usually
24 hours. Technetium uptake measurements utilize pertech-
netate that is trapped by the thyroid, but not organified. A
technetium (TcO4) uptake measures the percentage of ad-
ministered technetium that is trapped by the thyroid after a
fixed interval, usually 20 minutes.

Uptake measurements are indicated when the diagnosis is
in question (except during pregnancy and usually during
lactation (see Section [T4]) and distinguishes causes of thy-
rotoxicosis having elevated or normal uptake over the thyroid
gland from those with near-absent uptake (Table 3). Uptake is
usually elevated in patients with GD and normal or high in
toxic nodular goiter, unless there has been a recent exposure
to iodine (e.g., radiocontrast). The RAIU will be near zero in
patients with painless, postpartum, or subacute thyroiditis;
factitious ingestion of thyroid hormone; or recent excess io-
dine intake. The RAIU may be low after exposure to iodin-
ated contrast in the preceding 1–2months or with ingestion of
a diet unusually rich in iodine such as seaweed soup or

kelp. However, RAIU is rarely <1% unless the iodine expo-
sure is reoccurring, such as during treatment with amiodar-
one. When exposure to excess iodine is suspected (e.g., when
the RAIU is lower than expected from the clinical history),
assessment of urinary iodine concentration (spot urine iodine
adjusted for urine creatinine concentration or a 24-hour urine
iodine concentration) may be helpful. The uptake over the
neck will also be absent in a patient with struma ovarii, where
the abnormal thyroid tissue is located in an ovarian teratoma.

Thyroid scans provide a planar image of the thyroid gland
using a gamma camera to assess potential variability in the
concentration of the radioisotope within thyroid tissue. RAI
scans may be obtained coincident with the RAIU and tech-
netium scans may be obtained coincident with the technetium
uptake. While technetium scans result in a low range of
normal uptake and high background activity, total body ra-
diation exposure is less than for 123I scans; either type of scan
can be useful in determining the etiology of hyperthyroidism
in the presence of thyroid nodularity.

A thyroid scan should be obtained if the clinical presen-
tation suggests a TA or TMNG. The pattern of RAIU in GD is
diffuse unless coexistent nodules or fibrosis is present. The
pattern of uptake in a patient with a single TA generally
shows focal uptake in the adenoma with suppressed uptake in
the surrounding and contralateral thyroid tissue. The image in
TMNG demonstrates multiple areas of focal increased and
suppressed uptake. If autonomy is extensive, the image may
be difficult to distinguish from that of GD (46). Additionally,
GD and nontoxic nodular goiter may coincide, resulting in
positive TRAb levels and a nodular ultrasound or heteroge-
neous uptake images (47).

Where expertise is available, ultrasonography with color
flowDoppler can distinguish thyroid hyperactivity (increased
flow) from destructive thyroiditis (48). Quantitative Doppler
evaluation requires careful adjustments to prevent artifacts
and measures the peak systolic velocity from intrathyroidal
arteries or the inferior thyroidal artery (49). This test may

Table 3. Causes of Thyrotoxicosis

Thyrotoxicosis associated with a normal or elevated RAI
uptake over the necka

GD
TA or TMNG
Trophoblastic disease
TSH-producing pituitary adenomas
Resistance to thyroid hormone (T3 receptor b mutation,
THRB)b

Thyrotoxicosis associated with a near-absent RAI uptake
over the neck

Painless (silent) thyroiditis
Amiodarone-induced thyroiditis
Subacute (granulomatous, de Quervain’s) thyroiditis
Palpation thyroiditis
Iatrogenic thyrotoxicosis
Factitious ingestion of thyroid hormone
Struma ovarii
Acute thyroiditis
Extensive metastases from follicular thyroid cancer

aIn iodine-induced or iodine-exposed hyperthyroidism (including
amiodarone type 1), the uptake may be low.

bPatients are not uniformly clinically hyperthyroid. T3, triiodo-
thyronine.
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be particularly useful when radioactive iodine (RAI) is con-
traindicated, such as during pregnancy or breastfeeding.
Doppler flow has also been used to distinguish between
subtypes of amiodarone-induced thyrotoxicosis (see Section
[V2]) and between GD and destructive thyroiditis (see Sec-
tion [W2]).

The ratio of total T3 to total T4 can also be useful in as-
sessing the etiology of thyrotoxicosis when scintigraphy is
contraindicated. Because a hyperactive gland produces more
T3 than T4, T3 will be elevated above the upper limit of
normal more than T4 in thyrotoxicosis caused by hyperthy-
roidism, whereas T4 is elevated more than T3 in thyrotoxi-
cosis caused by thyroiditis (50); in one study the ratio of total
T3 to total T4 (ng/lg) was >20 in GD and toxic nodular goiter,
and <20 in painless or postpartum thyroiditis (51). A high
T4 to T3 ratio may be seen in thyrotoxicosis factitia (from
exogenous levothyroxine).

The choice of initial diagnostic testing depends on cost,
availability, and local expertise. TRAb is cost effective be-
cause if it is positive it confirms the diagnosis of the most
common cause of thyrotoxicosis. If negative it does not dis-
tinguish among other etiologies, however, and it can be
negative in very mild GD. If third-generation TRAb assays
are not readily available, RAIU is preferred for initial testing.

Diagnostic testing may be influenced by the choice of
therapy (see Section [C]). For example, measuring TRAb in a
patient with GD who plans on taking methimazole (MMI)
with the hope of achieving a remission will provide a baseline
measurement for disease activity. Obtaining a RAIU in a
patient who prefers RAI treatment will provide both diag-
nostic information and facilitate the calculation of the RAI
dose (see Section [D2]).

In most patients, distinction between subacute and painless
thyroiditis is not difficult. Subacute thyroiditis is generally
painful, the gland is firm to hard on palpation, and the
erythrocyte sedimentation rate is usually >50mm/h and
sometimes over 100mm/h. Patients with painless thyroiditis
presenting within the first year after childbirth (postpartum
thyroiditis) often have a personal or family history of auto-
immune thyroid disease and typically have measurable serum
concentrations of anti–thyroid peroxidase antibodies (52).

Thyroglobulin is released along with thyroid hormone
in subacute, painless, and palpation thyroiditis (following
manipulation of the thyroid gland during surgery), whereas
its release is suppressed in the setting of exogenous thyroid
hormone administration. If not elucidated by the history,
factitious ingestion of thyroid hormone can be distinguished
from other causes of thyrotoxicosis by a low serum thyro-
globulin level, a near-zero RAIU, and a T3 to T4 ratio (ng/lg)
<20 if due to exogenous levothyroxine (53). In patients with
antithyroglobulin antibodies, which interfere with thyro-
globulin measurement, an alternative but not widely avail-
able approach is measurement of fecal T4 (54); mean values
were 1.03 nmol/g in euthyroid patients, 1.93 nmol/g in
Graves’ hyperthyroidism, and 12–24 nmol/g in factitious
thyrotoxicosis.

Technical remarks: There are two methods for measuring
Thyroid Receptor Antibodies (TRAb) (55). Third generation
TSH Binding Inhibition Immunoglobulin (TBII) assays are
competition assays which measure inhibition of binding of
either a labeled monoclonal anti-human TSH-R antibody or
labeled TSH to a recombinant TSH-R. These TRAb or TBII

assays are unable to distinguish the TSH-R antibody types.
Bioassays for the Thyroid Stimulating Immunoglobulin
(TSI) measure the ability of TSI to increase the intracellular
level of cAMP directly or indirectly, e.g. from engineered
Chinese Hamster Ovary (CHO) cells transfected with
hTSH-R reported through increased luciferase production.
Such assays specifically detect simulating antibodies (TSI)
and can differentiate between the TSH-R antibody types. In
the setting of overt thyrotoxicosis, newer TRAb binding and
bioassays have a sensitivity of 96–97% and a specificity of
99% for GD (56,57).

[B4] Symptomatic management

& RECOMMENDATION 2
Beta-adrenergic blockade is recommended in all patients
with symptomatic thyrotoxicosis, especially elderly pa-
tients and thyrotoxic patients with resting heart rates in
excess of 90 beats per minute or coexistent cardiovascular
disease.

Strong recommendation, moderate-quality evidence.

In a randomized controlled trial of MMI alone versus MMI
and a b-adrenergic blocking agent, after 4 weeks, patients
taking b-adrenergic blockers had lower heart rates, less
shortness of breath and fatigue, and improved ‘‘physical
functioning’’ on the SF-36 health questionnaire (58).

Technical remarks: Since there is not sufficient b-1 se-
lectivity of the available b-blockers at the recommended
doses, these drugs are generally contraindicated in patients
with bronchospastic asthma. In patients with quiescent bron-
chospastic asthma inwhom heart rate control is essential, or in
patients with mild obstructive airway disease or symptomatic
Raynaud’s phenomenon, a relative b-1 selective agent can be
used cautiously, with careful monitoring of pulmonary status
(Table 4). Occasionally, very high doses of b-blockers are
required to manage symptoms of thyrotoxicosis and to reduce
the heart rate to near the upper limit of normal (31), but most
often low to moderate doses (Table 4) give sufficient symp-
tom relief. Oral administration of calcium channel blockers,
both verapamil and diltiazem, have been shown to affect rate
control in patients who do not tolerate or are not candidates for
b-adrenergic blocking agents.

[C] How should overt hyperthyroidism
due to GD be managed?

& RECOMMENDATION 3
Patients with overt Graves’ hyperthyroidism should be
treated with any of the following modalities: RAI therapy,
ATDs, or thyroidectomy.

Strong recommendation, moderate-quality evidence.

Once it has been established that the patient is hyperthy-
roid and the cause is GD, the patient and physician must
choose between three effective and relatively safe initial
treatment options: RAI therapy, ATDs, or thyroidectomy
(59). In the United States, RAI has been the therapy most
preferred by physicians, but a trend has been present in recent
years to increase use of ATDs and reduce the use of RAI. A
2011 survey of clinical endocrinologists showed that 59.7%
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of respondents from the United States selected RAI as pri-
mary therapy for an uncomplicated case of GD, compared
with 69% in a similar survey performed 20 years earlier (60).
In Europe, Latin America, and Japan, there has been a greater
physician preference for ATDs (61). The long-term quality of
life (QoL) following treatment for GD was found to be the
same in patients randomly allocated to one of the three
treatment options (62). Currently, no scientific evidence ex-
ists to support the recommendation of alternative therapies
for the treatment of hyperthyroidism (63).

Technical remarks: Once the diagnosis has been made, the
treating physician and patient should discuss each of the
treatment options, including the logistics, benefits, expected
speed of recovery, drawbacks, potential side effects, and
costs (64). This sets the stage for the physician to make
recommendations based on best clinical judgment and allows
the final decision to incorporate the personal values and
preferences of the patient. The treatment selection should
also take into account the local availability and the associated
costs. Whenever surgery is selected as treatment one should
consider the use of expert high-volume thyroid surgeons with
on average lower risk of complications; lack of that expertise
should be considered against the known risk of alternative
choices. Long-term continuous treatment of hyperthyroidism
with ATDs may be considered in selected cases (65,66).

Clinical situations that favor a particular modality as
treatment for Graves’ hyperthyroidism (Table 5):

a. RAI therapy: Women planning a pregnancy in the fu-
ture (in more than 6 months following RAI adminis-
tration, provided thyroid hormone levels are normal),
individuals with comorbidities increasing surgical risk,
and patients with previously operated or externally ir-
radiated necks, or lack of access to a high-volume
thyroid surgeon, and patients with contraindications to
ATD use or failure to achieve euthyroidism during
treatment with ATDs. Patients with periodic thyrotoxic
hypokalemic paralysis, right heart failure pulmonary

hypertension, or congestive heart failure should also be
considered good candidates for RAI therapy.

b. ATDs: Patients with high likelihood of remission (pa-
tients, especially women, with mild disease, small goi-
ters, and negative or low-titer TRAb); pregnancy; the
elderly or others with comorbidities increasing surgi-
cal risk or with limited life expectancy; individuals in
nursing homes or other care facilities who may have
limited longevity and are unable to follow radiation
safety regulations; patients with previously operated
or irradiated necks; patients with lack of access to a
high-volume thyroid surgeon; patients with moderate
to severe active GO; and patients who need more rapid
biochemical disease control.

c. Surgery: Women planning a pregnancy in <6 months
provided thyroid hormone levels are normal (i.e., pos-
sibly before thyroid hormone levels would be normal if
RAI were chosen as therapy); symptomatic compres-
sion or large goiters (‡80 g); relatively low uptake of
RAI; when thyroid malignancy is documented or sus-
pected (e.g., suspicious or indeterminate cytology);
large thyroid nodules especially if greater than 4 cm or
if nonfunctioning, or hypofunctioning on 123I or 99mTc
pertechnetate scanning; coexisting hyperparathyroid-
ism requiring surgery; especially if TRAb levels are
particularly high; and patients with moderate to severe
active GO.

Contraindications to a particular modality as treat-
ment for Graves’ hyperthyroidism:

a. RAI therapy: Definite contraindications include preg-
nancy, lactation, coexisting thyroid cancer, or suspi-
cion of thyroid cancer, individuals unable to comply
with radiation safety guidelines and used with informed
caution in women planning a pregnancy within 4–6
months.

b. ATDs: Definite contraindications to ATD therapy in-
clude previous known major adverse reactions to ATDs.

Table 4. Beta-Adrenergic Receptor Blockade in the Treatment of Thyrotoxicosis

Druga Dosage Frequency Considerations

Propanololb 10–40mg 3–4 times per day Nonselective b-adrenergic receptor blockade
Longest experience
May block T4 to T3 conversion at high doses
Preferred agent for nursing and pregnant mothers

Atenolol 25–100mg 1–2 times per day Relative b-1 selectivity
Increased compliance
Avoid during pregnancy

Metoprololb 25–50mg 2–3 times per day Relative b-1 selectivity

Nadolol 40–160mg 1 time per day Nonselective b-adrenergic receptor blockade
Once daily
Least experience to date
May block T4 to T3 conversion at high doses

Esmolol IV pump 50–100lg/kg/min In intensive care unit setting of severe
thyrotoxicosis or storm

aEach of these drugs has been approved for treatment of cardiovascular diseases, but to date none has been approved for the treatment of
thyrotoxicosis.

bAlso available in once daily preparations.
T4, thyroxine.
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c. Surgery: Factors that may mitigate against the choice of
surgery include substantial comorbidity such as cardio-
pulmonary disease, end-stage cancer, or other debilitat-
ing disorders, or lack of access to a high-volume thyroid
surgeon. Pregnancy is a relative contraindication, and
surgery should only be used in the circumstance when
rapid control of hyperthyroidism is required and anti-
thyroid medications cannot be used. Thyroidectomy is
best avoided in the first and third trimesters of pregnancy
because of teratogenic effects associated with anesthetic
agents and increased risk of fetal loss in the first tri-
mester and increased risk of preterm labor in the third.
Optimally, thyroidectomy is performed in the second
trimester; however, although it is the safest time, it is not
without risk (4.5%–5.5% risk of preterm labor) (67,68).
Thyroid surgery in pregnancy is also associated with a
higher rate of complications, including hypoparathy-
roidism and recurrent laryngeal nerve (RLN) injury (68).

Patient values that may impact choice of therapy:

a. RAI therapy: Patients choosing RAI therapy as treat-
ment for GD would likely place relatively higher value
on definitive control of hyperthyroidism, the avoidance
of surgery, and the potential side effects of ATDs, as
well as a relatively lower value on the need for lifelong
thyroid hormone replacement, rapid resolution of hy-
perthyroidism, and potential worsening or development
of GO (69).

b. ATDs: Patients choosing ATD as treatment for GD
would place relatively higher value on the possibility of
remission and the avoidance of lifelong thyroid hor-
mone treatment, the avoidance of surgery, and exposure
to radioactivity and a relatively lower value on the

avoidance of ATD side effects (see Section [E]), and
the possibility of disease recurrence.

c. Surgery: Patients choosing surgery as treatment for GD
would likely place a relatively higher value on prompt
and definitive control of hyperthyroidism, avoidance of
exposure to radioactivity, and the potential side effects
of ATDs and a relatively lower value on potential
surgical risks, and need for lifelong thyroid hormone
replacement.

[D] If RAI therapy is chosen, how should
it be accomplished?

[D1] Preparation of patients with GD for RAI therapy

& RECOMMENDATION 4
Because RAI treatment of GD can cause a transient ex-
acerbation of hyperthyroidism, b-adrenergic blockade
should be considered even in asymptomatic patients who
are at increased risk for complications due to worsening of
hyperthyroidism (i.e., elderly patients and patients with
comorbidities).

Weak recommendation, low-quality evidence.

& RECOMMENDATION 5
In addition to b-adrenergic blockade (see Recommenda-
tions 2 and 4), pretreatment withMMI prior to RAI therapy
for GD should be considered in patients who are at in-
creased risk for complications due to worsening of hy-
perthyroidism. MMI should be discontinued 2–3 days
prior to RAI.

Weak recommendation, moderate-quality evidence.

Table 5. Clinical Situations That Favor a Particular Modality as Treatment
for Graves’ Hyperthyroidism

Clinical situations RAI ATD Surgery

Pregnancya x OO / ! O / !

Comorbidities with increased surgical risk and/or limited
life expectancy

OO O x

Inactive GO O O O
Active GO b OO OO
Liver disease OO ! O
Major adverse reactions to ATDs OO x O
Patients with previously operated or externally irradiated necks OO O !

Lack of access to a high-volume thyroid surgeon OO O !

Patients with high likelihood of remission (especially women,
with mild disease, small goiters, and negative or low-titer TRAb)

O OO O

Patients with periodic paralysis OO O OO
Patients with right pulmonary hypertension, or congestive heart failure OO O !

Elderly with comorbidities O O !

Thyroid malignancy confirmed or suspected x - OO
One of more large thyroid nodules - O OO
Coexisting primary hyperparathyroidism requiring surgery - - OO

OO= preferred therapy; O = acceptable therapy; ! = cautious use; -= not first-line therapy but may be acceptable depending on the clinical
circumstances; X = contraindication.

aFor women considering a pregnancy within 6 months, see discussion in Section [T2].
bTable 14 describes the use of RAI in GO in detail, considering disease activity, severity, and other risk factors for GO progression.
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& RECOMMENDATION 6
In patients who are at increased risk for complications due
to worsening of hyperthyroidism, resuming MMI 3–7 days
after RAI administration should be considered.

Weak recommendation, low-quality evidence.

& RECOMMENDATION 7
Medical therapy of any comorbid conditions should be
optimized prior to RAI therapy.

Strong recommendation, low-quality evidence.

RAI has been used to treat hyperthyroidism for more than
seven decades. It is well tolerated and complications are rare,
except for those related to orbitopathy (see Section [U]).
Thyroid storm occurs only rarely following the administra-
tion of RAI (70–72). In one study of patients with thyrotoxic
cardiac disease treated with RAI as the sole modality, no
clinical worsening in any of the cardinal symptoms of thy-
rotoxicosis was seen (73). However, RAI can induce a short-
term increase of thyroid hormone levels (74,75). To prevent a
clinical exacerbation of hyperthyroidism, the use of MMI or
carbimazole, the latter of which is not marketed in the United
States, before and after RAI treatment may be considered in
patients with severe hyperthyroidism, the elderly, and indi-
viduals with substantial comorbidity that puts them at greater
risk for complications of worsening thyrotoxicosis (75,76).
The latter includes patients with cardiovascular complica-
tions such as atrial fibrillation, heart failure, or pulmonary
hypertension and those with renal failure, infection, trauma,
poorly controlled diabetes mellitus, and cerebrovascular or
pulmonary disease (70). These comorbid conditions should
be addressed with standard medical care and the patient
rendered medically stable before the administration of RAI if
possible. If possible iodinated radiocontrast should be avoi-
ded. In addition, b-adrenergic blocking drugs should be used
judiciously in these patients in preparation for RAI therapy
(25,77). MMI (75) and carbimazole (78) have shown to re-
duce thyroid hormone levels after RAI treatment in ran-
domized controlled trials. However, a recent meta-analysis of
randomized controlled trials also found that MMI, carbima-
zole, and propylthiouracil (PTU) reduce the success rate if
given in the week before or after RAI treatment (71). Use of
higher activities of RAI may offset the reduced effectiveness
of RAI therapy following antithyroid medication (75,76).

A special diet is not required before RAI therapy, but nu-
tritional supplements that may contain excess iodine and
seaweeds should be avoided for at least 7 days. A low-iodine
diet may be useful for those with relatively low RAIU to
increase the proportion of RAI trapped.

Technical remarks: Patients that might benefit from ad-
junctive MMI or carbimazole may be those who tolerate
hyperthyroid symptoms poorly. Such patients frequently
have free T4 at 2–3 times the upper limit of normal. Young
and middle-aged patients who are otherwise healthy and
clinically well compensated despite significant biochemical
hyperthyroidism can generally receive RAI without pre-
treatment. If given as pretreatment, MMI and carbimazole
should be discontinued before the administration of RAI.
Discontinuation of ATDs for 2–3 days prevents a short-term
increase of thyroid hormone levels (79), which is found after
6 days (75,76). In elderly patients or in those with underlying

cardiovascular disease, resuming MMI or carbimazole 3–
7 days after RAI administration should be considered and
generally tapered as thyroid function normalizes. In one
study, if MMI was restarted 7 days after RAI, the free T4

measured 3 weeks after RAI was 6% lower than the values at
the time of RAI administration, and if MMI was not restarted
after RAI, the free T4 values were 36% higher than the values
at the time of RAI administration (80). Over several decades,
there have been reports that pretreatment with lithium
reduces the activity of RAI necessary for cure of Graves’
hyperthyroidism and may prevent the thyroid hormone in-
crease seen upon ATD withdrawal (81–83). However, this
approach is not used widely, and insufficient evidence exists
to recommend the practice. In selected patients with Graves’
hyperthyroidism who would have been candidates for pre-
treatment with ATDs because of comorbidities or excessive
symptoms, but who are allergic to ATDs, the duration of
hyperthyroidism may be shortened by administering iodine
(e.g., saturated solution of potassium iodide [SSKI]) begin-
ning 1 week after RAI administration (84).

[D2] Administration of RAI in the treatment of GD

& RECOMMENDATION 8
Sufficient activity of RAI should be administered in a
single application, typically a mean dose of 10–15mCi
(370–555MBq), to render the patient with GD hypothy-
roid.

Strong recommendation, moderate-quality evidence.

& RECOMMENDATION 9
A pregnancy test should be obtained within 48 hours prior
to treatment in any woman with childbearing potential who
is to be treated with RAI. The treating physician should
obtain this test and verify a negative result prior to ad-
ministering RAI.

Strong recommendation, low-quality evidence.

The goal of RAI therapy in GD is to control hyperthy-
roidism by rendering the patient hypothyroid; this treatment
is very effective, provided a sufficient radiation dose is de-
posited in the thyroid. This outcome can be accomplished
equally well by either administering a fixed activity or by
calculating the activity based on the size of the thyroid and its
ability to trap RAI (85).

The first method is simple, while the second method re-
quires two unknowns to be determined: the uptake of RAI
and the size of the thyroid. The therapeutic RAI activity can
then be calculated using these two factors and the quantity of
radiation (lCi or Bq) to be deposited per gram (or cc) of
thyroid (e.g., activity [lCi] = gland weight [g]· 50–200 lCi/
g · [1/24 hour uptake in % of administered activity]). The
activity in microcuries or becquerels is converted to milli-
curies or megabecquerel by dividing the result by 1000. The
most frequently used uptake is calculated at 24 hours, and the
size of the thyroid is determined by palpation or ultrasound.
One study found that this estimate by experienced physicians
is accurate compared with anatomic imaging (86); however,
other investigators have not confirmed this observation (87).

Alternately, a more detailed calculation can be made to
deposit a specific radiation dose (in rad or Gy) to the thyroid.
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Using this approach, it is also necessary to know the effective
half-life of RAI (88). This requires additional time and
computation, and because the outcome has not shown to be
better, this method is seldom used in the United States.
Evidence shows that to achieve a hypothyroid state,
>150lCi/g (5.55MBq/g) needs to be delivered (88–90).
Patients who are on dialysis or who have jejunostomy or
gastric feeding tubes require special care and management
when being administered RAI treatment (91).

The success of RAI therapy in GD strongly depends on the
administered activities. In patients without adjunctive ATD,
randomized controlled trials found 61% success with 5.4mCi
(200MBq) (92), 69% with 8.2mCi (302MBq) (93), 74%
with 10mCi (370MBq) (94), 81% with 15mCi (555MBq)
(94), and 86% with 15.7mCi (580MBq) (95) RAI. Because
of the high proportion of patients requiring retreatment, RAI
therapy with low activities is generally not recommended.

A long-term increase in cardiovascular and cerebrovas-
cular deaths has been reported after RAI therapy not resulting
in hypothyroidism as opposed to unchanged mortality in
RAI-treated patients on levothyroxine therapy, reflecting the
role of persistent hyperthyroidism as opposed to that of RAI
therapy on mortality (96,97). A recent meta-analysis found
no increase in the overall cancer risk after RAI treatment for
hyperthyroidism; however, a trend towards increased risk of
thyroid, stomach, and kidney cancer was seen, requiring fur-
ther research (98). In some men, a modest fall in the testos-
terone to luteinizing hormone (LH) ratio occurs after RAI
therapy that is subclinical and reversible (99). Conception
should be delayed in women until stable euthyroidism is es-
tablished (on thyroid hormone replacement following suc-
cessful thyroid ablation). This typically takes 4–6 months or
longer. Conception should be delayed 3–4 months in men to
allow for turnover of sperm production. However, once the
patient (either sex) is euthyroid, there is no evidence of reduced
fertility, and offspring of treated patients show no congenital
anomalies compared to the population at large (100).

Technical remarks: Rendering the patient hypothyroid can
be accomplished equally well by administering either a suf-
ficient fixed activity or calculating an activity based on the
size of the thyroid and its ability to trap iodine. Fetuses ex-
posed to RAI after the 10th to 11th week of gestation may be
born athyreotic (101,102) and are also at a theoretical in-
creased risk for reduced intelligence and/or cancer. In
breastfeeding women, RAI therapy should not be adminis-
tered for at least 6 weeks after lactation stops to ensure that
RAI will no longer be actively concentrated in the breast
tissues. A delay of 3 months will more reliably ensure that
lactation-associated increase in breast sodium iodide sym-
porter activity has returned to normal (103). Breastfeeding
should not be resumed after RAI therapy.

& RECOMMENDATION 10
The physician administering RAI should provide written
advice concerning radiation safety precautions following
treatment. If the precautions cannot be followed, alterna-
tive therapy should be selected.

Strong recommendation, low-quality evidence.

All national and regional radiation protection rules re-
garding RAI treatment should be followed (104,105). In the

United States, the treating physician must ensure and docu-
ment that no adult member of the public is exposed to
0.5mSv (500 milli-roentgen equivalent in man [mrem])
when the patient is discharged with a retained activity of
33mCi (1.22GBq) or greater, or emits ‡7mrem/h (70 lSv/h)
at 1m.

Technical remarks: Continuity of follow-up should be
provided and can be facilitated by communication between
the referring physician and the treating physician, including a
request for therapy from the former and a statement from the
latter that the treatment has been administered.

[D3] Patient follow-up after RAI therapy for GD

& RECOMMENDATION 11
Follow-up within the first 1–2 months after RAI therapy
for GD should include an assessment of free T4, total T3,
and TSH. Biochemical monitoring should be continued at
4- to 6-week intervals for 6 months, or until the patient
becomes hypothyroid and is stable on thyroid hormone
replacement.

Strong recommendation, low-quality evidence.

Most patients respond to RAI therapy with a normalization
of thyroid function tests and improvement of clinical symp-
toms within 4–8 weeks. Hypothyroidism may occur from 4
weeks on, with 40% of patients being hypothyroid by 8 weeks
and >80% by 16 weeks (106). This transition can occur
rapidly but more commonly between 2 and 6 months, and the
timing of thyroid hormone replacement therapy should be
determined by results of thyroid function tests, clinical
symptoms, and physical examination. Transient hypothy-
roidism following RAI therapy can rarely occur, with sub-
sequent complete recovery of thyroid function or recurrent
hyperthyroidism (107). In such patients the thyroid gland
often remains palpable.

Beta-blockers that were instituted prior to RAI treatment
should be tapered when free T4 and total T3 have returned to
the reference range. As free T4 and total T3 improve, MMI
can usually be tapered, which allows an assessment of the
response to RAI.

Most patients eventually develop hypothyroidism fol-
lowing RAI, which is indicated by a free T4 below normal
range. At this point, levothyroxine should be instituted.
TSH levels may not rise immediately with the develop-
ment of hypothyroidism and should not be used initially to
determine the need for levothyroxine. When thyroid hor-
mone replacement is initiated, the dose should be adjusted
based on an assessment of free T4. The required dose may
be less than the typical full replacement, and careful ti-
tration is necessary owing to nonsuppressible residual
thyroid function. Overt hypothyroidism should be avoided,
especially in patients with active GO (see Section [U2]).
Once euthyroidism is achieved, lifelong annual thyroid
function testing is recommended at least annually, or if
the patient experiences symptoms of hypothyroidism or
hyperthyroidism.

Technical remarks: Since TSH levels may remain sup-
pressed for a month or longer after hyperthyroidism resolves,
the levels should be interpreted cautiously and only in concert
with free T4 and total T3.
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[D4] Treatment of persistent Graves’ hyperthyroidism
following RAI therapy

& RECOMMENDATION 12
When hyperthyroidism due to GD persists after 6 months
following RAI therapy, retreatment with RAI is suggested.
In selected patients with minimal response 3 months after
therapy additional RAI may be considered.

Weak recommendation, low-quality evidence.

Technical remarks: Response to RAI therapy can be as-
sessed by monitoring the size of the gland, thyroid function,
and clinical signs and symptoms. The goal of retreatment is to
control hyperthyroidism with certainty by rendering the pa-
tient hypothyroid. Patients who have persistent, suppressed
TSH with normal total T3 and free T4 may not require im-
mediate retreatment but should be monitored closely for ei-
ther relapse or development of hypothyroidism. In the small
percentage of patients with hyperthyroidism refractory to
several applications of RAI, surgery should be considered
(108).

[E] If ATDs are chosen as initial management
of GD, how should the therapy be managed?

ATDs have been employed for seven decades (109). The
goal of the therapy is to render the patient euthyroid as
quickly and safely as possible. These medications do not
cure Graves’ hyperthyroidism; however, when given in
adequate doses, they are very effective in controlling the
hyperthyroidism. When they fail to achieve euthyroidism,
the usual cause is nonadherence (110). The treatment itself
might have a beneficial immunosuppressive role, either to
primarily decrease thyroid specific autoimmunity, or sec-
ondarily, by ameliorating the hyperthyroid state, which may
restore the dysregulated immune system back to normal
(111). In fact, the rate of remission with ATD therapy is
much higher (112) than the historical rates of spontaneous
remission (113).

[E1] Initiation of ATD therapy for the treatment of GD

& RECOMMENDATION 13
MMI should be used in virtually every patient who chooses
ATD therapy for GD, except during the first trimester of
pregnancy when PTU is preferred, in the treatment of
thyroid storm, and in patients with minor reactions to MMI
who refuse RAI therapy or surgery.

Strong recommendation, moderate-quality evidence.

& RECOMMENDATION 14
Patients should be informed of side effects of ATDs and
the necessity of informing the physician promptly if they
should develop pruritic rash, jaundice, acolic stools or dark
urine, arthralgias, abdominal pain, nausea, fatigue, fever,
or pharyngitis. Preferably, this information should be in
writing. Before starting ATDs and at each subsequent visit,
the patient should be alerted to stop the medication im-
mediately and call their physician if there are symptoms
suggestive of agranulocytosis or hepatic injury.

Strong recommendation, low-quality evidence.

& RECOMMENDATION 15
Prior to initiating ATD therapy for GD, we suggest that
patients have a baseline complete blood count, including
white blood cell (WBC) count with differential, and a liver
profile including bilirubin and transaminases.

Weak recommendation, low-quality evidence.

In the United States, MMI and PTU are available, and in
some countries, carbimazole, a precursor of MMI, is widely
used. Carbimazole is rapidly converted to MMI in the serum
(10mg of carbimazole is metabolized to approximately 6mg
of MMI). They work in an identical fashion and both will be
referred to as MMI in this text. Both are effective as a single
daily dose. At the start of MMI therapy, initial doses of 10–
30mg daily are used to restore euthyroidism, and the dose can
then be titrated down to a maintenance level (generally 5–
10mg daily) (109,114). The dose of MMI should be targeted
to the degree of thyroid dysfunction because too low a dose
will not restore a euthyroid state in patients with severe dis-
ease (115) and an excessive dose can cause iatrogenic hy-
pothyroidism in patients with mild disease (116). In addition,
adverse drug reactions are more frequent with higher MMI
doses. Thus, it is important to use an MMI dose that will
achieve the clinical goal of normalization of thyroid function
reasonably rapidly, while minimizing adverse drug effects.
The task force suggests the following as a rough guide to
initial MMI daily dosing: 5–10mg if free T4 is 1–1.5 times
the upper limit of normal; 10–20mg for free T4 1.5–2 times
the upper limit of normal; and 30–40mg for free T4 2–3 times
the upper limit of normal. These rough guidelines should be
tailored to the individual patient, incorporating additional
information on symptoms, gland size, and total T3 levels
where relevant. Serum T3 levels are important to monitor
initially because some patients normalize their free T4 levels
withMMI but have persistently elevated serum T3, indicating
continuing thyrotoxicosis (117).

MMI has the benefit of once-a-day administration and a
reduced risk of major side effects compared to PTU. PTU has
a shorter duration of action and is usually administered two or
three times daily, starting with 50–150mg three times daily,
depending on the severity of the hyperthyroidism. As the
clinical findings and thyroid function tests return to normal,
reduction to a maintenance PTU dose of 50mg two or three
times daily is usually possible. When more rapid biochemical
control is needed in patients with severe thyrotoxicosis, an
initial split dose of MMI (e.g., 15 or 20mg twice a day) may
be more effective than a single daily dose because the dura-
tion of action ofMMImay be less than 24 hours (118). Higher
doses of antithyroid medication are sometimes administered
continuously and combined with L-thyroxine in doses to
maintain euthyroid levels (so-called block and replace ther-
apy). However, this approach is not generally recommended
because it has been shown to result in a higher rate of ATD
side effects (109,119).

The use of potassium iodide (KI) as a beneficial adjunct to
ATD therapy for GD has been investigated in previous
studies (120). Indeed, a recent randomized controlled trial
described the administration of 38mg of KI together with
15mg of MMI daily, which resulted in better control of hy-
perthyroidism and fewer adverse reactions compared to
30mg of MMI given alone (121).
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[E2] Adverse effects of ATDs
In general, adverse effects of ATDs can be divided into

common, minor allergic side effects and rare but serious
allergic/toxic events such as agranulocytosis, vasculitis, or
hepatic damage. In a recent systematic review of eight studies
that included 667 GD patients receiving MMI or PTU, 13%
of patients experienced adverse events (122). The minor al-
lergic reactions included pruritus or a limited, minor rash in
6% of patients taking MMI and 3% of patients taking PTU
(122). Hepatocellular injury occurred in 2.7% of patients
taking PTU and 0.4% of patients taking MMI. In a separate
study of 449 GD patients receiving MMI or PTU, 24% de-
veloped a cutaneous reaction, 3.8% developed transaminase
elevations more than 3-fold above normal, and 0.7% devel-
oped agranulocytosis (absolute neutrophil count <500)
(123). Cutaneous reactions were more common with PTU or
higher dose MMI (30mg/d) compared with lower dose MMI
(15mg/d). Hepatotoxicity was more common with PTU.
Cutaneous reactions appeared after a median of 18–22 days
of treatment, significantly earlier than transaminase eleva-
tions (median 28 days). The percentage of patients dis-
continuing ATD therapy was 17% in the low-dose MMI
group, 29% in the high-doseMMI group, and 34% in the PTU
group (123).

[E3] Agranulocytosis
Although ATD-associated agranulocytosis is uncom-

mon, it is life-threatening. PTU at any dose appears to be
more likely to cause agranulocytosis compared with low
doses of MMI (124–126). Three recent reports of large
numbers of ATD-treated patients who developed hemato-
logic complications provide information on risk factors,
treatment, and outcomes (127–129). Two studies were from
Japan and one was from Denmark. In both countries the
majority of patients are treated with MMI, so data are more
limited for PTU-associated agranulocytosis. In the first
study, a retrospective cohort analysis of over 50,000 GD
patients, 55 developed agranulocytosis, of whom five had
pancytopenia, for an estimated cumulative incidence of
0.3% in 100 days (127), with a median interval to onset of
69 days. All 50 patients with agranulocytosis alone were
successfully treated with granulocyte colony stimulating
factor, steroids, or supportive care, but one of five patients
with pancytopenia died. No predictive risk factors for the
development of agranulocytosis could be identified. The
second study was based on a national database for adverse
drug reactions, which may have included some patients
reported in the first study (128). A total of 754 GD patients
who developed ATD-induced hematologic complications
were reported, for an estimated incidence of 0.1%–0.15%.
Of them, 725 patients received MMI, 28 received PTU,
and one received both drugs. Eighty-nine percent devel-
oped agranulocytosis, and 11% developed pancytopenia or
aplastic anemia. At the onset of agranulocytosis, the aver-
age MMI dose was 25mg/d and the average PTU dose was
217mg/d. The average age of patients developing agranu-
locytosis was slightly older (45 vs. 40 years), an observa-
tion that has been made by others. Seventy-two percent
developed agranulocytosis within 60 days of starting ATD,
and 85% within 90 days. In 7% of patients, agranulocytosis
occurred later than 4 months after starting ATD, but some
of these patients had discontinued the medication for long

periods of time and developed agranulocytosis after a
second or subsequent exposure. Thirty of the events (4%)
were fatal. In the third study from Denmark, the frequency
of agranulocytosis was 0.27% with PTU and 0.11% with
MMI (129). As in prior studies, the median duration of
therapy prior to the development of agranulocytosis was 36
and 38 days for MMI and PTU, respectively.

[E4] Hepatotoxicity
Hepatotoxicity is another major adverse effect of ATD

therapy. MMI hepatotoxicity has been described as typi-
cally cholestatic, but hepatocellular disease may be seen
(130,131). In contrast, PTU can cause fulminant hepatic ne-
crosis that may be fatal; liver transplantation has been nec-
essary in some patients taking PTU (132). It is for this reason
that the Food and Drug Administration (FDA) issued a safety
alert in 2010 regarding the use of PTU, and an analysis of
FDA Medwatch data (133) concluded that children are more
susceptible to hepatotoxic reactions from PTU than are
adults.

A recent pharmacoepidemiologic study from Taiwan chal-
lenges the concept that MMI hepatotoxicity is usually chole-
static, while PTU hepatotoxicity is most often hepatocellular
(134). Among 71,379 new users of ATDs with a median
follow-up of 196 days, MMIwas associated with a higher rate
of a diagnosis of noninfectious hepatitis than PTU (0.25% vs.
0.08%, respectively), whereas cholestasis was not different
(0.019% vs. 0.016%). A diagnosis of liver failure was more
common after PTU (0.048% vs. 0.026% in MMI-treated pa-
tients). Similar findings were also recently reported from
China (135). These surprising results from Asia, which are in
contrast to other data from the United States (133,136), sug-
gest that prior data on MMI-related hepatotoxicity from small
case series may need to be reconsidered. In the study from
Denmark (129), hepatotoxic reactions were not classified as
cholestatic or hepatocellular, but the frequency of ‘‘liver
failure’’ was similar for MMI (0.03%) and PTU (0.03%).

[E5] Vasculitis
Aside from hematologic and hepatic adverse effects,

other rare side effects are associated with ATDs. PTU and
rarely MMI can cause antineutrophil cytoplasmic antibody
(pANCA)-positive small vessel vasculitis (137,138) as well
as drug-induced lupus (139). The risk appears to increase
with duration of therapy as opposed to other adverse effects
seen with ATDs that typically occur early in the course
of treatment (140,141). Typically, granulocyte myeloperox-
idase is the targeted antigen of the ANCA, but antibodies to
many other proteins are seen as well (142). ANCA-positive
vasculitis is more common in patients of Asian ethnicity, and
the majority of reports come from Asia (143). While up to
40% of patients taking PTU develop ANCA positivity, the
vast majority of such individuals do not develop clinical
vasculitis (144). When the drug is discontinued, the ANCA
slowly disappear in most individuals (144). Children seem to
be more likely to develop PTU-related ANCA-positive vas-
culitis (133). In most cases, the vasculitis resolves with drug
discontinuation, although immunosuppressive therapy may
be necessary (145).

Rare cases of insulin autoimmune syndrome with symp-
tomatic hypoglycemia have been reported in patients treated
with MMI (146,147).
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Technical remarks: Baseline blood tests to aid in the in-
terpretation of future laboratory values should be considered
before initiating ATD therapy. This suggestion is made in
part because low WBC counts are common in patients with
GD and in African Americans [10% of whom have a neu-
trophil count under 2000 (148)], and abnormal liver enzymes
are frequently seen in patients with thyrotoxicosis (149).
While there is no evidence that neutropenia or liver disease
increases the risk of complications fromATDs, the opinion of
the task force is that a baseline absolute neutrophil count
<1000/mm3 or liver transaminase enzyme levels elevated
more than 5-fold above the upper limit of normal should
prompt serious reconsideration of initiating ATD therapy. It
is advisable to provide information concerning side effects of
ATDs to the patient both verbally and in writing to ensure
their comprehension, and document that it has been done.
This information can be found online (150,151).

[E6] Monitoring of patients taking ATDs
Periodic clinical and biochemical evaluation of thyroid

status in patients taking ATDs is necessary, and it is essential
that patients understand its importance. An assessment of
serum free T4 and total T3 should be obtained about 2–6
weeks after initiation of therapy, depending on the severity of
the thyrotoxicosis, and the dose of medication should be
adjusted accordingly. Serum T3 should be monitored because
the serum free T4 levels may normalize despite persistent
elevation of serum total T3. Serum TSH may remain sup-
pressed for several months after starting therapy, and it is
therefore not a good parameter for monitoring therapy early
in the course.

Once the patient is euthyroid, the dose of MMI can usually
be decreased by 30%–50%, and biochemical testing repeated
in 4–6 weeks. Once euthyroid levels are achieved with the
minimal dose of medication, clinical and laboratory evalua-
tion can be undertaken at intervals of 2–3 months. If a patient
is receiving long-term MMI (>18 months), this interval can
be increased to 6 months (see below).

& RECOMMENDATION 16
A differential WBC count should be obtained during fe-
brile illness and at the onset of pharyngitis in all patients
taking antithyroid medication.

Strong recommendation, low-quality evidence.

& RECOMMENDATION 17
There is insufficient evidence to recommend for or against
routine monitoring of WBC counts in patients taking
ATDs.

No recommendation; insufficient evidence to assess
benefits and risks.

No consensus exists concerning the utility of periodic
monitoring of WBC counts and liver function tests in pre-
dicting early onset of adverse reaction to the medication
(152). Although routine monitoring of WBC counts may
detect early agranulocytosis, this practice is not likely to
identify cases because the frequency is quite low (0.2%–
0.5%) and the condition is usually sudden in onset. In a recent
analysis of 211 patients with ATD-induced agranulocytosis
who had at least one prior granulocyte count measured, 21%

had a normal WBC count within a week and 53% within 2
weeks before developing agranulocytosis (128). However,
other patients did display a gradual decline in WBC count
prior to developing agranulocytosis, suggesting that moni-
toringmight have been useful in some affected patients (152).
Because patients are typically symptomatic, measuringWBC
counts during febrile illnesses and at the onset of pharyngitis
has been the standard approach to monitoring. If monitoring
is employed, the maximum benefit would be for the first
90 days of therapy, when the vast majority of agranulocytosis
occurs. In a patient developing agranulocytosis or other seri-
ous side effects while taking either MMI or PTU, use of the
other medication is contraindicated owing to risk of cross-
reactivity between the two medications (153). The contrain-
dication to use PTU might be reconsidered in life-threatening
thyrotoxicosis (i.e., thyroid storm) in a MMI-treated patient
who has developed agranulocytosis, especially if the duration
of therapy is brief (154).

& RECOMMENDATION 18
Liver function and hepatocellular integrity should be as-
sessed in patients taking MMI or PTU who experience
pruritic rash, jaundice, light-colored stool or dark urine,
joint pain, abdominal pain or bloating, anorexia, nausea, or
fatigue.

Strong recommendation, low-quality evidence.

Hyperthyroidism can itself cause mildly abnormal liver
function tests in up to 30% of patients (149). PTU may cause
transient elevations of serum transaminases in up to one-third
of patients. Significant elevations to 3-fold above the upper
limit of normal are seen in up to 4% of patients taking PTU
(155), a prevalence higher than with MMI. As previously
noted, PTU can also cause fatal hepatic necrosis, leading to
the suggestion by some that patients taking this ATD have
routine monitoring of their liver function, especially during
the first 6 months of therapy. A 2009 review of the literature
(136) found that PTU hepatotoxicity occurred after a median
of 120 days after initiation of therapy. Distinguishing these
abnormalities from the effect of persistent thyrotoxicosis is
difficult unless they are followed prospectively. In patients
with improving thyrotoxicosis, a rising alkaline phosphatase
with normalization of other liver function does not indicate
worsening hepatic toxicity (156) because the origin of the
alkaline phosphatase is from bone, not liver. The onset of
PTU-induced hepatotoxicity may be acute, difficult to ap-
preciate clinically, and rapidly progressive. If not recognized,
it can lead to liver failure and death (115,157–159). Routine
monitoring of liver function in all patients taking ATDs has
not been found to prevent severe hepatotoxicity. If monitor-
ing is employed, the maximum benefit would be for the first
120 days of therapy, when the vast majority of instances of
hepatotoxicity occur.

Technical remarks: PTU should be discontinued if trans-
aminase levels (found incidentally or measured as clinically
indicated) reach >3 times the upper limit of normal or if
levels elevated at the onset of therapy increase further. After
discontinuing the drug, liver function tests should be moni-
tored weekly until there is evidence of resolution. If resolu-
tion is not evident, prompt referral to a gastroenterologist or
hepatologist for specialty care is warranted. Except in cases
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of severe PTU-induced hepatotoxicity, MMI can be used to
control the thyrotoxicosis without ill effect (160,161).

& RECOMMENDATION 19
There is insufficient information to recommend for or
against routine monitoring of liver function tests in pa-
tients taking ATDs.

No recommendation; insufficient evidence to assess
benefits and risks.

[E7] Management of allergic reactions

& RECOMMENDATION 20
Minor cutaneous reactions may be managed with concur-
rent antihistamine therapy without stopping the ATD.
Persistent symptomatic minor side effects of antithyroid
medication should be managed by cessation of the medi-
cation and changing to RAI or surgery, or switching to the
other ATD when RAI or surgery are not options. In the
case of a serious allergic reaction, prescribing the alter-
native drug is not recommended.

Strong recommendation, low-quality evidence.

A recent study provided evidence that switching from one
ATD to the other is safe in the case of minor side effects,
although patients may develop similar side effects with the
second ATD (123). In this study, 71 patients with an adverse
event from either MMI or PTU switched to the other ATD,
with doses individually determined. Median dose of the
second ATD was 15mg/d for MMI (range 10–30) and
300mg/d for PTU (range 150–450). Thirty-four percent of
patients switched to PTU and 30% of patients switched to
MMI developed side effects, generally the same type as oc-
curred on the original ATD, while the remaining patients
tolerated the second ATD without complications (123). One
recent case report described a more severe reaction to MMI
consisting of rash, pruritis, and tongue and throat swelling
that was successfully managed with antihistamine therapy,
but this is not generally recommended because of the risk of
anaphylaxis (162).

[E8] Duration of ATD therapy for GD

& RECOMMENDATION 21
Measurement of TRAb levels prior to stopping ATD
therapy is suggested because it aids in predicting which
patients can be weaned from the medication, with normal
levels indicating greater chance for remission.

Strong recommendation, moderate-quality evidence.

& RECOMMENDATION 22
If MMI is chosen as the primary therapy for GD, the
medication should be continued for approximately 12–18
months, then discontinued if the TSH and TRAb levels are
normal at that time.

Strong recommendation, high-quality evidence.

& RECOMMENDATION 23
If a patient with GD becomes hyperthyroid after com-
pleting a course of MMI, consideration should be given to

treatment with RAI or thyroidectomy. Continued low-dose
MMI treatment for longer than 12–18 months may be
considered in patients not in remission who prefer this
approach.

Weak recommendation, low-quality evidence.

A patient is considered to be in remission if they have had a
normal serum TSH, free T4, and total T3 for 1 year after
discontinuation of ATD therapy. The remission rate varies
considerably between geographical areas. In earlier studies in
the United States, about 20%–30% of patients were reported
to have a lasting remission after 12–18 months of medication
(59), but more recent data are not available. The remission
rate may be higher in Europe and Japan; a long-term Euro-
pean study indicated a 50%–60% remission rate after 5–6
years of treatment (163), and a study in Japan reported a 68%
remission rate after 2 years of treatment (164). A meta-
analysis shows the remission rate in adults is not improved by
a course of ATDs longer than 18 months (119). A lower
remission rate has been described in men, smokers (espe-
cially men), and those with large goiters (‡80 g) (165–169).
Higher initial doses of MMI (60–80mg/d) do not improve
remission rates; they increase the risk of side effects and are
not recommended (170).

TRAb assessment at the end of the course of ATD therapy
is a useful method of dividing patients into two groups: one
with persistent elevations who are unlikely to be in remission,
and another group with low or undetectable TRAb, who
have a higher probability of permanent remission (171,172).
In the group with elevated TRAb, relapse rates approach
80%–100%, while in the latter group, relapse rates are in the
20%–30% range (171,172).

[E9] Persistently elevated TRAb
Patients with persistently high TRAb could continue ATD

therapy (and repeat TRAb after an additional 12–18 months)
or opt for alternate definitive therapy with RAI or surgery.
In selected patients (i.e., younger patients with mild stable
disease on a low dose of MMI), long-term MMI is a rea-
sonable alternative approach (65,173). Another study re-
ported that MMI doses of 2.5–10mg/d for a mean of 14 years
were safe and effective for the control of GD in 59 patients
(174). A recent retrospective analysis compared long-term
outcomes (mean follow-up period of 6–7 years) of patients
who had relapsed after a course of ATDs, who were treated
with either RAI and levothyroxine or long-term ATD therapy
(175). Those patients treated with RAI (n = 114) more often
had persistent thyroid eye disease, continuing thyroid dys-
function, and experienced more weight gain compared with
patients receiving long-term ATD treatment (n = 124).

If continuedMMI therapy is chosen, TRAb levels might be
monitored every 1–2 years, with consideration of MMI dis-
continuation if TRAb levels become negative over long-term
follow-up. For patients choosing long-term MMI therapy,
monitoring of thyroid function every 4–6 months is reason-
able, and patients can be seen for follow-up visits every 6–12
months.

[E10] Negative TRAb
If TRAb is negative and thyroid function is normal at the

end of 12–18 months of MMI therapy, it is reasonable to
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discontinue the drug. If a patient experiences a relapse in
follow-up, RAI therapy or surgery can be considered.

Technical remarks: In patients with negative TRAb, re-
lapses tend to occur relatively later than those that develop in
patients whose MMI is stopped when TRAb is still positive
(171,176), although 5% occurred within the first 2 months in
one study (167). Therefore, in this population, thyroid func-
tion testing should be monitored at 2- to 3-month intervals for
the first 6 months, then at 4- to 6-month intervals for the next
6 months, and then every 6–12 months in order to detect
relapses as early as possible. The patient should be counseled
to contact the treating physician if symptoms of hyperthy-
roidism are recognized. Should a relapse occur, patients
should be counseled about alternatives for therapy, which
would include another course of MMI, RAI, or surgery. If
ATD therapy is chosen, patients should be aware that
agranulocytosis can occur with a second exposure to a drug,
even many years later, despite an earlier uneventful course of
therapy (177,178). If the patient remains euthyroid for more
than 1 year (i.e., they are in remission), thyroid function
should be monitored at least annually because relapses can
occur years later (171), and some patients eventually become
hypothyroid (179).

[F] If thyroidectomy is chosen for treatment of GD,
how should it be accomplished?

[F1] Preparation of patients with GD for thyroidectomy

& RECOMMENDATION 24
If surgery is chosen as treatment for GD, patients should be
rendered euthyroid prior to the procedure with ATD pre-
treatment, with or without b-adrenergic blockade. A KI-
containing preparation should be given in the immediate
preoperative period.

Strong recommendation, low-quality evidence.

& RECOMMENDATION 25
Calcium and 25-hydroxy vitamin D should be assessed
preoperatively and repleted if necessary, or given pro-
phylactically. Calcitriol supplementation should be con-
sidered preoperatively in patients at increased risk for
transient or permanent hypoparathyroidism.

Strong recommendation, low-quality evidence.

& RECOMMENDATION 26
In exceptional circumstances, when it is not possible to
render a patient with GD euthyroid prior to thyroidectomy,
the need for thyroidectomy is urgent, or when the patient is
allergic to ATDs, the patient should be adequately treated
with b-adrenergic blockade, KI, glucocorticoids, and po-
tentially cholestyramine in the immediate preoperative
period. The surgeon and anesthesiologist should have ex-
perience in this situation.

Strong recommendation, low-quality evidence.

Thyroid stormmay be precipitated by the stress of surgery,
anesthesia, or thyroid manipulation and may be prevented by
pretreatment with ATDs. Whenever possible, thyrotoxic
patients who are undergoing thyroidectomy should be ren-
dered euthyroid by MMI before undergoing surgery (180).

Preoperative KI, SSKI, or Lugol’s solution should be used
before surgery in most patients with GD. This treatment is
beneficial because it decreases thyroid blood flow, vascu-
larity, and intraoperative blood loss during thyroidectomy
(181,182). In a recent series of 162 patients with GD and 102
patients with TMNG, none of whom received SSKI preop-
eratively, no significant differences were observed in opera-
tive times, blood loss, or postoperative complications
between the two groups; the authors concluded that omitting
preoperative SSKI for GD patients does not impair patient
outcomes (183). Given that this study was performed at a
single high-volume institution, its findings may not be gen-
eralizable; comparison was made between two different pa-
thologies, and there was no comparison group of patients
with GD who received SSKI. It is also unclear whether it was
adequately powered to detect a significant difference, if one
existed. However, this study mitigates concern when thy-
roidectomy is scheduled and SSKI is not given because of
shortages, scheduling issues, patient allergy, or patient in-
tolerance. In addition, rapid preparation for emergent surgery
can be facilitated by the use of corticosteroids (184) and
potentially cholestyramine (185–187).

Technical remarks: KI can be given as 5–7 drops (0.25–
0.35mL) of Lugol’s solution (8mg iodide/drop) or 1–2 drops
(0.05–0.1mL) of SSKI (50mg iodide/drop) three times daily
mixed in water or juice for 10 days before surgery.

Recent data suggest that supplementing oral calcium, vi-
tamin D, or both preoperatively may reduce the risk of
postoperative hypocalcemia due to parathyroid injury or in-
creased bone turnover (188). Oltmann et al. (189) compared
45 Graves’ patients treated with 1 g oral calcium carbonate
three times a day for 2 weeks prior to surgery to 38 Graves’
patients who underwent thyroidectomy without treatment
as well as to 38 euthyroid controls; rates of biochemical
and symptomatic hypocalcemia were significantly higher
in nontreated Graves’ patients compared to the two other
treatment groups. Another study that focused on postopera-
tive hypocalcemia after thyroid surgery for thyroid cancer,
not hyperthyroidism, identified a reduction in postoperative
symptomatic hypocalcemia when patients have preoperative
serum 25-hydroxy vitamin D levels >20 ng/mL (> 8 nmol/L)
prior to the operating room (190). A meta-analysis of risk
factors for postoperative hypocalcemia identified preopera-
tive vitamin D deficiency as a risk factor for postoperative
hypocalcemia, as well as GD itself (188). In two studies in-
cluded in another meta-analysis, supplementing calcitriol for
a brief period preoperatively helped reduce transient post-
thyroidectomy hypocalcemia (191–193).

[F2] The surgical procedure and choice of surgeon

& RECOMMENDATION 27
If surgery is chosen as the primary therapy for GD, near-
total or total thyroidectomy is the procedure of choice.

Strong recommendation, moderate-quality evidence.

Thyroidectomy has a high cure rate for the hyperthyroid-
ism of GD. Total thyroidectomy has a nearly 0% risk of
recurrence, whereas subtotal thyroidectomy may have an 8%
chance of persistence or recurrence of hyperthyroidism at 5
years (194–197). The most common complications following
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near-total or total thyroidectomy are hypocalcemia due to
hypoparathyroidism (which can be transient or permanent),
recurrent or superior laryngeal nerve injury (which can be
temporary or permanent), postoperative bleeding, and com-
plications related to general anesthesia.

& RECOMMENDATION 28
If surgery is chosen as the primary therapy for GD,
the patient should be referred to a high-volume thyroid
surgeon.

Strong recommendation, moderate-quality evidence.

Improved patient outcome has been shown to be inde-
pendently associated with high thyroidectomy surgeon
volume; specifically, average complication rates, length
of hospital stay, and cost are reduced when the operation
is performed by a surgeon who conducts many thyroid-
ectomies. A significant association is seen between in-
creasing thyroidectomy volume and improved patient
outcome; the association is robust and is more pronounced
with an increasing number of thyroidectomies (198,199).
Data show that surgeons who perform more than 25 thy-
roid surgeries per year have superior patient clinical
and economic outcomes compared to those who perform
fewer; complication rates are 51% higher on average
when surgery is performed by low-volume surgeons
(62,199,200).

The surgeon should be thoroughly trained in the procedure,
have an active practice in thyroid surgery, and have con-
ducted a significant number of thyroidectomies with a low
frequency of complications. Following thyroidectomy for
GD in the hands of high-volume thyroid surgeons, the rate of
permanent hypoparathyroidism has been determined to be
<2%, and permanent RLN injury occurs in <1% (201). The
frequency of bleeding necessitating reoperation is 0.3%–
0.7% (202). Mortality following thyroidectomy is between 1
in 10,000 and 5 in 1,000,000 (203).

[F3] Postoperative care

& RECOMMENDATION 29
Following thyroidectomy for GD, alternative strategies
may be undertaken for management of calcium levels:
serum calcium with or without intact parathyroid hormone
(iPTH) levels can be measured, and oral calcium and
calcitriol supplementation administered based on these
results, or prophylactic calcium with or without calcitriol
prescribed empirically.

Weak recommendation, low-quality evidence.

Successful prediction of calcium status after total thyroid-
ectomy can be achieved using the slope of 6- and 12-hour
postoperative calcium levels (204–210). Postoperative routine
supplementation with oral calcium and calcitriol decreases
development of hypocalcemic symptoms and intravenous
calcium requirement, allowing for safer early discharge (211).
Low iPTH levels (<10–15 pg/mL) in the immediate postop-
erative setting appear to predict symptomatic hypocalcemia
and need for calcium and calcitriol (1,25 vitamin D) supple-
mentation (212,213). However, normal levels of serum iPTH

may not predict eucalcemia for GD patients (214). Vitamin D
insufficiency may serve as an underlying cause.

Patients can be discharged if they are asymptomatic and
their serum calcium levels corrected for albumin are 8.0mg/
dL (2.0mmol/L) or above and are not falling over a 24-hour
period. The use of ionized calcium measurements are pre-
ferred by some and are helpful if the patient has abnormal
levels of serum proteins. Intravenous calcium gluconate
should be readily available and may be administered if pa-
tients have worsening hypocalcemic symptoms despite oral
supplementation and/or their concomitant serum calcium
levels are falling despite oral repletion. In patients with se-
vere hypocalcemia, teriparatide administration has yielded
encouraging preliminary results (elimination of symptoms
and earlier hospital discharge), but more data are needed
before it can be considered for clinical practice (215). Per-
sistent hypocalcemia in the postoperative period should
prompt measurement of serum magnesium and possible
magnesium repletion (216,217). In addition to reduced
serum calcium levels, reduced serum phosphate and increased
serum potassium levels may be observed in hungry bone
syndrome. Following discharge, serum iPTH levels should be
measured in the setting of persistent hypocalcemia to deter-
mine if permanent hypoparathyroidism is truly present or
whether ‘‘bone hunger’’ is ongoing. As the patient reaches
eucalcemia, calcium and calcitriol therapy can be tapered.

Technical remarks: Calcium supplementation can be ac-
complished with oral calcium (usually calcium carbonate,
1250–2500mg, equivalent to 500–1000mg of elemental
calcium) four times daily, tapered by 500mg of elemental
calcium every 2 days, or 1000mg every 4 days as tolerated. In
addition, calcitriol may be started at a dose of 0.5 lg daily and
continued for 1–2 weeks (218) and increased or tapered ac-
cording to the calcium and/or iPTH level. Patients can be
discharged if they are asymptomatic and have stable serum
calcium levels. Postoperative evaluation is generally con-
ducted 1–2 weeks following discharge with continuation of
supplementation based on clinical parameters.

& RECOMMENDATION 30
ATD should be stopped at the time of thyroidectomy for
GD, and b-adrenergic blockers should be weaned follow-
ing surgery.

Strong recommendation, low-quality evidence.

& RECOMMENDATION 31
Following thyroidectomy for GD, L-thyroxine should be
started at a daily dose appropriate for the patient’s weight
(0.8 lg/lb or 1.6 lg/kg), with elderly patients needing
somewhat less, and serum TSH measured 6–8 weeks
postoperatively.

Strong recommendation, low-quality evidence.

Technical remarks: If TSHwas suppressed preoperatively,
free T4 and TSH should be measured 6–8 weeks postopera-
tively, since recovery of the pituitary–thyroid axis is occa-
sionally delayed. The appropriate dosing of L-thyroxine will
vary with patient body mass index (219), and the percentage
of levothyroxine absorbed from the gut. Once stable and
normal, TSH should be measured annually or more fre-
quently if clinically indicated.
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& RECOMMENDATION 32
Communication among different members of the multi-
disciplinary team is essential, particularly during transi-
tions of care in the pre- and postoperative settings.

Strong recommendation, low-quality evidence.

It is important to ensure that adequate communication
occurs between the medical team and the treating surgeon to
ensure that euthyroidism is achievable prior to surgical in-
tervention; in addition, if the patient is noted to have signif-
icant vitamin D deficiency, preoperative vitamin D repletion
could be performed and surgery scheduled to permit it. Im-
portant intraoperative findings and details of postoperative
care, including calcium supplementation needs and man-
agement of surgical hypothyroidism, should be communi-
cated by the surgeon to the patient and the other physicians
who will be important in the patient’s postoperative care
(220).

[G] How should thyroid nodules be managed
in patients with GD?

& RECOMMENDATION 33
If a thyroid nodule is discovered in a patient with GD, the
nodule should be evaluated and managed according to
recently published guidelines regarding thyroid nodules in
euthyroid individuals.

Strong recommendation, moderate-quality evidence.

Thyroid cancer occurs in GD with a frequency of 2% or
less (221). Thyroid nodules larger than 1–1.5 cm should be
evaluated before RAI therapy. If a RAI scan is performed,
any nonfunctioning or hypofunctioning nodules should be
considered for fine-needle aspiration because they may have
a higher probability of being malignant (62). If the cyto-
pathology is suspicious or diagnostic of malignancy, surgery
is advised after normalization of thyroid function with ATDs.
Surgery should also be considered for indeterminate cytol-
ogy. Disease-free survival at 20 years is reported to be 99%
after thyroidectomy for GD in patients with small (£1 cm)
coexisting thyroid cancers (222).

The use of thyroid ultrasonography in all patients with GD
has been shown to identify more nodules and cancer than
does palpation and 123I scintigraphy. However, since most of
these cancers are papillary microcarcinomas with minimal
clinical impact, further study is required before routine ul-
trasound (which may lead to surgery) can be recommended
(223,224).

Technical remarks: The ATA recently published updated
management guidelines for patients with thyroid nodules and
differentiated thyroid cancer (225).

[H] How should thyroid storm be managed?

& RECOMMENDATION 34
The diagnosis of thyroid storm should be made clinically
in a severely thyrotoxic patient with evidence of systemic
decompensation. Adjunctive use of a sensitive diagnostic
system should be considered. Patients with a Burch–
Wartofsky Point Scale (BWPS) of ‡45 or Japanese Thy-
roid Association ( JTA) categories of thyroid storm 1 (TS1)

or thyroid storm 2 (TS2) with evidence of systemic de-
compensation require aggressive therapy. The decision to
use aggressive therapy in patients with a BWPS of 25–44
should be based on clinical judgment.

Strong recommendation, moderate-quality evidence.

& RECOMMENDATION 35
A multimodality treatment approach to patients with thy-
roid storm should be used, including b-adrenergic block-
ade, ATD therapy, inorganic iodide, corticosteroid therapy,
cooling with acetaminophen and cooling blankets, volume
resuscitation, nutritional support, and respiratory care and
monitoring in an intensive care unit, as appropriate for an
individual patient.

Strong recommendation, low-quality evidence.

Life-threatening thyrotoxicosis or thyroid storm is a rare
disorder characterized by multisystem involvement and
mortality rates in the range of 8%–25% in modern series
(25,72,226,227). A high index of suspicion for thyroid storm
should be maintained in patients with thyrotoxicosis asso-
ciated with any evidence of systemic decompensation. Di-
agnostic criteria for thyroid storm in patients with severe
thyrotoxicosis were first proposed in 1993 and subsequently
widely adopted as the BWPS for thyroid storm (26,72,186,
226,228). These criteria (Table 6) include hyperpyrexia,
tachycardia, arrhythmias, congestive heart failure, agitation,
delirium, psychosis, stupor, and coma, as well as nausea,
vomiting, diarrhea, hepatic failure, and the presence of an
identified precipitant (26). Points in the BWPS system are
based on the severity of individual manifestations, with a
point total of ‡45 consistent with thyroid storm, 25–44 points
classified as impending thyroid storm, and <25 points mak-
ing thyroid storm unlikely. Recently, an additional empiri-
cally defined diagnostic system has been proposed by the
JTA (72). The JTA system uses combinations of similar
clinical features to assign patients to the diagnostic cate-
gories TS1 or TS2.

Data comparing these two diagnostic systems suggest an
overall agreement, but a tendency toward underdiagnosis
using the JTA categories of TS1 and TS2, compared to a
BWPS ‡45 (72,186,226,227). In a recent study including 25
patients with a clinical diagnosis of thyroid storm, the BWPS
was ‡45 in 20 patients and 25–44 in the remaining five, but
these latter five patients (20%) were not identified using the
JTA system (226).

Importantly, in the same series, among 125 patients hos-
pitalized with a clinical diagnosis of compensated thyrotox-
icosis but not in thyroid storm, 27 (21.6%) had a BWPS ‡45,
and 21 (16.8%) had a diagnosis category of either TS1 or
TS2, suggesting similar rates of overdiagnosis with these two
systems. However, an additional 50 patients (40%) hospi-
talized with a clinical diagnosis of thyrotoxicosis without
thyroid storm would have been diagnosed as having im-
pending thyroid storm by the BWPS, which reinforces that a
BWPS in the 25–44 range does not supplant clinical judg-
ment in the selection of patients for aggressive therapy.

In summary, the diagnosis of thyroid storm remains a
clinical one that is augmented by current diagnostic systems.
A BWPS ‡45 appears more sensitive than a JTA classifica-
tion of TS1 or TS2 in detecting patients with a clinical
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diagnosis of thyroid storm, but patients with a BWPS of 25–
44 represent a group in whom the decision to use aggressive
therapy should be based on sound clinical judgment and not
based solely on diagnostic category in order to avoid over-
treatment and the resultant risk of drug toxicity. At a mini-
mum, patients in this intermediate category should be
observed closely for deterioration. Care should be taken with
either system to avoid inappropriate application to patients
without severe thyrotoxicosis because each of the manifes-
tations of thyroid storm, with the possible exception of severe
hyperpyrexia, may also be seen in the presence of any major
illness, many of which are also known precipitants of thyroid
storm (186).

Precipitants of thyroid storm in a patient with previously
compensated thyrotoxicosis include abrupt cessation of
ATDs, thyroidectomy, or nonthyroidal surgery in a patient
with unrecognized or inadequately treated thyrotoxicosis,
and a number of acute illnesses unrelated to thyroid disease
(72,186,228). Thyroid storm occasionally occurs following
RAI therapy.

Aggressive treatment for thyroid storm involves the early
targeting of each pharmacologically accessible step in thy-
roid hormone production and action (Table 7). The treatment
strategy for thyroid storm can be broadly divided into (i)
therapy directed against thyroid hormone secretion and
synthesis; (ii) measures directed against the peripheral action

of thyroid hormone at the tissue level; (iii) reversal of sys-
temic decompensation; (iv) treatment of the precipitating
event or intercurrent illness; and (v) definitive therapy (26). A
number of therapeutic measures are specifically intended to
decrease T4-to-T3 conversion, such as the preferential use of
PTU over MMI (229,230), glucocorticoid therapy (231), and
the use of b-adrenergic blocking agents such as propranolol,
with selective ability to inhibit type 1 deiodinase (232). For
example, an early article comparing acute changes in thyroid
hormone level after initiation of PTU or MMI found that T3

levels dropped by approximately 45% in the first 24 hours
of PTU therapy compared to an approximately 10%–15%
decrease after starting MMI (229). Both plasmapheresis/
plasma exchange and emergency surgery have been used to
treat thyroid storm in patients who respond poorly to tradi-
tional therapeutic measures (233,234).

Prevention of thyroid storm involves recognizing and ac-
tively avoiding common precipitants, educating patients
about avoiding abrupt discontinuation of ATD therapy, and
ensuring that patients are euthyroid prior to elective surgery,
labor and delivery, or other acute stressors.

Technical remarks: Treatment with inorganic iodine
(SSKI/Lugol’s solution) or oral cholecystographic agents
(235) leads to rapid decreases in both T4 and T3 levels.
Combined with ATDs in patients with severe thyrotoxi-
cosis, these agents result in rapid clinical improvement

Table 6. Point Scale for the Diagnosis of Thyroid Storma

Criteria Points Criteria Points

Thermoregulatory dysfunction Gastrointestinal–hepatic dysfunction

Temperature (�F)b Manifestation
99.0–99.9 5 Absent 0
100.0–100.9 10 Moderate (diarrhea, abdominal

pain, nausea/vomiting)
10

101.0–101.9 15 Severe (jaundice) 20
102.0–102.9 20
103.0–103.9 25
‡104.0 30

Cardiovascular Central nervous system disturbance

Tachycardia (beats per minute) Manifestation
100–109 5 Absent 0
110–119 10 Mild (agitation) 10
120–129 15 Moderate (delirium, psychosis,

extreme lethargy)
20

130–139 20 Severe (seizure, coma) 30
‡140 25

Atrial fibrillation
Absent 0
Present 10

Congestive heart failure Precipitant history
Absent 0 Status
Mild 5 Positive 0
Moderate 10 Negative 10
Severe 20

Scores totaled
>45 Thyroid storm

Impending storm
<25 Storm unlikely

aSource: Burch and Wartofsky (26). Printed with permission.
bCelsius 37.2–37.7 (5), 37.8–38.3 (10), 38.3–38.8 (15), 38.9–39.4 (20), 39.4–39.9 (25), ‡40 (30 points).
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(120). Unfortunately, the oral radiographic contrast agents
ipodate and iopanoic acid are not currently available in
many countries.

[I] Is there a role for iodine as primary therapy
in the treatment of GD?

Prior to the introduction of ATDs, iodine was commonly
reported to ameliorate the hyperthyroidism associated with
GD (236,237). Iodine acutely lowers thyroid hormone con-
centrations by reducing hormone secretion (238,239), and
inhibits its own organification (the Wolff–Chaikoff effect)
(240). However, reports of escape from these beneficial ef-
fects of iodine (241) as well as reports of iodine-induced
hyperthyroidism in patients with nodular goiter (242) dis-
couraged the use of iodine in GD. Recent studies have sug-
gested a potential role for iodine in patients who have had
adverse reactions to ATD and who also have a contraindi-
cation or aversion to RAI or surgery (243,244).

& RECOMMENDATION 36
Potassium iodide may be of benefit in select patients with
hyperthyroidism due to GD, those who have adverse re-
actions to ATDs, and those who have a contraindication
or aversion to RAI therapy (or aversion to repeat RAI
therapy) or surgery. Treatment may be more suitable for
patients with mild hyperthyroidism or a prior history of
RAI therapy.

No recommendation; insufficient evidence to assess
benefits or risks.

Among 44 Japanese patients who had adverse reactions to
ATD and who were treated with KI alone, 66% were well
controlled for an average of 18 years (range 9–28 years), and
39% achieved a remission after 7 years (range 2–23 years)
(243). Among the responders, the doses used were between
13 and 100mg and were adjusted depending upon bio-
chemical response. Among 15 nonresponders, 11 (25% of all

patients) escaped the inhibitory effects of iodine and four
patients did not respond at all to KI. None of the patients had
side effects. Initial free T4 concentration and goiter size did
not predict a response to therapy. Among 20 Japanese pa-
tients with mild hyperthyroidism initially treated with KI
alone and matched using propensity score analysis with
patients treated with MMI alone, 85% of the patients treated
with KI alone had normal thyroid function at 6 months and 1
year, comparable to that of the matched controls treated
with MMI (244). Most patients were treated with 50mg
KI daily.

The inhibitory effects of iodine are greater in patients with
a prior history of RAI exposure (245) suggesting a role for KI
in patients who remain hyperthyroid after one dose of RAI
and prefer to avoid a second dose. The use of KI prior to
thyroidectomy for GD is discussed in Section [F1], the use
of KI as adjunctive therapy following RAI is discussed in
Section [D1], the use of KI in combination with MMI for
treating GD is discussed in Section [E1], and the use of KI
in hyperthyroidism complicating pregnancy is discussed in
Section [T].

[J] How should overt hyperthyroidism due
to TMNG or TA be managed?

& RECOMMENDATION 37
We suggest that patients with overtly TMNG or TA
be treated with RAI therapy or thyroidectomy. On occa-
sion, long-term, low-dose treatment with MMI may be
appropriate.

Weak recommendation, moderate-quality evidence.

Two effective and relatively safe definitive treatment op-
tions exist for TMNG and TA: RAI therapy and thyroid
surgery. The decision regarding treatment should take into
consideration several clinical and demographic factors as
well as patient preference. The goal of therapy is the rapid
and durable elimination of the hyperthyroid state.

Table 7. Thyroid Storm: Drugs and Doses

Drug Dosing Comment

Propylthiouracila 500–1000mg load, then
250mg every 4 hours

Blocks new hormone synthesis

Blocks T4-to-T3 conversion
Methimazole 60–80mg/d Blocks new hormone synthesis

Propranolol 60–80mg every 4 hours Consider invasive monitoring in congestive
heart failure patients

Blocks T4-to-T3 conversion in high doses
Alternate drug: esmolol infusion

Iodine (saturated solution
of potassium iodide)

5 drops (0.25mL or 250mg)
orally every 6 hours

Do not start until 1 hour after antithyroid drugs

Blocks new hormone synthesis
Blocks thyroid hormone release
Alternative drug: Lugol’s solution

Hydrocortisone 300mg intravenous load,
then 100mg every 8 hours

May block T4-to-T3 conversion

Prophylaxis against relative adrenal insufficiency
Alternative drug: dexamethasone

aMay be given intravenously.
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For patients with TMNG, the risk of treatment failure or
need for repeat treatment is <1% following near-total and/
total thyroidectomy (246,247), compared with a 20% risk of
the need for retreatment following RAI therapy (246,248).
Euthyroidism is achieved within days after surgery (246,247).
However, the risk of hypothyroidism and the requirement for
exogenous thyroid hormone therapy is 100% after near-total/
total thyroidectomy. For patients with TMNGwho receive RAI
therapy, the response is 50%–60% by 3 months and 80% by 6
months (246,248,249). In a large study of patients with TMNG
treated with RAI, the prevalence of hypothyroidism was 3% at
1 year and 64% at 24 years (250). Hypothyroidism was more
common among patients under 50 years of age, compared with
those over 70 years (61% vs. 36% after 16 years). In a more
recent study, the prevalence of hypothyroidism was 4% at 1
year and 16% at 5 years (251).

In a large retrospective series of patients with TMNG pre-
senting with compressive symptoms, all patients undergoing
total thyroidectomy had resolution of these symptoms after
treatment, whereas only 46% of patients undergoing RAI had
improvement in such symptoms (252). This outcome may be
due in part to the fact that very large goiters treated with high-
activity RAI only decrease in size by 30%–50% (253).

For patients with TA, the risk of treatment failure is <1%
after surgical resection (ipsilateral thyroid lobectomy or isth-
musectomy) (254). Typically, euthyroidism is achieved within
days after surgery. The prevalence of hypothyroidism varies
from 2% to 3% following lobectomy for TA, although rates of
hypothyroidism after lobectomy for nontoxic nodules have
been reported to be as high as 20% (254–256), and lower after
isthmusectomy in the unique circumstance in which the TA is
confined to the thyroid isthmus. For patients with TA who
receive RAI therapy there is a 6%–18% risk of persistent hy-
perthyroidism and a 3%– 5.5% risk of recurrent hyperthy-
roidism (254,257). There is a 75% response rate by 3 months
and 89% rate by 1 year following RAI therapy for TA
(225,257,258). The prevalence of hypothyroidism after RAI is
progressive and hastened by the presence of antithyroid anti-
bodies or a nonsuppressed TSH at the time of treatment
(257,259,260). A study following 684 patients with TA treated
with RAI reported a progressive increase in overt and sub-
clinical hypothyroidism (259). At 1 year, the investigators
noted a 7.6% prevalence, with 28% at 5 years, 46% at 10 years,

and 60% at 20 years. They observed a faster progression to
hypothyroidism among patients who were older and who had
incomplete TSH suppression (correlating with only partial
extranodular parenchymal suppression) due to prior therapy
with ATDs. The nodule is rarely eradicated in patients with TA
undergoing RAI therapy, which can lead to the need for con-
tinued surveillance (225,257,260).

Potential complications following near-total/total thyroid-
ectomy include the risk of permanent hypoparathyroidism
(<2.0%) or RLN injury (<2.0%) (261,262). A small risk of
permanent RLN injury exists with surgery for TA (254). Fol-
lowing RAI therapy, there have been reports of new-onset GD
(up to 4% prevalence) (263) as well as concern for thyroid
malignancy (254,264,265) and a very minimal increase in late
nonthyroid malignancy (265). Overall, the success rate of RAI
(definitive hypothyroidism or euthyroidism) is high: 93.7% in
TA and 81.1% in TMNG patients (266).

Technical remarks: Once the diagnosis has been made, the
treating physician and patient should discuss each of the treat-
ment options, including the logistics, benefits, expected speed of
recovery, drawbacks, side effects, and costs. This discussion sets
the stage for the physician to make a recommendation based
upon best clinical judgment and for the final decision to incor-
porate the personal values and preferences of the patient.
TMNG and TA are an uncommon cause of hyperthyroidism in
pregnancy and there is a lack of studies in this setting. However,
considering the theoretical risks associatedwith surgery or ATD
therapy (has to be used throughout pregnancy and there is a
tendency to overtreat the fetus), the optimal therapy might be
definitive therapy with RAI or surgery in advance of a planned
pregnancy. Most experts prefer to avoid the use of RAI within 6
months of a pregnancy; it should be used with caution if at all.

The panel agreed that TMNG and TA with high nodular
RAIU and widely suppressed RAIU in the perinodular thy-
roid tissue are especially suitable for RAI therapy. However,
there are insufficient data to make a recommendation based
on these findings.

Factors that favor a particular modality as treatment
for TMNG or TA (Table 8):

a. RAI therapy: Advanced patient age, significant co-
morbidity, prior surgery or scarring in the anterior neck,

Table 8. Clinical Situations That Favor a Particular Modality as Treatment
for Toxic Multinodular Goiter or Toxic Adenoma

Clinical situations RAI ATD Surgery

TMNG
Pregnancya x OO / ! O / !
Advanced age, comorbidities with increased surgical risk and/or
limited life expectancy

OO O x

Patients with previously operated or externally irradiated necks OO O !
Lack of access to a high-volume thyroid surgeon OO O !
Symptoms or signs of compression within the neck O - OO
Thyroid malignancy confirmed or suspected x - OO
Large goiter/nodule O - OO
Goiter/nodule with substernal or retrosternal extension O - OO
Coexisting hyperparathyroidism requiring surgery - - OO

OO= preferred therapy; O = acceptable therapy; ! = cautious use; -= not usually first line therapy but may be acceptable depending on the
clinical circumstances; X= contraindication.

aFor women considering a pregnancy within 6 months, see discussion in Section [T2].
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small goiter size, RAIU sufficient to allow therapy, and
lack of access to a high-volume thyroid surgeon (the
latter factor is more important for TMNG than for TA).

b. Surgery: Presence of symptoms or signs of compression
within the neck, concern for coexisting thyroid cancer,
coexisting hyperparathyroidism requiring surgery, large
goiter size (>80 g), substernal or retrosternal extension,
RAIU insufficient for therapy, or need for rapid cor-
rection of the thyrotoxic state (252).

c. ATDs: Advanced age, comorbidities with increased sur-
gical risk or associated with decreased life-expectancy,
and poor candidates for ablative therapy.

Contraindications to a particular modality as treat-
ment for TMNG or TA:

a. RAI therapy: Definite contraindications to the use of
RAI include pregnancy, lactation, coexisting thyroid
cancer, individuals unable to comply with radiation
safety guidelines and used with caution in women
planning a pregnancy within 4–6 months.

b. Surgery: Factors weighing against the choice of surgery
include significant comorbidity, such as cardiopulmo-
nary disease, end-stage cancer, or other debilitating
disorders, or lack of access to a high-volume thyroid
surgeon. Pregnancy is a relative contraindication, and
surgery should only be used in this circumstance when
rapid control of hyperthyroidism is required and ATDs
cannot be used. Thyroidectomy is best avoided in the first
and third trimesters of pregnancy because of teratogenic
effects associated with anesthetic agents and increased
risk of fetal loss in the first trimester and preterm labor in
the third. Optimally, thyroidectomy should be performed
in the latter portion of the second trimester. Although it is
the safest time, it is not without risk (4.5%–5.5% risk of
preterm labor) (67,68).

c. ATDs: Definite contraindications to ATD therapy in-
clude previous known major adverse reactions to ATDs.

Factors that may impact patient preference:

a. RAI therapy: Patients with either TMNG or TA
choosing RAI therapy would likely place relatively
higher value on the avoidance of surgery and attendant
hospitalization or complications arising from either
surgery or anesthesia; also, patients with TMNG would
place greater value on the possibility of remaining eu-
thyroid after RAI treatment.

b. Surgery: Patients choosing surgery would likely place a
relatively higher value on definitive control of hyper-
thyroid symptoms, avoidance of exposure to radioac-
tivity and a lower value on potential surgical and
anesthetic risks; patients with TMNG choosing surgery
would place a lower value on the certain need for
lifelong thyroid hormone replacement, whereas patients
with TA who choose surgery would place greater value
on the possibility of achieving euthyroidism without
hormone replacement.

c. ATDs: Patients choosing ATDs would likely place a
relatively higher value on avoidance of exposure to
radioactivity and on potential surgical and anesthetic
risks and a lower value on the certain need for lifelong
thyroid ATD therapy.

[K] If RAI therapy is chosen as treatment for TMNG
or TA, how should it be accomplished?

[K1] Preparation of patients with TMNG or TA for RAI
therapy

& RECOMMENDATION 38
Because RAI treatment of TMNG or TA can cause a
transient exacerbation of hyperthyroidism, b-adrenergic
blockade should be considered even in asymptomatic pa-
tients who are at increased risk for complications due to
worsening of hyperthyroidism (i.e., elderly patients and
patients with comorbidities).

Weak recommendation, low-quality evidence.

Medical management before RAI therapy should be tai-
lored to the patient’s risk for complications if hyperthyroid-
ism worsens, based on the severity of the hyperthyroidism,
patient age, and comorbid conditions. Worsened chemical
hyperthyroidism with increased heart rate and rare cases of
supraventricular tachycardia, including atrial fibrillation and
atrial flutter, have been observed in patients treated with RAI
for either TMNG or nontoxic multinodular goiter (MNG)
(267–269). In susceptible patients with pre-existing cardiac
disease or in the elderly, RAI treatment may produce sig-
nificant clinical worsening (268). Therefore, the use of b-
blockers to prevent posttreatment tachyarrhythmias should
be considered in all patients with TMNG or TAwho are older
than 60 years of age and those with cardiovascular disease
or severe hyperthyroidism (31). The decision regarding the
use of MMI pretreatment is more complex and is discussed
below.

& RECOMMENDATION 39
In addition to b-adrenergic blockade (see Recommenda-
tions 2 and 38) pretreatment with MMI prior to RAI
therapy for TMNG or TA should be considered in patients
who are at increased risk for complications due to wors-
ening of hyperthyroidism, including the elderly and those
with cardiovascular disease or severe hyperthyroidism.

Weak recommendation, low-quality evidence.

& RECOMMENDATION 40
In patients who are at increased risk for complications
due to worsening of hyperthyroidism, resuming ATDs
3–7 days after RAI administration should be considered.

Weak recommendation, low-quality evidence.

Young and middle-aged patients with TMNG or TA gen-
erally do not require pretreatment with ATDs (MMI) before
receiving RAI, but may benefit from b-blockade if symptoms
warrant and contraindications do not exist.

Technical remarks: If an ATD is used in preparation for
RAI therapy in patients with TMNG or TA, caution should be
taken to avoid RAI therapy when the TSH is normal or ele-
vated to prevent direct RAI treatment of perinodular and
contralateral normal thyroid tissue, which increases the risk
of developing hypothyroidism. However, if volume reduc-
tion is a goal, at the expense of an increased risk of hypo-
thyroidism, pretreatment with MMI, allowing the TSH to rise
slightly prior to RAI administration, results in greater volume
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reduction after fixed doses of RAI (270). Similarly, a recent
meta-analysis indicated that the application of recombinant
human TSH (rhTSH) before RAI therapy in nontoxic MNG
or TMNG results in greater thyroid volume reduction but
higher hypothyroidism rates than RAI therapy alone (271).
Unless volume reduction is an important goal, rhTSH ad-
ministration before RAI therapy of TMNG is not generally
recommended as it could possibly exacerbate hyperthyroid-
ism (272), it represents an off-label use, and mainly stimu-
lates RAIU in TSH-sensitive perinodular tissues (273).

[K2] Evaluation of thyroid nodules before RAI therapy

& RECOMMENDATION 41
Nonfunctioning nodules on radionuclide scintigraphy or
nodules with suspicious ultrasound characteristics should
be managed according to published guidelines regarding
thyroid nodules in euthyroid individuals.

Strong recommendation, moderate-quality evidence.

Thorough assessment of suspicious nodules within a
TMNG, according to the published guidelines (225,274),
should be completed before selection of RAI as the treatment
of choice. The prevalence of thyroid cancer in TMNG his-
torically has been estimated to be about 3% (247). More
recently, it has been estimated to be as high as 9%, which is
similar to the 10.6% prevalence noted in nontoxic MNG
(275).

Technical remarks: Both the ATA and AACE, the latter in
conjunction with the European Thyroid Association and
Associazione Medici Endocrinologi, and the Latin American
Thyroid Society have published management guidelines for
patients with thyroid nodules (225,274,276,277).

[K3] Administration of RAI in the treatment of TMNG or TA

& RECOMMENDATION 42
Sufficient activity of RAI should be administered in a
single application to alleviate hyperthyroidism in patients
with TMNG.

Strong recommendation, moderate-quality evidence.

The goal of RAI therapy, especially in older patients, is the
elimination of the hyperthyroid state. Higher activities of
RAI, even when appropriately calculated for the specific
volume or mass of hyperthyroid tissue, result in more rapid
resolution of hyperthyroidism and less need for retreatment,
but a higher risk for early hypothyroidism. One study showed
a 64% prevalence of hypothyroidism 24 years after RAI
therapy for TMNG, with a higher prevalence among patients
who required more than one treatment (250). The prevalence
of hypothyroidism following RAI therapy is increased by
normalization or elevation of TSH at the time of treatment
resulting from ATD pretreatment or use of rhTSH and by the
presence of antithyroid antibodies (278).

The activity of RAI used to treat TMNG, calculated on the
basis of goiter size to deliver 150–200lCi (5.55–7.4MBq)
per gram of tissue corrected for 24-hour RAIU, is usually
higher than that needed to treat GD. In addition, the RAIU
values for TMNG may be lower, necessitating an increase in
the applied activity of RAI. Radiation safety precautions may

be onerous if high activities of RAI are needed for large
goiters. Both pretreatment with MMI allowing the TSH to
rise slightly (270) and the off-label use of rhTSH (271) may
reduce the total activity of RAI needed, but they increase the
risk of hypothyroidism (see prior discussion Section [K1]).

Technical remarks: Enlargement of the thyroid is very rare
after RAI treatment. However, patients should be advised
to immediately report any tightening of the neck, difficulty
breathing, or stridor following the administration of RAI.
Any compressive symptoms, such as discomfort, swelling,
dysphagia, or hoarseness, which develop following RAI
therapy, should be carefully assessed and monitored, and if
clinically necessary, corticosteroids can be administered.
Respiratory compromise in this setting is extremely rare and
requires management as any other cause of acute tracheal
compression.

& RECOMMENDATION 43
Sufficient activity of RAI should be administered in a
single application to alleviate hyperthyroidism in patients
with TA.

Strong recommendation, moderate-quality evidence.

RAI administered to treat TA can be given either as a fixed
activity of approximately 10–20mCi (370–740MBq) or an
activity calculated on the basis of nodule size using 150–
200 lCi (5.5–7.4MBq) RAI per gram corrected for 24-hour
RAIU (278). A long-term follow-up study of patients with
TA, in which patients with nodules <4 cm were administered
an average of 13mCi (481MBq) and those with larger nod-
ules an average of 17mCi (629MBq), showed a progressive
increase in hypothyroidism over time in both groups, sug-
gesting that hypothyroidism develops over time regardless
of activity adjustment for nodule size (259). A randomized
trial of 97 patients with TA compared the effects of high
(22.5mCi or 833MBq) or low (13mCi or 481MBq) fixed
activity RAI, with a calculated activity that was either high
(180–200 lCi/g or 6.7–7.4 Bq) or low (90–100 lCi/g or 3.3–
3.7 Bq) and corrected for 24-hour RAIU (279). This study
confirmed previous reports showing an earlier disappear-
ance of hyperthyroidism and earlier appearance of hypothy-
roidism with higher RAI activity. Use of a calculated activity
allowed for a lower RAI activity to be administered for a
similar efficacy in the cure of hyperthyroidism.

[K4] Patient follow-up after RAI therapy for TMNG or TA

& RECOMMENDATION 44
Follow-up within the first 1–2 months after RAI therapy
for TMNG or TA should include an assessment of free T4,
total T3, and TSH. Biochemical monitoring should be
continued at 4- to 6-week intervals for 6 months, or until
the patient becomes hypothyroid and is stable on thyroid
hormone replacement.

Strong recommendation, low-quality evidence.

RAI therapy for TMNG results in resolution of hyperthy-
roidism in approximately 55% of patients at 3 months and
80% of patients at 6 months, with an average failure rate of
15% (246–248). Goiter volume is decreased by 3 months,
with further reduction observed over 24 months, for a total
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size reduction of 40% (248). For TA, 75% of patients were no
longer hyperthyroid at 3 months, with nodule volume de-
creased by 35% at 3months and by 45% at 2 years (257). Risk
of persistent or recurrent hyperthyroidism ranged from 0% to
30%, depending on the series (246–248,257). Long-term
follow-up studies show a progressive risk of clinical or sub-
clinical hypothyroidism of about 8% by 1 year and 60% by 20
years for TA (259), and an average of 3% by 1 year and 64%
by 24 years for TMNG (250).

GD might develop after RAI for TMNG in up to 4% of
patients (280). Such patients develop worsening hyperthy-
roidism within a few months of RAI therapy. Treatment with
additional RAI is effective.

Technical remarks: If thyroid hormone therapy is neces-
sary, the dose required may be less than full replace-
ment because of underlying persistent autonomous thyroid
function.

[K5] Treatment of persistent or recurrent hyperthyroidism
following RAI therapy for TMNG or TA

& RECOMMENDATION 45
If hyperthyroidism persists beyond 6 months following
RAI therapy for TMNG or TA, retreatment with RAI is
suggested. In selected patients with minimal response 3
months after therapy additional RAI may be considered.

Weak recommendation, low-quality evidence.

Technical remarks: In severe or refractory cases of per-
sistent hyperthyroidism due to TMNG or TA, following
treatment with RAI, surgery may be considered. Because
some patients with mild hyperthyroidism following RAI
administration will continue to improve over time, use of
MMI with close monitoring may be considered to allow
control of the hyperthyroidism until the RAI is effective.

[L] If surgery is chosen, how should
it be accomplished?

[L1] Preparation of patients with TMNG or TA for surgery

& RECOMMENDATION 46
If surgery is chosen as treatment for TMNG or TA, patients
with overt hyperthyroidism should be rendered euthyroid
prior to the procedure with MMI pretreatment, with or
without b-adrenergic blockade. Preoperative iodine should
not be used in this setting.

Strong recommendation, low-quality evidence.

Risks of surgery are increased in the presence of thyro-
toxicosis. Thyrotoxic crisis during or after the operation, can
result in extreme hypermetabolism, hyperthermia, tachycar-
dia, hypertension, coma, or death. Therefore, prevention with
careful preparation of the patient is of paramount importance
(281,282). The literature reports a very low risk of anesthesia-
related mortality associated with thyroidectomy (254,283).
Preoperative iodine therapy is not indicated because of the
risk of exacerbating the hyperthyroidism (284). Usually hy-
perthyroidism is less severe in patients with TMNG, so that in
most cases, patients with allergy to ATDs can be prepared for
surgery, when necessary, with b-blockers alone.

[L2] The surgical procedure and choice of surgeon

& RECOMMENDATION 47
If surgery is chosen as treatment for TMNG, near-total or
total thyroidectomy should be performed.

Strong recommendation, moderate-quality evidence.

Recurrence can be avoided in TMNG if a near-total or total
thyroidectomy is performed initially (285). This procedure
can be performed with the same low rate of complications as
a subtotal thyroidectomy (286–289). Reoperation for recur-
rent or persistent goiter results in a 3- to 10-fold increase in
the risk of permanent vocal cord paralysis or hypoparathy-
roidism (290,291).

& RECOMMENDATION 48
Surgery for TMNG should be performed by a high-volume
thyroid surgeon.

Strong recommendation, moderate-quality evidence.

TMNG is more common in older patients. Data regarding
outcomes following thyroidectomy in elderly patients have
shown conflicting results. Overall, however, studies con-
ducted at the population level have demonstrated signifi-
cantly higher rates of postoperative complications, longer
length of hospital stay, and higher costs among elderly pa-
tients (198). Data showing equivalent outcomes among the
elderly usually have come from high-volume centers (292).
Robust data demonstrate that surgeon volume of thyroidec-
tomies is an independent predictor of patient clinical and
economic outcomes (i.e., in-hospital complications, length of
stay, and total hospital charges) following thyroid surgery
(198,199,293). The recommendation for referral to a high-
volume surgeon is essentially the same as that described in
Section [F2] for the choice of surgeon in GD.

& RECOMMENDATION 49
If surgery is chosen as the treatment for TA, a thyroid
ultrasound should be done to evaluate the entire thyroid
gland. An ipsilateral thyroid lobectomy, or isthmusectomy
if the adenoma is in the thyroid isthmus, should be per-
formed for isolated TAs.

Strong recommendation, moderate-quality evidence.

A preoperative thyroid ultrasound is useful because it
will detect the presence of contralateral nodularity that is
suspicious in appearance or that will necessitate future
surveillance, both circumstances in which a total thyroid-
ectomy may be more appropriate. Lobectomy removes the
TA while leaving normal thyroid tissue, allowing residual
normal thyroid function in the majority of patients. One
large clinical series for TA demonstrated no surgical deaths
and low complication rates (254). In patients who wish
to avoid general anesthesia or who have significant co-
morbidities, the risk of anesthesia can be lowered further
when cervical block analgesia with sedation is employed by
thyroid surgeons and anesthesiologists experienced in this
approach (294). Patients with positive antithyroid anti-
bodies preoperatively have a higher risk of postoperative
hypothyroidism (256,278).
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& RECOMMENDATION 50
We suggest that surgery for TA be performed by a high-
volume surgeon.

Weak recommendation, moderate-quality evidence.

While surgeon experience in the setting of TA is of some-
what less importance than in TMNG, it remains a factor to
consider in deciding between surgery and RAI therapy. High-
volume thyroid surgeons tend to have better outcomes follow-
ing lobectomy than low-volume surgeons, but the differences
are not statistically significant (198). High-volume surgeons
may be more comfortable with performing the thyroid lobec-
tomy under cervical block analgesia with sedation.

[L3] Postoperative care

& RECOMMENDATION 51
Following thyroidectomy for TMNG, serum calcium with
or without iPTH levels should be measured, and oral cal-
cium and calcitriol supplementation administered based on
the results.

Weak recommendation, low-quality evidence.

Technical remarks: The management of hypocalcemia
following thyroidectomy for TMNG is essentially the same
as that described in Section [F3] for postoperative manage-
ment in GD. Severe or prolonged preoperative hyperthy-
roidism and larger size and greater vascularity of the goiter
(more typically seen in GD) increase the risk of postoperative
hypocalcemia.

& RECOMMENDATION 52
MMI should be stopped at the time of surgery for TMNG
or TA. Beta-adrenergic blockade should be slowly dis-
continued following surgery.

Strong recommendation, low-quality evidence.

Technical remarks: The duration over which b-adrenergic
blockade should be tapered should take into account the
preoperative free T4 concentration, the heart rate, and the
week-long half-life of T4. Additionally, patients taking
higher doses of b-blockers will require a longer taper.

& RECOMMENDATION 53
Following thyroidectomy for TMNG, thyroid hormone
replacement should be started at a dose appropriate for
the patient’s weight (0.8 lg/lb or 1.6 lg/kg) and age,
with elderly patients needing somewhat less. TSH should
be measured every 1–2 months until stable, and then
annually.

Strong recommendation, low-quality evidence.

Technical remarks: The appropriate dosing of L-thyroxine
will vary with patient body mass index (219). If a significant
thyroid remnant, which may demonstrate autonomous pro-
duction of thyroid hormone, remains following thyroidec-
tomy, immediate postoperative doses of thyroid hormone
should be initiated at somewhat less than full replacement
doses and subsequently adjusted based on thyroid function
testing.

& RECOMMENDATION 54
Following lobectomy for TA, TSH and estimated free T4

levels should be obtained 4–6 weeks after surgery and
thyroid hormone supplementation started if there is a
persistent rise in TSH above the reference range.

Strong recommendation, low-quality evidence.

Technical remarks: After lobectomy for TA, serum cal-
cium levels do not need to be obtained, and calcium and
calcitriol supplements do not need to be administered. Thy-
roid hormone replacement is required in about 15%–20% of
patients following thyroid lobectomy (295). Serum TSH
levels may have been suppressed or normal prior to lobec-
tomy, depending on the degree of preoperative preparation
with ATDs. TSH levels may remain in the high normal range
for 3–6 months following lobectomy; therefore, continued
monitoring in an asymptomatic patient for 4–6 months
postoperatively is reasonable, since there may be eventual
recovery of normal thyroid function (296).

[L4] Treatment of persistent or recurrent disease following
surgery for TMNG or TA

& RECOMMENDATION 55
RAI therapy should be used for retreatment of persistent or
recurrent hyperthyroidism following inadequate surgery
for TMNG or TA.

Strong recommendation, low-quality evidence.

Persistent or recurrent hyperthyroidism following surgery is
indicative of inadequate surgery. As remedial thyroid surgery
comes at significantly increased risk of hypoparathyroidism
and RLN injury, it should be avoided, if possible, in favor of
RAI therapy (290,291). If this is not an option, it is essential that
the surgery be performed by a high-volume thyroid surgeon.

[M] If ATDs are chosen as treatment of TMNG
or TA, how should the therapy be managed?

ATDs do not induce remission in patients with nodular
thyroid disease. Therefore, discontinuation of treatment results
in relapse (262,297). However, prolonged (lifelong) ATD
therapy may be the best choice for some individuals with
limited life expectancy and increased surgical risk, including
residents of nursing homes or other care facilities where
compliance with radiation safety regulations may be difficult.

& RECOMMENDATION 56
Long-term MMI treatment of TMNG or TA might be in-
dicated in some elderly or otherwise ill patients with
limited life expectancy, in patients who are not good
candidates for surgery or ablative therapy, and in patients
who prefer this option.

Weak recommendation, low-quality evidence.

Technical remarks: The required dose of MMI to restore
the euthyroid state in TMNG or TA patients is usually low
(5–10mg/d). Because long-term, low-dose ATD treatment in
nodular hyperthyroidism can be difficult to regulate, frequent
(every 3 months) monitoring is recommended initially,
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especially in the elderly (298), until stability has been
documented, after which testing frequency can be decreased.

[N] Is there a role for ethanol or radiofrequency
ablation in the management of TA or TMNG?

& RECOMMENDATION 57
Alternative therapies such as ethanol or radiofrequency
ablation of TA and TMNG can be considered in select
patients in whom RAI, surgery, and long-term ATD are
inappropriate, contraindicated, or refused, and expertise in
these procedures is available.

No recommendation; insufficient evidence to assess
benefits and risks.

[N1] Ethanol ablation
Reports that support the efficacy of percutaneous ethanol

injection under sonographic guidance to treat TA and TMNG
come largely from Europe (299–301). Experience in the
United States is limited. A typical protocol involves the in-
jection of ethanol (average dose 10mL, depending on size of
the area to be ablated) into the TA or autonomous area of a
TMNG. In one study, the average patient required four ses-
sions at 2-week intervals (299). One hundred twenty-five
patients with TA were followed for an average of 5 years;
2.4% refused further treatment because of pain, and 3.2% had
complications including transient RLN palsy, abscess, or
hematoma (299). Ninety-three percent of patients achieved a
functional cure (no uptake on RAI scintigraphy), and 92%
had a >50% reduction in nodule size (299). In another study
of both TA and TMNG, 78% of cases achieved a functional
cure, all nodules regressed, and there was no recurrent hy-
perthyroidism during 5 years of follow-up (300). Ethanol
ablation also has been used following RAI to reduce nodule
size (301). However, its use has been limited due to pain
associated with extravasation of the ethanol to extranodular
locations, and other adverse effects, which have included
transient thyrotoxicosis, permanent ipsilateral facial dys-
esthesia, paranodular fibrosis interfering with subsequent
surgery (302), and toxic necrosis of the larynx and adjacent
skin (303).

[N2] Radiofrequency ablation
Both radiofrequency ablation (RFA) and laser therapy

have been used to treat thyroid nodules. A meta-analysis
demonstrated that RFA resulted in larger reductions in nodule
size with fewer sessions than laser therapy (304). A retro-
spective multicenter report of RFA for TA in 44 patients
utilized an 18-gauge electrode under ultrasound guidance
with a mean follow-up of 20 months (305). An 82% reduction
in nodule volume was achieved, but 20% of nodules re-
mained autonomous on scintigraphy, and 18% of patients
remained hyperthyroid. All patients complained of pain
during the procedure, but there were no complications (305).
A Korean study compared the use of RFA to surgery for
nontoxic nodules (306). RFA was associated with an 85%
reduction in nodule size, the cost was similar to surgery, there
were fewer complications (RLN injury or hypoparathyroid-
ism: 6% for surgery and 1% for RFA), and no patient who
received RFA became hypothyroid (306). Advocates of RFA

argue that it preserves normal thyroid function compared to
surgery or RAI (307). However, additional data are needed to
determine the success at correcting hyperthyroidism in pa-
tients with TA and TMNG. The use of RFA should be limited
to centers where clinicians have received adequate training in
the technique.

[O] How should GD be managed in children
and adolescents?

[O1] General approach

& RECOMMENDATION 58
Children with GD should be treated with MMI, RAI
therapy, or thyroidectomy. RAI therapy should be avoided
in very young children (<5 years). RAI therapy in children
is acceptable if the activity is >150 lCi/g (5.55MBq/g) of
thyroid tissue, and for children between 5 and 10 years of
age if the calculated RAI administered activity is <10mCi
(<473MBq). Thyroidectomy should be chosen when de-
finitive therapy is required, the child is too young for RAI,
and surgery can be performed by a high-volume thyroid
surgeon.

Strong recommendation, moderate-quality evidence.

The treatment of pediatric patients with GD varies con-
siderably among institutions and practitioners. It is important
to recognize that lasting remission after ATD therapy occurs
in only a minority of pediatric patients with GD, including
children treated with ATDs for many years. In determining
the initial treatment approach, the patient’s age, clinical
status, and likelihood of remission should be considered.
Patient and parent values and preferences should also be
strongly considered when choosing one of the three treatment
modalities.

Because some children will go into remission, MMI
therapy for 1 year is still considered first-line treatment for
most children. However, the majority of pediatric patients
with GD will eventually require either RAI or surgery.
When ATDs are used in children, only MMI should be used,
except in exceptional circumstances. If clinical character-
istics suggest a low chance of remission at initial presen-
tation (see Section [P6] below), MMI, RAI, or surgery may
be considered initially. If remission is not achieved after a
course of therapy with ATDs, RAI or surgery should be
considered. Alternatively, MMI therapy may be continued
long term or until the child is considered old enough for
surgery or RAI.

Properly administered, RAI is an effective treatment for GD
in the pediatric population (308–310). RAI is widely used in
children but still viewed as controversial by some practitioners
owing primarily to concern over cancer risks (311,312). Al-
though there are sparse clinical data relating to RAI use in
children with GD and subsequent thyroid cancer (313), it is
known that risks of thyroid cancer after external irradiation
are highest in children <5 years of age, and they decline
with advancing age (314,315); see discussion of RAI ther-
apy and cancer risk in Section [P3] below. In comparison,
activities of RAI used with contemporary therapy are not
known to be associated with an increased risk of thyroid
neoplasm in children.
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Thyroidectomy is an effective treatment for GD, but it is
associated with a higher complication rate in children than in
adults (316–318). Thyroidectomy should be performed in
those children who are too young for RAI, provided that
surgery can be performed by a high-volume thyroid surgeon,
preferably with experience in conducting thyroidectomies in
children.

Technical remarks: There may be circumstances in which
RAI therapy is indicated in young children, such as when a
child has developed a reaction to ATDs, proper surgical ex-
pertise is not available, or the patient is not a suitable surgical
candidate.

[P] If ATDs are chosen as initial management of GD
in children, how should the therapy be managed?

[P1] Initiation of ATD therapy for the treatment of GD
in children

& RECOMMENDATION 59
MMI should be used in children who are treated with ATD
therapy.

Strong recommendation, moderate-quality evidence.

Technical remarks:MMI comes in 5- or 10-mg tablets and
can be given once daily, even in patients with severe hy-
perthyroidism. Although many practitioners give MMI in
divided doses, data in adults do not support a need for such
and show that compliance with once-daily MMI therapy is
superior to multiple daily doses of PTU (83% vs. 53%) (319).
The MMI dose typically used is 0.2–0.5mg/kg daily, with a
range from 0.1–1.0mg/kg daily (320–322). One approach is
to prescribe the following whole tablet or quarter to half-
tablet doses: infants, 1.25mg/d; 1–5 years, 2.5–5.0mg/d; 5–
10 years, 5–10mg/d; and 10–18 years, 10–20mg/d. With
severe clinical or biochemical hyperthyroidism, doses that
are 50%–100% higher than the above can be used.

Although there may be a tendency to use higher rather than
lower doses of MMI at treatment onset, data in adults show
only modest benefit of higher doses and only in severe thy-
rotoxicosis (free T4 > 7 ng/dL [0.554 pmol/L]) (115). Be-
cause most side effects of MMI are dose-related and occur
within the first 3 months of treatment (128), high doses of
MMI (e.g., >30mg for an adolescent or adult) should rarely
be used initially.

When thyroid hormone levels normalize, MMI doses can
be reduced by 50% or more to maintain a euthyroid state
(112). Alternatively, some physicians elect not to reduce
the MMI dose and add levothyroxine to make the patient
euthyroid, a practice referred to as ‘‘block and replace.’’
However, because meta-analyses suggest a higher prevalence
of adverse events using block-and-replace regimens than
dose titration (119,323), likely due to higher doses of MMI
and the dose-related complications associated with MMI
(324), we suggest that this practice be avoided. However, it
may have utility in rare patients, after addressing compliance,
who are inadequately controlled on one dose of MMI, then
become hypothyroid after a minimal dose increase.

Practitioners should also monitor the weight of children
treated with ATDs. Excessive weight gain within 6 months of
treatment is seen in children treated for GD, and the gain in
weight can persist (325). Parents and patients should be

counseled about this possibility and nutrition consultation
considered if excessive weight gain occurs.

& RECOMMENDATION 60
Pediatric patients and their caretakers should be informed
of side effects of ATD preferably in writing, and the ne-
cessity of stopping the medication immediately and in-
forming their physician if they develop pruritic rash,
jaundice, acolic stools or dark urine, arthralgias, abdomi-
nal pain, nausea, fatigue, fever, or pharyngitis.

Strong recommendation, low-quality evidence.

& RECOMMENDATION 61
Prior to initiating ATD therapy, we suggest that pediatric
patients have, as a baseline, complete blood cell count,
including WBC count with differential, and a liver pro-
file including bilirubin, transaminases, and alkaline
phosphatase.

Weak recommendation, low-quality evidence.

PTU is associated with an unacceptable risk of hepato-
toxicity in children, with a risk of liver failure of 1 in 2000–
4000 children taking the medication (326,327). PTU can
cause fulminant hepatic necrosis that may be fatal; liver
transplantation has been necessary in some patients taking
PTU (326). For this reason, the FDA issued a black box
warning regarding the use of PTU (328), noting that 32 (22
adult and 10 pediatric) cases of serious liver injury have been
associated with PTU use (326,328). Furthermore, since the
recommendation to avoid PTU use in children was issued, we
are unaware of any published cases of PTU-related liver
failure (327).

Because PTU-induced liver injury is of rapid onset and can
be rapidly progressive, biochemical monitoring of liver
function tests and transaminase levels has not been shown to
be useful in surveillance for PTU-related liver injury. When
neither prompt surgery nor RAI therapy are options, and
ATD therapy is necessary in a patient who has developed a
minor toxic reaction to MMI, a short course of PTU use can
be considered. When surgery is the planned therapy and
MMI cannot be administered, if the patient is not too
thyrotoxic (and the hyperthyroidism is due to GD), the
hyperthyroid state can be controlled before surgery with b-
blockade and SSKI (50mg iodide/drop) 3–7 drops (0.15–
0.35mL) by mouth, given three times a day for 10 days
before surgery. Prior to surgery it is desirable to have the
free T4 level or total T4 and total T3 levels in the normal or
subnormal range. Alternatively, if the surgery cannot be
performed within a few weeks, a short course of PTU may
be administered with the child closely monitored clinically
for signs of hepatic dysfunction including nausea, anorexia,
malaise, and abdominal pain.

MMI may also be associated with hepatotoxicity in chil-
dren, but this tends to be milder and is typically cholestatic
rather than hepatocellular (326). At least one case of chole-
static jaundice has been reported in a child (326). However,
there have been reports of hepatocellular toxicity with MMI
in adults (134).

MMI may also be associated with ANCA-positive vascu-
litis (329), although this occurs far less frequently than with
PTU. Patients of Asian origin seem to be more susceptible to
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this adverse reaction, and it can develop after months to years
of therapy. Many PTU-treated patients also develop ANCA
positivity on treatment but remain asymptomatic (330).
Typical manifestations of ANCA-positive vasculitis are
polyarthritis, purpuric skin lesions, and occasionally pul-
monary and/or renal involvement. Discontinuation of the
drug generally results in resolution of the symptoms, but in
more severe cases, glucocorticoids or other immunosup-
pressive therapy may be needed.

Technical remarks: It is advisable to provide information
concerning side effects of ATDs to the patient or caretaker in
writing. See Recommendation 14 Technical remarks for a
discussion regarding the utility of obtaining complete blood
count and liver profile before initiating MMI therapy.

[P2] Symptomatic management of Graves’ hyperthyroid-
ism in children

& RECOMMENDATION 62
Beta-adrenergic blockade is recommended for children
experiencing symptoms of hyperthyroidism, especially
those with heart rates in excess of 100 beats per minute.

Strong recommendation, low-quality evidence.

In children in whom the diagnosis of Graves’ hyperthy-
roidism is strongly suspected or confirmed, and who are
showing significant symptoms, including, but not limited to,
tachycardia, muscle weakness, tremor, or neuropsychologi-
cal changes, treatment with atenolol, propranolol, metopro-
lol, or other b-blockers leads to a decrease in heart rate and
symptoms of GD. In those with reactive airway disease,
cardio-selective b-blockers such as atenolol or metoprolol
can be used cautiously (331), with the patient monitored for
exacerbation of asthma.

[P3] Monitoring of children taking MMI
After initiation of MMI therapy, thyroid function tests

(free T4, total T3, TSH) are obtained at 2–6 weeks, the dose is
adjusted if indicated, and thyroid function tests are measured
again at 4–6 weeks, and then every 2–3 months once the dose
is stabilized. Depending on the severity of hyperthyroidism
and the MMI dose, it can take several months for elevated
thyroid hormone levels to fall into the normal range. Serum
TSHmay remain suppressed for several months after starting
therapy and is therefore not a good parameter for monitoring
therapy early in the course.

& RECOMMENDATION 63
ATDs should be stopped immediately and WBC counts
measured in children who develop fever, arthralgias, mouth
sores, pharyngitis, or malaise.

Strong recommendation, low-quality evidence.

AlthoughMMI has a better overall safety profile than PTU,
MMI is associated with minor adverse events that may affect
up to 20% of children (332). MMI-related adverse events
include allergic reactions, rashes, myalgias, and arthralgias
(333,334), as well as hypothyroidism from overtreatment.
Side effects fromMMI usually occur within the first 3 months
of starting therapy, but adverse events can occur later. In
children, the risks of MMI-related cholestasis and hepato-

cellular injury appear to be much less than those observed in
adults (326).

Agranulocytosis has been reported in about 0.3% of adult
patients taking MMI or PTU (128,324,335). Data on the
prevalence of agranulocytosis in children are unavailable, but
it is estimated to be very low. In adults, agranulocytosis is
dose dependent with MMI and rarely occurs at low doses
(e.g., 5–10mg/d) (128,324,335). When agranulocytosis de-
velops, 95% of the time it occurs in the first 100 days of
therapy (128,324,335). The overall rate of side effects from
ATDs (both major and minor) in children has been reported
to be 6%–35% (332,334,336,337).

Technical remarks: While routine monitoring of WBC
counts may occasionally detect early agranulocytosis, it is not
recommended because of the rarity of the condition and its
sudden onset, which is generally symptomatic. For this rea-
son, measuring WBC counts during febrile illnesses and at
the onset of pharyngitis has become the standard approach for
monitoring.

[P4] Monitoring of children taking PTU

& RECOMMENDATION 64
In general, PTU should not be used in children. But if it is
used, the medication should be stopped immediately and
liver function and hepatocellular integrity assessed in chil-
dren who experience anorexia, pruritus, rash, jaundice, light-
colored stool or dark urine, joint pain, right upper quadrant
pain or abdominal bloating, nausea, or malaise.

Strong recommendation, low-quality evidence.

Technical remarks: PTU should be discontinued if trans-
aminase levels (obtained in symptomatic patients or found
incidentally) reach 2–3 times the upper limit of normal. After
discontinuing the drug, liver function tests (i.e., bilirubin,
alkaline phosphatase, and transaminases) should be moni-
tored weekly until there is evidence of resolution. If there is
no evidence of resolution, referral to a gastroenterologist or
hepatologist is warranted.

[P5] Management of allergic reactions in children taking
MMI

& RECOMMENDATION 65
Persistent minor cutaneous reactions to MMI therapy in
children should be managed by concurrent antihistamine
treatment or cessation of the medication and changing to
therapy with RAI or surgery. In the case of a serious ad-
verse reaction to an ATD, prescribing the other ATD is not
recommended.

Strong recommendation, low-quality evidence.

If children develop serious adverse reactions to MMI, RAI
or surgery should be considered because the risks of PTU are
considered greater than the risks of RAI or surgery. In special
circumstances, in which the patient appears to be at risk for
thyroid storm and ATD therapy is needed in a child with a
serious adverse reaction to MMI, PTU may be considered for
short-term therapy to control hyperthyroidism. In this setting,
families should be informed of the risks of PTU.

HYPERTHYROIDISM MANAGEMENT GUIDELINES 1371



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

PaTologia da Tiróide i  |  doença de graves  |  Maria João oliveira

62

[P6] Duration of MMI therapy in children with GD

& RECOMMENDATION 66
If MMI is chosen as the first-line treatment for GD in
children, it may be tapered in those children requiring low
doses after 1–2 years to determine if a spontaneous re-
mission has occurred, or it may be continued until the child
and caretakers are ready to consider definitive therapy, if
needed.

Strong recommendation, moderate-quality evidence.

The issue of how long ATDs should be used in children
before considering either RAI or surgery is a topic of con-
troversy and warrants further study. Prospective studies in
adults show that if remission does not occur after 12–18
months of therapy, there is a lower chance of remission oc-
curring with prolonged therapy (338). In children, when
ATDs are used for 1–2 years, remission rates are generally
20%–30%, with remission defined as being euthyroid for 1
year after cessation of therapy (333,339,340). Retrospective
studies have suggested that the chance of remission after 2
years of ATDs is low if the thyroid gland is large (more than
2.5 times normal size for age), the child is young (<12 years) or
not Caucasian, serum TRAb levels are above normal on ther-
apy, or free T4 levels are substantially elevated at diagnosis
(>4 ng/dL, 50 pmol/L) (339). One prospective study suggested
that likelihood of remission could best be predicted by the
initial response to ATDs, with achievement of euthyroid state
within 3 months, suggesting higher likelihood. Younger chil-
dren and those with high initial thyroid hormone levels were
also found to be less likely to achieve remission within 2 years
in the prospective studies (334,337).

Remission rates in children treated with ATDs for longer
than 2 years have been reported. Although two decades ago it
was suggested that 25%of childrenwithGDgo into remission
with every 2 years of continued treatment (341), other studies
of larger cohorts of pediatric patients with GD treated with
ATDs for extended periods have not revealed similar remis-
sion rates (333,339,342). Of 120 pediatric patients treated
with ATDs at one center, after 1 year of therapy with ATDs,
25%were in remission; after 2 years, 26%; after 4 years, 37%;
and after 4–10 years, 15%. Importantly, 30% of the children
whowent into remission eventually relapsed (333). In another
large cohort of 184 medically treated children, after 1 year of
therapy with ATDs, 10% were in remission; after 2 years,
14%; after 3 years, 20%; and after 4 years, 23% (339,342).

More recently, in a retrospective analysis from Japan of
1138 children, 723 were continued on long-term ATD treat-
ment, 271 underwent surgery or RAI, and 144 dropped out. Of
the 639 patients of the 723 who discontinued ATD treatment
after a mean of 3.8 years (range 0.3 to 24.8 years), 46.2%
achieved remission, and 34.2% relapsed. The prevalence of
adverse events associated with MMI and PTU were 21.4%
and 18.8%, respectively (343).

In comparison, other recent studies of long-term remission
rates of pediatric GD treated with ATDs are very low (<20%),
especially with longer follow-up, in cohorts from Germany
(344) and Denmark (345).

Data also suggest that age-related differences exist in re-
sponsiveness to ATDs. In one study that compared outcomes
of 32 prepubertal and 68 pubertal children, remission oc-

curred in only 17% of prepubertal children treated 5.9 – 2.8
years, compared with 30% of pubertal individuals treated
2.8 – 1.1 years (340). In another report, the course of GD was
compared in 7 prepubertal, 21 pubertal, and 12 postpubertal
children (336). Remission was achieved in 10 patients (28%)
with similar rates among the three groups, whereas the time
to remission tended to be longer in the small proportion of
prepubertal children (median age, 6 years) (336).

Persistence of GD in children is correlated with the persis-
tence of TRAb. A recent study found that TRAb levels nor-
malized after 24 months in only 18% of pediatric patients on
ATDs (346). There were no data showing that there was nor-
malization of TRAb levels when patients were on ATDs for a
longer time. Therefore, it appears that TRAb levels persist
longer in children than in adults (346). Whereas monitoring of
TRAb levels while on ATDs has been shown to be useful in
adult patients for predicting the likelihood of remission or re-
lapse of GD after stopping the medication (172), this approach
has yet to be validated in children.

Whereas most studies, including recent large database
reports (343), show that the vast majority of patients treated
for GD with ATDs do not go into remission, a recent pro-
spective report from France shows that with prolonged ATD
use, remission rates of up to 49% could be achieved. This
study reported remission rates of 20%, 37%, 45%, and 49%
after 4, 6, 8, and 10 years follow-up of 154 children treated
with ATDs (337). The use of MMI in this group of children
was associated with a very low rate of medication side effects
(337). Thus, whereas many practitioners will treat for 1–2
years with MMI, these data suggest that treatment for longer
periods is also reasonable, as long as side effects to medi-
cation do not occur.

& RECOMMENDATION 67
Pediatric patients with GD who are not in remission fol-
lowing at least 1–2 years of MMI therapy should be consid-
ered for treatment with RAI or thyroidectomy. Alternatively,
if children are tolerating ATD therapy, ATDsmay be used for
extended periods. This approach may be especially useful for
the child not considered to be a candidate for either surgery
or RAI. Individuals on prolonged ATD therapy (>2 years)
should be reevaluated every 6–12 months and when transi-
tioning to adulthood.

Strong recommendation, low-quality evidence.

If remission is not achieved upon stopping MMI after at
least 1 or 2 years of therapy, RAI or surgery should be con-
sidered, depending on the age of the child. Alternatively,
practitioners can continue MMI for extended periods, as long
as adverse drug effects do not occur and the hyperthyroid
state is controlled. As already noted, adverse reactions typi-
cally occur within the first few months of therapy.

[Q] If RAI is chosen as treatment for GD in children,
how should it be accomplished?

[Q1] Preparation of pediatric patients with GD for RAI
therapy

& RECOMMENDATION 68
We suggest that children with GD having total T4 levels of
>20lg/dL (260 nmol/L) or free T4 >5 ng/dL (60 pmol/L)
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who are to receive RAI therapy be pretreated with MMI
and b-adrenergic blockade until total T4 and/or free T4

normalize before proceeding with RAI treatment.

Weak recommendation, low-quality evidence.

Although the frequency of short-term worsening of hy-
perthyroidism following pretreatment with ATD therapy is
not known, there are rare reports of pediatric patients with
severe hyperthyroidism who have developed thyroid storm
after receiving RAI (347,348).

Technical remarks: When children receiving MMI are to
be treated with RAI, the medication should be stopped 2–
3 days before treatment (349). At that time patients should be
placed on b-blockers (if not already taking) until total T4 and/
or free T4 levels normalize following RAI therapy, which
generally takes 2–4 months. Although some physicians re-
start ATDs after treatment with RAI (80), this practice is
seldom required in children (309,310,350). Thyroid hormone
levels in children begin to fall within the first week following
RAI therapy. ATDs can complicate assessment of posttreat-
ment hypothyroidism since it could be the result of the MMI
rather than the RAI therapy.

[Q2] Administration of RAI in the treatment of GD
in children

& RECOMMENDATION 69
If RAI therapy is chosen as treatment for GD in children,
sufficient RAI should be administered in a single dose to
render the patient hypothyroid.

Strong recommendation, moderate-quality evidence.

The goal of RAI therapy for GD is to induce hypothy-
roidism, rather than euthyroidism, because lower adminis-
tered activities of RAI result in residual, partially irradiated
thyroid tissue that is at increased risk for thyroid neoplasm
development (351). Because of an increased risk of thyroid
nodules and cancer associated with low-level thyroid irradi-
ation in children (314,352–354) and poor remission rates
with low-administered activities of RAI (88–90), it is im-
portant that RAI activities >150lCi (>5.55MBq/g) rather
than smaller activities of RAI be administered to achieve
hypothyroidism (312). With large glands (50–80 g), RAI
activities of 131I 200–300 lCi/g (7.4–11.1MBq/g) may be
needed (349). The administered activity of RAI to patients
with very large goiters is high, and a tendency exists to un-
derestimate the size of the gland (and thereby administer
insufficient RAI activities to these patients) (90). Therefore,
surgery may be preferable to RAI in children with goiters
larger than 80 g.

Physicians at some centers administer a fixed dose of about
15mCi RAI to all children (350), whereas others calculate the
activity from estimation or direct measurement of gland size
and 123I uptake (349). To assess thyroid size, particularly in
the setting of a large gland, ultrasonography is recommended
(355). There are no data comparing outcomes of fixed versus
calculated activities in children; in adults, similar outcomes
have been reported with the two approaches (356). One po-
tential advantage of calculated versus fixed dosing is that it
may be possible to use lower administered activities of RAI,
especially when uptake is high and the thyroid is small.

Calculated dosing also will help assure that an adequate ad-
ministered activity is given.

When RAI activities >150 lCi/g (>5.55MBq/g) are ad-
ministered, hypothyroidism rates are about 95% (88,339,
349). While there are reports that hyperthyroidism can re-
lapse in pediatric patients rendered hypothyroid with RAI,
this is very infrequent.

Technical remarks: RAI is excreted by saliva, urine, per-
spiration, tears, and stool. Significant radioactivity is retained
within the thyroid for several days. It is therefore important
that patients and families be informed of and adhere to local
radiation safety recommendations following RAI therapy.
After RAI therapy, T3, T4, and/or free T4 levels should be
obtained every month. Because TSH levels may remain
suppressed for several months after correction of the hyper-
thyroid state, TSH determinations may not be useful in this
setting for assessing hypothyroidism. Hypothyroidism typi-
cally develops by 2–3 months posttreatment (333,349,350),
at which time levothyroxine should be prescribed.

[Q3] Side effects of RAI therapy in children
Side effects of RAI therapy in children are uncommon

apart from the lifelong hypothyroidism that is the goal of
therapy. Fewer than 10% of children complain of mild ten-
derness over the thyroid in the first week after therapy; it can
be treated effectively with acetaminophen or nonsteroidal
anti-inflammatory agents for 24–48 hours (310,349).

If residual thyroid tissue remains in young children after
RAI treatment, a theoretical risk of development of thyroid
cancer exists. Detractors of the use of RAI therapy in children
point to the increased rates of thyroid cancer and thyroid
nodules observed in young children exposed to radiation
from nuclear fallout at Hiroshima or after the Chernobyl
nuclear reactor explosion. However, these data do not apply
directly when assessing risks of RAI therapy. The risk of
thyroid neoplasia is greatest with exposure to low-level
external radiation (0.1–25Gy; *0.09–30 lCi/g or 3.33–
1110 Bq/g) (314,315,352,354,357), not with the higher
administered activities used to treat GD. It is also important
to note that iodine deficiency and exposure to radionuclides
other than RAI may have contributed to the increased risk
of thyroid cancer in young children after the Chernobyl
reactor explosion (315). Notably, thyroid cancer rates were
not increased among 3000 children exposed to RAI from
the Hanford nuclear reactor site in an iodine-replete region
(358). Increased thyroid cancer rates also were not seen in
6000 children who received RAI for the purpose of diag-
nostic scanning (359).

No evidence suggests that children or adults treated for GD
with more than 150lCi/g (5.55MBq/g) of RAI have an in-
creased risk of thyroid cancer directly attributable to RAI.
While there are several studies of this issue in adults treated
with RAI for GD (see Section [D2]), few studies have fo-
cused on populations exposed to RAI for the treatment of GD
in childhood or adolescence.

In one study, an analysis was carried out of 602 individuals
exposed to RAI below 20 years of age in Swedish and U.S.
populations (360). The average follow-up period was 10
years, and the mean administered activity of RAI to the
thyroid was 88Gy (approximately 80lCi/g or 2.96MBq/g
equivalent), an activity known to be associated with thyroid
neoplasia and below that recommended for treatment of GD.
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Two cases of thyroid cancer were reported compared to 0.1
cases expected over that period of time. Effects on the de-
velopment of nonthyroid cancers were not examined.

The pediatric study with the longest follow-up reported 36-
year outcomes of 116 patients, treated with RAI between
1953 and 1973 (100). The patients ranged in age at treatment
from 3 to 19 years. No patient developed thyroid cancer or
leukemia. There was no increase in the rate of spontaneous
abortion or in the number of congenital anomalies in offspring.
It is important to note that the sample size was small; thus, the
statistical power was inadequate to address this issue fully.

Total-body radiation dose after RAI varies with age, and
the same absolute activities of RAI will result in more radi-
ation exposure to a young child than to an adolescent or adult
(361). At present, we do not have dosimetry information
regarding RAI use in children with GD to assess total body
exposure in children. Using phantom modeling, it has been
estimated that at 0, 1, 5, 10, and 15 years of age, and adult-
hood, respective total-body radiation activities are 11.1, 4.6,
2.4, 1.45, 0.90, and 0.85 rem (1 rem = 0.1 Sv) per millicurie
of RAI administered (361). Based on the Biological Effects
of Ionizing Radiation Committee VII analysis of acute,
low-level radiation exposure (362), the theoretical lifetime
attributable risk of all-cancer incidence and all-cancer
mortality for a large population of treated children can be
estimated (Table 9).

To date, long-term studies of children treated with RAI for
GD have not revealed an increased risk of nonthyroid ma-
lignancies. If a small risk exists, a sample size of more than
10,000 children who were treated at <10 years of age would
be needed to identify the risk, likely exceeding the number of
such treated children. Based on cancer risk projections from
estimated whole-body, low-level radiation exposure as re-
lated to age, it is theoretically possible that there may be a low
risk of malignancies in very young children treated with RAI.
Thus, we recommend that RAI therapy be avoided in very
young children (<5 years) and that RAI be considered in
those children between 5 and 10 years of age when the re-
quired activity for treatment is <10mCi (<370MBq). It is
important to emphasize that these recommendations are based
on theoretical concerns and further direct study of this issue is

needed. The theoretical risks of RAI use must therefore be
weighed against the known risks inherent in thyroidectomy or
prolonged ATD use when choosing among the three different
treatment options for GD in the pediatric age group.

The activity of RAI administered should be based on thy-
roid size and uptake and not arbitrarily reduced because of age
in young individuals. Attempts to minimize the RAI activity
will result in undertreatment and the possible need for addi-
tional RAI therapy and radiation exposure.

[R] If thyroidectomy is chosen as treatment for GD
in children, how should it be accomplished?

[R1] Preparation of children with GD for thyroidectomy

& RECOMMENDATION 70
Children with GD undergoing thyroidectomy should be
rendered euthyroid with the use of MMI. A KI-containing
preparation should be given in the immediate preoperative
period.

Strong recommendation, low-quality evidence.

Surgery is an acceptable form of therapy for GD in chil-
dren. Thyroidectomy is the preferred treatment for GD in
young children (<5 years) when definitive therapy is re-
quired, and the surgery can be performed by a high-volume
thyroid surgeon. In individuals with large thyroid glands
(>80 g), the response to RAI may be poor (88,90) and surgery
also may be preferable for these patients. When performed,
near-total or total thyroidectomy is the recommended pro-
cedure (363).

Technical remarks:MMI is typically given for 1–2 months
in preparation for thyroidectomy. KI (50mg iodide/drop) can
be given as 1–2 drops (i.e., 0.05–0.1mL) three times daily for
10 days before surgery. SSKI can be mixed in juice or milk.

& RECOMMENDATION 71
If surgery is chosen as therapy for GD in children, total or
near-total thyroidectomy should be performed.

Strong recommendation, moderate-quality evidence.

Table 9. Theoretical Projections of Cancer Incidence or Cancer Mortality Related
to 131I Therapy for Hyperthyroidism as Related to Age

Lifetime attributable risk of cancer mortality

Age at
exposure
(year)

Total-body 131I dose
(rem or rad)

Per 100,000 per
0.1Gy or Sv

Per 100,000 per
rad or rem

Lifetime cancer
risk for 15mCi 131I Relative lifetime

cancer risk for
15mCi 131IaPer mCi Per 15mCi Males Females Average Males Females Average Cases per 100,000 %

0 11.1 167 1099 1770 1435 110 177 143 23,884 23.9 1.96
1 4.6 69.0 1099 1770 1435 110 177 143 9898 9.9 1.40
5 2.4 36.0 852 1347 1100 85 135 110 3958 3.96 1.16
10 1.45 21.8 712 1104 908 71 110 91 1975 1.97 1.08
15 0.9 13.5 603 914 759 60 91 76 1024 1.02 1.04
20 0.85 12.8 511 762 637 51 76 64 812 0.81 1.03
40 0.85 12.8 377 507 442 38 51 44 564 0.56 1.02
60 0.85 12.8 319 409 364 32 41 36 464 0.46 1.02

aUsing a gross average of dying from a spontaneous cancer of 25% data analysis by Dr. Patrick Zanzonico, Memorial Sloan Kettering
Cancer Center (New York, NY).
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& RECOMMENDATION 72
Thyroidectomy in children should be performed by high-
volume thyroid surgeons.

Strong recommendation, moderate-quality evidence.

Surgical complication rates are higher in children than in
adults, with higher rates in younger than in older children
(316,318). Postoperatively, younger children also appear to
be at higher risk for transient hypoparathyroidism than ado-
lescents or adults (316,318).

Postoperative hypocalcemia requiring intravenous cal-
cium infusions appears to occur more frequently than in in
adults. Data from one center suggest that if calcitriol is started
3 days before surgery (0.25 or 0.5 lg, twice daily), the need
for postoperative calcium infusions is markedly reduced,
leading to reduction in the length of stay (318). The calcitriol
is then weaned over the first two postoperative weeks (318).

In addition, complication rates are 2-fold higher when
thyroidectomy is performed by pediatric or general surgeons
who do not have extensive current experience in this proce-
dure than when performed by high-volume thyroid surgeons
(316). Further support for the notion that thyroidectomy
for GD in children should be performed by experienced
thyroid surgeons comes from reports of institutional ex-
perience showing low complication rates at high-volume
centers (318,364). In circumstances in which local pediatric
thyroid surgery expertise is not available, referral of a child
with GD to a high-volume thyroid surgery center that also
has pediatric experience is indicated, especially for young
children. A multidisciplinary health-care team that includes
pediatric endocrinologists and experienced thyroid sur-
geons and anesthesiologists is optimal.

[S] How should subclinical hyperthyroidism
be managed?

[S1] Prevalence and causes of SH
The prevalence of subclinical hyperthyroidism (SH) in an

adult population depends on age, sex, and iodine intake. In a
representative sample of U.S. subjects without known thy-
roid disease, 0.7% had suppressed TSH levels (<0.1mU/L),
and 1.8% had low TSH levels (<0.4mU/L) (365). Similar
rates have been reported in studies from Europe, with higher
levels in women and older subjects (366,367). The differ-
ential diagnosis of an isolated low or suppressed TSH level
includes exogenous thyroid hormone use, nonthyroidal ill-
ness, drug effects, and pituitary/hypothalamic disease, all of
which need to be ruled out before the diagnosis of SH can be
established in a patient with an isolated low or suppressed
TSH level. In addition, mean serum TSH levels are lower in
black non-Hispanic Americans, some of whom may have
slightly lowTSH levels without thyroid disease (365). Finally,
some otherwise healthy older persons may have low serum
TSH levels, low-normal serum levels of free T4 and total T3,
and no evidence of thyroid or pituitary disease, suggesting an
altered set point of the pituitary–thyroid axis (368,369).

The natural history of SH is variable (367,370–377), with
annualized rates of 0.5%–7% progression to overt hyper-
thyroidism and 5%–12% reversion to normal TSH levels. In
one study (372), 51.2% of patients had spontaneously de-
veloped a normal TSH when first checked at some time
within 5 years (mean time to repeat TSH, 13 months). Pro-

gression from SH to overt hyperthyroidism appears more
likely if the TSH is suppressed (<0.01mU/L), rather than low
but detectable (0.01–0.4mU/L) (375–377). Patients with GD
rather than a TMNG as the cause of SHmay be more likely to
spontaneously remit (367,378). In patients at high risk of
complications from SH, TSH and free T4 should be repeated
within 2–6 weeks. For all other patients, it is important to
document that SH is a persistent problem by repeating the
serum TSH at 3–6 months, prior to initiating therapy. In
clinical series, TMNG is the most common cause of SH,
especially in older persons (367,376,377). The second most
common cause of SH is GD, which is more prevalent in
younger persons and is also common in patients who previ-
ously received ATD therapy. Other unusual causes include
solitary autonomously functioning nodules and various forms
of thyroiditis, the latter of which would be more strictly
termed ‘‘subclinical thyrotoxicosis.’’

[S2] Clinical significance of SH
Since SH is a mild form of hyperthyroidism, it is not sur-

prising that deleterious effects seen in overt hyperthyroidism
might also occur in SH. A large number of recent studies have
elucidated these effects.

Overall mortality. Several longitudinal studies have ex-
amined correlations between SH and overall mortality, with
variable results. Some studies report increased overall mor-
tality rates in SH subjects (374,379–383), especially older
subjects, while others indicate no relation (384–387). Lim-
itations of some of these studies include sample sizes, age
ranges, length of follow-up, and diagnosis of SH by a single
TSH measurement. A recent meta-analysis of individual-
level data from 52,674 participants, pooled from 10 cohorts
and providing greater power, concluded that SH confers a
24% increased risk of overall mortality (388).

Cardiovascular disease. A recent large study of 26,707
people followed for 12 years reported increased cardiovas-
cular mortality with SH (389). Some other, smaller studies
have reached similar conclusions (374,383), although other
smaller studies have failed to find a correlation (380,381,
384,386). There have been two recent meta-analyses that
examined this question, one of study-level data of 17 co-
horts (390) and the other of individual-level data in 52,674
participants (388). Both analyses concluded that SH confers
an increased risk of cardiovascular mortality, with hazard
ratios of 1.52 (390) and 1.29 (388). In the individual-level
meta-analysis, relative risks did not differ based on age, sex,
pre-existing cardiovascular disease, or the presence of car-
diovascular risk factors. However, the risk was greater in
subjects with TSH levels <0.1mU/L compared to those with
TSH levels 0.1–0.4mU/L.

Some of these studies, including the meta-analyses, have
also examined nonfatal cardiovascular events in SH, with
similar increased risks (383,388,390,391). The most recent
data indicate that SH subjects appear to be at particular risk
for the development of heart failure (381,388,392), especially
older subjects (381,392) and those with lower TSH levels
(392). Mechanistic correlates of these findings include in-
creased left ventricular mass and impaired left ventricular
function in SH that improve with treatment (393–396). In
addition, two studies have shown impaired glucose tolerance
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and decreased insulin sensitivity in SH, suggesting this may
contribute to increased cardiovascular risk (397,398).

Arrhythmias are another concern in SH. Sawin et al. (399)
first reported a 2.8-fold increased risk of atrial fibrillation in
SH subjects over age 60 years in 1994, and subsequent
studies have confirmed that the risk of arrhythmias, particu-
larly atrial fibrillation, is increased in SH (381,384,388,
391,400,401). In the largest study to date (586,460 people
followed for a median of 5.5 years), the highest relative risk
for atrial fibrillation occurred in younger subjects, possibly
because other causes predominate with age, and in subjects
with lower TSH levels (401). However, absolute incidence
rates of atrial fibrillation were much lower in younger sub-
jects; for example, women under the age of 65 years had atrial
fibrillation incidence rates of 2.3 events per 1000 person-
years (relative risk of 1.89 compared to age-matched euthy-
roid women), while women 65 years and older had incidence
rates of 22.7 per 1000 person-years (relative risk of 1.27
compared to age-matched euthyroid women). Similar trends
were seen for men. A further population-based study found
that SH increased the risk for stroke in subjects over age
50 years with a hazard ratio of 3.39 (402), although a re-
cent meta-analysis of stroke risk in SH found insufficient
number of events to draw definitive conclusions (403).
Complementing these epidemiologic studies, investigations
of smaller numbers of subjects with SH have revealed in-
creased heart rate at rest and during exercise, decreased heart
rate variability, and increased frequency of atrial and ven-
tricular premature beats, which improve with treatment of SH
(393,394,404,405).

Taken together, these data provide a strong argument for
the treatment of SH in older subjects to avoid dysrhythmias
and possible subsequent stroke. Whether younger patients
should be treated for the same preventive indications is less
clear. The most recent data provide evidence that relative
risks of cardiovascular mortality and atrial fibrillation are
elevated in younger, as well as older, patients with SH.
However, the absolute risks of these events are very low in
younger patients, so the risk/benefit ratio of treating younger
SH patients is not clear. Clinical judgement should be used in
these cases, and treatment decisions individualized.

Osteoporosis and fractures. Most studies of endogenous
SH show decreased bone mineral density in postmenopausal
women, but not in men or premenopausal women (406).
However, it is not clear that this finding translates to in-
creased fracture risk. A number of population-based studies
have reported that certain groups of subjects with SH
have increased fracture rates, including all adults (407),
postmenopausal women (408), men (409), or subjects who
progress to overt hyperthyroidism over time (391). The most
recent and by far the largest individual study to date (231,355
subjects) reported a hazard rate for all major osteoporotic
fractures combined (hip, humerus, forearm, spine) of 1.13
[confidence intervals 1.014–1.26]. Risk increased with du-
ration of SH, such that after a median follow-up of 7.5 years,
13.5% of subjects with a low TSH level had experienced at
least one major osteoporotic fracture, compared to 6.9% of
subjects with a normal TSH level (407). Other studies have
not found increased fracture rates in SH subjects (410–412).
A recent participant-level meta-analysis of 13 cohorts
(70,298 participants, median follow-up of 12.1 years) con-

cluded that SH subjects had significantly elevated hazard
ratios of 1.36 for hip fractures (6 vs. 4.9 fractures per 1000
person-years) and 1.28 for any fractures (14.4 vs. 11.2 frac-
tures per 1000 person-years) (413). Risks were further in-
creased if TSH levels were <0.1mU/L compared to 0.1–
0.44mU/L, and if SH was due to endogenous etiologies, ra-
ther than thyroid hormone administration. Risks did not differ
when stratified by age, although absolute fracture rates were
lower in younger subjects. There are smaller, nonrandomized
trials that have shown improvement in bone mineral density
with therapy of SH with ATDs or RAI (414–417).

Mood and cognition. A large body of literature has in-
vestigated possible correlations between SH and cognitive
decline [reviewed by Gan and Pearce (418), with more recent
studies by others (419,420)]. Approximately equal numbers
of studies report significant associations between SH and
measures of cognitive decline and the development of de-
mentia, versus no associations. Therefore, at this time,
no conclusions regarding this issue can be reached. There
appears to be no correlation between SH and depression
(421–423).

Physical functioning. Four studies have investigated
whether SH is associated with self-reported functional ca-
pacity or objective measures of physical functioning (420,
423–425). Three could find no correlation, while the fourth
found a correlation between SH and lower physical perfor-
mance in men only (425). Another uncontrolled study
showed an increase in muscle mass and muscle strength in
middle-aged women with SH after treatment with RAI or
thyroidectomy (426).

[S3] When to treat SH

& RECOMMENDATION 73
When TSH is persistently <0.1mU/L, treatment of SH is
recommended in all individuals ‡65 years of age; in pa-
tients with cardiac risk factors, heart disease or osteopo-
rosis; in postmenopausal women who are not on estrogens
or bisphosphonates; and in individuals with hyperthyroid
symptoms.

Strong recommendation, moderate-quality evidence.

& RECOMMENDATION 74
When TSH is persistently <0.1mU/L, treatment of
SH should be considered in asymptomatic individuals
<65 years of age without the risk factors listed in Re-
commendation 73.

Weak recommendation, moderate-quality evidence.

Treatment of SH is controversial, since few intervention
studies showing benefit have been performed, especially for
clinically important endpoints such as cardiovascular events,
atrial fibrillation, and fractures. Additionally, none of these
studies included a control arm. Thus, the evidence rests only
with small uncontrolled studies that have shown improve-
ments in cardiac structure and function, heart rate and the
frequency of premature atrial and ventricular beats, bone
mineral density, and muscle strength (393–396,405,414–
417,426). In 2004, a panel of experts determined that the
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evidence for benefit was sufficient to warrant therapy of SH
in older individuals whose serum TSH level was <0.1mU/L
(427). This recommendation was based primarily on the
studies showing an increased rate of atrial fibrillation and
altered skeletal health with a suppressed level of TSH de-
scribed above. Emerging epidemiologic data since then on
risks for overall and cardiovascular-specific mortality, sum-
marized above, have strengthened this argument, even in
the absence of interventional data. The European Thyroid
Association recently reviewed these data and published
guidelines for the treatment of subclinical hyperthyroidism,
which are largely concordant with recommendations pre-
sented here (428).

There are insufficient data for or against treatment of SH in
younger persons or premenopausal women with SH and serum
TSH <0.1mU/L. One uncontrolled study of middle-aged
patients showed an improvement in hyperthyroid symptoms
with therapy (393). Although this study did not include
younger individuals, the task force elected to recommend
treatment of SH patients younger than 65 years of age with
persistent TSH <0.1mU/L and hyperthyroid symptoms. In
the absence of symptoms or risk factors, treatment decisions
must be individualized.

Technical remarks:ATSH level of <0.1mU/L on repeated
measurement over a 3- to 6-month period is considered to be
persistent, effectively ruling out transient thyroiditis as a
cause. The thyroid disorder underlying SH should be diag-
nosed, and is most commonly TMNG, GD, or TA.

& RECOMMENDATION 75
When TSH is persistently below the lower limit of normal
but ‡0.1mU/L, treatment of SH should be considered in
individuals ‡65 years of age and in patients with cardiac
disease, osteoporosis, or symptoms of hyperthyroidism.

Weak recommendation, moderate-quality evidence.

& RECOMMENDATION 76
When TSH is persistently below the lower limit of nor-
mal but ‡0.1mU/L, asymptomatic patients under age 65
without cardiac disease or osteoporosis can be observed
without further investigation of the etiology of the sub-
normal TSH or treatment.

Weak recommendation, low-quality evidence.

A number of the epidemiologic studies listed above per-
formed analyses for SH subjects with low but detectable TSH
levels (generally 0.1–0.4mU/L). Some of these studies re-

ported increased risks of overall mortality in older subjects
(380,429), cardiovascular events (391), heart failure (381),
and atrial fibrillation in all subjects (401) or in older subjects
(384), and vertebral fractures in older women (408). How-
ever, there are no interventional data for or against treatment
of individuals with serum TSH levels between 0.1mU/L and
the lower limit of the reference range. Therefore, treatment
decisions must be individualized, based on the limited epi-
demiologic evidence and patient risk factors. The task force
felt that the limited data are stronger for older subjects, and
therefore treatment should be considered for older subjects, but
it is not recommended for subjects <65 years of age. However,
younger subjects should bemonitored at regular 6- to 12-month
intervals, and treatment should be considered if the TSH per-
sistently decreases to <0.1mU/L. In patients with symptoms of
hyperthyroidism, a trial of b-adrenergic blockers may be useful
to determine whether symptomatic therapy might suffice.

Technical remarks: A TSH level between 0.1 and 0.4mU/
L on repeated measurement over a 3- to 6-month period is
considered persistent, effectively ruling out transient thy-
roiditis as a cause. The thyroid disorder underlying SH with
TSH persistently within this range should be diagnosed be-
fore considering treatment to avoid treating patients with
transient, functional disorders related to acute illness, drugs,
and other causes of low TSH. A summary of factors to con-
sider when deciding whether or not to treat a patient with SH
is provided (Table 10).

[S4] How to treat SH

& RECOMMENDATION 77
If SH is to be treated, the treatment should be based on the
etiology of the thyroid dysfunction and follow the same
principles as outlined for the treatment of overt hyper-
thyroidism.

Strong recommendation, low-quality evidence.

The treatment of SH is similar to the treatment of overt
hyperthyroidism. RAI is appropriate for most patients, es-
pecially in older patients when TMNG is a frequent cause of
SH. There are no data to inform whether elderly patients with
SH would benefit from pretreatment with ATDs to normalize
thyroid function before RAI therapy. Given the low risk of
exacerbation (71), the risks of ATD therapy may outweigh
any potential small benefit.

A course of ATD therapy is a reasonable alternative to
RAI in patients with GD and SH, especially in younger

Table 10. Subclinical Hyperthyroidism: When to Treat

Factor TSH (<0.1mU/L) TSH (0.1–0.4mU/L)a

Age >65 years Yes Consider treating

Age <65 years with comorbidities
Heart disease Yes Consider treating
Osteoporosis Yes Consider treating
Menopausal, not on estrogens or bisphosphonates Yes Consider treating
Hyperthyroid symptoms Yes Consider treating

Age <65 years, asymptomatic Consider treating Observe

aWhere 0.4mU/L is the lower limit of the normal range.
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patients, since remission rates are highest in persons
with mild disease (109).

Some patients with SH due to GD may remit spontane-
ously without therapy (375–377), so that continued obser-
vation without therapy is reasonable for younger patients
with SH due to GD. A small subset of elderly patients with
persistently low TSH and no evidence of true thyroid dys-
function can be followed without intervention, especially
when the serum free T4 and total T3 levels are in the lower
half of the normal range. Treatment with b-adrenergic
blockade may be sufficient to control the cardiovascular-
related morbidity from SH, especially that of atrial fibrillation
(430).

Technical remarks: Some patients with SH due to mild GD
may remit spontaneously and may be followed without
therapy with frequent (every 3–6 months) monitoring of
thyroid function. In select patients with SH due to TMNG
who have compressive symptoms, or in whom there is con-
cern for malignancy, surgery is also an option.

[S5] End points to be assessed to determine effective
therapy of SH

The goal of therapy for SH is to render the patient euthy-
roid with a normal TSH. Since the rationale for therapy of SH
is to a large degree preventive, few end points can be used to
document that therapy has been successful. Based on the
original indication for treatment, it is reasonable to follow
hyperthyroid symptoms or bone density (393,414–416);
otherwise, the major end point is a TSH level within the age-
adjusted reference range.

[T] How should hyperthyroidism in pregnancy
be managed?

Normal pregnancy leads to changes in thyroid physiology
that are reflected by altered thyroid function testing. In early
pregnancy, these changes can mimic biochemical hyperthy-
roidism that does not require therapy (431). Hyperthyroidism
due to GD occurs in 0.5%–1.0% of women in the reproduc-
tive age range (432), and 0.1%–0.2% of them are treated with
ATD during pregnancy (433,434). Both the thyrotoxicosis
and therapy of the disease may seriously complicate the
course and outcome of pregnancy. In these guidelines, we
will address only the most common issues related to hyper-
thyroidism in pregnancy, pending full guidelines on thyroid
disease and pregnancy that are currently being updated by the
ATA.

[T1] Diagnosis of hyperthyroidism in pregnancy

& RECOMMENDATION 78
The diagnosis of hyperthyroidism in pregnancy should be
made using serum TSH values, and either total T4 and T3

with total T4 and T3 reference ranges increasing to 1.5
times above the nonpregnant range by the second and third
trimester or free T4 and total T3 estimations with trimester-
specific normal reference ranges.

Strong recommendation, low-quality evidence.

The diagnosis of hyperthyroidism in pregnancy can be
challenging. In the vast majority of patients, the disease is
caused by a primary thyroid abnormality, and the principal

finding will be a suppressed serum TSH, with serum free T4

(or total T4) and/or T3 levels above the reference range (overt
hyperthyroidism), or within the reference range (SH). A key
point is that reference ranges for thyroid function tests are
different during different stages of pregnancy, and these
changes may be assay dependent.

An understanding of pregnancy-related variations in thy-
roid function tests is important in making the diagnosis
of hyperthyroidism in pregnancy. Serum TSH levels may
be below the nonpregnant reference range in the first half
of a normal-term pregnancy (435,436), and especially so in
gestational weeks 9–13, during which a subset of pregnant
women may develop a suppressed serum TSH (437–439).
The decrease in TSH in early pregnancy is the result of
stimulation of the normal thyroid by high levels of serum
human chorionic gonadotropin (hCG) (440), and occasion-
ally the biochemical findings that develop may correspond to
overt thyrotoxicosis (gestational hyperthyroidism discussed
below). However, low serum TSH levels with normal free T4

(or total T4) in early pregnancy do not indicate disease in need
of therapy. During the second half of pregnancy, the lower
limit of normal for TSH in the nonpregnant population can be
used (441).

Free T4 and T3 measured in an equilibrium dialysate or an
ultrafiltrate of serum around week 10 of pregnancy may be
slightly higher (5%–10%) than nonpregnancy values, corre-
sponding to the period of high serum hCG and low serum
TSH. From normal or slightly elevated levels, a gradual
decrease occurs during pregnancy, and late third trimester
reference values are 10%–30% below nonpregnancy values
(442).

Serum total T4 and T3 increase in parallel in early preg-
nancy, primarily due to increases in TBG. In one longitudinal
study, the increase in T4 and T3 reference ranges were ob-
served to occur at a rate of 5% of nonpregnant values per
week over the 10-week period of gestation weeks 7–16 (443).
After this 50% increase, total T4 and T3 values remain stable
with reference range limits 1.5 times above nonpregnancy
ranges over the remaining weeks of pregnancy (442,443).
Total T4 and T3 values may be combined with a T3 uptake test
or measurements of TBG to adjust for pregnancy-associated
variations in TBG. Such ‘‘free T4 index’’ or ‘‘TBG-adjusted
T4’’ values may be useful for diagnosing hyperthyroidism in
pregnancy; however, trimester-specific normal reference
ranges should be established for each individual test and
assay used. In the absence of these, consideration should be
given to utilizing total T4 and T3 levels and multiply the
nonpregnancy reference range by 1.5 after week 16, as pre-
viously discussed.

Excluding patients with TSH suppression or gestational
thyrotoxicosis during the first trimester, GD is the most com-
mon cause of hyperthyroidism during pregnancy (431,444);
nodular thyroid disease is less common. Hyperthyroidism
caused by a hCG-producing molar pregnancy or a chorio-
carcinoma presents with a diffuse hyperactive thyroid similar
to GD, but without eye signs and without TRAb being de-
tectable in serum. In these patients, serum hCGwill be higher
than expected, and the cause can be identified by obstetrical
investigation.

Technical remarks: The reliability of automated analog-
based assays for free T4 and free T3 has been questioned for
more than 25 years (445), but these estimates are currently
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widely used because of their suitability for large-scale auto-
matic analyses within short time periods. In many clinics, they
are the standard of measurement in pregnancy. Because
pregnancy may influence results of these assays from different
manufacturers in different ways, and some assays may give
spuriously low results (446), method-specific reference ranges
for each trimester of pregnancy should be used and provided
by the manufacturer (447,448). If trimester-specific references
for free T4 (and free T3) are not provided, and total T4 (and T3)
assays are not locally available, samples for thyroid function
testing in pregnancy should be sent to a reference laboratory.

[T2] Management of hyperthyroidism in pregnancy
Table 11 provides a summary of the recommendations

concerning management of GD during pregnancy.

& RECOMMENDATION 79
Transient hCG-mediated TSH suppression in early preg-
nancy should not be treated with ATD therapy.

Strong recommendation, low-quality evidence.

Once the diagnosis of hyperthyroidism is made in a
pregnant woman, attention should focus on determining the
etiology and whether it warrants treatment. Clinical features
that indicate the presence of hyperthyroidism include fail-

ure to gain weight, heat intolerance, excessive sweating, and
tachycardia beyond that normally associated with pregnancy.

The two most common types of biochemical hyperthy-
roidism that occur during pregnancy are gestational hyper-
thyroidism (e.g., hCG-mediated transient TSH suppression)
and GD. Gestational hyperthyroidism is a generally asymp-
tomatic, mild, and self-limiting biochemical hyperthyroidism
that may be observed in the first trimester of normal preg-
nancy. The disorder lacks the characteristics of GD (431) and
is caused by the high serum hCG of early pregnancy (440). It
is not associated with adverse pregnancy outcomes (449).
More severe degrees of gestational hyperthyroidism are as-
sociated with hyperemesis; affected women may develop
biochemically overt hyperthyroidism and clinical symptoms
and signs of hyperthyroidism. Complicated cases of gesta-
tional hyperthyroidism should be referred to medical centers
with expertise in treating these patients.

Technical remarks: There is no evidence that treatment of
gestational hyperthyroidism with ATDs is beneficial, and use
of ATD in early pregnancy has been associated with an in-
crease in risk of birth defects. In these patients, physical
examination and repeat thyroid function tests at intervals of
3–4 weeks is recommended. In the case of very symptomatic
disease, a trial of b-blocker therapy [propranolol or me-
troprolol, but not atenolol (450,451)] for this transient dis-
order may be considered.

Table 11. Summary of Recommendations Concerning Management of Graves’ Disease
Causing Overt Hyperthyroidism in Pregnancy

Timing of diagnosis Specific circumstances Recommendations

GD diagnosed
during pregnancy

Diagnosed during
first trimester

Begin PTUa

Measure TRAb at diagnosis and, if elevated, repeat
at 18–22 weeksb and again at 30–34 weeksc

of gestation
If thyroidectomy is required, it is optimally
performed during the second trimester

Diagnosed after
first trimester

Begin MMIa

Measure TRAb at diagnosis and, if elevated,
repeat at 18–22 weeksb and again at
30–34 weeksc of gestation (all depending
on week of diagnosis).

If thyroidectomy is required, it is optimally
performed during the second trimester

GD diagnosed and
treated prior to
pregnancy

Currently taking
methimazole

Switch to PTU or withdraw ATD therapy as soon as
pregnancy is confirmed with early testinga

Measure TRAb initially and, if elevated,
again at 18–22 weeksb and 30–34 weeksc

of gestation

In remission after
stopping antithyroid
medication

Perform thyroid function testing to confirm
euthyroidism. TRAb measurement
not necessary

Previous treatment
with RAI or surgery

Measure TRAb initially during the first
trimester and, if elevated, again at
18–22 weeks of gestationd

aSee remarks under Recommendations 83, 86, and 87 for discussion regarding switching from one ATD to the other during pregnancy or
withdrawing from therapy.

bIf a TRAb-positive woman becomes TRAb-negative during pregnancy, this may indicate a need to reduce or stop ATD therapy to avoid
fetal hypothyroidism. See remarks under Recommendations 89 and 93.

cIf the ATD-treated mother has high TRAb values in late pregnancy, this indicates a risk of delayed neonatal hyperthyroidism (see
remarks to Recommendations 87 and 94).

dIf the mother has undergone some type of thyroid ablation (RAI or surgery) for GD and TRAb is high, evaluate fetus carefully for
hyperthyroidism in second half of pregnancy and adjust or begin ATD therapy accordingly. See remarks to Recommendation 92.
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& RECOMMENDATION 80
ATD therapy should be used for overt hyperthyroidism due
to GD during pregnancy. PTU should be used when ATD
therapy is given during the first trimester. MMI should be
used when ATD therapy is started after the first trimester.

Strong recommendation, low-quality evidence.

Untreated or insufficiently treated hyperthyroidism may
seriously complicate pregnancy (452–454), and patients with
this disorder should be treated at centers with specific ex-
pertise in this area. GD as the cause of hyperthyroidism in
pregnancy may be diagnosed from typical clinical findings,
including the presence of GO and/or serum TRAb in a hy-
perthyroid patient. Approximately 5% of patients with newly
diagnosed Graves’ hyperthyroidism are TRAb negative in
older assays (47,455), and 3% are negative in third-generation
assays (57), especially those with milder disease.

A small increase in incidence of GD was found in early
pregnancy in one study (456), and this report fits the clinical
observation that existing GD may occasionally worsen in
early pregnancy (457). On the other hand, the incidence of
GD drops dramatically in late pregnancy (456), which is
consistent with the notion that thyroid autoimmunity im-
proves in the second half of pregnancy (458).

Women who were treated with ATDs for GD and con-
sidered in remission after such previous therapy have a small
risk of recurrence when they become pregnant and should
have their thyroid function tested in early pregnancy. In
contrast, the risk of relapse (as well as the risk of thyrotoxi-
cosis from postpartum destructive thyroiditis) during the
postpartum period is relatively high (459), and it remains
elevated for more than 1 year (456).

ATDs have much the same effect on thyroid function in
pregnant as in nonpregnant women. Both ATDs and TRAb
pass through the placenta and can affect the fetal thyroid.
However, T4 and T3 cross the placenta only in limited amounts
because of degradation by high deiodinase type 3 activities in
the placenta (460).

PTU generally has been preferred in pregnancy because of
concerns about well-documented teratogenicity associated
with MMI, first described in 1972 (461). Defects that may be
observed in 2%–4% of exposed children (462,463) have in-
cluded aplasia cutis; choanal atresia, esophageal, and other
types of gut atresias; abdominal wall abnormalities including
omphalocale; and eye, heart, and urinary tract malformations.
Moreover, typical facial features of MMI-exposed children
have been described in case reports (464). In a U.S. study,
31% of women who had received MMI around the time of
conception had elective termination of pregnancy versus 9%
of those who received PTU, and it was hypothesized that fear
of MMI-associated birth defects had led to the decision to
terminate pregnancy (465).

Recently, an increase in the rate of birth defects (2.3%
above the background rate) was also observed after PTU
exposure in early pregnancy (463), but these defects tended to
be less severe than with MMI and included preauricular si-
nuses and cysts and urinary tract abnormalities (466). In a
large group of children selected because they had major birth
defects and had been exposed to some type of medication in
early pregnancy, children exposed to PTU had a significantly
higher frequency of situs inversus and cardiac outflow ab-

normalities than children exposed to other drugs (467), but
these types of defects have not been observed in excess in
studies comparing PTU-exposed children with nonselected
control children. Similar to other teratogenic drugs (468) the
period of highest risk for birth defects from ATDs is gesta-
tional weeks 6–10 (469).

Concerns about rare but potentially fatal PTU-related hep-
atotoxicity have led theU.S. FDA to recommended that PTUbe
reserved for patients who are in their first trimester of preg-
nancy or who are allergic to or intolerant of MMI (157,470)

MMI and PTU both appear in breast milk in only small
concentrations, and studies of breastfed infants of mothers
taking ATDs have demonstrated normal thyroid function and
subsequent normal intellectual development (109). However,
because of the potential for hepatic necrosis in either mother
or child frommaternal PTU use,MMI is the preferred ATD in
nursing mothers.

As discussed in other sections of these guidelines, small
doses of b-adrenergic blocking agents are in general useful to
reduce pulse rate and the hyperadrenergic symptoms of
thyrotoxicosis during the time period from the start of ATD
therapy until the patient has become euthyroid. These agents
have been studied extensively when used for treating hy-
pertension in pregnancy, and no major side effects have been
detected, although fetal growth restriction has been associ-
ated with the prolonged use of especially atenolol (431,471).
Therapy with propranolol (e.g., 10–20mg every 8 hours) or
metoprolol (e.g., 100mg once daily) are useful and can be
considered safe for short periods of time to relieve symptoms
in pregnant women suffering from thyrotoxicosis.

& RECOMMENDATION 81
In women who develop hyperthyroidism during their re-
productive age range, the possibility and timing of future
pregnancy should be discussed. Because of the risks of the
hyperthyroid state on pregnancy and fetal outcome, we
suggest that women should postpone pregnancy until they
have become euthyroid with therapy.

Strong recommendation, low-quality evidence.

Both maternal thyroid dysfunction and therapy of the hy-
perthyroidism may have negative effects on the pregnancy
outcome. These factors should all be considered when de-
termining the choice of therapy for the patient who is cur-
rently pregnant or may become pregnant in the future.

A single set of thyroid function tests within the reference
range may not guarantee euthyroidism for more than a short
period during the early phase of hyperthyroidism therapy.
Two sets of tests within the reference range, taken with an
interval of at least 1 month and without a change of therapy is
preferable to indicate euthyroidism.

& RECOMMENDATION 82
We suggest that women with hyperthyroidism caused by
GD who require high doses of ATDs to achieve eu-
thyroidism should be considered for definitive therapy
before they become pregnant.

Weak recommendation, low-quality evidence.

Both thyroidectomy and RAI therapy are useful for ren-
dering patients with GD permanently hypothyroid with the
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possibility of a stable euthyroid state on thyroid hormone
replacement therapy, as discussed in these guidelines. Thy-
roidectomy is often followed by a decrease or disappearance
of TRAb from circulation, whereas RAI is often followed by
a transient increase in TRAb. This increase is a potential
argument in favor of surgical thyroidectomy in women with
high TRAb titers who may become pregnant within the years
to come, especially those planning therapy within the next
year (172). However, the importance of this difference in
autoimmune activity for pregnancy outcome has not been
studied, and it should be weighed against the other benefits
and harms of surgery and RAI therapy.

To predict reduction in TRAb after surgical thyroidectomy,
a recent retrospective Japanese study of 45 (41 female) patients
with high TRAb (median 64 IU/L, range 5.6–400, normal for
assay <1.9 IU/L) may be useful. Patients were followed for
12 months. Smoking and the presence of orbitopathy pre-
dicted slow disappearance of TRAb (half-life 162 days, or
357 days if both factors were present), whereas TRAb levels
in serum decreased with a half-life of 94 days in the re-
maining patients (472).

Medical tradition and experience with different types of
therapy for GD varies between countries and clinics, and the
risk of relapse of hyperthyroidism after ATDwithdrawal may
differ considerably, depending on iodine intake, and other
factors that are only partly understood (473). Thus, advice
given to women with GD on therapy in relation to a possible
future pregnancy may differ. However, irrespective of such
differences, the physician providing care to a young woman
with newly diagnosed GD should include discussion and
guidance on GD and pregnancy. The severely hyperthyroid
patient may not be in a position to fully comprehend many
simultaneous messages, and a more detailed discussion may
be appropriate when the patient has become euthyroid.

& RECOMMENDATION 83
Women with hyperthyroidism caused by GD that is well
controlled onMMI and who desire pregnancy have several
options:

a. Patients could consider definitive therapy before they
become pregnant.

b. Patients could switch to PTU before trying to conceive.
c. Patients could switch to PTU as soon as pregnancy is
diagnosed.

d. Appropriately selected patients could withdraw from
ATD therapy as soon as pregnancy is diagnosed. If
ATD therapy is withdrawn, thyroid function should be
assessed weekly throughout the first trimester, then
monthly.

Weak recommendation, low-quality evidence.

The evidence is insufficient to give universal guidance on
how to choose among these options, and therefore the po-
tential risks and benefits of each option should be discussed
with the patient, and patient values and preferences should be
taken into account. Each option is presented in depth in the
following technical remarks.

Definitive therapy before becoming pregnant. This
strategy is discussed in Recommendation 82. It has the ad-
vantage of allowing the patient to become pregnant free of

worry from the adverse fetal effects of ATDs. The disad-
vantage is that the patient will require levothyroxine therapy
while pregnant and lifelong and will be exposed to either
the potential complications of RAI, including worsening or
induction of GO, or the potential for undesirable surgical
outcomes.

Switching from MMI to PTU before pregnancy. Switching
from MMI to PTU before conception would eliminate the
risk from early pregnancy exposure to MMI in women in
whom pregnancy is not recognized within the first few weeks
after conception. MMI-associated birth defects occur in 2%–
4% of children exposed in early pregnancy, and abnormali-
ties may be severe. PTU-associated birth defects are less
well documented. They may occur in 2%–3% of children but
they mostly seem to be less severe. PTU is associated with
liver failure with an estimated 1:10,000 risk of severe liver
failure in adult patients (136). Thus, mothers must balance
the risk of PTU to themselves versus the risk to the child.
Switching to PTU before conception may be preferred in
younger women with regular menses who are expected to be
able to conceive within 1–3 months. In a German prospective
study of 340 such women, 68% became pregnant within 3
months (474).

A special variant is women who have hyperthyroidism
diagnosed at a time when they hope to become pregnant soon.
There are not sufficient data to recommend for or against
starting therapy with PTU and thus bypass a phase of MMI
therapy in such patients.

Switching from MMI to PTU after conception. Alter-
natively, the patient may continue MMI therapy but be pre-
pared to detect pregnancy very early and modify therapy
immediately as recommended below. Switching to PTU as
soon as pregnancy is diagnosed may be preferred in older
women and women who have conditions that may be asso-
ciated with delayed conception. This strategy may prevent
prolonged use of PTU prior to conception but has the risk
of fetal exposure to MMI if the diagnosis of pregnancy is
delayed.

Withdrawing ATD treatment after conception. Women
with a stable euthyroid state on 5–10mg MMI per day
achieved within a few months and a falling TRAb level are
likely candidates to withdraw from ATD therapy in early
pregnancy.

No study has directly addressed the risk of relapse of hy-
perthyroidism after ATD withdrawal in early pregnancy, and
evidence comes from controlled or cohort studies of non-
pregnant patients who had been treated with ATD for varying
periods before drug withdrawal. Based on the latter studies,
the risk of relapse of hyperthyroidism within a 2-month in-
terval after ATD withdrawal in TRAb-negative nonsmoking
patients who have already been treated for 12–24 months is
<10% (167,475).

However, the risk of early relapse is very high in patients
who have received ATD for less than 6 months and/or still
have indicators of high disease activity such as low serum
TSH, high TRAb level, signs of active GO, or need of MMI
dose in excess of 5–10mg/d to remain euthyroid (473).

If ATD withdrawal is followed by a relapse of hyperthy-
roidism, it will often develop gradually over some weeks, but

HYPERTHYROIDISM MANAGEMENT GUIDELINES 1381



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

PaTologia da Tiróide i  |  doença de graves  |  Maria João oliveira

72

exact information on such time course in early pregnancy is
not available. Therefore, frequent thyroid function testing dur-
ing the remaining first trimester of pregnancy is recommended
until more data on safety become available.

A subset of women with GD will experience relapse of
hyperthyroidism in pregnancy if ATD therapy is withdrawn
according to Recommendation 81. Frequent testing of thyroid
function will allow early detection of such relapse and initia-
tion of therapy with PTU (or MMI if relapse occurs in the
second trimester) to keep the mother euthyroid. The risk to the
mother from such hyperthyroidism is considered negligible.

Considering the fetus, two recent studies performed in
Japan suggest that such transient and mild maternal hyper-
thyroidism will not increase the risk of malformations. One
study observed a significantly lower risk of birth defects in
mothers who had been shifted fromMMI to iodine therapy in
early pregnancy, even if some of the mothers in the iodine
group had developed biochemical hyperthyroidism and
needed retreatment with ATD (476). In another study from
the same institution, the presence of a major birth defect was
associated with the use of MMI in early pregnancy but not
with maternal thyroid dysfunction (462).

A more pertinent risk may be fetal loss caused by maternal
hyperthyroidism in pregnancy (477,478). However, the risk
from a brief period of mild maternal thyroid hyperfunction in
early pregnancy may be low or absent. In a large cohort of
pregnant women from the United States, low or suppressed
serum TSH in early pregnancy (presumably mostly caused by
early pregnancy high hCG levels) was not associated with
adverse pregnancy outcomes (449). In a recent retrospective
Japanese study of women with GD either treated withMMI in
early pregnancy or shifted from MMI to iodine therapy in
early pregnancy, no increase in fetal loss occurred in the
iodine group despite more cases of maternal hyperthyroidism
in this group (476).

& RECOMMENDATION 84
We suggest that women who are treated with ATD and
whomay potentially become pregnant should be instructed
to perform a pregnancy test within the first days after a
missed or unusually light menstrual period.

Weak recommendation, low-quality evidence.

The period of major risk of birth defects caused by intake
of medication in pregnancy is gestational weeks 6–10 (468),
and a study of time of exposure to ATD and risk of defects
suggests that this time span is also the major period of tera-
togenic effects of ATD (469). Thus, withdrawal of ATD
therapy before week 5 of pregnancy may theoretically pre-
vent birth defects caused by ATD exposure.

The week of pregnancy is calculated starting from the first
day of the last normal menstrual period, with conception
taking place about 2 weeks after this. The first real sign of
pregnancy, a missed or unusually light menstrual period,
appears 2 weeks later. By this time, blood and urine con-
centrations of hCG have started to rise and generally avail-
able pregnancy tests based on detection of hCG in urine
normally become positive early in gestational week 5. Very
early testing for pregnancy to allow medication withdrawal
before the major period of teratogenicity is recommended for
other types of drugs that may be teratogenic (479).

& RECOMMENDATION 85
We suggest that a woman who tests positive for pregnancy
according to recommendation 84 contact the physician
responsible for the ATD therapy within 24 hours to discuss
future treatment options.

Weak recommendation, low-quality evidence.

The time window that will allowmedication withdrawal or
change in early pregnancy to prevent birth defects is narrow
(468,469), probably confined to gestational week 5. Thus,
pregnancy should be detected early and action has to be taken
immediately.

& RECOMMENDATION 86
We suggest that the physician contacted according to
Recommendation 85 evaluate whether ATD withdrawal in
the first trimester of pregnancy is likely to cause relapse of
hyperthyroidism. Evaluation should be based on patient
records, especially the severity of GD at time of diagnosis
and current disease activity, duration of ATD therapy,
current ATD dose requirement, and results of recent thy-
roid function and TRAb testing. If risk of relapse is con-
sidered low, therapy can be withdrawn and followed by
weekly thyroid function testing during the first trimester.

Weak recommendation, low-quality evidence.

In the majority of patients with GD, ATD therapy is fol-
lowed by a gradual remission of disease with a possibility of
disappearance of TRAb from circulation (172). When patients
have been treated with ATD for 12–18 months a rapid relapse
of hyperthyroidism after ATD withdrawal becomes less likely
(119), even if the frequency of relapse may be in the order of
50% within 1 year. The risk of relapse after ATD withdrawal
varies considerably among individual patients, and it depends
on a variety of factors (473), as already discussed in detail.

& RECOMMENDATION 87
We suggest that women in early pregnancy who have a
high risk of recurrent or worsening hyperthyroidism if
ATD is withdrawn be shifted from MMI to PTU imme-
diately after diagnosing pregnancy.

Weak recommendation, low-quality evidence.

Even if birth defects may occur after both MMI and PTU
exposure in early pregnancy (463), defects after MMI expo-
sure are better documented. The reason seems to be thatMMI-
associated defects are more severe, whereas PTU-associated
defects tend to be less severe and may not be diagnosed im-
mediately after birth (466). Birth defects associated with both
PTU and MMI were seen in the neonates from women who
shifted drugs during the first trimester (463). Thus, it is critical
to diagnose pregnancy and shift fromMMI to PTU as early as
possible in the first trimester.

Both MMI and PTU are effective therapies of hyperthy-
roidism in the majority of patients, and the major effect of
both drugs is interaction with thyroid peroxidase–catalyzed
thyroid hormone production (109). Apart from the differ-
ences in side effects discussed previously, it is important to
consider differences in potency per milligram of drug and in
duration of effect.

1382 ROSS ET AL.



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

PaTologia da Tiróide i  |  doença de graves  |  Maria João oliveira

73

A dosage ratio of MMI to PTU of 1:20 is recommended
when changing from one drug to another (115,319,480), al-
though only two studies have examined this dosage ratio
directly (115,319). Moreover, the difference in duration of
effect should be taken into account. For example, 15mg of
MMI would be roughly equivalent to 300mg of PTU, but
because the half-life of PTU is considerably shorter than that
of MMI, the dose of PTU should be split over the day
(481,482); for example, MMI 15mg once daily may be
substituted with PTU 100mg three times a day (319).

& RECOMMENDATION 88
Women taking PTU during the first trimester of pregnancy
according to Recommendations 80, 83, or 87 may be
switched to MMI at the beginning of the second trimester,
or they may continue PTU therapy for the remaining part
of pregnancy if ATD is needed.

No recommendation; insufficient evidence to assess
benefits and risks.

The reason for the FDA black box warning against PTU
therapy after the first trimester of pregnancy is the risk
of PTU-associated liver failure. However, even if this risk
is real, the absolute risk observed in studies of U.S. health
databases was low (433,465). Similarly, a recent Danish
national registry study observed one case of reversible liver
failure among 1103 women treated with PTU in pregnancy
(129).

The risk of side effects from PTU should be weighed
against the risk of the shift from PTU to MMI inducing a
transient thyroid function abnormality in the pregnant woman
who is doing well on PTU therapy. Starting from the second
trimester of pregnancy, women with GD may start entering
gradual remission of the autoimmune abnormality, and full
focus should be on the feasibility of ATD dose reduction to
protect the fetus against goiter and hypothyroidism, as dis-
cussed below. Patients who remain on PTU during the second
and third trimesters could have hepatic enzymes measured at
the same time that thyroid function is assessed. However, no
prospective data show that this type of monitoring is effective
in preventing fulminant PTU-related hepatotoxicity. Another
aspect to consider is that both agranulocytosis and liver
failure developing during MMI and PTU therapy mostly
occur during the initial 3 months of therapy (128), but this
risk can recur when the drug is reintroduced after a relatively
long period of time (177). For example, in a Japanese study
(177) of 14 patients who developed agranulocytosis after
retreatment with the same ATD, no patient who restarted the
drug less than 5 months after stopping the previous course of
therapy developed this adverse reaction. There are no data to
directly evaluate how shifting from PTU to MMI in the
second trimester of pregnancy will affect the risk of these
severe, but rare side effects.

Other medical treatments for hyperthyroidism during
pregnancy. Other types of medical therapy have been used
to treat hyperthyroidism, such as iodine, perchlorate, chole-
styramine, cholecystographic agents, and lithium.

Iodine in supraphysiological doses has multiple mostly
inhibitory effects on the thyroid, and it has with some suc-
cess been used to treat hyperthyroid women in pregnancy in

Japan. In one study, cord and maternal sera were tested at
delivery in 35 patients with GD treated with iodine (6–40mg/
d) initiated at 11–37 weeks of gestation. Similar to ATD
therapy, thyroid function at term tended to be lower in the
fetus than in the mother, but overall results of therapy were
judged satisfactory, with a low risk of inducing hypothy-
roidism and goiter in the fetus; only 1 of 35 neonates had
subclinical hypothyroidism at birth (483). In a recent study,
outcomes of pregnancy in 1333 women who had continued
ATD in early pregnancy were retrospectively compared with
283 women who had shifted from ATD to iodine (median
gestational week of shift was week 6, range 4–12) (476).
Overall, shifting has been more common in recent years. The
prevalence of major birth defects was lower in the women
who had shifted to iodine therapy (1.53% vs. 4.14%,
p < 0.05). However, according to the authors, some degree of
hyperthyroidism was relatively common after shifting, and
free T4 levels were always higher in the group that had shifted
to iodine. Despite this, live births were more common in the
group that had shifted than in the group that had continued
MMI therapy (91.9% vs. 85.1%, p < 0.05). In the publication,
data on thyroid function in the MMI group are sparse, but the
study may indicate that a brief period of mild hyperthyroid-
ism in the mother will not impair pregnancy.

No recent data on iodine therapy for GD in pregnancy
are available from outside Japan, but before ATDs be-
came available, experience with iodine therapy for GD
in general was extensive (484), and it corresponds to the
more recent Japanese studies. The minimal effective dose
of iodine was around 6mg/d, but most patients received
higher doses (484). Iodine was effective for therapy of
hyperthyroidism in patients with mild GD, but clearly
less effective than ATD in patients with more severe
disease (484). Additional data are needed before iodine
therapy of pregnant women with GD can be generally
recommended.

Perchlorate is a competitive inhibitor of iodine uptake by
the thyroid, and a few cases have been published in which it
was used in pregnancy (485). Apparently, teratogenicity of
perchlorate has not been demonstrated (486), but more clin-
ical studies on this are clearly needed. Further, this drug is not
available in the United States.

Cholestyramine binds thyroid hormones in the gut during
their enterohepatic recirculation and has been used to treat
hyperthyroidism, mostly in combination with other drugs
(487,488). Cholestyramine is not absorbed from the gut,
and it is not expected to affect the fetus directly. However,
binding in the gut and excretion of vitamins and other
substances of importance for pregnancy are concerns and
have led to a note of caution by the FDA. Cholecystographic
drugs are not generally available any more. Lithium may be
teratogenic (489) and it should not be used to treat hyper-
thyroidism in pregnancy.

& RECOMMENDATION 89
GD during pregnancy should be treated with the lowest
possible dose of ATD needed to keep the mother’s thyroid
hormone levels at or slightly above the reference range for
total T4 and T3 values in pregnancy (1.5 times above
nonpregnant reference ranges in the second and third tri-
mesters), and the TSH below the reference range for
pregnancy. Similarly, free T4 levels should be kept at or
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slightly above the upper limit of the pregnancy trimester
reference range for the assay. Thyroid function should be
assessed at least monthly, and the ATD dose adjusted, as
required.

Strong recommendation, low-quality evidence.

Even if the mother is euthyroid during ATD therapy,
a risk of inducing fetal hypothyroidism and goiter during
the second and third trimesters exists when the fetal thy-
roid has begun to function (490,491). Thus, the dose of
ATD should be kept as low as possible. Block-replacement
therapy consisting of ATD plus levothyroxine should
not be used in pregnancy. If a woman receiving such
therapy becomes pregnant, and she is still in need of ATD
therapy, the regimen should be changed to an ATD alone
(444).

Technical remarks: Free T4 is the parameter that has been
most closely correlated with good fetal outcome. Serum TSH
may still be suppressed in these patients and should not be
used as the sole guide in treatment, although normalization of
maternal TSH during ATD therapy may indicate a need to
reduce the dose of ATD (444). In Japanese studies, ATD-
treated maternal free T4 values were kept above the non-
pregnancy reference range in the last part of pregnancy to
avoid cases of elevated TSH in newborn cord blood
(458,491). However, with some automated free T4 assays
nonpregnancy free T4 is much higher than late pregnancy free
T4 (446,492). Thus, maternal free T4 above the nonpregnancy
reference with suppressed TSH may leave the mother overtly
hyperthyroid, which is not recommended.

Although many patients with GD may enter remission of
the autoimmune abnormality during the second half of
pregnancy with a need of ATD dose reduction or with-
drawal, this is not a universal phenomenon. A small group
of patients experiences severe disease that may even
progress during pregnancy, with difficult-to-treat hyper-
thyroidism, high TRAb levels, and often a considerable
goiter with high blood flow. Such patients may show a
‘‘high T3–low T4 pattern’’ during ATD therapy (444) pre-
sumably caused by a high type 1 deiodinase activity in the
hyperactive thyroid (493) and preferential T3 synthesis in
the hyperstimulated thyroid made iodine deficient from
ATD therapy (494). Maternal thyroid function should be
monitored frequently and noninvasive assessment of fetal
thyroid function (e.g., fetal heart rate, bone maturity, and
fetal goiter on ultrasound), and ATD therapy balanced to
keep acceptable thyroid function in both the mother and the
fetus (444).

& RECOMMENDATION 90
Pregnancy is a relative contraindication to thyroidectomy
and should only be used when medical management has
been unsuccessful or ATDs cannot be used.

Strong recommendation, low-quality evidence.

In a population-based U.S. study, pregnant women had
worse clinical and economic outcomes following thyroid
(and parathyroid) surgery than nonpregnant women, with
disparities in outcomes based on race/ethnicity, insurance,
and access to high-volume surgeons (68).

& RECOMMENDATION 91
When thyroidectomy is necessary for the treatment of
hyperthyroidism during pregnancy, the surgery should be
performed if possible during the second trimester.

Strong recommendation, low-quality evidence.

Thyroidectomy is best avoided in the first and third tri-
mesters of pregnancy because of teratogenic effects associ-
ated with anesthetic agents and increased risk of fetal loss in
the first trimester and increased risk of preterm labor in the
third. Optimally, thyroidectomy would be performed in the
latter portion of the second trimester. Although it is the safest
time, it is not without risk (4.5%–5.5% risk of preterm labor)
(67,68).

Evaluation by a high-risk obstetrician is advised along
with counseling before surgery regarding the risks involved
(68). Thyroidectomy cures the hyperthyroidism and is often
followed by a gradual reduction in circulating TRAb (495).
Until such remission takes place, TRAb produced by the
mother may stimulate the thyroid of the fetus or newborn and
induce hyperthyroidism. In the setting in which the mother
still harbors TRAb after thyroidectomy, close fetal monitor-
ing for both cardiovascular and skeletal changes with fetal
ultrasound is essential.

There are no data concerning whether SSKI or iodine should
be used to prepare pregnant patients for thyroidectomy. The
risk of iodide therapy to the fetus relates to inhibition of iodine
organification via the Wolff–Chaikoff effect. The fetal thyroid
gland is particularly susceptible to the inhibitory effects of
excess iodine in the second half of gestation, and fetal goiter
can occur with chronic therapy (496). However, there is no
evidence that brief iodine preparation of the mother done
preoperatively to reduce thyroid blood flow and control hy-
perthyroidism is harmful to the fetus.

Technical remarks: In patients with difficult-to-treat hy-
perthyroidism, preoperative preparation for thyroidectomy
during the second trimester of pregnancy includes 10 days of
iodine (e.g., SSKI one drop three times a day), along with
ATD therapy and b-blockers [propranolol or metroprolol, but
not atenolol (450,451)] to control hyperthyroidism (497–
499). In euthyroid patients with no signs of high thyroid ac-
tivity, but who are offered surgical thyroidectomy for other
reasons (e.g., intolerance to ATD), the use of iodine for
surgical preparation is considered unnecessary.

[T3] The role of TRAb level measurement in pregnancy

& RECOMMENDATION 92
TRAb levels should be measured when the etiology of
hyperthyroidism in pregnancy is uncertain.

Strong recommendation, low-quality evidence.

The two best indicators of the activity of GD during
pregnancy are thyroid function in the untreated patient and
measurement of TRAb levels in the serum. TRAb measure-
ment is useful in the diagnosis of GD in pregnant women with
newly diagnosed hyperthyroidism who do not have clinical
signs specific for GD, keeping in mind that the diagnostic
sensitivity of good assays is around 95% and the specificity is
99% (47).
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& RECOMMENDATION 93
Patients who were treated with RAI or thyroidectomy for
GD prior to pregnancy should have TRAb levels measured
using a sensitive assay initially during the first trimester
thyroid function testing and, if levels are elevated, again at
18–22 weeks of gestation.

Strong recommendation, low-quality evidence.

Measurement of TRAb levels can detect persistent TSH
receptor autoimmunity in a pregnant woman previously
treated with ablative therapy (RAI or thyroidectomy) for GD
who is now euthyroid with or without thyroid hormone re-
placement (495,500). If the mother still produces TRAb, the
antibodies will cross the placenta and may affect fetal thyroid
function in the last half of the pregnancy. Because of the slow
clearance of maternal immunoglobulin G from the neonatal
circulation, thyroid dysfunction in the child may last for
several months after birth. To evaluate the risk of such
complications, the TRAb level should be measured in the
pregnant woman initially during the first trimester and, if it is
elevated, again at 18–22 weeks of gestation. If the level is
high, a program of fetal and neonatal surveillance for thyroid
dysfunction should be initiated (501).

The advantage to initial TRAb measurement during the
first trimester is that it allows time to initiate specialty con-
sultation and, if the levels are especially high at that time,
intervention may be required by the second trimester. Whereas
it has generally been considered that isolated fetal thyrotox-
icosis in a previously ablated mother who is still producing
TRAb might only start developing around weeks 20–22 of
pregnancy, a recent case report described severe fetal thy-
rotoxicosis that had already developed in gestational week 18
(502). The pregnant woman had previously undergone un-
successful RAI, and a total thyroidectomy had subsequently
been performed, followed by levothyroxine replacement. The
mother was euthyroid, but her TRAb values remained ex-
tremely elevated.

TRAb measurement is not necessary in a euthyroid preg-
nant patient previously found to have GD if she has an intact
thyroid (i.e., not previously treated with surgery or RAI) and
she is not currently taking ATDs (495,503).

& RECOMMENDATION 94
Patients receiving ATD for GD when becoming pregnant
or found to have GD during pregnancy should have TRAb
levels measured at initial pregnancy visit or at diagnosis
using a sensitive assay and, if they are elevated, again at
18–22 weeks of gestation.

Strong recommendation, low-quality evidence.

TRAb (TBII or TSI) measurement may be useful to assist in
the evaluation of disease activity in a woman being treated with
ATDs for GD during pregnancy (444,495). In many patients,
GDgradually remits during pregnancy. Disappearance of TRAb
is an indication that ATD therapy may no longer be necessary
and its continuationmay put the fetus at risk for hypothyroidism,
even if the mother is euthyroid on the medication.

& RECOMMENDATION 95
Patients with elevated TRAb levels at 18–22 weeks of
gestation should have TRAb remeasured in late pregnancy

(weeks 30–34) to guide decisions regarding neonatal mon-
itoring. An exception to this recommendation is a woman
with an intact thyroid who is no longer in need of ATD
therapy.

Strong recommendation, low-quality evidence.

TRAb measurement in late pregnancy can be used to as-
sess the risk of delayed neonatal hyperthyroidism, when the
mother continues to need ATD to control hyperthyroidism up
to term. After delivery, ATD delivered to the fetus via pla-
cental passage is rapidly metabolized by the neonate, whereas
the maternal TRAb disappears more slowly, with a half-life
of around 3 weeks. Thus, a high level of TRAb in the mother
in late pregnancy is an indicator that the neonate may need to
be monitored for the onset of neonatal hyperthyroidism
starting a few days after birth. In a recent study of 47 new-
borns to mothers who were TRAb positive in pregnancy, nine
of the children had neonatal biochemical hyperthyroidism,
and five of these (9% of all) needed ATD therapy. All hy-
perthyroid neonates were born to mothers with TRAb levels
‡5 IU/L (>3 times upper reference for the assay) in the second
trimester (sensitivity 100%, specificity 43%). All mothers
who gave birth to hyperthyroid newborns required ATD
therapy in late pregnancy (504).

[T4] Postpartum thyroiditis

& RECOMMENDATION 96
In women developing thyrotoxicosis after delivery,
selective diagnostic studies should be performed to dis-
tinguish postpartum destructive thyroiditis from post-
partum GD.

Strong recommendation, low-quality evidence.

Postpartum thyroid dysfunction occurs in up to 10% of
pregnancies in the United States. Postpartum thyroiditis is an
autoimmune disorder unmasked in predisposed women as
immune surveillance rebounds after pregnancy. The classic
triphasic pattern is thyrotoxicosis at 1–6 months postpartum,
followed by hypothyroidism and return to euthyroidism at 9–
12 months postpartum (505,506). However, this sequence is
not observed in every patient. Among 371 cases in 13 studies,
25% of patients were found to have a triphasic pattern, 43%
had hypothyroidism without preceding thyrotoxicosis, and
32% had thyrotoxicosis without subsequent hypothyroidism
(506). In a prospective study of pregnant women, those with
positive anti–thyroid peroxidase antibodies in the first tri-
mester were 27 times more likely to develop postpartum
thyroiditis than were those with negative serology (507). In
this study, tobacco smoking and bottle-feeding increased the
risk of developing thyroiditis.

Postpartum thyroiditis must be distinguished from GD to
recommend proper therapy. The postpartum surge in thyroid
autoimmunity leading to postpartum thyroiditis is also as-
sociated with a 3- to 4-fold increase in the incidence of
GD that peaks 3–12 months after delivery (456). In a Japa-
nese hospital study, thyrotoxicosis caused by thyroiditis
developed earlier after delivery than GD, although some
overlap existed. All patients who developed overt thyrotox-
icosis within the first 3 months after delivery suffered from
destructive thyroiditis, whereas GD developed after this
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3-month period (508). Goiter is generally more pronounced
in GD, and thyroid bruit or GO strongly suggest GD as well.
TRAb may occasionally be measurable in patients with
postpartum thyroiditis, suggesting that some patients may
experience a combination of GD and destructive thyroiditis
(509), but higher TRAb values are suggestive of GD. When
in vivo testing is required to make this distinction in women
who are nursing, the gamma-emitters 123I (half-life 13 hours)
or 99mTc pertechnetate (half-life 6 hours) should be used
rather than the b-emitter 131I (half-life 8 days). The shorter
half-lives of these agents (510) will allow breast milk to be
pumped and discarded for 10 half-lives (5 or 3 days, re-
spectively) and nursing resumed, whereas breastfeeding
should ideally be discontinued 3 months prior to 131I ad-
ministration to avoid radiation exposure to the breast and not
be resumed if 131I is given as treatment for GD (511).

Most often, the use of radioactive substances can be avoi-
ded and the diagnosis can be based on a combination of
clinical presentation, TRAb measurement, and evaluation of
serum T4 and T3. Thyroidal production of T3 compared with
T4 is relatively high in GD, but not in destructive thyroiditis,
and T3 tends to be fractionally more elevated above the upper
reference limit compared with T4 in GD, whereas T4 is more
elevated than T3 in destructive thyroiditis (50). If needed, thy-
roid color Doppler ultrasonography may assist in distinguishing
between destructive thyroiditis and GD (508,512,513).

& RECOMMENDATION 97
In women with symptomatic thyrotoxicosis from post-
partum destructive thyroiditis, the judicious use of b-
adrenergic blocking agents is recommended.

Strong recommendation, low-quality evidence.

Treatment for postpartum thyroiditis is generally sup-
portive in nature, with the use of b-adrenergic blockers such
as propranolol or metroprolol to control pulse rate and hyper-
adrenergic symptoms during the thyrotoxic stage (514). The
selective b-1 adrenergic receptor-blocking agent atenolol should
not be used in breastfeeding mothers because it may lead to
symptoms consistent with b-adrenergic blockage in neonates.
This adverse effect presumably develops because atenolol is
<5% bound to maternal plasma proteins (vs. 93% binding of
propranolol), and thus accumulates in milk, and because of
low kidney excretion of atenolol in small children with im-
mature renal function (515). Levothyroxine therapy may be
beneficial, at least transiently, for women with symptomatic
hypothyroidism or those having TSH levels >10mU/L (506).

Technical remarks: Because propranalol and metoprolol
are secreted into breast milk in only very low amounts, no
special monitoring is needed for breastfed infants of mothers
on these medications (514).

& RECOMMENDATION 98
In pregnant women diagnosed with hyperthyroidism due to
multinodular thyroid autonomy or a solitary TA, special
care should be taken not to induce fetal hypothyroidism by
ATD therapy.

Strong recommendation, low-quality evidence.

Hyperthyroidism caused by thyroid autonomy is very
common in people having current (or previous) mild to

moderate iodine deficiency (13), but it mostly develops in
patients after the age of 50 years. In the uncommon case of
this type of hyperthyroidism in a pregnant woman, patho-
genic differences from GD should be considered.

Thyroid hormone production in autonomy is dependent on
iodine substrate, but no study has addressed the effect of a
change in iodine intake on thyroid function in pregnant wo-
men with autonomy or on the fetus. It might be benefi-
cial to keep iodine intake on the low side, but care must be
taken that the fetus is not iodine deficient, especially in areas
where the population is iodine deficient. The degree of ma-
ternal hyperthyroidism and assessment of her diet should
be considered before deciding whether to administer iodine
supplements. Hormone overproduction is often limited in
patients with autonomy (50). In mild cases, a theoretical
possibility exists that the normal pregnancy-associated in-
crease in thyroid hormone production may catch up with the
hormone production in the autonomous areas of the thyroid
and alleviate the need for ATD therapy. However, the high
hCG levels in early pregnancy may theoretically stimulate
the nonfunctioning normal thyroid tissue in these patients and
worsen hyperthyroidism. Because there is no TRAb pro-
duction, the fetal thyroid will not be abnormally stimulated in
the second half of pregnancy as it is in GD. Thus, the fetus
will not develop hyperthyroidism in parallel with the un-
treated hyperthyroid mother as it happens during the second
half of pregnancy in GD, and neonatal hyperthyroidism is not
a risk. However, the tendency to induce fetal hypothyroidism
and goiter in the second half of pregnancy from ATDs given
to the mother would be even higher in this type of hyper-
thyroidism than in GD. Based on this theoretical risk, surgical
therapy in the second trimester of pregnancy may be con-
sidered if the hyperthyroidism turns out to require more than
low dose MMI (5–10mg/d) for control. No firm recom-
mendations are given because no good evidence is available.

[U] How should hyperthyroidism be managed
in patients with GO?

GO is an inflammatory eye disease that develops in the
orbit in association with autoimmune thyroid disorders (516).
In the majority of cases (about 90%), it occurs in patients with
current or past GD. Thyroid-associated orbitopathy, thyroid
eye disease, and Graves’ ophthalmopathy are other names
used for GO. Approximately a third of patients with Graves’
hyperthyroidism have some signs and/or symptoms of GO,
while only 5% have moderate-to-severe disease (517,518). In
contrast to GD, for which women are at higher risk, the role of
sex in GO is more controversial. More recent studies do not
identify a clear sex-related risk for GO (517,518), while some
older studies point to a possible slightly increased risk for
men (519,520). This variability in results might be related to
changes in smoking patterns over the years. The disease
peaks in incidence in the fifth and sixth decade of life
(517,518,521,522) with a higher prevalence of severe cases
in the elderly population (517).

[U1] Assessment of disease activity and severity
The natural history of the disease is one of rapid deteriora-

tion followed by gradual improvement toward the baseline.
This active phase is best described by the clinical activity score
(CAS) (523,524), the elements of which are outlined in
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Table 12. The score ranges from 0 to 10 and predicts response
to anti-inflammatory therapies (523,524). A 7-point scale,
lacking the last three elements, is used when no previous as-
sessment is available.GO is considered active in patientswith a
CAS ‡3. However, some of the eye changes seen in hyper-
thyroidism, like lid retraction or stare, result from the increased
sympathetic state, and when present without associated eye
changes, they are not considered to reflect GO (69).

The severity of the disease is best assessed using objective,
quantifiable parameters and is a useful tool for directing
therapy. The main gradations of disease severity are mild,
moderate-to-severe, and sight threatening (525). Table 13
lists the elements as agreed upon in a consensus statement by
the European Group on Graves’ Orbitopathy (525). Both
activity and severity of the disease must be considered in
therapeutic decisions regarding treatment of the eye disease
itself, as well as treatment of hyperthyroidism, keeping in
mind that they do not always correlate, particularly in early
and late disease. The overall evaluation and management of
GO is best done in a multidisciplinary clinic combining en-
docrinologists and ophthalmologists with expertise in the
condition and other specialties in consultation (e.g., ENT,
radiation therapy, plastic surgery, and endocrine surgery).

Quality of life is clearly impaired by GO (526). The
FDA has endorsed QoL information as a component of any

therapeutic application. The QoL correlation with disease
severity has been fair to excellent for two GO specific in-
struments published to date in North American populations
(527,528), though the effect of GO therapy on these QoL
scores still needs prospective data. Presently, the only in-
strument that has such data is the instrument extensively used
in Europe (529), which has not yet been tested in a North
American population. Overall, this area is in need of more
research emphasis because, despite its agreed-upon impor-
tance, a significant number of intervention trials in GO are
still being reported without associated QoL outcomes (530).

The prevention of GO and the management of hyperthy-
roidism in patients having established GO is discussed in the
remainder of Section [U]. In particular, we focus on recom-
mendations regarding the concurrent use of corticosteroids in
patients choosing RAI as treatment for hyperthyroidism
(Table 14).

[U2] Prevention of GO
Current therapeutic approaches to GO, including local

measures, corticosteroids, orbital radiation, and surgery
(525), often fail to significantly improve the QoL of patients
with this debilitating condition. Therefore, efforts should be
made to prevent the development or progression of GO in
patients with Graves’ hyperthyroidism. Identified risk factors

Table 12. Assessment of Graves’ Orbitopathy: Clinical Activity Score Elementsa

Elementsb Each visit
Comparison with
previous visit Score

Painful feeling behind the globe over last 4 weeks X 1
Pain with eye movement during last 4 weeks X 1
Redness of the eyelids X 1
Redness of the conjunctiva X 1
Swelling of the eyelids X 1
Chemosis (edema of the conjunctiva) X 1
Swollen caruncle (flesh body at medial angle of eye) X 1
Increase in proptosis ‡2mm X 1
Decreased eye movements ‡5� any direction X 1
Decreased visual acuity ‡1 line on Snellen chart X 1

aSources: Adapted from Mourits et al. (523,524).
bA 7-point scale (excluding the last three elements) is used when no previous assessment is available. GO is considered active in patients

with a clinical activity score (CAS) ‡3.

Table 13. Graves’ Orbitopathy Severity Assessmenta

Gradeb Lid retraction Soft tissues Proptosisc Diplopia
Corneal
exposure

Optic
nerve status

Mild <2mm Mild involvement <3mm Transient or absent Absent Normal
Moderate ‡2mm Moderate involvement ‡3mm Inconstant Mild Normal
Severe ‡2mm Severe involvement ‡3mm Constant Mild Normal
Sight threatening — — — — Severe Compression

Upper limits of normal
African American F/M = 23/24mm
White F/M = 19/21mm
Asian F/M = 16/17mm (Thai) or 18.6mm (Chinese)

aSources: Adapted from de Juan et al. (676), Sarinnapakorn et al. (677), Tsai et al. (678), and Bartalena et al. (525).
bMild GO: patients whose features of GO have only a minor impact on daily life, generally insufficient to justify immunosuppressive or

surgical treatment. Moderate-to-severe GO: patients without sight-threatening GO whose eye disease has sufficient impact on daily life to
justify the risks of immunosuppression (if active) or surgical intervention (if inactive). Sight-threatening GO: patients with dysthyroid optic
neuropathy and/or corneal breakdown. This category warrants immediate intervention.

cProptosis refers to the variation compared to the upper limit of normal for each race/sex or the patient’s baseline, if available.
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for GO are listed in Table 15, and the most pertinent ones to
this discussion are RAI therapy for hyperthyroidism (531,532),
untreated hyperthyroidism, smoking, high serum pretreatment
TRAb levels (normal <1.75 IU/L, high risk for progression if
>8.8 IU/L) (533), and any delay in treating hypothyroidism
after therapy for hyperthyroidism (106,534). High pretreat-
ment levels of T3 and T4 were each reported to have a pre-
dictive role in GO, but these conclusions were not validated by
subsequent studies (69,106,532,534), suggesting the possibil-
ity of higher TRAb values measured on less sensitive assays
early-on being partly responsible for this variation.

& RECOMMENDATION 99
Euthyroidism should be expeditiously achieved and
maintained in hyperthyroid patients with GO or risk fac-
tors for the development of orbitopathy.

Strong recommendation, moderate-quality evidence.

A number of studies have suggested that development of per-
sistent, untreated hypothyroidism after therapy for hyperthyroid-
ism plays a detrimental role in the progression of GO. An early
study noted that patients who were either hypo- or hyperthyroid

hadmore severeGO thaneuthyroidpatients (535). Subsequently,
two cohort studies in which patients received levothyroxine
therapy early after RAI with the specific intent of preventing
hypothyroidism noted that deterioration of GO rarely occurred
(0%–2%) (534,536). A randomized study of newly diagnosed
GD found that RAI followed by active prevention of hypo-
thyroidism by administration of thyroid hormone 2 weeks later
did not increase the risk of worsening GO compared to therapy
with MMI (relative risk [RR] of 0.95) (69).

& RECOMMENDATION 100
We recommend clinicians advise patients with GD to stop
smoking and refer them to a structured smoking cessation
program. As both firsthand and secondhand smoking in-
crease GO risk, patients exposed to secondhand smoke
should be identified and advised of its negative impact.

Strong recommendation, moderate-quality evidence.

Smoking is the most important known risk factor for the
development or worsening of GO, unrelated to type of ther-
apy for GO (535), and consistent data from several studies
show a detrimental effect of smoking on GO in patients

Table 14. Use of Oral Glucocorticoids for Prevention of Graves’ Orbitopathy Development
or Progression When Radioactive Iodine Is Used to Treat Graves’ Hyperthyroidisma

Recommendation
RAI without

glucocorticoids
RAI with oral
glucocorticoids

No GO (nonsmoker) 101 Recommend Recommend against
No GO (smoker) 103 Insufficient data

to recommend
for or against

GO present, active and mild (risk factors absent) 105 Acceptableb Acceptableb

GO present, active and mild (risk factors present) 106 Recommend against Recommend
GO present, active and moderate-to-severe
or sight-threatening

107 Recommend against Recommend against

GO present, inactive 108 Recommend Recommend against

aATDs or thyroidectomy are also recommended treatment options in each of these scenarios, and they are the preferred choice of therapy
in patients with active and moderate-to-severe or sight-threatening GO.

bThe decision regarding use of concurrent glucocorticoids should be made in light of the risk–benefit ratio relative to the patient’s overall health.
Risk factors for GO deterioration (high TRAb level, smoking) increase the benefit of glucocorticoids in preventing GO deterioration. Poorly
controlled diabetes, osteoporosis, psychiatric illness, and high risk for infections increase the likelihood of complications from glucocorticoids.

Table 15. Risk Factors for Graves’ Orbitopathy

Risk factor
Amenable to
intervention Comments

Age No Advanced age, risk for more severe GO.
Sex No GO is more frequent in women (as GD is); more severe in men.
Genetics/ancestry No Highest prevalence of GO in Caucasians, lowest in Asians.

Immunomodulatory genes likely involved.

Mechanical factors No Noted wider lateral wall orbital angle in GO.
TSH receptor antibody Noa Predicts GO risk and GO therapy response.
Smoking Yes Increases GO progression and decreases therapy efficacy. Smoking-cessation

clinics favored for intervention.

Thyroid dysfunction Yes Need for expeditious control of hyperthyroidism then
prevention of hypothyroidism post GD therapy.

RAI therapy Yes Risk is additive to smoking; increased with preexistent and active GO;
preventable by glucocorticoids 6–12 weeks post RAI.

aDecreased TRAb noted with methimazole therapy yet available data are unable to separate that change from the natural history of GO
with improving TRAb.
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treated with RAI (69,531). The risk is proportional to the
number of cigarettes smoked per day, and former smokers
have significantly lower risk than current smokers, even after
adjusting for lifetime cigarette consumption (537).

Technical remarks: Clinicians should use smoking cessation
programs based on effective and evidence-based approaches
to aid in smoking cessation and avoidance of secondhand
smoke (538,539).

[U3] Treatment of hyperthyroidism in patients with no ap-
parent GO

& RECOMMENDATION 101
In nonsmoking patients with GD without apparent GO,
RAI therapy (without concurrent steroids), ATDs, or thy-
roidectomy should be considered equally acceptable
therapeutic options in regard to risk of GO.

Strong recommendation, moderate-quality evidence.

Several randomized trials have identified the risk of GO
development or progression after RAI therapy for hyperthy-
roidism to be between 10% and 39% (69,540). With regard to
the risk of new GO development, that risk appears to be lower.
Two randomized controlled trials found the risk to be 6/78 (8%)
for RAI compared with 1/74 (1%) for ATDs (531) in one study,
and 10/32 (32%) for RAI compared with 6/56 (11%) for ATDs
and 6/58 (10%) for surgery (532) in the older study. Fortunately,
the cases of new or worse GO were usually mild, with only 6/
168 patients in this second trial (four in the RAI group, one in
theATDgroup, and one in the surgical group) requiring specific
therapy forGO. In contrast, oneprospective but nonrandomized
cohort study identified no difference among ATD, surgery, and
RAI treatment, with an overall 4.9%–7.1% frequency of GO
development (541). The higher risk of GO development after
RAI therapy in the majority of studies may be related to the
unique increase in TRAb levels observed following this therapy
(172). Experimental evidence suggests that these antibodies are
directly involved in GO pathogenesis (516,542,543).

There is evidence that corticosteroids given concurrently
with RAI may prevent worsening of GO in patients with mild
active eye disease (531). However, the evidence is insufficient
for recommending prophylactic treatment with corticosteroids
in nonsmoking patients who do not have clinically apparent
GO. The relatively low absolute risk of nonsmokers developing
new-onset severe GO suggests that GO prevention should not
be a factor in the selection of therapy for hyperthyroidism in
this group of patients (531). Table 14 further details the use of
glucocorticoids for various GO clinical scenarios.

& RECOMMENDATION 102
In smoking patients with GD without apparent GO, RAI
therapy, ATDs, or thyroidectomy should be considered
equally acceptable therapeutic options in regard to risk of GO.

Weak recommendation, low-quality evidence.

& RECOMMENDATION 103
There is insufficient evidence to recommend for or against
the use of prophylactic corticosteroids in smokers who
receive RAI and have no evidence of GO.

No recommendation, insufficient evidence.

However, in two different studies, active smokers who
received RAI represented the group with the highest inci-
dence (23%–40%) of newGO or deterioration of pre-existing
GO during 1 year of follow-up (69,531).

[U4] Treatment of hyperthyroidism in patients with active
GO of mild severity (see Tables 12 and 13 for definitions of
disease activity and severity)

& RECOMMENDATION 104
In patients with Graves’ hyperthyroidism who have mild
active ophthalmopathy and no risk factors for deterioration
of their eye disease, RAI therapy, ATDs, and thyroidectomy
should be considered equally acceptable therapeutic options.

Strong recommendation, moderate-quality evidence.

& RECOMMENDATION 105
In the absence of any strong contraindication to GC use we
suggest considering them for coverage of GD patients with
mild active GO who are treated with RAI, even in the
absence of risk factors for GO deterioration.

Weak recommendation, low-quality evidence.

Technical remarks: The decision on whether to administer
concurrent glucocorticoids in a particular patient choosing
RAI therapy should be made in light of risk–benefit consid-
erations (i.e., their personal risk of worsening GO, balanced
against their risk of developing glucocorticoid side effects).
Risk factors for side effects of oral corticosteroids include
poorly controlled diabetes, hypertension, osteoporosis, psy-
chiatric disease, and predisposition to infections. Smokers in
whom the risk–benefit ratio for the concurrent use of corti-
costeroids is high may be better treated with ATDs or sur-
gery. Besides smoking, the main risk factors for deterioration
of GO to be considered in this decision include active and
progressive GO over the preceding 3 months and high serum
pretreatment TRAb levels (normal <1.75 IU/L, high risk for
GO progression if >8.8 IU/L) (see Table 15).

The dose of corticosteroids validated in a randomized clin-
ical trial for GO prophylaxis is the equivalent of prednisone
0.4–0.5mg/kg per day, started 1–3 days after RAI adminis-
tration, continued for 1 month, and then tapered over 2
months (525). However, a retrospective cohort study sug-
gested that even lower doses and shorter duration of oral
prednisone (about 0.2mg/kg per day for 6 weeks) may be
equally effective for prevention of GO exacerbation in
patients with initially mild or absent eye disease, (544).
Currently most task force members use a minimum starting
dose of 30mg prednisone daily and tapering off within 6–8
weeks. Table 14 details further the use of glucocorticoids
for various GO clinical scenarios.

& RECOMMENDATION 106
In GD patients with mild GO who are treated with RAI we
recommend steroid coverage if there are concomitant risk
factors for GO deterioration.

Strong recommendation, moderate-quality evidence.

Unfortunately, the initial data regarding the impact of
various GD therapies on GO outcome were affected by the
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absence of GO activity assessment and lack of stratification
on smoking status at randomization as well as by variation in
the timing of tackling post-RAI hypothyroidism. Two early
nonrandomized studies found no differences between the
three GD therapeutic modalities (541,545).

The first randomized study of GD patients (13%with mild
preexistent GO) assigned to therapy for hyperthyroidism
with ATDs, surgery, or RAI (532) found the relative risk for
deterioration of eye disease to be elevated at 3.2 for RAI
compared to ATDs. There appeared to be no difference in
such risk between ATDs and surgery. A large, more recent
randomized controlled trial studying mainly patients with
previously treated GD showed RAI therapy to be associated
with an increased risk of GO progression (RR of 5.8 in
comparison with ATDs) and found the risk to be eliminated
with concurrent corticosteroid administration (531). Fi-
nally, the most recent randomized controlled trial (69) re-
vealed an increased risk for new or worse GO in RAI-treated
patients (38.7% of the group) compared with ATD-treated
patients (21.3% of the group), to be mainly related to de-
velopment of new GO cases, while worsening of pre-
existing GO occurred at a similar percentage in both groups
(45% for RAI and 47% for ATD). Smoking was a strong risk
factor for an undesirable GO outcome. In this last trial there
was no routine use of prophylactic glucocorticoids. Table 14
further details the use of glucocorticoids for various GO
clinical scenarios.

[U5] Treatment of hyperthyroidism in patients with active
and moderate-to-severe or sight-threatening GO (see
Tables 12 and 13 for definitions of disease activity and severity)

& RECOMMENDATION 107
In patients with active and moderate-to-severe or sight-
threatening GO we recommend against RAI therapy.
Surgery or ATDs are preferred treatment options for GD in
these patients.

Strong recommendation, low-quality evidence.

We are aware of no trials in patients with moderate-to-
severe and active eye disease that compare hyperthyroid-
ism therapies for impact on GO. However, a comparison of
two different surgical approaches (total thyroidectomy vs.
subtotal thyroidectomy) for patients with moderate-to-
severe GO showed that the eye disease improved during 3
years of follow-up in all patients (546). In another series of
42 patients with progressive GO treated with total thy-
roidectomy, exophthalmos was stable in 60% of cases and
improved in the remainder (547), suggesting that surgery is
not detrimental to GO and may be associated with im-
provement in some patients. Additionally, a more recent
study suggests that surgery might lead to a more rapid
improvement in GO than ATDs, and it might thus be a
better option for patients that are most concerned about GO
changes (548). Other studies suggest that ATDs may not
adversely impact mild active GO, but they do not address
severe GO (531).

Alternatively, if ATDs are selected for GD therapy, there
are reassuring data that long-term use is relatively safe and
effective at preserving euthyroidism while waiting for GO to
enter remission (66,549).

[U6] Treatment of GD in patients with inactive GO (see
Table 12 for definition of disease inactivity)

& RECOMMENDATION 108
In patients with inactive GO we suggest RAI therapy can
be administered without steroid coverage. However, in
cases of elevated risk for reactivation (high TRAb, CAS ‡1
and smokers) that approach might have to be reconsidered.

Weak recommendation, low-quality evidence.

There is a low rate of GO progression or reactivation
following RAI in patients with inactive GO. A series of 72
patients with inactive GO according to the CASwere treated
with RAI without concurrent glucocorticoid administration
(536). For those in whom hypothyroidism was prevented by
early thyroxine therapy, no deterioration in eye disease was
reported (536). Smoking history did not impact GO outcome
in this cohort. A recent trial from Japan (540) random-
ized patients without GO or inactive GO (i.e., CAS <3 or
T2-weighted imaging T2SIR £1) to receive either gluco-
corticoid prophylaxis with low-dose prednisolone (on aver-
age 0.28mg/kg per day tapered rapidly over 6 weeks) or no
prophylaxis at all. The rate of disease progression in the ab-
sence of risk factors was low (4.2%) and not impacted
by glucocorticoid therapy. The presence of risk factors for
GO (high thyroid stimulating antibody, CAS ‡1) increased
that risk, again without a benefit from low-dose steroid pro-
phylaxis. Ultimately, most GO cases were mild, and only 7
cases (2.4%) required GO-directed therapy. Whether high-
dose glucocorticoid therapy would have made a difference in
these patients is not known.

Another study retrospectively examined the effect of con-
current oral or intravenous glucocorticoid therapy on the de-
velopment or deterioration of preexistent GO after RAI
therapy for relapsing GD patients (550). They identified GO
development, deterioration, or reactivation in approxima-
tely 7% of patients (6/83) considered at low risk who were
given no steroid prophylaxis. Only two of these cases had
preexistent inactive GO. Despite prophylaxis, 33% of pa-
tients considered at high risk who were treated with oral
glucocorticoids had worsening of GO. However, because
of the lack of clarity of this retrospective study regarding
prevalence of active and inactive GO in each group and the
lack of prespecified criteria for dose and route of steroid use
in those considered at risk, we weighed this evidence less in
our deliberations regarding the above recommendation.
Table 14 further details the use of glucocorticoids for var-
ious GO clinical scenarios.

[V] How should iodine-induced and amiodarone-
induced thyrotoxicosis be managed?

[V1] Iodine-induced hyperthyroidism

& RECOMMENDATION 109
Routine administration of ATDs before iodinated contrast
media exposure is not recommended for all patients.

Weak recommendation, low-quality evidence.

Technical remarks: Patients deemed to be at high risk of
developing iodine-induced hyperthyroidism or whose
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cardiac status is tenuous at baseline may be considered for
prophylactic therapy with ATDs.

Iodine-induced hyperthyroidism (the Jod–Basedow phe-
nomenon) is uncommon in modern series and generally self-
limited, but it may occasionally persist for months (551,552)
and may be life-threatening (553–556). Individuals who are
the most susceptible are elderly patients with autonomously
functioning nodular goiters (557) and, less commonly, pa-
tients with occult GD (558) or patients with a prior history of
GD who are in remission after a course of ATDs (559). Very
rarely, iodine excess may trigger thyrotoxicosis in patients
with a previously normal thyroid gland (560). Chronic iodine
deficiency increases the prevalence of autonomous thyroid
nodules, and therefore iodine repletion in this setting has his-
torically been linked to iodine-induced hyperthyroidism (561).

Multiple observational studies have examined changes in
thyroid hormone levels following a single exposure to in-
travenous iodinated contrast in both iodine-sufficient (562–
565) and iodine-deficient (566–569) regions. A study of pa-
tients living in Boston showed that 5 of 49 (10.2%) developed
a suppressed TSH value 1–4 weeks following exposure to a
single computed tomography (CT) study with contrast, with
only one patient developing overt hyperthyroidism (565).
Additional observational studies in the United States and
Japan involving 56 and 22 patients, respectively, found no
new cases of hyperthyroidism following coronary angiogra-
phy (564) or hysterosalpingography (563), whereas an Aus-
tralian study from a region of iodine sufficiency found that 2
of 72 (2.8%) of patients developed overt hyperthyroidism and
an additional two patients developed subclinical hyperthy-
roidism within 8 weeks of iodinated contrast exposure (562).
Overall, similar rates of iodine-induced hyperthyroidism have
been described in iodine-deficient regions, including a study
from Germany in which 2 of 788 (0.25%) patients developed
overt hyperthyroidism following coronary angiography (566),
a New Zealand study in which subclinical hyperthyroidism
developed in 2 of 102 (2%) patients after a CT scan with
iodinated contrast (567), a study from Italy that found that
1.9% of 1752 patients undergoing coronary angiography
developed a suppressed TSH with normal free T4 and T3

levels (568), and finally, a Turkish study identifying new
subclinical hyperthyroidism in 5.9% of 101 patients by 8
weeks following coronary angiography (569).

A recent case–control study in the United States found that
iodinated contrast exposure in patients without baseline
thyroid abnormality resulted in hyperthyroidism (defined
only as a suppressed TSH value) with an odds ratio of 1.98
([95% CI, 1.08–3.60], p = 0.03), and that 23 patients would
need to be exposed before encountering one case of iodine-
induced thyrotoxicosis (570). Interestingly, a recent meta-
analysis including nine randomized-controlled trials and
eight observational studies involving iodine supplementation
of young children and pregnant women in regions of mild to
moderate iodine deficiency did not find an increased risk of
thyroid dysfunction following iodine supplementation of
200–300mg/d (571).

In summary, iodine-induced hyperthyroidism is uncom-
mon and generally subclinical, but it can occasionally be
severe. For most clinical circumstances, the likelihood of
developing overt thyrotoxicosis after iodinated contrast ex-
posure is too low to justify the risk of adverse effects asso-
ciated with prophylactic ATD therapy.

& RECOMMENDATION 110
Beta-adrenergic blocking agents alone or in combination
with MMI should be used to treat overt iodine-induced
hyperthyroidism.

Strong recommendation, low-quality evidence.

Treatment of iodine-induced hyperthyroidism includes
avoidance of additional iodine and administration of b-blockers
alone or with ATDs, depending on the severity of hyperthy-
roidism and the clinical status of the patient. RAI is not an
option until the iodine load has been cleared and might not be
desirable given the reversibility of this condition. Recent data
suggest that urinary iodine normalizes more rapidly than pre-
viously believed, with a return to baseline urinary iodine ex-
cretion within 1–2 months in most patients (565,572).

Technical remarks: Dosing of MMI for iodine-induced
thyrotoxicosis is 20–40mg/d, given either as a daily or twice-
daily dosing. There may be relative resistance to ATD in
patients with iodine-induced hyperthyroidism. Urinary io-
dine (a spot urine iodine adjusted for urine creatinine con-
centration or a 24-hour urine iodine) may be monitored to
assess the rate of clearance of the iodine load.

[V2] Amiodarone-induced thyrotoxicosis

& RECOMMENDATION 111
We suggest monitoring thyroid function tests before and
within the first 3 months following the initiation of amio-
darone therapy, and at 3- to 6-month intervals thereafter.

Weak recommendation, low-quality evidence.

Amiodarone is a drug that is frequently used in the treat-
ment of refractory atrial or ventricular tachyarrhymias.
Amiodarone-induced thyrotoxicosis (AIT) occurs in up to
6% of patients taking this medication in iodine-sufficient
areas of the world (573–575) and in up to 10% in iodine-
deficient areas, such as parts of Europe (576). Studies eval-
uating the adequacy of monitoring for adverse effects from
amiodarone have shown suboptimal results (577,578).

Two distinct mechanisms have been proposed in the
development of AIT, including an iodine-induced form of
hyperthyroidism (type 1 AIT) due to the high iodine content
of amiodarone (37% by molecular weight) and a destruc-
tive thyroiditis (type 2 AIT) due to direct toxicity of amio-
darone on follicular cells. Type 1 AIT tends to occur in
patients with underlying thyroid autonomy in a nodular
goiter, or GD, whereas type 2 AIT occurs as a result of direct
damage or induction of apoptosis in thyrocytes by amio-
darone (579–582).

& RECOMMENDATION 112
The decision to stop amiodarone in the setting of thyro-
toxicosis should be determined on an individual basis in
consultation with the treating cardiologist, depending on
the clinical manifestations and presence or absence of ef-
fective alternative antiarrhythmic therapy.

Strong recommendation, low-quality evidence.

The need for amiodarone discontinuation is controversial
because (i) this drug is frequently the only medication able to
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control cardiac arrhythmia, (ii) the effects of this fat-soluble
drugmay persist for manymonths, (iii) amiodaronemay have
T3-antagonistic properties at the cardiac level and inhibit T4

to T3 conversion in the heart (583) such that withdrawal may
actually aggravate cardiac manifestations of thyrotoxicosis
(573). Deaths from ventricular fibrillation have occurred after
stopping amiodarone in patients with AIT (584). In addition,
type 2 AIT typically responds to treatment even if amiodar-
one therapy is continued (585–587), but continuation may
lead to a more prolonged time to recovery and a higher rate of
future recurrences of AIT (588).

& RECOMMENDATION 113
In clinically stable patients with AIT, we suggest mea-
suring thyroid function tests to identify disorders associ-
ated with iodine-induced hyperthyroidism (type 1 AIT),
specifically including toxic nodular disease and previously
occult GD.

Strong recommendation, low-quality evidence.

& RECOMMENDATION 114
MMI should be used to treat overt thyrotoxicosis in pa-
tients with proven underlying autonomous thyroid nodules
or GD as the cause of AIT (type 1 disease), and cortico-
steroids should be used to treat patients with overt
amiodarone-induced thyroiditis (type 2 disease).

Strong recommendation, low-quality evidence.

& RECOMMENDATION 115
Combined ATD and corticosteroid therapy should be used
to treat patients with overt AIT who are too unstable
clinically to allow a trial of monotherapy or who fail to
respond to single modality therapy, or patients in whom
the etiology of thyrotoxicosis cannot be unequivocally
determined.

Strong recommendation, low-quality evidence.

As the pathogenesis of AIT is not fully understood, the
classic division of AIT into two subtypes likely represents an
oversimplification. First, as discussed further below, many
patients cannot be readily classified into one of the two AIT
subtypes. Secondly, once classified as having type 1 or type 2
AIT, patients often fail to respond to therapy specifically
directed to that subtype (583,589,590). Finally, findings of
responsiveness in patients with type 2 AIT to measures not
typically useful in destructive thyroiditis, such as perchlorate
(586,591) and oral cholecystographic agents (592,593), cannot
be adequately explained on the basis of the current classifi-
cation system, although spontaneous resolution independent of
therapy is one possible explanation.

Several methods have been examined to distinguish type 1
from type 2 AIT, but with the possible exception of color flow
Doppler study (CFDS), most are considered unreliable (574).
For example, the T3-to-T4 ratio, which tends to be higher in
patients with autonomous thyroid glands than in those with
destructive thyroiditis, is not helpful in this instance because
of amiodarone-associated inhibition of T4 monodeiodination
(594). Further, features historically used to distinguish the
subtypes, such as antibodies against thyroid peroxidase and
the presence of thyroid nodules in patients with type 1 AIT,

may actually occur with both subtypes, given the prevalence
of these abnormalities in the general population. Interleukin-
6 levels and RAIU values, once promoted as useful for dis-
tinguishing between subtypes (590), actually overlap exten-
sively between the two subtypes and are therefore also not
useful (594). Several modern series of patients with AIT
make no attempt to classify patients into type 1 or type 2
disease (585,595–598).

Several studies have shown that increased vascularity on
CFDS may be seen in patients with type 1, but not type 2 AIT
(599–601). Two studies showed a clear separation into type 1
and type 2 AIT, allowing successful application of targeted
therapy (599,600). However, CFDS is not universally useful
(584,589). In a series of 24 cases of AIT, 12 patients were
classified as type 2 due to an absence of vascularity (CFDS 0)
and treated with corticosteroids, but only 7 (58%) proved
responsive (584). Likewise, the authors found that among 11
patients classified as type 1 AIT based on CFDS scores of I–
III, only four (36%) responded to ATD therapy. In another
series of 30 patients with AIT requiring therapy, 10 (33%)
patients could not be subtyped on the basis of CFDS, in-
cluding several patients with goiters but normal vascular flow
(589). In a series of 55 patients in whom a CFDS qualitative
assessment of vascular flow was used to distinguish type 1
from type 2 AIT, 81.3% of patients determined to have type 1
AIT had pattern I vascularity (the lowest level above zero),
illustrating the skill and nuance needed to successfully make
this distinction (599). Among European thyroidologists sur-
veyed on the use of diagnostic imaging in the differential
diagnosis of AIT, approximately 20% preferred RAIU alone,
20% preferred CFDS alone, nearly 40% utilized both meth-
ods simultaneously, and 20% thought both techniques were
useless (602). Recently, sestamibi uptake by the thyroid,
which is diminished with thyroiditis, has been applied for
distinguishing AIT subtypes with preliminarily promising
results (603,604).

A recent retrospective report including 200 AIT patients
found that the onset of thyrotoxicosis was significantly earlier
in type 1 (median 3.5 months, range 1–61months) than type 2
(median 30 months, range 1–95 months; p < 0.001) (605).
Since 80% of type 1 patients in this study had autonomous
thyroid nodules or TMNG, it is not unexpected that iodine-
induced thyrotoxicosis occurred early in the course of
amiodarone therapy. However, based on these data, a patient
with late onset of AIT in whom GD has been excluded is
more likely to have type 2 AIT. Another observation reported
in this study is the development of AIT following amiodarone
discontinuation. Nineteen percent of patients (38/200) de-
veloped AIT a mean of 5.5 months after the drug was stop-
ped, 36 of whom had type 2 AIT.

Patients who are clinically stable and have definite evi-
dence supporting a distinct subtype of overt AIT may be tried
on appropriate monotherapy. When identified with certainty,
type 1 AIT is best treated with MMI to prevent new hormone
synthesis and rarely with added potassium perchlorate
(250mg four times daily; not available in the United States)
(590). Type 2 AIT is better treated with anti-inflammatory
therapy such as prednisone, with improvement occasionally
seen as early as 1 week, and usually within a fewweeks (590).
As noted above, some patients with mild type 2 AIT (ap-
proximately 20%) resolve spontaneously without stopping
amiodarone or administering corticosteroids (606,607).
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Most series of patients with AIT contain cases in which
sequential therapy for both subtypes was required before
resolution of AIT occurred. These patients are frequently
referred to as having ‘‘mixed’’ types of AIT. In a study of 20
patients with AIT that included both type 1 and type 2 pa-
tients, perchlorate was administered alone for 1 month, re-
sulting in euthyroidism in 12 patients (seven with type 1 AIT
and five with type 2 AIT) (591). Corticosteroids were then
given to the eight nonresponders (including seven patients with
presumed type 1 disease), and euthyroidismwas achieved in all
after an average of approximately 6 weeks (591). Patients are
often reclassified retrospectively from type 1 to type 2 AIT
based on a positive response to corticosteroid therapy or after
an outcome of permanent hypothyroidism, both of which
would be unlikely in iodine-induced thyrotoxicosis (598,606).
Patients recovering from apparent type 2 AIT should be mon-
itored for permanent hypothyroidism, which appears to occur
more often with AIT than with subacute thyroiditis (608).

Importantly, individuals with moderate thyrotoxicosis and
compromised cardiac status should be considered for initial
combined therapy rather than sequential empiric therapy. Some
centers recommend starting combined therapy with ATDs and
corticosteroids at the time of initial AIT diagnosis (594,609),
and between 16% and 25% of surveyed thyroidologists prefer
combination ATD and corticosteroid therapy for patients with
apparent type 2 AIT (610). A rapid response to combined cor-
ticosteroid and ATD therapy is believed to favor type 2 AIT
(594) and allows a reduction in ATDs, although some patients
with type 2AIT have a prolonged course, particularly thosewith
larger thyroids or worse thyrotoxicosis at the time of diagnosis
(611). A suggested approach to the management of AIT is
shown in Figure 1.

Technical remarks: The suggested starting dose of MMI in
this setting is 40mg once daily until the patient is euthyroid
(generally 3–6 months). If high doses of MMI continue to be
required, splitting the dose may be more effective. The

FIG. 1. A suggested approach to the management of amiodarone-induced thyrotoxicosis.
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suggested dose of corticosteroids in this setting is equivalent
to 40mg prednisone given once daily for 2–4 weeks, fol-
lowed by a gradual taper over 2–3 months, based on the
patient’s clinical response.

& RECOMMENDATION 116
Patients with AIT who are unresponsive to aggressive
medical therapy with MMI and corticosteroids should
undergo thyroidectomy.

Strong recommendation, low-quality evidence.

Patients with AIT who fail to respond to medical therapy
should be offered thyroidectomy before they become exces-
sively debilitated from inadequately controlled thyrotoxico-
sis. The patient should be counseled that while thyroidectomy
in this setting carries with it significant morbidity and a high
mortality rate (9%), delay or deferral of surgery imparts an
even higher risk of death (612). Thyroidectomy done under
regional anesthesia when available may be preferred for very
ill patients (613). Several surgical series involving patients
with AIT have now been published, with generally favorable
results (612,614–616). Patients in whom amiodarone was
stopped during an episode of AIT should be considered for
definitive therapy with RAI or surgery in order to facilitate
reintroduction of amiodarone without concerns about recur-
rent AIT (617).

[W] How should thyrotoxicosis due to destructive
thyroiditis be managed?

Several varieties of thyroiditis can present with tempo-
rary thyrotoxicosis as part of a classic triphasic course
(thyrotoxicosis, hypothyroidism, recovery), including sub-
acute thyroiditis, painless (silent) thyroiditis, acute (suppura-
tive) thyroiditis, palpation (traumatic) thyroiditis, postpartum
thyroiditis, and drug-induced thyroiditis. In general, thyroid
dysfunction caused by thyroiditis is less severe than that seen
with other forms of endogenous thyrotoxicosis (50); RAIU is
universally low during the thyrotoxic stage, owing to leaking of
preformed thyroid hormone with suppression of serum TSH
concentrations. In this section, subacute, painless, acute, and
palpation thyroiditis will be discussed; see Section [T4] for a
discussion of postpartum and Section [X] for a discussion of
drug-induced thyroiditis.

[W1] Subacute thyroiditis
Subacute thyroiditis, also called subacute granulomatous

or de Quervain thyroiditis, is a common cause of thyroid pain
(24). The diagnosis of subacute thyroiditis is based on clinical
history, physical examination, laboratory data, and RAIU.
Subacute thyroiditis presents with moderate-to-severe pain in
the thyroid, often radiating to the ears, jaw, or throat. The pain
may begin focally and spread from one side to the other of the
gland over several weeks. Patients may have a prodrome of
malaise, low-grade fever, pharyngitis symptoms, and fatigue.
The thyroid may be slightly enlarged and is firm and painful
to palpation. Subacute thyroiditis is thought to be due to a
sequela of an upper respiratory viral infection that involves
the thyroid gland.

About 50% of patients with subacute thyroiditis have an
initial thyrotoxic phase due to unregulated release of pre-
formed thyroid hormone from damaged thyroid follicular

cells (24). Therefore, early in the course of the disease, pa-
tients may have clinical findings of thyrotoxicosis, although
this is often mild. The serum TSH level is suppressed, and the
free T4 level may be elevated preferentially compared to the
total T3 level, in contrast to other endogenous forms of thy-
rotoxicosis, although substantial overlap occurs among the
etiologies (618). In addition to laboratory evidence of thy-
rotoxicosis, the erythrocyte sedimentation rate (ESR) or C-
reactive protein is elevated, and mild anemia and elevation of
the WBC count are common. Up to 25% of patients have low
concentrations of antithyroid antibodies (24,619,620). RAIU
is low, as is uptake on a thyroid scintigram. Thyroid ultra-
sonography shows diffuse heterogeneity, focal hypoechoic
areas, and decreased or normal color flow Doppler, rather
than the enhanced flow characteristic of GD (621,622). A
biopsy of the thyroid gland is usually not necessary in sub-
acute thyroiditis. However, if a biopsy is performed due to
uncertainty of the diagnosis, its result shows granulomatous
infiltrate and giant cells, consistent with a viral infection (24).

The thyrotoxic phase usually lasts 3–6 weeks, ending when
the thyroid stores of preformed hormone are depleted. About
30% of patients subsequently enter a hypothyroid phase that
can last up to 6 months. Thyroid pain and the elevated ESR
have usually resolved by this time, and the predominant
clinical features are those of hypothyroidism with a small
nontender goiter. Most patients become euthyroid again
within 12 months of disease onset, although 5%–15% have
persistent hypothyroidism (24,620,621). In addition, recur-
rence rates of 1%–4% have been reported (24,620,623).

& RECOMMENDATION 117
Patients with mild symptomatic subacute thyroiditis should
be treated initially with b-adrenergic-blocking drugs and
nonsteroidal anti-inflammatory agents (NSAIDs). Corti-
costeroids should be used instead of NSAIDs when patients
fail to respond or present initially with moderate to severe
pain and/or thyrotoxic symptoms.

Strong recommendation, low-quality evidence.

Subacute thyroiditis is treated with b-blockers and anti-
inflammatory therapy. Beta-blockers are used as needed to
control thyrotoxic symptoms. NSAIDs provide pain relief in
patients with mild symptoms and should be considered first-
line therapy. With NSAIDs, the median time for resolution of
pain is 5 weeks (range 1–20 weeks) (24). Patients who fail to
respond to full doses of NSAIDs over several days should be
treated instead with corticosteroid therapy. Standard recom-
mendations are to use prednisone 40mg daily for 1–2 weeks
followed by a gradual taper over 2–4 weeks or longer, de-
pending upon clinical response. A retrospective review found
that patients treated with corticosteroids at similar doses had
more rapid resolution of pain (mean duration, 8 days) com-
pared with those treated with NSAIDs (mean duration,
35 days). However, symptoms can recur as the dose of cor-
ticosteroid is reduced (24). A more recent study reported that
a lower initial daily dose of 15mg of prednisolone, with ta-
pering by 5mg every 2 weeks, was effective. However, 20%
of patients required longer than 8 weeks to discontinue the
glucocorticoid (624). Levothyroxine may be employed dur-
ing the hypothyroid stage but should be withdrawn after 3–6
months, with recovery of normal function verified by thyroid
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function testing. ATDs have no role in the treatment of
subacute thyroiditis.

[W2] Painless thyroiditis
Painless or silent thyroiditis classically presents with the

same triphasic course described for subacute thyroiditis, but
with no prodrome, neck pain, or elevated ESR, WBC count,
or C-reactive protein (625). The postpartum period is the
most common time when painless thyroiditis is seen, but
painless thyroiditis can also occur in nonpregnant women and
in men. Painless thyroiditis has been described in some types
of drug-induced thyroid dysfunction, including that associ-
ated with lithium or cytokine therapy. Postpartum and drug-
induced thyroiditis are discussed in detail in Sections [T4]
and [X], respectively. A small nontender goiter is common in
all types of painless thyroiditis.

The thyrotoxic phase occurs in 5%–20% of patients and
typically lasts 3–4 months. The hypothyroid phase is more
common or at least is recognized more often, lasting up to 6
months. Normal thyroid function is reestablished by 12months
in most patients, but 10%–20% have persistent hypothyroid-
ism. Recurrence rates are about 5%–10%, but may be higher in
Japan, with one Japanese study reporting a long-term recur-
rence rate of 65% (626). Recurrences are managed in the same
manner as the initial occurrence, but rare patients withmultiple
recurrences have opted for surgery or RAI ablation of the gland
following recovery from the thyrotoxic phase (626).

Painless thyroiditis is probably an autoimmune disease
manifested by positive anti–thyroid peroxidase antibodies in
about 50% of patients and findings of lymphocytic infiltra-
tion on pathology (626,627). During the thyrotoxic phase, the
serum TSH level is suppressed and free T4 levels are elevated,
often out of proportion to T3 levels. Patients with painless
thyroiditis have a low RAIU and low uptake on a thyroid
scintigram during the thyrotoxic phase, and ultrasound often
shows inhomogeneous hypoechogenic texture with decreased
blood flow. These tests and the absence of TRAb antibodies
help distinguish painless thyroiditis from GD (628).

& RECOMMENDATION 118
Patients with symptomatic thyrotoxicosis due to painless
thyroiditis should be treated with b-adrenergic-blocking
drugs to control symptoms.

Strong recommendation, low-quality evidence.

Beta-adrenergic blockers can be used to treat thyrotoxic
symptoms in patients with painless thyroiditis, but ATDs
have no utility, since new hormone synthesis is already low in
these patients. Rarely, corticosteroids have been used to
ameliorate the severity and the time course of thyrotoxicosis
due to painless thyroiditis (629), but they should be reserved
for severe cases only.

[W3] Acute thyroiditis

& RECOMMENDATION 119
Acute thyroiditis should be treated with antibiotics and
surgical drainage as determined by clinical judgement.
Beta-blockers may be used to treat symptoms of thyro-
toxicosis.

Strong recommendation, low-quality evidence.

Patients with acute thyroiditis (also referred to as suppu-
rative thyroiditis or thyroid abscess) are generally euthyroid.
However, on occasion, the condition presents as destructive
thyroiditis with thyrotoxicosis (630). Ultrasound or CT ex-
aminations are usually diagnostic, showing hypoechoic le-
sions in and around the affected thyroid lobe, destruction of
the lobe, and abscess formation. However, early in the pro-
cess, radiologic examination may be nonspecific, often lead-
ing to the erroneous diagnoses of subacute thyroiditis (631).
The etiology of acute thyroiditis is most frequently a bacterial
infection affecting the thyroid, either through hematogenous
spread or direct extension through a fistula from an infected
pyriform sinus. Therapy involves systemic antibiotics as well
as abscess drainage or removal, and excision or occlusion of
the offending pyriform sinus. Thyrotoxicosis should be trea-
ted symptomatically with b-blocking agents. As in other
forms of destructive thyroiditis, there is no role for ATDs.

[W4] Palpation thyroiditis
In 1975, Carney et al. (632) described a nonspecific multi-

focal granulomatous folliculitis in thyroid glands removed at
surgery for thyroid-related or unrelated conditions. They
named this pathologic entity ‘‘palpation thyroiditis,’’ con-
cluding that it was due to palpation of the thyroid gland at
surgery. It was generally thought to be of little clinical im-
portance, except for rare case reports of patientswhodeveloped
thyrotoxicosis following manipulation of the thyroid gland
during surgery (633–636). However, a recent study suggested
that the rate of transient overt or subclinical thyrotoxicosis
following parathyroid surgerymay be as high as 30%, although
there was likely ascertainment bias because not all patients had
postoperative TSH levelsmeasured (637). There are no data on
treatment of palpation thyroiditis, although the use of b-
blockers for symptomatic thyrotoxicosis seems reasonable.

[X] How should other causes of thyrotoxicosis
be managed?

Tables 16 and 17 summarize drug-associated and unusual
causes of thyrotoxicosis.

& RECOMMENDATION 120
Patients taking medications known to cause thyrotoxico-
sis, including interferon (IFN)-a, interleukin-2, tyrosine
kinase inhibitors, and lithium, should be monitored clini-
cally and biochemically at 6-month intervals for the de-
velopment of thyroid dysfunction. Patients who develop
thyrotoxicosis should be evaluated to determine etiology
and treated accordingly.

Strong recommendation, low-quality evidence.

[X1] Interferon-a and interleukin-2
Patients treated with IFN-a and interleukin-2 patients are

at increased risk for developing thyrotoxicosis, especially
those with pre-existing thyroid autoimmunity. A recent study
including 1233 patients who were euthyroid at baseline found
that 79 (6.4%) patients developed a biphasic thyroiditis and
an additional 57 (4.6%) patients developed a suppressed TSH
value (638). The latter group included 33 patients with mild
TSH suppression and 24 with a TSH value <0.1mU/L,
among whom 11 had free T4 elevation and five required ATD
therapy (638). Thyrotoxicosis in patients treated with IFN-a
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can be due to either painless thyroiditis or GD (639). In a
review of published cases from eight series, 69% of 49 pa-
tients with IFN-a–associated thyrotoxicosis for whom an
etiology was identified were found to have GD, based on
either positive TRAb titers or requirement for a prolonged
course of ATDs (640). An earlier literature review found that
2.4% of 1664 patients treated with IFN-a therapy for hepatitis
C infection developed thyrotoxicosis, although the specific
etiology was not consistently identified (641).

[X2] Tyrosine kinase inhibitors
The tyrosine kinase inhibitors sunitinib (642–647), sor-

afenib (648–650), and nilotinib (651) have each been asso-
ciated with a transient thyrotoxicosis due to destructive
thyroiditis. One study of 69 patients treated with sorafenib for
metastatic renal cell carcinoma found that 11 (16%) devel-
oped transient thyroiditis followed by hypothyroidism (649).
Another study found that 6 of 31 (19.3%) receiving sunitinib
therapy for metastatic renal cell carcinoma developed thy-
rotoxicosis, including one case of thyroid storm (644).

[X3] Lithium
Patients taking lithium for bipolar disorder are at a high

risk of developing thyroid dysfunction, including both hy-
pothyroidism and to a lesser extent thyrotoxicosis (652).
Two published series have identified the development of
thyrotoxicosis in 0.6% and 3.0% of patients, respectively
(653,654). An epidemiological study of hyperthyroidism
occurring over a 3-year period in Denmark identified lithium-
associated thyrotoxicosis as the etiology in 0.7% of all cases
(432). A case series of 24 patients with lithium-associated
thyrotoxicosis identified GD in 12 (50%), painless thyroiditis
in two patients, TMNG in three patients, and no identified
etiology in seven patients (655). Another more recent series
found that 1.4% of referrals to a thyroid clinic over a 12-year
period were for lithium related thyrotoxicosis (656). Patients
in this series had been taking lithium for a median duration of
6 years (range 0.6–25 years), and 87% were women. Diag-
nostic evaluation found that 11 (47.8%) had GD, nine (39%)
had painless thyroiditis, two had TMNG, and one patient had
subacute thyroiditis (656). A smaller series described three

Table 16. Causes of Drug-Associated Thyrotoxicosisa

Drug Mechanism(s)

Timing of onset
following initiation

of the drug Therapy

Amiodarone Iodine induced (type 1) Months to years Supportive careb

ATDs; perchloratec

Surgery
Thyroiditis (type 2) Often >1 year Supportive careb

Corticosteroids
Surgery

Lithium Painless thyroiditis Often >1 year Supportive careb

GD ATDs and/or RAI (GD only)
Interferon a Painless thyroiditis; Months Supportive careb

GD ATDs and/or RAI (GD only)
Interleukin-2 Painless thyroiditis Months Supportive careb

GD ATDs and/or RAI (GD only)
Iodinated contrast Underlying thyroid

autonomy
Weeks to months Antithyroid drugs

Tyrosine kinase inhibitors Destruction 3–12 months Supportive care
Radioactive iodine, early Destruction 1–4 weeks Observation; if severe, administer

corticosteroids
Radioactive iodine for
TMNG, late

GD 3–6 months Antithyroid drugs
Repeat RAI
Surgery

aThyroid hormone ingestion, including levothyroxine, liothyronine, thyroid extract, and nonprescription supplements that contain thyroid
hormone, may cause thyrotoxicosis—see Section [X7], thyrotoxicosis factitia.

bSupportive care may include beta-adrenergic blockers during the thyrotoxic stage and levothyroxine if hypothyroidism develops.
cNot available in the United States.

Table 17. Unusual Causes of Thyrotoxicosis

Disorder Diagnosis Primary management

TSH-producing adenoma Pituitary MRI, a-subunit to TSH ratio Surgical removal
Struma ovarii RAI uptake over pelvis Surgical removal
Choriocarcinoma hCG elevation in the absence of pregnancy Surgical removal
Thyrotoxicosis factitia
(surreptitious LT4 or LT3)

Absence of goiter; suppressed thyroglobulin Psychosocial evaluation

Functional thyroid cancer metastases Whole-body RAI scanning RAI ablation, embolization
and/or surgical removal

hCG, human chorionic gonadotrophin; MRI, magnetic resonance imaging.

1396 ROSS ET AL.



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

PaTologia da Tiróide i  |  doença de graves  |  Maria João oliveira

87

cases of GD occurring in patients receiving lithium (657). In a
retrospective review of 100 cases of thyroiditis and 400 cases
of GD occurring at a single medical center, six cases of
painless thyroiditis had a history of recent lithium exposure,
representing a nearly 5-fold increase compared to cases of
lithium exposure in patients with GD (19).

[X4] TSH-secreting pituitary tumors

& RECOMMENDATION 121
The diagnosis of a TSH-secreting pituitary adenoma should
be based on an inappropriately normal or elevated serum
TSH level associated with elevated free T4 and total T3

concentrations, generally associated with a pituitary tumor
onMRI or CT and the absence of a family history or genetic
testing consistent with resistance to thyroid hormone.

Strong recommendation, low-quality evidence.

TSH-secreting pituitary adenomas are rare tumors and
represent an even rarer cause of hyperthyroidism. Recent data
from the Swedish registry reported an incidence of 0.15 per 1
million inhabitants, with a prevalence of 2.8 cases per million
(658). After excluding laboratory interference with either the
free T4 or TSH assay, as may occur with T4 antibodies and
heterophilic antibodies, respectively, distinction between a
TSH-secreting adenoma and resistance to thyroid hormone is
important since thyroid function test results are similar, yet
management is quite different for these two disorders. TSH-
secreting adenomas are more likely to have a concurrent
a-subunit elevation (not useful in postmenopausal women be-
cause of concurrent gonadotropin elevation), a blunted TSH
response to thyrotropin-releasing hormone (when avail-
able), elevated sex hormone–binding globulin and resting
energy expenditure, and clinical evidence of thyrotoxicosis,
as well as an anatomic abnormality on MRI of the pituitary.
Finally, a response to somatostatin analog therapy with
clinical improvement lends support to the diagnosis of a
TSH-secreting adenoma in cases in which diagnostic un-
certainty persists. Although most TSH-secreting pituitary
adenomas only secrete TSH, co-secretion of prolactin or
growth hormone is possible and should be assessed con-
currently along with assessment of the pituitary–adrenal
axis and pituitary–gonadal axes.

Technical remarks: Genetic testing for resistance to thy-
roid hormone is commercially available and may be useful in
equivocal cases, especially in patients without family mem-
bers available for thyroid function testing. Calculation of the
molar a-subunit/TSH ratio can be accomplished by dividing
the a-subunit concentration (ng/mL) by TSH (mU/L) and mul-
tiplying by 10. A ratio greater than 1 favors a TSH-secreting
pituitary adenoma.

Pituitary surgery is generally the mainstay of therapy for
TSH-producing pituitary tumors. In a recent series of 68 pa-
tients undergoing transsphenoidal surgery, 75% normalized
thyroid function after surgery, 58% normalized both pituitary
imaging and TSH hypersecretion, 9% developed new defi-
ciencies, and 3% experienced tumor recurrence (659). The
patient should be made euthyroid preoperatively. Long-term
ATD therapy and other measures directed at the thyroid, such
as RAI or thyroidectomy, are generally avoided because of
theoretical concerns of tumor growth. Preoperative adjunc-

tive therapy with octreotide and dopamine agonist therapy
has been examined. Treatment with octreotide results in a
>50% reduction in serum TSH values in the majority of pa-
tients treated and a concurrent return to euthyroidism in most
(43). A reduction in tumor size has been observed in 20%–
50% of patients treated with octreotide (43,660), but less
impressive results have been obtained with bromocriptine
therapy (660). However, presurgical medical treatment did
not significantly improve surgical outcome (63% vs. 57% had
negative tumor imaging after surgery) (659). In a recent case
series of seven patients treated with octreotide without prior
surgery, mean free T4 and T3 levels were reduced by nearly
50% in the first 3 months of therapy and six of seven patients
experienced tumor volume reduction (661).

Sterotactic or conventional radiotherapy has also been used
in cases that prove refractory to medical therapy. Radio-
therapy controlled thyroid hypersecretion in 37% of patients
treated with this modality, but hypopituitarism occurred in
32% of those treated (659). For patients with TSH-producing
adenomas who are considered poor surgical candidates, pri-
mary medical therapy with octreotide can be considered
(661). Patients who fail to respond to pituitary surgery and
somatostatin analog therapy or those who have tumor en-
largement despite these measures are sometimes treated with
radiation therapy.

& RECOMMENDATION 122
Patients with TSH-secreting pituitary adenomas should
undergo surgery performed by an experienced pituitary
surgeon.

Strong recommendation, low-quality evidence.

Technical remarks: Postoperative adjunctive therapy with
octreotide and/or external beam radiation therapy may be
useful in managing patients with persistent central hyper-
thyroidism after a debulking procedure for nonresectable
TSH-secreting adenomas (43).

[X5] Struma ovarii

& RECOMMENDATION 123
Patients with struma ovarii should be treated initially with
surgical resection following preoperative normalization of
thyroid hormones.

Strong recommendation, low-quality evidence.

Struma ovarii, defined as ectopic thyroid tissue existing as
a substantial component of an ovarian tumor, is quite rare,
representing <1% of all ovarian tumors. Approximately 5%–
10% of patients with struma ovarii present with thyrotoxi-
cosis (662) due to either autonomous ectopic thyroid function
or the coexistence of GD, and up to 25% of struma ovarii
tumors contain elements of papillary thyroid cancer. Patients
previously treated for GD may have persistent or recurrent
hyperthyroidism due to the action of TRAb on the ectopic
thyroid tissue (663). The diagnosis should be considered in
any thyrotoxic patient with a very low or absent RAIU over
the eutopic thyroid gland. Other conditions that present
with this constellation of findings include various forms of
thyroiditis, factitious thyrotoxicosis, and iodine-induced hy-
perthyroidism. In struma ovarii, the RAI is concentrated in
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the pelvic region over the teratoma. Cosynchronous primary
thyroid cancer occurred in 9% of patients in one series of 68
patients identified in the Surveillance, Epidemiology, and End
Results database (664). Treatment of struma ovarii generally
involves surgical removal, performed both to cure the hyper-
thyroidism and to eliminate the risk of untreated ectopic thyroid
cancer. Preoperative treatment with b-adrenergic-blocking
agents and ATDs is warranted to restore euthyroidism before
surgery.

Technical remarks: In cases of suspected metastatic ma-
lignant struma ovarii, RAI is generally given following sur-
gical removal of both the ovarian tumor and the patient’s
thyroid to facilitate delivery of isotope to any potential re-
sidual malignant cells.

[X6] Choriocarcinoma

& RECOMMENDATION 124
Treatment of hyperthyroidism due to choriocarcinoma
should include both MMI and treatment directed against
the primary tumor.

Strong recommendation, low-quality evidence.

Patients with choriocarcinoma, including molar pregnancy
and testicular cancer, may present with thyrotoxicosis be-
cause of the effect of tumor-derived hCG upon the TSH re-
ceptor (665–668). This cross-stimulation only occurs at very
high levels of hCG, since hCG is only a weak agonist for the
TSH receptor. Therefore, patients with testicular choriocar-
cinoma presenting with overt thyrotoxicosis may have widely
metastatic disease at presentation (667,668). Treatment of
hyperthyroidism due to choriocarcinoma involves both
treatment directed against the primary tumor and ATDs.

[X7] Thyrotoxicosis factitia
Thyrotoxicosis factitia includes all causes of thyrotoxi-

cosis due to the ingestion of thyroid hormone. This may
include intentional ingestion of thyroid hormone either
surreptitiously or iatrogenically, as well as unintentional
ingestion either accidentally, such as in pediatric poisoning
or pharmacy error, or through ingestion of supplements that
contain thyroid hormone (669). Historically, accidental
thyroid hormone ingestion has occurred as a result of eating
meat contaminated with animal thyroid tissue (‘‘hamburger
thyrotoxicosis’’) (670).

Whereas iatrogenic causes of thyrotoxicosis factitia are
easily identified, surreptitious use of thyroid hormone may
present a diagnostic quandary. Clues to this diagnosis are an
absence of goiter, a suppressed serum thyroglobulin level,
and a decreased RAIU. In a patient who has circulating an-
tithyroglobulin antibodies that artifactually render the serum
thyroglobulin undetectable in immunometric assays, the
distinction between painless thyroiditis and factitious thyro-
toxicosis can be difficult. In both situations there will be
elevated levels of T4, a high T4/T3 ratio (with exogenous
levothyroxine), a small thyroid, and a low thyroidal RAIU.
Thyroid ultrasound may be helpful because the thyroid has a
heterogeneous echotexture and is normal sized or slightly
enlarged in painless thyroiditis, while it is small with a nor-
mal echotexture in an otherwise normal individual who is
ingesting thyroid hormone surreptitiously. Fecal levothy-

roxine has been measured as a means of distinguishing sur-
reptitious use of thyroid hormone from painless thyroiditis
(54). A disproportionately elevated T3 level suggests that the
patient may be ingesting liothyronine or a combination T4/T3

preparation.
Severe thyrotoxicosis and rarely, thyroid storm, have been

reported following thyroid hormone overdose or poisoning.
Treatment with cholestyramine (671) and charcoal hemo-
perfusion (672) have been used in this circumstance.

[X8] Functional thyroid cancer metastases
Thyrotoxicosis due to functional metastases in patients

with thyroid cancer has been described in a handful of cases.
Typically, patients have either a very large primary follicular
cancer or widely metastatic follicular thyroid cancer, and
they may have coexisting TRAb as the proximate cause of the
thyrotoxicosis (673) or activating mutations in the TSH re-
ceptor (674). In general, functioning metastases are treated
with RAI with the addition of ATDs as needed for persistent
hyperthyroidism. Recombinant human TSH should be avoi-
ded in these patients. Patients with massive metastatic fol-
licular thyroid cancer may also exhibit T3 thyrotoxicosis,
most likely due to increased conversion of T4 to T3 by tumor
expressing high type 1 and type 2 deiodinase activities (675).
Thus, occasional measurement of serum T3 in addition to FT4

and TSH is recommended in patients with a large metastatic
tumor burden, particularly if FT4 decreases on fixed doses of
levothyroxine.
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ABBREVIATIONS

AACE ¼ American Association of Clinical
Endocrinologists

AIT ¼ amiodarone-induced thyrotoxicosis
ANCA ¼ antineutrophil cytoplasmic antibody
ATA ¼ American Thyroid Association
ATD ¼ antithyroid drugs

BWPS ¼ Burch–Wartofsky point scale
CAS ¼ clinical activity score

CFDS ¼ color flow Doppler study
CT ¼ computed tomography

ESR ¼ erythrocyte sedimentation rate
GD ¼ Graves’ disease
GO ¼ Graves’ orbitopathy
hCG ¼ human chorionic gonadotropin
IFN ¼ interferon

iPTH ¼ intact parathyroid hormone
JTA ¼ Japanese Thyroid Association
KI ¼ potassium iodide

MMI ¼ methimazole
MNG ¼ multinodular goiter
MRI ¼ magnetic resonance imaging

NSAID ¼ nonsteroidal anti-inflammatory agent
pANCA ¼ antineutrophil cytoplasmic antibody

PTU ¼ propylthiouracil
QoL ¼ quality of life
RAI ¼ radioactive iodine

RAIU ¼ radioactive iodine uptake
rhTSH ¼ recombinant human thyrotropin
RLN ¼ recurrent laryngeal nerve
RFA ¼ radiofrequency ablation
SH ¼ subclinical hyperthyroidism

SSKI ¼ saturated solution of potassium iodide
T3 ¼ triiodothyronine
T4 ¼ thyroxine
TA ¼ toxic adenoma

TBII ¼ thyrotropin binding inhibition
immunoglobulin

TBG ¼ T4 binding globulin
TcO4 ¼ technetium

TMNG ¼ toxic multinodular goiter
TRAb ¼ thyrotropin receptor antibodies
TSH ¼ thyrotropin
TSI ¼ thyroid-stimulating immunoglobulin

WBC ¼ white blood cell
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In tro duc ti on

Autoimmune thyroiditis (AIT) is the most common thyroid
disorder in the pediatric age range. Both a goitrous (Hashimoto’s
thyroiditis) and a nongoitrous (atrophic thyroiditis, also called
primary myxedema) variant of AIT have been distinguished. In
pediatrics, the most common age at presentation is adolescence,
but the disease may occur at any time, rarely even in children under
one year of age (1). In the past decade, the application of molecular
biology has permitted an unparalleled insight into susceptibility
genes that predispose to the development of AIT and into its
complex immune pathophysiology.  Approximately 70% of disease
risk is related to genetic susceptibility with environmental factors
playing a role in triggering disease in susceptible individuals.  In this
brief review, current concepts about the immuno-pathogenesis and
molecular genetics of AIT as well as putative environmental
triggers will be discussed.  In addition, clinical aspects unique to the
pediatric age range will be reviewed. 

Immuno-pathogenesis of Autoimmune Thyroiditis 
Cellular İmmune Responses
Because of the importance of  T- cells in immune regulation,

much attention has focused on this lymphocyte subpopulation to
explain the breakdown in tolerance and the clinical manifestations
seen in autoimmune thyroid disease (AITD).  Consistent with their
playing a fundamental role, an increased proportion of activated T-
helper (Th) (CD4+) cells can be demonstrated in the circulation of a
majority of patients with AIT (2) and this is thought to lead to a
cascade of immune-mediated events. Lymphocytic infiltration of
the thyroid gland and organization into lymphoid follicles occur due
to the secretion of numerous chemokines that direct leukocyte
migration and to adhesion molecules that lead to cell attachment to
extracellular matrix proteins. These processes are accompanied by
the secretion of complement, cytokines and other soluble

ABS TRACT
Autoimmune thyroiditis (AIT) is the most common thyroid disorder in the
pediatric age range.  The disease results from an as yet poorly
characterized defect or defects in immunoregulation and a cascade of
events progressing from lymphocyte infiltration of the thyroid, to T-cell-
and cytokine-mediated thyroid follicular cell injury, and apoptotic cell
death.  Approximately 70% of disease risk has been attributed to
genetic background with environmental factors being important in
triggering disease in susceptible individuals. The contribution of
individual genes is small and probably polymorphisms in multiple genes
play a role. Some immunosusceptibility genes affect immune recognition
or response in general, while others are thyroid-specific.  Environmental
agents may act through an epigenetic mechanism.   Antibodies (Abs) to
a variety of thyroid-specific antigens are detectable in a majority of
patients, but the role of Abs in mediating cell injury and death is unclear
and only  thyrotropin (TSH) receptor Abs significantly affect thyroid
function by interfering with (or stimulating) the action of TSH.
Nonetheless, thyroid peroxidase (TPO) Abs and thyroglobulin (Tg) Abs,
present in a majority of patients, are valuable diagnostically as markers
of underlying autoimmune thyroid destruction.  TSH receptor blocking
Abs are found in ~18% of children and adolescents with severe
hypothyroidism and, when persistent, may identify an adolescent likely
to have a baby with TSH receptor blocking Ab-induced congenital
hypothyroidism.  AIT may coexist with other organ-specific autoimmune
diseases.  Although the most common age at presentation is
adolescence, the disease may occur rarely in children <1 year of life.
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mediators that damage the thyrocyte and lead ultimately to cell
death by apoptosis (3).  It is of interest that not only ‘professional’
antigen-presenting cells (e.g., macrophages, dendritic cells) but
thyroid follicular cells themselves  play a crucial role in determining
disease progression by expressing major histocompatibility
complex (MHC) class II antigens (4) and secreting cytokines and
chemokines.  Goiter,  present in approximately two-thirds of
children with AIT, results from both cellular infiltration and thyroid
follicular cell proliferation, a consequence of the compensatory
increase in thyrotropin (TSH) that occurs in response to thyrocyte
dysfunction.  

To add further to the complexity, there are actually 2 types of
Th cells: Th1 and Th2, each with a different pattern of cytokine
production, effector function, chemokine receptors, and regulation
(5). Th1 cells subserve cell-mediated immune responses, while
Th2 cells are involved in antibody production.  It has been
postulated that in AIT, a defect in a specific T cell subpopulation,
termed regulatory T cells (Tregs),  results in some way in a change
in the thyroid microenvironment, leading to decreased inhibition of
Th1 cells and the overproduction of Th1 cytokines. 

Humoral İmmunity
In addition to cell-mediated immune mechanisms, AIT is

characterized by the secretion of antibodies (Abs) to a variety of
thyroid-specific antigens, most notably thyroglobulin (Tg), and
thyroid peroxidase (TPO) but also to a lesser extent the TSH
receptor, the sodium iodide symporter (NIS) (6) and most recently
pendrin (7).  Whether, and, if so, how antibody-mediated immune
mechanisms contribute to the initiation, progression or
pathogenesis of AIT remains unclear.  Nonetheless, measurement
of Abs to Tg and TPO is useful diagnostically as markers of
underlying autoimmunity, and TSH receptor Abs may modulate the
activity of the TSH receptor, thereby affecting thyroid function in a
subset of patients. The role of Abs to NIS or pendrin is not yet clear.

Antibodies to Thyroglobulin and Thyroid Peroxidase
Tg Abs are directed at Tg, the very large 660 kDA homodimeric

protein that serves as the storage form and precursor of thyroid
hormone. There is some evidence that Tg Abs in patients with AIT
are more restricted in their epitope specificity than in healthy
individuals, but the antigenic determinants recognized by Tg Abs
are not known (8). Post-translational modifications such as
iodination and glycosylation may play a role in Tg antigenicity (9).
TPO Abs recognize TPO, the key membrane-associated enzyme
on the apical surface of the thyrocyte that mediates the iodination
and coupling of iodotyrosines to form thyroid hormone (10). Both
cytotoxicity (e.g., activation of the complement cascade and
participation in Ab-dependent, cell-mediated cytotoxicity ) and TPO
Ab-mediated inhibition of TPO function have been reported in vitro,
but these effects do not appear to be important in vivo as indicated
by the failure of these Abs to affect fetal or neonatal thyroid
function when transmitted to the fetus. Like with Tg Abs, some
epitopic specificity of TPO Abs has been reported in patients with
AIT (11), the significance of which is unclear.

TSH Receptor Antibodies
Abs to the TSH receptor have been classified as stimulatory,

blocking and neutral Abs (12).  All varieties recognize specific linear
epitopes presented in a 3-dimensional conformation , but their
interaction differs subtly. Like other members of the G-coupled
receptor superfamily, the TSH receptor is composed of a large, N-
terminal ectodomain, 7-transmembrane-spanning regions and a
small intracytoplasmic tail.  Although initial studies suggested
separate epitopes for stimulatory Abs on the N-terminus and for
blocking Abs on the C-terminus of the ectodomain, recent
evidence suggests more overlap than previously thought (12).
Stimulatory Abs appear to be of limited heterogeneity, whereas
blocking Abs are not similarly restricted. 

Both blocking and stimulating TSH receptor Abs can be found
in some patients with AIT. The coexistence of stimulatory TSH
receptor Abs and AIT has been termed ‘Hashitoxicosis’.  In
contrast, blocking Abs may contribute to the severity of the
hypothyroidism by inhibiting TSH-induced cell proliferation and
hormonogenesis. In a recent study of children and adolescents,
TSH receptor blocking Abs were found in 17.8% of  patients with
severe hypothyroidism (defined as a serum TSH concentration
>20 mU/L). However, unlike in adults, they were found in goitrous
as well as nongoitrous patients and, when present in  high
concentrations, appeared to persist indefinitely (13).  These data
suggest that the presence of potent TSH receptor blocking Abs in
adolescent females may identify patients at risk of having babies
with transient congenital hypothyroidism in their future ages. 

Immunosusceptibility Genes
Like Graves disease (GD) with which it is closely associated,

AIT is a complex immune disorder that occurs in individuals with
an underlying genetic susceptibility. As many as 20-60
immunosusceptibility genes, each with small effect,  have been
postulated (14).  Some genes are involved in immune recognition
and/or response in general, while others are thyroid-specific;
certain genes are common to both AIT and GD, while others tend
to predominate only in GD (8,9). In this brief review, only those that
affect individuals with AIT will be discussed. These genes are
summarized in Table 1.

Immune Response Genes
Human leukocyte antigen (HLA): The MHC region encodes a

highly polymorphic region that includes the genes for the class I (A,

Tab le 1. Genes implicated in the pathogenesis of autoimmune thyroiditis 

Gene Role 

Immune recognition/response 

HLA-DR Antigenic recognition

CTLA-4 Costimulatory molecule; 
down regulates T-cell activation

PTPN-22 Inhibits T-cell  signaling

Thyroid-specific

Thyroglobulin Storage form, precursor of thyroxine 
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B and C) and class II (DR, DP and DQ) HLA. As peptide antigens
are presented to T cells only when bound to HLA class II
molecules, the HLA haplotype plays a critical role in determining
which antigens will be recognized by the T-cell receptor and trigger
an immune response. Unlike with GD, no consistent HLA-
association has been identified in patients with AIT. Recently,
Menconi et al (15) sequenced the polymorphic exon 2 of the HLA-
DR gene in 94 patients with AIT and 149 controls. They identified
a four-amino acid haplotype (Tyr-26, Tyr-30, Gln-70, Lys-71) that
conferred an odds ratio of 3.73 irrespective of the HLA haplotype;
the single amino acid Lys-71 conferred an odds ratio of 2.98. These
investigators postulated that specific ‘pocket amino acid
signatures’ determine susceptibility to AIT by causing critical
structural changes that influence antigenic peptide binding and
presentation.

Cytotoxic T Lymphocyte Antigen-4
Cytotoxic T lymphocyte (CTLA)-4, a transmembrane protein of

the immunoglobulin superfamily, is an important costimulatory
molecule that downregulates T-cell activation by binding to the B7
molecules present on antigen-presenting cells and preventing the
second signal necessary for T-cell activation. Linkage of the CTLA-
4 region with thyroid autoantibody production in patients with and
without clinical thyroid disease has been demonstrated (16). This
suggests that additional factors must be required for the
development of a thyroid functional abnormality.

Protein Tyrosine Phosphatase-22
Protein tyrosine phosphatase 22 (PTPN22) encodes a protein,

lymphoid tyrosine phosphatase (LYP), which is a potent inhibitor of
the T-cell receptor signaling pathway . A tryptophan for arginine
substitution at codon 620 of the LYP molecule has been
associated with both GD and AIT in some but not all ethnic
populations (16).

Thyroid-specific Gene
The thyroid-specific genes that have been incriminated in AITD

include those that code for Tg and the TSH receptor, but only the
Tg  gene has been associated with AIT.

Thyroglobulin
Tg is a very large 660kDA homodimeric protein that functions

as the storage form and precursor of thyroid hormone. In
genetically susceptible mice, experimental AIT can be induced by
Tg immunization and there is evidence that Tg sensitization may
play a role in patients with AITD as well. Detailed sequence
analysis of the Tg gene has demonstrated significant associations
between specific polymorphisms of Tg SNPs and AIT (17,18).
These findings suggest that specific Tg polymorphisms might be
more optimally presented to T cells by specific HLA haplotypes,
thereby triggering an immune response. This is highly reminiscent
of findings in experimental animals in which induction of AIT is also
HLA-dependent. 

In addition, the immunogenicity of Tg has been related to the
extent of its iodination (19). The pathogenic mechanisms whereby
increased iodine predisposes to AIT remain unclear.

Environmental Factors
The precise environmental trigger(s) leading to the

development of disease is not known with certainty, but infection,
drugs (lithium, amiodarone, interferon-alpha), hormones
(estrogen), dietary substances (iodine, selenium), stress, smoking
and, most recently, environmental toxins have all been implicated
(20,21).  An epigenetic mechanism has been postulated in some
cases (21).  

Incidence and Associations
AIT is more common in North America and Japan than in

some iodine-deficient parts of Europe and there is a striking female
preponderance, even prior to puberty. AIT may occur alone or may
coexist with other organ-specific autoimmune diseases,
particularly type 1 diabetes mellitus (T1DM).  The combination of
AIT with specific autoimmune disorders has been termed the
autoimmune  polyglandular syndromes (APS).  APS 1, which tends
to present in the first decade of life and is caused by a mutation in
a single (‘autoimmune regulator’) gene, is characterized by the
sequential development of mucocutaneous candidiasis,
hypoparathyroidism and adrenal deficiency (22).  AIT is amongst a
multiplicity of other organ-specific diseases that can also develop
in a minority of affected patients. In   APS-2 which tends to present
later in childhood or adolescence, Addison’s disease is found in
association with AIT (Schmidt syndrome) or AIT plus T1DM
(Carpenter syndrome) (23). Multiple other organ-specific
autoimmune diseases may also be present.  AIT has also been
described in children with immunodysregulation
polyendocrinopathy enteropathy X-linked (IPEX) syndrome, a
polyglandular disorder characterized by early-onset diabetes and
colitis (24) . There is an increased incidence of AIT in patients with
certain chromosomal abnormalities [Down syndrome (25), Turner
syndrome (26), and, to a lesser extent, Klinefelter syndrome] as
well as in patients with Noonan syndrome. AIT may be associated
with chronic urticaria (27) and rarely with immune-complex
glomerulonephritis (28).  

Clinical Manifestations 
Patients with AIT may be euthyroid, or they may have

subclinical or overt hypothyroidism depending on the severity of
the immunologic damage.  Unexplained poor linear growth is a
classical initial finding in many hypothyroid children. In some
patients, an asymptomatic goiter may be noted on routine
examination.  Occasionally, an initial thyrotoxic phase occurs due
to the discharge of preformed thyroid hormone from the damaged
gland. In this case, the picture needs to be distinguished from
hyperthyroidism due to GD.  Rarely, as noted previously, both
diseases may coexist in the same patient (Hashitoxicosis). 

The typical thyroid gland in AIT is diffusely enlarged and has a
rubbery consistency. Although the surface is classically described
as ‘pebbly’ or bosselated, occasionally asymmetric enlargement
occurs that must be distinguished from thyroid neoplasia. A
palpable lymph node superior to the isthmus (‘Delphian node’)
may be noted.
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Laboratory Evaluation
Measurement of the serum TSH concentration is the best

initial screening test for the presence of primary hypothyroidism. If
the TSH is elevated, then evaluation of the serum free thyroxine
(fT4) concentration will distinguish whether the child has
subclinical (normal fT4) or overt (low fT4) hypothyroidism. A
diagnosis of AIT is made by the demonstration of an elevated
concentration of  Tg Abs and/or TPO Abs in serum. Measurement
of TSH receptor blocking Abs should be considered in adolescent
females with severe hypothyroidism because of the persistence of
this Ab population in some patients and its association with an
increased risk of having offspring with TSH receptor blocking Ab-
induced congenital hypothyroidism. Imaging studies (thyroid
ultrasonography and/or thyroid uptake and scan) may be
performed if thyroid Ab tests are negative or if a nodule is palpable,
but are rarely necessary. Occasionally, the finding of
heterogeneous echogenicity on ultrasound examination has been
described prior to the appearance of Abs. However, the typical
picture of spotty uptake of radioactive iodine that is seen in adults
is rare in children. 

Therapy
In patients who present with severe, longstanding

hypothyroidism,  slow correction with LT4 is advisable in order to
minimize the potential development of unwanted side effects
(deterioration in school performance, short attention span,
hyperactivity, insomnia, and behavior difficulties) (29). In such
patients, the replacement dose should be increased slowly over
several weeks to months. Severely hypothyroid children should
also be observed closely for complaints of severe headache when
therapy is initiated because of the rare development of
pseudotumor cerebri. In contrast, full replacement can be initiated
at once without much risk of adverse consequences in children
with mild hypothyroidism.

Treatment of children and adolescents with subclinical
hypothyroidism (normal fT4, elevated TSH) is controversial. In
adults, particularly those > 60 years of age in whom the risk of
progression to overt hypothyroidism is significant, treatment has
been recommended whenever the serum TSH concentration is
>10 mU/L; if  TSH is in the 6-10 mU/L range, treatment on a case
by case basis is suggested (30). Long-term follow-up studies of
children with subclinical hypothyroidism due to AIT have
suggested a significant likelihood of remission. Consequently, if
there is not a strong family history of hypothyroidism and the
patient is not symptomatic, a reasonable option is to reassess
thyroid function in 6 months.  On the other hand, some initially
euthyroid patients will become hypothyroid over time. Therefore,
regular follow-up is necessary.

The typical replacement dose of LT4 in childhood is
approximately 100 µg/m2 or 4 to 6 µg/kg for children 1 to 5 years
of age, 3 to 4 µg/kg for those aged 6 to 10 years, and 2 to 3 µg/kg
for those 11 years of age and older. In patients with a goiter, a
somewhat higher LT4 dosage is used so as to keep the TSH in the
low normal range (0.3 to 1.0 mU/L in an ultrasensitive assay), and

thereby minimize its goitrogenic effect. T4 and TSH should be
measured after the child has received the recommended dosage
for at least 6-8 weeks. Once a euthyroid state has been achieved,
patients should be monitored every 6 to 12 months. Thyroid
hormone replacement is not associated with significant weight
loss in overweight children, unless the hypothyroidism is severe
(31). Treatment is usually continued indefinitely.  
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The two major autoimmune thyroid diseases (ATDs) include Graves’ disease (GD) and autoimmune thyroiditis (AT); both of
which are characterized by infiltration of the thyroid by T and B cells reactive to thyroid antigens, by the production of thyroid
autoantibodies and by abnormal thyroid function (hyperthyroidism in GD and hypothyroidism in AT). While the exact etiology
of thyroid autoimmunity is not known, it is believed to develop when a combination of genetic susceptibility and environmental
encounters leads to breakdown of tolerance. It is important to recognize thyroid dysfunction at an early stage by maintaining an
appropriate index of suspicion.

1. Introduction

Autoimmune thyroid disease (ATD) is the most common
autoimmune condition, affecting approximately 2% of the
female population and 0.2% of the male population [1].
Its overall prevalence peaks in adulthood; it is also the
most common etiology of acquired thyroid dysfunction in
paediatrics. It is more common in females and usually occurs
in early to mid-puberty [2, 3]. Optimal quantities of thyroid
hormone are critical to neurodevelopment and growth. The
paediatrician can often recognize thyroid dysfunction in
its early stages, by maintaining an appropriate index of
suspicion.

This review will analyze current opinions and options
regarding the etiology, evaluation, diagnosis, treatment, and
prognosis of ATDs in children.

1.1. Etiology. ATD arises due to complex interactions
between environmental and genetic factors, that are yet to
be completely defined. ATD is multifactorial in that a genetic
predisposition combines with environmental risk factors to
promote disease.

Early evidence that ATD has a hereditary component
stems from studies of familial aggregation. Several studies
of young people with ATDs showed a definite genetic
propensity for thyroid autoimmunity to run in families [4].
Further evidence of the genetic control of ATDs comes from

the observation of twins. Monozygotic twins show a higher
concordance rate of disease than dizygotic twins. However,
even with identical twins the concordance rate is only about
50%, emphasizing that other important factors, such as the
environment, play a role in disease pathogenesis [5–7]. The
identified ATDs susceptibility genes can be divided into two
broad groups:

(1) immune modulating genes, and

(2) thyroid specific genes.

The immune modulating genes so far identified are:
HLA-DR, CTLA-4, CD40, and PTPN22. The cytotoxic T
lymphocyte-associated factor 4 (CTLA-4) gene is a major
negative regulator of T-cell activation [8]. CTLA-4 acti-
vation has been shown to suppress several experimental
autoimmune diseases. CD40 [9] is expressed primarily on
B cells and other antigen presenting cells (APCs) and
plays a fundamental role in B-cell activation inducing,
upon ligation, B-cell proliferation, immunoglobulin class
switching, antibody secretion, and generation of memory
cells. The lymphoid tyrosine phosphatase, encoded by the
protein tyrosine phosphatase-22 (PTPN22) gene, like CTLA-
4, is a powerful inhibitor of T-cell activation [10]. Recently,
linkage studies mapped ATDs susceptibility loci in two
thyroid specific genes, the thyroglobulin (TG) [11] and TSH
receptor (TSHr) genes [12], that represent the main targets
of the immune response in ATDs.
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Polymorphic variations of all the cited genes have been
identified and linked to ATDs susceptibility, but the existing
studies have often given inconsistent results, with some
showing associations and others not. One of the many
unexpected findings of these genetic studies is that most
of the identified genes have a very minor effects. Indeed,
with the exception of the DRb1-Arg74 HLA variant, which
gave an odd ratio for Graves’ disease (GD) of >5, all the
other ATDs genes gave very low odd ratios of <1.5 [13];
on the other hand, family history is positive in about 50%
of patients with ATDs. It is usually supposed that a strong
genetic effect on disease is related to the inheritance of many
genes with small effect. Two alternative mechanisms have
been proposed for the finding of very low odd ratios for most
ATDs genes [4]: subset effect and gene-gene interactions.
According to the “gene-gene interaction” model, two genes
with weak effects (i.e., associated with low odd ratios)
interact, biologically resulting in a combined odd ratio that
is significantly higher than the one expected with an additive
effect alone. For example, two genes with odd ratios for
disease of 1.2 when inherited together would give an odd
ratio of 1.44 (1.2 × 1.2), if there was only an additive effect.
If there is an interaction between these two genes, the odd
ratio for disease will be significantly higher. According to
the “subset effect” model (also called genetic heterogeneity),
each of the genetic variants identified has a large effect
resulting in a high odd ratio in a subset of the ATDs patients
studied. On the contrary, when these variants are tested in the
entire population of ATDs patients, their effects are diluted,
resulting in much smaller odd ratios.

A recent twin study estimated that 79% of the liability
to the development of GD is attributable to genetic factors
[14]. Therefore, about 20% of the liability to develop
GD is due to nongenetic factors. Among the nongenetic
factors postulated to precipitate ATDs are iodine [15, 16]
and medications such as amiodarone [17] and interferon
α [18], infections, smoking, and stress. Amiodarone is a
benzofuranic-derivative iodine-rich drug widely used for the
treatment of tachyarrhythmias. It often causes changes in
thyroid function tests (typically an increase in serum T4

and rT3 and a decrease in serum T3 concentrations), mainly
related to the inhibition of 5�-deiodinase activity. In 14–18%
of amiodarone-treated patients, there is overt thyroid dys-
function, either amiodarone-induced thyrotoxicosis (AIT) or
amiodarone-induced hypothyroidism (AIH). Both AIT and
AIH may develop either in apparently normal thyroid glands
or in glands with preexisting, clinically silent abnormalities.
Preexisting Hashimoto’s thyroiditis is a definite risk factor for
the occurrence of AIH. The pathogenesis of iodine-induced
AIH is related to a failure to escape from the acute Wolff-
Chaikoff effect due to defects in thyroid hormonogenesis
and, in patients with positive thyroid autoantibody tests,
to concomitant Hashimoto’s thyroiditis. AIT is primarily
related to excess iodine-induced thyroid hormone synthesis
in an abnormal thyroid gland (type I AIT) or to amiodarone-
related destructive thyroiditis (type II AIT), but mixed forms
frequently exist [17].

A few studies have shown seasonality [19, 20] and
geographic variation [21] in the incidence of GD, adding

evidence that infectious agents may trigger ATDs. Moreover,
several infectious agents have been implicated including
Yersinia enterocolitica [22, 23], Coxsackie B virus [24],
retroviruses [25, 26], and Helicobacter pylori [27].

By now, the strongest association of ATDs with an
infectious agent is with hepatitis C virus (HCV) [28]. In
most studies examining the frequency of thyroid disorders
in hepatitis C patients, approximately 10% of the patients
had positive autoantibodies prior to initiation of interferon
therapy [29, 30]. Pooling of data from all studies on
HCV infection and thyroid autoimmunity demonstrated a
significant increase in the risk of ATDs in HCV patients [31].

Two main theories have been proposed for the induction
of autoimmunity by infectious agents: (1) the “molecular
mimicry” theory suggests that sequence similarities between
viral or bacterial proteins and self proteins can induce a
cross-over immune response to self antigens [32]; (2) the
“bystander activation” theory proposes that viral infection of
a certain tissue can induce local inflammation and cytokine
release, resulting in activation of autoreactive T cells, that
were suppressed by peripheral regulatory mechanisms [33].

2. Autoimmune Thyroiditis (AT)

The childhood prevalence of chronic autoimmune thy-
roiditis (AT) peaks in early to mid-puberty, and a female
preponderance of 2 : 1 has been reported [34]. Presentation
is rare under the age of 3 years, but cases have been described
even in infancy [35].

2.1. Terminology and Definitions. In 1912, Hashimoto
described four women with goiter and the apparent trans-
formation of thyroid into lymphoid tissue (struma lym-
phomatosa). These patients comprise the first report of
Hashimoto’s disease, which we now recognize as a form
of AT. Improvements in the measurement of circulating
autoantibodies and ultrasonography have obviated the need
for biopsy in the diagnosis of AT. The term thyroiditis is
defined as evidence of “intrathyroidal lymphocytic infil-
tration” with or without follicular damage. Two types of
AT (also defined as chronic lymphocytic thyroiditis) are
causes of persistent hypothyroidism: Hashimoto’s disease
(goitrous form) and atrophic thyroiditis (nongoitrous form).
Both are characterized by circulating thyroid autoantibodies
and varying degrees of thyroid dysfunction, differing only
by the presence or absence of goiter. Transient thyroiditis
seems to be a variant presentation of AT. It is characterized
by an autoimmune-mediated lymphocytic inflammation of
the thyroid gland resulting in a destructive thyroiditis with
release of thyroid hormone and transient hyperthyroidism,
frequently followed by a hypothyroid phase and full recovery.
The condition is particularly common in the postpartum
period, but it has been observed also in children. The
term chronic AT does not include subacute (de Quervain’s)
thyroiditis.

2.2. Pathophysiology. The activation of CD4 (helper) T-
lymphocytes specific for thyroid antigens is believed to be the
first step in pathogenesis. Once activated, self-reactive CD4
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T cells recruit cytotoxic CD8 T cells as well as autoreactive B
cells into the thyroid. The three main targets of thyroid anti-
bodies are thyroglobulin (TG), thyroid peroxidase (TPO),
and the TSH receptor (TSHr). Anti-TPO antibodies have
been shown to inhibit the activity of the enzyme in vitro, but
direct cytotoxicity by CD8 T cells is believed to be the main
mechanism of hypothyroidism in vivo. Anti-TSHr antibodies
of the blocking type may contribute to hypothyroidism in a
minority of adult patients with the atrophic form of AT, but
this has not been proven in children. Histologically, goitrous
AT is characterized by diffuse lymphocytic infiltration with
occasional germinal centers. Thyroid follicles may be reduced
in size and contain sparse colloid. Individual thyroid cells
are often enlarged with oxyphilic cytoplasm (usually defined
Hurthle cells). In contrast, the gland of atrophic AT is small,
with lymphocytic infiltration and fibrous replacement of the
parenchyma [36].

2.3. Clinical Aspects. AT is usually suspected in the presence
of goiter, even in the absence of signs and symptoms of
thyroid dysfunction. It may also be diagnosed incidentally
during medical checkups, screening evaluation of children
with growth defects, or followup of children with associated
diseases, mainly Down syndrome, Turner syndrome, type 1
diabetes, and celiac disease [37–39]. Additionally, a recent
study [40] analyzed morpho-volumetric and functional
thyroid abnormalities in young patients with Williams
syndrome: 31.5% had subclinical hypothyroidism with TSH
above the upper normal limit and normal FT3 and FT4

concentrations, and 67.5% had morphological or volumetric
abnormalities of the thyroid gland at ultrasonography. Anti-
TPO antibodies and anti-TG antibodies were absent in all
patients, suggesting embrional defect of thyroid morpho-
genesis and/or a delayed maturation of the hypothalamic-
pituitary-thyroid axis, instead of an ATD, more common in
the other syndromes.

In all patients with associated diseases, AT is usually
detected in its initial phase when thyroid function is
preserved, with normal or only slightly elevated TSH levels.
At this stage, signs and symptoms of thyroid disease are
usually absent, but because worsening of thyroid function
is a possibility, early recognition of thyroid dysfunction is
necessary to prevent the negative effects of hypothyroidism
on growth and metabolic function. The enlarged thyroid
gland usually is diffuse and nontender; sometimes the gland
may be firm [36]. As the disease progresses, subclinical
and then clinical hypothyroidism appears. Symptoms of
hypothyroidism may be subtle, even with marked biochemi-
cal derangement (Table 1). The initial history should investi-
gate energy level, sleep pattern, menses, cold intolerance, and
school performance. In addition to palpation of the thyroid,
assessment of the extra ocular movements, fluid status,
and deep tendon reflexes are important components of the
physical examination. AT may be the initial presentation of
an autoimmune polyglandular syndrome, and the possibility
of coexisting autoimmune diseases such as type 1 diabetes,
celiac disease, Addison’s disease, and pernicious anemia
must be addressed by the past medical history. Screening
for other autoimmune diseases should be undertaken if

Table 1: Symptoms and signs of overt hypothyroidism.

Goiter

Poor linear growth with increased weight for height

Bone maturation delay

Pubertal disorders (pubertal delay or pseudoprecocious

puberty)

Irregular menstrual periods

Lethargy and/or impaired school performance

Fatigue

Bradycardia and decreased cardiac output

Constipation

Cold intolerance

Hypothermia

Fluid retention and weight gain (due to impaired renal

free water clearance)

Puffiness of the face

Dry skin

Increased body hair

Delayed relaxation phase of the deep tendon reflexes

clinically indicated. Growth and pubertal development may
be deranged. Similar to other endocrine causes of growth
failure, linear growth is compromised to a greater degree
than weight gain, and the bone age is delayed [41, 42].
Hypothyroidism typically causes pubertal delay but may also
induce pseudoprecocious puberty, manifested as testicular
enlargement in boys, breast development, and/or vaginal
bleeding in girls [43–45]. This syndrome clinically differs
from true precocity by the absence of accelerated bone
maturation and linear growth.

2.4. Diagnosis. The serum TSH concentration is elevated
in primary hypothyroidism and its determination is an
appropriate screening test for thyroid dysfunction. If the
differential diagnosis includes central hypothyroidism or
if the overall suspicion for overt hypothyroidism is high,
FT4 should be included. In mild hypothyroidism, serum
FT3 can remain in the normal range due to the increased
conversion of FT4 to FT3 by type 2 deiodinase and the
preferential secretion of FT3 by residual thyroid tissue under
the influence of high TSH levels [46]. For these reasons,
measurement of the serum T3 and FT3 concentration is
not a useful test in the diagnosis or monitoring of patients
with primary hypothyroidism. The presence of goiter or
high TSH levels should prompt the measurement of anti-
TPO antibodies. Anti-TPO antibodies are the most sensitive
screen for AT. Little further benefit is gained by the additional
measurement of anti-TG antibodies, although they may be
added if anti-TPO titers are negative [47]. Ultrasonography
of the gland shows characteristic structural abnormalities
such as generalized hypoechoicity and disomogeneity, due
to inflammation and diffuse lymphocytic infiltration with
occasional germinal centers (pseudonodules). A diffuse
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fibrosis of the gland can become evident at a later stage of
the disease [48].

We recommend thyroid ultrasound to confirm AT diag-
nosis and to investigate the appearance of thyroid nodules
during followup, although it is not considered as a standard
of care.

The typical patient with hypothyroidism secondary to
AT will have an elevated TSH (“typically” over 10 IU/mL),
a low FT4, and positive anti-TPO antibodies. In early
stages of the disease, TSH may be normal and anti-TPO
antibodies may be positive with or without goiter. Later, TSH
elevation becomes modest (5–10 IU/mL) with a normal FT4

(biochemical or subclinical hypothyroidism). Up to 90% of
patients with hypothyroidism secondary to AT are anti-TPO
antibody positive. It should be noted that 10–15% of the
general population are positive for anti-TPO antibodies and
that low titers (less than 1/100 by agglutination methods or
less than 100 IU/L by immunoassays) are less specific for
ATDs [1].

If anti-TPO antibodies are absent, less common eti-
ologies of primary hypothyroidism should be considered:
transient hypothyroidism due to postsubacute thyroiditis,
hypothyroidism related to external irradiation [49], and
consumptive hypothyroidism due to the inactivation of
thyroid hormone by the paraneoplastic expression of type
3 iodothyronine deiodinase, mostly in vascular tumors [50].
Subclinical hypothyroidism is defined as TSH elevation with
normal concentrations of circulating thyroid hormones (FT4

and FT3). The log-linear relationship between serum TSH
and FT4 explains how small reductions in serum FT4 lead to
large deviations in TSH. The majority of these patients are
asymptomatic, but studies in the adult population suggest
that individuals with the combined risk factors of TSH
level above the normal limit and positive thyroid antibodies
(anti-TG or anti-TPO) are at high risk for progression
to overt hypothyroidism. For this reason, we recommend
thyroid hormone replacement in all patients with TSH values
>10 IU/mL or with TSH values >5 IU/mL in combination
with goiter or thyroid autoantibodies [51].

2.5. Therapy and Management. Levothyroxine (L-T4) is the
replacement therapy of choice. There are virtually no adverse
reactions; its good intestinal absorption and its long half-
life of 5–7 days allow oral administration once a day.
Although very rare, the development of pseudotumor cerebri
associated with the initiation of L-T4 has been described in
a small number of school-age children [52]. Some authors
advocate a graded approach to the initiation of L-T4 [53].
Alternatively, a starting dose can be estimated based upon
the patient’s age and ideal body weight (Table 2) [34]. The
medication’s long half-life insures a gradual equilibration
over the course of 5–6 weeks, and dosing should be indi-
vidualized on the basis of biochemical monitoring [34]. TSH
normalization is the goal of replacement. In our practice, we
aim to reach values in the lower part of the normal range
(0.5–2 micro IU/mL). This will usually be associated with an
FT4 in the upper half of the normal range. Thyroid function
tests should be obtained about 6–8 weeks after the initiation
or subsequent adjustment of the L-T4 dosage. Very high

Table 2: Recommended levothyroxine (L-T4) treatment doses.

Age Dose (mcg/kg/day)

0–3 months 10–12

3–6 months 8–10

6–12 months 6–8

1–3 years 4–6

3–10 years 3–4

10–15 years 2–4

>15 years 2–3

Adult 1.6–1.8

TSH levels at diagnosis can be associated with thyrotroph
hypertrophy and gradual suppression over the first year of
treatment [54, 55]. Growth and sexual development should
be followed systematically as in any paediatric patient. Once
biochemical euthyroidism has been achieved, TSH can be
monitored every 4–6 months in the growing child and yearly
up to the attainment of final height. If poor compliance
is suspected as the cause of treatment failure, FT4 should
be measured. A serum TSH greater than twice normal,
with a concomitant normal FT4 level, suggests intermittent
omission of the medication. A variety of conditions or
drugs may alter L-T4 requirements (Table 3). L-T4 should
be administered at least 20 min before eating or ingestion
of any medication known to impair its absorption, such
as calcium and iron supplements, sucralfate, potassium-
binding resins, antacids containing aluminium, and bile-
acids binding resins. All other medications should be checked
for interactions, particularly with antidepressants and seizure
medications (Table 3). Parents of children with AT should be
advised that the hypothyroidism is likely to be permanent
and monitoring of thyroid function for all patients should
be lifelong. The prognosis for recovering lost linear growth
depends on the duration of the hypothyroidism as well as
the age at which treatment is started. If hypothyroidism
is longstanding, thyroid replacement will not recover all
lost stature. Similarly, if the diagnosis is made around
puberty, there may be limited time for recovering the
growth spurt before attaining final height. If the onset of
childhood hypothyroidism occurs after age 2 to 3 years,
no permanent intellectual damage or neurologic deficit is
probable. Children affected by type 1 diabetes, celiac disease,
and Down, Turner, and Williams syndrome should undergo
annual thyroid function tests to ensure that hypothyroidism
has not become evident.

2.6. Natural History and Prognosis. The natural history of AT
in children and adolescents is not fully known. Few studies
have examined the spontaneous evolution of the disease
[56, 57]. A recent Italian retrospective study described the
outcome of 160 children affected with AT followed for up
to 32.6 years in 20 paediatric endocrine clinics [58]. In
agreement with other reports [56, 57], TSH concentrations
showed large fluctuations over time. Analyzing all the data
together, a trend toward progressively deteriorating thyroid
function was evident. However, at the last observation 84
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Table 3: Conditions that increase L-T4 requirements.

Pregnancy

Mucosal diseases of the small bowel

Jejuno-ileal bypass and small bowel resection

Drugs which impair L-T4 absorption (cholestyramine,

sucralfate, aluminum hydroxide, calcium carbonate, and

ferrous sulphate)

Drugs which may enhance CYP3A4 and thereby accelerate

L-T4 clearance (carbamazepine, rifampin, phenytoin,

estrogen, and sertraline)

Drugs which impair T4 to T3 conversion (amiodarone)

Conditions which may block type 1 deiodinase (selenium

deficiency due to dietary deficiencies as in phenylketonuria and

cystic fibrosis)

Cirrhosis

patients (52.5%) still had a normal thyroid function or had
become euthyroid. The authors analyzed reliable prognostic
factors to predict disease evolution but found that clinical
measures, thyroid volume, and antibody concentrations
were similar in the group with normal TSH levels and the
group with elevated TSH levels. The number of patients
with type 1 diabetes was higher in the group with normal
TSH. This can be explained by the fact that patients with
autoimmune diseases are usually periodically assessed for
thyroid autoimmunity, and thus many patients with mild
asymptomatic forms of AT can be identified. Altogether,
the presence of associated diseases did not worsen the
prognosis, because at the end of the follow-up there was
no difference in the frequency of abnormally elevated TSH
between the groups with or without associated diseases. In
agreement with previous findings in children [59–61] and in
contrast with adults [62], the TSH level at baseline was not
a useful marker to predict disease evolution. Both thyroid
antibodies were significantly higher at the last visit in the
group with deteriorating thyroid function; however, whereas
anti-TG antibodies were already higher at baseline, anti-TPO
antibodies increased progressively with time. This finding
suggests that anti-TPO antibodies might represent a marker
of deteriorating thyroid function, in agreement with a pre-
vious report showing a good correlation between anti-TPO
antibodies levels and lymphocytic infiltration of the gland
[63]. The evaluation of patients, according to their final
outcome, revealed that subjects with deteriorating thyroid
function had significantly higher anti-TG antibodies, TSH
concentrations, and greater thyroid volume at presentation.
Nonetheless, these findings were not helpful in individual
patients. On the other hand, it should be remarked that at
5 years of followup, more than 50% of the patients remained
or became euthyroid.

We usually offer a trial off L-T4 therapy to adolescents,
after the completion of growth and puberty. Thyroid func-
tion is retested 6–8 weeks after the stop of medication, to
determine if hypothyroidism is permanent and potentially
restart therapy.

2.7. Thyroid Nodules and Cancer in Patients with AT.
Although unusual in children and adolescents, thyroid nod-
ules are more often malignant in children than in adults [64,
65]. The prevalence of thyroid cancer among patients with
AT is a matter of controversy. After Dailey et al. [66] reported
35 cases of AT among 288 patients with malignant thyroid
disease, postulating that the disorder could be considered
a precancerous lesion, other researchers seek an association
between AT and thyroid cancer. Subsequent studies [67–69]
reported a prevalence range of 1% to 30%. Data on the
occurrence of thyroid cancer in AT refer almost exclusively
to adults. The overall incidence of thyroid cancer among
childhood thyroid nodules was estimated to be 26.4% in
a review by Niedziela [69]. A recent study [64] analyzed
the relationship between AT, cancer, and thyroid nodules in
a large case series of paediatric patients. Thyroid nodules
were found in 115 of 365 patients with AT (31.5%): 69
subjects (60.0%) presented a solitary nodule, and 46 subjects
(40.0%) had multiple nodules. Thirty eight nodules (33%)
were palpable at clinical examination, and the presence
of all of them was confirmed by ultrasonography. Eleven
cases of papillary carcinoma were detected on histologic
examination after total thyroidectomy, with 5 exhibiting
lymph node metastasis. Eight patients had multifocal cancer,
and 3 patients had single focus cancer. The prevalence
of male sex among patients with cancer was greater than
that among patients with AT (odd ratio: 2.95). The find-
ing of lymphadenopathy and the progressive increase of
nodule diameter during L-T4 therapy represented the two
factors that were significantly more frequent in patients
with thyroid cancer than in patients with a benign lesion.
Thyroid ultrasonography provided further useful diagnostic
information. Among patients with thyroid cancer, hypoe-
chogenicity seemed to predominate over other ultrasound
patterns, although it was common also in benign nodules.
Multinodularity was more frequent than uninodularity in
patients with cancer.

2.8. The Link between GD and AT. The observation that the
autoimmune attack against the thyroid gland could result
in two opposing clinical phenotypes, AT and GD, has been
intriguing for decades.

In AT, the lymphocytic infiltration of the thyroid gland
leads to apoptosis of thyroid cells and hypothyroidism. In
contrast, in GD the lymphocytic infiltration of the thyroid
leads to activation of TSHr-reactive B cells that secrete
TSHr-stimulating antibodies causing hyperthyroidism. The
etiology of AT and GD involves common pathways in which
thyroid reactive T cells escape tolerance and infiltrate the
thyroid, and unique pathways in which these thyroid-reactive
T cells either cause thyroid cell death (in AT) or stimulation
(in GD). Although GD and AT have different clinical
phenotypes and the mechanisms leading to their dichotomy
are unknown, they are generally believed to share a number
of common etiological factors. There have been reports on
monozygotic twins in whom one twin had GD and the
other one had AT [70, 71]. Moreover, both conditions may
aggregate in the same family [72] or may even coexist in
the same thyroid gland [73], and some individuals may
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progress from one form to the other. It is more frequent
that GD may spontaneously culminate in hypothyroidism
due to AT [74], while the development of GD from AT as
only occasionally been reported [75, 76]. On the other hand,
whole-genome scanning studies in humans have revealed
differences between the specific loci linked to, or associated
with, these two ATDs [77]. A recent study, performed in 109
children with GD at clinical onset [78], demonstrated that
hyperthyroidism might be preceded by AT presenting either
hypothyroidism or euthyroidism in at least 4 cases (3.7%).
After AT diagnosis, 3 of these patients underwent L-T4

therapy, which was continued for at least 1 year. In all these
cases, a subsequent thyroid function evaluation, performed
1–3 months prior to the GD diagnosis, had evidenced normal
FT4 and TSH serum levels. The time interval between AT
diagnosis and GD presentation ranged from 1.5 to 2.8 years.
All of them exhibited both thyroid enlargement and other
clinical signs as well as symptoms of hyperthyroidism, while
exophthalmos and even mild eye signs were not evident in
any of them. Serum TSHr antibodies were higher in the
patients with no AT antecedents. The clinical course of GD
in patients with AT antecedents was not different from the
one observed in those with no AT antecedents.

3. Graves’ Disease (GD)

Robert Graves reported the clinical syndrome of goiter,
palpitations, and exophthalmos in 1835. In adults, GD
accounts for 60–80% of all patients with hyperthyroidism.
Hyperthyroidism is relatively rare in children (yearly inci-
dence of 8 per 1,000,000 children less than 15 years old and
1 per 1,000,000 children less than 4 years old), but GD is
by far the most common etiology. Girls are affected four to
five times more frequently than boys, although no gender
difference is noted under 4 years of age [79].

3.1. Pathophysiology. GD shares many characteristics with
AT, including anti-TG antibodies, anti-TPO antibodies, and
antibodies against the sodium-iodine symporter. Hyperthy-
roidism is caused by thyroid-stimulating antibodies that
bind and activate TSHr, leading to follicular cell hyperpla-
sia and hypersecretion of thyroid hormones. Lymphocytic
infiltration of the thyroid is present. Sometimes, germinal
centers appear and develop as major sources of intrathyroid
autoantibodies. The lymphocytic infiltration and the accu-
mulation of glycosaminoglycans in the orbital connective
tissue and skin cause the extrathyroidal manifestations of GD
ophthalmopathy and dermopathy, respectively.

3.2. Clinical Aspects. The presentation of GD in childhood
may be insidious and a careful history often reveals a several
month history of progressive symptoms. Children may have
the same signs and symptoms of hyperthyroidism as do
adults, but most often they present with behavioral dis-
turbances: decreased attention span, difficulty concentrating
(which may lead to deteriorating performance in school),
emotional lability, hyperactivity, difficulty sleeping, and ner-
vousness. Typical cardiovascular findings include tachycar-
dia, palpitations, widened pulse pressure, and an overactive

Table 4: Clinical signs and symptoms of hyperthyroidism in
children.

Goiter

Exophthalmos

Acceleration of linear growth

Irritability

Impaired concentration and school performance

Headache

Hyperactivity

Fatigue

Palpitations

Tachycardia

Systolic Hypertension

Polyphagia

Increased frequency of bowel movements with diarrhoea

Weight loss

Heat intolerance

Increased perspiration

Tremor

Polyuria and polydipsia

precordium. Any child who has persistent tachycardia should
be evaluated for hyperthyroidism. Tremors, a shortened deep
tendon reflex relaxation phase, fatigue, and proximal muscle
weakness are possible neuromuscular manifestations of thy-
rotoxicosis. Despite an increase in appetite, affected children
often lose weight and sometimes have diarrhoea, but usually
have frequent bowel movements associated with intestinal
motility (Table 4). Increased perspiration, warmth, and heat
intolerance tend to be late findings. Postpubertal girls often
have menstrual irregularities. A goiter is palpable in the
majority of cases, characterized by diffuse enlargement which
is smooth, firm, and nontender. The pretibial myxedema that
is a common feature of GD in adults is rare in children.

Extrathyroidal manifestations such as ophthalmopathy
and dermopathy are rarer in children than in adults and
tend to be less severe [80]. A 25–60% frequency of ocular
manifestations has been estimated in children, but usually
the ocular signs are mild such as lid retraction, a slight
proptosis that can be attributed to the inflammation and
muscle swelling rather than to infiltrative disease of the
orbital structures. As expected, these signs improve in most
patients after restoration of the euthyroid state [80]. Unique
to pediatric GD is the acceleration of linear growth and
bone maturation associated with prolonged hyperthyroidism
[81, 82].

3.3. Diagnosis. Even if there may be national differences
in terminology, for the purposes of this study the term
thyrotoxicosis refers to the manifestations of excessive quan-
tities of circulating thyroid hormones. On the contrary,
hyperthyroidism refers only to the group of diseases which
are due to the overproduction of hormones by the thyroid
gland. An accurate diagnosis of GD is critical as antithyroid
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drugs have no role in the treatment of thyrotoxicosis
without hyperthyroidism. Thyrotoxicosis is recognized by
an elevation of serum FT4 with a decreased serum TSH
(typically <0.1 micro IU/mL). A determination of the FT3

level should be added if TSH is suppressed and the serum
FT4 is normal. In patients with early disease or in iodine-
deficient patients, serum FT4 concentrations may be normal
or reduced despite elevated levels of FT3. Once biochemical
derangement has been documented, it is helpful to address
the duration of thyrotoxicosis to facilitate the differentiation
of GD from other causes of thyrotoxicosis. Onset may
be documented by prior laboratory studies or inferred
from the history. The differential diagnosis of thyrotoxicosis
includes transient thyroiditis, hyperfunctioning nodules, and
thyrotoxicosis factitia. In the majority of cases, the presence
of a symmetrically enlarged thyroid gland, coupled with the
chronicity of symptoms, will be adequate to allow a diagnosis
(Table 5). If thyrotoxicosis has been present for more than 8
weeks, GD is by far the most likely etiology. The constellation
of thyrotoxicosis, goiter, and orbitopathy is pathognomonic
of this condition, and no additional laboratory tests or imag-
ing studies should be necessary to confirm the diagnosis. If
thyromegaly is subtle and eye changes are absent, a thyroid
echography should be performed. The radioactive iodide
uptake (RAIU) should be reserved for patients in whom a
discrete nodule(s) is palpable or evident at ultrasonography.
In patients with a toxic nodule, iodide uptake will localize
to the nodule and the signal in the surrounding tissue
will be low, secondary to TSH suppression. Thyrotoxicosis
factitia can be recognized by a low RAIU and serum TG,
in the presence of thyrotoxicosis and suppressed TSH levels.
If thyrotoxicosis has been present for less than 8 weeks,
transient thyrotoxicosis secondary to subacute thyroiditis or
the thyrotoxic phase of AT should be considered. An elevated
sedimentation rate supports subacute thyroiditis whereas
increased TPO and TG without increased TSHr antibody
titers supports the latter. RAIU was used in the past decades
to distinguish thyrotoxicosis due to the different forms
of thyroiditis (increased release of thyroid hormone—low
RAIU), from the more common GD (increased production
of thyroid hormone—high RAIU), but the measurement of
TSHr antibodies may now offer an effective tool to make
the correct diagnosis, and RAIU is no more indicated for
differential diagnosis. Anti-TSHr antibodies are commonly
present in GD, whereas they are absent from AT and in
the other forms of thyrotoxicosis. The sensitivity of two
frequently used serum anti-TSHr antibody assays is cited
to be 75–96% for TBII (a competitive binding assay with
TSH) and 85–100% for TSAb measurements (a bioassay
of TSH receptor activation) in untreated GD patients. A
false negative rate of 10–20% has been documented for
serum anti-TSHr antibodies in GD, presumably due to
the inadequate sensitivity of the assays, or the exclusive
intrathyroidal production of autoantibodies.

In practice, the measurement of anti-TSHr antibod-
ies is routinely used in children to avoid RAIU, as the
combination of clinical signs, symptoms of thyrotoxicosis,
and positive autoantibodies, in the absence of a nodule
at ultrasonography, is virtually diagnostic of GD. There

Table 5: Differential diagnosis of thyrotoxicosis in children.

Thyrotoxicosis associated with sustained hormone overproduction
(hyperthyroidism). High RAIU

Graves’ disease

Toxic multinodular goiter

Toxic adenoma

Increased TSH secretion (TSH secreting adenomas)

Thyrotoxicosis without associated hyperthyroidism. Low RAIU

Thyrotoxicosis factitia

Subacute thyroiditis

Chronic autoimmune thyroiditis

Ectopic thyroid tissue (struma ovarii, functioning metastasis

of differentiated thyroid cancer)

is a subgroup of patients who have a subnormal but not
severely depressed TSH (usually 0.1–0.3 micro IU/mL)
and normal serum concentrations of thyroid hormones.
These patients are generally asymptomatic and the term
“subclinical hyperthyroidism” has been applied to their
condition. In elderly people, a low serum TSH concentra-
tion has been associated with an increased risk of atrial
fibrillation, but no similar risks have been identified in
the paediatric population [83]. Furthermore, several studies
indicate that approximately half of patients with subclinical
thyrotoxicosis will experience a spontaneous remission [84].
The initial detection of a suppressed TSH concentration,
without elevated levels of thyroid hormone or associated
symptoms, should be addressed simply by repeating thyroid
function tests in 4–8 weeks. Assuming there are no specific
risk factors such as a history of cardiac disease, asymptomatic
children with subclinical hyperthyroidism can be followed
with the expectation that TSH suppression due to transient
thyroiditis will resolve spontaneously and that due to GD or
autonomous secretion will declare itself clinically over time.

3.4. Antithyroid Medications. The treatment of hyperthy-
roidism due to GD may be divided into two categories,
antithyroid medications and definitive therapy. The thion-
amide derivatives, methimazole (MMI) and propylthiouracil
(PTU), are the most commonly used antithyroid drugs
[85]. Both thionamides block thyroid hormone biosynthesis
and PTU, when used at doses over 450–600 mg per day,
have the additional action of inhibiting the extrathyroidal
conversion of T4 to T3. The recommended starting dose is
0.5–1.0 mg/kg per day for MMI and 5–10 mg/kg per day
for PTU. Both drugs cross the placenta, although PTU does
so less and is preferred during pregnancy. Although both
are present in human milk, their concentrations are low,
and breastfeeding may be continued. Due to its longer half-
life, MMI can be administered once or twice a day, whereas
PTU should be administered three times a day. Over the 60
years that this medication has been used, reports of PTU-
related liver failure and death have been accumulated. The
risk of severe PTU-induced liver failure is estimated as 1
in 2000–4000 children. The number of children developing
reversible PTU-induced liver injury is estimated to be at
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least 1 in 200 children. Routine biochemical surveillance of
liver function and hepatocellular integrity is not useful in
identifying children who will develop liver failure. Children
appear to be at higher risk for PTU-induced liver injury than
adults. PTU should not be used as first line therapy for the
treatment of GD in children. Current PTU use in children
should be stopped in favor of alternate therapies [86, 87].

For the specific situations of severe hyperthyroidism
or thyroid storm, PTU has been the preferred thionamide
because of its blockade of T4 to T3 conversion, through
the inhibition of type 1 iodothyronine deiodinase. In such
patients, a combination of high doses of PTU (up to 1200 mg
per day divided in 4 doses) and inorganic iodine (SSKI: three
drops orally twice a day, for 5–10 days) will speed the fall in
circulating thyroid hormones. Some authors have advocated
a “block and replace” strategy of high-dose antithyroid
medication (to suppress all endogenous thyroxine secre-
tion) combined with levothyroxine replacement. One report
described a lower frequency of recurrence with this approach
[88]. However, all subsequent studies have failed to duplicate
this finding [89]. For the purpose of simplifying therapy
and minimizing the risk of adverse effects, we usually prefer
monotherapy with a single antithyroid medication. After
FT4 level has fallen to the upper end of normal range, the
dose of antithyroid drug should be decreased by one half
or one third. Further dose adjustments are guided by serial
thyroid function tests, initially relying upon the FT4. After
pituitary TSH secretion recovers from suppression, the goal
of maintenance therapy is TSH normalization. The “block
and replace” approach is more complicated, but it can be
useful in small children when the titration and tapering of
the thionamide dose can be difficult: even very small doses
are able to cause hypothyroidism, but the therapy cannot be
stopped too early, due to the elevated risk of recurrence. The
first clinical response to medications is usually evident after
2–4 weeks. Weight loss stops or weight gain occurs. Beta-
adrenergic antagonists may be used as an adjunct during this
interval but, as the cardiovascular manifestations of hyper-
thyroidism are generally well tolerated in children, we reserve
this therapy for symptomatically significant palpitations.
Antithyroid drugs are usually well tolerated, but side effects
are seen more commonly in children than in adults. Thirty-
six serious complications and 2 deaths in children have
been reported to the FDA [90]. Agranulocytosis (defined
as a granulocyte count less than 500/microL) is a serious
idiosyncratic reaction that can occur with either MMI or
PTU. For this reason, a baseline white count should be
obtained prior to the initiation of antithyroid drugs, since
mild neutropenia may be present in the GD patients prior
to the initiation of treatment, and it will be repeated 7–10
days after the start of therapy. Families should be advised
that fever, sore throat, or other serious infections may
be manifestations of agranulocytosis and therefore should
prompt the immediate cessation of antithyroid drugs, the
notification of the physician, and a determination of white
blood cell count.

Reports of long-term remission rates in children are
variable, ranging anywhere from 30–60% [91]. Remission
rates are considerably less in prepubertal (17%) compared

to pubertal (30%) children, but a recent retrospective study
of 76 paediatric patients describes a 38% rate of long-
term remission achieved with more prolonged courses of
antithyroid medication (mean treatment duration of 3.3 yr)
[92]. If the dose of antithyroid medication required to
maintain euthyroidism is 5 mg per day of MMI (or less
for younger children) for 6 months to 1 year and the
serum TSH concentration is normal, a trial of medication
may be offered. Antithyroid drugs can be discontinued
and TSH concentrations monitored at monthly intervals.
If hyperthyroidism relapses, as indicated by suppressed
TSH levels with elevated FT4 levels, antithyroid medications
should be resumed or definitive therapy provided.

3.5. Definitive Therapy. The two options for the definitive
treatment of GD are I-131 and thyroidectomy. Both usually
result in life-long hypothyroidism, and there is no agreement
in the literature as to their indications. Some centers consider
these modalities as options for the initial treatment of
paediatric hyperthyroidism [93–95]. However, considering
that a remission of GD occurs in a significant percentage of
children, at the onset of the disease we recommend a long-
term trial with antithyroid medications (at least 2 years of
continuous therapy). If the disease relapses after stopping
therapy, one of the definitive therapeutical options should be
considered. If patient noncompliance prevents the successful
treatment, or both antithyroid medications must be discon-
tinued secondary to serious drug reactions, the choice of a
definitive therapy is appropriate. Thyroid ablation by I-131
is the first choice definitive treatment in adults, but concerns
over the potential long-term complications of paediatric
radiation exposure have made endocrinologists cautious in
applying this approach to children [96]. The literature about
GD in adults describes an increased relative risk for the
development of stomach cancer (1.3 fold) and breast cancer
(1.9 fold), but no large, long-term, follow-up studies of
patients treated under 16 years of age have appeared [97]. It
is estimated that more than 1000 children have received I-131
for the treatment of GD. To date, there are no reports of an
increase in the incidence of thyroid carcinoma or leukaemia
in this population [96, 97]. Despite the reassurances of
these reports, experience with X-rays and the Chernobyl
nuclear power plant accident indicate that the carcinogenic
effects of radiation to the thyroid are the highest in young
children [98, 99]. This argues for continued surveillance and,
for children who fail antithyroid medication, the provision
of an I-131 dose adequate to destroy all thyroid follicular
cells. Some institutions administer an empiric dose of 3–15
millicuries, or a dose based upon the estimated weight of the
gland (50–200 micro CI per gram of thyroid tissue) [95–97].
Efficacy is dependent upon both thyroid uptake and mass,
and it is more useful to prescribe a dose which will provide
approximately 200 micro Ci/g estimated weight in the gland
at 24 hours. Antithyroid drugs should be discontinued for 3
days prior to the administration of I-131. For children who
are unable to swallow a capsule, a liquid preparation of I-131
is available

Dose = 200 micro Ci/g× g(thy)× 100
% uptake in 24 h

. (1)
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The frequency of acute side-effects is low although vomiting
has been frequently described in paediatric patients [95].
One prospective study of 443 patients ranging from 15 to 85
years of age has raised the concern that I-131 may worsen or
precipitate the development of Graves’ ophthalmopathy in
approximately 15% of cases [100]. Severe ophthalmopathy
is less common in paediatric GD, but a study addressing
the risk of this presentation in children is not available.
The current paediatric literature suggests that the rate of
ophthalmologic exacerbation is similar amongst the various
treatment modalities: 3% after I-131, 2% with thionamide
derivatives, and 9% after subtotal thyroidectomy [88]. A
short course of glucocorticoids is appropriate if there is
rapid progression of ophthalmopathy or as prophylaxis
prior to radioiodine in children with pre-existing severe
ophthalmopathy. Baseline opthalmological assessment at the
onset of treatment is advisable.

Thyroidectomy is rarely used electively for the definitive
therapy of GD, except with massive thyromegaly (over eight
times normal size or thyroid weight >80 g) or for patients
in whom coexisting nodules are suspicious for carcinoma by
fine needle aspiration. A meta-analysis of the paediatric lit-
erature provided the following analysis of surgical treatment:
subtotal thyroidectomy relieved hyperthyroidism in 80% of
patients, with 60% becoming hypothyroid. Total thyroidec-
tomy cured hyperthyroidism in over 97% of patients with
nearly universal hypothyroidism. The overall complication
rate in children included a 2% incidence of permanent
hypoparathyroidism, a 2% incidence of vocal cord paralysis,
and a 0.08% mortality [90]. One large institution has
published a series of 82 children treated surgically over 14 yr
with much better results. Bilateral subtotal resection was
the most frequently performed operation (86%) and, with
a median followup of 8.3 yr. A recurrence rate of 6% is
reported, while no cases of permanent recurrent laryngeal
nerve palsy, permanent parathyroid disease, or death were
observed [101]. The difference between the average compli-
cation rate and those in a single institution emphasizes the
importance of skill and experience in the performance of this
procedure [102]. Postoperative hypothyroidism is expected
and it is easily treated, and all GD patients require life-long
monitoring. We suggest to consider thyroidectomy only for
patients who have persistently failed medical management
or those whose parents or physicians do not wish to proceed
with radioiodine therapy. Based on the results to date, I-131
therapy is an acceptable alternative if the surgical options
are undesirable. I-131 is recommended for all patients who
recur following surgery, due to the high complication rate of
secondary thyroidectomy [103].

3.6. Neonatal GD. Thyroid hormones are necessary for
optimal foetal and neonatal development, and the risk of
malformations may be increased in the newborns to hyper-
thyroid mothers [104, 105]. Lack of thyroid hormones for
more than a few weeks, during vulnerable periods of devel-
opment, involves a risk of permanent cerebral impairment
[106]. Conversely, excess amounts of thyroid hormone are
associated with increased risk of foetal death and may lead
to accelerated bone maturation leading to early epiphyseal

fusion and growth cessation. Also long-term exposure may
lead to ostepenia in adolescence and adulthood [107]. Only
0.6% of infants born to mothers with a history of GD will
develop neonatal hyperthyroidism, due to the transplacental
passage of thyroid-stimulating immunoglobulins. Even after
definitive treatment by I-131 or thyroidectomy, women
with a history of ATDs are at risk for foetal and neonatal
thyroid dysfunction secondary to the persistence of maternal
autoantibodies. The pregnancy of such women should be
considered high risk, and the care should be coordinated
between an experienced obstetrician and an endocrinologist.
Foetal heart rate and growth should be monitored by
regular prenatal ultrasounds. The measurement of anti-
TSHr antibodies during at-risk pregnancies has been recom-
mended as a predictor for the development of foetal/neonatal
GD [108]. Highly experienced ultrasonographers can often
visualize the foetal thyroid. The presence of foetal goiter,
tachycardia, and intrauterine growth retardation suggests
foetal hyperthyroidism. In these rare patients, antithyroid
drugs are administered to the mother to control foetal
hyperthyroidism, this will keep the foetus euthyroid until
birth. After birth, the antithyroid drugs from the mother
will disappear from the foetal circulation within the first
days of life. After some delay, neonatal hyperthyroidism may
develop and remain until the maternal antibodies are cleared.
Paediatricians should be aware that the use of maternal
antithyroid medications near the time of delivery or the co-
transfer of maternal anti-TSHr blocking immunoglobulins
may delay the appearance of neonatal GD [107]. For high-
risk infants, such as those born to mothers with high levels of
anti-TSHr stimulating antibodies or those with a history of
an affected sibling, clinical monitoring and thyroid function
tests at birth and at 1 and 2 months of age are recommended
[109]. An additional set of laboratory tests at 1 week of age
is indicated for infants who have been exposed to maternal
antithyroid drugs in the third trimester. Affected infants
are often flushed, diaphoretic, and hyperkinetic. Goiter is
common and, when severe, can endanger the infant’s airway.
Diarrhoea, vomiting, poor weight gain, and a transient
exophthalmos may be seen. Arrhythmias and/or congestive
heart failure can develop and require treatment with digoxin.
Serum for confirmatory thyroid function tests (TSH, FT4)
should be obtained and treatment initiated immediately.
PTU (5–10 mg/kg per day) or MMI (0.5–1.0 mg/kg per day)
may be administered, orally or by gastric tube, in divided
doses every 8 hours. MMI is preferred following reports of
serious PTU toxicity. Inorganic iodine will speed the fall
in circulating thyroid hormone, using saturated solution of
potassium iodide (SSKI) (48 mg iodide/drop) at the dose of
one drop per day. Iopanoic acid or sodium ipoiodate have
also been used for their iodine content and their capacity
to inhibit the activation of T4 to T3. As in older patients,
adjunctive therapy with beta-blockers (propranolol: 2 mg/kg
per day—in 4 doses) and glucocorticoids (prednisone:
2 mg/kg per day—in 2 doses) may be helpful in severe
cases. Cardiac failure may occur in some cases and require
treatment with digoxin. During the period of foetal and
neonatal hyperthyroidism, the pituitary TSH secretion has
been suppressed and the phase of neonatal hyperthyroidism
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may be followed by a phase of secondary hypothyroidism,
until pituitary TSH secretion is restored.

The cumulative morbidity of neonatal Graves was esti-
mated to be as high as 25% in the past, although it appears to
be considerably lower today [108, 109]. Potential long-term
morbidity includes growth retardation, craniosynostosis,
impaired intellectual function, and central hypothyroidism.
The half-life of maternal immunoglobulin is approximately
14 days, so most cases of neonatal Graves will resolve
after 3–12 weeks (depending upon the initial levels of anti-
TSHr antibodies). The history of maternal illness is critical.
Adolescent women who have GD should know that, even if
they are “cured,” when they become pregnant, their babies
eventually will be at risk.

The differential diagnosis of neonatal thyrotoxicosis
includes the McCune-Albright syndrome, activating muta-
tions of the TSH receptor and thyroid hormone resistance
syndrome [109, 110]. These non-autoimmune etiologies
are rare but should be considered if thyrotoxicosis persists
beyond 3 months of age.
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Kieslich, M. Grabert, and R. W. Holl, “Thyroid autoim-
munity in children and adolescents with type 1 diabetes: a
multicenter survey,” Diabetes Care, vol. 25, no. 8, pp. 1346–
1350, 2002.

[40] P. Cambiaso, C. Orazi, M. C. Digilio et al., “Thyroid
morphology and subclinical hypothyroidism in children and
adolescents with Williams syndrome,” Journal of Pediatrics,
vol. 150, no. 1, pp. 62–65, 2007.
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NÚMERO:  019/2013 
DATA:  
ATUALIZAÇÃO 

26/11/2013 
16/06/2015 

ASSUNTO:  Abordagem Diagnóstica do Nódulo da Tiroide em Idade Pediátrica e no 
Adulto 

PALAVRAS-CHAVE: Tiroide 
PARA: Médicos do Sistema de Saúde 
CONTACTOS: Departamento da Qualidade na Saúde (dqs@dgs.pt) 

Nos termos da alínea a) do nº 2 do artigo 2º do Decreto Regulamentar nº 14/2012, de 26 de Janeiro, por 
proposta conjunta do Departamento da Qualidade na Saúde, do Programa Nacional para as Doenças 
Oncológicas e da Ordem dos Médicos, emite a seguinte: 

 

NORMA 

1. O rastreio ecográfico da patologia nodular da tiroide não está indicado na população em geral (Nível 

de Evidência B, Grau de Recomendação IIb) 1,2,3. 

2. O diagnóstico clínico ou imagiológico incidental de patologia nodular da tiroide obriga à realização de 

ecografia da tiroide para a confirmação (Nível de Evidência B, Grau de Recomendação I)1,2,3, devendo 

o estudo ecográfico incluir a avaliação dos compartimentos ganglionares cervicais, com particular 

atenção ao compartimento central (Nível de Evidência B, Grau de Recomendação IIa) 1,2,3.  

3. O diagnóstico de patologia nodular da tiroide implica a avaliação laboratorial da função tiroideia que 

inclui o doseamento da Hormona Estimulante da Tiroide (TSH) (consultar a Norma 039/2011” 

Prescrição de Exames Laboratoriais para Avaliação e Monitorização da Função Tiroideia”) (Nível de 

Evidência A, Grau de Recomendação I) 1,2,3,4,5,6,7. 

4. A cintigrafia não deve ser prescrita por rotina no estudo da patologia nodular da tiroide (Nível de 

Evidência B, Grau de Recomendação III) 1,2,3. 

5. Os doentes com TSH baixa devem efetuar cintigrafia da tiroide para confirmar ou excluir nódulo 

hiperfixante (nódulo quente), (Nível de Evidência A, Grau de Recomendação I)1,2,3. 

6. O doseamento por rotina da tireoglobulina sérica, não está indicado na avaliação dos nódulos da 

tiroide (Nível de Evidência A, Grau de Recomendação III) 2,3. 

7. O doseamento da calcitonina sérica está indicado em: 

a) Idade pediátrica, até aos 18 anos (Nível de Evidência B, Grau de Recomendação I) 3,4,8,9; e 

b) Quando existe (Nível de Evidência A, Grau de Recomendação I) 2,3,4,7: 

Francisco 
Henrique 
Moura George

Digitally signed by Francisco 
Henrique Moura George 
DN: c=PT, o=Ministério da Saúde, 
ou=Direcção-Geral da Saúde, 
cn=Francisco Henrique Moura 
George 
Date: 2015.06.16 16:03:39 +01'00'
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i. Suspeita clínica; ou 

ii. Suspeita citológica; ou 

iii.  Antecedentes familiares de carcinoma medular da tiroide (CMT) ou de neoplasia 

endócrina múltipla tipo 2 (NEM 2). 

8. A confirmação ecográfica de nódulo da tiroide obriga a decisão, devidamente fundamentada no 

processo clinico, sobre a realização ou não de citologia aspirativa com agulha fina (CAAF) da tiroide, o 

método de eleição, para a avaliação do risco de malignidade dos nódulos tiroideus (Nível de 

Evidência A, Grau de Recomendação I) 2,3,4,5,10,11.  

9.  A CAAF deve ser realizada preferencialmente sob controlo de ecografia (Nível de Evidência B, Grau 

de Recomendação I) 2,3. 

10.  A CAAF guiada por palpação pressupõe a realização de ecografia prévia (Nível de Evidência B, Grau 

de Recomendação I) 2,3.  

11.  A CAAF deve ser sempre efetuada sob controlo ecográfico em (Nível de Evidência B, Grau de 

Recomendação I) 2,3,4,6,7: 

a. Nódulos não palpáveis ou de difícil palpação; ou 

b. Nódulos com componente quístico superior a 50%. 

12.  Não existem contraindicações absolutas para a realização de CAAF da tiroide. Existem, todavia, 

contraindicações relativas, que devem ser consideradas antes de se decidir efetuar o procedimento. 

Estas incluem: 

a) Coagulopatia significativa de difícil correção; 

b) Compromisso cardiorrespiratório severo, instabilidade hemodinâmica ou estádio terminal 

de doença;  

c) Ausência de um trajeto seguro entre a pele e a lesão;  

d) Impossibilidade de obter a colaboração do doente ou de o posicionar adequadamente.  

13.  Os relatórios dos exames de citologia aspirativa da tiroide devem ser efetuados segundo o modelo e 

terminologia propostos na versão adaptada para português da classificação de Bethesda, elaborada 

pela Sociedade Portuguesa de Citologia, disponível em www.spcitologia.org.  



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

PaTologia da Tiróide ii  |  PaTologia Nodular da Tiróide  |  riTa saNTos silva

136

 

 Norma nº 019/2013 de 26/11/2013 atualizada a 16/06/2015 3/15 
 

14.  Deve ser obtido o consentimento informado escrito de todos os doentes submetidos a CAAF da 

tiroide, integrado no processo clínico 8.  

15.  Quando existe cintigrafia da tiroide prévia só devem ser considerados para CAAF nódulos 

hipofixantes (frios) ou isofixantes (Nível de Evidência B, Grau de Recomendação IIa) 1,2,3. 

16.  A indicação para CAAF em nódulos da tiroide está dependente de (Nível de Evidência B, Grau de 

Recomendação I) 1,2,3,4,5,6,7:  

a) Dimensão; 

b) Ecoestrutura interna (sólida, mista ou quística);  

c) Presença de risco clínico de malignidade aumentado e/ou critérios ecográficos de suspeição.  

17. São considerados critérios ecográficos suspeitos para a indicação de CAAF (Nível de Evidência B, Grau 

de Recomendação I) 1,2,3,4,5,6,7:  

a) Nódulo sólido hipoecogénico; 

b) Presença de microcalcificações; 

c) Hipervascularização intranodular; 

d) Margens irregulares ou mal definidas; 

e) Diâmetro anteroposterior > diâmetro transversal;  

f) Invasão de tecidos extratiroideus; e 

g) Adenopatias cervicais. 

18.  Considera-se risco clínico de malignidade aumentado para a indicação de CAAF (Nível de Evidência B, 

Grau de Recomendação I) 1,2,3: 

a) Idade < 14 anos 3,6; 

b) Exposição a radiação da região tiroideia na infância ou adolescência; cancro da tiroide ou 

NEM 2 em familiar de 1º grau;  

c) Antecedentes pessoais de patologia com risco acrescido de cancro da tiroide (polipose 

adenomatosa familiar, complexo de Carney, síndrome de Cowden ou síndrome de McCune-

Albright);  
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d) Hiperfixação focal em localização tiroideia na tomografia de positrões com 

fluorodesoxiglucose marcada com F 18 (PET com 18F-FDG) ou na cintigrafia das glândulas 

paratiroideias;  

e) História pessoal de cirurgia prévia por cancro da tiroide; 

f) Nódulo duro e aderente à palpação; 

g) Crescimento nodular rápido e progressivo;  

h) Sintomatologia compressiva ou infiltrativa cervical (incluindo paresia/paralisia de cordas 

vocais); 

i) Presença de adenomegalia cervical suspeita;  

j) Valor elevado de calcitonina. 

19.  Nódulos <10 mm sem critérios ecográficos suspeitos ou sem risco clínico aumentado não têm 

indicação para CAAF (Nível de Evidência B, Grau de Recomendação I) 1,2,3. 

20.  Na ausência de critérios ecográficos suspeitos e não havendo risco clínico aumentado, a CAAF está 

indicada nos seguintes casos (Nível de Evidência B, Grau de Recomendação IIb) 1,2,3,4,5,6,7: 

a) Nódulos sólidos com maior dimensão  10-15 mm (de acordo com critério clínico); 

b) Nódulos mistos com maior dimensão  15-20 mm (de acordo com critério clínico); 

c) Nódulos quísticos puros com maior dimensão  40 mm e principalmente por indicação 

terapêutica (redução de volume). 

21.  Os nódulos com critérios ecográficos suspeitos e/ou risco clínico aumentado têm indicação para 

CAAF se dimensão  10 mm (Nível de Evidência B, Grau de Recomendação IIa) 1,2,3,4,6,7.  

22.  Nos nódulos < 10 mm, com critérios ecográficos suspeitos e/ou risco clínico aumentado pode ainda 

ser considerada a CAAF se tecnicamente possível e sempre de acordo com critério clínico 

devidamente justificado no processo clínico (Nível de Evidência B, Grau de Recomendação IIb) 1,2,3,4,6,7.   

23.  No bócio multinodular, o risco de cancro é semelhante ao do nódulo solitário: 

a) Assim, deve ser considerada a indicação para CAAF em todos os nódulos que obedecem aos 

critérios estabelecidos para o nódulo único da tiroide (Nível de Evidência B, Grau de 

Recomendação IIa) 1,2,3,4,5,6,7; 
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b) Se os nódulos forem muito numerosos pode ser considerada apenas a punção dos nódulos 

mais suspeitos de acordo com a dimensão, proporção de componente sólido, critérios 

ecográficos suspeitos e caraterísticas cintigráficas (Nível de Evidência B, Grau de 

Recomendação IIb) 1,2,3. 

24. A citologia não diagnóstica (de acordo com classificação de Bethesda) deve ser repetida com controlo 

ecográfico. 

25.  Devem ser referenciados para centro de tratamento especializado, a efetuar no prazo máximo de 30 

dias (com carácter de urgência), todos os doentes com os seguintes diagnósticos citológicos 

(classificação de Bethesda): 

a) Não diagnóstica que persiste após repetição; 

b) Lesão folicular de significado indeterminado; 

c) Tumor folicular; 

d) Suspeita de malignidade 

e) Diagnóstico de malignidade (Nível de Evidência B, Grau de Recomendação IIa) 2,3,6,7. 

26.  A vigilância da patologia nodular da tiroide, após realização de CAAF de nódulos com essa indicação 

e com resultados citológicos de benignidade, deve incluir: 

a) Uma reavaliação inicial nos 6-18 meses seguintes: clinica, ecográfica e analítica 

(doseamento da TSH) (Nível de Evidência B, Grau de Recomendação IIb) 1,2,3,4,5,6,7; 

b) Um seguimento posterior com periodicidade definida de acordo com a evolução 

da doença (Nível de Evidência C, Grau de Recomendação IIb) 2,3; 

27.  Durante o seguimento a CAAF deve ser repetida em nódulos com citologia prévia benigna se o 

volume do componente sólido do nodulo aumentar mais de 50% ou se surgirem critérios ecográficos 

suspeitos ou risco clinico aumentado (Nível de Evidência B, Grau de Recomendação IIb) 2,3,4,5,6,7.  

28.  Os exames ou tratamentos com produtos radioativos estão contraindicados na mulher grávida (Nível 

de Evidência B, Grau de Recomendação I) 2,3,6,7. 

29.  Qualquer exceção à Norma é fundamentada clinicamente, com registo no processo clínico. 

 



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

PaTologia da Tiróide ii  |  PaTologia Nodular da Tiróide  |  riTa saNTos silva

139

  
6/

15
 

 30
. O

 a
lg

or
itm

o 
cl

ín
ic

o 

                          

H
is

tó
ri

a 
cl

in
ic

a 
Ec

og
ra

fia
 

TS
H

 

Cr
ité

ri
os

 
cl

ín
ic

os
 

su
sp

ei
to

s 

Cr
ité

ri
os

 e
co

gr
áf

ic
os

 
Su

sp
ei

to
s 

 

N
or

m
al

/a
lta

 
Ba

ix
a 

Si
m

 

   
Só

lid
o 

   
   

   
   

  M
is

to
   

   
   

   
  Q

uí
st

ic
o 

pu
ro

 
  

10
-1

5 
m

m
   

   
  

15
-2

0 
m

m
   

   
   

   
   
4

0 
m

m
 

 C A A F 

 
10

 m
m

 

Ci
nt

ig
ra

fia
 

H
ip

o 
ou

 is
of

ix
an

te
 

H
ip

er
fix

an
te

 
is

of
ix

an
te

 

N
ão

 

Si
m

 

N
ão

 



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

PaTologia da Tiróide ii  |  PaTologia Nodular da Tiróide  |  riTa saNTos silva

140

 

 Norma nº 019/2013 de 26/11/2013 atualizada a 16/06/2015 7/15 
 

31. O instrumento de auditoria clínica 

Instrumento de Auditoria Clínica 
Norma “Nódulo da Tiroide em Idade Pediátrica e no Adulto” 

Unidade:  
Data: ___/___/___                               Equipa auditora: 

1:Consentimento Informado 
Critérios Sim Não N/A EVIDÊNCIA/FONTE 
Existe evidência de um consentimento informado escrito para a realização de 
CAAF da tiroide, integrado no processo clínico 

    

Sub-total 0 0 0  
ÍNDICE CONFORMIDADE %  

2:Diagnóstico 
Critérios Sim Não N/A EVIDÊNCIA/FONTE 
Existe evidência de que o rastreio ecográfico da patologia nodular da tiroide 
não é indicado na população em geral 

    

Existe evidência de que para a confirmação do diagnóstico clínico ou 
imagiológico incidental de patologia nodular da tiroide, é realizada ecografia 
da tiroide com avaliação dos compartimentos ganglionares cervicais, com 
particular atenção ao compartimento central 

    

Existe evidência de que para o diagnóstico de patologia nodular da tiroide é 
efetuada avaliação laboratorial da função tiroideia que inclui o doseamento 
da hormona estimulante da tiroide (TSH)  

    

Existe evidência de que a cintigrafia não é prescrita por rotina e fora das 
indicações recomendadas no estudo do doente com patologia nodular da 
tiroide  

    

Existe evidência de que no doente com hormona estimulante da tiroide (TSH) 
baixa é efetuada cintigrafia da tiroide para confirmar ou excluir nódulo 
hiperfixante (nódulo quente) 

    

Existe evidência de que o doseamento da tireoglobulina sérica não é 
indicado na avaliação dos nódulos da tiroide  

    

Existe evidência de que o doseamento da calcitonina sérica é indicado em 
idade pediátrica até aos 18 anos e quando existe: suspeita clínica; ou 
suspeita citológica; ou antecedentes familiares de carcinoma medular da 
tiroide (CMT) ou de neoplasia endócrina múltipla tipo 2 (NEM 2)  

    

Existe evidência de que após a confirmação ecográfica de nódulo da tiroide, 
a indicação ou não para a realização de citologia aspirativa com agulha fina 
(CAAF) da tiroide (método de eleição para a avaliação do risco de 
malignidade dos nódulos tiroideus) é devidamente fundamentada no 
processo clínico 

    

Existe evidência de que a citologia aspirativa com agulha fina (CAAF) é 
realizada, preferencialmente, sob controlo de ecografia 

    

Existe evidência de que a citologia aspirativa com agulha fina (CAAF) guiada 
por palpação é efetuada, após a realização prévia de ecografia 

    

Existe evidência de que a citologia aspirativa com agulha fina (CAAF) é 
sempre efetuada sob controlo ecográfico em: nódulos não palpáveis ou de 
difícil palpação; ou nódulos com componente quístico superior a 50% 

    

Existe evidência de que na decisão sobre a indicação para citologia aspirativa 
com agulha fina (CAAF) são consideradas as contraindicações relativas: 
coagulopatia significativa de difícil correção; compromisso 
cardiorrespiratório severo, instabilidade hemodinâmica ou estádio terminal 
de doença; ausência de um trajeto seguro entre a pele e a lesão; 
impossibilidade de obter a colaboração do doente ou de o posicionar 
adequadamente 

    

Existe evidência de que no doente com cintigrafia prévia da tiroide só são 
considerados para citologia aspirativa com agulha fina (CAAF), nódulos 
hipofixantes (frios) ou isofixantes 
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Existe evidência de que no doente com nódulos da tiroide, a indicação para 
citologia aspirativa com agulha fina (CAAF) depende dos seguintes critérios: 
dimensão; ecoestrutura interna (sólida, mista ou quística); presença de risco 
clínico de malignidade aumentado e/ou critérios ecográficos de suspeição  

    

Existe evidência de que a indicação para citologia aspirativa com agulha fina 
(CAAF) no doente depende da presença de critérios ecográficos suspeitos: 
nódulo sólido hipoecogénico, presença de microcalcificações, 
hipervascularização intranodular, margens irregulares ou mal definidas, 
diâmetro anteroposterior > diâmetro transversal, invasão de tecidos 
extratiroideus e adenopatias cervicais 

    

Existe evidência de que a indicação para citologia aspirativa com agulha fina 
(CAAF) no doente depende da presença de risco de malignidade aumentado: 
idade <14; exposição a radiação da região tiroideia na infância ou 
adolescência; cancro da tiroide ou NEM 2 em familiar de 1º grau; 
antecedentes pessoais de patologia com risco acrescido de cancro da tiroide 
(polipose adenomatosa familiar, complexo de Carney, síndrome de Cowden 
e síndrome de McCune-Albright); hiperfixação focal em localização tiroideia 
na tomografia de positrões com fluorodesoxiglucose marcada com F 18 (PET 
com 18F-FDG) ou na cintigrafia das glândulas paratiroideias; história pessoal 
de cirurgia prévia por cancro da tiroide; nódulo duro e aderente à palpação; 
crescimento nodular rápido e progressivo; sintomatologia compressiva ou 
infiltrativa cervical (incluindo paresia/paralisia de cordas vocais); presença de 
adenomegalia cervical suspeita; valor elevado de calcitonina 

    

Existe evidência de que no doente com nódulo <10 mm sem critérios 
ecográficos suspeitos ou sem risco clínico aumentado não é efetuada a 
citologia aspirativa com agulha fina (CAAF) 

    

Existe evidência de que na ausência de critérios ecográficos suspeitos e não 
havendo risco clínico aumentado, a citologia aspirativa com agulha fina 
(CAAF) é indicada no doente com: nódulos sólidos com maior dimensão ≥ 10-
15 mm (de acordo com critério clínico); nódulos mistos com maior dimensão 
≥ 15-20 mm (de acordo com critério clínico); nódulos quísticos puros com 
maior dimensão ≥ 40 mm e principalmente por indicação terapêutica 
(redução de volume) 

    

Existe evidência de que no doente com critérios ecográficos suspeitos e/ou 
risco clínico aumentado a citologia aspirativa com agulha fina (CAAF) é 
indicada em nódulos com dimensão  10mm   

    

Existe evidência de que no doente com nódulos <10mm, critérios ecográficos 
suspeitos e/ou risco clínico aumentado pode ser considerada a citologia 
aspirativa com agulha fina (CAAF) se tecnicamente possível, sendo 
fundamentada clinicamente 

    

Existe evidência de que no doente com bócio multinodular, é considerada a 
indicação para citologia aspirativa com agulha fina (CAAF) quando os nódulos 
obedecem aos critérios estabelecidos para o nódulo único da tiroide 

    

Existe evidência de que no doente com bócio multinodular, com nódulos 
muito numerosos, pode ser considerada apenas a punção dos nódulos mais 
suspeitos de acordo com a dimensão, proporção de componente sólido, 
critérios ecográficos suspeitos e caraterísticas cintigráficas 

    

Existe evidência de que no doente com citologia não diagnóstica (de acordo 
com classificação de Bethesda), é indicada a repetição da citologia aspirativa 
com agulha fina (CAAF) com controlo ecográfico 

    

Existe evidência de que não são efetuados meios complementares de 
diagnóstico (MCDT) ou tratamentos com produtos radioativos na mulher 
grávida 

    

Sub-total 0 0 0  
ÍNDICE CONFORMIDADE %  

3: Monitorização e Avaliação 
Critérios Sim Não N/A EVIDÊNCIA/FONTE 
Existe evidência de que no doente com patologia nodular da tiroide, após     



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

PaTologia da Tiróide ii  |  PaTologia Nodular da Tiróide  |  riTa saNTos silva

142

 

 Norma nº 019/2013 de 26/11/2013 atualizada a 16/06/2015 9/15 
 

realização de citologia aspirativa com agulha fina (CAAF) de nódulos com 
essa indicação e com resultados citológicos de benignidade, é efetuada uma 
reavaliação inicial nos 6-18 meses seguintes: clinica, ecográfica e analítica 
(doseamento da TSH)  
Existe evidência de que no doente com patologia nodular da tiroide, após 
realização de citologia aspirativa com agulha fina (CAAF) de nódulos com 
essa indicação e com resultados citológicos de benignidade e após 
reavaliação inicial é efetuado um seguimento posterior com periodicidade 
definida de acordo com a evolução da doença  

    

Existe evidência de que durante o seguimento, é indicada a repetição da 
citologia aspirativa com agulha fina (CAAF) no doente com nódulo com 
citologia prévia benigna se o volume do componente sólido do nodulo 
aumenta mais de 50% ou se surgem critérios ecográficos suspeitos ou risco 
clinico aumentado 

    

Sub-total 0 0 0  
ÍNDICE CONFORMIDADE %  

4: Referenciação 
Critérios Sim Não N/A EVIDÊNCIA/FONTE 
Existe evidência de que a referenciação a centro de tratamento especializado 
com carácter de urgência (a efetivar no praxo máximo de 30 dias) é realizada 
pelo médico prescritor quando o doente apresenta os seguintes diagnósticos 
citológicos (classificação de Bethesda): não diagnóstica que persiste após 
repetição; lesão folicular de significado indeterminado; tumor folicular; 
suspeita de malignidade; diagnóstico de malignidade  

    

Sub-total 0 0 0  
ÍNDICE CONFORMIDADE %  

5:Responsabilidades 
Critérios Sim Não N/A EVIDÊNCIA/FONTE 
Existe evidência de que o relatório do exame de citologia aspirativa da tiroide 
é efetuado segundo o modelo e terminologia propostos na versão adaptada 
para português da classificação de Bethesda, elaborada pela Sociedade 
Portuguesa de Citologia, disponível em www.spcitologia.org 

    

Sub-total 0 0 0  
ÍNDICE CONFORMIDADE %  

Avaliação de cada padrão:                         
                              x 100= (IQ) de …..% 
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32. A presente Norma revoga a versão de 26/11/2013 e será atualizada sempre que a evolução da 
evidência científica assim o determine.  

33. O texto de apoio seguinte orienta e fundamenta a implementação da presente Norma. 

 

 

 

 

 

 

Francisco George 

Diretor-Geral da Saúde 
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TEXTO DE APOIO 

 

Conceito, definições e orientações  

A. Esta norma aplica-se à investigação do bócio nodular e inclui o nódulo solitário e o bócio 
multinodular. 

B. A tiroidite crónica autoimune, apesar de habitualmente apresentar características ecográficas muito 
sugestivas, pode por vezes ser descrita ecograficamente como bócio multinodular. O doseamento 
dos anticorpos antitiroideus (em particular o anticorpo antiperoxidase tiroideia) poderá ajudar no 
diagnóstico da tiroidite autoimune 

C. Na avaliação da patologia nodular da tiroide é importante recolher a seguinte informação (Nível de 
Evidência B, Grau de Recomendação IIa) 1,2,3: 

1) Idade e sexo; 

2) Antecedentes familiares de patologia tiroideia (incluindo o cancro) ou NEM 2; 

3) Antecedentes pessoais de radioterapia da cabeça e/ou pescoço (nomeadamente na infância ou 
adolescência) ou de patologia com risco acrescido de cancro da tiroide; 

4) Velocidade de crescimento da massa cervical de acordo com a informação clínica e/ou 
ecográfica; 

5) Presença ou não de disfonia, dispneia ou disfagia; 

6) Sintomatologia sugestiva de disfunção tiroideia (hipo ou hipertiroidismo); 

7) Toma de fármacos contendo iodo (nomeadamente L- tiroxina ou amiodarona) ou suplementos 
iodados; 

8) Exame objetivo da tiroide e dos territórios ganglionares cervicais incluindo a caraterização do 
(s) nódulo (s) e eventuais adenopatias quanto à localização, consistência e dimensões; 

9) Dor à palpação na região tiroideia. 

D. A investigação da patologia nodular da tiroide tem como objetivo principal, para além do diagnóstico 
de eventual disfunção tiroideia associada, o diagnóstico do cancro da tiroide. 

E. A patologia nodular da tiroide é muito frequente na prática clínica, em particular no idoso, no sexo 
feminino e em regiões iodo-carentes. A prevalência de nódulos palpáveis é de 3-7% e a de nódulos 
detetados por ecografia é de 20-76%.  

F. Apesar da elevada prevalência da patologia nodular da tiroide o cancro da tiroide apenas ocorre em 
5-15% dos nódulos, em função da idade, sexo, exposição a radiações, história familiar e outros 
fatores. 

G. Os carcinomas diferenciados da tiroide, em que se incluem o carcinoma papilar e o carcinoma 
folicular são responsáveis pela maioria (90%) dos cancros da tiroide e têm em geral bom prognóstico. 
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H. A prevalência do nódulo da tiroide é muito baixa na infância mas o risco de malignidade é maior que 
no adulto. O CMT é mais frequente em idade pediátrica (10% dos casos de cancro da tiroide) 6. 
Porém, o carcinoma diferenciado da tiroide de origem folicular é menos frequente neste grupo etário 
(nomeadamente o Carcinoma Folicular). O Carcinoma Papilar em crianças < 14 anos é mais agressivo 
que no adulto, com maior prevalência de metastização ganglionar regional e de recorrência, mas 
ainda assim com um excelente prognóstico 8. 

I. Em doentes com risco clínico aumentado, deverá ser ponderada a referenciação para centro de 
tratamento especializado (Nível de Evidência C, Grau de Recomendação IIb) 2,3,4,5,6,7. 

J. j. Atendendo à elevada prevalência da patologia nodular da tiroide e ao baixo risco e bom 
prognóstico (risco de recorrência e/ou mortalidade) da maior parte dos casos de cancro da tiroide, a 
abordagem do nódulo da tiroide deverá ter em conta estes aspetos, nomeadamente no que se refere 
às indicações para CAAF. 

K. A citologia aspirativa guiada por palpação ou por ecografia é um procedimento que inclui a técnica de 
punção aspirativa, através de agulha fina e oca (22 Gauge ou mais fino), para colheita de células 
representativas do nódulo da tiroide para estudo citológico 10.  

L. Os procedimentos de CAAF com controlo ecográfico exigem treino específico, quer na técnica de 
intervenção propriamente dita, que inclui treino na execução dos esfregaços, quer na realização de 
ecografia da tiroide 10,11.  

M. Recomenda-se que as unidades de saúde onde se realizam estes procedimentos (CAAF) adotem 
sistemas de registo sistemático: dos atos; dos sucessos (obtenção de material suficiente para o 
estabelecimento de um diagnóstico citológico); e das complicações (hematoma, dor local, outras). 

N. Em doentes com indicação para CAAF e sob terapêutica hipocoagulante poderá ser ponderada a 
prescrição da interrupção temporária do hipocoagulante e a introdução de heparina de baixo peso 
molecular (Nível de Evidência B, Grau de Recomendação IIa) 5,12. 

O. A realização da cintigrafia da tiroide poderá ser ponderada em duas situações:  

1) Avaliação da fixação em nódulo com citologia de tumor folicular;  

2) Bócio multinodular volumoso (em particular, se com componente mergulhante), (Nível de 
Evidência B, Grau de Recomendação IIa) 1,2. 

P. O doseamento sérico do cálcio, com ou sem doseamento da PTH, pode ser considerado na avaliação 
pré-operatória da patologia nodular da tiroide com indicação cirúrgica, para exclusão do 
hiperparatiroidismo ou quando há suspeita de paratiroide intratiroideia (Nível de Evidência C, Grau 
de Recomendação IIb) 5. 

Q. Deve ser considerado o doseamento da calcitonina, se a citologia não é conclusiva sobre a 
benignidade da lesão ou o bócio nodular tem indicação cirúrgica (Nível de Evidência B, Grau de 
Recomendação IIa) 3,4,6,7.  
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R. O doseamento por rotina da calcitonina na investigação inicial da patologia nodular da tiroide pode 
ser considerado, de acordo com as recomendações da European Thyroid Association e da European 
Society for Medical Oncology (Nível de Evidência B, Grau de Recomendação IIb) 3,4. 

S. A utilização de marcadores moleculares pode ser útil no estudo complementar de nódulos com 
diagnóstico citológico indeterminado (lesão folicular de significado indeterminado, tumor folicular ou 
suspeita de malignidade), sendo que o recurso a estes marcadores deve ter em conta a relação 
custo-benefício e ser devidamente justificado no processo clínico (Nível de evidência B, Grau de 
Recomendação IIb) 1,2,3,4,5,6,7. 

 

Fundamentação 

A. Tem-se verificado nas últimas décadas um aumento da incidência do cancro da tiroide em vários 
países incluindo Portugal. Este aumento tem ocorrido sobretudo à custa dos carcinomas de mais 
baixo risco. 

B. A grande maioria dos doentes com cancro da tiroide tem um bom prognóstico. 

C. A estratégia diagnóstica e de seguimento do doente com patologia nodular da tiroide devem ser 
adaptadas ao nível de risco definido com base nos dados clínicos, laboratoriais, imagiológicos e 
citológicos e tendo em consideração o prognóstico do cancro da tiroide. 

 

Avaliação 

A. A avaliação da implementação da presente Norma é contínua, executada a nível local, regional e 
nacional, através de processos de auditoria interna e externa. 

B. A parametrização dos sistemas de informação para a monitorização e avaliação da implementação e 
impacto da presente Norma é da responsabilidade das administrações regionais de saúde e dos 
dirigentes máximos das unidades prestadoras de cuidados de saúde. 

C. A implementação da presente Norma nos cuidados de saúde primários e nos cuidados hospitalares e 
a emissão de diretivas e instruções para o seu cumprimento é da responsabilidade dos conselhos 
clínicos dos agrupamentos de centros de saúde e das direções clínicas dos hospitais. 

D. A implementação da presente Norma pode ser monitorizada e avaliada através dos seguintes 
indicadores:  

1) Cumprimento das indicações para CAAF: 

a) Numerador: nódulos da tiroide com indicação para CAAF que realizaram o exame; 

b) Denominador: nódulos da tiroide com indicação para CAAF. 

2) Proporção de doentes que realizaram CAAF sem indicação:  

a) Numerador: nódulos da tiroide sem indicação para CAAF que realizaram o exame; 
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b) Denominador: nódulos da tiroide sem indicação para CAAF. 

 

Comité Científico 

A. A proposta da presente Norma foi elaborada no âmbito do Departamento da Qualidade na Saúde da 
Direção-Geral da Saúde e do Conselho para Auditoria e Qualidade da Ordem dos Médicos, através 
dos seus Colégios de Especialidade. 

B. A proposta da presente Norma foi elaborada por Joaquim Luís Duarte Raposo (coordenação 
científica), Elsa Fonseca, Fernando José Cravo Rodrigues, João Capela Costa, José Dinis Bastos Lima da 
Silva, Leila Khouri Barandiaran, Lucília Maria Marques Garnel Mafra Salgado, Maria Evelina L. V. 
Mendonça Maia Seco, Rosa Pina e Maria João Guerreiro Martins Bugalho.  

C. Todos os peritos envolvidos na elaboração da presente Norma cumpriram o determinado pelo 
Decreto-Lei n.º 14/2014 de 22 de janeiro, no que se refere à declaração de inexistência de 
incompatibilidades. 

D. A avaliação científica do conteúdo final da presente Norma foi efetuada no âmbito do Departamento 
da Qualidade na Saúde. 

 

Coordenação Executiva 

Na elaboração da presente Norma a coordenação executiva foi assegurada por Cristina Martins 
d’Arrábida, do Departamento da Qualidade na Saúde da Direção-Geral da Saúde. 

Comissão Científica para as Boas Práticas Clínicas 

Pelo Despacho n.º 7584/2012, do Secretário de Estado Adjunto do Ministro da Saúde, de 23 de maio, 
publicado no Diário da República, 2.ª série, n.º 107, de 1 de junho de 2012, a Comissão Científica para as 
Boas Práticas Clínicas tem como missão a validação científica do conteúdo das Normas Clínicas emitidas 
pela Direção-Geral da Saúde. Nesta Comissão, a representação do Departamento da Qualidade na 
Saúde é assegurada por Henrique Luz Rodrigues. 

 

Siglas/Acrónimos 

Sigla/Acrónimo Designação 
CAAF                              Citologia Aspirativa com Agulha Fina 
TSH                            Hormona Estimulante da Tiroide  
NEM 2                            Neoplasia Endócrina Múltipla 
PET com 18F-FDG       Tomografia de Positrões com Fluorodesoxiglucose marcada com F 18  
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SPECIAL ARTICLES

Management Guidelines for Children with Thyroid Nodules
and Differentiated Thyroid Cancer

The American Thyroid Association Guidelines Task Force
on Pediatric Thyroid Cancer

Gary L. Francis,1,* Steven G. Waguespack,2,* Andrew J. Bauer,3,4,* Peter Angelos,5 Salvatore Benvenga,6

Janete M. Cerutti,7 Catherine A. Dinauer,8 Jill Hamilton,9 Ian D. Hay,10 Markus Luster,11,12

Marguerite T. Parisi,13 Marianna Rachmiel,14,15 Geoffrey B. Thompson,16 and Shunichi Yamashita17

Background: Previous guidelines for the management of thyroid nodules and cancers were geared toward
adults. Compared with thyroid neoplasms in adults, however, those in the pediatric population exhibit differ-
ences in pathophysiology, clinical presentation, and long-term outcomes. Furthermore, therapy that may be
recommended for an adult may not be appropriate for a child who is at low risk for death but at higher risk for
long-term harm from overly aggressive treatment. For these reasons, unique guidelines for children and ado-
lescents with thyroid tumors are needed.
Methods: A task force commissioned by the American Thyroid Association (ATA) developed a series of
clinically relevant questions pertaining to the management of children with thyroid nodules and differentiated
thyroid cancer (DTC). Using an extensive literature search, primarily focused on studies that included subjects
£ 18 years of age, the task force identified and reviewed relevant articles through April 2014. Recommendations
were made based upon scientific evidence and expert opinion and were graded using a modified schema from
the United States Preventive Services Task Force.
Results: These inaugural guidelines provide recommendations for the evaluation and management of thyroid
nodules in children and adolescents, including the role and interpretation of ultrasound, fine-needle aspiration
cytology, and the management of benign nodules. Recommendations for the evaluation, treatment, and follow-up
of children and adolescents with DTC are outlined and include preoperative staging, surgical management,
postoperative staging, the role of radioactive iodine therapy, and goals for thyrotropin suppression. Management
algorithms are proposed and separate recommendations for papillary and follicular thyroid cancers are provided.
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Conclusions: In response to our charge as an independent task force appointed by the ATA, we developed
recommendations based on scientific evidence and expert opinion for the management of thyroid nodules and DTC
in children and adolescents. In our opinion, these represent the current optimal care for children and adolescents
with these conditions.

INTRODUCTION

In order to promote best practice standards for the
diagnosis andmanagement of thyroid cancers, The American

Thyroid Association (ATA) (1), the American Association of
Clinical Endocrinologists (2), the National Comprehensive
Cancer Network (NCCN) (3), and the British Thyroid Asso-
ciation/Royal College of Physicians (4), previously published
guidelines specifically addressing the evaluation, treatment and
follow-up of thyroid nodules and differentiated thyroid cancer
(DTC) in adults. In most cases, the evaluation, treatment and
follow-up of childrenwith thyroid neoplasia have followed adult
guidelines. Heretofore, this approach resulted in a high propor-
tion of cure, but required all children to undergo therapy that
included total thyroidectomy followed by radioactive iodine
(RAI) ablation with iodine-131 (131I). The goal was to eliminate
any evidence of disease, documented by a negative whole-body
RAI scan and, most recently, by an undetectable serum thyro-
globulin (Tg) level. Unfortunately, recent studies with follow-up
spanning several decades reveal an increase in all-cause mor-
tality for survivors of childhood DTC, predominately due to
second malignancies in children treated with radiation (5–7).
These observations, coupled with a better understanding of the
excellent prognosis associated with pediatric DTC (5,8–15),
have now prompted theATA to specifically address treatment of
children with benign and malignant thyroid tumors.

This inaugural pediatric task force acknowledges that no
randomized double-blind controlled clinical trial exists for
the treatment of children with DTC. Published data are from
retrospective cohorts and are potentially subject to investi-
gator bias or nonrandom assignment to various treatment
groups. Further limiting the development of treatment
guidelines is the fact that previous series of DTC in children
averaged only 10 years of follow-up. This constraint has
made it difficult to determine if any treatment results in de-
creased risk of recurrence, mortality, or complications of
therapy for children. Nevertheless, retrospective analysis of
therapeutic options has led to a reconsideration of the former
concept that all children with DTC should be similarly treated
and has provided the opportunity for this task force to
broaden the scope of acceptable therapy in an attempt to
provide aggressive therapy when warranted and to limit
overtreatment of those children who are unlikely to benefit.

BACKGROUND

According to the Surveillance, Epidemiology and End
Results (SEER) program, new cases of thyroid cancer in
people age < 20 represent 1.8% of all thyroid malignancies
diagnosed in the United States (16). Unfortunately, the in-
cidence appears to be increasing (17). Among 15- to 19-year-
old adolescents, thyroid cancer is the eighth most frequently
diagnosed cancer and the second most common cancer
among girls (8,18). Adolescents have a 10-fold greater inci-
dence than younger children, and there is a female to male
preponderance (5:1) during adolescence that is not seen in

young children (8,18–21). The most common presentation
for DTC in children is that of a thyroid nodule. However,
papillary thyroid cancer (PTC) also frequently presents as
cervical adenopathy with or without a palpable thyroid le-
sion, or as an incidental finding after imaging or surgery for
an unrelated condition (11). Occasionally, the diagnosis is
made only after the discovery of distant metastases (22–24).

The pathological classification of DTCs in children is based
on standard definitions set by the World Health Organization
(WHO), with histological criteria the same for children and
adults (25). PTC accounts for 90% or more of all childhood
cases (10,12,20,26–28). Follicular thyroid cancer (FTC) is
uncommon, while medullary thyroid cancer (MTC), poorly
differentiated tumors, and frankly undifferentiated (anaplas-
tic) thyroid carcinomas are rare in young patients. Pediatric
PTC may present with a variety of histological variants all
having a distinctive but shared set of nuclear characteristics.

Subtypes of PTC in pediatrics include the following histo-
logic variants: classic, solid, follicular, and diffuse sclerosing
(25,29). Children, especially those < 10 years of age, may not
have the classic papillary morphology seen in adults, and such
tumors can be un-encapsulated andwidely invasive throughout
the gland and have a follicular and solid architecture with un-
ique nuclear features and abundant psammoma bodies (30,31).
The major risk factor for developing PTC is radiation exposure
to the thyroid (32–34). Children, especially those < 5 years of
age, are the most sensitive (33,35,36). Radiation-induced PTC
does not appear to differ in clinical behavior compared with
sporadic PTC (37). Activation of the RAS-RAF-MEK-ERK
(mitogen-activated protein kinase) pathway is critical for thy-
roid malignancies (38–40). An estimated 5% of patients with
nonmedullary thyroid cancer (NMTC) have a family history of
nonsyndromic NMTC (35,41) with conflicting evidence in
regard to whether it behaves more aggressively (42).

PTC and FTC exhibit major clinical differences. PTC is
frequently multifocal and bilateral and metastasizes to re-
gional neck lymph nodes in the vast majority of children
(10,12,13,15,23,24,31,43–47). Hematogenous metastases to
the lungs occur in up to 25% of cases (9,11,14,24,31,43,48–
52) and generally occur only with significant regional lymph
node metastases (10,53). FTC is typically a unifocal tumor
and more prone to initial hematogenous metastases to lungs
and bones. Metastases to regional lymph nodes are uncom-
mon in FTC. Histologic variants of FTC include: Hürthle
cell (oncocytic), clear cell, and insular (poorly differentiated)
carcinoma (25).

Based on the rarity of FTC in children and the major
clinical and biological differences between PTC and FTC in
children, the current guidelines have been developed spe-
cifically for PTC in children, and we have chosen to include a
separate section dedicated to the treatment of FTC.

METHODOLOGY

The ATA selected a task force using a strategy similar to
that of previous ATA Guidelines task forces. Members were

ATA GUIDELINES FOR PEDIATRIC THYROID NODULES AND CANCER 717
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approved by the ATA and represent an international com-
munity of experts from a variety of disciplines including
endocrinology, molecular biology, nuclear medicine, radi-
ology, and surgery. None of the scientific or medical content
of the manuscript was dictated by the ATA. The task force
met by conference calls and in person and developed a series
of clinically relevant questions pertaining to the management
of children with thyroid nodules and DTC. Task force
members were assigned to subcommittees structured along
the lines of these clinical questions and attempted to answer
them using an extensive literature search, primarily focused
on studies that included subjects £ 18 years of age, in addition
to expert opinion. Similar to other ATA guidelines, the
strength of the recommendations was categorized using a
modified schema proposed by the U.S. Preventive Services
Task Force (54) (see Table 1). With contributions from all

authors, the document was primarily written by the chair and
cochairs (GLF, AJB, and SGW). The Pediatric Endocrine
Society (PES) codeveloped and endorsed the guidelines. The
final document was approved by the ATA (Board of Directors
and membership) and the PES (Drug and Therapeutics
Committee and Board of Directors).

Table 2 presents the organization of the task force’s results
and recommendations. Readers of the print version are re-
ferred to the page number for information about specific
topics and recommendations. The location key can be used if
viewing the guidelines in a file or web page. Each location
key is unique and can be copied into the Find or Search
functions to rapidly navigate to the section of interest. Spe-
cific recommendations are presented as bulleted points in the
main body. Table 3 includes definitions to the abbreviations
used in the guidelines.

Table 2. Organization of the Pediatric Thyroid Nodule and Differentiated
Thyroid Cancer Guidelines and Recommendations

Location
keya Page Section

Recommendation
no. Rating

[A1] 720 Why do we need specific guidelines for children with thyroid nodules and thyroid
cancer?

[A2] 720 To what age group should these guidelines apply? 1 C

[A3] 720–721 Should treatment of children with DTC be stratified into more than one age
group?

2 B

[A4] 721–722 What are the goals of therapy for DTC in children? 3 C
[B1] 722 Thyroid nodule guidelines
[B2] 722 How common are thyroid nodules in children and what is the risk

for malignancy?

[B3] 722–723 Are there high-risk groups who might benefit from prospective screening
for thyroid nodules and thyroid cancer?

4(A) B

4(B) I
4(C) C
4(D) B

(continued)

Table 1. Strength of Panelists’ Recommendations Based on Available Evidence

Rating Definition

A: Strongly recommends The recommendation is based on good evidence that the service or intervention can
improve important health outcomes. Evidence includes consistent results from
well-designed, well-conducted studies in representative populations that directly
assess effects on health outcomes.

B: Recommends The recommendation is based on fair evidence that the service or intervention can
improve important health outcomes. The evidence is sufficient to determine
effects on health outcomes, but the strength of the evidence is limited by the
number, quality, or consistency of the individual studies; generalizability to
routine practice; or indirect nature of the evidence on health outcomes.

C: Recommends The recommendation is based on expert opinion.

D: Recommends against The recommendation is based on expert opinion.

E: Recommends against The recommendation is based on fair evidence that the service or intervention does
not improve important health outcomes or that harms outweigh benefits.

F: Strongly recommends against The recommendation is based on good evidence that the service or intervention does
not improve important health outcomes or that harms outweigh benefits.

I: Recommends neither
for nor against

The panel concludes that the evidence is insufficient to recommend for or against
providing the service or intervention because evidence is lacking that the service
or intervention improves important health outcomes, the evidence is of poor
quality, or the evidence is conflicting. As a result, the balance of benefits and
harms cannot be determined.
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Table 2. (Continued)

Location
keya Page Section

Recommendation
no. Rating

[B4] 723–725 What is the optimal evaluation of children with thyroid nodules? 5 B
[B5] 725 Are there molecular signatures that complement FNA and improve

the diagnostic tility of FNA in children?
6 E

[B6] 725 How should thyroid nodules be treated in children?
[B7] 725 What is the recommended approach for children with benign thyroid

cytopathology?
[B8] 725–726 Is there a role for levothyroxine suppression therapy? 7 I
[B9] 726 Is there a role for surgery in children with benign nodules? 8 B
[B10] 726 What is the optimal management of the child with an autonomous thyroid

nodule?
9 A

[C1] 726 Papillary thyroid cancer—initial management guidelines
[C2] 726–727 What is the optimal preoperative evaluation for the child with newly

diagnosed PTC?
10 A

[C3] 727 What is the recommended surgical approach for the patient with a diagnosis
of PTC?

11 A

[C4] 727–728 Should central neck dissection be performed? 12(A) B
12(B) C
12(C) A
12(D) C

[C5] 728 What are the indications for lateral neck dissection? 13 B
[C6] 728–729 What are the possible complications of surgery and what should be done to

minimize the risks of surgery?
14(A) B

14(B) B
[C7] 729–730 What tumor classification systems can be used for pediatric PTC? 15(A) B

15(B) B
[C8] 730–732 What postoperative staging is recommended? 16 B
[C9] 733 What are the goals of 131I treatment?
[C10] 733 What is the impact of 131I therapy on recurrence and survival for children

with PTC?
[C11] 733 Which children might benefit from therapeutic 131I? 17 B

[C12] 733–734 How should a child be prepared for 131I? 18 A
[C13] 734–736 What should be considered for administration of 131I? 19(A) C

19(B) F

[C14] 736 How is the activity of therapeutic 131I determined? 20 I
[C15] 736 Should a posttreatment whole-body scan be obtained? 21 B

[C16] 736–737 What are the acute and long-term risks of 131I therapy in children? 22 C
[D1] 737 Surveillance and follow-up of PTC In children
[D2] 737–739 What is the role of Tg testing in the follow-up of PTC in children? 23(A) A

23(B) A
23(C) B
23(D) A
23(E) A

[D3] 739 What is the role of ultrasound in the follow-up of PTC in children? 24 A
[D4] 739–740 How are diagnostic RAI scans best used in the follow-up of PTC in children? 25(A) C

25(B) B
25(C) B

[D5] 740 What imaging studies should be considered in the pediatric PTC patient who is
Tg positive but who has no evidence of disease on cervical ultrasound or
DxWBS?

26(A) B

26(B) D
26(C) D

[D6] 740–741 What are the goals and potential risks of TSH suppression therapy? 27 B

[D7] 741 What is the optimal approach to the patient with persistent / recurrent cervical
disease?

28(A) C

28(B) B
28(C) B
28(D) C

[D8] 741–742 How should children with pulmonary metastases be managed? 29(A) A
29(B) B
29(C) B
29(D) B
29(E) E
29(F) C

(continued)
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[A1] WHY DO WE NEED SPECIFIC GUIDELINES
FOR CHILDREN WITH THYROID NODULES
AND THYROID CANCER?

There are important clinical, molecular, and pathological
differences in DTC among children compared to adults that
prompt the development of unique pediatric guidelines. From
a clinical perspective, thyroid nodules are uncommon in
children. However, nodules diagnosed in children carry a
greater risk of malignancy compared to those in adults (22%–
26% versus 5%–10% in most series) (27,55,56). Second,
when histology and tumor size are controlled for, children
with PTC are more likely to have regional lymph node in-
volvement, extrathyroidal extension, and pulmonary metas-
tasis (9–15,23,24,31,43–53). Third, despite extensive disease
at clinical presentation, children are much less likely to die
from disease (2% or less long-term cause-specific mortality)
than are adults (5,8–15), and many children with pulmonary
metastases (30%–45%) develop persistent albeit stable dis-
ease following 131I therapy (24,57). This is associated with a
more favorable progression-free survival in children com-
pared to adults with persistent DTC (9,10,13,14,47,48,51,52).
Finally, there may be a continued clinical response demon-
strated by a decline in Tg levels after cessation of RAI
therapy in children with pulmonary metastases (58).

Compared with adult PTC, childhood PTC is characterized
by a higher prevalence of gene rearrangements and a lower
frequency of point mutations in the proto-oncogenes impli-
cated in PTC. Recent molecular studies have shown that
BRAF mutations are the most common abnormality in adult
PTC (36%–83% of cases) (38), but they are rare in children
with PTC (59) and virtually absent from the youngest pa-
tients. This may be important because point mutations of RAS
and BRAF lead to genomic instability and dedifferentiation
manifested by decreased expression of the sodium-iodide
symporter (NIS) (60,61). In contrast, RET/PTC rearrange-
ments are more common in PTC from children (20,26,40,62)
and do not lead to genomic instability. These molecular
differences might be one of the reasons for better response to
RAI therapy in children with PTC and could partially explain
their low mortality and rare progression to less-differentiated
tumors. Consistent with this hypothesis, a small study of PTC
from children and adolescents found distant metastases and
recurrence only in tumors with undetectable NIS, and the
activity of 131I required to achieve remission was greater in

those cancers with undetectable NIS (63). Finally, these
molecular differences may have an impact on the utility of
molecular testing for diagnosis of thyroid malignancies in
children with thyroid nodules (see Section B5).

[A2] TO WHAT AGE GROUP SHOULD
THESE GUIDELINES APPLY?

Studies of pediatric DTC have variously included individuals
extending up to 21 years of age (5,8–10,13,14,47,48,51,52).
With uncommon exception, the majority of pediatric patients
have completed growth and development by £ 18 years of age.
Tomore accurately define the impact of the physiologic changes
of growth and development on tumor behavior, the upper limit
for pediatrics should be defined as patients £ 18 years of age.

& RECOMMENDATION 1

The pediatric age should be limited to a patient £ 18
years of age. Establishing a uniform upper limit of age
will afford an opportunity to better define the potential
impact of growth on tumor behavior. From a pragmatic
point of view, individual centers may transition pedi-
atric patients to adult care anywhere between 18 and 21
years of age. Clinicians may manage the ‘‘child’’ under
these guidelines until transition has been completed.

Recommendation rating: C

[A3] SHOULD TREATMENT OF CHILDREN WITH DTC
BE STRATIFIED INTO MORE THAN ONE AGE GROUP?

Several studies have compared the clinical presentation and
outcomes for children diagnosed with DTC < 10–15 years of
age with that of patients 10–18 years of age. The data are
unclear as to whether younger age portends greater risk for
extensive disease or recurrence. All studies are retrospective
and most include only small numbers of children < 10–15
years of age. In general, studies in which 25%–30% of the
cohort are of younger age have shown that young age is as-
sociated with persistent disease or recurrence, whereas stud-
ies with fewer young children have not confirmed this
(10,14,50,53,64–66). In addition, treatment regimens varied,
which may impact outcomes. For example, surgeons may be
less aggressive in lymph node dissection in younger children,
and this factor, rather than age, may impact recurrence rates.

Table 2. (Continued)

Location
keya Page Section

Recommendation
no. Rating

[D9] 742 How does one approach the child with an incidental PTC identified
after surgery for another thyroid condition?

30 B

[D10] 742–743 What are the optimal approaches to the pediatric patient who develops
progressive thyroid cancer that no longer concentrates or responds to 131I?

31 C

[E1] 743–744 Follicular thyroid cancer 32(A) C
32(B) C
32(C) C

[F1] 744 What are the unique issues that may affect children diagnosed with DTC? 33 C
[G1] 744–745 How long should a child with PTC be monitored? 34 B
[G2] 745 What are the areas for future research?

aIf viewing these guidelines on theWeb, or in a File, copy theLocationKey to the Find or SearchFunction to navigate rapidly to the desired section.
DTC, differentiated thyroid cancer; DxWBS, diagnostic whole-body scan; FNA, fine-needle aspiration; PTC, papillary thyroid cancer;

Tg, thyroglobulin; TSH, thyrotropin.
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In some series, extrathyroidal extension (ETE) (50,66), re-
gional node involvement (50,67), distant metastases (64,67),
and lymph node recurrence (10,65,66) have an increased
prevalence in younger children, but this is not seen in all series
(14,44,50,53). The largest study included 740 children from
Belarus (10), 92% of whom had exposure to radionuclides at
the time of the Chernobyl disaster. By multivariate regression
analysis, younger age was associated with an increased risk of
recurrent nodal disease and lung metastases after adjustment
for other risk factors. Unfortunately, several features of that
study preclude generalization of the data. The Belarus cohort
was exposed to radiation, and the relationship between age and
outcome might be explained by the heightened sensitivity to
radiation in younger children rather than age per se (68).

& RECOMMENDATION 2

It remains unclear if younger children (<10–15 years of
age) are at greater risk for more extensive disease or
higher rates of recurrence. Other factors aside from age
(treatment approaches, genetic susceptibility, and/or ra-
diation exposure) may interact to modify this risk. How-
ever, those studies with a larger proportion of young
children show an increased risk of persistent disease/
recurrence. In an effort to increase the descriptive nature
of these discussions, the committee recommends that
‘‘prepubertal’’ and ‘‘pubertal/postpubertal’’ should be
incorporated into future studies to increase uniformity
and more accurately represent the potential influence of
pubertal development on the incidence and behavior of
DTC within the pediatric population.

Recommendation rating: B

[A4] WHAT ARE THE GOALS OF THERAPY
FOR DTC IN CHILDREN?

Given the fact that disease-specific mortality for children
with DTC is very low, it is unlikely that modification of
current treatment protocols will further reduce the disease-
specific mortality. However, the apparent increased risk of
second malignancies and overall mortality among childhood
DTC survivors who were treated with radiation (see Section
C16) underscores the need to better risk-stratify children with
DTC so that more aggressive therapy is reserved for those at
highest risk for morbidity and mortality and avoided in those
children who are unlikely to derive long-term benefit. The
goals for improved treatment are to

1. Maintain the low disease-specific mortality currently
experienced by children with DTC.

2. Reduce potential complications from therapy.

A major task in this process is to prospectively identify the
minority of children who will benefit from aggressive therapy
and to better understand the clinical characteristics that pre-
dict a response to such therapies. It is possible that in this
search to develop ‘‘lower-intensity’’ therapy, we might in-
crease the risk for residual/recurrent disease and the numbers
of patients surviving with low-volume, persistent but pro-
gression-free disease. Two major differences in these guide-
lines compared with previous treatment guidelines are
recommendations directed toward:

1. Pre- and postoperative staging
2. Selective use of 131I in children with DTC

The 2009 ATA thyroid cancer guidelines for adult pa-
tients recommend that staging should be performed for all
patients with DTC using the Tumor-Node-Metastasis (TNM)
classification of the American Joint Committee on Cancer
(AJCC) (69). In this system, children are classified as either
stage I (no distant metastases) or stage II disease (with distant
metastases). However, stage I includes a widely diverse
group of children: those with a solitary lesion confined to the
thyroid, those with extensive locoregional disease and neck
nodal metastases, and those with microscopic PTC. Treat-
ment and prognosis for these varied lesions should ideally be
stratified to represent the risks of persistent/recurrent disease,
and that will require an additional risk-stratification scheme
beyond TNM classification.

Table 3. Definitions of Abbreviations Used
in the Pediatric Thyroid Nodule and

Differentiated Thyroid Cancer Guidelines

AJCC American Joint Committee on Cancer
AMES Age-metastasis-extent of disease-size

of tumor
ATA American Thyroid Association
AUS/FLUS Atypia or follicular lesion of undetermined

significance
CND Central neck dissection
CT Computed tomography
DFS Disease-free survival
DTC Differentiated thyroid cancer
DxWBS Diagnostic whole-body scan
ETE Extrathyroidal extension
FDA Food and Drug Administration
18FDG-
PET/CT

[18F]-fluoro-deoxyglucose positron emission
tomography/computed tomography

FNA Fine-needle aspiration
FNMTC Familial nonmedullary thyroid cancer
FTC Follicular thyroid cancer
Gy Gray unit of measurement: absorbed

dose (of ionizing radiation)
iPTH Intact parathyroid hormone
LT4 Levothyroxine
MACIS Metastasis-age-completeness

of resection-invasion-size
MRI Magnetic resonance imaging
MTC Medullary thyroid cancer
NCCN National Comprehensive Cancer Network
NIS Sodium-iodide symporter
NMTC Nonmedullary thyroid cancer
PTC Papillary thyroid cancer
PTEN Gene: phosphatase and tensin homolog
PTMC Papillary thyroid microcarcinoma
RAI Radioactive iodine
rhTSH Recombinant human TSH
RLN Recurrent laryngeal nerve
RxWBS Post-treatment whole-body scan
SPECT/CT Single photon emission computed

tomography with integrated
conventional CT

Tg Thyroglobulin
TgAb Thyroglobulin antibody
TNM Tumor-Node-Metastasis
TSH Thyrotropin
TT Total or near-total thyroidectomy
US Ultrasound
WBS Whole-body scan
WHO World Health Organization
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Studies have confirmed the notion that children with DTC
have lower rates of complications when surgery is performed
by experienced thyroid surgeons (70–72). For this reason, the
current task force recommends that children with DTC
should be operated upon by experienced thyroid surgeons.
Furthermore, it is our opinion that children with DTC should
be cared for by teams of physicians experienced in the
management of DTC in children to include, not only high-
volume thyroid surgeons, but also experts in nuclear medi-
cine and endocrinology who have experience in managing
children with DTC. Evaluation and care should be provided
in centers with a full range of pediatric and oncologic re-
sources, which should be organized into a multidisciplinary
team that regularly conducts patient review and/or tumor
board conferences. This will facilitate interdisciplinary de-
cisions regarding optimal therapy and will help to reduce the
possibility that treatment and long-term follow-up will be
either overly aggressive or inadequate.

& RECOMMENDATION 3

Children with DTC should be cared for by teams of
physicians experienced in the management of DTC in
children. This will facilitate interdisciplinary decisions
regarding optimal therapy and will help to reduce the
possibility that treatment and long-term follow-up will
be either overly aggressive or inadequate.

Recommendation rating: C

[B1] THYROID NODULE GUIDELINES

[B2] How Common Are Thyroid Nodules
in Children and What is the Risk
for Malignancy?

Thyroid nodules are less common among children than
adults but are more likely to be malignant in children referred
for evaluation of nodular thyroid disease (22%–26% versus

approximately 5%) (27,55,56). Estimates from ultrasound
(US) and postmortem examination suggest that 1%–1.5% of
children and up to 13% of older adolescents or young adults
have thyroid nodules (73,74), although it is unclear how
many of these would have become clinically apparent. Re-
cent data from a large Japanese series using high-resolution
US confirm the incidence of solid nodules at 1.65% but also
identified cystic lesions in 57% of children and adolescents
(75). Such high-resolution US data have not yet been repli-
cated in other pediatric populations, and it remains unclear if
thyroid nodules are this prevalent in other regions. Never-
theless, it appears frommultiple studies that the prevalence of
thyroid nodules is much greater in children than is generally
appreciated. It also remains unclear how many of these
nodules would reach a clinical threshold during childhood.

[B3] Are There High-Risk Groups
Who Might Benefit from Prospective
Screening for Thyroid Nodules
and Thyroid Cancer?

Several risk factors are associated with the development of
thyroid nodules in children, including iodine deficiency, prior
radiation exposure, a history of antecedent thyroid disease, and
several genetic syndromes (Table 4). One high-risk population
is that of childhood cancer survivors who were treated for their
primary malignancy with radiation therapy, especially survi-
vors of Hodgkin lymphoma, leukemia, and central nervous
system tumors (76,77). Thyroid nodules, many of which can
only be detected by US, develop in cancer survivors at a rate of
about 2% annually and reach a peak incidence 15–25 years
after exposure (78–80). In general the risk is greatest among
those who received radiation therapy at a younger age and with
doses up to 20–29 Gy (77,81,82). High resolution US may
identify small subclinical thyroid tumors (83,84). However,
insufficient data exist to determine if early detection of non-
palpable tumors will significantly improve the quality and or

Table 4. Hereditary Tumor Syndromes Associated with Thyroid Nodules/Differentiated Thyroid Cancer

Hereditary syndromea Gene (chromosomal location) Type of thyroid neoplasia

APC-associated polyposis (familial
adenomatous polyposis [FAP],
attenuated FAP, Gardner
syndrome, and Turcot syndrome)

� APC (5q21-q22) � PTC (cribriform-morular variant)

Carney complex � PRKAR1A (17q24.2)
� ‘‘CNC2’’ (2p16)

� Multinodular goiter
� Follicular adenomas
� DTC (PTC and FTC)

DICER1 Syndrome � DICER1 (14q32.13) � Multinodular goiter
� DTC (due to second somatic mutation
in DICER1, possibly related to treatment
of pleuropulmonary blastoma)

PTEN hamartoma tumor syndrome
(Cowden syndrome, Bannayan-
Riley-Ruvalcaba syndrome,
PTEN-related Proteus syndrome,
and Proteus-like syndrome)

� PTEN (10q23) � Multinodular goiter
� Follicular adenomas
� DTC (FTC overrepresented)

Werner syndrome � WRN (8p12) � DTC (PTC and FTC)

aAlthough DTC has also been reported to occur in patients with Beckwith–Wiedemann syndrome, the familial paraganglioma syndromes,
Li–Fraumeni Syndrome, McCune–Albright syndrome, and Peutz–Jeghers syndrome, it remains unclear if these tumors are a direct result of
the underlying genetic defect.

722 FRANCIS ET AL.

D
ow

nl
oa

de
d 

by
 1

88
.3

7.
97

.2
3 

fr
om

 o
nl

in
e.

lie
be

rtp
ub

.c
om

 a
t 1

1/
12

/1
7.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

PaTologia da Tiróide ii  |  PaTologia Nodular da Tiróide  |  riTa saNTos silva

156

longevity of life in patients screened by a standardized protocol
using US and fine-needle aspiration (FNA). Furthermore,
routine US screening may also identify incidental findings,
such as ectopic thymus, that may confuse the clinical picture
and potentially lead to unnecessary testing (75).

A variety of genetic disorders predispose to thyroid neo-
plasia (85,86) (Table 4). Benign and malignant thyroid
tumors can occur in patients with APC-associated poly-
posis (87), the Carney complex (88), the DICER1 syndrome
(89,90), the PTEN hamartoma tumor syndrome (91–93), and
Werner syndrome (94). Cases of DTC have also been re-
ported in Beckwith–Wiedemann syndrome (95), the familial
paraganglioma syndromes (96), Li–Fraumeni Syndrome
(97), McCune–Albright syndrome (98), and Peutz–Jeghers
syndrome (99).

Furthermore, children from kindreds with familial non-
medullary thyroid cancer (FNMTC)may have a predisposition
to tumor development (100–105). No clear recommendations
exist for prospective screening (outside of routine physical
examination) in most cases. However, updated recommenda-
tions for US screening have been put forth for both the PTEN
hamartoma tumor syndrome and APC-associated polyposis
(91,92,106). In addition, in nonsyndromic FNMTC, US sur-
veillance of family members has been shown to detect earlier
stages of disease as reflected by smaller tumor size (0.8 vs.
2.85 cm; p< 0.001), a lower incidence of lymph node me-
tastasis (23.2% vs. 65.6%; p < 0.001) as well as a lower in-
cidence of ETE (20.9% vs. 56.2%; p = 0.002) compared to the
proband (107).

Limited data exist on children with autoimmune thyroiditis.
However, one report shows an increased prevalence of thyroid
nodules perhaps as high as 30%with 7 of 11 PTC only detected
by US examination (108). It is unclear how many of these
would have achieved clinical importance, however. The
presence of a palpable thyroid nodule or asymmetry with or
without palpable cervical lymphadenopathy warrants referral
to an experienced thyroid ultrasonographer and consideration
of FNA as indicated based on suspicious sonographic features
(see Section B4) or growth over time. There are increasing data
to suggest that patients with a nodule and thyrotropin (TSH)
levels in the upper tertiles of the reference range may be at
increased risk for malignancy (109).

From these data we conclude that thyroid nodules are
common in childhood cancer survivors who received radiation
therapy, and they are associated with a modest risk of malig-
nancy. Other groups of children with tumor syndromes, as well
as those born into a kindred with FNMTC, have an increased
risk for thyroid nodules and/or cancers. Some of these cancers
are small and not likely to be detected without US. Although
this task force could not recommend thyroid US as a routine
screening tool in all of these patients, we do encounter children
who have incidental nodules identified via screening thyroid
US. Similar to palpable nodules, nodules detected in this set-
ting should be interrogated byUS performed by an experienced
ultrasonographer, and FNA should be performed if the nodule
has concerning sonographic features or growth over time.

& RECOMMENDATION 4(A)

An annual physical examination is recommended in
children at high risk for thyroid neoplasia. Additional
imaging should be pursued if palpable nodules, thyroid

asymmetry, and/or abnormal cervical lymphadenopa-
thy are found on examination.

Recommendation rating: B

& RECOMMENDATION 4(B)

In children with a history of radiation exposure to the
thyroid, the data show that US can detect small thyroid
nodules, but the panel is not yet convinced that detec-
tion of subclinical disease by US prior to a palpable
abnormality on physical examination impacts long-
term outcomes. Therefore, routine screening US in
high-risk children can neither be recommended for nor
against until more data become available.

Recommendation rating: I

& RECOMMENDATION 4(C)

Patients at increased risk of developing familial DTC
should be referred to centers of excellence so that appro-
priate evaluation, follow-up, genetic counseling, and/or
treatment can be undertaken without subjecting patients
and families to unwarranted and aggressive therapy.

Recommendation rating: C

& RECOMMENDATION 4(D)

For patients with autoimmune thyroiditis, evaluation by
an experienced thyroid ultrasonographer should be
pursued in any patient with a suspicious thyroid exam-
ination (suspected nodule or significant gland asym-
metry), especially if associated with palpable cervical
lymphadenopathy.

Recommendation rating: B

[B4] What Is the Optimal Evaluation
of Children with Thyroid Nodules?

The 2009 ATA adult guidelines indicate that the evalua-
tion and treatment of thyroid nodules in children should be
the same as in adults (Recommendation 18). In general, this
task force agrees with that sentiment, but there are specific
areas in which we feel the approach should differ (Fig. 1).

The 2009 adult guidelines indicate that FNA is not war-
ranted for the evaluation of a nodule < 1 cm in size unless the
patient is considered high-risk, most commonly with a history
of exposure to ionizing radiation, or the nodule is associated
with pathologic regional lymph nodes. A size criterion is more
problematic in children because thyroid volume changes with
age and the size of the nodule alone does not predict malignant
histology (110–112). Therefore, US characteristics and clini-
cal context should be used more preferentially to identify
nodules that warrant FNA. US features such as hypoecho-
genicity, irregular margins, and increased intranodular blood
flow are more common in malignant lesions (110,113). In
addition, the presence of microcalcifications and abnormal
cervical lymph nodes increase the likelihood of malignancy
(110,113). In all children with a suspicious nodule, US eval-
uation of the cervical lymph nodes should be performed.

The 2009 adult guidelines indicate that FNA is not war-
ranted for the evaluation of a hyperfunctioning nodule in the
adult. Although we concur that preoperative FNA of a
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hyperfunctioning nodule in a child is similarly not warranted,
this is based on the understanding that all hyperfunctioning
nodules in children will be surgically removed (see Section
B10).

The 2009 adult guidelines indicate that calcitonin screen-
ing for MTC in adults with thyroid nodules may be cost
effective, but it was neither recommended for nor against. In
children and adolescents, the prevalence of sporadic MTC is
extremely low. In addition, calcitonin reference ranges in
children have not yet been widely validated, especially in
children who have background thyroid disease such as thy-
roiditis. Further studies are needed to determine the cost-
effectiveness of adding calcitonin to the evaluation of thyroid
nodules in children.

The 2009 adult guidelines indicate that US-guided FNA is
preferred for lesions with a higher likelihood of non-
diagnostic cytology or sampling error. The sensitivity,
specificity, and overall accuracy of FNA in children are
similar to that of adults (114–119). However, based on the
higher proportion of malignant nodules in children and the
potential difficulty in obtaining repeat samples from chil-
dren, this task force recommends that all FNA in children
should be performed with US guidance. This is particularly
relevant for complex cystic lesions, which require FNA of

the solid portion, and it may also reduce the need for repeat
FNA. The latter is important since FNA may alter the ultra-
sonographic features of thyroid nodules (120), thus making
short-term follow-up more difficult.

A unique but very important difference in children is that
PTC may present as diffusely infiltrating disease that results
in diffuse enlargement of a lobe or the entire gland. For this
reason, diffuse thyroid enlargement, especially if associated
with palpable cervical lymph nodes, should prompt imaging.
With rare exception, the diffuse infiltrating form of PTC is
associated with microcalcifications that warrant FNA.

Finally, for both children and adults, cytopathology find-
ings on FNA are categorized according to The Bethesda
System for Reporting Thyroid Cytopathology (121). In this
six-tier system, FNA results are reported as (a) nondiagnostic
or unsatisfactory, (b) benign, (c) atypia or follicular lesion of
undetermined significance (AUS/FLUS), (d) follicular/
Hürthle neoplasm or suspicious for follicular/Hürthle neo-
plasm, (e) suggestive of malignancy, or (f) malignant. In-
sufficient or nondiagnostic cytopathology refers to a specimen
with limited cellularity (fewer than six follicular cell groups
each containing 10–15 cells per group from at least two sep-
arate aspirates), absence of follicular cells or poor fixation and
preservation (122). There is a 1%–4% risk of malignancy in

FIG. 1. Initial evaluation, treatment, and follow-up of the pediatric thyroid nodule. 1Assumes a solid or partially cystic
nodule ‡ 1 cm or a nodule with concerning ultrasonographic features in a patient without personal risk factors for thyroid
malignancy (see Sections B3 and B4). 2A suppressed TSH indicates a value below the lower limits of normal. 3Refer to PTC
management guidelines (Section C1) or MTC management guidelines. 4Surgery can always be considered based upon
suspicious ultrasound findings, concerning clinical presentation, nodule size > 4 cm, compressive symptoms, and/or patient/
family preference. 5Surgery implies lobectomy plus isthmusectomy in most cases. Surgery may be deferred in patients with
an autonomous nodule and subclinical hyperthyroidism, but FNA should be considered if the nodule has features suspicious
for PTC. (See Section B10.) Consider intraoperative frozen section for indeterminate and suspicious lesions. Can consider
total thyroidectomy for nodules suspicious for malignancy on FNA. 6Consider completion thyroidectomy – RAI versus
observation – TSH suppression based upon final pathology (see Section E1).
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insufficient samples from adults (121), but very few data in
children. Repeat FNA is an option in children but should
be delayed for a minimum of 3 months in order to decrease
the potential for atypical cellular features that may arise
during the reparative process (123). In adults, the risk of
malignancy in indeterminate nodules ranges from *5% to
15% in the AUS/FLUS category to 15%–30% in the fol-
licular neoplasm or suggestive of neoplasm group (122).
The limited data available suggest these indeterminate FNA
categories account for *35% of pediatric FNA and that, in
children, 28% of AUS/FLUS lesions and 58% of suggestive
of follicular or Hürthle cell neoplasm are malignant
(26,124). The 2009 adult guidelines suggested that repeat
FNA was an option for adults with indeterminate cyto-
pathology. However, due to the apparent increased proba-
bility of malignancy among these indeterminate categories
in children, the task force recommends definitive surgery
(lobectomy plus isthmusectomy) for indeterminate FNA
findings in children (see Fig. 1).

& RECOMMENDATION 5

The evaluation and treatment of thyroid nodules in
children (Fig. 1) should be the same as in adults with the
exceptions that (a) US characteristics and clinical context
should be used rather than size alone to identify nodules
that warrant FNA, (b) all FNA in children should be
performed underUS guidance, (c) preoperative FNAof a
hyperfunctioning nodule in a child is not warranted as
long as the lesion is removed, (d) a diffusely infiltrative
form of PTC may occur in children and should be con-
sidered in a clinically suspicious gland, and (e) surgery
(lobectomy plus isthmusectomy) is favored over repeat
FNA for most nodules with indeterminate cytology.

Recommendation rating: B

[B5] Are There Molecular Signatures
That Complement FNA and Improve
the Diagnostic Utility of FNA in Children?

Studies in adults have shown that molecular testing aids
in the management of thyroid nodules with indeterminate
cytopathology (125–130). However, these diagnostic ap-
proaches have not yet been validated in pediatric patients.
Mutational analysis has been used to examine thyroid
nodules in children in limited single institution studies
(26,131). Approximately 17% of pediatric FNAs may be
positive for a mutation or rearrangement, the presence of
which correlated with malignancy in 100% (26). However,
the cytopathologic classification for these malignant tu-
mors were AUS/FLUS, suggestive of follicular or Hürthle
neoplasm, suggestive of malignancy, or malignant, all
of which would have led to surgical removal regardless
of the mutational analysis. Although a proprietary multi-
gene expression classifier has been validated to corroborate
a benign diagnosis in adults with indeterminate nodules
(126), there are no studies determining its usefulness in the
evaluation of the indeterminate pediatric thyroid nodule.
Therefore, although current molecular diagnostics might
improve the diagnostic acumen for indeterminate cyto-
pathology in children, additional studies are required before
a formal recommendation can be proffered.

& RECOMMENDATION 6

A positive mutational test appears highly likely to be
associated with malignancy. Conversely, insufficient
data exist in children to rely on negative genetic studies
to reliably exclude malignancy. Although molecular
studies hold promise for complementing the results of
FNA, particularly for nodules that yield indeterminate
cytology, they have not yet been sufficiently validated in
children and cannot be routinely recommended in
routine clinical practice until further studies are con-
ducted.

Recommendation rating: E

[B6] How Should Thyroid Nodules
Be Treated in Children?

The surgical approach to the child with a thyroid nodule is
dictated by the FNA results (see Fig. 1). Every effort should
be made to ensure the FNA is performed in a controlled
setting designed to accommodate age-appropriate anesthesia
and pediatric advanced life support monitoring and inter-
vention. In an effort to provide clarity, the proposed classi-
fication scheme from the National Cancer Institute Thyroid
FNA State of Science conference is used as a guide to stratify
surgical intervention (122).

[B7] What Is the Recommended Approach
for Children with Benign Thyroid Cytopathology?

A key element in this question is whether or not ‘‘benign’’
lesions in children as defined by absence of suspicious US
findings and benign FNA are ever subsequently found to be
malignant. There are insufficient data to answer this question
in children, but there are studies that have included both
children and adults (132–134). The false-negative rate ap-
pears to be quite low, in the range of 3%–5% (114); however,
the false negative rate may be higher in larger lesions sec-
ondary to an increased risk of sampling error (27,135–137).

[B8] Is There a Role for Levothyroxine
Suppression Therapy?

The literature in this area is conflicting. Not all studies
have used the same methodology nor have they always sep-
arated spontaneous thyroid nodules from radiation-induced
thyroid nodules. Furthermore, some but not all benign thyroid
nodules regress spontaneously, and this might be more
common in small cystic lesions (138,139). Levothyroxine
(LT4) suppression therapy has been evaluated for its efficacy
to reduce nodule size or to reduce the risk of subsequent
nodule formation. However, there are only minimal data re-
garding long-term safety and potential side-effects of LT4

therapy (140,141).
LT4 therapy has been prescribed to reduce the size of be-

nign thyroid nodules, but the clinical benefit of a small to
modest reduction in size is not clear (142–147). About a
third (30.6%) of euthyroid children had a ‡ 50% reduction in
nodule size, which was directly correlated with TSH levels
(r= 0.640, p< 0.001) and inversely with LT4 dose (r= - 0.389,
p = 0.009) (140).

Thyroid hormone has also been used in pediatric patients
with radiation-induced thyroid nodules in which the formation
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of subsequent nodules has been shown to be reduced
(148,149). It is not clear if this data can be extrapolated to
pediatric patients with spontaneous nodules, and LT4 therapy
had no effect on the incidence of thyroid cancer (148).

Whether LT4 therapy is used or not, an increase in nodule
size is more commonly associated with malignant disease
and should prompt re-evaluation and/or surgical resection
(see Section B9). Alternatives to surgery have been evaluated
in adults, but they have not yet been evaluated in children and
their use cannot be recommended.

& RECOMMENDATION 7

We are unable to recommend for or against the routine
use of LT4 therapy for children with benign thyroid
nodules. In general, the data support the efficacy of LT4

therapy to reduce the size and risk of subsequent
nodule formation, but there are no data to weigh this
potential benefit against the potential risks of long-term
suppression therapy. In patients with compressive
symptoms or a history of radiation exposure the ben-
efits of LT4 therapy may be more apparent.

Recommendation rating: I

[B9] Is There a Role for Surgery
in Children with Benign Nodules?

For the subset of children who have benign cytopathology,
surgery may be considered due to increasing size, compressive
symptoms, cosmetic reasons, or patient/parent choice. For
growing nodules (defined in adults as a ‡50% increase in vol-
ume or ‡20% increase in at least two dimensions) or nodules
that have developed suspicious US characteristics, repeat FNA
should be performed prior to surgery to assist with surgical
planning and preoperative staging. FNA of nodules >4 cm ap-
pears to have decreased sensitivity for the diagnosis of malig-
nancy (27,135–137). Given the high false-negative rate of FNA
in large lesions, and also to simplify long-term follow-up, sur-
gery should be considered for FNA-documented benign nodules
>4cm, especially if they are solid. If surgery is undertaken,
lobectomy is preferred to minimize the risk for complications.

& RECOMMENDATION 8

Benign lesions should be followed by serial US (see Fig.
1) and undergo repeat FNA if suspicious features de-
velop or the lesion continues to grow. Lobectomy may
be performed in patients with compressive symptoms
and cosmetic concerns or according to patient/parent
preference and should be considered in all apparently
benign solid thyroid nodules > 4 cm, those lesions dem-
onstrating significant growth, or in the presence of
other clinical concerns for malignancy.

Recommendation rating: B

[B10] What Is the Optimal Management
of the Child with an Autonomous
Thyroid Nodule?

Pediatric patients are occasionally found to have an au-
tonomously functioning nodule (toxic adenoma) diagnosed
by a suppressed TSH and increased, nodule-specific uptake
on nuclear medicine radioisotope scan (99mTc pertechnetate

or iodine-123 [123I]) (150,151). These lesions are most fre-
quently associated with somatic activating mutations within
the genes encoding the TSH receptor or the Gs-alpha subunit
(151). On examination, children are either euthyroid or may
have mild signs or symptoms of hyperthyroidism.

In adults, the treatment options for autonomous nodules
include 131I ablation, surgical resection, or ethanol injection.
Because of concerns of the mutagenic effect of low-activity
radioiodine on the normal thyroid tissue, and reports that up to
one third of patients may be found to have an incidentally
discovered DTC associated with autonomous nodules (150),
surgical resection is the usual recommendation for most pe-
diatric patients because the safety of observation or alternative
treatments is unstudied in children. However, in asymptom-
atic patients with an autonomous nodule and subclinical hy-
perthyroidism, surgery may be deferred, but FNA should be
considered if the nodule has features suggestive of PTC.

& RECOMMENDATION 9

For pediatric patients with a suppressed TSH associated
with a thyroid nodule, thyroid scintigraphy should be
pursued. Increased uptake within the nodule is consis-
tent with autonomous nodular function. Surgical resec-
tion, most commonly lobectomy, is the recommended
approach for most autonomous nodules in children and
adolescents.

Recommendation rating: A

[C1] PAPILLARY THYROID CANCER—INITIAL
MANAGEMENT GUIDELINES

[C2] What Is the Optimal Preoperative
Evaluation for the Child with Newly
Diagnosed PTC?

The preoperative evaluation of the newly diagnosed pedi-
atric PTC patient is critical for optimizing surgical outcome
and medical therapy. In all cases, a comprehensive neck US
using a high-resolution probe (7.5MHz or higher) and Doppler
technique should be obtained by an experienced ultrasonog-
rapher. All regions of the neck should be interrogated, recog-
nizing that US has decreased sensitivity to identify malignant
lymphadenopathy in the central neck (level VI) (152,153). A
complete US examination should be performed prior to sur-
gery if it was not performed with the FNA. The goal is to
identify locoregional metastatic disease otherwise not appre-
ciated on physical examination (154–157).

Given the very high rate of cervical lymph node metasta-
ses in children with PTC, the preoperative identification of
suspicious lymph nodes affords the surgeon an opportunity
to more thoughtfully plan comprehensive, compartment-
oriented, lymph node dissection during the initial surgery
with the intent to decrease recurrence rates and the need for
additional surgery (154,157). In patients with large or fixed
thyroid masses or bulky metastatic lymphadenopathy, US
may be less sensitive at detecting metastatic disease to deep
tissue regions, such as the superior mediastinum (level VII),
the retropharyngeal, parapharyngeal, and subclavicular
spaces (152,153). The addition of cross-sectional imaging
using contrast-enhanced computed tomography (CT) or
magnetic resonance imaging (MRI), depending on local
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expertise and preference, should be considered, especially if
there is any concern for invasion of the aero-digestive tract
(158–161). If iodinated contrast agents are used, further
evaluation and treatment with RAI may need to be delayed
for 2–3 months until total body iodine burden decreases. The
advantage of CT over MRI is that CT has shorter image
acquisition times, making scheduling more accessible and
reducing the need for conscious sedation in younger patients.

A chest x-ray and/or chest CT may be considered in those
with substantial cervical lymph node disease, in whom the
prevalence of lungmetastases is increased (9,10,24,65,162,163).
Pediatric-specific protocols should be used to minimize ionizing
radiation exposure. Routine chest CT is not recommended for
patients with minimal neck disease because pulmonary metas-
tases are likely to be identified when the child is subsequently
staged with a stimulated Tg and diagnostic whole-body scan
(DxWBS) (see Section C8) (24,49,164–166).

Thyroid nuclear scintigraphy for the evaluation of newly
diagnosed PTC should only be pursued if the patient presents
with a suppressed TSH. Decreased uptake on thyroid scintig-
raphy is nonspecific for thyroidmalignancy (119). Additionally,
the task force does not recommend the routine use of additional
imaging (e.g., bone scan or [18F]-fluoro-deoxyglucose positron
emission tomography/computed tomography [18FDG-PET/
CT]) in the evaluation of children for PTC. These studies are not
validated in this setting and the likelihood of finding disease in
an otherwise asymptomatic patient is low and nonspecific (see
Section D5).

& RECOMMENDATION 10

A comprehensive neck US to interrogate all regions of
the neck is required in order to optimize the preoper-
ative surgical plan. FNA of suspicious lateral neck
lymph nodes is recommended (see Recommendation
13). Anatomic imaging by MRI or CT with contrast
should be considered in patients with large or fixed
thyroid masses, vocal cord paralysis, or bulky meta-
static lymphadenopathy in order to optimize surgical
planning.

Recommendation rating: A

[C3] What Is the Recommended Surgical
Approach for the Patient with
a Diagnosis of PTC?

For the majority of patients with PTC, total thyroidectomy
(TT) is the recommended initial surgical approach. In this
procedure, the left and right thyroid lobes, the pyramidal lobe
(when present), and the isthmus are resected. Alternatively, in
patients with a small unilateral tumor confined to the thyroid
gland, a near-TT, whereby a small amount of thyroid tissue
(<1%–2%) is left in place at the entry point of the recurrent
laryngeal nerve (RLN) and/or superior parathyroid glands,
might be considered in an effort to decrease the risk of perma-
nent damage to these structures. This recommendation for more
comprehensive thyroid surgery in pediatric patients is based on
data showing an increased incidence of bilateral and multifocal
disease (30% and 65%, respectively) (11,14,47,52,167), as well
as an increased risk for recurrence and subsequent second sur-
gical procedures when less than a near-TT or TT is performed
(5,14,15,44,47,51,168). In long-term analysis of 215 pedi-

atric patients with PTC, bilateral lobar resection compared
with lobectomy was shown to decrease the incidence of
local recurrence from 35% to 6% over 40 years of follow-
up (5). Bilateral thyroid surgery also optimizes the use of
RAI for imaging and/or treatment and Tg as a marker to
detect persistent/recurrent disease (8,169–171). Using an
intracapsular approach, the superior parathyroid glands may
be most easily preserved by maintaining arterial inflow and
venous drainage (172–174).

& RECOMMENDATION 11

For the majority of children, TT is recommended. The
rationale for this approach is based on multiple studies
showing an increased incidence of bilateral and multi-
focal disease. In long-term analysis, bilateral lobar re-
section compared with lobectomy has been shown to
decrease the risk for persistent/recurrent disease.

Recommendation rating: A

[C4] Should Central Neck Dissection
Be Performed?

In patientswith preoperative evidence of central and/or lateral
neck metastasis, a therapeutic central neck dissection (CND)
should be performed. For this subgroup of patients, who are also
at increased risk of pulmonary metastases (10,14,65), CND is
associated with a decreased risk of persistent/ recurrent locor-
egional disease as well as the potential to increase the efficacy of
131I treatment for distant metastases (14,15,22,47,48).

The increased incidence of cervical metastasis in children
suggests that prophylactic CND, as defined in the 2009 ATA
consensus statement on the terminology and classification
of CND for thyroid cancer (175), should be considered at the
time of initial surgery for pediatric patients with PTC. This
is particularly relevant given that decreased disease-free
survival (DFS) is most strongly correlated with the presence
of persistent or recurrent locoregional disease (5,13–
15,22,47,52).

Unfortunately, there are no data that reliably predict which
subgroup of patients is at increased risk for locoregional
metastasis. Larger tumor size (>4 cm) has been shown to
correlate with an increased risk of lymph node metastases
(10,11,176). However, up to 36% of tumors £ 4 cm have
cervical lymph node metastasis (10). In addition, several of
the panel experts have cared for children with regional me-
tastasis found in children with primary tumors £ 1 cm in size.
In adults, these tumors are labeled papillary thyroid micro-
carcinoma (PTMC) and scoring systems have been described
to predict the likelihood of metastasis (177). However, the
thyroid volume is smaller in young children so that the size
criteria used for tumor staging (see Section B4), as well as the
diagnosis of PTMC, may not apply to children (178).

While data suggest that pediatric patients with thyroid
cancer typically have 100% 10-year disease-specific survival
(5,8,162,179), the extent of initial surgery appears to have the
greatest impact on improving long-term DFS (5,47). How-
ever, without long-term, prospective data and a reliable set of
criteria to stratify which patients would benefit from more
aggressive surgical resection, one must weigh the risks of
more aggressive surgery with the potential benefit of de-
creasing the incidence of persistent/recurrent disease.
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The limited data suggest that, in children, TT with pro-
phylactic CND is associated with increased DFS, as high as
95% at 5 and 10 years (46,163). However, the data are mixed
and possibly related to the use of adjunctive RAI remnant
ablation. In a retrospective study examining 75 children with
PTC, 80% of whom underwent TT with 131I remnant abla-
tion, the type and extent of neck dissection did not impact the
risk for locoregional or distant metastasis (15). Conversely,
another study suggested that TT with prophylactic CND may
reduce the risk for reoperation that was as high as 77% in
those without CND (44). Some groups suggest routinely
considering a prophylactic CND, particularly for larger tu-
mors (1,180,181), whereas others suggest making this deci-
sion based upon intraoperative findings (182).

If and when performed, CND should only be performed
by a surgeon highly experienced in the procedure. To reduce
the risk of recurrence, a comprehensive and compartment-
based lymph node dissection should be pursued rather than
‘‘berry picking’’ (183). In patients with unifocal disease,
data from adult patients suggest that ipsilateral, prophy-
lactic CND may provide the same potential benefit while
decreasing the higher complication rate associated with
bilateral CND (184). During ipsilateral CND, the incorpo-
ration of frozen section to stratify which patients should
undergo contralateral (complete) prophylactic CND may
achieve a balance between the potential risks and benefits of
this procedure (185).

With these considerations in mind, the following recom-
mendations are made in an attempt to balance the goal of
achieving surgical remission with the potential increased risk
of complications that may be unnecessary for patients with
minimal or no locoregional metastasis.

& RECOMMENDATION 12(A)

CND is recommended for children with malignant cy-
tology and clinical evidence of gross extrathyroidal
invasion and/or locoregional metastasis on preopera-
tive staging or intraoperative findings. This approach
may be associated with a decreased need for second
surgical procedures and increased DFS.

Recommendation rating: B

& RECOMMENDATION 12(B)

For patients with PTC and no clinical evidence of gross
extrathyroidal invasion and/or locoregional metastasis,
prophylactic CND may be selectively considered based
upon tumor focality and size and the experience of the
surgeon. For patients with unifocal disease, ipsilateral
CND, with pursuit of contralateral CND based on in-
traoperative findings, may help balance the risks and
benefits.

Recommendation rating: C

& RECOMMENDATION 12(C)

Compartment-oriented resection is the recommended
approach for lymph node dissection. Berry picking and
attempting to use palpation to determine if metastatic
disease is present in a lymph node are not recommended.

Recommendation rating: A

& RECOMMENDATION 12(D)

Future studies to assess if TT with prophylactic CND
dissection will lead to reduced reliance on 131I treat-
ment, re-operative procedures, and improved DFS are
recommended.

Recommendation rating: C

[C5] What Are the Indications
for Lateral Neck Dissection?

Pediatric patients occasionally present with bulky disease
to the lateral neck and may have suspicious lymph nodes in
the lateral neck on preoperative US imaging. US findings
suggestive of metastasis to a lymph node include increased
size, rounded shape, loss of central hilum, cystic appear-
ance, peripheral vascularity on Doppler imaging, and micro-
calcifications (186), with the latter two features having the
highest specificity for malignancy (113). The US appearance
of the lymph nodes may be considered sufficient evidence to
pursue lateral lymph node dissection; however, in patients
undergoing surgery, FNA to confirm metastasis to the lateral
neck lymph nodes should be performed prior to lateral neck
dissection. The addition of a Tg measurement in the FNA
washout fluid may be used to confirm equivocal cytological
evidence of metastatic disease, even in the presence of serum
anti-Tg antibodies (TgAb) (187–191) (see Section D2).
When indicated, compartment-oriented lateral neck dissec-
tion (levels III, IV, anterior V, and II) is associated with a
reduction in persistent/recurrent disease and improved DFS
(10,14,47).

& RECOMMENDATION 13

Cytological confirmation of metastatic disease to lymph
nodes in the lateral neck is recommended prior to sur-
gery. Routine prophylactic lateral neck dissection (levels
III, IV, anterior V, and II) is not recommended. How-
ever, lateral neck dissection should be performed on
patients with cytologic evidence of metastases to the lat-
eral neck.Measurement of Tg in theFNAwashout can be
considered if the cytological diagnosis is equivocal.

Recommendation rating: B

[C6] What Are the Possible Complications
of Surgery and What Should Be Done to Minimize
the Risks of Surgery?

The lower incidence of thyroid disease requiring surgical
intervention in children combined with a higher incidence
of locoregional lymph node metastasis has been associ-
ated with an increased risk of complications for pediatric
patients undergoing TT. Utilizing high-volume thyroid
surgeons, defined as a surgeon who performs 30 or more
cervical endocrine procedures annually, can reduce the
rate of complications (70,71). In a cross-sectional analysis
of over 600 pediatric patients undergoing thyroid surgery,
there were fewer general complications (8.7% vs. 13.4%)
and endocrine complications (5.6% vs. 11%) when the
procedures were performed by high-volume surgeons (71).
In addition, the duration of stay and cost were significantly
lower when the procedure was performed by a high-volume
surgeon (71).
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The most common complications after thyroidectomy
are endocrine related and include transient or perma-
nent hypoparathyroidism, with an average rate of approxi-
mately 5%–15%. In a high-volume tertiary endocrine
surgical practice, the risk of permanent hypoparathyroidism
is < 2.5% (72). Surgery specific, non–endocrine-related
complications include RLN damage, spinal accessory nerve
injury, and Horner syndrome, with an average rate of 1%–
6% (10,13,46,47,70,72). In patients younger than 10 years
of age, there is an increased risk of complications associated
with the presence of ETE, lymph node dissection, and re-
peat surgery (10,70,168).

The risk of hypoparathyroidism correlates with the ex-
tent of surgery. Even in patients in whom the parathyroid
glands are identified and viability of gland function is
likely, manipulation of the parathyroid glands may lead
to transient or permanent hypoparathyroidism. Auto-
transplantation of parathyroid tissue after frozen-section
confirmation is utilized if there is any concern of devita-
lization, and it is associated with a decreased risk of per-
manent hypoparathyroidism (192,193). Postoperatively,
several approaches can predict which patients are at an
increased risk of developing hypocalcemia, including se-
rial measurements of serum calcium (194) as well as mea-
surement of a peri-operative intact parathyroid hormone
(iPTH) level. The utility of postoperative iPTH is fairly
well established with a level of <10–15 pg/mL correlating
with an increased risk to develop clinically significant
hypocalcemia (195,196). An elevated postoperative serum
phosphorous may also be predictive (197). The use of peri-
operative iPTH and/or phosphorus monitoring may de-
crease morbidity and allow for stratification of patients
who would benefit from more intensive monitoring and
treatment with calcium and calcitriol. An alternative to this
approach is to place all patients who have undergone
TT, especially those who undergo concomitant CND, on
empiric calcium with or without calcitriol replacement
therapy.

No monitoring devices have been shown to decrease the
rate of non-endocrine surgical complications. The use of in-
traoperative RLN monitoring may be considered as an ad-
junct monitoring device and may be considered for younger
patients (<10 years of age), in patients undergoing CND, and
in patients undergoing repeat surgical procedures. However,
the use of RLN monitoring has not been clearly shown to
lower the incidence of RLN damage (198).

& RECOMMENDATION 14(A)

Pediatric thyroid surgery should be performed in a
hospital with the full spectrum of pediatric specialty
care, to include, but not be limited to endocrinology,
radiology (US and anatomic imaging), nuclear medi-
cine, anesthesia, a high-volume thyroid surgeon, and
intensive care. Pediatric thyroid surgery, especially if
compartment-focused lymph node resection is indi-
cated, should ideally be performed by a surgeon who
performs at least 30 or more cervical endocrine pro-
cedures annually. Thyroid surgery performed under
these guidelines is associated with lower complications
rates, decreased hospital stay, and lower cost.

Recommendation rating: B

& RECOMMENDATION 14(B)

The early incorporation of calcium and calcitriol in
patients at high risk for hypocalcemiamay decrease the
risks of symptomatic hypocalcemia. Postoperative
iPTH measurement may be used to help predict which
patients would benefit from more intensive monitoring
and treatment.

Recommendation rating: B

[C7] What Tumor Classification Systems
Can Be Used for Pediatric PTC?

No single postoperative staging system has been validated
in children with PTC, and the utility of extrapolating adult
staging systems into the pediatric setting is limited by the
observed clinical disparity between the two age groups.
Specifically, the age-metastasis-extent of disease-size of tu-
mor (AMES) and metastasis-age-completeness of resection-
invasion-size (MACIS) have been examined, but the data are
limited and the utility of these staging systems in pediatric
patients with PTC remains unclear (176, 199). The AJCC
TNM classification system (Table 5) is the most widely used
system for describing the extent of disease and prognosis in
the adult population (69). However, due to the extremely low
disease-specific mortality in children with PTC and the fact
that all patients aged < 45 years have either stage I (no distant
metastases) or stage II disease (with distant metastases), the
TNM classification system remains limited in terms of de-
termining prognosis in children. Despite this, the TNM
classification is an excellent system with which to describe
the extent of disease as well as to stratify an approach to
evaluation and management. Especially useful to risk-stratify
the pediatric PTC patient is knowledge regarding lymph node
status. Children with PTC who have gross cervical lymph
node disease at diagnosis are more likely to have multifocal
disease (89% vs. 16%), an increased incidence of pulmonary
metastasis (20% versus none), and increased persistent (30%
versus none) and/or recurrent (53% versus none) disease
compared with children without palpable nodal disease
(53,65).

Therefore, using the TNM classification system, specifi-
cally regional lymph node and distant metastasis staging, one
can categorize pediatric patients into one of three risk groups.
This categorization strategy does not define the risk of mor-
tality (which is low for both stage I and II patients) but
identifies patients at risk of persistent cervical disease and
helps to determine which patients should undergo postoper-
ative staging to screen for the presence of distant metastasis
(Table 6 and Section C8). These three groups are

1. ATA Pediatric Low-Risk
Disease grossly confined to the thyroid with N0 or NX
disease or patients with incidental N1a metastasis in
which ‘‘incidental’’ is defined as the presence of mi-
croscopic metastasis to a small number of central neck
lymph nodes. These patients appear to be at lowest risk
for distant metastasis but may still be at risk for re-
sidual cervical disease, especially if the initial surgery
did not include a CND.

2. ATA Pediatric Intermediate-Risk
Extensive N1a or minimal N1b disease. These patients
appear to be at low risk for distant metastasis but are at
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an increased risk for incomplete lymph node resection
and persistent cervical disease.
The impact of the pathologic identification of micro-
scopic (ETE) (T3 disease) on management and out-
comes has not been well studied in children with PTC,
but patients with minimal ETE are probably either
ATA Pediatric Low- or Intermediate-Risk, depending
on other clinical factors.

3. ATA Pediatric High-Risk
Regionally extensive disease (extensive N1b) or locally
invasive disease (T4 tumors), with or without distant
metastasis. Patients in this group are at the highest risk
for incomplete resection, persistent disease, and distant
metastasis.

& RECOMMENDATION 15(A)

The AJCC TNM classification system should be used to
describe the extent of disease in pediatric patients with
PTC (Table 5). Children with PTC should be stratified
into risk levels (ATA Pediatric Low-, Intermediate-, or
High-Risk) based on clinical presentation, tumor size, and
evidence of regional invasion and metastasis (Table 6).
The extent of disease in the neck at diagnosis appears to
correlate best with the risk for distant metastasis and/or
persistent disease that may require additional treatment.

Recommendation rating: B

& RECOMMENDATION 15(B)

Patients found to have disease confined to the thyroid
gland, as well as incidental evidence of minimal, mi-
croscopic disease to lymph nodes in the central neck
(level VI), fall into the ATA Pediatric Low-Risk level
(Table 6).

The presence of extensive, extrathyroidal inva-
sion or metastasis defines patients at greater risk
for persistent regional or distant metastasis. Pa-
tients with these features are categorized within
the ATA Pediatric Intermediate- or High-Risk lev-
els (Table 6). Within these categories, additional
postoperative staging is warranted to better define
which patients may or may not benefit from addi-
tional therapy.

Recommendation rating: B

[C8] What Postoperative Staging Is Recommended?

For most patients, initial staging (Fig. 2) is typically per-
formed within 12 weeks postoperatively. This affords the
patient and family time to recover from surgery, while at the
same time avoiding delay in additional therapy, if needed.
The purpose of postoperative staging is to assess for evidence
of persistent locoregional disease and to identify patients who
are likely to benefit from additional therapy with 131I, such as
those suspected or known to have distant metastases. The
individual patient’s risk level (Table 6) helps to determine the
extent of postoperative testing. While the committee recog-
nizes that no prospective studies have been performed to
validate a stratified risk-based approach in children with
PTC, an individualized approach incorporating pathologic
findings and postoperative clinical data is founded on well-
accepted approaches to therapy in adults (1,3) as well as
personal experience in certain pediatric practices (200). The
foundation of this stratification system for pediatric patients,
however, assumes complete and accurate preoperative stag-
ing for regional disease (see Section C2) and appropriate
surgery that is performed by a high-volume thyroid cancer
surgeon.

Table 5. American Joint Committee on Cancer TNM Classification System
for Differentiated Thyroid Carcinomaa

Primary tumor (T)
TX Size not assessed, limited to the thyroid
T1 T1a £ 1 cm, limited to the thyroid

T1b > 1 cm but £ 2 cm, limited to the thyroid
T2 > 2 cm but £ 4 cm, limited to the thyroid
T3 > 4 cm, limited to the thyroid, or any tumor with minimal extrathyroid extension
T4 T4a Tumor extends beyond the thyroid capsule to invade subcutaneous soft tissues, larynx,

trachea, esophagus, or recurrent laryngeal nerve
T4b Tumor invades prevertebral fascia or encases carotid artery or mediastinal vessels

Lymph nodes (N)
NX Regional lymph nodes not assessed
N0 No regional lymph node metastasis
N1 N1a Metastasis to level VI (pretracheal, paratracheal, and prelaryngeal/ Delphian lymph nodes)

N1b Metastasis to unilateral, bilateral, or contralateral cervical levels I, II, III, IV, or V) or
retropharyngeal or superior mediastinal lymph nodes (level VII)

Distant metastasis (M)
MX Distant metastasis not assessed
M0 No distant metastasis
M1 Distant metastasis

aPediatric patients are considered to have stage II disease if distant metastases are identified (M1); otherwise, all pediatric patients are
considered to have stage I disease.
Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original source for this material is

the AJCC Cancer Staging Manual, 7th edition (2010) published by Springer Science and Business Media LLC, www.springer.com (69).
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For ATA Pediatric Low-risk patients, initial postoperative
staging includes a TSH-suppressed Tg. The interpretation of
serum Tg and most importantly, interpretation of the trend in
serum Tg over time are summarized in Section D2.

In contrast, for ATA Pediatric Intermediate- and High-Risk
patients, a TSH-stimulated Tg and DxWBS are generally re-
commended for further risk stratification and determination
of treatment with 131I (Fig. 2). Children who fall into the ATA
Pediatric Intermediate- and High-Risk categories are prepared
following standard guidelines for 131I therapy (see Section
C12), and the TSH-stimulated Tg and DxWBS data are used to
assess for evidence of residual disease (Fig. 2). In patients
without evidence of TgAb, the TSH-stimulated Tg is a reliable
marker for evaluating for the presence or absence of residual
disease (see Section D2). In a recent study examining 218
consecutive adult DTC patients across all ATA risk stratifi-

cation levels, a TSH-stimulated Tg < 2 ng/mL had a 94.9%
predictive value for the absence of disease (201).

Whether a DxWBS might image disease that is not iden-
tified through neck US is a matter of debate and few data in
children address this. In one pediatric study, US and DxWBS
equally identified lymph node metastases in the majority of
patients (35/45); however, in six patients, lymph node me-
tastases were found only with a posttreatment RAI WBS
(202). Two of the patients were TgAb positive, reinforcing
the potential benefit of DxWBS in patients who are TgAb
positive (202,203). DxWBS may also visualize disease in the
lungs or mediastinum that would not otherwise be shown by
neck US or other cross-sectional imaging (49).

For patients with cervical iodine uptake, the addition of
hybrid imaging using single photon emission computed to-
mography with integrated conventional CT (SPECT/CT)

Table 6. American Thyroid Association Pediatric Thyroid Cancer Risk Levels
and Postoperative Management in Children with Papillary Thyroid Carcinoma

ATA pediatric
risk levela Definition

Initial postoperative
stagingb TSH goalc

Surveillance of patients with
no evidence of diseased

Low Disease grossly confined to
the thyroid with N0/Nx
disease or patients with
incidental N1a disease
(microscopic metastasis to
a small number of central
neck lymph nodes)

Tge 0.5–1.0 mIU/L US at 6 months
postoperatively and then
annually · 5 years

Tge on LT4 every 3–6 months
for 2 years and then
annually

Intermediate Extensive N1a or minimal
N1b disease

TSH-stimulated Tge

and diagnostic
123I scan in most
patients (see Fig. 2)

0.1–0.5 mIU/L US at 6 months
postoperatively, every 6–12
months for 5 years, and
then less frequently

Tge on LT4 every 3–6 months
for 3 years and then
annually

Consider TSH-stimulated
Tge – diagnostic 123I scan
in 1–2 years in patients
treated with 131I

High Regionally extensive disease
(extensive N1b) or locally
invasive disease (T4
tumors), with or without
distant metastasis

TSH-stimulated Tge

and diagnostic 123I
scan in all patients
(see Fig. 2)

< 0.1 mIU/L US at 6 months
postoperatively, every 6–12
months for 5 years, and
then less frequently

Tge on LT4 every 3–6 months
for 3 years and then
annually

TSH-stimulated
Tge – diagnostic 123I scan
in 1–2 years in patients
treated with 131I

Please refer to Table 5 for AJCC TNM classification system.
a‘‘Risk’’ is defined as the likelihood of having persistent cervical disease and/or distant metastases after initial total thyroidectomy – lymph

node dissection by a high volume thyroid surgeon and is not the risk for mortality, which is extremely low in the pediatric population. See
Section C7 for further discussion.

bInitial postoperative staging that is done within 12 weeks after surgery.
cThese are initial targets for TSH suppression and should be adapted to the patient’s known or suspected disease status; in ATA Pediatric

Intermediate- and High-risk patients who have no evidence of disease after 3–5 years of follow-up, the TSH can be allowed to rise to the
low normal range.

dPostoperative surveillance implies studies done at 6 months after the initial surgery and beyond in patients who are believed to be disease
free; the intensity of follow-up and extent of diagnostic studies are determined by initial postoperative staging, current disease status, and
whether or not 131I was given; may not necessarily apply to patients with known or suspected residual disease (see Fig. 3) or FTC.

eAssumes a negative TgAb (see Section D2); in TgAb-positive patients, consideration can be given (except in patients with T4 or M1
disease) to deferred postoperative staging to allow time for TgAb clearance.

ATA, American Thyroid Association; LT4, levothyroxine; TgAb, thyroglobulin antibody; US, ultrasound.
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offers improved anatomic imaging to determine whether
cervical uptake is secondary to remnant thyroid tissue or
metastasis to regional lymph nodes (204–206).

A potential drawback of DxWBS imaging is that if 131I is
used, the small diagnostic activity may theoretically ‘‘stun’’
the iodine-avid tissue and reduce subsequent 131I uptake if
high-activity 131I treatment is then used (207,208). This issue
can be reduced by selecting the lowest possible activity of
131I (2.7–4.0 mCi = 100–148MBq) (209) or by using 123I
(207,210). Due to its lower cost, 131I is more commonly used,
but 123I provides superior imaging quality and generates
lower absorbed doses of radiation to the tissues (207,211),
which favors its use in children.

Taken together, postoperative staging is used to further
stratify which children may or may not benefit from addi-
tional treatment with surgery and/or RAI therapy. Irrespec-
tive of initial risk stratification, all patients will enter
surveillance, ensuring that appropriate therapy will be given
if evidence of disease is ultimately identified. As long as the
patient is maintained on tailored LT4 suppression and a
proper surveillance plan is followed (Table 6, Fig. 2), delayed
treatment is not expected to alter the already low disease-
specific mortality due to the indolent nature of PTC in chil-
dren. Furthermore, a more individualized and conservative
approach to postoperative staging and treatment will de-

crease unnecessary exposure to 131I in children without evi-
dence of disease, in whom the risks of routine 131I therapy
likely outweigh any benefit. Because of the lack of high-level
evidence to help guide these difficult medical decisions,
families should be fully informed about the options and their
risks/benefits as the surveillance and treatment plans are
being formulated.

& RECOMMENDATION 16

Postoperative staging is usually performed within 12
weeks after surgery (Fig. 2) and allows for stratification
of patients who may or may not benefit from further
therapy, to include additional surgery or 131I therapy.
ATA Pediatric Low-Risk patients may be initially as-
sessed and followed with a TSH-suppressed Tg alone.
In contrast, a TSH-stimulated Tg and a DxWBS is
typically recommended to assess for evidence of per-
sistent disease in ATA Pediatric Intermediate- and
High-Risk patients. Additional imaging, to include
neck US and/or hybrid imaging using SPECT/CT, may
be used conjunctively to more accurately define the
anatomic location of RAI uptake noted on a DxWBS.
Whenever possible, 123I should be used for the DxWBS.

Recommendation rating: B

FIG. 2. Initial postoperative staging for American Thyroid Association pediatric intermediate- and high-risk pediatric
thyroid carcinoma. 1Assumes a negative TgAb (see Section D2) and a TSH > 30 mIU/L; in TgAb-positive patients,
consideration can be given (except in patients with T4 tumors or clinical M1 disease) to deferred evaluation to allow
time for TgAb clearance (‘‘delayed’’ staging). 2Imaging includes neck ultrasonography – SPECT/CT at the time of the
diagnostic thyroid scan. 3Consider 131I in patients with thyroid bed uptake and T4 tumors or known residual mi-
croscopic cervical disease. 4While there are no prospective studies in patients £ 18 years of age, the use of 131I remnant
ablation may not decrease the risk for persistent or recurrent disease. Consider surveillance rather than 131I with
further therapy determined by surveillance data. 5Repeat postoperative staging 3–6 months after surgery. 6See Table 6
and Figures 3 and 4.
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[C9] What Are the Goals of 131I Treatment?

The traditional approach to managing pediatric patients
with DTC included reflexive postsurgical 131I therapy, which
was prescribed in an effort to eliminate residual thyroid tissue
in order to increase the sensitivity for using serum Tg as a
biomarker for recurrent disease. In addition, 131I was pre-
scribed in an effort to decrease the risk of recurrent disease
(see Section C10).

The goal of 131I therapy is to decrease the risks of thyroid
cancer recurrence and theoretically to improve mortality by
eliminating iodine-avid disease. RAI was proposed as a
specific treatment for DTC in 1946 after an adult with
functional thyroid cancer metastases responded to multiple
RAI treatments (212), and 131I therapy has since been broadly
incorporated into treatment protocols for both adults and
children (1,213). A recent survey indicates that use of ther-
apeutic 131I for all thyroid cancers, regardless of tumor size,
has increased from 1990 to 2008 (214).

With increased awareness of the potential long-term side
effects of 131I treatment (see Section C16), there are in-
creased efforts to identify patients who have a high likelihood
of benefit from therapy. Unfortunately, the majority of
available data are based on a nonstratified approach in which
all children underwent TT and variable extent of lymph node
dissection, and the majority received therapeutic 131I. The
challenge is to reduce or eliminate unnecessary 131I exposure
for children who may not benefit without increasing disease-
specific morbidity and mortality. The following sections
address various aspects of this question.

[C10] What Is the Impact of 131I Therapy
on Recurrence and Survival
for Children with PTC?

Adjunctive 131I therapy may improve DFS in young adults
(including some adolescents) but this has not been univer-
sally shown for those with small, stage I lesions (215). Re-
flective of this, the 2009 ATA guidelines and the current
NCCN guidelines support the selective rather than universal
administration of 131I, especially for young patients (<45
years of age) with intrathyroidal PTC and either no or limited
lymph node disease (1,3).

Studies specifically examining the potential benefits of 131I
therapy in children have been difficult to perform because the
number of patients is small and the prognosis is favorable,
regardless of adjunctive therapy (11,169,216,217). Argu-
ments in favor of universal therapeutic 131I for children have
been based on the observation that retention of the normal
thyroid remnant may decrease the sensitivity for detecting
metastases or recurrent disease by serum Tg and/or DxWBS
(218,219). Arguments against the universal prescription of
therapeutic 131I are based on the known short- and long-term
toxicities (220), lack of data showing conclusive benefit
from routine 131I therapy (5,13), a possible increase in the
risk of secondary malignancies (5–7,221,222), and studies
showing that Tg can remain useful and become undetect-
able in patients post TT despite not having received 131I
(223–225).

Most of the data regarding 131I use in children have ex-
amined treatment of known residual disease rather than ab-
lation of the normal thyroid remnant only (9). In patients with
known residual disease, 131I therapy appears to decrease

recurrence (9,43,51,162,226). However, large retrospective
series in children show conflicting results regarding the po-
tential for benefit from adjunctive 131I. In one study, 131I
remnant ablation did not clearly decrease the risk for locor-
egional recurrence, distant metastases, or all-sites recurrence
compared with surgery alone, but there was a trend toward
reduction in the risk of distant metastases ( p = 0.06) (5).
Unfortunately, overall survival was reduced in patients who
had received external beam therapy, radium implants, or 131I,
primarily secondary to an increase in nonthyroid, second
malignancies. Another study also found no improvement in
DFS following remnant ablation (13), but additional studies
revealed a significant improvement in DFS for children with
PTC treated with 131I and no clear increase in the risk of
second primary malignancies (169).

[C11] Which Children Might Benefit
from Therapeutic 131I?

131I is indicated for treatment of nodal or other locor-
egional disease that is not amenable to surgery as well as
distant metastases that are known or presumed to be iodine-
avid (169). In addition, some experts also advocate routine
131I therapy for children with T3 tumors or extensive re-
gional nodal involvement (extensive N1a or N1b disease)
(9,169).

Published studies show that children with iodine-avid pul-
monary metastases benefit from 131I treatment, and complete
remission is achievable formany patients, particularly thosewith
microscopic and small-volume lung disease (9,57,58,162,227).
Thus, for patients with pulmonary metastases, 131I is considered
therapeutic, with the understanding that increasing burden of
disease may ultimately require administration of multiple ac-
tivities (57) (see Section D8).

& RECOMMENDATION 17

131I is indicated for treatment of iodine-avid persistent
locoregional or nodal disease that cannot be resected as
well as known or presumed iodine-avid distant metas-
tases. For patients with persistent disease following 131I
administration, the decision to pursue additional 131I
therapy should be individualized according to clinical
data and previous response (see Fig. 3 and 4). The po-
tential risks and benefits must be weighed on an indi-
vidual basis.

Recommendation rating: B

[C12] How Should a Child Be Prepared for 131I?

If 131I is prescribed, the TSH should be above 30 mIU/L to
facilitate uptake (21,228,229). The majority of children will
achieve this level of TSH by ‡ 14 days of LT4 withdrawal
(230). For that reason, triiodothyronine supplementation during
LT4 withdrawal is not usually required but can be considered
for children who are especially sensitive to hypothyroid
symptoms or if the withdrawal period extends beyond 3 weeks.

Recombinant human TSH (rhTSH) has been used for
remnant ablation as well as for treatment of intermediate- and
high-risk DTC in adults (231–233) and may result in a lower
absorbed radiation activity to the blood (as much as one third
lower) (234). However, data regarding the use of rhTSH in
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children are limited (235,236). Experience in children would
suggest that the typical adult dose of rhTSH (two doses of
0.9mg given 24 hours apart) appears to be safe and gener-
ates sufficient TSH levels (169,236,237). In particular,
rhTSH might have a role in situations in which endogenous
hypothyroidism should be avoided (e.g., significant medi-
cal comorbidities) or is impossible (e.g., TSH deficiency)
(169,236).

To facilitate RAI uptake, a low-iodine diet is generally
prescribed for 2 weeks prior to therapy, but the efficacy of this
practice in children has not been specifically demonstrated.
Nevertheless, a low-iodine diet has been shown to increase
the effective radiation dose to the thyroid by 50%–150% in
adults (238). For that reason, a low-iodine diet is commonly
recommended. In children who received intravenous contrast
during preoperative staging, it is advisable to wait approxi-
mately 2–3 months or to confirm normal (median normal 24-
hour urine iodine excretion = 143lg/24 hour, 5%–95%
range = 75–297 lg/24 hour) (239) or low 24-hour urine iodine
values before performing either a DxWBS or administering
therapeutic 131I.

& RECOMMENDATION 18

In order to facilitate 131I uptake by residual iodine-avid
cancer, the TSH level should be above 30 mIU/L. This
can be achieved in almost all children by withdrawing
LT4 for ‡ 14 days. In selected patients who cannot
mount an adequate TSH response or cannot tolerate
profound hypothyroidism, rhTSH may be considered.
Low-iodine diets have not been specifically evaluated in
children but may enhance the effective radiation ac-
tivity of 131I and are recommended.

Recommendation rating: A

[C13] What Should Be Considered
for Administration of 131I?

General guidelines for safety in the administration of 131I
were reviewed by the ATA Task Force on Radiation Safety in
2011 (240). There are few specific references to children, but
the overall document pertains to children as well as adults.
Once the decision to administer 131I is made, the safety of

FIG. 3. Management of the pediatric patient with known or suspected residual/recurrent disease (no known distant
metastases). This algorithm is intended to be used in children who are known or suspected to have residual or recurrent
disease based upon the suppressed Tg level and knowledge of previous disease extent 6–12 months after all primary
therapies have been completed. 1Assumes a negative TgAb (see Section D2); in TgAb-positive patients, the presence of
TgAb alone cannot be interpreted as a sign of disease unless the titer is clearly rising. 2Imaging includes SPECT/CT at the
time of the diagnostic thyroid scan and/or contrast-enhanced CT/MRI neck. 3Repeat 131I therapy in patients previously
treated with high-dose 131I should generally be undertaken only if iodine-avid disease is suspected and a response to
previous 131I therapy was observed (see Sections D7 and D8).
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family members and classmates will help guide the decision for
inpatient or outpatient therapy. This will be largely based on
patient age and ability to comprehend the tasks required for
outpatient therapy. Other factors to consider are the amount of
radiation retained by the patient and the potential exposure time
and distance between patient and others (240). In general,
children and adolescents with PTC are primarily a radiation risk
to others during the first 1–2 days after 131I therapy. For young
children, this may be especially problematic, if they are not yet
toilet trained or are frightened to sleep alone. Detailed in-
structions for the daily care of children who have received 131I
are provided in the ATA guidelines on radiation safety and
abbreviated in appendix 1 of that document (240).

Adjunctive therapies to minimize the risk of 131I to the
treated child have not been well studied. Adequate hydration is
essential to enhance 131I clearance and should be encouraged.
Regular bowel evacuation is also important, so stool softeners
or laxatives may be considered. Nausea and/or vomiting are
common following 131I therapy, particularly in young children
and those receiving higher 131I activities. In such cases, anti-
emetics like the serotonin 5-HT3 receptor antagonists can be
considered. Accelerating 131I clearance from the salivary
glands may reduce the risk of sialadenitis, but the use of sial-
agogues such as sour candy or lemon juice is poorly studied in
children. Some studies in adults found benefit by starting lemon

drops 24 hours after 131I dosing (241), but some experts do not
recommend this practice. Similarly, the use of the radio-
protectant amifostine has not been validated in children, and a
recent review of randomized control trials in adults found no
benefit from amifostine therapy (242).

Adjunctive treatments to increase the efficacy of 131I therapy
have also not been well studied in children. In adults with PTC,
co-treatment with lithium has been suggested to increase 131I
retention and improve the efficacy of treatment of metastatic
tumors (243). To our knowledge, no study of childrenwith PTC
has evaluated the safety and efficacy of lithium co-treatment.
Because the expression of NIS is more common and more
robust in pediatric PTC, the effect of lithium on 131I retention
might be less than that found in adults (169).

& RECOMMENDATION 19(A)

Adequate hydration should be ensured in all children
receiving therapeutic 131I to facilitate clearance of the
radioisotope, and additional supportive care with anti-
emetic medications and stool softeners/laxatives should
be considered. Sour candy or lemon drops can be given
after 131I treatment, but not all experts ascribe to this
practice.

Recommendation rating: C

FIG. 4. Management of the pediatric patient with known distant metastases. 1Assumes a negative TgAb (see Section D2); in
TgAb-positive patients, the presence of TgAb alone cannot be interpreted as a sign of disease unless the titer is clearly rising; a
declining TgAb titer would suggest continued response to treatment. 2Tg can transiently rise after 131I therapy and should not be
misinterpreted as evidence for progression. 3Repeat 131I therapy in patients previously treated with high-dose 131I should be
undertaken only if iodine-avid disease is suspected and if there was a previous response to therapy (see Section D7 and D8).
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& RECOMMENDATION 19(B)

The routine use of lithium and amifostine cannot be
recommended.

Recommendation rating: F

[C14] How Is the Activity of Therapeutic
131I Determined?

Therapeutic 131I administration is commonly based on
either empiric dosing or whole body dosimetry. There are no
standardized activities of 131I for children and, to our
knowledge, there are no data that compare the efficacy,
safety, or long-term outcomes from 131I administration in
children using these different approaches.

Empiric dosing offers the advantage of simplicity. Some
adjust 131I activity according to weight or body surface area
and give a fraction (e.g., child’s weight in kilograms/70 kg)
based on the typical adult activity used to treat similar disease
extent (1,3,21,219,229). Others suggest that 131I activities to
treat residual disease should be based on body weight alone
(1.0–1.5 mCi/kg; 37–56MBq/kg), while still others feel this
may not be as reliable as dosing based on body surface area.
In general terms, a 15-year-old may require five sixths of the
adult activity, a 10-year-old may require one half of the adult
activity, and a 5-year-old may only require one third of the
adult activity for similar extent of disease (169).

For children with diffuse lung uptake or significant distant
metastases, those undergoing multiple 131I treatments, or chil-
dren who may have limited bone marrow reserve due to prior
chemotherapy or radiation therapy, whole-body dosimetry can
be used to calculate the largest activity of 131I that could the-
oretically be administered so that the absorbed activity to the
blood does not exceed 200 rads (cGy) and that the whole-body
retention 48 hours after administration does not exceed 4.44
GBq (120 mCi) in the absence, or 2.96 GBq (80 mCi) in the
presence, of iodine-avid diffuse lung metastases, respectively
(244–246). Lesional dosimetry can also be performed to select
effective activities of 131I for children with substantial lung
involvement or large tumor burden at distant sites such as bone
(209,210,245,247,248). One must keep in mind that these
toxicity constraints have not been validated in pediatrics and
may be associated with significant toxicity in young children
(249,250). Furthermore, these protocols are time consuming
and not routinely available at all referral centers.

& RECOMMENDATION 20

Based on the lack of data comparing empiric treatment
and treatment informed by dosimetry, we are unable to
recommend for or against either approach in most pa-
tients.Many experts provide the first activity of 131I based
on an empiric estimate and reserve dosimetry for patients
with diffuse pulmonary metastases or subsequent activi-
ties of 131I in patients with iodine-avid distant metastases
who require additional therapy. However, dosimetry can
be considered prior to the first 131I treatment in small
children and in patients with limited bone marrow re-
serve. Due to the differences in body size and iodine
clearance in children compared with adults, it is re-
commended that all activities of 131I should be calculated
by experts with experience in dosing children.

Recommendation rating: I

[C15] Should a Posttreatment
Whole-Body Scan Be Obtained?

Approximately 4–7 days after 131I therapy, a posttreatment
whole-body scan should be performed to take advantage of the
increased sensitivity associated with administration of the lar-
ger activity of 131I used for therapy (208). Newer gamma-
camera systems allow scanning as early as 72 hours after 131I
therapy (251). On occasion, the posttreatment WBS (RxWBS)
may reveal metastatic disease (regional or pulmonary) that was
not apparent on the DxWBS (218), but it remains uncertain if
this knowledge informs future treatment or outcomes. If new
lesions are identified on the RxWBS, the addition of SPECT/
CT to the RxWBS may afford greater definition of residual
disease during postoperative restaging (252).

In addition, the clearance of RAI from thyroid cancers has
been shown to vary substantially with biological half-life
ranging from 3 to 12 days (253). Rapid turnover of iodine
might clear 131I by the time standard imaging protocols are
performed, while other lesions might be better revealed with
delayed imaging (254). For the rare child with elevated serum
Tg and negative RxWBS, serial acquisition times may be
beneficial in documenting disease and iodine avidity.

& RECOMMENDATION 21

A posttreatment WBS is recommended for all children
4–7 days after 131I therapy. The addition of SPECT/CT
may help to distinguish the anatomic location of focal
uptake.

Recommendation rating: B

[C16] What Are the Acute and Long-Term
Risks of 131I Therapy in Children?

There are both acute and long-term side effects and com-
plications associated with exposure to therapeutic 131I. The
side effects can be organized by organ system, and the ma-
jority are explained by mechanistic exposure based on the
method of delivery, absorption, distribution, and clearance.

The short-term side effects of 131I are well known and in-
clude damage to tissues that incorporate iodine, resulting in
sialadenitis, xerostomia, dental caries, stomatitis, ocular dry-
ness, and nasolacrimal duct obstruction (255,256). Strategies
exist to help treat or prevent 131I-related side effects (257,258);
however, even a single activity of 131I may lead to permanent
salivary gland dysfunction with life-long xerostomia, an in-
creased incidence of dental caries, and an increase in the risk for
salivary gland malignancy (258,259). The use of sour candy or
lemon juice, starting 24 hours after 131I dosing, with vigorous
hydration for 3–5 days may protect salivary gland function
(241). The use of rhTSH has not been shown to decrease sali-
vary gland toxicity compared to thyroid hormone withdrawal
(260); however, lacrimal dysfunction (watery eyes) was more
frequent in patients undergoing thyroid hormone withdrawal
(261). None of these prophylactic measures or other sialogo-
gues have been formally studied in the pediatric population.

Gonadal damage has been reported in both women and men
(262,263). In postpubertal males, transient rise in follicle-
stimulating hormone is common and may persist for up to 18
months after 131I exposure (263,264). Increasing cumula-
tive activities of 131I may lead to decreased spermatogenesis
generally without an effect on testosterone production
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(263,265,266). Current guidelines recommend that males
avoid attempts at conception for at least 4 months post 131I
therapy. Postpubertal testes appear to be more vulnerable
than prepubertal testes to the toxic effects of ionizing radia-
tion (267). Therefore, postpubertal males should be coun-
seled and sperm banking should be considered for those
receiving cumulative activities ‡ 400 mCi (14.8 GBq) (268).

Transient amenorrhea and menstrual irregularities are re-
ported in up to 17% of females under the age of 40 years. This
is true despite the fact that 65% of young women received a
single low activity of 131I (average = 81 mCi; 3 GBq) (269).
Other studies have not shown an increase in infertility, mis-
carriage, or birth defects following 131I (262,270,271). Col-
lectively, these data have led to the recommendation that
conception should be avoided during the year immediately
following 131I administration (272).

Acute suppression of bone marrow may occur but hema-
tologic parameters usually normalize within 60 days after 131I
exposure. Commonly a decline in leukocyte (*57%) and
platelet counts (*44%) occurs within the first month after
treatment. This is followed by a less pronounced decline in
erythrocyte count (*10%) by the second month after treat-
ment, but usually all parameters normalize *3 months post
therapy (273). Long-term bone marrow suppression is rare;
however, there are reported cases of leukemia after multiple
high activities of 131I administered over a short span of time
(274). Therefore, it is important to allow for recovery of bone
marrow between 131I treatments.

In support of these clinical observations, 131I has been shown
in peripheral lymphocytes to induce a significant increase in the
number of dicentric chromosomes (275–277), and the aberra-
tions of chromosomes 1, 4, and 10 are not only more prevalent
but are still apparent after 4 years (276). A recent report com-
paring thyroid hormone withdrawal to rhTSH suggests a lower
frequency of lymphocyte chromosomal rearrangements after
131I dosing using rhTSH preparation (278).

A few studies combining patients of all ages have shown
that 131I therapy is associated with an increased risk for
second malignancies and an increase in overall mortality for
patients with DTC (7). A large study by Brown et al. (6)
reviewed data from over 30,000 subjects and found a sig-
nificant increase in second malignancies among patients
treated with 131I (relative risk 1.16, p < 0.05). They also noted
that the risk was greater for younger patients. In a study that
exclusively evaluated children, Hay et al. (5) found that
children who were treated with radiation (external beam ra-
diation, radium implants, or 131I) developed a variety of
second cancers (leukemia, stomach, bladder, colon, salivary
gland, and breast) and had increased mortality compared with
the general population. However, only 4 of the 15 patients
that died from nonthyroid second primary malignancies were
associated with the sole administration of 131I (one acute
myelogenous leukemia, one lung, one adenocarcinoma, and
one breast cancer) (5). Whether this resulted from aggressive
treatment, an underlying predisposition to cancer, or from a
direct effect of 131I is unknown, but the increase in overall
mortality following 131I treatment of a disease with low
disease-specific mortality is of growing concern.

It is difficult to determine from these data if there is a
‘‘safe’’ cumulative exposure to 131I or if the increase in
second malignancies occurs following any amount of 131I.
Further complicating this question is the fact that the effects

of RAI may be amplified in children because a given ac-
tivity of 131I is distributed over shorter distances, taken up
by smaller organs, and accumulated by cells with increased
growth and proliferation potential. Despite these limita-
tions, Rubino et al. (7) proposed an activity–response re-
lationship in which the relative risk for second malignancy
appears to increase above a cumulative activity of 200 mCi
(7.4 GBq) 131I, and Rivkees et al. (220) suggested an in-
creased risk above a cumulative exposure to 300 mCi (11.1
GBq) 131I. However, there are anecdotal reports of acute
myelogenous leukemia after 85 mCi (3.1 GBq) 131I, lung
cancer after 150 mCi (5.6 GBq) 131I, and adenocarcinoma
after 200 mCi (7.4 GBq) 131I (5). Unfortunately, there is a
lack of long-term data to define a ‘‘safe’’ activity of 131I,
and additional study is clearly warranted.

Lastly, for pediatric patients with lung metastases, a sig-
nificant risk exists for 131I-induced pulmonary fibrosis when
the retained 131I activity exceeds 80 mCi (3 GBq) (228,279).
For that reason, patients with significant uptake on DxWBS
are candidates for dosimetry or reduced 131I dosing.

In summary, there are clear benefits and risks, both acute
and chronic, following administration of 131I. The challenge
is to define the subgroup of patients who will not experience
an increase in morbidity or disease-specific mortality if 131I is
deferred or withheld.

& RECOMMENDATION 22

There are clear benefits and risks, both acute and
chronic, following administration of 131I during child-
hood. The challenge is to identify the patients for whom
the benefits of 131I therapy outweigh the risks. Families
should be provided full disclosure of the risks and
benefits of 131I, and their opinion must be considered in
the final decision.

Recommendation rating: C

[D1] SURVEILLANCE AND FOLLOW-UP
OF PTC IN CHILDREN

[D2] What Is the Role of Tg Testing
in the Follow-Up of PTC in Children?

Tg is a thyroid-specific glycoprotein that is synthesized
and secreted by the normal thyroid and by differentiated
thyroid carcinomas. Following surgery and 131I therapy, se-
rum Tg levels serve as a sensitive marker of residual or re-
current disease (280–283); the magnitude of serum Tg
elevation appears to correlate with the site(s) of metastatic
disease and with the tumor subtype (280).

Highly sensitive and specific immunometric analyses for
serum Tg have been shown to be more sensitive for detecting
residual thyroid cancer in adults compared with the DxWBS
(281,284–286). Currently, most laboratories use immuno-
metric methods for Tg measurement, and these should be
calibrated against the CRM-457 international standard (1).
However, even with standardization, there can be significant
differences in Tg results between various assays (171). For
that reason, serial Tg measurements should ideally be per-
formed in the same laboratory using the same assay.

In the absence of TgAb (see following section), serum Tg
has a high degree of sensitivity and specificity to detect
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residual/recurrent DTC, with the highest sensitivity noted
following TSH stimulation (TSH-stimulated Tg) (282). Ser-
um Tg levels rise with TSH stimulation, and the duration of
stimulation is generally longer in the hypothyroid state, re-
sulting in higher serumTg levels than occur after rhTSH in the
euthyroid state (281). In adults, a TSH-stimulated serum Tg
level > 2 ng/mL has a high predictive value for disease (287).

Previous studies of children with DTC have focused on
DxWBS as the ‘‘gold standard’’ for disease status (11,219,288),
and there are few data regarding the interpretation of Tg levels
in children with DTC. Because data suggest that serum Tg
levels might be higher in children compared with adults with a
similar extent of disease (58,289), application of data from
adult studies to children is difficult. Therefore, it is not yet clear
if elevated Tg levels have the same prognostic value for chil-
dren, who may have a different Tg threshold for what would be
considered clinically relevant or ‘‘actionable’’ disease.

Incorporating Tg levels into clinical care
In conjunction with neck US and other imaging procedures

(see Sections D3–D5), themeasurement of serumTg is a critical
component in the management of the pediatric DTC patient,
both at the time of initial postoperative staging (see Table 6, Fig.
2) as well as during long-term surveillance and subsequent re-
staging (see Table 6, Fig. 3 and 4). At the same degree of TSH
suppression, the Tg level on LT4 is thought to be the best pre-
dictor of changes in tumor mass (281,290). Therefore, moni-
toring of the nonstimulated Tg (in addition to neck US; see
Section D3) is the ideal approach to assess for recurrence or
disease progression, noting that a negative Tg on LT4 therapy
may not reliably predict a negative TSH-stimulated Tg response
(291–293). The use of highly sensitive Tg assaysmay ultimately
obviate the need to perform a stimulated Tg measurement (292-
297), although data in children are lacking.

Based on adult studies, a negative TSH-stimulated Tg after
surgery and 131I identifies patients with a high probability of
being disease-free (286,287,298–300). Therefore, an unde-
tectable TSH-stimulated Tg in children is similarly consid-
ered to be an indicator of disease remission, although a mildly
positive stimulated Tg (<10 ng/mL) in such patients should
not be considered an actionable finding in the absence of other
evidence for active disease. This is due to multiple factors,
including our understanding that some adult patients with a
TSH-stimulated Tg level > 2 ng/mL but < 10 ng/mL will re-
main free of clinical disease andwill have stable or decreasing
TSH-stimulated Tg levels over time (281,287,301) and the
fact that patients with DTC can demonstrate a continued de-
cline in Tg levels over many years despite receiving no ad-
ditional therapy (281,301,302).

If the Tg on LT4 is detectable, there is no added value from
performing a TSH-stimulated Tg because the likelihood of
persistent or recurrent disease is high. In these patients, a rising
Tg level indicates disease that is likely to become clinically
apparent (281,283,301,303–305). In this setting, routine sur-
veillance is recommended with imaging and treatment deter-
mined by the degree of Tg elevation and its trend over time (see
Fig. 3 and Sections D3–5). However, when imaging fails to
confirm or localize disease, the clinical importance of a low-
level disease burden identified only by Tg testing in children is
not yet clear, and there is no absolute serum Tg value above
which empiric treatment is indicated (281,301). The Tg level

above which additional studies and or an empiric activity of
RAI therapy (see Section D5) should be considered has not
been delineated in children and adolescents. A mildly positive
TSH-stimulated Tg (<10 ng/mL) in such patients should not be
considered an automatic, actionable finding in the absence of
evidence for progressive disease.

Although repeating a TSH-stimulated Tg in patients whose
Tg is undetectable on suppressive therapy but previously de-
tectable after TSH stimulationmay help to confirm the absence
of disease, there is no need to repeat a TSH-stimulated Tg level
in patients with an undetectable Tg on LT4 and a previously
negative TSH-stimulated Tg, since these patients are likely in
remission (287,298–300).

Finally, in the patient who has not been treated with 131I, the
Tg level while on LT4 can still be reliable (223–225) assuming
the initial surgery was done by an experienced thyroid sur-
geon. A TSH-stimulated Tg is of no value in this situation
outside of its use in initial postoperative staging (Fig. 2).

Children with Tg autoantibodies
TgAb are detected in up to 20%–25% of patients with DTC,

primarily PTC, and they interfere with Tg measurements in a
qualitative, quantitative, and method-dependent manner, ren-
dering the Tg level uninterpretable (304,306–310). Antibody
interference with the most commonly used Tg immunometric
assays always results in underestimation of Tg (i.e., a poten-
tially false negative test), whereas interference with radioim-
munoassay has the potential to cause either under- or
overestimation of Tg, depending on the characteristics of the
patient-specific TgAb and the radioimmunoassay reagents
(307,310). All specimens sent for Tg measurement require
concomitant TgAb testing because TgAb status can change
over time and even very low TgAb concentrations can interfere
(310). Similar to measuring Tg levels, the measurement of
TgAb levels should be performed in the same laboratory using
the same assay every time (307). Newer technologies using
liquid chromatography–tandem mass spectrometry to measure
Tg in TgAb-positive samples are now available (311). How-
ever, further studies are required before these methods can be
broadly incorporated into clinical practice.

Because TgAb concentrations respond to changes in the
levels of circulating Tg antigen, and thereby indirectly rep-
resent changes in thyroid tissue mass, the TgAb level can
serve as a surrogate tumor marker for DTC (306,307). Most
studies have reported that the de novo appearance, persis-
tence, or a rising trend in TgAb concentrations in the post-
operative period are significant risk factors for persistent or
recurrent disease (312–316). However, it is unknown if a
positive TgAb correlates with extent or invasiveness of dis-
ease or the prognosis. A decline in TgAb titers indicates a
declining disease burden, but it may take a median of 3 years
to clear TgAb after cure of DTC (317). A significant rise in
Tg antibodies suggests disease progression that warrants
further evaluation. Patients may have persistent TgAb during
the first year after diagnosis and may even exhibit a rise in (or
de novo appearance of) TgAb during the 6 months following
131I treatment, when there is release of Tg antigen secondary
to 131I-induced damage to thyroid tissue (310,314,318).
Likewise, persistence of a low TgAb concentration years
after the initial surgery does not necessarily indicate the
presence of disease, especially if the TgAb titers display a
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declining trend (315). Similar to the Tg, the trend in TgAb
concentrations is more relevant for disease detection than any
single TgAb concentration. Once the child becomes Tg an-
tibody negative, the Tg level on LT4 or after TSH stimulation
is considered interpretable.

& RECOMMENDATION 23(A)

Tg serves as a sensitive tumormarker in the evaluation,
treatment, and long-term follow-up of DTC in children,
even in children not previously treated with 131I. TgAb
levels should be simultaneously measured in all sam-
ples because the presence of TgAb will render the Tg
result uninterpretable. Tg and TgAb levels should be
measured using the same laboratory and assay tech-
nique. The trend in serial Tg and/or TgAb levels is
much more informative in regard to determining dis-
ease status than any single measurement.

Recommendation rating: A

& RECOMMENDATION 23(B)

An undetectable TSH-stimulated Tg (with negative
TgAb) identifies patients in remission with a very high
probability to remain completely free of disease during
follow-up and in whom the intensity of disease surveil-
lance and the magnitude of TSH suppression should be
relaxed. Monitoring the TSH-suppressed Tg level on
LT4 treatment is the recommended approach to long-
term follow-up, with the trend of this value being the
most reliable indicator of disease activity. Repeat TSH-
stimulated Tg levels are not necessary if the TSH-sup-
pressed Tg is detectable or if a previous TSH-stimulated
Tg was undetectable.

Recommendation rating: A

& RECOMMENDATION 23(C)

Detection of a low-level TSH-stimulated Tg (<10ng/mL)
in a patient who has undergone surgery and therapeutic
131I may indicate persistent disease. However, this value
may decline over time without additional therapy.
Continued follow-upwith serial TSH-suppressedTg and
TgAb levels as well as radiologic imaging (neck US) are
indicated in this situation.

Recommendation rating: B

& RECOMMENDATION 23(D)

Increasing or frankly elevated levels of TSH-stimulated
Tg (>10 ng/mL) warrant further evaluation to localize
disease and inform the decision as to whether addi-
tional surgery and/or 131I therapy would be beneficial
or whether one should pursue continued observation.

Recommendation rating: A

& RECOMMENDATION 23(E)

The Tg level cannot be interpreted in children with
positive TgAb. In this setting, the TgAb trend should be
followed using the same assay. If the TgAb trend is
clearly rising, then further evaluation is warranted.

Recommendation rating: A

[D3] What Is the Role of Ultrasound
in the Follow-Up of PTC in Children?

Children with PTC who have residual/recurrent disease
are most likely to have cervical lymph node disease
(5,9,11,14,163,217,319). US, in conjunction with Tg levels,
has proven highly effective in identifying and localizing
regional nodal metastases in both adults and children with
PTC (113,190,191,202,283,286) and appears even more
sensitive than a TSH-stimulated Tg to identify disease
(190,202,297). US has also proven useful for directing FNA
of suspicious lesions/lymph nodes in the thyroid bed or
lateral neck that can then be evaluated by routine cytology
and Tg immunoassay of the needle washout, especially if
cytopathology is equivocal or uninformative (187–191).
Therefore, US is the most important clinical tool for iden-
tifying cervical disease and is recommended at routine in-
tervals based upon the patient’s ATA Pediatric Risk level
and clinical concern for persistent or recurrent disease (see
Table 6, Fig. 2 and 3).

& RECOMMENDATION 24

Neck US is recommended in the follow-up of children
with PTC (Table 6 and Fig. 3). Neck US should be
performed at least 6 months after initial surgery and
then at 6- to 12-month intervals for ATA Pediatric
Intermediate- and High-Risk patients and at annual
intervals for ATA Pediatric Low-Risk patients. Follow-
up beyond 5 years should be individualized based on
recurrence risk.

Recommendation rating: A

[D4] How Are Diagnostic RAI Scans Best Used
in the Follow-Up of PTC in Children?

A DxWBS is usually performed as part of the postopera-
tive staging following initial surgery in ATA Pediatric In-
termediate- and High-Risk patients and can be considered in
ATA Pediatric Low-Risk patients who have evidence of re-
sidual disease after short-term follow-up (see Table 6, Fig. 2
and 3, and Sections C8/C12).

Routine surveillance for persistent or recurrent disease
in children with DTC has historically relied on sequential
DxWBS (11,219,288). However, serial neck US and
measures of serum Tg appear to be sensitive indicators of
disease status in the vast majority of pediatric patients. For
that reason, there is no role for serial thyroid scintigraphy
in a child who has not previously been treated with 131I,
unless evidence exists for persistent or recurrent disease
(see Fig. 3).

For the child who has received therapeutic 131I, there may
be a role for a follow-up DxWBS, typically 1–2 years fol-
lowing the initial treatment with 131I (Table 6). Children with
known iodine-avid metastases based upon a prior posttreat-
ment scan are the most likely to benefit from subsequent
staging with a DxWBS. Ideally, the DxWBS should be per-
formed only after a significant period of time has elapsed to
assess the response from the last dose of therapeutic 131I,
recognizing that clinical response can continue for years (58)
(see Fig. 4 and Section D8). Finally, once a DxWBS is
negative, repeating the procedure has no utility unless disease
is clinically suspected.
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& RECOMMENDATION 25(A)

During the follow-up of children with PTC who are
suspected to have residual disease, a DxWBS can be
used to inform the decision of whether or not to use 131I
and the activity of 131I to be administered (Fig. 3). A
final DxWBS can be considered to confirm the absence
of iodine-avid disease in children who were previously
treated with 131I and who have no evidence of disease 1–
2 years after initial therapy.

Recommendation rating: C

& RECOMMENDATION 25(B)

A DxWBS should be performed in children with ATA
Pediatric High-Risk disease who were previously
treated with 131I or known to have iodine-avid meta-
static disease based upon a previous posttreatment
scan. The DxWBS should be obtained after at least 12
months of clinical follow-up, and deferred even longer
in children who continue to demonstrate a clinical re-
sponse to previous treatment.

Recommendation rating: B

& RECOMMENDATION 25(C)

Once a negative DxWBS is obtained, there is no benefit
from serial DxWBS to survey for disease recurrence as
long as the patient otherwise remains without clinical
evidence of disease.

Recommendation rating: B

[D5] What Imaging Studies Should Be Considered
in the Pediatric PTC Patient Who Is Tg Positive but
Who Has No Evidence of Disease on Cervical
Ultrasound or DxWBS?

The child previously treated with surgery and 131I who has a
serum Tg suggestive of residual/recurrent disease but no other
evidence of disease presents a particularly challenging clinical
situation. In this setting, one should first ensure that cervical US
has been performed by an experienced radiologist and also
confirm that iodinated contrast agents were not given to the
patient within the 3 months prior to an RAI scan. Treatment
algorithms have been proposed for adults who are ‘‘Tg-positive,
scan-negative’’ and generally focus on anatomic imaging of
the neck and chest, 18FDG-PET/CT, and additional thera-
peutic 131I with a posttreatment scan (1,3,320).

In children, the neck and chest are the most likely sites of
persistent disease, and contrast-enhanced imaging of these
areas with CT or MRI is favored when US cannot identify
disease. 18FDG-PET/CT has become a commonly used tool
in the evaluation of adults with persistent non–iodine-avid
thyroid cancer (3,321–326) and appears to offer prognostic
information that might change clinical management (327–
330). However, there are extremely limited data regarding
the use of 18FDG-PET/CT in children except for a case report
(331), isolated pediatric subjects embedded within adult
studies, and unpublished data that suggest low sensitivity of
18FDG-PET/CT to identify residual disease in children that
otherwise cannot be identified via cervical US and cross-
sectional imaging of the neck and chest (personal commu-

nication, SGW). Whether or not the use of 18F-FDG PET has
similar prognostic value or will change disease management
in children with thyroid cancer remains to be determined.
Finally, empiric treatment with 131I does not appear to be
effective in adults who have a negative DxWBS (332,333).
Although children are more likely to have RAI-responsive
disease compared with adults, empiric treatment with high-
activity 131I is not generally advocated to identify disease
unless there is evidence for clinical progression (e.g., a rising
Tg level) and a documented clinical response to previous 131I
therapy (see Fig. 3).

& RECOMMENDATION 26(A)

For the child with a detectable TSH-suppressed Tg but
a negative cervical US and DxWBS, contrast-enhanced
cross-sectional imaging of the neck and chest should be
considered once iodine excess has been eliminated as a
cause of a false-negative DxWBS.

Recommendation rating: B

& RECOMMENDATION 26(B)

The utility of 18FDG-PET/CT is poorly studied in pe-
diatric DTC, and 18FDG-PET/CT cannot be routinely
recommended in the care of children who have per-
sistent evidence of DTC on follow-up.

Recommendation rating: D

& RECOMMENDATION 26(C)

Empiric 131I therapy and a posttreatment scan are not
recommended to localize disease in the child with DTC
and a negative DxWBS unless there is evidence for
clinical progression (e.g., a rising Tg level) and a
documented clinical response to previous 131I therapy.

Recommendation rating: D

[D6] What Are the Goals and Potential
Risks of TSH Suppression Therapy?

DTCs in children are well-differentiated tumors that may
respond to TSH stimulation with increased growth and Tg
production. For that reason, TSH suppression has been an im-
portant cornerstone of treatment, especially for high-risk
groups (217,334–336). However, there are no data in children
with which to compare the outcomes, risks, and benefits of
various TSH suppression strategies. Some experts recommend
initial TSH suppression to < 0.1 mIU/L followed by relaxation
to 0.5 mIU/L following remission of DTC (337). The ATA
guidelines for adults stratify target TSH levels based on the risk
of recurrence (1). Recognizing the paucity of data regarding
TSH suppression in children with DTC, the panel has con-
cluded that the initial TSH goal should be tied to ATAPediatric
Risk level and current disease status (Table 6). In children
without evidence of disease, the TSH can be normalized to the
low-normal range after an appropriate period of surveillance.

The actual risks of TSH suppression in children with DTC
have been poorly studied. Extrapolating from patients with
Graves’ disease, the potential risks of TSH suppression include
growth acceleration, advanced bone age, early onset puberty,
reduced bone mineral content, poor academic performance,
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tachyarrhythmia, and others (338,339). It should be emphasized,
however, that patients with Graves’ disease generally have
much greater elevations in thyroxine levels than do patients on
TSH-suppressive therapy for DTC. Thus, the applicability of
these data to long-termDTCmanagement is currently unknown.

& RECOMMENDATION 27

TSH suppression in children with DTC should be de-
termined by ATA Pediatric Risk level and current
disease status (Table 6). In children with known or
suspected persistent disease, TSH suppression should
be maintained. In children with no evidence of disease,
the TSH can be normalized to the low-normal range
after an appropriate period of surveillance.

Recommendation rating: B

[D7] What Is the Optimal Approach
to the Patient with Persistent/Recurrent
Cervical Disease?

The majority of residual/recurrent PTC in children will be
identified in cervical lymph nodes (5,9,11,14,163,217,319), and
the optimal management depends on several factors, including
the location and size of disease, the previous surgical and 131I
treatment history, the presence of distant metastases, and
whether or not the disease is iodine-avid (see Fig. 3). Patients
with cervical RAI uptake due to disease that is small (i.e.,
< 1 cm) or that cannot be visualized via cross-sectional imaging
can be considered for treatment with therapeutic 131I, which
may reduce future recurrence risk but is unlikely to improve
mortality (9,14,169). Although repeat surgery may also be an
option, finding a small recurrence in the neck intraoperatively
may be difficult. In most cases, children with small volume
residual disease < 1 cm can be safely observedwhile continuing
TSH suppression. Given the overall excellent prognosis, and
the low risk for clinically significant progression, the risk to
benefit ratio for the treatment of small-volume disease in a child
who has already undergone surgery and 131I is unfavorable.

On the other hand, in patients with structural disease
> 1 cm in size that is visualized by US and/or anatomic im-
aging (CT or MRI) and confirmed via FNA, surgical resec-
tion is preferable to 131I and can result in safe and effective
long-term control of disease, especially when surgery is
performed by a high-volume surgeon (340,341).

& RECOMMENDATION 28(A)

The decision to treat or to observe structurally identifi-
able cervical disease should be individualized and include
considerations of age, initial ATA Pediatric Risk classi-
fication, the presence of distant metastases, and prior
treatment history (including complications from previ-
ous therapy), in addition to the size, extent, anatomic
location, and iodine avidity of the disease (see Fig. 3).

Recommendation rating: C

& RECOMMENDATION 28(B)

Children with macroscopic cervical disease (>1 cm in
size) should be assessed by a high-volume thyroid sur-
geon to determine the feasibility of additional surgery.

Recommendation rating: B

& RECOMMENDATION 28(C)

Iodine-avid cervical disease (visualized with DxWBS)
could be treated with surgery or 131I depending on in-
dividual patient risks and the presence or absence of
distant metastases. Surgery would be favored for disease
localized to the neck, especially if located in a lymph node
compartment not previously operated upon.

Recommendation rating: B

& RECOMMENDATION 28(D)

If repeat surgery is performed, postoperative restaging
can be utilized to determine whether additional 131I
treatment is warranted, especially in the patient who
has not received previous therapeutic 131I.

Recommendation rating: C

[D8] How Should Children with Pulmonary
Metastases Be Managed?

The majority of children with pulmonary metastases have
micronodular disease that typically demonstrates excellent
RAI uptake. Because of this, distant metastases in children
are more amenable and responsive to 131I therapy compared
with adults. Serial 131I treatments can result in remission
in many, but not all, children with pulmonary metastases
from PTC, the vast majority of whom will demonstrate sta-
ble metastatic disease and low disease-specific mortality
(10,57,58,162,176,179,227,289,319,342–344). The optimal
frequency of 131I treatment has not been determined. The
maximal clinical and biochemical response from an admin-
istered activity of 131I may not be reached for up to 15–18
months (302), and recent studies have also demonstrated a
continuous improvement in serum Tg levels for years fol-
lowing discontinuation of 131I therapy in children with pul-
monary metastases (58), all of which suggests that the effects
of therapy can be seen well beyond the first years after
treatment. Because children with pulmonary metastases have
historically been treated aggressively with repeated activities
of 131I, it remains unknown how these pediatric patients
would respond to the less-aggressive use of 131I. Given that a
majority of children with pulmonary metastases will not have
a complete response to therapy and because it may take years
to see the full response of 131I, an undetectable Tg level
should no longer be the sole goal of treatment of children with
pulmonary metastases. Furthermore, longer intervals be-
tween 131I therapy would seem prudent in the child who does
not demonstrate progressive disease.

For patients with persistent pulmonary metastases who have
already received treatment with high-activity 131I, the decision
to re-treat should be individualized (see Fig. 4). Because of our
improved understanding regarding prognosis and duration of
response in children with pulmonary metastases, and to mini-
mize the long-term risks associated with high cumulative ac-
tivities of 131I (see Section C16), it is logical to monitor the
TSH-suppressed Tg and imaging studies in these children,
deferring repeat evaluation and treatment with RAI until the
full response to previous 131I is demonstrated. In the rare event
of disease progression, further evaluation and treatment would
be warranted, as long as it has been > 12 months from the
previous activity of 131I (see Fig. 4). For serologic progression,
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waiting at least 12 months would better establish a trend to
ensure that the rise in the Tg or TgAb levels is not spurious or
due to previous 131I-induced tumor destruction. Furthermore, a
longer interval between treatments may minimize the risk of
late effects of 131I (see Section C16). In all cases, therapeutic
131I should be considered only if the patient is known or pre-
sumed to have RAI-responsive disease and has not already
received high cumulative activities of 131I. If the child did not
have previous RAI uptake on a posttreatment scan or if their
disease continued to progress despite high-activity 131I, further
131I therapy is unlikely to be helpful and should not be given. In
these cases, continued observation and TSH suppression are
indicated, with alternative therapies considered if progression
of iodine-refractory disease becomes clinically significant
(Section D10).

As children with pulmonary metastases may have dif-
fuse RAI uptake in the lungs, there is a real concern about
treatment-induced pulmonary fibrosis (57,258,345–348). In
these cases, administering lower 131I activities and employing
dosimetry should be considered to limit radiation exposure to
the nontarget normal lung parenchyma (244–246,347,349)
(Section C14). The utility and optimal intervals at which to
perform pulmonary function testing in children with lung
metastases have not been studied, but many experts recom-
mend that pulmonary function testing be done intermittently
in children with pulmonary metastases, especially if multiple
131I treatments are planned.

& RECOMMENDATION 29(A)

Children with RAI-avid pulmonary metastases visual-
ized with a DxWBS are good candidates for 131I therapy.

Recommendation rating: A

& RECOMMENDATION 29(B)

After a therapeutic activity of 131I, the TSH-suppressed
Tg level and imaging studies should be monitored until
the full clinical and biochemical (Tg) response is reached.

Recommendation rating: B

& RECOMMENDATION 29(C)

If the full clinical and biochemical (Tg) response sug-
gests persistent disease or if there is documented dis-
ease progression >12months after 131I therapy, further
evaluation with a DxWBS and a TSH-stimulated Tg is
indicated.

Recommendation rating: B

& RECOMMENDATION 29(D)

Re-treatment of RAI-avid pulmonary metastases
should be considered in children who have demon-
strated progression of disease and a previous response
to 131I, with each treatment carefully individualized
based on the child’s unique clinical course, side-effect
profile, risk tolerance, and cumulative administered
131I activity. Treatment with 131I should be performed
by experts with experience in managing children with
pulmonary metastases.

Recommendation rating: B

& RECOMMENDATION 29(E)

Re-treatment of pulmonary metastases with 131I is not
recommended in children who do not have uptake on a
DxWBS and who have not demonstrated a previous
response to 131I.

Recommendation rating: E

& RECOMMENDATION 29(F)

Pulmonary function testing should be considered in all
children with diffuse pulmonary metastases, especially
if multiple 131I treatments are planned.

Recommendation rating: C

[D9] How Does One Approach the Child
with an Incidental PTC Identified After Surgery
for Another Thyroid Condition?

Small foci of PTC may be incidentally discovered on
histological examination of thyroid tissue resected for other
benign diseases such as Graves’ disease, autonomous nod-
ule(s), or multinodular goiter. No consensus exists regarding
the benefit of completion thyroidectomy (assuming lobec-
tomy was initially performed) or 131I therapy for children
with incidental PTC. However, these children should un-
dergo neck US, if not already performed, and be managed
similar to other children with ATA Pediatric Low-Risk PTC
(Table 6).

& RECOMMENDATION 30

Children with incidental PTC should be managed
similarly to other children with ATA Pediatric Low-
Risk disease. Neck US is recommended to detect con-
tralateral disease or disease in the regional lymph
nodes. Completion thyroidectomy is not required in
those children who had less than a TT unless there is US
evidence and cytologic confirmation of contralateral
thyroid disease or malignant lymphadenopathy.

Recommendation rating: B

[D10] What Are the Optimal Approaches
to the Pediatric Patient Who Develops
Progressive Thyroid Cancer That No
Longer Concentrates or Responds to 131I?

Very rarely, children with thyroid cancer may develop
progressive symptomatic and/or life-threatening disease that
is not amenable to further surgery or 131I. In such cases,
systemic therapy should be considered. Clinical trials would
be preferred, but there has not yet been a clinical trial de-
veloped for children with 131I-refractory DTC. Some drugs
with potential efficacy may be available through phase 1
pediatric studies. Doxorubicin remains the only United States
Food and Drug Administration (FDA)-approved cytotoxic
chemotherapy for this indication and has been used either as a
single agent or in combination with cisplatin or interferon-a
(39,350,351), but it is generally ineffective in treating ad-
vanced DTC.

Molecularly targeted therapies using oral small mole-
cule kinase inhibitors have brought newer options to the
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management of 131I-refractory thyroid cancer in adults
(39,352). The pediatric experience has been limited to
published case reports and anecdotal clinical experience,
primarily with sorafenib (353,354), which is FDA-
approved for the treatment of advanced iodine-refractory
DTC in adults based upon the results of a phase III trial
(355). [Subsequent to the completion of these guidelines,
lenvatinib was also approved by the FDA based upon a
pivotal phase III clinical trial in adults (356).] Although more
study is required regarding the use of these agents in children,
particularly with respect to dosing and toxicity, the use of
molecularly targeted therapiesmay be contemplated in the rare
situation in which a child warrants systemic treatment. How-
ever, it is difficult to define iodine-refractory disease in pedi-
atric DTC, and iodine-refractory DTC can remain stable over
years of follow-up. For that reason, all children being con-
sidered for anti-neoplastic therapy should be referred to centers
familiar with the use of these novel therapeutic agents in
thyroid cancer. In all cases, a systematic approach to care and
toxicity evaluation should be undertaken (357).

& RECOMMENDATION 31

Most children with asymptomatic and nonprogressive
131I-refractory disease can be safely monitored while
continuing TSH suppression. Systemic treatment for
advanced thyroid cancer in children remains unstudied
and at this time should be considered the purview of
specialized centers for the treatment of children with
thyroid cancer. Consultation with experts in this area
should be invited prior to initiation of treatment. In
exceptional cases in which systemic treatment is con-
templated, clinical trials are preferred. If unavailable,
the use of oral kinase inhibitors may be considered.

Recommendation rating: C

[E1] FOLLICULAR THYROID CANCER

Pediatric FTC is a rare and poorly studied malignancy with
an age-adjusted annual incidence of 0.5 cases per million
population (8). FTC currently represents 10% or less of
thyroid cancer cases diagnosed in children or young adults
(8,50,358–360), and the prevalence of true FTC appears to be
decreasing over time (361). FTC is most commonly diag-
nosed in adolescents, and there is less of a female to male
preponderance compared with PTC (9,11,50,51,226). Iodine
deficiency is the one clear risk factor for the development of
FTC, and iodine-deficient countries have a higher prevalence
of FTC compared with PTC (226,358,362,363). Unlike for
PTC, the role of ionizing radiation in the pathogenesis of FTC
is much less clear (20,364).

The major histopathologic variants of FTC are the onco-
cytic (Hürthle cell) and clear cell variants. Poorly differen-
tiated thyroid carcinomas (e.g., insular carcinomas) can arise
from a pre-existing FTC and are defined by the WHO as
follicular cell malignancies with limited evidence of follic-
ular cell differentiation (25). Such tumors are exceedingly
rare in the pediatric population (365,366).

Although mutations in RAS and the PAX8/PPARc re-
arrangement have been implicated in adult FTC (130,367),
the somatic genetic events that contribute to the pathogenesis
of pediatric FTC remain largely unstudied. FTC can be a

component of the PTEN hamartoma tumor syndrome (in-
cluding Cowden syndrome) that results from germline muta-
tions in PTEN (see Table 4) (91,92,197,368–370). Therefore,
there should be a high index of suspicion for an underlying
PTEN mutation in children with FTC, particularly in those
with macrocephaly, penile freckling, or a suggestive family
history (92,324,369,371). FTC may also develop as part of
other genetic syndromes (see Section B3 and Table 4).

FTC is typically an encapsulated lesion and the diagnosis
is based on the pathologic identification of capsular and/or
vascular invasion in the resected tumor (358,372,373). The
diagnosis can only be secured after surgical resection and a
thorough examination of the tumor capsule as it interfaces
with the thyroid. FNA is not sufficient for making the diag-
nosis of FTC, which usually has an indeterminate result, such
as ‘‘atypia of undetermined significance,’’ ‘‘follicular le-
sion of undetermined significance,’’ ‘‘follicular neoplasm,’’
or ‘‘suspicious for follicular neoplasm’’ (see Section B4)
(121,374,375).

The clinical behavior ofFTC inchildren isdistinct fromPTC.
Pediatric FTCmay be less aggressive than PTCand is generally
associatedwith less advanced disease, fewer distantmetastases,
and a lower rate of recurrence (9,11,50,167,376). Except for the
aggressivevariants,FTC is typicallya unifocal tumor that rarely
spreads to regional lymph nodes (11,25,50,51,358,372,376–
379) and may have autonomous function (380–382). However,
unlike PTC, FTC is prone to early hematogenous metastases,
which occurs even in the absence of cervical node involvement
(383,384). Despite that, conventional FTC has an excellent
prognosis when diagnosed during childhood, and long-term
survival is the norm (8,385,386).

Depending on the extent of invasion, FTC is currently
subdivided into two major groups: minimally invasive and
widely invasive FTC (367,373). Tumors with microscopic
capsular invasion alone and/or very limited vascular invasion
are typically classified as minimally invasive carcinomas,
whereas grossly invasive neoplasms that show widespread
infiltration into blood vessels and/or adjacent thyroid tissue
and often lack complete tumor encapsulation are deemed
widely invasive FTC.

Minimally invasive FTC has the lowest risk for recurrence
and/or metastases, whereas widely invasive FTC is associ-
ated with significant morbidity and mortality in adults
(358,367,372,373,378,383,387–392). Vascular invasion ap-
pears to be the most important clinical prognostic indicator,
and any degree of vascular invasion, especially if more than
three blood vessels are involved, may portend more advanced
disease and a worse prognosis (372,373,387–390,393).
However, not all studies support the negative impact of
vascular invasion (383,394). Furthermore, size of the primary
tumor appears to be an important factor, with metastases less
likely to occur in smaller cancers (377,383,384,391,393).

In clinical practice, the initial evaluation and treatment of
FTC in children is generally the same as for PTC (200,395).
Surgery by a high-volume thyroid surgeon is the definitive
therapy, and at a minimum the child with an FNA that
demonstrates an indeterminate lesion should undergo an ip-
silateral thyroid lobectomy and isthmusectomy (see Section
B4 and Fig. 1). Intraoperative frozen section can be consid-
ered, primarily to assess for PTC, but frozen section cannot
reliably distinguish FTC from benign disease and is not
routinely recommended (396). With a minimally invasive
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FTC, lobectomy alone may be sufficient treatment (378,392).
However, if more than three vascular invasions are identified
or if the tumor is > 4 cm, completion thyroidectomy is re-
commended because of the higher risk of distant metastasis
(373). In children who have had a TT, postoperative staging
(Fig. 2) can help to identify the children with FTC who may
benefit from 131I treatment (200). Further studies are required
to understand the benefit of routine 131I treatment in children
with no evidence for iodine-avid metastases and a stimulated
Tg £ 10 ng/mL.

The follow-up of children with FTC is similar to PTC and
will include serial monitoring of serum Tg levels and TSH
suppression (see Table 6). One notable difference is that
routine neck US is typically of lesser importance for the
pediatric patient with conventional FTC who has had a TT,
especially when there is no evidence of disease based upon
the Tg data. However, intermittent ultrasonography in chil-
dren who have had only lobectomy may be valuable.

Pediatric FTC is a rare malignancy. Because of the pau-
city of data regarding FTC in children, strong recom-
mendations regarding therapy cannot be made and
further studies are required to better understand the
long-term outcomes and to risk-stratify children who
would benefit from more extensive thyroid surgery and
131I therapy.

& RECOMMENDATION 32(A)

Patients with clear evidence of vascular invasion (more
than three involved blood vessels), known distant me-
tastasis, and/or tumor size > 4 cm should be treated
with TT and staged postoperatively with RAI.

Recommendation rating: C

& RECOMMENDATION 32(B)

Minimally invasive FTC < 4 cm in size and with no or
minimal vascular invasion (three or fewer involved
blood vessels) should be treated on a case-by-case basis,
but lobectomy alone rather than TT with 131I therapy
may be sufficient.

Recommendation rating: C

& RECOMMENDATION 32(C)

In all children diagnosed with FTC, consideration
should be given to genetic counseling and genetic test-
ing for germline PTEN mutations particularly in the
child with macrocephaly or with a family history sug-
gestive of the PTEN hamartoma tumor syndrome.

Recommendation rating: C

[F1] WHAT ARE THE UNIQUE ISSUES THAT MAY
AFFECT CHILDREN DIAGNOSED WITH DTC?

Long-term psychosocial issues have been reported in sur-
vivors of other childhood cancers and appear to be more
pronounced in the unemployed, the poorly educated, and those
with poor financial resources (397). Parents perceive children
with cancer to be more vulnerable than their peers, and this
may lead to overprotection and a reduction in the child’s

quality of life (398), a measure that may not be directly related
to the severity of the cancer prognosis (399). Furthermore, this
perception of vulnerability has been shown to persist for at
least 5–10 years after completion of therapy (400). One small
study in children and adolescents treated for thyroid cancer
demonstrated no difference in quality of life or anxiety levels
compared to children treated for hypothyroidism or normative
controls (401); however, this was a cross-sectional study and
11 of 16 patients were in remission at the time of completing
the survey. Further exploration of the psychosocial impact of
thyroid cancer on the patient and his or her parents and siblings
is required (402). Based on the data from other forms of
childhood cancer, similar parental perceptions of vulnerability
and other psychosocial issues may occur in children with DTC
as they age. Providers should be aware of this possibility and
remain alert to signs of psychosocial distress.

As with any chronic illness, adherence to life-long LT4

therapy is an issue, and it is not uncommon for children to have
elevated levels of TSH when not required for evaluation or
treatment with RAI (403). Therefore, medication adherence
can be a challenge and frequent assessments of thyroid hor-
mone levels along with education about the benefit of TSH
suppression in the long-term management of DTC are impor-
tant.Motivational interviewingmay be a nonjudgmental means
by which to improve compliance (404,405). For patients who
received 131I therapy, health care providers should also con-
tinue to be aware of the potential for second malignancies and
chronic adverse effects from 131I treatment (see Section C16).

& RECOMMENDATION 33

Children with DTC may experience adverse psycho-
social effects and be nonadherent with LT4 therapy.
Attention to these possibilities and supportive coun-
seling as required are important adjuncts in the long-
term follow-up of children with DTC. Future studies on
the impact of a DTC diagnosis and treatment on quality
of life in children are required.

Recommendation rating: C

[G1] HOW LONG SHOULD A CHILD WITH PTC
BE MONITORED?

Overall recurrence rates for children with PTC are ap-
proximately 30%. In some studies, more than half of recur-
rences were seen in the first 7 years after treatment (11), while
others found equal recurrence rates in the first and second
decades after surgery (169). Delayed recurrence as long as
20–40 years after diagnosis has also been reported (5,217).
From these data, it would appear that children with PTC
should be followed for several decades to detect all late re-
currences. However, Tg levels were not reported for patients
in these earlier studies, and it remains unclear if these re-
currence data apply to children with an undetectable stimu-
lated Tg. Until additional long-term data are available, we
suggest that all children with PTC should be followed pro-
spectively but with reduced intensity over time, especially for
those with undetectable TSH-stimulated Tg (see Table 6).

& RECOMMENDATION 34

Recurrence of DTC in children has been reported as
long as 40 years after initial therapy. For that reason,
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children with DTC should be followed for life, albeit
with decreasing intensity for those with no evidence for
disease.

Recommendations rating: B

[G2] WHAT ARE THE AREAS FOR FUTURE RESEARCH?

The treatment of children with DTC is evolving. We have
moved from an era of intensive therapy in which all children
received TT and 131I to an era of personalized therapy in
which treatment is individualized based on pre- and postop-
erative staging and continuous risk stratification. Although
the current recommendations have been made based on the
best available data and clinical experience, such evolution in
care generates uncertainty in providers, parents, and patients.
The greatest uncertainty surrounds the proper use of 131I, the
interpretation of Tg and TgAb levels, the role of prospective
US monitoring in presymptomatic children at risk for thyroid
neoplasia, the use of novel targeted therapies for advanced
disease that is unresponsive to 131I, and the long-term psy-
chosocial impacts of this disease on children and their families.
These areas require well-designed long-term, multicenter
studies that will be difficult to perform because of the rarity of
pediatric DTC and the prolonged follow-up required to reach
meaningful end-points. Further research should be facilitated
by ensuring that children with DTC are treated when possible
at centers with multidisciplinary interest and expertise in this
disease.
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Sonographic Evaluation of Pediatric 
Thyroid Nodules1

A thyroid nodule detected clinically or incidentally at medical im-
aging is a common indication for ultrasonography (US) in the adult 
population. This scenario is less frequently the case in pediatric pa-
tients, and the approach to evaluation of thyroid nodules deserves 
modification in these patients because of the increased probability 
of malignancy in children, compared with adults. Evaluating a thy-
roid nodule with US in a systematic way requires familiarity with 
a number of features that can be assessed and the terms that the 
radiologist uses in each category. The probability of malignancy is 
influenced by certain features, and several models have emerged to 
integrate these details into an overall risk assessment to guide man-
agement and biopsy of thyroid nodules. Clinical features of thyroid 
cancer differ between pediatric and adult patients, and risk factors 
and certain genetic syndromes portend earlier manifestation of thy-
roid malignancy. This article provides a review of (a) US features 
of thyroid nodules with an emphasis on the predictive capacity for 
malignancy, focused on the pediatric age group when the data ex-
ist, (b) clinical information, including risk factors and genetic syn-
dromes pertinent to the pediatric population, and (c) the state of 
the current literature and controversies in diagnosing and managing 
pediatric thyroid cancer.
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After completing this journal-based SA-CME activity, participants will be able to:
 ■ Discuss syndromes and risk factors associated with thyroid malignancy and the 

increased risk of malignancy in thyroid nodules in children relative to similar nodules 
detected in the adult population.

 ■ Recognize the appropriateness of US to evaluate a thyroid nodule and guide biopsy.

 ■ Describe how to assess a thyroid nodule in a systematic manner by integrating 
multiple features, including the nodule’s size, shape, composition, echotexture, hyper-
echoic foci, and vascularity, to better estimate the risk of malignancy.

See www.rsna.org/education/search/RG.

SA-CME LEArNiNg ObjECTivES

introduction
A thyroid nodule is a common clinical concern that comes to the 
attention of the radiologist, and numerous guidelines have been de-
veloped for how to evaluate the nodule with ultrasonography (US). 
In the pediatric population, thyroid nodules are far less prevalent 
than in adults, with a rate of occurrence ranging between 0.05% 
and 5.1%, but up to one in four nodules may be malignant (1–6). 
Pediatric thyroid cancer differs from thyroid cancer in an adult in 
that pediatric thyroid cancer commonly manifests when the disease 
is in its advanced stages. Despite this fact, the prognosis is com-
paratively favorable.

This copy is for personal use only. To order printed copies, contact reprints@rsna.org



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

eCografia da Tiróide  |  inTrodução TeóriCa  |  susana basso

195

1732 October Special issue 2017 radiographics.rsna.org

lary tumors, male gender, distant metastasis, and 
nonsurgical treatment (12).

Epidemiology
In adults, a thyroid nodule may be detected with 
US in 50% of patients or more; most of these 
nodules are asymptomatic. Clinically evident thy-
roid cancer is uncommon and affects fewer than 
1% of individuals throughout their lives (13).

Although most pediatric thyroid nodules are 
benign, as is the case with adult thyroid nodules, 
individual thyroid nodules in pediatric patients 
harbor a three to five times greater risk of malig-
nancy. In the results of one study, investigators 
found that the rate of malignancy in pediatric 
nodules was 22%; adults with nodules evaluated 
according to the same algorithm had a nod-
ule malignancy rate of 14% (3). The reported 
malignancy rate is variable, and in the results of 
a 10-year retrospective study of 120 pediatric thy-
roid nodules, investigators found that 19 patients 
(16%) had malignant nodules (2). In the results 
of another single-center 21-year study of 125 pe-
diatric patients undergoing fine-needle aspiration 
biopsy (FNAB) or thyroidectomy, 16 patients 
(12.8%) had thyroid cancer, 14 of whom had 
papillary cancer and two medullary cancer (14).

Malignancy is more common in nodules 
found in patients who are younger than 20 years 
or older than 60 years, compared with patients 
between 20 and 60 years of age (15). Of all new 
diagnoses of thyroid malignancy in the United 
States, 1.8% are in people younger than 20 years 
(4). Despite the more advanced manifestation of 
thyroid cancer in pediatric patients, these tumors 
are usually slow-growing tumors, but prompt 
diagnosis is beneficial because greater tumor size, 
distant spread, and greater atypia are associated 
with a worse prognosis (7). In the results of some 
studies, investigators have suggested a worse 
outcome for patients younger than 10 years (16). 
After treatment with total thyroidectomy, the 
recurrence rate of pediatric thyroid cancer was 
32% in a study of 60 cases (17), compared with 
an average recurrence rate of less than 8% in a 
meta-analysis of adult cases with similar treat-
ment, and recurrence rates in adults fall to 4.7% 
if prophylactic central compartment neck dissec-
tion is included (18).

Thyroid nodules are more common in female 
pediatric patients; the male-to-female ratio is 1:2 
or greater (1,16,19). This difference is driven 
mostly by gender disparity in the adolescent age 
group; the female preponderance is not present 
in young children (4). In the results of most re-
views, investigators have found that an individual 
nodule has a similar risk of malignancy on the 
basis of its features, regardless of patient gender, 

In this article, the US evaluation of thyroid 
nodules is reviewed by utilizing descriptions of 
different characteristics, some of which more 
strongly hint at malignancy, and explaining how 
these features pertain to nodules in children. 
Clinical features and risk factors in pediatric 
patients, which also differ from those in the adult 
population, are also reviewed. Our analysis is 
limited to US, the most appropriate modality for 
thyroid nodule assessment, and the diagnostic 
features most focused on discriminating benig-
nity from malignancy.

Clinical Features
The most common manifestation of pediat-
ric thyroid cancer is the thyroid nodule. The 
prevalence of thyroid nodules in the pediatric 
population is considerably lower than that in 
adults and ranges between 0.05% and 5.1%. In 
children, 22%–26% of these nodules are malig-
nant, compared with 5%–10% of adult nodules 
(1,3–7). Pediatric thyroid cancer commonly 
manifests at advanced stages, with a greater 
incidence of coexisting metastasis to the lymph 
nodes and lungs, compared with newly diag-
nosed thyroid cancer in adults. Also, in contrast 
to the traditionally benign nature of “hot nod-
ules”—nodules that produce thyroid hormone 
autonomously—in adults, up to 30% of autono-
mous nodules in children are found to harbor 
differentiated thyroid cancer (8).

Although few pediatric patients were included 
in many studies of prognostic factors, the prog-
nosis for differentiated thyroid cancer is favorable 
in patients who are younger than 40 years of age. 
Despite this fact, up to 78% of cases in children 
and adolescents manifest with metastases to the 
lymph nodes (9), and up to 30% with pulmonary 
metastases (10), findings that necessitate more 
aggressive and repeated treatment (11). The out-
come of the papillary histologic type of thyroid 
cancer is particularly favorable, and factors as-
sociated with worse outcomes include nonpapil-

TEAChiNg POiNTS
 ■ Individual thyroid nodules in pediatric patients harbor a three 

to five times greater risk of malignancy.

 ■ US is widely accepted as the most sensitive imaging modality 
for routine thyroid imaging and nodule detection.

 ■ Entirely cystic nodules are regarded as almost always benign.

 ■ The US features most concerning for malignant extension to 
a lymph node include heterogeneous echotexture, calcifica-
tions, and internal cystic areas.

 ■ An ideal method for providing a sample from a thyroid nodule 
for cytologic investigation is FNAB, particularly with US guid-
ance, because of its safety and reliability.
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alone, beyond 30 Gy, decrease the risk of thyroid 
cancer, likely because of cell killing (23). The 
incidence of a secondary thyroid malignancy is 
greater in female patients and those aged 12–16 
years (12,24).

Preexisting Thyroid Disease
Preexisting thyroid disease also increases the risk 
of thyroid cancer. Chronic inflammation promot-
ing carcinogenesis is a known phenomenon, and 
Hashimoto disease is an autoimmune disease 
characterized by inflammation of the thyroid 
with lymphocyte infiltration eventually produc-
ing fibrosis and parenchymal atrophy. Hashimoto 
thyroiditis is one of the most prevalent causes of 
hypothyroidism in children. In the results of one 
study of surgical thyroidectomy, patients with 
Hashimoto thyroiditis were three times more 
likely to have thyroid cancer (25), and in the find-
ings of another study, investigators demonstrated 
an association between Hashimoto thyroiditis 
and papillary thyroid cancer that was stronger in 
female patients (26).

Syndromes
Medullary thyroid cancer accounts for about 
5% of all thyroid cancers, and familial forms 
of the disease account for 20%–25% of cases, 
either as part of multiple endocrine neoplasia 
(MEN) type 2A or MEN-2B or as an isolated 
familial medullary thyroid cancer syndrome. 
MEN-2 syndromes are characterized by medul-
lary thyroid cancer (Fig 1) and pheochromocy-
toma. MEN-2A is associated with parathyroid 
tumors and hyperparathyroidism; MEN-2B is 
associated with marfanoid habitus, mucosal 
neuromas, and intestinal ganglioneuromatosis. 
Familial occurrence is not as strong in MEN-
2B, because mutations frequently occur de 
novo. In the 1st year of life, fewer than 20% 
of carriers were found to express the typical 
MEN-2B phenotype; therefore, diagnosis is 
usually delayed, and patients frequently present 
with metastatic disease. The reported average 
patient age at diagnosis of MEN is 13 years, 
with a 2-year delay in diagnosis from onset of 
symptoms, and in two-thirds of patients, the 
diagnosis is only made after surgery (12).

Inactivating mutations of the phosphatase and 
tensin homolog tumor suppressor gene (PTEN) 
cause a heterogeneous group of disorders with 
benign and malignant overgrowth of a variety 
of tissues. Patients with Cowden disease are 
most prone to developing tumors of the bowel, 
uterus, breast, and thyroid (27). Bannayan-Riley-
Ruvalcaba syndrome manifests as macrocranium, 
multiple lipomatosis, delayed psychomotor devel-
opment, thyroid adenomas, and hyperpigmented 

but in the findings of other studies, investigators 
have suggested that a thyroid nodule in a male 
patient may have an independently higher prob-
ability of malignancy. In the results of one review, 
investigators found a male-to-female ratio of 1:4 
for benign nodules, but the ratio for malignant 
nodules was 1:1 (19).

risk Factors

irradiation and Cancer Treatment
A history of irradiation of the neck increases the 
risk that a thyroid nodule is malignant (12,15). 
A historically higher incidence of thyroid cancer 
in the 1950s and 1960s is partially attributable to 
the extensive use of low-dose radiation therapy 
for benign abnormalities involving the head, 
neck, and chest, particularly thymus enlarge-
ment. The pediatric thyroid gland may be more 
sensitive to the carcinogenic effects of ionizing 
radiation than an adult’s thyroid gland, and 
lower doses of radiation (on the order of 0.10 
Gy), relative to the doses observed with other 
radiation-associated cancers, may induce thyroid 
carcinogenesis (20,21). Radiation therapy used in 
the treatment of several childhood malignancies, 
including lymphoma, increases the risk of later 
development of thyroid disease, with a delayed 
development of cancer and an elevated risk for 
up to 20 years after treatment (7,12). The use of 
alkylating agents (such as cyclosphosphamide, 
chlorambucil, procarbazine, diaziquone, dacarba-
zine, ifosfamide, and busulfan) in chemotherapy 
has been associated with secondary development 
of thyroid cancer, but this relationship is exclu-
sive to a group of patients receiving radiation 
therapy involving the thyroid gland of less than 
20 Gy (22). Higher doses of radiation therapy 

Figure 1. Medullary thyroid carcinoma in a 12-year-old girl 
with MEN-2B and bilateral thyroid nodules. High-power pho-
tomicrograph shows nests of polygonal tumor cells embedded 
in a dense amyloid stroma, with focal calcification. (Hematoxy-
lin-eosin [H-E] stain; original magnification, 3100.)
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macules on the glans penis. In this syndrome and 
in Cowden disease, thyroid nodules are usually of 
the follicular type, and carcinoma accounts for only 
5%–10% of cases (7).

Endocrine gland neoplasias are also seen in 
Carney complex, an autosomal dominant disease 
characterized by skin, breast, and cardiac myxo-
mas and by mucosal hyperpigmentation. The 
endocrine gland manifestations include pituitary 
adenomas, Sertoli–Leydig cell tumors, pigmented 
nodular adrenocortical disease, and multinodular 
thyroid disease. The thyroid nodules are malig-
nant in about 10%–15% of cases (7,28).

In another group of syndromes associated 
with an increased risk of thyroid cancer, the 
syndromes are caused by autosomal dominant 
mutations in the adenomatous polyposis coli 
tumor suppressor gene (APC). Familial adeno-
matous polyposis is so named for the multiple 
intestinal polyps that are prone to malignant 
transformation. Gardner syndrome is a subtype 
of familial adenomatous polyposis with the ad-
ditional features of fibromas, epidermoid cysts, 
and mandibular osteomas. A separate autosomal 
dominant syndrome featuring intestinal ham-
artomatous polyps is Peutz-Jeghers syndrome. 
A characteristic feature of this syndrome is 
melanotic macules on the lips and oral mucosa. 
Patients with Peutz-Jeghers syndrome also carry 
an increased risk of thyroid cancer.

McCune-Albright syndrome is caused by spo-
radic, postzygotic mutations in the GNAS1 gene 
and frequently demonstrates mosaicism. The 
classic triad is polyostotic fibrous dysplasia, café 
au lait spots, and peripheral precocious puberty. 
Other recorded anomalies involve the endocrine 
system, such as Cushing syndrome, thyrotoxico-
sis, and hyperpituitarism. Cystic or multinodular 
goiter and autonomous thyroid function causing 
hyperthyroidism are the typical thyroid manifes-
tations (7).

Benign and malignant tumors of the thyroid 
can also be associated with the DICER1 syn-
drome. Germline mutations in the DICER1 
gene cause the DICER1 syndrome (also known 
as pleuropulmonary blastoma familial tumor 
and dysplasia syndrome). In addition to the 
characteristic pleuropulmonary blastomas, the 
DICER1 syndrome is also associated with cystic 
nephromas, Sertoli–Leydig cell tumors, em-
bryonal rhabdomyosarcomas, and multinodular 
goiter. In the results of a recent study, de Kock 
et al (29) reviewed five cases of unrelated young 
children with pleuropulmonary blastoma and 
thyroid cancer (papillary, follicular, and fol-
licular variant of papillary thyroid cancer) and 
found that three of the cases demonstrated dif-
ferent germline DICER1 mutations.

Pathology
The exact proportion of thyroid malignancies of 
the papillary type that are reported is variable but 
tends to be about 80% across all primary thyroid 
malignancies. These tumors demonstrate a papil-
lary architecture and are composed of follicular 
cells with distinct nuclear features (Fig 2) (30). 
In the results of a retrospective review of 50 pedi-
atric cases of thyroid cancer, the histologic distri-
bution was 92% papillary cancer (including 20% 
with the follicular variant of papillary cancer), 6% 
follicular thyroid cancer, and 2% mixed histologic 
types (11). Recently, an encapsulated and nonin-
vasive variant of papillary thyroid carcinoma has 
been reclassified as “noninvasive follicular thyroid 
neoplasm with papillary-like nuclear features” 
(NIFTP) because of its indolent nature; a histo-
logically similar tumor with invasive features has 
the potential for malignant spread (31).

Follicular thyroid carcinoma is rare in chil-
dren and adolescents (4). Follicular carcinoma 
is not always able to be diagnosed with FNAB 
alone, and lobectomy is often performed when the 
cytologic findings are consistent with a follicular 
neoplasm—either follicular adenoma or follicular 
carcinoma. Rather than spreading to cervical lymph 
nodes, follicular carcinoma is more likely than 
papillary carcinoma to spread hematogenously 
and may metastasize to lung, brain, liver, and bone 
(32). Early capsular and vascular invasion is an 
emblematic finding (Fig 3).

In younger children (aged 0–4 years), medullary 
thyroid carcinoma is more common than papillary 
thyroid carcinoma, and the incidence of the papil-
lary histologic type increases with increasing age 
(12). Medullary thyroid carcinoma is frequently 
familial, such as its occurrence as a component of 
the MEN-2 syndromes (Fig 4). This carcinoma is 
derived from parafollicular cells (or C cells), which 

Figure 2. Papillary carcinoma in a 13-year-old female 
adolescent. High-power photomicrograph shows the clas-
sic type of papillary thyroid carcinoma, with central psam-
momatous calcifications (arrowheads). (H-E stain; original 
magnification, 3100.)
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secrete the hormone calcitonin; calcitonin can 
serve as a useful serum tumor marker. Treat-
ment usually includes total thyroidectomy, so any 
residual calcitonin detected in the serum during 
postoperative follow-up implies viable parafol-
licular cells. Medullary carcinoma does not 
concentrate iodine; thus, scintigraphy with iodine 
131 (131I) and ablation with radioactive iodine 
lack utility. Another type of thyroid cancer that also 
lacks the ability to concentrate iodine is anaplastic 
thyroid carcinoma, which is a rare, poorly differ-
entiated subtype that is virtually unknown in the 
pediatric population.

Lymphoma accounts for a small proportion of 
primary thyroid malignancies. The subtypes most 
commonly originating in the thyroid are marginal 
zone B-cell lymphoma and diffuse large B-cell 
lymphoma. Patients often present with compres-
sion of the airway or esophagus similar to that in 
cases of cervical nodal lymphoma.

Ultrasonography
US is widely accepted as the most sensitive imag-
ing modality for routine thyroid imaging and 
nodule detection, because it provides the most 
information about nodule features for assessing 
probability of malignancy. Further benefits of 
US include a lack of ionizing radiation and the 
widespread availability of US; however, its user-
dependent operation serves as a major disadvan-
tage. US is most appropriately performed with a 
high-resolution transducer of 7.5 MHz (or higher), 
supplemented by Doppler US imaging. With 
the appropriate field of view and focal zone, fine 
details of the nodule can be elucidated with US, 
and microcalcifications and the vascular pattern of 
thyroid nodules are US details that may be missed 
with other modalities. In addition to imaging the 
thyroid, US is a useful modality for the evalua-
tion of cervical lymph nodes, a critical aspect in 
the complete evaluation for metastatic disease. 
In postoperative follow-up of thyroid cancer, US 
examination of the thyroidectomy bed is recom-
mended, and the results of this examination may 
be even more sensitive than serologic markers in 
detecting recurrent papillary thyroid cancer (4).

FNAB is a cost-effective initial method for 
obtaining a sample from a thyroid nodule (33), 
and US is also used as a guide during FNAB, 
particularly in nodules that are not palpable. 
When compared with palpation alone, US-
guided FNAB leads to lower rates of nondiag-
nostic and false-negative results (34,35), and in 
the pediatric population, the recommendation 
is that all FNAB procedures be performed with 
US guidance (4).

Nodule Evaluation
The sensitivity for the detection of thyroid nodules 
with US exceeds the sensitivity for nodule detec-
tion with physical examination, as evidenced by 
the large number of nonpalpable thyroid nodules 
demonstrated with US. A standard evaluation of 
the thyroid should assess both lobes in transverse 
and longitudinal dimensions, with evaluation of the 
isthmus. Investigation of cervical lymph nodes if a 
thyroid nodule is detected is also pertinent, and a 
diffuse sclerosing variant of papillary thyroid can-
cer (with nodal metastasis) is more common in the 
pediatric population (4,36). Further assessment of 
a nodule should include the capture of images and 
measurements obtained in transverse and longitu-
dinal dimensions, with the focal zone at the depth 
of the nodule.

Attempts have been made to standardize the 
description of thyroid nodules and stratify the 
risk of various features in a manner similar to 
the Breast Imaging Reporting and Data System 
(BI-RADS) established by the American College 

Figure 3. Follicular carcinoma in a 17-year-old female ado-
lescent. High-power photomicrograph shows that the tumor 
invades a capsular lymphovascular space (arrows). (H-E stain; 
original magnification, 3400.)

Figure 4. Medullary carcinoma of the thyroid in a 12-year-
old girl with MEN-2B. Transverse US image through both thy-
roid lobes shows hypoechoic thyroid nodules bilaterally. FNAB 
was deferred, and the patient underwent total thyroidectomy,  
which demonstrated bilateral thyroid involvement. (Fig 1 is a 
photomicrograph of a specimen from one of these nodules.)
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Table 1: Lexicon of US Descriptors of Thyroid Nodules

US Descriptor Definition

Composition
 Solid Completely or nearly completely soft tissue
 Cystic Completely fluid filled
 Spongiform Tiny cystic spaces occupy most of the nodule

Echogenicity*

 Hyperechoic Increased echogenicity relative to that of normal thyroid tissue
 Isoechoic Similar echogenicity to that of normal thyroid tissue
 Hypoechoic Decreased echogenicity relative to that of normal thyroid tissue
 Markedly hypoechoic Decreased echogenicity relative to that of nearby neck musculature
Calcifications, or echogenic foci
 Microcalcifications Punctate “dotlike” foci without posterior acoustic artifacts; <1 mm in 

diameter
 Macrocalcifications Larger and with posterior acoustic shadowing
 Comet-tail artifacts Triangular reverberation artifact with decreasing width of deeper echoes
Margin
 Smooth Curvilinear well-defined uninterrupted border, commonly forming an 

elliptical or spherical shape
 Irregular Spiculated, jagged, or sharp-angled border, with or without soft-tissue 

protrusions into the parenchyma
 Lobulated Rounded soft-tissue protrusions in the border, with extension into the 

parenchyma; may vary in quantity (single or multiple) and size (micro-
lobulations)

 Ill-defined Nodule border is indistinguishable from the thyroid parenchyma
 Halo Peripheral hypoechoic rim forming the nodule border; can be partial or 

complete; thickness may be uniformly thin or thick or may be irregular
 Extrathyroid extension Nodular extension through the thyroid capsule
Shape†

 Wider Anteroposterior to horizontal diameter ratio of <1
 Taller Anteroposterior to horizontal diameter ratio of >1
Lymph nodes
 Normal Not enlarged; preserved fatty hilum
 Abnormal Increased size, rounded shape, irregular margins, internal calcifications, 

heterogeneous echotexture, or cystic change; less characteristic when 
loss of only the hyperechoic fatty hilum

Vascularity
 Absence of nodular Doppler signal ...
 Increased peripheral vasculariza-

tion of the nodule
...

 Increased peripheral and intrano-
dular vascularization

...

Elastography‡

 Elasticity in the whole nodule or 
most of the nodule

...

 Elasticity in only the peripheral 
aspects of the nodule

...

 Absent elasticity in the nodule or 
posterior shadowing

...

Sources.—References 1 and 38–42.
*Mixed echogenicity can be described as “predominantly” hyper-, iso-, or hypoechoic.
†For shape, assess taller-than-wide on the transverse image: measurements parallel to the ultrasound beam for 
height and perpendicular to the ultrasound beam for width.
‡Elastography can be defined qualitatively or quantitatively in units of kilopascals, with increased stiffness repre-
sented by a greater number of kilopascals.
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of Radiology through the creation of the Thyroid 
Imaging Reporting and Data System (TI-RADS), 
which was first published in 2009 (37). However, 
no single scheme has yet to receive widespread ac-
ceptance (Table 1) (1,38–41).

An attempt to standardize the descriptive 
features of thyroid nodules that were already be-
ing used in the published literature came from a 
group convened by the American College of Ra-
diology, starting in 2015 (38). A standard set of 
categories and a standard lexicon were developed, 
with some modification where variability between 
sources exists. Although the American College of 
Radiology committee did not stratify nodule risk 
on the basis of patient age, the lexicon is used in 
the subsequent sections of this article to discuss 
US findings as they apply to pediatric patients.

Size and Shape
Discrete nodules should be measured in their 
maximal anteroposterior, transverse, and cranio-

caudal dimensions. This process requires at least 
two images, because the transverse US image can 
be used to evaluate transverse and anteroposte-
rior dimensions, and the longitudinal US image 
can be used to evaluate craniocaudal and antero-
posterior dimensions (Figs 5, 6). The anteropos-
terior dimension can be reported as an average 
of those anteroposterior dimensions measured in 
the longitudinal and transverse planes.

In the results of a 4-year retrospective study 
from Belarus, investigators found no signifi-
cant size difference in a series of 35 malignant 
nodules and 68 histologically benign nodules in 
pediatric patients (1). In contrast, in the results 
of a review of 27 pediatric nodules (19 of which 
were malignant), other investigators found 
that larger size was predictive of malignancy in 
the pediatric population (6). In the results of 
another review of 125 pediatric thyroid nodules 
(28 malignant), investigators found a signifi-
cantly greater size of malignant nodules, with 
a mean of 31.7 mm for malignant nodules and 
23.0 mm for benign nodules (P < .004) (3). The 
findings from adult studies have also demon-
strated no significant difference between the size 
of benign and malignant nodules (42).

In the findings from further investigations 
into thyroid nodule size, various groups of 
investigators have compared measurements in 
different dimensions and have suggested that a 
taller-than-wide shape, which was defined as a 
ratio of anteroposterior diameter to transverse 
diameter greater than 1, is a feature suggestive 
of malignancy (43–47). The pathologic mecha-
nism underlying this feature is theorized to be 
decreased compressibility, with a firmer/more cel-
lular, malignant nodule less often compressed flat 
along tissue planes. In the adult population, the 
predictive utility of this feature for malignancy 

Figure 5.  How to measure a focal thyroid lesion with gray-scale US: Example US images of a 14-year-old 
female adolescent with follicular carcinoma. Left: Longitudinal US image of the left lobe of the thyroid 
can be used to ascertain the craniocaudal dimension (calipers labeled 1). Right: Transverse US image can 
be used to determine the transverse dimension (calipers labeled 2) and the anteroposterior dimension 
(calipers labeled 3). This lesion has a peripheral hypoechoic halo. The parenchyma of the nodule is het-
erogeneous in echogenicity: predominantly hyperechoic compared with the echogenicity of the thyroid, 
with a focal hypoechoic area anteriorly.

Figure 6.  Follicular carcinoma in a 17-year-old female 
adolescent. Longitudinal gray-scale US image of the left 
lobe of the thyroid shows that the lesion measures 7.6 
cm in the craniocaudal dimension (calipers labeled 1) 
and occupies nearly all of the thyroid in the field of view.
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is notable, with sensitivity ranging between 40% 
and 68% and specificity between 82% and 93% 
(38). This feature has not been extensively inves-
tigated in pediatric thyroid nodules. In a series of 
32 cases of malignant thyroid nodules in pedi-
atric patients in a period of 5 years at the Uni-
versity of Iowa, this feature was not seen. In the 
results of a meta-analysis of 12 studies limited to 
pediatric US, investigators found that orientation 
was not assessed, an observation suggesting that a 
taller-than-wide shape is an infrequent feature in 
pediatric thyroid nodules (5). In a series of adult 
thyroid nodules, a taller-than-wide shape was 
seen in 12% of thyroid nodules (44). In the find-
ings from another series of adult patients, inves-
tigators showed that wider thyroid nodules were 
drastically more common (1933 wide nodules vs 
69 tall nodules), so even with a higher likelihood 
of malignancy in a tall nodule, more malignant 
nodules overall are wide (106 wide malignant 
nodules vs 42 tall malignant nodules) (48).

Multiple Thyroid Nodules
In the findings from a study of adult patients, 
investigators found that a solitary nodule had 
a higher likelihood of malignancy than a non-
solitary nodule (49); however, multiplicity of 
nodules does not necessarily imply benignity. A 
systematic US approach to each distinct nodule 
with the use of the categories described in the 
subsequent sections is prudent. In the adult 
population, an enlarged thyroid that has multi-
ple similar-appearing nodules without any suspi-
cious US features and a lack of normal interven-
ing parenchyma is often considered diagnostic 
of multinodular goiter, and FNAB is deferred 
(30). However, in the pediatric population, the 
recommendation is to perform FNAB of nod-
ules larger than 1 cm or, if suspicious features 
are present, smaller nodules (4).

As previously discussed, chronic inflamma-
tion is a recognized risk factor for malignant 
transformation, and histopathologic findings after 

thyroidectomy for presumably benign multinodu-
lar thyroid disease may disclose foci of cancer. 
If a biopsy of a multinodular thyroid is to be at-
tempted, the US features discussed in the follow-
ing sections can help direct the person perform-
ing the biopsy to the most suspicious areas.

Composition
Focal thyroid lesions may be entirely solid, entirely 
cystic, or contain cystic and solid areas. Cystic 
nodules and regions appear as other cysts appear 
on US images; they are anechoic with posterior 
acoustic enhancement (Figs 7, 8). Entirely cystic 
nodules are regarded as almost always benign 
(5,13,15,33,43,50), and FNAB is often deferred. 
Rarely are such findings true epithelial-lined cysts 
and more often represent liquefaction and degen-
eration of hyperplastic nodules (32). When FNAB 
of a mixed solid and cystic nodule is performed, it 
is preferable to target the solid component.

The typical mixed solid and cystic thyroid 
nodule (a) contains a discrete countable num-

Figure 7. Almost entirely cystic lesion in a 
16-year-old female adolescent being evalu-
ated for thyromegaly and a palpable nodule. 
Longitudinal gray-scale US image of the thy-
roid shows an almost entirely anechoic nodule 
(calipers) with posterior acoustic enhancement. 
FNAB was performed because of the lesion’s 
complexity with septa (arrow). No malignant 
cells were identified in the aspirate, a finding 
suggestive of a degenerative benign nodule 
transforming into a cyst.

Figure 8. Papillary thyroid carcinoma in a 16-year-old female 
adolescent with multiple sclerosis. Longitudinal gray-scale US 
image of a right thyroid nodule shows that it is composed of 
solid regions and cystic regions (multiple anechoic areas inside 
the nodule). Color Doppler US images (not shown) helped 
confirm that the anechoic areas were avascular.
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ber of cystic spaces, each of which demonstrates 
typical through transmission, or (b) is a predom-
inantly cystic lesion with a mural solid nodule. 
In the results of one retrospective review of 78 
biopsied thyroid nodules in children, investiga-
tors found nine malignant nodules (all papil-
lary), and one-third of the malignant nodules 
were mixed solid and cystic nodules (51).

Spongiform is a term used to describe a subtype 
of mixed solid and cystic composition that features 
numerous small cysts cumulatively accounting for 
a large portion of the nodule mass. In the results 
of a retrospective study of 360 malignant and 
498 benign thyroid nodules in adults, Moon et al 
(43) found this appearance in 51 benign thyroid 
nodules and only one malignant nodule. In the 
results of two additional studies, Lee et al (50) 
and Bonavita et al (52) found this subtype com-
monly present in histologically benign nodules. 
The accuracy of this feature for demonstrating the 
benign nature of a nodule in children has not been 
reported in review studies (5).

Because the cystic aspects of a nodule will al-
ways be anechoic, descriptions of the echogenicity 
of a nodule should be limited to the solid portion. 
This convention prevents erroneous labeling of the 
composition “mixed solid and cystic” as the echo-
genicity descriptor “heterogeneous.”

Echogenicity
The echogenicity of a thyroid nodule refers to the 
relative ability of the nodule to return an echo, 
compared with the background thyroid tissue. The 
basic descriptors for a thyroid nodule in this cat-
egory are hyperechoic, hypoechoic, and isoechoic 
to the background of normal thyroid tissue (Figs 
9, 10). Heterogeneous thyroid nodules contain 
areas of differing echogenicity, thus resisting clas-
sification into one of the three established descrip-
tor categories. For heterogeneous thyroid nodules, 
the predominant pattern should be described as 
“heterogeneous, predominantly hypoechoic” or 
“heterogeneous, predominantly hyperechoic” to 
provide more descriptive information (Fig 11).

Figures 9, 10.  (9) Follicular carcinoma in an 11-year-old girl. Transverse US image of the nod-
ule in the upper portion of the left thyroid lobe shows a well-defined nodule with areas that are 
isoechoic and hyperechoic. In the upper portion of the left thyroid lobe, the patient had an adja-
cent nodule that was also well defined (not shown); at excision, this adjacent nodule was found 
to be a benign hyperplastic nodule. (10) Follicular variant of papillary carcinoma in a 16-year-old 
female adolescent being evaluated for primary hyperparathyroidism. Transverse US image of the 
isthmus shows that the nodule is hypoechoic and contains peripheral microcalcifications.

Figure 11. Papillary thyroid carcinoma in a complex nodule in a 17-year-old female adolescent presenting 
with fatigue and thyromegaly. (a) Longitudinal gray-scale US image of the thyroid shows a heterogeneous 
echotexture suggestive of thyroiditis. The thyroid gland contains a focal nodule (calipers) with irregular margins, 
including a possible partial halo. The echogenicity of most of the nodule is isoechoic to the thyroid gland, but a 
hypoechoic area is depicted in the center of the nodule. (b) Longitudinal color Doppler US image shows that the 
nodule demonstrates increased vascularity at the periphery and within the nodule. FNAB was used to diagnose 
papillary thyroid carcinoma.
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A presumption that background thyroid tis-
sue is the reference is understood if a nodule is 
described as simply hypoechoic, isoechoic, or 
hyperechoic. The normal thyroid demonstrates 
uniform echotexture and homogeneous echo-
genicity, but if the background thyroid tissue is 
heterogeneous, such as in cases of Hashimoto 
disease, this descriptor may have less utility.

It is only valid to describe the echogenicity of 
solid nodules or solid portions of thyroid nod-
ules. Clearly, a cystic nodule or cystic portion of a 
mixed solid and cystic nodule is anechoic, what-
ever the nature of the solid portion. Calcifications 
are likewise hyperechoic, whatever the echo-
genicity of the solid portion of the thyroid nodule 
is otherwise, and calcifications are not to be in-
cluded when determining a nodule’s echogenicity.

Hypoechoic nodules have been reported to be 
of greater risk for malignancy (42,44), but many 
histologically benign nodules are also hypoechoic. 
In the results of several studies, hypoechogenicity 
was associated with malignancy and was seen in 
46.1%–55.3% of malignant cases (1,43). How-
ever, in the findings from those same studies, 
hypoechogenicity was observed in 33.7%–35.2% 
of benign nodules (1,43).

Although a “hypoechoic” nodule appears 
darker than the background gland, a less echo-
genic descriptor of “markedly hypoechoic” is 
used when the nodule is hypoechoic even in 
comparison with the strap muscles. This dis-
tinction is clinically important, because marked 
hypoechogenicity is more specific for diagnos-
ing malignant thyroid nodules (43,53). In the 
results of one review of adult cases, markedly 
hypoechoic nodules were demonstrated in 
38 cases, 27 (71%) of which were malignant; 
hypoechoic (to thyroid parenchyma but not to 
strap muscles) nodules were seen in 677 cases, 
86 (12.7%) of which were malignant (48). In 
studies specific to pediatric patients, a separate 
category for markedly hypoechoic nodules has 
not been reported.

Calcifications
Echogenic foci, or hyperechoic foci, is a term to 
describe areas of markedly increased echogenicity 
(whiter spots) internal to a nodule. These areas 
are understood to represent calcification. Echo-
genic foci are subdivided into microcalcifications 
(Figs 12–14), which are punctate or dotlike, and 
macrocalcifications (also called coarse calcifica-
tions), which are large enough to cause posterior 
acoustic shadowing (Fig 15). Microcalcifica-
tions are commonly regarded as less than 1 mm 
in size and lacking posterior acoustic shadow-
ing artifacts. However, some sources still regard 
a hyperechoic focus as a microcalcification if 

(a) the focus measures 1 mm in diameter and 
has posterior acoustic shadowing (48), or (b) the 
focus measures 2 mm (42). These echogenic foci 
are a recognized category of importance in all 
TI-RADS classifications.

Microcalcifications are a well-known risk 
factor for malignancy in adults, with one group 
of investigators identifying this feature as highly 
significant, with an odds ratio of 11.6 (13). In the 
results of a retrospective review of 849 nodules in 
adults, another group of investigators found that 
both types of calcifications were associated with 
malignancy (43).

In the findings from studies restricted to 
the pediatric population, a similar pattern has 
emerged. In the results of a 10-year retrospec-
tive review of pediatric cases, investigators found 
that microcalcifications were the only gray-scale 
US finding in the thyroid that was statistically 
indicative of malignancy (2). In the findings from 
one review of 70 pediatric patients, both micro-
calcifications (P < .0001) and coarse calcifica-
tions (P = .03) were significantly associated 
with malignancy, with an odds ratio of 113.7 for 
microcalcifications (51). In the results of a recent 
meta-analysis, investigators found that microcal-
cifications in pediatric thyroid nodules increase 
the probability of malignancy to 57.4% and have 
a sensitivity of 43%–44% and a specificity of 
97% in predicting malignancy (5). Mussa et al 
(19) suggested that in the singular presence of 
microcalcifications, FNAB is warranted. In the 
results of other studies, investigators have found 
that microcalcifications are only beneficial as part 
of a prediction model that includes a nodule size 
of more than 35 mm and ill-defined margins (6). 
On the contrary, Lyshchik et al (1) found that 
microcalcifications were not significant in pre-
dicting malignancy, but this study was an earlier 
study among patients in Belarus who had expo-
sure to radioactive environmental contamination, 
and thus this study may be qualitatively different 
from the other studies evaluating this feature.

Histologically, the microcalcifications likely 
represent multiple calcified psammoma bodies, 
which are typical of papillary thyroid cancer (15), 
although this finding is by no means unique to 
papillary carcinoma even in pediatric patients. 
Microcalcifications are also described in follicular 
and anaplastic carcinoma and in benign condi-
tions, including Hashimoto thyroiditis (54). Dif-
fuse microcalcifications in the setting of a concur-
rent thyroiditis are a key finding that can alert the 
diagnostician to the potential of a diffuse scleros-
ing variant of papillary carcinoma, which can be 
hidden in the background of thyroiditis (55). This 
type of papillary thyroid carcinoma is more com-
mon in the pediatric population (4,36).
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Figures 12–14.  (12) Papillary thyroid carcinoma in a 16-year-old female adolescent. (a) Axial contrast 
material–enhanced computed tomographic (CT) image obtained because of palpable lymphadenopathy 
shows a calcified right thyroid nodule. (b) Transverse US image shows punctate hyperechoic foci with-
out shadowing, findings consistent with microcalcifications. (c) Longitudinal US image shows posterior 
acoustic shadowing (arrow), which is consistent with macrocalcifications. (13) Diffuse sclerosing vari-
ant of papillary thyroid cancer in a 16-year-old female adolescent with a history of Graves disease who 
was asymp tomatic and without a palpable nodule. Longitudinal gray-scale US image shows a focal hy-
poechoic nodule with ill-defined margins. Punctate microcalcifications are depicted at the cranial aspect 
of the nodule. (14) Papillary carcinoma in a 13-year-old female adolescent. Transverse US image through 
the thyroid isthmus shows that the nodule is hypoechoic compared with normal thyroid parenchyma on 
both sides. At the periphery of the lesion are punctate hyperechoic foci consistent with microcalcifica-
tions. (Fig 2 is a photomicrograph of a specimen from this nodule.) 

Figure  15.   Papillary carcinoma in a 17-year-old female ado-
lescent. Magnified longitudinal US image of the left lobe of the 
thyroid shows areas of posterior acoustic shadowing consistent 
with macrocalcification. The mass has ill-defined margins that 
defy attempts to accurately measure it. At excision, this tumor 
had extension into the vascular space and involvement of the 
surgical margins.
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When posterior acoustic shadowing is de-
picted, the echogenic foci are considered macro-
calcifications. In the results of more recent stud-
ies that separate micro- and macrocalcifications, 
investigators have found inconsistent results for 
the predictive value of macrocalcifications; Kwak 
et al (44) reported that macrocalcifications with-
out associated microcalcifications are not a risk 
factor for malignancy. Although macrocalcifica-
tions are less ominous than microcalcifications 
and are far less suggestive of a specific abnor-
mality, macrocalcifications may be seen in both 
medullary and papillary carcinoma (30).

Comet-tail artifacts, which are caused by rever-
beration, can often mimic microcalcifications but 
are distinguishable by their triangular shape—de-
creasing width with increasing depth. Comet-tail 
foci are found in colloid nodules, which are cystic 
nodules with the echogenic foci caused by inspis-
sated colloid calcifications (Fig 16); echogenic 
colloid foci are associated with benign nodules 
(30,47,52). In the results of one study of all age 
groups to investigate the importance of echogenic 
foci, the investigators divided comet-tail artifacts 
into small and large comet-tail artifacts and found 
that large comet-tail artifacts, although uncom-
mon, were strongly associated with benign nodules 
and cystic composition, and echogenic foci alone 
were not predictive of malignancy (56).

Margins
The term margin describes the border between a 
discrete thyroid nodule and the adjacent thyroid 
parenchyma or, if not entirely surrounded by 
thyroid parenchyma, the extrathyroidal tissues (Fig 
17). The margin of a nodule can be described as 
“smooth” when it is well defined and not inter-
rupted. The border will typically be curvilinear 
to form a spherical or elliptical nodule. A smooth 
margin is more common in benign nodules, but 
between 33% and 93% of malignant nodules may 
have smooth borders (38,43). If the margin is dif-
ficult to distinguish from the background thyroid 
gland, it can be described as an “ill-defined” mar-
gin. Some sources use “irregular” to mean spicu-
lated or jagged edges of a nodule, possibly in one 
localized part of the nodule, a term that is differ-
entiated from “ill-defined” by the ability to sharply 
draw the border of the nodule. “Lobulated” or 
“microlobulated” contour is used by some sources 
to described smooth rounded protrusions (44). 
A halo is a defined hypoechoic rim around the 
periphery of the nodule (Fig 18). The halo can be 
variable in thickness, sharpness, and the propor-
tion of nodule encapsulation. A halo may be due 
to a true fibrous capsule or a pseudocapsule and 
is suggestive of benignity, because most malignant 
thyroid nodules are not encapsulated. However, 

a complete or incomplete halo has been noted in 
7%–21% of thyroid carcinomas (57,58).

Of all of the descriptor categories described, 
the “margin” category has among the most 
subjectivity and interobserver variability. Among 
this nonuniformity, the descriptors of “irregular” 
and “lobulated” are sometimes collapsed into 
“ill-defined.” Determining the predictive value 
of each feature within this category is difficult 
because of the high variability (38). Lyshchik 
et al (1) reported a significant association (P < 
.01) between an “irregular” outline of a thy-
roid nodule and malignancy in pediatric cases. 
Absence of a peripheral halo was also found 
to be associated with malignancy but only in 
nodules measuring less than 15 mm. Papini et al 
(59) reported “blurred” margins as a significant 
indicator of malignancy in adults (P < .001), 
Kwak et al (44) reported both “microlobulated” 
and “irregular” contours as independent predic-

Figure 16.  Colloid nodule in a 15-year-
old female adolescent who presented 
with a 4-cm goiter, fatigue, and anxiety. 
Longitudinal gray-scale US image shows a 
cystic nodule (calipers) with internal echo-
genic foci. FNAB was performed, and the 
findings at histopathologic examination 
disclosed abundant colloid and minimal 
cellularity, findings consistent with a col-
loid nodule.

Figure 17. Papillary thyroid carcinoma in a 
13-year-old female adolescent with osteope-
trosis and a history of radiation therapy to the 
neck. Transverse US image shows an ill-defined 
hypoechoic nodule, as well as extrathyroidal ex-
tension (arrowheads), a finding that the results 
of histopathologic examination after resection 
helped confirm. E = esophagus.
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vascularity
The pattern of vascularity of a thyroid nodule 
can be evaluated with Doppler US. Technical 
settings should be optimized to detect slow flow. 
The findings in this category can be classified 
as “increased central vascularity,” “increased 
peripheral vascularity,” “mixed (with both 
increased),” or “normal/not increased” among 
various schemes (Figs 19, 20). Because the com-
parison is to the internal flow in the background 
thyroid tissue, the field of view at Doppler US 
must include adjacent thyroid parenchyma for 
comparison. In the setting of a background 
hypervascular thyroid, as in Graves disease, this 
comparison is understandably difficult (Fig 21). 
Multiple groups of investigators have observed 
a significant association with intranodular 
vascularization and malignancy, with Lyshchik 
et al (1) determining that such a finding com-
bined with perinodular vascularization further 
increased the risk of malignancy (19). In the 
findings from a retrospective review, Sultan et al 
(60) determined that an increased vascular frac-
tion area in the central region of the nodule was 
a more effective differentiator for malignancy 
than rim vascularity. In the results of adult 
studies, investigators have shown an association 
between vascularity described as “chaotic” and 
malignancy and have also determined that linear 
blood vessels extending from the periphery of 
the nodule to the center favor benignity (47). 
However, increased central or mixed Doppler 
flow has been shown to be the most common 
characteristic leading to a false-positive diag-
nosis when used for predicting malignancy and 
selecting for FNAB (42).

The committee convened by the American 
College of Radiology considered Doppler US 
as a category for nodule descriptors but did not 
include it because of its inconsistent value in 
discriminating between benign and malignant 
nodules (38). A more recent attempt to achieve 

Figure 18. Follicular variant of papillary carcinoma in a 14-year-old male adolescent. (a) Longitudinal US im-
age of a solid nodule shows a peripheral halo of varying thickness. (b) Longitudinal color Doppler US image 
shows increased central and peripheral vascularity in the nodule.

Figure 19.  Follicular variant of papillary thyroid carci-
noma in a 9-year-old girl with Hashimoto disease and 
type 1 diabetes. Longitudinal color Doppler US image 
shows a well-defined solid thyroid nodule with in-
creased intranodular and peripheral vascularity.

Figure 20. Follicular variant of papillary thy-
roid carcinoma that was found incidentally at 
magnetic resonance imaging of the cervical 
spine in a 16-year-old female adolescent. The 
mass measured 4.4 3 2.2 3 2.6 cm. Transverse 
color Doppler US image shows increased pe-
ripheral vascularity. FNAB produced a sample 
that was classified as Bethesda III (follicular le-
sion of undetermined importance). The patient 
underwent thyroid lobectomy, and the findings 
at histopathologic examination of the specimen 
helped diagnose the follicular variant of papillary 
cancer. Follow-up treatment included complete 
thyroidectomy.

tors of malignancy, and Rios et al (47) found 
that “poorly defined” nodules were cancerous in 
41% of cases, compared with a 10% malignancy 
rate when margins were “well-defined.”
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a discriminatory TI-RADS found that neither 
vascularity nor size was significantly different 
between benign and malignant thyroid nodules 
(48). The current generation of scanners allows 
identification of internal vascularity in most solid 
thyroid nodules (48). Despite the lack of utility 
in this aspect, evaluation of a nodule’s vascular 
pattern has many uses and is recommended. Pe-
ripheral vascularity can make a nodule more ap-
parent, particularly if it is an ill-defined isoechoic 
nodule without a halo. When evaluating for US-
guided FNAB, depiction of the vascular pattern 
can help direct the radiologist away from promi-
nent internal vasculature to minimize the risk of 
postprocedural hematoma. As in other areas of 
the body, lack of vascular flow can suggest that 
an apparently solid lesion is an avascular blood 
clot or debris in the appropriate clinical context. 
In addition, internal vascularity can supplement 
posterior acoustic features to distinguish an 
anechoic cyst from a markedly hypoechoic solid 
thyroid nodule.

US Elastography
A newly developed adjunct modality in the field 
of thyroid imaging is US elastography, which 

can be used to determine the stiffness or elastic-
ity of the interrogated tissue, with increased 
stiffness represented by a larger value in kilo-
pascals or shear wave velocity (Fig 22). Static 
US elastography analyzes tissue displacement 
caused by external compression to provide a 
real-time color map superimposed on a B-mode 
US image (61). US elastography was introduced 
to lessen the subjectivity of the clinical diagnosis 
of nodule firmness, which is associated with an 
increased risk of malignancy (62). Rubaltelli 
et al (63) divided the elastographic data from 
thyroid nodules into four categories of increas-
ing tissue stiffness and found that the sensitivity, 
specificity, and overall accuracy of discriminat-
ing between benign and malignant nodules 
were 81.8%, 87.5%, and 86.2%, respectively. A 
nodule that was composed entirely of soft tissue, 
compared with the background thyroid, was 
found only in benign nodules, but two malig-
nant nodules fit into the next category of tissue 
stiffness. Although elastography is not currently 
included in the proposed TI-RADS schemes, 
the results from a number of studies show a 
beneficial use of US elastography in cases of 
indeterminate or nondiagnostic cytologic re-

Figure 22. Papillary thyroid carcinoma in a 16-year-old female adolescent presenting with a 2-cm pal-
pable thyroid nodule. (a) Longitudinal gray-scale US image shows a focal thyroid nodule with a periph-
eral hypoechoic halo. Transverse gray-scale US images were suggestive of invasion of the adjacent strap 
muscles (not shown). (b) Longitudinal US elastographic image shows increased stiffness of the nodule 
(red areas), a finding suggestive of malignancy.

Figure 21. Papillary thyroid carcinoma in an 11-year-old girl with Down syndrome and Graves disease. Lon-
gitudinal gray-scale (a) and color Doppler (b) US images show diffuse enlargement and heterogeneity of the 
thyroid, findings consistent with Graves disease. Multiple nodules are also depicted. A well-defined inferior thy-
roid nodule demonstrates increased central and peripheral vascularity, even compared with the hypervascular 
background thyroid parenchyma. Papillary carcinoma was diagnosed after the thyroid gland was resected.
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sults, with a potential to reduce the number of 
repeat FNABs in children by as much as 60% 
(7,38,39,64).

The use of US elastography in the pediat-
ric population presents its own unique prob-
lems. The compressive nature of the technique 
induces discomfort when US elastography is 
used in children (61). Furthermore, the rarity 
of pediatric thyroid nodules in general causes 
a shortage in the study population needed to 
truly determine the importance of US elas-
tography. Yurttutan et al (65) set out to define 
a baseline strain index for healthy pediatric 
thyroid tissue and determined a mean value of 
0.54 ± 0.38 for normal pediatric thyroid tis-
sue relative to adjacent soft tissue at the same 
depth, with no significant difference between 
subjects on the basis of sex, age, weight, height, 
or body mass index.

Moon et al (62) argued against the use of 
elastography for recommending FNAB, because 
elastography displayed inferior performance in 
differentiating benign from malignant nodules 

alone and in combination with gray-scale US. In 
comparison, Rago et al (39) found a sensitivity of 
95%, specificity of 90%, positive predictive value 
of 71%, negative predictive value of 99%, and 
accuracy of 91% in predicting malignancy when 
US elastography was used after an initial FNAB 
with indeterminate or nondiagnostic cytologic 
results, instead of repeating FNAB.

Lymph Nodes
Cervical lymph nodes should be examined 
with US whenever a thyroid nodule is detected 
sonographically (Fig 23). Nodal evaluation 
is particularly important in pediatric patients 
because of the typically higher stage of disease 
at presentation. Consideration of the lymph 
nodes is notably lacking from some attempts to 
arrive at a uniform set of TI-RADS recommen-
dations. Abnormal cervical lymph nodes should 
override benign-appearing features of a thyroid 
nodule and increase consideration for biopsy 
(15). While attempting to verify a model of US 
features to assess the risk of thyroid cancer, 
Domínguez et al (66) noted that the finding of 
an abnormal lymph node had a low prevalence 
and low sensitivity but very high specificity 
(99%) for thyroid carcinoma. Corrias et al (2) 
found statistically significant associations with 
cancer for the US finding of lymph node altera-
tions and the clinical finding of palpable lymph 
nodes in a review of 120 pediatric patients with 
thyroid nodules, and Mussa et al (19) also found 
US lymph node alterations to be an indepen-
dent predictor for malignancy. When performing 
FNAB, it may be pertinent to biopsy the thyroid 
nodule and the abnormal lymph node, which is 
usually ipsilateral to the thyroid nodule, to facili-
tate staging a possible malignancy.

The US features most concerning for malignant 
extension to a lymph node include heterogeneous 
echotexture, calcifications (Fig 24), and internal 
cystic areas. A rounded lymph node and one caus-
ing mass effect are more likely to be malignant 
than one with a preserved reniform shape, even if 
the node is not enlarged. A small or absent fatty 
hilum in a lymph node should raise suspicion for 
malignancy (48,67). Although the risk of malig-
nancy rises with increasing size, architecture and 
shape are better predictors of malignancy than size 
(15). Vascularity can also be evaluated in suspi-
cious lymph nodes, with increased vascularity 
throughout the lymph node (compared with nor-
mal hilar-predominant vascularity) also regarded 
as a suspicious feature (54).

Metastasis is more likely at the time of diagno-
sis if the patient is younger, male, has a multifocal 
tumor, or if the greatest nodule diameter exceeds 
2 cm. In the results of one retrospective review 

Figure 23. Lymph node containing the follicular 
variant of metastatic papillary thyroid carcinoma in a 
9-year-old girl with Hashimoto disease and type 1 dia-
betes mellitus. Longitudinal gray-scale US image of a 
level II lymph node superficial to the jugular vein shows 
that the node is enlarged and heterogeneous.

Figure 24. Lymph node containing 
metastatic papillary thyroid cancer in 
a 17-year-old female adolescent with 
a history of malignancy and thyroidec-
tomy. Longitudinal magnified US image 
of a level III lymph node shows that the 
node is abnormal in shape and contains 
microcalcifications.
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of 50 pediatric cases, investigators found cervical 
lymph node metastases in 67% of patients at the 
time of diagnosis (11).

Pseudonodules

Technical Pseudonodules
Thyroid capsule density, generalized thyroid 
lobulation, and intraglandular vasculature can 
lead to US findings that may be interpreted as 
nodules. Refraction of the ultrasound beam with 
normal thyroid anatomy and phase cancellation 
can lead to edge shadowing and pseudonodule 
production. Modification of the probe direc-
tion and positioning can help differentiate these 
pseudonodules (68). Abnormal findings should 
be corroborated on both longitudinal and trans-
verse images.

inflammatory Pseudonodules
The US manifestations of Graves disease and 
Hashimoto thyroiditis can mimic many features 
found in diffusely infiltrative hypervascular 
tumors (Fig 25). Shared US findings between 
these two conditions include hypoechogenicity, 
hypervascularity, heterogeneity, and generalized 
thyroid gland enlargement. Furthermore, in the 
background of Hashimoto thyroiditis, markedly 
hypoechoic, microlobulated, and coarsely sep-
tate inflammatory pseudonodules can form in 
nearly 24% of cases (69). Follow-up images that 
disclose interval disappearance or any alterations 
in size and shape may indicate a pseudonodule. 
US features suggestive of malignancy include ir-
regular and nodular thyroid enlargement, nodal 
metastasis, and infiltrative growth patterns. 
Inflammatory thyroid tissue surrounding true 
thyroid nodules can lead to cytologic misdiag-
nosis if the aspiration route intercepts inflamma-
tory tissue rather than a true nodule (54,68). In 
subacute thyroiditis, pseudolesions may occur as 
hypoechoic ill-defined asymmetric nodules. Pain 

and tenderness at physical examination, hypo-
vascularity, and migration or decrease in size on 
follow-up images can aid in distinguishing these 
inflammatory lesions from malignancy (68).

Thymic Pseudonodules
Ectopic thymic tissue is a mimic of malignant 
nodules that can lead to unnecessary invasive 
procedures in the pediatric setting. On US 
images, thymic tissue is hypoechoic with mul-
tiple linear and punctate bright internal echoes 
known as a “dot and dash” or “starry sky” 
appearance (Fig 26). Compared with papillary 
cancer, ectopic thymic tissue will typically have 
greater hypoechogenicity when compared with 
cervical strap muscles, brighter intranodular 
echogenic foci compared with microcalcifica-
tions, less-prominent intranodular vascularity, 
an elongated appearance, and well-defined mar-
gins (70). A tail connecting these lesions to the 
thymus is often demonstrable, and they tend to 
occur closer to the inferior pole of the thyroid. 
A small increase in the size of these lesions, even 
when intrathyroidal, may be related to normal 
development of the thymus, and regression 
during thymic involution, usually at the time of 
puberty, is typical (71).

Fat-containing Pseudonodules
Fatty tissue is normally found surrounding thy-
roid vessels, in connective tissue septa, and near 
the thyroid capsule. In cases of intraglandular 
fatty tissue, solid hypoechoic lesions with linear 
echogenic foci have been discovered, features 
suspicious for malignancy. Fatty tissue can be 

Figure  26.  Ectopic thymic tissue in a 
5-year-old boy with a history of parates-
ticular rhabdomyosarcoma. A nonen-
hancing focus in the left thyroid lobe had 
been identified at contrast-enhanced CT 
performed for surveillance. This transverse 
gray-scale US image shows a hypoechoic 
nodule with internal hyperechoic foci. 
Doppler US (not shown) disclosed that 
the nodule was not hypervascular. The 
findings at histopathologic examination 
of the specimen from FNAB revealed ec-
topic thymic tissue.

Figure 25.  Probable inflammatory nodule in a 16-year-
old female adolescent with a history of thyroid nodules, 
none of which were palpable. Transverse gray-scale US 
image shows a hypoechoic nodule with well-defined 
margins that measured 2.9 cm in the transverse dimen-
sion. The findings at histopathologic examination of the 
specimen from FNAB disclosed no malignant cells.
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suggested by echogenicity equivalent to that of 
adjacent extrathyroidal fat (68).

Esophageal Pseudonodules
Esophageal diverticula that occur in the upper 
portion of the esophagus can manifest as peri-
thyroidal exophytic solid masses with internal 
echogenic foci. Because of the risk of infection, 
attempts at biopsy should be avoided. Apprecia-
tion of continuity with the esophageal lumen can 
help confirm the diagnosis. The patient can drink 
water at the time of scanning to further demon-
strate continuity of the lesion with the esophagus, 
and correlation can be made with the findings 
from other imaging modalities (68).

Fine-Needle Aspiration biopsy
When reasonable suspicion of malignancy exists, 
an ideal method for providing a sample from 
a thyroid nodule for cytologic investigation is 
FNAB, particularly with US guidance, because of 
its safety and reliability. Techniques are minimally 
invasive and require little recovery time. With 
appropriate technique, FNAB has an accuracy 
rate ranging from 90.7% (51) to 95%–97% (48). 
A successful aspiration can be performed with a 
linear probe used for nodule and needle visual-
ization. Intradermal and subcutaneous lidocaine 
is typically administered over the nodule in the 
anticipated tract of the biopsy needle. A 25-gauge 
spinal needle or a similar needle can be advanced 
into the lesion of interest while avoiding major 
vascular structures (Fig 27).

It is reasonable to use the capillary method 
of harvesting cells (as opposed to active suction) 
from different solid components of a nodule as 
the initial technique for up to three passes. Con-

sultation with the pathology department in the 
procedure suite to confirm the adequacy of the 
cytopathologic specimens is helpful, because the 
gross specimen of an adequate aspirate, acellular 
debris, and blood can appear identical; this confir-
mation can prevent nondiagnostic procedures and 
return visits. If additional samples are requested, 
they can be harvested by using a similar technique 
from a different area, or the technique could be 
adjusted in several ways. A larger needle could be 
used—up to 22-gauge is reasonable—or a syringe 
could be attached to the needle for aspiration, or 
both. Core-needle biopsy techniques can be con-
sidered but are infrequently necessary in pediatric 
patients. Although conscious sedation and general 
anesthesia can be considered in patients unable 
to cooperate during the procedure, the results of 
a review of 78 pediatric thyroid nodules disclosed 
no difference in the adequacy of biopsy on the 
basis of sedation/anesthesia use, compared with no 
sedation (51).

After confirming the adequacy of the speci-
mens, gray-scale and color Doppler reexamina-
tion for complications is suggested. A common 
complication is a postprocedural hematoma. 
Regardless of hematoma development, patients 
are typically discharged with no more than an ice 
pack and adhesive strip.

Controversy and Current Topics
In an early scheme to assess thyroid nodules in 
adults, Kim et al (53) recommmended biopsy 
regardless of nodule size if any of the follow-
ing features were present—microcalcifications, 
irregular or microlobulated margins, marked 
hypoechogenicity, and a shape that was more tall 
than wide—and these criteria have been recently 

Figure 27. Follicular carcinoma in a 14-year-old male adolescent. (a) Longitudinal gray-scale US image shows US-
guided FNAB of a solid nodule with a partial peripheral halo. A needle guide was used (linear arrangements of descend-
ing dots) to direct the aspiration needle into the lesion for a total of three passes. Small foci of iatrogenic air outline the 
extrathyroidal fascia (arrow). The findings at histopathologic examination of the biopsy specimens disclosed that this 
nodule was a follicular neoplasm. (b) High-power photomicrograph of the specimen from resection shows follicular 
carcinoma invading the thickened tumor capsule (arrowheads), creating a mushroom-like appearance. (H-E stain; 
original magnification, 3400.)
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verified to have a specificity of 83.1%, positive 
predictive value of 59.6%, and accuracy of 84.0% 
(72). Size has since been more widely recognized 
as an important feature. In 2005, a consensus 
conference statement from the Society of Radiol-
ogists in Ultrasound included recommendations 
to guide biopsy of thyroid nodules grouped by 
size, and the criterion of 1 cm or more in maxi-
mum diameter was used because of the uncer-
tainty about whether diagnosing smaller thyroid 
nodules improved clinical outcomes (15). Micro-
calcifications were the feature with the strongest 
recommendation for FNAB, followed by solid 
nodules or coarse calcifications. Consideration 
was also given to partially solid nodules and in-
terval growth (15). These recommendations were 
not stratified by age.

In 2015, the American Thyroid Association 
set out specifically to readdress guidelines re-
garding pediatric thyroid cancer (4). Mirroring 
prior recommendations pertaining to the adult 
population commonly resulted in total thyroid-
ectomies and in 131I ablative therapy, potentially 
leading to an increase in all-cause mortality 
for survivors of pediatric differentiated thyroid 
cancer. In the report, the American Thyroid As-
sociation stated that evaluation and treatment of 
pediatric thyroid nodules should continue to be 
identical to adult guidelines with a few excep-
tions, notably that “US characteristics and clini-
cal context should be used rather than size alone 
to identify nodules that warrant FNA” (4, p 
725), with less emphasis on a size criterion. Ad-
ditional changes included an increased suspicion 
for diffusely infiltrative variants of pediatric thy-
roid cancer and the favoring of lobectomy with 
isthmusectomy over repeat FNAB for nodules 
with indeterminate cytologic findings (4,8).

The 2015 American Thyroid Association 
task force generated an algorithm for evaluat-
ing pediatric patients with at least partially solid 
thyroid nodules who did not have an elevated 
risk of thyroid cancer; the algorithm starts with 
determination of the thyroid-stimulating hor-
mone level (4.) The constellation of categorical 
features, rather than quantitative nodule size, 
that is used to evaluate nodules for aspiration 
has been supported by the results of retrospec-
tive analysis (73). Although this change of focus 
toward the wide array of US findings in clinical 
management was warranted, controversy still ex-
ists with regard to pediatric-specific US features 
of nodules (5,6).

No single feature has enough accuracy to dis-
tinguish benign from malignant thyroid lesions 
(45), but adult studies suggest that microcalcifi-
cations, hypoechogenicity, and irregular borders 
are the strongest predictors of malignancy, with 

a pretest probability of malignancy of 62.7% if 
all three features are present. A greater change 
in pretest probability is generated in cases of the 
simultaneous presence or absence of these three 
features (66). In the results of several studies, in-
vestigators found no difference between the size 
of benign and malignant nodules. In the findings 
of another study in adults, investigators found 
that only microcalcifications, entirely solid com-
position, and nodule size larger than 2 cm were 
significantly associated with the risk of cancer 
(13). Koltin et al (6) determined that larger size 
was part of a predictive model for malignancy 
in the pediatric population, but this study was 
limited to 27 subjects. A size criterion for the 
pediatric population is particularly problematic 
because of changes in the thyroid volume with 
age (4). If a significant difference in nodule size 
between benign and malignant nodules exists—
as Gupta et al (3) found in pediatric thyroid 
nodules, with malignant nodules measuring 
3.2 cm on average, compared with 2.5 cm for 
benign nodules—this size difference may not 
translate to clinical importance in isolation from 
other features.

Although investigators have sought to de-
fine which features are predictive of cancer in 
pediatric nodules, agreement is variable on 
the individual predictive strength of each US 
feature. The traditionally strongest predictors of 
malignancy in adult nodules, microcalcifications 
and irregular margins, were found to be weaker 
predictors in recent pediatric studies (6,66). 
The most agreed upon important US indicators 
in children are abnormal lymph nodes, micro-
calcifications, and irregular margins (4,5,7,71). 
Hypoechogenicity could not be used to discrim-
inate between benign and malignant nodules 
in a 9-year pediatric cohort (7). Furthermore, 
although features such as a taller-than-wide 
orientation, increased stiffness measured with 
elastography, increased thyroid-stimulating 
hormone level, chaotic intranodular vascularity, 
and subcapsular lesion location are considered 
“significant” in a few studies, these features lack 
global corroboration (1,4,5,7,9,19,40). Marked 
hypoechogenicity and a taller-than-wide shape 
are important predictors in the adult population, 
but these features are not often reported in pedi-
atric studies. This difference may reflect (a) a 
difference in the pathogenesis in the pediatric 
population or (b) underreporting because of a 
lack of familiarity with all features of thyroid 
nodule categorization (Table 2).

The nodule margin and vascularity descrip-
tor categories are particularly subjective. In 
the results of some studies of pediatric thyroid 
nodules, investigators have found significance in 



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

eCografia da Tiróide  |  inTrodução TeóriCa  |  susana basso

212

RG  •  Volume 37  Number 6  Essenmacher et al  1749

Doppler US characterization to assess malignant 
potential (7,19), but the terms and patterns used 
are inconsistent across studies. Several TI-RADS 
schemes do not include vascularity. Numer-
ous margin descriptors have been used, but in a 
recent model in adults, this category was limited 
to three descriptions: “well-defined,” “lobulated,” 
or “ill-defined” (the presence or absence of a 
halo was assessed separately) (48). Lobulated 
margins or ill-defined margins each constituted 
a single major criterion, suggesting that there 
may not be clinical utility in differentiating these 
descriptors (48). Conversely, the consensus 
from a recent American College of Radiology 
TI-RADS Committee quantifying nodule risk on 
the basis of US features included a margin cat-
egory with zero points given for smooth nodules, 
while lobulated or irregular nodules contributed 
two points and were therefore a minimum of 
TI-RADS category 2 (41). Ill-defined margins 
were given zero points but were defined as a 
lack of ability to assess a margin rather than as a 
suspicious feature. Consensus between societies 
about how to describe nodule margins sono-
graphically has not been achieved, and future 
models could assess if there is any clinical utility 
in differentiating the various categories other 
than “well-defined” versus “ill-defined.”

Elastography is not a part of routine thyroid 
nodule evaluation at many institutions presently. 

Continued study of the strength of elastography 
in predicting malignancy of pediatric thyroid 
nodules may justify its increased use in the clini-
cal setting. Elastography has already demon-
strated utility in reducing repeat procedures in 
cases of indeterminate cytologic results (39). 
More data regarding the stiffness pattern of be-
nign and malignant nodules and the background 
pediatric thyroid parenchyma are now available 
with US elastography to translate into clinical 
practice (63,65).

Although uncommon, pseudonodules can 
complicate analysis through mimicry of malig-
nant US features. In addition, variants of thyroid 
cancer exist that mimic many benign US features 
(47,54,70). This high risk of mimicry can sway 
the diagnostician toward biopsy, rather than 
observation, to provide diagnosis earlier. How-
ever, many of these benign and malignant mimics 
can be differentiated with distinct US charac-
teristics, and observation may be reasonable in 
those cases. Procedures such as thyroidectomy 
or repeat FNAB should be kept to a minimum in 
an attempt to decrease patient risk and discom-
fort, but currently there is not enough worldwide 
verification of significance to justify forgoing 
repeat FNAB on the basis of US findings alone. 
The American Thyroid Association recommends 
lobectomy plus isthmusectomy for indeterminate 
results of FNAB in children (4), and a repeat 
FNAB performed 3 months after the initial 
biopsy is also an option. Further study may lead 
to guideline amendments that are based more on 
short-interval US observation.

The incidence of small and microcancer of 
the thyroid has increased because of inciden-
tal detection and increased US utilization with 
FNAB (51), without a corresponding decline in 
the thyroid cancer mortality rate. This observa-
tion suggests that the earlier diagnosis and treat-
ment of many of these cancers are not clinically 
beneficial (13). The utility of earlier detection has 
been less fully evaluated in pediatric patients. Ver-
gamini et al (16) reported an increased incidence 
of pediatric thyroid cancer that is not completely 
attributable to improved diagnosis. Although fur-
ther investigation of environmental factors would 
be needed to find a culprit agent, the prognosis of 
pediatric thyroid cancer remains stable.

Competing attempts to standardize a set of 
major and minor criteria for suspicious thyroid 
features and to establish a TI-RADS have been 
proposed, including attempts by groups con-
vened by the American College of Radiology 
and the Society of Radiologists in Ultrasound. 
Many features in adults, particularly microcal-
cifications and marked hypoechogenicity, are 
agreed upon across multiple sources. One of the 

Table 2: Predictive value of US Features in Pe-
diatric Thyroid Nodules

Benign features
 Composition: completely cystic

Benign features not reported in pediatric cases
 Composition: spongiform
Typically benign features
 Echogenicity: hyperechoic
 Margin: regular
 Vascularity: peripheral only
Malignant characteristics: less strong evidence in 

pediatric cases
 Margin: irregular
 Vascularity: increased intranodular
 Echogenicity: hypoechoic
Malignant characteristics: strong evidence in adult 

and pediatric cases
 Calcifications: microcalcifications
 Lymph nodes: abnormal
Malignant characteristics: not frequently observed 

or reported in pediatric cases
 Shape: taller than wide
 Echogenicity: markedly hypoechoic
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strongest and more-recent TI-RADS systems 
came from a review of 2375 thyroid nodules 
in adults evaluated over a 4-year period at the 
University of Iowa. Microcalcification, marked 
hypoechogenicity, suspicious lymph nodes, a 
taller-than-wide shape, and lobulated or ill-
defined margins were identified as major criteria 
in adults. Three minor criteria were described: 
solid nodule, hypoechogenicity, and calcifica-
tion other than microcalcifications. Benign 
features were cystic nodules, hyperechogenicity, 
comet-tail artifacts, and a complete halo mar-
gin (48). These schemes were created or con-
firmed primarily on the basis of adult cases, 
and mainstream adoption of a TI-RADS and 
confirmatory studies in pediatric populations are 
pending. Consensus and validation of predictive 
strength are essential to apply these findings to 
the clinical setting.

Conclusion
Although the rate of occurrence of thyroid 
nodules in children is much less, compared with 
that in the adult population, their presence is 
much more alarming because of a malignancy 
rate of 25% in pediatric cases. The importance 
of pediatric thyroid cancer is further augmented 
by its higher rate of metastasis and increased risk 
of recurrence. Radiation exposure, prior malig-
nancy, chronic inflammation, and several genetic 
syndromes are recognized risk factors.

US continues to serve as the quintessen-
tial imaging modality for assessment and risk 
stratification of thyroid lesions. Although the 
development and continued refinement of 
TI-RADS constitute an extremely useful and 
necessary tool, modifications for pediatric cases 
are necessary. Features that suggest malignancy 
in adults, such as hypoechogenicity and an irreg-
ular margin, have less predictive strength in the 
pediatric population. Other features, such as a 
taller-than-wide orientation of the nodule, have 
an overall low rate of occurrence in the pediatric 
population. US elastography is a newer adjunct 
to gray-scale US that has shown promise in 
some pediatric studies.

It is difficult to advise forgoing FNAB on the 
basis of US findings alone because of the higher 
rate of malignancy in pediatric thyroid nodules. If 
a consensus with strong predictive ability devel-
ops among pediatric investigators, it may be pos-
sible to transfer care from a model of biopsy of all 
pediatric nodules to one that suggests a watchful 
approach with repeat US instead. Knowledge of 
pseudonodules and benign findings may mitigate 
the need for some biopsies. Current controver-
sies with regard to the management of pediat-
ric thyroid nodules and their differences from 

nodules in the adult population may be resolved 
with study of a larger sample of pediatric thyroid 
nodules, with attention to clinical outcome.
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Abstract Hypothyroidism, defined as inadequate produc-
tion of thyroid hormone, can be secondary to various under-
lying abnormalities in the pediatric population. Most fre-
quently, hypothyroidism is related to structural abnormalities
of the gland (dysgenesis), particularly in the neonatal popu-
lation. However, other etiologies including intrinsic bio-
chemical (dyshormonogenesis) and autoimmune abnormali-
ties, as well as other rare causes, must be considered. Imag-
ing is required to differentiate among the various etiologies
of hypothyroidism and can be helpful in guiding therapy.
This review aims to present an organized approach to hypo-
thyroidism in the pediatric population, and assist the imager
in guiding patient care.

Keywords Pediatric hypothyroidism . Congenital
hypothyroidism . Thyroid dysgenesis . Thyroid
dyshormonogenesis . Children

Introduction

Hypothyroidism is a condition resulting from inadequate pro-
duction of thyroid hormones; several underlying pathologies
can produce this patho-physiological state. Hypothyroidism in

the neonate and child presents a unique subset of problems,
some of which can be severe and life-altering. A missed
diagnosis of severe or complete hypothyroidism in the neona-
tal period is devastating, resulting in developmental disabil-
ities. Undiagnosed hypothyroidism in the older child can
result in stunted growth, pubertal abnormalities and other
symptoms. For these reasons, understanding the various eti-
ologies of hypothyroidism and their imaging findings is of
critical importance.

The aim of this review article is to provide a structured
approach to pediatric hypothyroidism related to imaging. We
present an overview of the thyroid imaging modalities fre-
quently used in children with hypothyroidism and discuss in
depth the multiple etiologies of pediatric hypothyroidism
and their imaging findings.

Imaging modalities

The most useful imaging modalities in evaluating the thyroid
in children with hypothyroidism are scintigraphy and ultra-
sonography. Nuclear medicine exams provide information
on thyroid anatomy as well as function. US is useful in
determining whether thyroid tissue is present and in charac-
terizing thyroid disease. The remaining cross-sectional mo-
dalities (CT, MRI and PET) are typically not of much use in
evaluating hypothyroidism.

Patient positioning is critical in both US and nuclear
medicine exams, particularly in the neonatal period. Im-
aging of infants being evaluated for congenital hypothy-
roidism can be quite challenging given the short neck and
potentially excess fat in the region of interest. As a
consequence, patient positioning is crucial to success. Imaging
the child with his neck extended can be helpful and can
be accomplished by placing towels under the infant’s
shoulder [1].
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Scintigraphy

Nuclear medicine imaging is based on capturing emitted
energy utilizing gamma cameras. Two radiopharmaceuticals
are used in evaluating the child with hypothyroidism: I-123
and Tc-99m (pertechnetate). These are both low-energy
agents with short half-lives, resulting in relatively low radi-
ation exposure. I-131 is avoided for routine imaging in
children secondary to its high energy and long half-life.
See Table 1 for further information regarding the physical
properties of I-123 and Tc-99m.

I-123 is administered orally and can be used for focal
thyroid imaging as well as whole-body screening. For
focal thyroid imaging, a thyroid probe is used to obtain
radioiodine uptake values at 4 h and 24 h (normal values
5–12% at 4 h, 10–30% at 24 h); see Fig. 1 for an
example of a normal I-123 scan. At our institution, imag-
ing of the thyroid gland occurs at 4 h, and anterior planar
images as well as anterior, left anterior oblique (LAO) and
right anterior oblique (RAO) pinhole views are obtained.
Oblique views are used to ensure that small hot/cold de-
fects are not missed and to better evaluate gland morphol-
ogy and location.

Tc-99m (pertechnetate) is administered intravenously, and
images are acquired sooner as compared to I-123; see Fig. 1
for an example of a normal Tc-99m scan [2]. Pertechnetate
has lower energy and a shorter half-life than I-123; the effec-
tive dose is lower as well (see Table 1), and for this reason it
has often been advocated in pediatric imaging. However, Tc-
99m only reflects thyroid gland trapping capabilities. Thyroid
follicular cells trap iodine and pertechnetate via a sodium
iodine active transport pump; however, only I-123 uptake
reflects the organification process (the enzymatic cascade that
results in thyroid hormone production). This added informa-
tion becomes useful in evaluating children with congenital
hypothyroidism (see below). Finally, pertechnetate is taken
up avidly by salivary glands, which can hinder interpretation
(Fig. 2). Radioiodine uptake by the salivary glands is mini-
mal, particularly at the doses employed in general thyroid
imaging. I-123 does have some drawbacks; it can be less
accessible than pertechnetate and is more expensive.

US imaging

Sonographic evaluation is also important in the workup of
thyroid pathology. High-frequency (10- to 15-MHz) linear-
array transducers provide detailed anatomical information
regarding the thyroid gland [3]. Transverse and longitudinal
views of the right and left lobes of the thyroid should be
obtained, as well as evaluation of the isthmus. Length mea-
surements and volumes should be obtained and compared to
normal values [4]. Careful evaluation of the echotexture of
the thyroid gland should be performed; the thyroid should be
homogeneous in echotexture. In general, the gland is
hyperechoic as compared to adjacent musculature [1]. Dopp-
ler interrogation is a frequent adjunct that can provide useful
additional information. For instance, the normal thyroid
gland has only moderate vascularity. Patients with Hashimo-
to thyroiditis and Graves disease have very similar gray-scale
imaging; however, Doppler flow is increased in patients with
Graves disease [1].

Table 1 Physical characteristics of iodine (I)-123 and Tc99m

I-123 Tc99m

Low energy (159 keV) Low energy (140 keV)

Short half-life (13 h) Short half-life (6 h)

Dose: 6 μCi/kg;
(25 μCi – 400 μCi)

Dose: 30 μCi/kg (200 μCi –
2 mCi)

Effective dose: 0.54 mSv/MBq Effective dose: 0.04 mSv/MBq

Oral administration IV administration

Image acquisition at 4 h and 24 h Image acquisition in 30 min

- Continued uptake over 24 h - Plateau 15–30 min after
administration

- Moderate uptake of
radiopharmaceutical by
thyroid gland (20%)

- Low uptake of
radiopharmaceutical
by thyroid gland (1.2–7%)

Fig. 1 Normal scintigraphy.
a Normal I-123 scintigraphy of
the thyroid gland (arrow) in a
1-month-old girl. Radioactive
iodine uptake (RAIU) values
were 9% at 4 h and 15% at 24 h.
b Normal pertechnetate
scintigraphy of the thyroid
gland (arrow) in a 2-month-old
boy
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Miscellaneous modalities

The remaining modalities, including CT, MRI and PET,
are not utilized as primary imaging modalities in the
evaluation of hypothyroidism. Cross-sectional imaging
does occasionally demonstrate incidental abnormalities,
in which case the child typically proceeds to US or
scintigraphy for further characterization of the lesion.
Cross-sectional imaging of the brain can also be useful
for the rare child with central hypothyroidism.

Hypothyroidism

Typically two categories of children present for imaging.
Most are neonates who were found to be hypothyroid fol-
lowing a perinatal screening exam (congenital hypothyroid-
ism). The remaining children present later in childhood with
symptoms eventually leading to the diagnosis of hypothy-
roidism. The etiology of congenital hypothyroidism falls into
one of four categories: thyroid dysgenesis (abnormal struc-
tural development of the gland), thyroid dyshormonogenesis
(abnormal function of the gland), transient hypothyroidism
and, rarely, central hypothyroidism. Hypothyroidism pre-
senting later in childhood can be caused by milder forms of
congenital hypothyroidism as well as by autoimmune or
subacute thyroiditis. The rare miscellaneous causes of hypo-
thyroidism are discussed here as well. See Table 2 for a
review of the etiologies of hypothyroidism in children.

Congenital hypothyroidism

Congenital hypothyroidism occurs in approximately 1 in
3,000–4,000 births and is twice as common in girls as boys
[5, 6]. Hispanics and Native Americans are at higher risk
than Caucasians; African-Americans have a low prevalence
of this condition [1]. Diagnosing severe or complete hypo-
thyroidism in neonates and children is crucial in preventing
devastating developmental disabilities. For this reason,

Fig. 2 Pertechnetate anterior
(a) and lateral (b) planar
transmission images of the neck
in a 1-month-old girl with
hypothyroidism. There is no
radiotracer accumulation in the
expected region of the thyroid
gland. Extensive salivary gland
uptake and nasolacrimal
secretions obscure the
pharyngeal region, making it
difficult to evaluate for lingual
thyroid tissue. I-123 anterior
(c) and lateral (d) planar
transmission images of the neck
in the same infant demonstrate
focal radiotracer accumulation
in the oropharyngeal region
(arrow), compatible with
ectopic lingual thyroid tissue

Table 2 Etiology of hypothyroidism in the child

Congenital hypothyroidism Childhood hypothyroidism

Thyroid dysgenesis Mild thyroid dysgenesis

Agenesis Mild thyroid dyshormonogenesis

Hemiagenesis Autoimmune thyroiditis

Ectopia Hashimoto thyroiditis

Hypoplasia Subacute thyroiditis

Thyroglossal duct cyst Iatrogenic

Thyroid dyshormonogenesis Drugs

Transient Radiation

Iodine deficiency Surgery

Iodine excess Central

Maternal autoimmune disease Pituitary gland abnormality

Medication Hypothalamic abnormality

Functional

Central

Pituitary gland abnormality

Hypothalamic abnormality
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newborn screening is performed in the United States as well
as most developed countries. The American Academy of
Pediatrics recommends that all neonates have both T4 and
thyroid stimulating hormone (TSH) blood levels drawn;
excluding either one of these tests can rarely lead to
false-negatives. If hypothyroidism is established on a
confirmatory test, levothyroxine therapy is initiated with
plans for re-evaluation of hormone levels after early
critical brain development has occurred (at approximately
3 years of age) [7].

Congenital hypothyroidism has an increased association
with syndromes and extra-thyroidal congenital malformations
as compared to the general public. There is an increased risk of
structural cardiac malformations in these children (atrial septal
defect, ventricular septal defect, pulmonary stenosis, tetralogy
of Fallot, transposition of the great vessels, patent ductus

arteriosus, and coarctation of the aorta have all been described).
Multiple additional defects have been shown to have an in-
creased association with congenital hypothyroidism including
(but not limited to) central nervous system abnormalities,
cataracts, clubfoot and cleft lip/palate. Children with Down
syndrome are also known to have an increased incidence of
congenital hypothyroidism [8, 9]. There is also an increased
risk for hypothyroidism in children with infantile hepatic hem-
angiomas [10]. See Table 3 for additional conditions associated
with hypothyroidism in the child.

Imaging of hypothyroidism in the neonate is aimed at
detecting the presence of thyroid tissue and diagnosing the
various forms of thyroid dysgenesis (discussed below). Un-
derstanding the underlying etiology for a child’s hypothyroid
state is useful in treatment-planning and potential genetic
counseling. Figure 3 presents a diagnostic approach to con-
genital hypothyroidism.

Thyroid dysgenesis

Thyroid dysgenesis is the most common etiology of congen-
ital hypothyroidism [11, 12] and can be defined as any
structural abnormality of the thyroid gland that results in
hormonal deficiencies. Variations of dysgenetic thyroid tis-
sue include agenesis, hemiagenesis, hypoplasia, ectopia and
thyroglossal duct cysts.

Imaging evaluation of the thyroid gland of the neonate with
suspected congenital thyroid abnormality is useful in treat-
ment planning and prognosticating and includes nuclear med-
icine thyroid scan and US. Scintigraphic evaluation of the
thyroid can be performed for several days after initiation of

Table 3 Conditions associated with hypothyroidism

Condition

Down syndrome

Turner syndrome

Noonan syndrome

Infantile hepatic hemangiomas

Type 1 diabetes

Celiac disease

Williams syndrome

Prior thyroid surgery

Radiation

Medications (phenytoin, amiodarone)

Fig. 3 Diagnostic approach to
congenital hypothyroidism

Pediatr Radiol (2013) 43:1244–1253 1247
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hormone replacement therapy because thyroid stimulating
hormone levels do not drop immediately. Elevation of the
TSH levels ensures that (if present and functioning) thyroid
tissue will be visualized with scintigraphy [7]. Following
administration of I-123, nonvisualization of the thyroid gland
suggests agenesis; however, other etiologies including
thyroglossal duct cyst without functioning thyroid tissue, tran-
sient hypothyroidism and some forms of dyshormonogenesis
remain as considerations. US is required to confirm this diag-
nosis; if there is no uptake on scintigraphy but a structurally
normal or small gland is seen on US, the child has transient
hypothyroidism or dyshormonogenesis (Fig. 4) [6].

Scintigraphy is especially useful in demonstrating ectopic
thyroid tissue. US can also detect ectopic thyroid; however,
the results are highly variable and dependent on the
sonographer’s experience. Moreover, even with careful US
evaluation, ectopic tissue can be missed. Again I-123 can be

beneficial over pertechnetate because pertechnetate can
sometimes produce confusing results secondary to salivary
glandular uptake and salivary secretions [11]. Ectopia is
further categorized as lingual, suprahyoid (Fig. 5), hyoid,
infrahyoid and double ectopic [6, 13]. Of note, lingual thy-
roid tissue can be more problematic than the remaining forms
of ectopia because it can result in airway obstruction or
hemorrhage (Fig. 6) [14].

Other forms of thyroid dysgenesis include hypoplastic
glands, hemiagenesis and thyroglossal duct cysts [6, 15].
Hypoplasia is self-explanatory; the gland is smaller in size
or volume than expected for age and as such might not
produce sufficient thyroid hormone. These glands typically
have an unusual shape (round/blunted) as well as decreased
uptake on thyroid scintigraphy. The findings can be more
difficult to diagnose on US. Careful attention to thyroid vol-
ume measurement, however, can lead to the diagnosis [11].

Fig. 4 Dyshormonogenesis in a
2-month-old boy. a Anterior
planar image obtained after
pertechnetate administration
does not show uptake within the
expected region of the thyroid
gland. b Transverse US image
confirms the presence of a
thyroid gland. This boy most
likely has dyshormonogenesis
(specifically an NaI transporter
defect); given the boy’s age,
transient hypothyroidism is less
likely

Fig. 5 Ectopic suprahyoid
tissue. a Axial and (b) sagittal
CT images demonstrate
enhancing tissue in the
suprahyoid region (arrows) in
this 4-year-old boy. c I-123
anterior planar scintigraphy
confirmed this to be ectopic
functioning suprahyoid thyroid
tissue (arrow)
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Thyroid hemiagenesis is a rare entity occurring in 0.05%
of the population. The left lobe is absent in 80% of cases
[11]. These patients typically present later in life because
thyroid hormone values are normal or only minimally de-
creased. US imaging and scintigraphy reveal a solitary thy-
roid lobe (Fig. 7). The isthmus is absent as well in approx-
imately 50% of cases [11].

Thyroglossal duct cysts are epithelial remnants of the
thyroglossal duct. Typically these occur in conjunction with
normal thyroid tissue [16]. Children often present later in life
with a palpable midline neck mass [17]. US is frequently
performed for initial evaluation, and thyroglossal duct cysts
can have variable appearances; lesions can be solid, cystic,
homogeneous or heterogeneous (Fig. 8). Scintigraphy can be
performed if a normal thyroid is not detected on sonography;
in these cases it is important to determine whether the
thyroglossal duct cyst contains functioning thyroid tissue and
to locate any potential site of ectopic thyroid tissue. It should
be noted that typically thyroglossal duct cysts do not have
normally functioning thyroid tissue. Thus these lesions do not
classically have uptake following radioisotope administration.

Transient hypothyroidism

Transient hypothyroidism is a condition of the neonate that
can be caused by iodine deficiency, iodine excess, exposure

to maternal thyrotropin-receptor-blocking IgG antibodies
(i.e. TSH receptor antibodies) and antithyroid drugs [18].
Prematurity can also result in hypothyroidism secondary to
functional immaturity of the hypothalamic-pituitary axis.
Functional immaturity is typically considered separately
from the aforementioned etiologies because it has a less
predictable clinical course. In general, transient hypothyroid-
ism should resolve within 2 months, while functional imma-
turity has a variable time course until resolution [18, 19]. The
diagnosis of transient hypothyroidism is typically based on
clinical and laboratory data.

Brief discussion of iodine states in the neonate is warranted
to fully understand transient hypothyroidism caused by
iodine excess or deficiency. Neonates exposed to excessive
iodine loads (typically related to a betadine sterilization
procedure during delivery) can become hypothyroid sec-
ondary to the Wolff-Chaikoff effect. This refers to an
autoregulatory process in which the high plasma concen-
trations of iodine lead to a decreased production of thyroid
hormone, and it typically lasts approximately 10 days [20].
Scintigraphy is not frequently performed because this con-
dition is usually diagnosed clinically; if performed, a
radioiodine scan would show decreased radioiodine uptake
(and in severe cases absence of uptake) secondary to gen-
eralized down-regulation of the thyroid gland. US would
demonstrate a normal gland.

Fig. 6 Lingual thyroid tissue.
a Axial and (b) sagittal CT
images demonstrate enhancing
tissue in the lingual region
(arrows) in this 3-year-old boy

Fig. 7 Hemiagenesis. a
Transverse US image shows
only a left lobe thyroid lobe
(arrow), consistent with
hemiagenesis in this 4-year-old
boy. b I-123 anterior planar
image in an 8-year-old girl
shows uptake in only the left
lobe (arrow), consistent with
hemiagenesis. Asterisks are
adjacent to a midline marker
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Iodine deficiency can also result in hypothyroidism, be-
cause without iodine, thyroid hormone cannot be produced
[18]. However, these children would have avid increased
uptake on radioiodine scan secondary to up-regulation of
the thyroid gland (i.e. these children have elevated TSH,
which would result in increased radioiodine uptake within
the gland). Again, US typically does not show any
distinguishing abnormality.

The final two categories of transient hypothyroidism
are typically diagnosed clinically. In children with tran-
sient hypothyroidism secondary to TSH receptor blocking
antibodies, scintigraphy shows absent or decreased up-
take. Neonates exposed to maternal antithyroid medica-
tions have scintigraphic findings similar to children with
dyshormonogenesis; early uptake is present because of
intact trapping capabilities, but delayed imaging shows
some degree of radioiodine washout.

In cases where transient hypothyroidism cannot be distin-
guished between dyshormonogenesis and dysgenesis, the ne-
onate is placed on hormone replacement therapy until approx-
imately 3 years of age to ensure proper neuronal development.
At that time thyroid replacement therapy can be temporarily
discontinued for re-evaluation [7]. Transient hypothyroidism
will have resolved by this time; thus if there is persistent
abnormality on scintigraphy in the setting of a normal thyroid
US exam, the underlying etiology is dyshormonogenesis.
Confirming a diagnosis of transient hypothyroidism is impor-
tant because it saves the child from years of needless thyroid
hormone replacement therapy.

Thyroid dyshormonogenesis

Thyroid dyshormonogenesis is a much less frequent etiology
of congenital hypothyroidism, accounting for approximately
10–15% of cases [11, 18, 21]. This refers to a defect in any of
the multiple steps in thyroid hormone synthesis including
abnormalities in the NaI transporter (i.e. the iodine trapping
mechanism), thyroid peroxidase enzyme (the organification
enzyme) or any of the remaining enzymatic steps. Evaluation

of dyshormonogenesis is particularly dependent on the use
of I-123 versus pertechnetate because I-123 allows for
narrowing of the differential diagnosis (see below).

Children with thyroid dyshormonogenesis might begin
their evaluation with US, which can be normal or show an
enlarged gland. Scintigraphy can help in further classifying
the underlying pathology. One form of dyshormonogenesis
is a nonfunctioning NaI transporter. Patients with this
defect have no uptake on scintigraphy regardless of which
radiotracer is used; neither pertechnetate nor I-123 can be
taken into thyroid follicular cells when the NaI transporter
is nonfunctioning, and thus no gland is visualized on
scintigraphy.

Organification defects can also be detected using I-123. In
healthy children there is I-123 uptake at both 4 h and 24 h.
Typically the radioactive iodine uptake (RAIU) value is
stable or slightly increased at 24 h as compared to 4 h [22].
In children with an organification defect, 4-h images show a
normal scintigraphic appearance of the thyroid (secondary to
an intact trapping mechanism), but 24-h images typically
reveal decreased RAIU values because iodine that is not
organified is lost from the thyroid cell (Fig. 9). Pertechnetate
scans cannot demonstrate an organification defect; this ra-
dioisotope is trapped by thyroid follicular cells, but (because

Fig. 8 Variable imaging of thyroglossal duct cyst on US. The lesions can appear as (a) complex cysts, as in this 4-year-old girl; (b) solid masses, as in
this 4-year-old girl, or (c) simple cysts, as in this 6-year-old boy

Fig. 9 Anterior planar I-123 image in a 1-month-old girl with hypo-
thyroidism demonstrates appropriate uptake in the thyroid gland. The
RAIU value at 4 h was 7% and at 24 h had dropped to 4%. These
findings are most consistent with an underlying organification defect
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it is not iodine) there is no potential for organification. Thus
24-h delayed imaging to evaluate for radiotracer washout
cannot be performed.

The perchlorate washout test can be utilized to aid in
diagnosing organification defects. Potassium perchlorate
(KClO4

−) competes with iodine at the level of the NaI
transporter. Children with a suspected organification defect
undergo thyroid scintigraphy using I-123 as described
above. Following this, perchlorate is administered at con-
centrations that saturate the NaI transporter. This prevents
further iodine from entering the cell. Follow-up imaging is
then performed; in children with a functioning organification
mechanism, the administered radioiodine is organified. Thus
RAIU levels remain stable on follow-up images. However,
in children with a defective organification mechanism, the
(non-organified) iodine diffuses out of the cell. This results
in washout of radiotracer on scintigraphy and decreased
RAIU values [21].

Hypothyroidism in the older child

Hypothyroidism that presents later in childhood can still be
caused by less severe cases of thyroid dysgenesis or
dyshormonogenesis. However, other etiologies should be
considered, including autoimmune etiologies, subacute thy-
roiditis and, rarely, disorders of the hypothalamus or
pituitary.

Autoimmune thyroiditis

Autoimmune thyroiditis resulting in hypothyroidism is ei-
ther goiterous (Hashimoto disease) or agoiterous (atrophic
thyroiditis). This disease is caused by an autoimmune reac-
tion to the thyroid gland. These children often have antibod-
ies to thyroglobulin and thyroid peroxidase enzyme. There is
a resultant lymphocytic infiltration of the thyroid gland with
subsequent destruction of the gland [23]. The disease has
been reported to occur in approximately 2% of school-age
children but remains the most common etiology for acquired

hypothyroidism in the pediatric patient [1, 11]. The clinical
effects can be quite significant, including poor growth, pu-
bertal abnormalities and bone maturation delays, in addition
to classic findings of hypothyroidism encountered in adults
(Table 4) [24].

The appearance of the thyroid gland in children with
Hashimoto thyroiditis depends on the stage of the disease.
Early in the disease process, thyroid function is typically
normal secondary to an intact pituitary-thyroid axis. Thus,
although there is a mild decrease in the production of thyroid
hormones, TSH levels increase allowing for temporary
maintenance of normal hormone levels. However, this in-
creased TSH stimulation does result in increased radioiodine
uptake on scintigraphy [25]. US can be normal or show mild
heterogeneity in echotexture. Similarly, Doppler flow can be
normal or increased [24].

Occasionally children present with Hashitoxicosis, in
which there is rapid damage to the thyroid gland. These
children present clinically in a fashion similar to those
with Graves disease. On scintigraphy, these children
have significantly elevated radioiodine uptake. US clas-
sically demonstrates heterogeneity in echotexture as well
as increased Doppler flow [25]. Specific laboratory data
(TSH receptor antibodies) can help to differentiate be-
tween Hashitoxicosis and Graves disease (see Thyroid
Disease in Children: Part 2 in this issue for further
details on this).

As the disease progresses, increasing fibrosis of the thy-
roid gland occurs. This results in an enlarged, goiterous
gland. US examination of these children typically shows a
heterogeneous echotexture, often with scattered tiny
hypodense micronodules (Fig. 10); occasionally larger nod-
ules are detected, and further evaluation (i.e. fine-needle
aspiration/biopsy) might be required because some studies
suggest an increased risk of malignancy in children with
Hashimoto disease [26]. Doppler evaluation classically
shows normal to diffuse decreased flow of the gland
(Fig. 10) [1, 23]. Scintigraphic findings can be variable;
often the gland is nodular with some regions containing more

Table 4 Signs and symptoms of
hypothyroidism General Physical signs Specific to children

Poor growth Bradycardia Delayed bone maturation

Constipation Dry skin Delayed puberty

Cold intolerance Increased body hair Poor school performance

Fatigue Delayed relaxation of deep tendon reflexes Delayed neuronal development

Irregular menses Goiter

Fluid retention/puffiness

Weight gain
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functioning thyroid cells than others. On scintigraphy, this
results in a gland with variable regions of increased and
decreased uptake [23]. With disease progression there is
eventually diffuse decreased radioiodine uptake on scintig-
raphy (Fig. 10).

Subacute thyroiditis

Subacute thyroiditis is typically clinically encountered during
the hyperthyroid phase secondary to symptomology, and is
thus fully discussed in Thyroid Disease in Children: Part 2.
These children undergo a hypothyroid phase, but typically this
is short-lived. Moreover, classically the diagnosis is known
secondary to the clinical presentation (i.e. the immediate prior
episode of hyperthyroidism). Although rare in children, this
condition should be considered in the hypothyroid child. US
and scintigraphic findings are fully discussed in Thyroid Dis-
ease in Children: Part 2 please refer to this review for full
details.

Miscellaneous causes of hypothyroidism

The remaining etiologies for hypothyroidism are rare.
Central (or secondary) hypothyroidism occurs when there
is an underlying abnormality in the pituitary gland or
hypothalamus resulting in decreased or absent production
of their respective stimulating hormones (TSH from the
pituitary gland, thyrotropin releasing hormone from the
hypothalamus) [27]. Peripheral defects in thyroid hor-
mone metabolism (such as resistance to thyroid hormone
secondary to a mutation in the peripheral receptor site)
are also very rare etiologies for hypothyroidism. Other
conditions associated with hypothyroidism are listed in
Table 3.

Conclusion

Hypothyroidism in the child has various etiologies. It is
crucial to make an early diagnosis to prevent both mental
and physical developmental abnormalities. Imaging can be
of significant benefit in distinguishing between possible
etiologies and establishing the underlying pathology. An
organized approach can help the imager to distinguish be-
tween the possibilities and guide patient care.

Conflicts of interest None

References

1. Babcock DS (2006) Thyroid disease in the pediatric patient: em-
phasizing imaging with sonography. Pediatr Radiol 36:299–308,
quiz 372–373

2. Sfakianakis GN, Ezuddin SH, Sanchez JE et al (1999) Pertechnetate
scintigraphy in primary congenital hypothyroidism. J Nucl Med
40:799–804

3. Lyshchik A, Drozd V, Demidchik Y et al (2005) Diagnosis of
thyroid cancer in children: value of gray-scale and power Doppler
US. Radiology 235:604–613

4. Zimmermann MB, Hess SY, Molinari L et al (2004) New reference
values for thyroid volume by ultrasound in iodine-sufficient
schoolchildren: a World Health Organization/Nutrition for Health
and Development Iodine Deficiency Study Group Report. Am J
Clin Nutr 79:231–237

5. Schoen EJ, Clapp W, To TT et al (2004) The key role of
newborn thyroid scintigraphy with isotopic iodide (123I) in
defining and managing congenital hypothyroidism. Pediatrics
114:e683–e688

6. LaFranchi SH (2011) Approach to the diagnosis and treatment of
neonatal hypothyroidism. J Clin Endocrinol Metab 96:2959–2967

7. American Academy of Pediatrics, Rose SR, Section on Endocri-
nology and Committee on Genetics, American Thyroid Association
et al (2006) Update of newborn screening and therapy for congen-
ital hypothyroidism. Pediatrics 117:2290–2303

Fig. 10 Gray-scale US demonstrates classic findings of Hashimoto
thyroiditis in a 13-year-old girl. a Transverse US image demonstrates
the gland to be enlarged and heterogeneous, with multiple small

hypoechoic nodules. b Longitudinal Doppler image demonstrates de-
creased flow throughout the gland. c Anterior planar I-123 scintigraphy
demonstrates global decreased radiotracer uptake

1252 Pediatr Radiol (2013) 43:1244–1253



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

eCografia da Tiróide  |  inTrodução TeóriCa  |  susana basso

224

8. Olivieri A, Stazi MA, Mastroiacovo P et al (2002) A population-
based study on the frequency of additional congenital malformations
in infants with congenital hypothyroidism: data from the Italian
Registry for Congenital Hypothyroidism (1991-1998). J Clin
Endocrinol Metab 87:557–562

9. Razavi Z, Yavarikia A, Torabian S (2012) Congenital anom-
alies in infant with congenital hypothyroidism. Oman Med J
27:364–367

10. Bessho K, Etani Y, Ichimori H et al (2009) Increased type 3
iodothyronine deiodinase activity in a regrown hepatic hemangi-
oma with consumptive hypothyroidism. Eur J Pediatr 169:215–
221

11. Clerc J, Monpeyssen H, Chevalier A et al (2008) Scintigraphic
imaging of paediatric thyroid dysfunction. Horm Res 70:1–13

12. Lobo G, Ladrón de Guevara D, Arnello F et al (2003) Tc99m-
pertechnetate thyroid scintigraphy in newborns with congenital
hypothyroidism. Rev Med Chil 131:283–289

13. Wildi-Runge S, Stoppa-Vaucher S, Lambert R et al (2012) A high
prevalence of dual thyroid ectopy in congenital hypothyroidism:
evidence for insufficient signaling gradients during embryonic
thyroid migration or for the polyclonal nature of the thyroid gland?
J Clin Endocrinol Metab 97:E978–E981

14. Rahbar R, Yoon MJ, Connolly LP et al (2008) Lingual thyroid in
children: a rare clinical entity. Laryngoscope 118:1174–1179

15. Ruchała M, Szczepanek E, Sowiński J (2011) Diagnostic
value of radionuclide scanning and ultrasonography in thyroid
developmental anomaly imaging. Nucl Med Rev Cent East
Eur 14:21–28

16. Manohar K, Bhattacharya A, Kashyap R et al (2010) Concurrent
sublingual thyroid and thyroglossal cyst with functioning thyroid

tissue in the absence of an orthotopic thyroid gland. Jpn J Radiol
28:552–554

17. RenW, Zhi K, Zhao L et al (2011) Presentations and management of
thyroglossal duct cyst in children versus adults: a review of 106
cases. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 111:e1–e6

18. Parks JS, Lin M, Grosse SD et al (2010) The impact of transient
hypothyroidism on the increasing rate of congenital hypothyroid-
ism in the United States. Pediatrics 125:S54–S63

19. Eugster EA, LeMay D, Zerin JM et al (2004) Definitive
diagnosis in children with congenital hypothyroidism. J Pediatr
144:643–647

20. El-Shirbiny AM, Stavrou SS, Dnistrian A et al (1997) Jod-Basedow
syndrome following oral iodine and radioiodinated-antibody ad-
ministration. J Nucl Med 38:1816

21. Fugazzola L, Persani L, Vannucchi G et al (2007) Thyroid scintig-
raphy and perchlorate test after recombinant human TSH: a new
tool for the differential diagnosis of congenital hypothyroidism
during infancy. Eur J Nucl Med Mol Imaging 34:1498–1503

22. Keeling DH, Williams ES (1972) Changes in the normal range of
thyroidal radioiodine uptake. J Clin Pathol 25:863–866

23. Intenzo CM, Capuzzi DM, Jabbour S et al (2001) Scintigraphic
features of autoimmune thyroiditis. Radiographics 21:957–964

24. Cappa M, Bizzarri C, Crea F (2010) Autoimmune thyroid diseases
in children. J Thyroid Res 2011:675703

25. Intenzo CM, dePapp AE, Jabbour S et al (2003) Scintigraphic
manifestations of thyrotoxicosis. Radiographics 23:857–869

26. Kangelaris GT, Kim TB, Orloff LA (2012) Role of ultrasound in
thyroid disorders. Ultrasound Clinics 7:197–210

27. Rastogi MV, LaFranchi SH (2010) Congenital hypothyroidism.
Orphanet J Rare Dis 5:17

Pediatr Radiol (2013) 43:1244–1253 1253



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

eCografia da Tiróide  |  inTrodução TeóriCa  |  susana basso

225

REVIEW

Thyroid disease in children: part 2
State-of-the-art imaging in pediatric hyperthyroidism

Jennifer L. Williams & David Paul & George Bisset III

Received: 17 January 2013 /Revised: 20 March 2013 /Accepted: 28 March 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract Hyperthyroidism occurs secondary to overpro-
duction of thyroid hormone by the thyroid gland. This condi-
tion can have rather serious effects on children, and thus
timely diagnosis and treatment are of utmost importance.
Imaging is quite useful in the management of children with
hyperthyroidism. In addition to determining the underlying
pathology, radiologic exams are crucial for therapy. This
article describes the underlying etiologies of pediatric hyper-
thyroidism and provides general information on treatment.

Keywords Hyperthyroidism . Pediatric hyperthyroidism .

Pediatric Graves disease . Neonatal hyperthyroidism

Introduction

Hyperthyroidism is defined as any condition of the thyroid
gland that results in overproduction of thyroid hormone. This
is distinct from thyrotoxicosis, which is a hypermetabolic state
produced when thyroid hormone levels are elevated; thus
thyrotoxicosis can occur in the presence of a normally func-
tioning thyroid gland [1, 2]. Hyperthyroidism is relatively
uncommon in children [3] but can have a significant deleteri-
ous impact on development if not diagnosed early. In addition
to the classic symptoms of hyperthyroidism (weight loss, heat

intolerance, tachycardia, hypertension, palpitations, diarrhea,
goiter, exophthalmos, etc.), children can have accelerated
bone growth and maturation, premature puberty, and poor
school performance (Table 1).

Routine laboratory evaluation in children suspected of
having hyperthyroidism includes TSH (thyroid-stimulating
hormone), T3 (triiodiothyrine) and T4 (thyroxine) levels;
several additional lab values are also utilized. A brief sum-
mary of the major thyroid blood studies and their utility in
managing hyperthyroidism can be found in Table 2. Inte-
gration of laboratory and clinical data is critical in assessing
and treating the thyrotoxic child and must be utilized in
conjunction with imaging to provide appropriate care.

Multiple etiologies exist for hyperthyroidism in children.
Graves disease is the most common pathology [4–6], but
other autoimmune conditions can occur. Less frequently,
children have hyperthyroidism as a result of thyroiditis,
underlying genetic conditions or syndromes, toxic nodules,
exposure to excessive amounts of iodine or pituitary adeno-
mas. Specific etiologies for hyperthyroidism exist in the
neonatal period and are described here.

Modalities

A brief review of the various imaging modalities is required
prior to discussion of the various etiologies for pediatric
hyperthyroidism.

Scintigraphy

Nuclear medicine imaging is based on capturing emitted
energy utilizing gamma cameras. Three radiopharmaceuticals
are used in evaluating the thyroid gland: I-123, Tc-99m, and I-
131. The first two (I-123 and Tc-99m) are the primary agents
employed for imaging. These are both low-energy agents with
short half-lives as compared to I-131, thus lowering radiation
exposure. A more extensive review of the physical properties
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of these radiopharmaceuticals is presented elsewhere in this
issue in “Thyroid Disease in Children: Part 1.”

I-123 is administered orally and is used for thyroid imaging
of the hyperthyroid patient at our institution. A thyroid probe is
used to obtain radioactive iodine uptake (RAIU) values at 4 and
24 h, and images of the thyroid gland are obtained at 4 h.
Images acquired include anterior planar, and pinhole anterior,
left anterior oblique, and right anterior oblique views. Oblique
views are needed to ensure that overlying tissue does not
obscure small hot and cold defects. Anterior planar radioiodine
uptake patterns are extremely important in formulating an
accurate differential diagnosis (Fig. 1).

Graves disease is the most common etiology for pediatric
hyperthyroidism. Radioiodine ablation is frequently re-
quired for the therapy of Graves disease, and thus the 24-h

radioiodine uptake data are critical because they are utilized
in dose determination. Pertechnetate is not utilized in eval-
uation of the hyperthyroid patient at our institution because
this radiotracer is indicative only of thyroid trapping capa-
bilities. Because pertechnetate is not an iodine compound,
organification cannot occur; thus 24-h data could not be
acquired for ablation planning if pertechnetate were used.

Ultrasound

Sonographic evaluation can be important in the workup of
pediatric hyperthyroidism but typically is performed as a
result of scintigraphic findings; in particular, US is required
if a nodule (hot or cold) is detected on scintigraphy. Because
most cases of hyperthyroidism are attributable to Graves

Table 1 Signs and symptoms of
hyperthyroidism General Physical signs Specific to children

Poly-phagia/dipsia/uria Exophthalmos Accelerated bone maturation

Diarrhea Tachycardia/Palpitations Poor school performance

Heat intolerance Hypertension Often misdiagnosed with attention
deficit hyperactivity disorder (ADHD)

Irritability/hyperactivity Goiter

Tremor Weight loss

Menstrual irregularity Increased perspiration

Shortened deep tendon reflexes

Table 2 Pertinent laboratory tests and selected values in hyperthyroidism

Laboratory value Description Normal valuea

Thyroid-stimulating hormone
(TSH, thyrotropin)

Hormone produced by pituitary gland; binds to TSH receptor on thyroid
follicular cell; results in increased production/release of thyroid hormones

0.5–4.0 μIU/mL

Thyroxine (T4) Thyroid hormone; lab value includes bound and unbound forms; contains
four iodine atoms

4.5–10.0 μg/dL

Triiodiothyrine (T3) Thyroid hormone; contains 3 iodine atoms; more potent thyroid hormone
that can be derived from T4

90–260 ng/mL

Free T4 More accurate measurement of T4 levels; not affected by protein levels
(as opposed to T4)

0.8–2.0 ng/dL

Thyrotropin releasing hormone
(TRH, thyroid releasing
factor—TRF)

Hormone produced by hypothalamus; acts on pituitary to induce release
of TSH

Values vary significantly
according to child’s age

Thyroxine binding globulin Primary protein that transports/binds thyroid hormone in blood 13.0–30.0 μg/mL

Thyroid peroxidase antibody (TPO) Antibody against thyroid follicular cell enzyme that is used in multiple steps
of thyroid hormone synthesis; present in several autoimmune conditions
(e.g., Hashimoto, Graves)

0.0–9.0 IU/mL

Thyroglobulin antibody Antibody against thyroglobulin molecule 0–4.0 IU/mL

TSH receptor antibodies (TRAb) Laboratory tests used to evaluate for stimulating or inhibitory antibodies TSI: < or = 122%
basal activity

Stimulating: thyroid-stimulating immunoglobulin (TSI), thyroid-stimulating
antibody (TSAb); specific for Graves but lower sensitivity

TBII: < or = 1.75 IU/L

Inhibitory antibodies (TSH receptor binding inhibitor immunoglobulin—TBII)
less specific, but more sensitive for Graves

a The laboratory ranges provided above apply to the broadest pediatric age range. Most of these values vary slightly throughout childhood and more
significantly in the neonatal and infant period. Thus these values should be used as a general reference range, but for specific values the imager must
refer to the laboratory data references used at his or her institution
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disease (for which US findings are fairly nonspecific), US is
not as useful as a primary imaging modality. Appropriately
performed sonography includes the use of high-frequency
(10–15MHz) linear-array transducers, which provide detailed
anatomical information [7]. Transverse and longitudinal views
of the right and left lobes of the thyroid should be obtained, as
well as evaluation of the isthmus. Length measurements and
volumes should be obtained and compared to normal stan-
dards [8]. Careful evaluation of the echotexture of the thyroid
gland should be performed; the thyroid should be homoge-
neous in echotexture. In general, the gland is hyperechoic as
compared to adjacent musculature [9].

Doppler interrogation can provide useful additional in-
formation. The normal thyroid gland has only moderate
vascularity. Increased Doppler flow is suggestive of Graves
disease in the correct clinical setting. Doppler US is also
used in the evaluation of thyroid nodules and masses [9].

Miscellaneous modalities

The remaining modalities, including fluoroscopy, CT,MRI and
positron emission tomography (PET), are not utilized as fre-
quently in thyroid imaging. Fluoroscopy is occasionally re-
quired in the evaluation of remnants of the pyriform sinus.
CT and MRI are not utilized regularly for primary evaluation
of the thyroid gland but do occasionally detect abnormalities

incidentally. Often these patients proceed to sonography or
scintigraphy for further characterization. PET can occasionally
demonstrate incidental thyroid uptake, both diffusely and fo-
cally. Again, this finding often necessitates sonography or
nuclear medicine for further evaluation. Cross-sectional imag-
ing of the brain is also useful for the rare patient with central
hyperthyroidism.

Thyroid disease in children

Hyperthyroidism can occasionally occur in neonates; how-
ever, the majority of cases in the pediatric population are in
older children. We will describe pediatric etiologies of hy-
perthyroidism including autoimmune and non-autoimmune
conditions as well as toxic adenomas, pituitary adenomas
and miscellaneous pathologies. We also present a brief
discussion on neonatal causes of hyperthyroidism.

Autoimmune thyroiditis

Graves disease

Graves disease is the most common etiology for hyperthyroid-
ism in children [3–6] and is characterized by the clinical triad of
diffuse goiter, ophthalmopathy and hyperthyroidism. This

Fig. 1 Diagnostic approach to hyperthyroidism using radioiodine scintigraphy
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condition occurs secondary to auto-production of stimulating
antibodies against the thyroid cell TSH receptor site, with
resultant increased production and release of thyroid hormone.

Several conditions are associated with Graves disease, in-
cluding other autoimmune conditions such as lupus, rheuma-
toid arthritis and Sjogren syndrome [10]. There is also an
increased incidence of Graves disease in children with type I
diabetes and celiac disease [3, 10]. Children with Down syn-
drome also have an increased risk for thyroid disease [10];
these children can present with hyperthyroidism secondary to
Graves disease or with hypothyroidism. Children with Down
syndrome and Graves disease might require radioiodine abla-
tion and can be treated successfully with the cooperation of the
child’s parents or care providers and the nuclear medicine staff
(see discussion below on Graves therapy).

Diagnosis of Graves disease in children can be challeng-
ing; children often initially present with nonspecific behav-
ioral symptoms such as attention difficulties, hyperactivity
and poor school performance [3]. However, recognition of
classic physical signs and symptoms can usually facilitate
the diagnosis. These children are frequently tachycardic,
often requiring beta-blockade for control. Other symptoms
of hyperthyroidism are variably present (Table 1). Children
with Graves disease have decreased TSH levels and in-
creased T3 and T4 levels. In unclear cases other laboratory
data can be acquired. Thyroid peroxidase (TPO) antibodies
are frequently elevated in autoimmune thyroid disease but
are nonspecific and can be abnormal in hyper- and hypo-
thyroid autoimmune conditions. TSH receptor antibodies
(TRAb), specifically thyroid-stimulating antibody (TSAb)
and thyroid-stimulating immunoglobulin (TSI), are specific
for Graves disease (Table 2) [11].

In many children Graves disease can be diagnosed con-
fidently with clinical presentation and laboratory data alone.
However, the classic clinical triad might not be present and
other etiologies for hyperthyroidism must then be consid-
ered. In these cases nuclear medicine studies are of critical
importance for diagnosis; moreover, RAIU values are nec-
essary for radioiodine therapy planning. For these reasons,
radioiodine scintigraphy is typically performed. Graves dis-
ease has a classic scintigraphic appearance, with an enlarged
thyroid gland and a prominent pyramidal lobe (Fig. 2) [12].
RAIU values at 4 h and 24 h are both elevated, with 24-h
uptakes typically ranging between 50% and 80% (normal
RAIU values are 5–12% at 4 h, 10–30% at 24 h) [13]. Of
note, the etiology for diffuse increased radioiodine uptake in
a nontoxic patient is quite different from that of the toxic
patient, and thus it is of critical importance to interpret
scintigraphy studies in combination with laboratory and
clinical data.

The gray-scale US findings of Graves disease are
nonspecific, and include glandular enlargement and hetero-
geneity in echotexture (Fig. 3). Doppler evaluation typically

Fig. 2 Planar I-123 scintigraphy images obtained at 4 h show an
enlarged thyroid gland with a prominent pyramidal lobe (arrow) in a
14-year-old girl with Graves disease

Fig. 3 Graves disease in a 14-year-old girl. a Gray-scale transverse US
of the thyroid shows an enlarged and markedly heterogeneous gland. b
Doppler US reveals increased flow throughout the gland
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demonstrates hypervascularity (Fig. 3), producing a so-
called thyroid inferno [9, 14]. Although US findings are
often nonspecific, they can be quite useful in certain cases
such as when a palpable nodule is detected (i.e. nodular
Graves disease or Marine-Lenhart syndrome).

Therapy for Graves disease remains an area of controver-
sy, particularly in children. Antithyroid medications, includ-
ing propylthiouracil and methimazole, act by inhibiting
thyroid hormone synthesis [6]. However, long-term remis-
sion rates in children receiving these medications are less
than 30% after 2 years [6, 15]. Both medications have an
increased risk of agranulocytosis. Moreover, recent studies
have found that patients treated with propylthiouracil can
have up to a 25% risk of severe hepatotoxicity, with several
reported cases of end-stage liver disease requiring transplan-
tation [6]. Thus this medication is rarely used in children [4].
Methimazole has less risk of serious complications; howev-
er, reports suggest that therapy with either medication can
decrease sensitivity of the thyroid to I-131 therapy (which is
often required secondary to low spontaneous remission
rates) [15]. Subtotal or total thyroidectomy is utilized at
some institutions, with high success rates (particularly for
total thyroidectomy). However, the risk of transient or partial
hypoparathyroidism, hemorrhage, and vocal cord paralysis [5]
often results in the recommendation bymany endocrinologists
for medical management.

I-131 therapy in children has been found to be efficacious
and safe [4, 16] in the treatment of Graves disease. In
radioiodine ablation, thyroid destruction occurs primarily via
I-131 beta emission. Dose administrationmust be performed by
an authorized user; some institutions give uniform fixed doses;
however, many (particularly in the pediatric population) calcu-
late the dose based on RAIU values at 24 h and thyroid mass to
minimize radiation exposure. The standard formula determines
dose as follows: Dose (mCi) = (uCi I-131/g thyroid tissue ×
tyroid weight × 100)/24 – h RAIU. Thyroid mass estimates
classically are determined clinically, via physical exam;
typically physicians attempt to administer 100–250 μCi
I-131 per gram of thyroid tissue [4].

Nodular Graves disease

Nodular Graves disease, or Graves disease with coexistent
nodules, presents in an identical fashion to Graves disease
but is rare in children [17]. TSH levels are suppressed and
thyroid hormone levels are elevated. In distinction to classic
Graves disease, patients with nodular Graves disease typically
have palpable nodules. On scintigraphy, occasional nodules
will be hot (increased radioiodine uptake). However, most
nodules present as regions of decreased radioiodine uptake
(Fig. 4). The cold nodules actually represent regions of nor-
mally functioning thyroid tissue that are responding appropri-
ately to the severely depressed TSH levels (Fig. 4) [12]. This

constellation of findings was first described by Marine and
Lenhart and thus this is often referred to as Marine-Lenhart
syndrome [18]. US imaging should be performed when a cold
nodule is detected on scintigraphy to evaluate for underlying
mass lesion. When a diagnosis of nodular Graves disease is
confirmed, radioiodine therapy can be performed (as de-
scribed above in patients with classic Graves disease).

Hashimoto disease

Hashimoto disease occurs secondary to autoimmune lympho-
cytic infiltration of the thyroid gland. Most patients are euthy-
roid or hypothyroid but occasionally children present with
hyperthyroidism or toxicosis [17]. This occurs after rapid
release of thyroid hormones secondary to acute lymphocytic
infiltration and apoptosis of the follicular cells. This can occur
after rapid release of thyroid hormone secondary to acute
immune-mediated apoptosis of follicular cells (thyrotoxicosis
without hyperthyroidism) or it can be from humoral immune
mediated receptor activation similar to Graves disease. Sever-
al underlying medical conditions are associated with Hashi-
moto disease, including type I diabetes, celiac disease, Down

Fig. 4 Images in an 18-year-old woman with laboratory and clinical
parameters of Graves disease. a Scintigraphy reveals a cold nodule in
the inferior right lobe of the thyroid (arrow). b US performed to further
evaluate the cold nodule shows no abnormality. The cold nodule in this
case is compatible with a region of normally functioning thyroid-
stimulating hormone (TSH)-dependent thyroid tissue; the findings are
consistent with Marine-Lenhart syndrome
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syndrome, Turner syndrome, Noonan syndrome, Williams
syndrome and treated Hodgkin disease [3, 9].

On gray-scale US, Hashimoto disease can appear
similar to Graves disease. The gland is enlarged and
heterogeneous or coarse in echotexture [9]. There can
be multiple small hypoechoic nodules (Fig. 5) [3, 9].
Unlike in Graves disease, Doppler imaging typically
demonstrates normal or decreased flow in the thyroid
gland of a patient with Hashimoto disease (Fig. 5).
Unless they are in the acute thyrotoxic phase, children
with Hashimoto have normal or decreased uptake on
thyroid scintigraphy (Fig. 6).

Non-autoimmune thyroiditis

Thyroiditis refers to any inflammatory condition of the
thyroid gland. In childhood, this includes acute bacterial
or microbial thyroiditis, subacute thyroiditis and the
previously described autoimmune conditions. The auto-
immune etiologies are discussed separately because they
are by far the most frequent causes of hyperthyroidism
in children. Acute and subacute thyroiditis are rare in
children [9, 17]. Scintigraphy is of utmost importance in
differentiating the forms of thyroiditis and subsequent
therapy planning.

Acute bacterial thyroiditis

In acute bacterial thyroiditis, children present with fever,
painful thyroid and sore throat [9, 17]. Destruction of the
follicular cells results in release of thyroid hormone, render-
ing the patient thyrotoxic. These children do not typically
undergo scintigraphy but would have decreased RAIU in the
region of involved thyroid tissue. US imaging can demon-
strate a focal region of abnormal heterogeneous echotexture
or potentially an abscess (Fig. 7) [9]. Occasionally CT is
obtained, often because the lesion is concerning for a
mass (Fig. 7). Careful evaluation for a pyriform sinus
remnant (using esophagram with focused frontal views
of the pyriform sinus) should be performed because
these are detected in greater than 90% of children with
acute bacterial thyroiditis [17].

Subacute thyroiditis

Subacute thyroiditis can be classified according to its etiol-
ogy as either granulomatous (DeQuervain disease) or lym-
phocytic. Granulomatous (subacute) thyroiditis is a post-
viral inflammation of the thyroid gland that classically oc-
curs in women ages 30–50 and is infrequent in children.
Patients often present with neck pain and elevated erythro-
cyte sedimentation rate (ESR). Lymphocytic (subacute) thy-
roiditis is an autoimmune condition that, like Hashimoto
disease, occurs secondary to lymphocytic infiltration of
thyroid follicular cells [19]. In contrast to Hashimoto thy-
roiditis, this condition is transient. Lymphocytic thyroiditis

Fig. 6 Anterior planar I-123 scintigraphy in an 11-year-old boy with
Hashimoto disease demonstrates diffuse decreased radioiodine accu-
mulation throughout the gland

Fig. 5 Hashimoto disease in a 13-year-old girl. a Transverse gray-
scale US shows enlargement and heterogeneity in the echotexture of
the thyroid gland. b Doppler longitudinal imaging of the right lobe of
the thyroid shows normal flow—a finding that favors Hashimoto
disease over Graves
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is further classified as post-partum or painless/silent thyroid-
itis; post-partum cases are infrequent in children.

Laboratory and radiologic findings of subacute thy-
roiditis depend on the stage of disease. Laboratory
values during the acute phase of the disease are identi-
cal to those of patients with Graves disease; T3/T4 are
elevated, thyroid peroxidase antibodies are elevated and
thyroid-stimulating hormone is markedly depressed [20].
Differentiation from Graves disease can be difficult be-
cause both have identical laboratory values and clinical
presentations. Scintigraphy is crucial in diagnosing sub-
acute thyroiditis (and thus avoiding inappropriate thera-
py). During the acute active inflammatory portions of
the disease, children have extremely low RAIU values
(typically <5%). On planar imaging, the thyroid gland is
faint and difficult to distinguish from background activ-
ity (Fig. 8) [20]. This is in stark contrast to children
with Graves disease, who have significantly elevated
RAIU values. US imaging is not significantly helpful in
distinguishing Graves disease from subacute thyroiditis.

Imaging findings are nonspecific, with heterogeneity of
the thyroid gland and normal vascularity (similar to
Hashimoto disease).

During the beginning of the recovery/rebound phase of
subacute thyroiditis, laboratory values can normalize or the
patient can become mildly hypothyroid. Scintigraphy con-
tinues to show mildly depressed or potentially normal RAIU
values. However, as the recovery phase progresses, the
patient typically experiences worsening hypothyroidism.
RAIU values elevate and can mimic values of Graves
disease. Fortunately, laboratory analysis allows for differ-
entiation between these entities; patients in the recovery
phase of subacute thyroiditis are typically hypothyroid
(or potentially euthyroid) in contrast to those with Graves
disease, who are hyperthyroid [20]. See Table 3 for a
review of subacute thyroiditis.

Differentiating between Graves disease and the acute phase
of subacute thyroiditis is crucial because the two entities
require significantly different therapies. The acute phase of
subacute thyroiditis is a transient condition, although it can
occasionally recur [1]. Although these children might require
supportive management during the thyrotoxicosis (i.e. beta
blockade) and hypothyroid (i.e. levothyroxine) phases, they
eventually return to a euthyroid state. It is crucial to differen-
tiate between silent thyroiditis and Graves disease to avoid the
inappropriate administration of I-131 radioiodine therapy to
children who are thyrotoxic secondary to subacute thyroiditis.
This again emphasizes the importance of diagnostic nuclear
medicine scintigraphy.

Fig. 8 Minimal I-123 uptake in an 11-year-old boy who presented
with hyperthyroidism (3% and 2% RAIU values at 4 h and 24 h,
respectively). The boy was negative for thyroid antibodies; the com-
bined laboratory and imaging findings are most consistent with the
acute phase of subacute thyroiditis

Fig. 7 Fever, neck pain and sore throat in a 13-year-old girl. a
Transverse Doppler US of the left lobe of the thyroid demonstrates a
heterogeneous phlegmonous mass with increased vascularity. b Con-
trast-enhanced axial CT image shows the lesion to be arising from the
thyroid; note the minimal remaining normal enhancing thyroid tissue
on the left (arrow)
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Toxic adenoma

Toxic adenoma is a hyperfunctioning nodule that results in
hyperthyroidism. This entity is also frequently referred to as
toxic autonomous nodule, or Plummer disease, and is
thought to occur when an adenoma undergoes gene muta-
tions resulting in continuous production of thyroid hormone
[12]. These children have suppressed TSH values, and ele-
vated T3/T4 values similar to children with Graves disease.
Antibodies against the TSH receptor are not present, which
can help in distinguishing these entities. Imaging is quite
useful in differentiating the two; children with toxic adeno-
mas show a solitary nodule with significant radioiodine
uptake. The remainder of the gland has diminished uptake
secondary to appropriate response to a generalized lack of
TSH (Fig. 9). US imaging shows a mass lesion, which can
have variable features (Fig. 9). Echogenicity can be in-
creased or decreased, homogeneous or heterogeneous; they
can have a hypoechoic halo and are classically described as
hypovascular [9]. These lesions can be treated with
radioiodine but often require higher doses. Surgery is also
a potential modality for therapy.

Pituitary adenoma

TSH-secreting adenomas infrequently cause hyperthyroidism
in children. Pituitary adenomas in children are more likely to
be macroadenomas than microadenomas. These can present
with visual symptoms secondary to compressive effects on the
optic nerve from the mass. In addition to thyroid-stimulating
hormone, these masses also frequently secrete growth hor-
mone and prolactin [17]. MR is most useful in diagnosing
pituitary tumors; microadenomas (<1 cm) are typically
hypointense with delayed enhancement following contrast
agent administration. Macroadenomas (Fig. 10) tend to have
uniform enhancement following contrast agent administration.

Miscellaneous causes of hyperthyroidism in children

Several infrequent etiologies for hyperthyroidism require
brief discussion. In children, hyperthyroidism can be caused
by medication overdose, e.g., accidental ingestion of exces-
sive amounts of levothyroxine by a toddler or young child.

History classically leads to diagnosis, and imaging is not
usually required. Most often these children can be treated
symptomatically with no long-term sequelae [21]. Factitious
thyrotoxicosis, caused by intentional overuse or misuse of
levothyroxine, can occur in teenagers. Scintigraphy is useful
in these children; they are thyrotoxic, but have markedly
depressed 24-h uptake levels. If these findings exist following
exclusion of subacute thyroiditis, factitious thyrotoxicosis
should be considered.

Ectopic thyroid production can occur in struma ovarii/
ovarian teratoma but is exceedingly rare [2]. These patients
are hyperthyroid but have markedly decreased or absent up-
take on 24-h thyroid scintigraphy. Whole-body I-123 imaging
can demonstrate abnormal uptake at the tumor site.

Fig. 9 Images in an 18-year-old woman who presented with hyper-
thyroidism. a I-123 planar scintigraphy demonstrates a solitary hot
nodule (arrow) in the left lobe of the thyroid. The remainder of the
gland has mildly suppressed uptake. b Longitudinal Doppler US of the
left lobe thyroid nodule (arrow) shows a hypovascular and heteroge-
neous nodule. The findings are compatible with a toxic adenoma

Table 3 Diagnostic approach to the phases of subacute thyroiditis using laboratory data and RAIU values. RAIU Radioactive iodine uptake, T3/T4
triiodiothyrine/thyroxine, TSH thyroid-stimulating hormone

Acute phase Active/chronic phase Recovery/rebound phase

T3/T4 Markedly elevated Normal to mildly depressed Depressed

TSH Markedly depressed Normal to mildly elevated Elevated

RAIU Markedly depressed Normal to mildly depressed Markedly elevated
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The Jod-Basedow effect is a rare phenomenon that occurs
secondary to exposure to large amounts of iodine in hypothy-
roid patients. These children are classically hypothyroid sec-
ondary to iodine deficiency and thus are not frequently
encountered in industrialized nations. If exposed to large
amounts of iodine, these children produce and secrete large
amounts of thyroid hormone (secondary to large amounts of
circulating TSH). This can lead to thyrotoxicosis. This condi-
tion can be differentiated fromGraves disease by RAIU values,
which are diffusely decreased or absent. Jod-Basedow results
from absence of the Wolff-Chaikoff effect (Table 4) [22].

Neonatal hyperthyroidism

A brief discussion of neonatal hyperthyroidism is being
presented to complete the review of pediatric hyperthy-
roidism. Because most neonates with hyperthyroidism
have a self-limiting process, imaging (and particularly
radioiodine scintigraphy) is not indicated. General knowledge
of these processes can be useful in the guiding of care of
these children.

Neonatal Graves disease

Neonatal Graves disease, also termed neonatal hyperthy-
roidism, occurs in approximately 1% of fetuses born to
women with Graves disease. In these women, maternal
thyroid-stimulating IgG antibodies (TSAb) cross the placen-
ta and result in stimulation of the fetal thyroid gland. Wom-
en who have been previously treated for Graves disease with
ablation still carry thyroid-stimulating immunoglobulins
(TSIs), and thus their fetuses are at risk for this condition
as well. Fetal hyperthyroidism is diagnosed when there is
fetal goiter, tachycardia and intrauterine growth retardation.
Often the goiter can be detected on prenatal US. Close
monitoring pre- and post-delivery is required. Neonates
can be treated with methimazole, saturated solution of po-
tassium iodide and beta blockers, as needed. The half-life of
thyroid-stimulating immunoglobulins is roughly 14 days,
thus most cases of neonatal Graves disease resolve in 3–
12 weeks [3].

Miscellaneous causes of neonatal hyperthyroidism

When neonatal hyperthyroidism persists beyond 3 months
of age, other etiologies must be considered, including
McCune-Albright syndrome, an activating mutation of the
TSH receptor, and thyroid hormone resistance syndrome.
McCune-Albright syndrome is classically characterized by
polyostic fibrous dysplasia, café au lait spots and precocious
puberty [23]. Children with McCune-Albright syndrome

Table 4 Eponyms in thyroid disease

Eponym Description

Jod-Basedow effect Inappropriate autoregulation occurring in patients with prolonged hypothyroidism; inhibitory feedback
mechanism nonresponsive resulting in continued production/release of thyroid hormone following iodine exposure

Wolff-Chaikoff effect Induction of hypothyroidism following iodine exposure secondary to functioning thyroid feedback mechanism

Graves disease Autoimmune disease resulting in excess thyroid hormone production/release

Hashimoto disease Autoimmune disease resulting in decreased thyroid hormone production/release

DeQuervain thyroiditis Granulomatous post-viral form of thyroiditis

Marine-Lenhart
syndrome

Nodular Graves disease/Graves disease with coexistant multinodular goiter

Fig. 10 Images in a 15-year-old girl who presented with visual dis-
turbances. Coronal postcontrast T1-W MR image through the pituitary
gland reveals a homogeneously enhancing macroadenoma displacing
the optic chiasm (arrow)
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can become thyrotoxic and might require treatment or
radioablation (Fig. 11).

In children with mutations of the TSH receptor, there
is enhanced function of the TSH receptor; activation of
the TSH receptor results in overproduction of thyroid
hormones [24, 25]. These children often require radioablation
as well.

Finally, children with thyroid hormone resistance syn-
drome have end-target tissues that do not respond to

thyroid hormone (i.e. ineffective feedback loop). As
such, these children have continued production of ex-
cess thyroid hormone. Radioablation is rarely used in
these children; occasionally children with severe cardiac
symptoms are considered for therapy [25].

Conclusion

Hyperthyroidism in the pediatric patient is most commonly
secondary to Graves disease; however, there are multiple
other etiologies to consider. Understanding the various pa-
thologies, along with the proper imaging techniques used to
elucidate the underlying disease processes, allows for accu-
rate diagnosis and treatment. This in turn can prevent prob-
lematic lifelong sequelae. An organized approach can help
the imager in determining the correct diagnosis and in
guiding care.
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The Thyroid: Review of Imaging 
Features and Biopsy Techniques 
with Radiologic-Pathologic 
Correlation1

Knowledge of the normal and abnormal imaging appearances of 
the thyroid gland is essential for appropriate identification and 
diagnosis of thyroid lesions. Thyroid nodules are often detected in-
cidentally at computed tomography, magnetic resonance imaging, 
and positron emission tomography; however, ultrasonography (US) 
is the most commonly used imaging modality for characterization 
of these nodules. US characteristics that increase the likelihood of 
malignancy in a thyroid nodule include microcalcifications, solid 
composition, and central vascularity. Nuclear scintigraphy is com-
monly used for evaluation of physiologic thyroid function and for 
identification of metabolically active and inactive nodules. When 
fine-needle aspiration biopsy (FNAB) of a lesion is indicated based 
on clinical and radiologic features, appropriate US-guided biopsy 
technique and careful cytologic analysis are crucial for making 
the diagnosis. FNAB and core biopsy are the two percutaneous 
techniques used to obtain a specimen, with the latter technique 
being indicated following nondiagnostic or indeterminate FNAB. 
Specimen adequacy and diagnostic accuracy vary due to several 
factors, including location of aspiration and biopsy technique used. 
The radiologist must have a basic knowledge of thyroid disease, be 
familiar with specimen processing, and recognize the cytologic and 
radiologic appearances of thyroid lesions, all of which will facilitate 
the management of these lesions. Online supplemental material is 
available for this article.
©RSNA, 2014 • radiographics.rsna.org
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After completing this journal-based SA-
CME activity, participants will be able to:
 ■ Discuss the clinical, imaging, and cyto-

logic features of various thyroid lesions.

 ■ List the suspicious and nonsuspicious 
US features of thyroid nodules and ap-
ply an algorithm to identify nodules for 
biopsy.

 ■ Describe the proper technique for 
fine-needle aspiration biopsy of a thyroid 
nodule and predict the risk of malignan-
cy based on the cytology report.

See www.rsna.org/education/search/RG

SA-CME LEARNING  
OBJECTIVES FOR TEST 1

Introduction
Imaging has long been established as an essential element in the 
workup of clinically suspected lesions of the thyroid gland. Ultraso-
nography (US) is the modality of choice for initial characterization 
of a thyroid nodule (1). Although thyroid nodules may be detected 
at computed tomography (CT) and magnetic resonance (MR) imag-
ing, these modalities are not useful for characterization of a nodule. 
Positron emission tomography (PET) may occasionally help identify 
thyroid nodules, but it is considered by some authors to have limited 
utility in differentiating benign from malignant lesions (2–4). There 
are several recently published guidelines for determining whether 
a nodule should undergo US-guided fine-needle aspiration biopsy 
(FNAB) on the basis of its US and clinical features. These guide-
lines were published by (among others) the Society of Radiologists 
in Ultrasound (2005), the American Thyroid Association (2009), 
the American Association of Clinical Endocrinologists/Associazione 



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

eCografia da Tiróide  |  PráTiCa  |  CrisTina ribeiro

238

RG • Volume 34 Number 2 Nachiappan et al 277

Figure 2. Transverse US image shows the homoge-
neous echogenicity of the normal thyroid tissue and 
the normal thickness of the isthmus.

The thyroid lobes are normally 4–6 cm in cra-
niocaudal length and 1.3–1.8 cm in their antero-
posterior and transverse dimensions; the isthmus 
normally has an anteroposterior thickness of up 
to 3 mm (10). US features of thyroid nodules are 
discussed later in the article.

At CT performed without contrast material, 
the thyroid is homogeneous and mildly hyperat-
tenuating relative to the surrounding neck mus-
culature, with an average attenuation of 80–100 
HU. At iodinated contrast material–enhanced 
CT, the thyroid demonstrates intense homoge-
neous enhancement (Fig 3) (9). Note that the 
administration of iodinated contrast material for 
CT will impair thyroid uptake of radioactive io-
dine for 4–8 weeks, a fact that should be consid-
ered if diagnostic thyroid scintigraphy or thera-
peutic ablation with iodine 131 (131I) is planned 
(9,11). Relative to the neck musculature, the 
thyroid is slightly hyperintense on T1-weighted 
MR images (Fig 4) and iso- to slightly hyper-
intense on T2-weighted images (12). Similar to 
contrast-enhanced CT, gadolinium-enhanced 
MR imaging depicts the thyroid with intense ho-
mogeneous enhancement. MR imaging and CT 
provide precise anatomic information regarding 
the position of the thyroid relative to adjacent 
vascular and muscular structures. Thyroid nod-
ules are detected incidentally at 9% of neck CT 
and MR imaging studies (13). However, despite 
the generally superior contrast resolution of MR 
imaging and spatial resolution of CT, US remains 
the best modality for the evaluation of nodules 
within the superficially located thyroid, and it is 
also widely available and cost effective (7,14). 
Therefore, thyroid nodules detected incidentally 
at CT or MR imaging may be further evaluated 
with US (6–8,15).

At scintigraphy, the thyroid normally dem-
onstrates symmetric uniform uptake in the two 
lobes (Fig 5) (16). A thyroid nodule is considered 
“hot” if there is focal accumulation of radiotracer 

Medici Endocrinologi/European Thyroid Asso-
ciation (2010), and the National Comprehensive 
Cancer Network (updated in 2013) (5–8). In 
this article, we discuss the imaging appearance 
of thyroid lesions, with special emphasis on clini-
cal background and radiologic-pathologic cor-
relation; current indications for thyroid FNAB; 
proper US-guided FNAB technique; and cyto-
logic analysis of the acquired specimen.

Thyroid Anatomy
The thyroid is a bilobed structure located within 
the lower neck and is draped anteriorly around 
the trachea (Fig 1). The left and right lobes are 
located immediately to the left and right of the 
trachea, respectively, and are connected anteri-
orly by a thin rim of thyroid tissue known as the 
isthmus. The internal carotid arteries and internal 
jugular veins are located posterolateral to the thy-
roid lobes, whereas the strap muscles of the neck 
are located anteriorly (9).

Thyroid Imaging Appearance
The normal appearance of the thyroid varies de-
pending on the imaging modality used. At US, 
normal thyroid tissue appears homogeneously 
echogenic with a uniform echotexture (Fig 2) (9). 

Figure 1. Drawing illustrates 
the cross-sectional anatomy of 
the thyroid and adjacent soft-
tissue structures.
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Figure 5. Scintigraphic image obtained with 
iodine 123 (123I) shows symmetric homoge-
neous uptake in both thyroid lobes.

Figure 4. On an axial non–fat-saturated T1-
weighted MR image, the thyroid (*) is homo-
geneous and mildly hyperintense relative to the 
surrounding neck musculature.

Figure 3. Axial contrast-enhanced CT image 
reveals intense homogeneous enhancement of 
the thyroid.

7% (1,7). Malignancy occurs in 5%–7% of all thy-
roid nodules (7); however, the lifetime risk of thy-
roid cancer is less than 1% for the U.S. population 
(8). Thyroid nodules and thyroid malignancy have 
a female predilection of 4:1 and 2–3:1, respectively 
(8). In general, the probability of malignancy in a 
nodule is higher for men and for patients under 
15 years or over 45 years of age (8). Mortality 
from thyroid cancer increases when the patient 
is over 45 years old (8). Multiple pathologic 
processes, both benign and malignant, may affect 
the thyroid (Table 1). It is important that the radi-
ologist understand the clinical, imaging, and cyto-
logic manifestations of various thyroid lesions, as 
well as the limitations of cytologic evaluation.

US Features
US features that suggest benignity include a 
nodule with a uniform halo, predominantly cys-
tic composition, and avascularity, as well as an 
enlarged thyroid with multiple nodules. Specific 
US features of a nodule that raise suspicion for 

and “cold” if there is a focal photopenic defect. 
Scintigraphy can be useful in the workup of a thy-
roid nodule if the thyroid-stimulating hormone 
level is low. In the setting of a hot nodule and a 
low thyroid-stimulating hormone level, malig-
nancy is rare, so that further evaluation with US or 
FNAB is unnecessary (7–9,11). There is a higher 
incidence of malignancy (10%–20% of cases) 
in cold nodules (8,9,11). Thyroid scintigraphy 
may be performed using either technetium-99m 
pertechnetate or an iodine-based radionuclide 
(123I or 131I). 131I is useful for whole-body imaging 
performed to evaluate for residual thyroid tissue or 
metastatic disease after thyroidectomy or thyroid 
ablation (9). PET reveals uptake of 2-[fluorine-18]
fluoro-2-deoxy-D-glucose (FDG) within a normal 
thyroid similar to that seen in adjacent skeletal 
muscle (17). Thyroid nodules are incidentally 
detected at about 2%–3% of PET studies (13). 
Both benign and malignant thyroid lesions tend 
to show increased FDG uptake (quantified with 
the standardized uptake value [SUV]) relative to 
normal background thyroid parenchyma. If no 
normal thyroid parenchyma is present, uptake may 
be interpreted relative to adjacent muscles (17). 
One study showed higher SUV measurements in 
malignant thyroid nodules than in benign nodules 
(4); however, there is no accepted threshold SUV 
for prediction of malignancy. Nonetheless, given 
that FDG uptake in a nodule increases the risk for 
malignancy to 14%–40%, further evaluation with 
US and FNAB is recommended (13).

Overview of Thyroid Lesions
Thyroid nodules occur in up to 50% of adults, 
whereas palpable thyroid nodules occur in only 3%–
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malignancy include microcalcifications, exten-
sion beyond the thyroid margin, cervical lymph 
node metastasis, taller-than-wide shape in the 
transverse plane, and marked hypoechogenicity. 
Less specific US features that may raise suspicion 
include lack of a halo, an ill-defined or irregular 
margin, solid composition, and increased central 
vascularity. These US features are summarized 
in Table 2, which incorporates several sources 
(1,5,18). The probability of malignancy increases 
with the number of suspicious US features (18). 

Malignant nodules display an average of two to 
three suspicious US features (19).

Microcalcifications represent psammoma 
bodies, which are round, laminar calcific de-
posits (1). They appear as punctate echogenic 
foci less than 1 mm in size and without acous-
tic shadowing. In contrast, macrocalcifications 
are coarse calcifications greater than 1 mm in 
size and may demonstrate acoustic shadow-
ing (1,18,20). Microcalcifications are typical of 
papillary thyroid carcinoma, whereas macro-
calcifications (including rim calcifications) are 
less ominous but may be seen in both medullary 
and papillary carcinoma (5,21). Metastasis to 
regional cervical lymph nodes occurs in 19% of 
all thyroid malignancies, especially papillary car-
cinoma and also medullary carcinoma; it rarely 
occurs in follicular carcinoma (1). Features 
of an abnormal lymph node—including cystic 
change, calcification, and loss of normal archi-
tecture—are important to recognize, since they 
increase suspicion for thyroid malignancy (1). 
It is especially important to recognize a cystic 
metastatic lymph node, given that 70% of meta-
static lymph nodes from papillary carcinoma 
are cystic, and to distinguish it from a cystic 
thyroid nodule (1). A hypoechoic nodule has 
less echogenicity than the thyroid parenchyma, 
and a markedly hypoechoic nodule has less echo-
genicity than the adjacent strap muscle (18). 
Nodule composition is either predominantly 
cystic (75%–100% cystic), mixed cystic and 
solid (26%–74% cystic), or predominantly solid 
(0%–25% cystic) (22). Hypervascularity within 
the central aspect of a nodule is more suggestive 
of a malignant process than is peripheral hyper-
vascularity, which is most commonly associated 
with benign inflammatory processes but may 
also be seen in a minority of cases of malignant 
disease (5,23).

Bethesda System  
for Cytology Reporting
Devised in 2007, the Bethesda system is a 
six-tiered classification system for cytology 
reporting of thyroid FNAB results (24). The 
six categories (with associated percentage risk 
of malignancy in parentheses) are as follows: 
“nondiagnostic” (1%–4%), “benign” (0%–3%), 
“atypia of undetermined significance” or “fol-
licular lesion of undetermined significance” 
(5%–15%), “follicular neoplasm” or “suspicious 
for follicular neoplasm” (15%–30%), “suspi-
cious for malignancy” (60%–75%), and “ma-
lignant” (97%–99%) (24). These six categories 
have been reported in 7%–10%, 60%–70%, 
3%–6%, 6%–12%, 3%–5%, and 3%–8% of all 
FNAB reports, respectively (13,25). However, at 

Table 1: Selected Benign and Malignant Thy-
roid Lesions

Benign lesions
 Benign follicular nodule
  Adenomatoid nodule
  Colloid nodule
 Follicular adenoma
  Hürthle cell adenoma
 Thyroiditis
  Chronic lymphocytic (Hashimoto) thyroiditis
Malignant lesions
 Papillary carcinoma
 Follicular carcinoma
  Hürthle cell carcinoma
  Poorly differentiated carcinoma
 Anaplastic/undifferentiated carcinoma
 Medullary carcinoma
 Lymphoma
 Metastasis

Table 2: US Features of Thyroid Nodules

Features suggesting benignity*

 Uniform halo around nodule
 Predominantly cystic
 Avascular
 Enlarged thyroid with multiple nodules
Features suspicious for malignancy
 Specific features
  Microcalcifications
  Extension beyond thyroid margin
  Cervical lymph node metastasis
  Taller than wide in transverse plane
  Markedly hypoechoic
 Less specific features
  No halo around nodule
  Ill-defined or irregular margin
  Solid
  Increased central vascularity

*Specific features.



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

eCografia da Tiróide  |  PráTiCa  |  CrisTina ribeiro

241

280 March-April 2014 radiographics.rsna.org

Figure 6. Adenomatous nodule in a 66-year-old man with a low thyroid-stimulating hor-
mone level of 0.1 µIU/mL. (a) Transverse US image shows a predominantly solid 2.4-cm 
nodule with well-circumscribed margins and a surrounding halo (benign US features). 
(b) Scintigraphic image obtained with 123I shows increased uptake in a hot nodule and rela-
tive photopenia of the adjacent normal thyroid tissue. The outline of the neck is not well 
visualized. (c) Photomicrograph (original magnification, ×200; Diff-Quik stain [Baxter 
Diagnostics, Deerfield, Ill]) of an FNAB specimen demonstrates an adenomatous nodule. 
Features include groups and sheets of bland follicular cells without significant crowding 
(arrow), with colloid in the background (arrowhead).

loid, and variable amounts of fibrosis and is gen-
erally unencapsulated (Fig 6). Although it may be 
solitary, this nodule is usually found in the setting 
of multinodular goiter.

A colloid nodule is a benign lesion composed 
primarily of colloid and scant follicular cells (Fig 
7) (1). At US, colloid nodules appear cystic, with 
internal linear echogenic foci and “comet tail” 
artifacts secondary to the presence of inspissated 
colloid calcifications (Fig 8) (9).

Thyroiditis.—Thyroiditis is inflammation of the 
thyroid. It can be categorized as chronic lym-
phocytic thyroiditis (including autoimmune and 
Hashimoto thyroiditis), de Quervain (subacute 
or granulomatous) thyroiditis, acute (infec-
tious) thyroiditis, Riedel (fibrous) thyroiditis, or, 

US-guided FNAB alone, malignant findings are 
more common due to selection bias, since US-
guided FNAB is more likely to be performed in 
nodules with suspicious US features (22).

Benign Thyroid Lesions
Approximately 60%–70% of thyroid nodules in 
which FNAB is performed are reported to be 
benign and most commonly represent benign 
follicular nodules or thyroiditis (13,25,26). 
Clinical follow-up is recommended for these 
nodules; no surgical intervention is needed un-
less there are compressive symptoms due to size 
(26). The risk of malignancy in nodules reported 
as benign at FNAB is 0%–3% (26). Benign nod-
ules and nodules that do not meet the US crite-
ria for FNAB may be reassessed with follow-up 
US at 12 months to ensure stability in size. If 
such nodules remain stable for a 1–2-year pe-
riod, subsequent US examinations may be con-
sidered at 3–5-year intervals (8).

Benign Follicular Nodule.—Benign follicular 
nodules are composed predominantly of colloid 
and benign-appearing follicular cells in varying 
proportions. Benign follicular nodules include 
nodular goiter, adenomatoid or hyperplastic nod-
ules, colloid nodules, nodules in Graves disease, 
and macrofollicular subtype follicular adenoma 
(26). The different types of benign follicular nod-
ules cannot usually be distinguished at FNAB.

An adenomatoid or hyperplastic nodule is a 
nonneoplastic lesion composed of follicles, col-
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Figure 7. Incidentally detected left-sided colloid nodule of the thyroid in a 74-year-old woman. (a) Axial 
T2-weighted MR image shows a well-circumscribed, hyperintense 2.2-cm nodule (arrow). (b) Photo-
micrograph (original magnification, ×400; Diff-Quik stain [Baxter Diagnostics]) of an FNAB specimen 
shows a colloid nodule with the typical features of abundant colloid (arrow) and sparse cellularity.

rarely, some other form of thyroiditis. Of these 
subtypes, chronic lymphocytic thyroiditis is the 
most common.

Chronic lymphocytic thyroiditis is composed 
of chronic inflammatory cells, including lympho-
cytes, plasma cells, germinal centers, and Hürthle 
cells. The presence of specific antibodies—namely, 
antithyroid peroxidase and antithyroglobulin—al-
lows a diagnosis of Hashimoto thyroiditis to be 
made. Treatment is usually aimed at correcting 
hormonal status, since many of these patients are 
in a hypothyroid state (27). Some studies suggest 
that patients with chronic lymphocytic thyroiditis 
have a higher incidence of thyroid cancer (28). At 
US, Hashimoto thyroiditis often demonstrates a 
diffusely heterogeneous echotexture and diffuse 
increased vascularity (Fig 9), but it may also mani-
fest as one or more nodules.

Follicular Adenoma.—Follicular adenoma is 
a benign neoplastic proliferation of follicles 
surrounded by a complete capsule. It usually 
manifests as a solitary lesion in a background of 

normal-appearing thyroid tissue. As mentioned 
earlier, a cytology report of follicular neoplasm or 
suspicious for follicular neoplasm at FNAB (both 
of these terms may represent either follicular 
adenoma or follicular carcinoma) is generated in 
6%–12% of biopsies (13,25). PET is not helpful 
in distinguishing between follicular adenoma and 
follicular carcinoma (Fig 10). Surgical hemithy-
roidectomy is indicated for a follicular neoplasm 
because malignancy cannot be excluded on the 
basis of FNAB findings (26). When a nodule is 
reported to be a follicular neoplasm at FNAB, 
there is a 70%–85% chance of its being a follicu-
lar adenoma and (as mentioned earlier) a 15%–
30% risk of malignancy (8,26). Patients in whom 
surgical resection leads to a diagnosis of follicular 
adenoma have an excellent prognosis.

Hürthle cell adenoma is considered a variant 
of follicular adenoma in which over 75% of cells 
show oncocytic or Hürthle cell changes. A Hürthle 
cell neoplasm is depicted in Figure 11. It is im-
portant to recognize the features of Hürthle cells 
to avoid confusing these cells with other similar-
appearing cells, such as benign macrophages, 
parathyroid cells, medullary thyroid cancer, and 
oncocytic variants of papillary thyroid cancer (26).

Malignant Thyroid Lesions
About 3%–7% of nodules in which FNAB is per-
formed are reported as malignant, with another 

Figure 8. Colloid nodule. Transverse US image 
shows a predominantly anechoic cystic lesion (*) 
with a thin wall, well-circumscribed margins, and 
mild posterior acoustic enhancement. Note the linear 
echogenic colloid crystals suspended within the fluid 
(arrow). These are all benign US features.
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Figure 9. Chronic lymphocytic (Hashimoto) thyroiditis in a 53-year-old woman with a “swollen thyroid.” (a) Longi-
tudinal duplex US image shows diffusely heterogeneous thyroid parenchyma with abnormal diffusely increased vascular 
flow. (b) Photomicrograph (original magnification, ×400; Diff-Quik stain [Baxter Diagnostics]) of an FNAB specimen 
demonstrates chronic lymphocytic thyroiditis, as represented by lymphocytes in the background (arrowhead) as well as 
nests of follicular cells (arrow), many with Hürthle cell features.

3%–5% reported as suspicious for malignancy 
(13,25). However, malignant lesions make up a 
larger proportion of US-guided FNABs because 
of selection bias (see “Bethesda System for Cytol-
ogy Reporting”) (22). As mentioned earlier, the 
risk of malignancy in a nodule reported as ma-
lignant or suspicious for malignancy at FNAB is 
97%–99% and 60%–75%, respectively (26). Most 
malignant lesions are primary thyroid carcino-
mas, with lymphoma and metastatic tumor being 
much less common. Papillary carcinoma is the 
most commonly encountered malignancy in the 
thyroid (29). Of the primary thyroid malignancies, 
papillary and follicular carcinomas have a rela-
tively good prognosis, medullary carcinoma has an 
intermediate prognosis, and anaplastic carcinoma 
has a dismal prognosis (29). Secondary malignant 
thyroid lesions, including metastatic disease and 
lymphoma, have a variable prognosis depending 
on the type of primary malignancy.

Papillary Carcinoma.—Papillary carcinoma is a 
malignant neoplasm that typically demonstrates a 
papillary architecture composed of follicular cells 
with distinctive nuclear features (Figs 12, 13) and 
represents 80% of all primary thyroid malignan-
cies (8,26). When FNAB is diagnostic for papil-
lary carcinoma, total thyroidectomy is usually 

performed (due to its multifocal nature), with or 
without subsequent radioactive iodine ablation 
(8). Of note, when a lesion is reported as suspi-
cious (but not diagnostic) for papillary carcinoma, 
a lobectomy may be performed, usually with 
intraoperative frozen section evaluation for con-
firmation. If the results of this evaluation confirm 
papillary carcinoma, the remainder of the thyroid 
is removed. The prognosis for papillary carcinoma 
is generally very good (10-year relative survival 
rate of 93%). Factors indicating a poor prognosis 
include patient age over 45 years and advanced 
tumor stage (8). Whole-body scintigraphy with 131I 
can be useful in assessing for disease recurrence 
after thyroidectomy or ablation (Figs 14, 15).

Follicular Carcinoma.—Follicular carcinoma is 
a malignant neoplasm composed of follicular 
cells with capsular or vascular invasion (26). It 
represents 11% of all primary thyroid malignan-
cies (8). Both follicular carcinomas and follicular 
adenomas are reported as follicular neoplasm or 
suspicious for follicular neoplasm at FNAB (Fig 
16). As mentioned earlier, follicular neoplasm 
is reported in 6%–12% of biopsies (13,25), and 

Figure 10. Follicular neoplasm in a 67-year-old man with 
a history of remote hemithyroidectomy for a contralateral 
follicular neoplasm. Axial PET/CT image shows a 5-cm 
mass that is markedly FDG avid (SUV = 7). At FNAB, this 
nodule was reported as a follicular neoplasm. Histologic 
analysis of the surgically resected specimen would be 
required to determine whether this finding represents 
follicular adenoma or follicular carcinoma.
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Figure 11. Hürthle cell neoplasm in a 53-year-old man with a palpable thyroid nodule at physical ex-
amination. (a) Transverse US image shows a predominantly hypoechoic 1.5-cm solid nodule (arrow) that 
meets the criteria for biopsy. (b) Photomicrograph (original magnification, ×400; Papanicolaou stain) of 
an FNAB specimen that was reported as a Hürthle cell neoplasm shows abundant granular cytoplasm 
(arrow) and round nuclei with moderate anisocytosis. Of note, no colloid or lymphocytes are present. 
The nodule was stable for 2.5 years at follow-up US and therefore was considered benign.

Figures 12, 13. (12) Papillary carcinoma in a 60-year-old woman with nontoxic multinodular goiter. (a) Longitudinal 
US image of the left lobe of the thyroid shows a 2.4-cm solid nodule in the lower pole with ill-defined margins and 
microcalcifications (arrow), both of which are suspicious US features. A shadowing macrocalcification is also noted 
(arrowhead). (b) Longitudinal US image of the right lobe shows three additional nodules: a 1.1-cm solid nodule 
(left), a 1.2-cm solid nodule (middle), and a 2.3-cm mixed cystic and solid nodule (right). In the right lobe, only the 
2.3-cm nodule meets the US criteria for FNAB. (c) Photo micrograph (original magnification, ×400; Papanicolaou 
stain) of an FNAB specimen from the left lobe nodule in a demonstrates nuclear features characteristic of papillary 
carcinoma, including pale nuclei with powdery chromatin, micronucleoli, longitudinal grooves, and intranuclear 
cytoplasmic pseudoinclusions (arrow). (13) Papillary carcinoma in a 50-year-old woman. Scintigraphic image obtained 
with 123I shows an area of decreased uptake (arrow) in the superior pole of the left thyroid lobe, a finding that rep-
resents a cold nodule.
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15%–30% of these cases are malignant (8,26). 
The likelihood of follicular carcinoma is greater 
in male patients, in older patients, and with larger 
nodule size (8). In some cases, the final histologic 
diagnosis is actually papillary carcinoma with fol-
licular architecture (26). Primary treatment of 
follicular carcinoma includes total thyroidectomy 
for invasive cancer, with or without subsequent 
radioactive iodine ablation. An alternative pri-
mary treatment for minimally invasive cancer 
consists of lobectomy and isthmusectomy. The 
prognosis for follicular carcinoma is generally 
good (10-year relative survival rate of 85%) (8). 
As with papillary carcinoma, factors indicating a 
poor prognosis include patient age greater than 
45 years and advanced tumor stage (30).

Hürthle cell carcinoma, a variant of follicular 
carcinoma in which over 75% of cells show onco-
cytic or Hürthle cell changes, accounts for 3% of 
all primary thyroid malignancies (8). Initial treat-
ment for Hürthle cell carcinoma is nearly identi-
cal to that for follicular carcinoma, except that a 
more aggressive surgical approach is often war-

ranted, since the propensity of Hürthle cell car-
cinoma for locoregional nodal metastases may be 
higher than that of follicular carcinoma (8). The 
prognosis for Hürthle cell carcinoma is interme-
diate (10-year relative survival rate of 76%) and 
is worse than that for follicular carcinoma (8).

Poorly differentiated carcinoma can be con-
sidered a variant of follicular carcinoma in 
which there is often an insular growth pattern 
and nuclear features of a higher-grade malig-
nancy (Fig 17).

Anaplastic Carcinoma.—Anaplastic (undifferen-
tiated) carcinoma is a highly malignant neoplasm 
with unequivocal features of a high-grade carci-
noma (Fig 18). It accounts for 2% of all primary 
thyroid malignancies (26) and carries a poor 
prognosis, with a median survival of 5 months 

Figures 14, 15. (14) Well-differentiated papillary carci-
noma in a 24-year-old man who had undergone thyroid-
ectomy. Whole-body 131I scintigraphic image shows no evi-
dence of residual thyroid tissue. Physiologic foci of uptake 
are noted in the nasopharynx (arrowhead), stomach (black 
arrow), and bladder (white arrow). (15) Papillary carci-
noma in a 44-year-old man who had undergone thyroid-
ectomy and radioablation. Whole-body 131I scintigraphic 
image demonstrates foci of radiotracer accumulation in the 
neck and below the sternal notch (black arrow), findings 
that are highly concerning for nodal metastases. There is 
also an accumulation of radiotracer in the right upper arm, 
likely due to contamination on clothing. Foci of physiologic 
uptake are noted in the nasopharynx (arrowhead) and 
bladder (white arrow).

Figure 16. Follicular neoplasm in a 41-year-old woman. 
Photomicrograph (original magnification, ×400; Papani-
colaou stain) of an FNAB specimen shows a microfollicle 
(arrow) with follicular cells in a small group with crowd-
ing and overlapping, findings that are consistent with a 
follicular neoplasm. Of note, no colloid is present. Histo-
logic analysis of the surgically resected specimen would 
be required to determine whether this finding represents 
follicular carcinoma or follicular adenoma.
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Figure 17. Poorly differentiated carcinoma in an 81-year-old man with a right-sided thyroid mass that 
was discovered at neck CT. (a) Transverse US image shows a predominantly hypoechoic 5.4-cm solid 
nodule with ill-defined margins (a suspicious US feature) and no normal adjacent thyroid parenchyma. 
(b) Photomicrograph (original magnification, ×400; Papanicolaou stain) of an FNAB specimen demon-
strates poorly differentiated carcinoma, with variable-sized cells with nuclear hyperchromasia, apoptosis, 
a necrotic background (arrow), and scant colloid.

and a 1-year survival rate of just 20% (8,31,32). 
Surgery is usually not an option with anaplastic 
carcinoma because of its frequent wide local inva-
sion. Undifferentiated carcinomas do not concen-
trate iodine; therefore, radioactive iodine ablation 
and 131I scintigraphy cannot be performed.

Medullary Carcinoma.—Medullary carcinoma is 
a malignant neoplasm derived from thyroid neu-
roendocrine C cells that secrete calcitonin (Fig 
19) (33). It represents 4% of all primary thyroid 
malignancies (8). Like undifferentiated carci-
noma, medullary carcinoma does not concentrate 
iodine; therefore, 131I scintigraphy and radioactive 
iodine ablation cannot be performed. About 80% 
of cases are sporadic and 20% of cases are famil-
ial, with type 2a multiple endocrine neoplasia be-
ing the most common familial condition (8). Pri-
mary treatment of medullary carcinoma usually 
includes total thyroidectomy (26). The prognosis 

is intermediate, with a 10-year relative survival 
rate of 75% (8).

Lymphoma.—Primary thyroid lymphoma is a 
malignant clonal proliferation of lymphocytes 
and accounts for 1%–5% of thyroid malignancies 
(11,25). Non-Hodgkin lymphoma in the thyroid 
is rare and is typically encountered in elderly 
women with a long history of goiter or Hashi-
moto thyroiditis (9). The most common primary 
thyroid lymphoma is extranodal marginal zone 
B-cell lymphoma (mucosa-associated lymphoid 
tissue lymphoma), followed by diffuse large B-
cell lymphoma (26). Patients with lymphoma 
typically present with obstructive symptoms re-
lated to compression of the aerodigestive tract, 
and the disease commonly manifests as a solitary 
mass that is hypoechoic at US and hypoattenuat-
ing at CT (Fig 20) (9). Treatment is similar to 
that for lymphoma found elsewhere in the body. 
The prognosis ranges from good for mucosa-
associated lymphoid tissue lymphoma to poor for 
diffuse large B-cell lymphoma (26).

Metastatic Tumor.—Metastatic tumor to the 
thyroid consists of both metastases from distant 
organs and direct extension of tumors from 

Figure 18. Anaplastic (undifferentiated) 
carcinoma. Photomicrograph (original magni-
fication, ×400; Diff-Quik stain [Baxter Diag-
nostics]) of an FNAB specimen demonstrates 
highly pleomorphic, atypical, and mostly single 
cells (arrow) with irregular nuclei, prominent 
nucleoli, and background necrosis, findings that 
are consistent with anaplastic carcinoma.
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Figure 19. Medullary carcinoma in a 36-year-old woman with a right-sided thyroid nodule. (a) Transverse duplex 
US image shows a 2.6-cm solid nodule with an ill-defined lateral margin and extracapsular extension beyond the thyroid 
margin (arrow). The nodule has a taller-than-wide appearance and is markedly hypoechoic. All of these are suspicious 
US features. (b) Photomicrograph (original magnification, ×400; Diff-Quik stain [Baxter Diagnostics]) of an FNAB 
specimen shows numerous isolated and plasmacytoid cells (arrow) with abundant purple cytoplasm, scattered red 
granules, and eccentrically placed nuclei. Inset shows a photomicrograph (original magnification, ×400; Papanicolaou 
stain) that highlights the salt-and-pepper chromatin neuroendocrine features seen in medullary carcinoma.

Figure 20. Primary thyroid lymphoma in a 54-year-old 
woman with long-standing goiter and a 1-month history 
of progressive neck swelling. (a) Longitudinal US image 
shows a diffusely enlarged and abnormally heterogeneous 
thyroid without normal intervening parenchyma. Note the 
infiltrative appearance and evidence of extracapsular exten-
sion (arrow), a suspicious US feature. (b) Axial CT image 
shows diffuse replacement of the thyroid parenchyma. Note 
the associated narrowing of the trachea and lateral displace-
ment of the adjacent vascular structures. Mildly enlarged 
abnormal left cervical lymph nodes (*) are also evident. 
(c) Photomicrograph (original magnification, ×400; he-
matoxylin-eosin stain) of an FNAB specimen shows large 
atypical lymphocytes with irregular nuclei, coarse chromatin, 
and prominent nucleoli with scant cytoplasm, findings that 
are consistent with lymphoma.
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Figure 21. Metastatic lung carcinoma in a 63-year-old 
man with known lung carcinoma in whom a new thyroid 
nodule was discovered at staging CT. Longitudinal duplex 
US image shows a mildly heterogeneous, hypoechoic 3-cm 
solid nodule with increased peripheral and central vascular-
ity. Increased central vascularity is a suspicious US feature.

adjacent structures (Fig 21). Metastatic tumor 
represents 5.5% of biopsied thyroid malignan-
cies (25), usually originating from primary lung, 
breast, or renal cell carcinoma (1). Treatment 
is similar to that for metastases in other organs, 
and both treatment and prognosis depend on 
the primary malignancy.

Intervention

Guidelines for Biopsy Indications
The accuracy of US-guided FNAB (68%) is higher 
than that of palpation-guided FNAB (48%) (34). 
Guidelines for biopsy indications based on US and 
clinical features are summarized in Table 3, which 
incorporates several sources (5,6,8,13,34,35). Table 
3 lists the indications for FNAB for a solitary nod-
ule, multiple nodules, diffuse rapid enlargement 
of the thyroid, and nodules in clinically high-risk 
patients. At our institution, we use an algorithm in-
corporating several sources (5,12,13,32,35,36) that 
helps determine when to biopsy a thyroid nodule 
and which biopsy technique to use (Fig 22).

Table 3: Guidelines for FNAB Indications Based on US and Clinical Features

US/Clinical Features Indication/Threshold for FNAB

Solitary nodule
 Solid nodule with suspicious US features, particularly  

 microcalcifications
≥1 cm

 Solid nodule without suspicious US features ≥1.5 cm
 Mixed cystic-solid nodule with suspicious US features ≥1.5 cm
 Mixed cystic-solid nodule without suspicious US features ≥2 cm
 Spongiform nodule ≥2 cm
 Simple cyst with none of the aforementioned characteristics FNAB not necessary
 Substantial growth (>50%) since previous US examination FNAB indicated
 Suspicious cervical lymph node FNAB lymph node with or without a nodule
Multiple nodules
 Normal intervening parenchyma FNAB of up to four suspicious nodules, with se-

lection based on criteria for a solitary nodule; 
if no suspicious nodule is present, biopsy of 
the largest nodule may be considered

 No normal intervening parenchyma FNAB not necessary
Diffuse rapid enlargement of thyroid FNAB indicated to exclude anaplastic carci-

noma, lymphoma, or metastasis

Clinically high risk of thyroid cancer Threshold for FNAB is lower due to high risk 
of thyroid cancer (eg, threshold >0.5 cm for a 
suspicious solid nodule)

 History of radiation exposure in childhood or adolescence
 FDG-avid nodule at PET
 Age <15 y or >45 y, particularly in males
 First-degree relative with thyroid cancer or type 2 MEN
 Personal history of thyroid cancer at lobectomy
 Personal history of thyroid cancer–associated conditions  

 (familial adenomatous polyposis, Carney complex,  
 Cowden syndrome, or type 2 MEN)

Note.—MEN = multiple endocrine neoplasia.
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It is important to understand that a multiplicity 
of nodules does not imply benignity, and it is es-
sential to carefully identify each suspicious nodule 
(35,36). If there are multiple suspicious nodules, 
up to four such nodules should be considered for 
FNAB (Fig 12b) (35). If multiple nodules are 
present and none appears suspicious, and there 
is normal intervening parenchyma, FNAB of the 
largest nodule can be considered (6). If the thyroid 
is enlarged with multiple similar-appearing nod-
ules without any suspicious US features or normal 
intervening parenchyma, FNAB is unnecessary, 
since these findings most likely represent benign 
multinodular goiter (37).

Technical Details at Our Institution
The step-by-step procedure that we follow at 
our institution for US-guided thyroid biopsy is 
summarized in Figure 23. The patient is placed 
on the examination table in the supine position 
with the neck extended, which optimizes visual-
ization of the thyroid at US (34). The radiologist 
usually stands near the patient’s chest, which we 
consider to be the most anatomically intuitive 
approach; in some cases, however, the radiologist 
may need to stand near the patient’s head. Pre-
liminary US of the area of interest with a high-
resolution 10–12-MHz linear-array transducer 
is performed to determine a suitable approach 
to the nodule (34). The patient is asked not to 
swallow or speak during FNAB, which helps 
limit thyroid movement (13). The neck is then 
cleansed with chlorhexidine-alcohol or povidone-
iodine, which is allowed to dry. Sterile towels are 
placed around the procedural field, and a sterile 
cover is placed over the US probe. The probe is 

positioned for optimal visualization of the target 
nodule. About 5–10 mL of 1% lidocaine hydro-
chloride solution is infiltrated into the skin and 
subcutaneous tissues with a 25-gauge needle 
for local anesthesia. FNAB is subsequently per-
formed under continuous US guidance, with the 
needle oriented either parallel or perpendicular 
to the US probe (Fig 24).

FNAB is performed using 27-gauge needles. 
A total of six passes are made for each nodule 
selected (22). First, three passes are made with-
out suction using the capillary technique (Fig 
25) (Movies 1, 2 [online]). Three more passes 
are then made with continuous 0.5–1-mL suc-
tion applied to an attached 10-mL syringe using 
the aspiration technique (Fig 26) (Movies 3, 4 
[online]). Each pass consists of approximately 
50 vigorous controlled excursions of the needle 

Figure 22. Flow chart illustrates 
a decision algorithm based on 
US features that helps determine 
whether biopsy is indicated for a 
thyroid nodule and which biopsy 
technique to use. FNA = fine-nee-
dle aspiration.

Figure 23. Flow 
chart illustrates 
a technical walk-
through of the US-
guided biopsy pro-
cedure for a thyroid 
nodule. Each pass 
consists of about 50 
vigorous controlled 
excursions of the 
needle through 
the nodule over a 
20-second period. In 
the authors’ experi-
ence, the need to 
repeat steps due to a 
nondiagnostic speci-
men (*) is rare.
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Figure 25. Capillary technique for FNAB. (a) Photograph shows proper positioning of the biopsy 
needle, which is oriented parallel to the US transducer. Note that no syringe is attached to the 27-gauge 
biopsy needle (Movie 1 [online]). (b) Transverse US image demonstrates the hyperechoic needle along 
its length. The needle tip is positioned within the superficial portion of the hypoechoic left-sided thyroid 
nodule (Movie 2 [online]).

through the nodule over a 20-second period. 
For solid lesions, multiple peripheral regions 
should be sampled to increase the adequacy 
rate (34). For mixed cystic and solid lesions 
or predominantly cystic lesions with a solid 
mural nodule, the solid component of the le-
sion is targeted to improve diagnostic yield. If 
color Doppler analysis shows relative increased 
vascularity in a portion of a nodule, this region 
is similarly targeted (5). For vascular nodules, 
the small (27-gauge) needle size, capillary tech-
nique, and short needle dwell time are particu-
larly important for improving diagnostic yield by 
decreasing the amount of blood in the aspirate 
(26). If a prior biopsy specimen was reported 
as nondiagnostic or indeterminate, we perform 
combined FNAB and core biopsy. We use an 18- 
or 20-gauge core biopsy needle system with a 
1- or 2-cm excursion depending on nodule size. 

Each biopsy specimen is delivered to an on-site 
cytopathology team for preliminary processing 
and an adequacy check. Upon completion of 
biopsy, gentle manual pressure may be applied, 
the skin is cleansed, and a sterile dressing is put 
in place. The patient is discharged immediately 
after the procedure. No major complications re-
quiring intervention or hospitalization have been 
reported (38–41).

Adequacy
In general, for an FNAB to be considered diag-
nostic (adequate), a minimum of six groups of 
ten follicular cells must be present upon totaling 
all slides. These groups of cells must be well pre-
served, well stained, and not obscured by blood. 
An exception to the requirement for a minimum 
threshold of cells is made in cases of solid nod-
ules with cytologic atypia, solid nodules with 

Figure 24. Drawing illustrates FNAB tech-
nique, with parallel positioning of the needle 
relative to the US transducer and the thyroid.
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Figure 26. Aspiration technique for FNAB. (a) Photograph shows proper positioning of the biopsy 
needle, which is oriented perpendicular to the US transducer. Aspiration is achieved by means of gentle 
suction with a 10-mL syringe (Movie 3 [online]). (b) Transverse US image depicts the needle tip, which 
is identified as a hyperechoic focus (arrow) within the center of the nodule (Movie 4 [online]).

inflammation (eg, lymphocytic thyroiditis), and 
abundant colloid (colloid nodules) (26). Diagnos-
tic yield equals 1 minus the nondiagnostic rate.

Nondiagnostic Result
A nondiagnostic (ie, insufficient, unsatisfactory, or 
inadequate) result refers to FNAB specimens for 
which a cytologic diagnosis cannot be made due 
to the limited quality or quantity of follicular cells 
or colloid (26). The nondiagnostic rate is 7%–10% 
for US-guided FNAB, which is lower than that 
for palpation-guided FNAB (13). This rate has 
been reported to be as high as 20% for all FNABs 
(25,41,42). The nondiagnostic rate increases with 
the cystic proportion of a nodule, increases by up 
to four times with operator inexperience, and de-
creases by one-half with an on-site adequacy check 
(13). The finding of “cyst fluid only” (with or 
without macrophages) is reported as nondiagnos-
tic, partly due to the possibility of a cystic papillary 
thyroid carcinoma. However, a simple cyst less 
than 3 cm in size at US can be considered clini-
cally diagnostic, despite a nondiagnostic FNAB 
report (26). The presence of only extrathyroidal 
material from adjacent soft tissues is clearly nondi-
agnostic as well. Several authors recommend that 
repeat biopsy not be performed until 3 months 
after initial biopsy to prevent a false-positive find-
ing due to the transient reparative cellular atypia 
seen following initial biopsy (8,13,26). However, 
the time frame for repeat biopsy does not impact 
the adequacy of the sample (43).

Indeterminate Result
FNAB specimens reported as indeterminate (or 
atypia of undetermined significance, or follicular 
lesion of undetermined significance) do not fully 
meet the criteria for being suspicious but show 
features that preclude their being diagnosed as be-

nign (26). An indeterminate result, which occurs 
in 3%–6% of cases (13,25), is not synonymous 
with a nondiagnostic result. Indeterminate lesions 
have a 5%–15% chance of being malignant, and 
repeat biopsy should be performed after 3 months.

FNAB and Core Biopsy
Core biopsy is useful as an adjunct to FNAB in 
the setting of a prior nondiagnostic or indetermi-
nate FNAB due to the higher accuracy and diag-
nostic yield of a combined approach (38–40,44). 
It is important to remember that accuracy and 
diagnostic yield are completely different entities. 
Accuracy is a statistical parameter of a test that 
measures the proportion of true results (ie, both 
true-positive and true-negative) out of all test re-
sults. The accuracy of combined FNAB–core bi-
opsy is 94%, compared with 82% for FNAB alone 
(39). The diagnostic yield of combined FNAB–
core biopsy is 87%, compared with 47% for 
FNAB alone in patients with prior nondiagnostic 
FNAB (38). Indeterminate results are decreased 
with combined FNAB–core biopsy compared with 
FNAB alone (39). We suggest that core biopsy be 
performed in addition to FNAB for the sampling 
of nodules with a prior nondiagnostic or indeter-
minate FNAB. Core biopsy may also play a role 
in cases in which immunohistochemical staining 
is requested for classification of a tumor—specifi-
cally, medullary carcinoma and metastatic tumor.

Cytologic Evaluation
The pathology service will have conversations 
with radiologists about the specimen during or 
after biopsy. It is important for the radiologist to 
understand the pathologist’s terminology and the 
reasoning behind his or her conclusions. The pa-
thology service at our institution follows the steps 
described in the following sections.
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Specimen Processing
On-site adequacy checks (described earlier) are 
performed in the procedure room using smears, 
since this is the fastest way to evaluate the le-
sion. Smears are made by depositing the needle 
contents onto a slide, then smearing the mate-
rial. Each slide is then either air dried prior to 
staining with Diff-Quik stain (Baxter Diagnos-
tics) or fixed with alcohol prior to staining with 
Papanicolaou stain.

Another method for preparing slides is to rinse 
the contents of the needle into a cell suspension 
(in the procedure room), which is then used to 
make cytospins, liquid-based thin-layer slides, or 
cell block material (in the laboratory). Cytospins 
and liquid-based thin-layer slides are stained 
with Papanicolaou stain and processed in a cy-
tology laboratory. Cell block material is stained 
with hematoxylin-eosin stain and processed in a 
histology laboratory. In cases in which features 
of lymphoma may be present, sample material 
is also put into Roswell Park Memorial Institute 
(RPMI) medium and submitted for flow cyto-
metric analysis.

Analysis of Cytologic Features
The FNAB specimen is first evaluated with low-
power micrography (original magnification, ×40 or 
×100) to assess the degree of cellularity, amount 
of colloid, and architecture of the groups of follic-
ular cells. Sparse cellularity, abundant colloid, and 
macrofollicles with nonoverlapping cells are gener-
ally considered benign features (Figs 6c, 7b) (26). 
High cellularity, sparse colloid, significant over-
lapping, formation of papillae, a predominantly 
isolated cell pattern, and microfollicles are features 
that may indicate malignancy (26). Nuclear fea-
tures are assessed at higher-power micrography 
(original magnification, ×400).

Benign follicular cells show little size varia-
tion. Benign nodules often have follicular cells 
and abundant colloid without any nuclear fea-
tures of carcinoma. The differences between an 
adenomatoid nodule, follicular adenoma, and 
follicular carcinoma can be confusing but need to 
be understood. An adenomatoid nodule is usually 
present in a multinodular thyroid background, 
may be partially encapsulated, and usually has 
a mixed microfollicular-macrofollicular pattern 
(26). Follicular adenoma is typically a solitary 
lesion in an otherwise normal-appearing thyroid, 
has a well-defined capsule that completely sur-
rounds the nodule (without capsular invasion), 
and demonstrates either a micro- or macrofol-
licular pattern (26). Follicular carcinoma may 
show features of follicular adenoma or features 
suggestive of malignancy at FNAB, but it will 
demonstrate capsular or vascular invasion upon 

excision (26). Consequently, follicular adenoma 
and follicular carcinoma cannot usually be dis-
tinguished with FNAB alone and are reported 
as a follicular neoplasm (Fig 16). The histologic 
distinction between follicular adenoma and fol-
licular carcinoma can be made only upon surgical 
excision, by assessing for the absence (adenoma) 
or presence (carcinoma) of capsular-vascular 
invasion.

In the setting of abundant Hürthle cells, the 
presence or absence of lymphocytes (including 
germinal centers) helps make the diagnosis of 
lymphocytic thyroiditis (lymphocytes present) 
or Hürthle cell neoplasm (lymphocytes absent) 
(Figs 9b, 11b). Lymphocytic thyroiditis manifests 
with a mixed population of lymphocytes without 
significant atypia (26).

Papillary carcinoma demonstrates oval 
cells with powdery nuclear chromatin, nuclear 
grooves, and nuclear pseudoinclusions (Fig 12c) 
(26). In medullary thyroid carcinoma, cells can 
vary from plasmacytoid cells with eccentrically 
placed nuclei to more spindle-shaped cells, and 
their nuclei contain a stippled granular chromatin 
(Fig 19). Immunohistochemical stains for calcito-
nin, which require either a cell block preparation 
or core biopsy, may be needed for the diagnosis 
of medullary carcinoma (26).

False-Positive Rate
Cytology reporting follows the Bethesda system 
of classification described earlier. The false-
positive rate applies to those FNAB specimens 
that are reported as malignant (one of the six 
categories), wherein there is a 97%–99% risk of 
malignancy (ie, a 1%–3% chance of benignity). 
Therefore, the false-positive rate for FNAB speci-
mens reported as malignant is 1%–3% (13,24). 
Most false-positive findings represent follicular 
adenomas with atypical cells that occasionally 
have nuclear pleomorphism leading to their be-
ing mischaracterized as malignant (13). False-
positive findings may occur due to lymphocytic 
thyroiditis being misdiagnosed as lymphoma or 
Hürthle cell neoplasm (26). Hyalinizing trabecu-
lar adenoma, generally considered to be a benign 
lesion, can show features of papillary carcinoma 
including intranuclear cytoplasmic inclusions, 
possibly leading to a misdiagnosis of papillary 
carcinoma (26).

False-Negative Rate
The false-negative rate applies to those FNAB 
specimens that are reported as benign (one of 
the six categories), wherein the risk of malig-
nancy is 0%–3%. Therefore, the false-negative 
rate for all FNAB specimens that are reported as 
benign is 0%–3%; however, this rate is reduced 



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

eCografia da Tiróide  |  PráTiCa  |  CrisTina ribeiro

253

292 March-April 2014 radiographics.rsna.org

to 0.6% with US-guided FNAB (13,24). Several 
factors related to nodule composition, biopsy 
technique, and specimen processing may lead to 
a false-negative diagnosis, as may nodules that 
undergo cystic degeneration. This is one reason 
why FNAB specimens with only macrophages 
and no follicular cells are considered nondiag-
nostic rather than benign. Thus, adhering to rigid 
criteria for specimen adequacy lowers the false-
negative rate while increasing the nondiagnostic 
rate (34). Suboptimal biopsy technique can also 
lead to a false-negative diagnosis (26). Sampling 
error, which contributes to the false-negative rate, 
is decreased when FNAB is performed with US 
guidance rather than at palpation (13,34). For 
large nodules, sampling error can be decreased 
by carefully sampling multiple peripheral areas of 
the nodule (13). Although malignant lesions are 
more cellular than benign lesions, cellularity is 
sometimes obscured by blood or technical factors 
during specimen processing, which may lead to 
a false-negative diagnosis. If a nodule is reported 
as benign but has suspicious US features, repeat 
FNAB may be considered (45).

Conclusion
The radiologist is likely to encounter a variety of 
thyroid lesions during routine clinical practice, 
whether incidentally at CT and MR imaging, 
at US and scintigraphy as part of diagnostic 
workup for a palpable nodule, or as abnormal 
laboratory test results regarding thyroid func-
tion. There are no pathognomonic features for 
a malignant thyroid nodule at US or any other 
imaging modality. The critical roles of the ra-
diologist in the management of thyroid disease 
are to decide whether to biopsy a nodule on the 
basis of US criteria, and to use proper FNAB 
technique for thyroid biopsy. It is also important 
for the radiologist to have a basic knowledge of 
thyroid disease, be familiar with specimen pro-
cessing, and recognize the cytologic appearances 
of thyroid lesions, all of which will facilitate a 
multifaceted understanding of the management 
of thyroid nodules.
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Pages 278–279
US features that suggest benignity include a nodule with a uniform halo, predominantly cystic com-
position, and avascularity, as well as an enlarged thyroid with multiple nodules. Specific US features of 
a nodule that raise suspicion for malignancy include microcalcifications, extension beyond the thyroid 
margin, cervical lymph node metastasis, taller-than-wide shape in the transverse plane, and marked hy-
poechogenicity. Less specific US features that may raise suspicion include lack of a halo, an ill-defined or 
irregular margin, solid composition, and increased central vascularity.

Page 288
If there are multiple suspicious nodules, up to four such nodules should be considered for FNAB.

Page 289
In general, for an FNAB to be considered diagnostic (adequate), a minimum of six groups of ten fol-
licular cells must be present upon totaling all slides.

Page 290
We suggest that core biopsy be performed in addition to FNAB for the sampling of nodules with a prior 
nondiagnostic or indeterminate FNAB.

Page 291
[F]ollicular adenoma and follicular carcinoma cannot usually be distinguished with FNAB alone and are 
reported as a follicular neoplasm. The histologic distinction between follicular adenoma and follicular 
carcinoma can be made only upon surgical excision, by assessing for the absence (adenoma) or presence 
(carcinoma) of capsular-vascular invasion.
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Abstract
Thyroid ultrasound (US) is a key examination for the man-
agement of thyroid nodules. Thyroid US is easily accessible, 
noninvasive, and cost-effective, and is a mandatory step in 
the workup of thyroid nodules. The main disadvantage of 
the method is that it is operator dependent. Thyroid US as-
sessment of the risk of malignancy is crucial in patients with 
nodules, in order to select those who should have a fine nee-
dle aspiration (FNA) biopsy performed. Due to the pivotal 
role of thyroid US in the management of patients with nod-
ules, the European Thyroid Association convened a panel of 
international experts to set up European guidelines on US 
risk stratification of thyroid nodules. Based on a review of the 
literature and on the American Association of Clinical Endo-
crinologists, American Thyroid Association, and Korean 
guidelines, the panel created the novel European Thyroid 
Imaging and Reporting Data System, called EU-TIRADS. This 
comprises a thyroid US lexicon; a standardized report; defini-
tions of benign and low-, intermediate-, and high-risk nod-

ules, with the estimated risks of malignancy in each catego-
ry; and indications for FNA. Illustrated by numerous US im-
ages, the EU-TIRADS aims to serve physicians in their clinical 
practice, to enhance the interobserver reproducibility of de-
scriptions, and to simplify communication of the results.

© 2017 European Thyroid Association
Published by S. Karger AG, Basel

Background and Objectives

Purpose of Thyroid Nodule Risk Stratification
The majority of thyroid nodules are incidental find-

ings of asymptomatic, benign lesions discovered by imag-
ing examinations for reasons unrelated to the thyroid [1]. 
The goal of an initial sonographic assessment of thyroid 
nodules is to distinguish benign nodules that can be man-
aged conservatively from those with suspicious or malig-
nant features requiring further management. Fine needle 
aspiration (FNA) plays a central role in this process, but 
its performance needs to be selective, since systematic 
FNA of all nodules, regardless of the size or appearance, 
is superfluous and may even lead to unnecessary diagnos-
tic thyroid surgery [2, 3]. Crucially, besides clinical pa-
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rameters, indications for FNA should be based on ultra-
sonographic malignancy risk stratification alongside 
clinical risk factors.

Accuracy of Thyroid Ultrasound Features
Certain features of thyroid nodules on ultrasound 

(US) are consistently predictive of malignancy and are 
used as criteria for FNA [3–6]. These criteria have various 
sensitivity and specificity, but unfortunately none of them 
alone is sufficient to discard or detect malignancy effi-
ciently [7–10]. Furthermore, there is substantial interob-
server variation in the assessment and reporting of some 
of the US patterns [11].

Looking at recent meta-analyses of US accuracy in the 
prediction of thyroid cancer [8–10], Brito et al. [8] in-
cluded 31 studies and a total of 18,288 nodules, of which 
20% were thyroid cancer. The features with the highest 
diagnostic odds ratio (DOR) for predicting malignancy 
were a “taller-than-wide” shape (11.1; 95% CI: 6.6–18.9) 
and internal calcifications (6.8; 95% CI: 4.5–10.2), while 
a spongiform (12; 95% CI: 0.6–234.3) and a cystic appear-
ance (6.8; 95% CI: 2.3–20.3) most reliably predicted be-
nignity [8]. Nodule size was a poor predictor. Experi-
enced physicians performed better in the interpretation 
of internal calcifications than did less experienced col-
leagues (DOR of 14.5 vs. 5.4) [8]. Two more meta-analy-
ses [9, 10] included 52 and 41 observational studies and a 
total of 12,786 and 29,678 nodules, respectively. In un-
selected nodules, all features were significantly associated 
with malignancy, showing DORs in the ranges of 1.8–35.7 
[9] and 1.2–10.2 [10]. Remonti et al. [9] found the highest 
specificities for absence of elasticity, microcalcifications, 
irregular margins, and a “taller-than-wide” shape (86.2, 
87.8, 83.1, and 96.6%, respectively). Campanella et al. [10] 
reported similar findings, as the highest risk of malignan-
cy was associated with a “taller-than-wide” shape (DOR 
of 10.2; 95% CI: 6.7–15.3), an absent halo sign (7.1; 95% 
CI: 3.7–13.7), microcalcifications (6.8; 95% CI: 4.7–9.7), 
and irregular margins (6.1; 95% CI: 3.1–12.0).

Existing Guidelines and US Scoring Systems
As no single US feature can reliably predict malignan-

cy, the approach should be to combine several features 
(“classic pattern” recognition) to enhance the diagnostic 
value of US [12]. This has prompted the development of 
standardized systems for reporting US features, in an at-
tempt to delineate sets of characteristics associated with 
specific risk levels for malignancy [13]. Based on the 
“classic pattern” concept, a tool for US classification of 
thyroid nodules was developed by Horvath et al. [14] in 

2009, known as the Thyroid Imaging Reporting and Data 
System (TIRADS). This is a system similar to the one 
used for breast imaging. It consists of a 6-point scale for 
risk stratification with increasing risks of malignancy. 
Endorsed by the French Society of Endocrinology in 
2011, it was subsequently modified into an easier-to-use 
version, which was validated in a large prospective study 
[15].

Recently, similar recommendations have been issued 
by the Korean Society of Thyroid Radiology, the Ameri-
can Thyroid Association, the American Association of 
Clinical Endocrinologists, the American College of En-
docrinology, and the Italian Associazione Medici Endo-
crinologi [16–18]. None of these recommendations have 
been validated in large-scale prospective studies, and all 
systems are mainly based on papillary thyroid cancers 
(PTCs). The scoring systems have been evaluated by a 
meta-analysis of 10,437 nodules [19], which found that 
on the average TIRADS had a good sensitivity and speci-
ficity of 79 and 71%, respectively. The diagnostic values 
of the world’s most widely used TIRADS [15–20] are 
shown in online supplementary Table 1 (see www. 
karger.com/doi/10.1159/000478927 for all online suppl. 
material), and the comparison made between the differ-
ent systems is displayed in online supplementary Table 2.

The justification for developing a new US classifica-
tion system was (1) to integrate into a single system a 
lexicon and illustrated atlas, a standardized report and 
diagram (not included in the American Thyroid Asso-
ciation and American Association of Clinical Endocri-
nologists guidelines), and a scoring method and (2) to 
seek for a simpler scoring system than the others, taking 
into account as few criteria as possible to evaluate the 
malignancy risk of nodules and to detail the US semiol-
ogy used.

Aims and Objectives
Considering the extensive use of thyroid US in the 

management of thyroid nodules, the ETA Executive 
Committee set up a task force for the following reasons:

 − To create guidelines and a standardized risk stratifica-
tion system, called EU-TIRADS, to assess the risk fea-
tures of thyroid malignancy

 − To establish a standard US description lexicon
 − To provide selection criteria for FNA
 − To provide a structured US reporting template
 − To provide a practical image guide for clinical usage

For “Working methods and grading of recommenda-
tions,” see the online supplementary material.
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Reporting Thyroid US Findings [21–23]

A structured and standardized report aimed at com-
municating thyroid and neck US findings in a clear and 
consistent fashion is an important part of the EU- 
TIRADS (Table 1), as well as a terminology lexicon (Ap-
pendix on US Terminology of Thyroid Nodules) [21–23]. 
An example of the drawing is given in Figure 1 [24].

Recommendation
R1: US examination for thyroid nodules should in-

clude a malignancy risk assessment based on risk stratifi-
cation and scoring. Use of the standardized lexicon, re-
port, and drawing is advised.

Quality of evidence (QOE) = ++; Strength of recom-
mendation (SOR) = grade 1

EU-TIRADS: US Classification System for Risk of 
Thyroid Carcinoma

This section provides thyroid US definitions of benign 
and low-, intermediate-, and high-risk nodules, as well  
as recommendations for FNA [9, 10, 14–18]. The EU-
TIRADS 1 category refers to a US examination where no 
thyroid nodule is found. Indications for FNA should also 
be based on clinical risk factors and be in agreement with 
the patient. Moreover, FNA should not be performed on 
a nodule if thyroid scintigraphy (if performed) shows this 
to be warm/hot. Accordingly, performance of thyroid 
scintigraphy is justified in case the serum thyroid-stimu-
lating hormone level is low to normal, especially in io-
dine-deficient countries, in order to avoid useless FNAs 
of hot nodules, which are almost always benign.

Benign Category (EU-TIRADS 2)
Risk of malignancy: close to 0% [5, 25].

Definition
This category includes two patterns: pure/anechoic 

cysts (Fig. 2) and entirely spongiform nodules (Fig. 3).

Background and Comments
In this category, thyroid US should suffice to assert  

benignity without the need for FNA.
Purely Cystic Nodules. Absence of wall thickening or a 

solid component; disregard their size. This category in-
cludes cysts which are split into separate compartments 
by a few traversing septa. The presence of echogenic ma-
terial inside the cyst is frequently encountered and can 
correspond either to a fibrin clot or a true solid compo-
nent, which may be differentiated by the application of 
Doppler US. If doubt persists regarding the existence of a 

Table 1. Standardized reporting

Technique US equipment, type of probe
Patient with compromising factors

History Family history of thyroid cancer
History of neck irradiation during childhood, or 
known operative history with regard to the neck 
or thyroid
Former FNA results

Results Thyroid volume
Echogenicity and vascularity of the gland
Nodules (above 5 mm unless highly suspect)

Location (side, superior, medial, inferior)
Size (3 diameters +/– volume)
 Shape, margins, echogenicity, composition,  
echogenic foci
EU-TIRADS score
 Numbered and mapped out on the thyroid 
map
Change of size
Retrosternal extension
Trachea deviation

Study of lymph nodes (levels II, III, IV, V, VI) 
and of the thyroglossal duct

Conclusion Normal examination or type of pathology
Comparison to previous documents
Final assessment category of the nodules 
(EU-TIRADS score)
Management recommendations

US, ultrasound; FNA, fine needle aspiration; EU-TIRADS, 
European Thyroid Imaging Reporting and Data System.

Cranial Cranial

Anterior Anterior

Caudal Caudal

Posterior Posterior

Right lobe, longitudinal Left lobe, longitudinal

Fig. 1. Example of a drawing to locate and number thyroid nod-
ules.
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solid component, the nodule should be included in the 
low-risk category.

Spongiform Nodules. Composed of tiny cystic spaces 
involving the entire nodule; disregard their size; separat-
ed by numerous isoechoic septa. If the cystic spaces do 
not involve the entire nodule, the nodule should be con-
sidered as low risk.

Recommendation
R2: Pure cysts and entirely spongiform nodules should 

be considered as benign. FNA is not indicated (unless for 
therapeutic purposes, in case of compressive symptoms).

QOE = ++; SOR = grade 1

Low-Risk Category (EU-TIRADS 3)
Risk of malignancy: 2–4% [26].

Definition
Pattern. Oval shape, smooth margins, isoechoic or hy-

perechoic, without any feature of high risk (see below) 
(Fig. 4, 5).

Background and Comments
Nodules with these characteristics have a low risk of 

malignancy, and FNA should usually be considered only 
for nodules >20 mm. The 20-mm threshold has been cho-
sen based on the argument that distant metastases are 
rarely observed arising from follicular cancers <2 cm [27].

Grouped/coalescing isoechoic nodules (Fig. 6) should 
be included in this category, and FNA should be consid-
ered if 1 or more of the nodules is >20 mm. It should be 
pointed out, however, that an entirely solid isoechoic 
nodule corresponds in <4% of cases to a follicular cancer 
or a follicular variant of PTC [28–31]. In contrast, even 
minimal cystic changes are in favor of benignity [32].

Recommendation
R3: Oval-shaped, isoechoic, or hyperechoic nodules 

with smooth margins and no high-risk features should be 
considered at low risk of malignancy. FNA should usu-
ally be performed only for nodules >20 mm.

QOE = ++; SOR = grade 1

Intermediate-Risk Category (EU-TIRADS 4)
Risk of malignancy: 6–17% [15, 20].

Definition
Pattern. Oval shape, smooth margins, mildly hy-

poechoic, without any feature of high risk (see below) 
(Fig. 7).

Fig. 2. EU-TIRADS 2: pure/anechoic cyst. Transverse (left) and 
longitudinal (right) planes.

Fig. 3. EU-TIRADS 2: spongiform nodule. Transverse plane.

Fig. 4. EU-TIRADS 3: low-risk isoechoic nodule with an oval shape 
and smooth margins without any high-risk features. Longitudinal 
(left) and transverse (right) planes.
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Background and Comments
The difference between the low-risk and the interme-

diate-risk category lies in the echogenicity of the solid 
part of the nodule. In case of heterogeneous echogenicity 
of the solid component, the presence of any hypoechoic 
tissue classifies the nodule as intermediate risk.

Other features may modulate the risk of malignancy in 
this category. The presence of a thin halo, a partially cys-
tic composition, comet-tail artifacts, peripheral vascular-
ity, and low stiffness lower the malignancy risk. In the 
Korean TIRADS, partially cystic nodules are considered 
to be low-risk lesions regardless of their echogenicity, and 
only entirely solid hypoechoic nodules are included in the 
intermediate-risk category. However, the Korean low-
risk category has a 3–15% risk of malignancy, which is 
closer to the intermediate-risk category as defined by the 
present ETA guidelines. Thus, we consider all hypoecho-
ic nodules as intermediate risk, including those with cys-
tic areas, while acknowledging that the risk is lower in 
partially cystic than in entirely solid nodules. Features 
such as discontinuous peripheral/rim macrocalcifica-
tions, a thick halo, predominantly central vascularity, and 
high stiffness could raise the malignancy risk. Given the 

intermediate risk of EU-TIRADS 4 nodules, the task force 
chose to define the threshold for FNA in that group as 15 
mm, which is in between the thresholds given for EU-
TIRADS 5 and EU-TIRADS 3 nodules.

Recommendation
R4: Oval-shaped, mildly hypoechoic nodules with 

smooth margins and no high-risk features should be con-
sidered at intermediate risk of malignancy. FNA should 
usually be performed for nodules >15 mm.

QOE = ++; SOR = grade 1

High-Risk Category (EU-TIRADS 5)
Risk of malignancy: 26–87% [26, 33].

Definition
Pattern. Nodules with at least 1 of the following high-

risk features: non-oval shape, irregular margins, micro-
calcifications, and marked hypoechogenicity (Fig. 8–11).

Background and Comments
These four US features were originally described in 

2002; the average malignancy risk of such nodules was 
around 56% [6], but increasing with the number of suspi-

Fig. 5. EU-TIRADS 3: low-risk hyperechoic nodule with an oval 
shape and smooth margins without any high-risk features. Longi-
tudinal (left) and transverse (right) planes.

Fig. 6. EU-TIRADS 3: grouped low-risk isoechoic nodules with an 
oval shape and smooth margins without any high-risk features. 
Longitudinal plane.

Fig. 7. EU-TIRADS 4: intermediate-risk, 
mildly hypoechoic nodule with an oval 
shape and smooth margins without any 
high-risk features. Longitudinal (left) and 
transverse (right) planes.
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cious features [15, 26]. This partly explains the wide 
range of malignancy risk in this category. All these char-
acteristics show high rates of specificity (83–84%), but 
also low rates of sensitivity (26–59%) [6]. Marked hy-
poechogenicity has the lowest sensitivity of the four fea-
tures, and is only specific if the nodule is solid and not 
the scar of a healed cyst [34]. The value of these features 
is also dependent on composition [16]. In partially cystic 
nodules, microcalcifications are the best predictor of ma-
lignancy, whereas other features seem less significant 
[16]. The number of spiculations, lobulations, or punc-
tate echogenic foci has to be taken into account to gain 
specificity, which increases with the number of these 
anomalies.

All such nodules >10 mm should undergo FNA, unless 
a patient is inoperable or has a low life expectancy from 
other comorbidities. In case of a first benign cytological 
result, FNA should be repeated within 3 months to reduce 
the rate of false-negative samples.

In case of subcentimeter nodules with high-risk US 
features, active surveillance is recommended, provided 
that there are no abnormal lymph nodes and the patient 
is willing to accept regular US scanning. It is known that 
few or none of these patients will develop distant metas-
tasis or die of their disease even if the nodule corresponds 
to a carcinoma [35]. In case of proven growth or detection 
of a suspicious lymph node during surveillance, FNA 
should be performed.

Fig. 8. EU-TIRADS 5: high-risk nodule with a taller-than-wide 
shape, irregular margins, microcalcifications, and marked hy-
poechogenicity. Longitudinal (left) and transverse (right) planes. 
11 × 8 × 11 mm (length × width × thickness).

Fig. 9. EU-TIRADS 5: high-risk nodule with a non-oval shape, 
spiculated margins, microcalcifications, and marked hypoecho-
genicity. Longitudinal (left) and transverse (right) planes.

Fig. 10. EU-TIRADS 5: two different examples of high-risk hy-
poechoic nodules with lobulated margins in the transverse (left 
picture) and longitudinal (right picture) planes.

Fig. 11. EU-TIRADS 5: high-risk nodule with a taller-than-wide 
shape in the transverse plane.

D
ow

nl
oa

de
d 

by
: 

37
.1

89
.1

29
.1

63
 - 

11
/1

0/
20

17
 1

0:
28

:5
4 

P
M



Manual 2017  |  Curso TeóriCo PráTiCo de diabeTes

eCografia da Tiróide  |  PráTiCa  |  CrisTina ribeiro

262

Guidelines for US Malignancy Risk 
Stratification of Thyroid Nodules in Adults

231Eur Thyroid J 2017;6:225–237
DOI: 10.1159/000478927

Recommendation
R5: Nodules having at least 1 suspicious US feature (i.e., 

a non-oval shape, irregular margins, microcalcifications, or 
marked hypoechogenicity) should be considered at high risk 
of malignancy, increasing with the number of suspicious 
features. FNA should be performed for nodules >10 mm.

QOE = ++; SOR = grade 1
Patients with subcentimeter nodules with highly sus-

picious US features and no abnormal lymph nodes can 
have the choice of active surveillance or FNA.

US Management in Multinodular Disease
EU-TIRADS scoring is useful in multinodular thyroid 

disease to select nodules for FNA. The following process 
can be applied:
1. Begin looking for high-risk nodules and describe them, 

disregarding their size; perform FNA if the nodule is 
>10 mm

2. Look for intermediate-risk nodules; describe those  
>5 mm and perform FNA if they are >15 mm

3. Look for low-risk nodules; describe those >10 mm and 
perform FNA if they are >20 mm

4. If there are numerous nodules, at least the 3 most im-
portant ones (according to the risk and size criteria) 
should be described in detail using the above process

Importance of Other US Findings

Shape, margins, echogenicity, composition, and hy-
perechoic foci are the fundamental US features that allow 
obtaining a TIRADS score. However, several accessory 
US features can be used to refine the risk stratification as-
sessment and modulate the indications for FNA.

Suspicious Lymphadenopathy
A US survey of the cervical lymph nodes should be 

performed on all patients with thyroid nodules, especial-
ly those with intermediate- and high-risk ones. The lymph 
nodes can be assessed as suggested in the ETA guidelines. 
An FNA of a lymph node for cytological analysis and thy-
roglobulin or calcitonin washouts should be performed 
in case of suspicious US features [36].

Recommendation
R6: US assessment of the lymph nodes is advised for 

all thyroid nodules but is mandatory for intermediate- 
and high-risk ones. In case of a suspicious lymph node of 
thyroid origin, FNA of the lymph node and FNA of the 
most suspicious thyroid nodule(s) should be performed.

QOE = +++; SOR = grade 1

Extrathyroidal Extension [37–40]
Protrusion into the adjacent structures and disruption 

of the capsular margin (online suppl. Fig. 1) can be con-
sidered as specific features for the diagnosis of extra-
thyroidal invasion. The risk of extrathyroidal invasion 
reaches 61% in that case, of which 31% is the risk of mac-
roscopic invasion. They indicate invasive malignancy. 
Capsular abutment (online suppl. Fig. 2) has less specific-
ity. On the other hand, the presence of a >2-mm normal 
thyroid parenchyma between the nodule and a continu-
ous capsule (online suppl. Fig. 3) reduces the risk of mi-
croscopic extrathyroidal extension to <6% with little or 
no chance of macroscopic invasion.

Recommendation
R7: Capsular bulging, disruption, or abutment by the 

thyroid nodule are indicative of extrathyroidal extension 
and should be described in the report.

QOE = ++; SOR = grade 1

Macrocalcifications and Hyperechoic Spots [41–45]
A careful definition of these terms is mandatory.

Macrocalcifications
Macrocalcifications can be defined as echogenic foci 

>1 mm in size with posterior shadowing. Three different 
patterns can be described:
1. Central intranodular macrocalcifications alone: not 

consistently associated with malignancy (online suppl. 
Fig. 4)

2. Isolated macrocalcification, occupying an entirely cal-
cified nodule: low risk (online suppl. Fig. 5)

3. Rim (peripheral or curvilinear) or eggshell calcifica-
tions at the nodule margin: may increase the malig-
nancy risk if disrupted (online suppl. Fig. 6)

Hyperechoic Spots
Hyperechoic spots correspond to peri-millimeter hy-

perechoic foci and may be caused by the following:
1. Colloid crystals or fibrin debris, which generate com-

et-tail artifacts/reverberations and are almost always 
suggestive of benignity (online suppl. Fig. 7)

2. Posterior acoustic enhancement of the back wall of a 
microcystic area; this is mostly seen with high-fre-
quency probes and may be better analyzed by magnify-
ing the image and reducing the compounding; they are 
suggestive of benignity (online suppl. Fig. 8)

3. True microcalcifications correspond to psammo ma 
bodies and are multiple round echogenic foci around 
1 mm in size without posterior shadowing located in 
the solid component of a nodule (online suppl. Fig. 9); 
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microcalcifications are highly suggestive of malignan-
cy, in particular when associated with macrocalcifica-
tions

4. Hyperechoic spots of uncertain significance that 
cannot be attributed with certainty to one of the three 
above categories; rather linear than round, and with no 
microcystic cavities or comet-tail artifacts (online suppl.  
Fig. 10)
Recommendation
R8: Macrocalcifications alone are not specific for ma-

lignancy. Their presence should be correlated with other 
US features supporting FNA. True microcalcifications 
should be differentiated from other echogenic spots, and 
such nodules must undergo FNA. Echogenic spots with 
comet-tail artifacts are suggestive of benignity.

QOE = ++; SOR = grade 2 

Halo
A halo (online suppl. Fig. 11) is thought to correspond 

either to the capsule of the nodule or to the surrounding 
capsular vessels, or even sometimes to the adjacent com-
pressed parenchyma. A thin halo reduces the risk of ma-
lignancy (DOR of 0.3), while a thick halo or absence of a 
halo increases it (DOR of 3.4) [33]. Campanella et al. [10] 
reported a high risk of malignancy associated with an ab-
sent halo (7.1; 95% CI: 3.7–13.7). Remonti et al. [9] found 
a sensitivity of 57%, a specificity of 72%, and a positive 
likelihood ratio of 2 for an absent halo. Zhang et al. [46] 
reported that an absent or thick halo (online suppl. 
Fig. 12) increased the risk of follicular cancer. However, 
no clear-cut definition of thin and thick can be provided.

Vascularity: Doppler US
Definition
The blood flow of thyroid nodules can be studied with 

various US imaging modalities, including color Doppler, 
power Doppler, high-resolution studies of microvascu-
larity, and pulsed wave Doppler, giving either color im-
ages or plot velocities over time.

For color-derived techniques, the blood flow can be 
classified into types I–III (online suppl. Fig. 13–15) ac-
cording to the definitions given in the Appendix (“Vas-
cularity”).

Background and Comment
Real-time Doppler US is widely used in clinical prac-

tice and in US reports. Malignant nodules are more prone 
to have type III vascularity, while benign nodules tend to 
show type I and II signal patterns. However, the intrano-
dular signal increases also with an increasing size of be-

nign nodules. As for type III vascularity, the sensitivity, 
specificity, and positive predictive value for malignancy 
are low, but they may be increased by additional suspi-
cious sonographic features. The Doppler criteria remain 
controversial [47], mainly because the sensitivity of Dop-
pler is highly dependent on the US equipment and set-
tings, and because the definition of central vascularity has 
a low interobserver agreement. Moreover, quantitative 
analysis of the color signals, although studied, is not well 
established and is time-consuming [48]. Therefore, the 
ETA task force does not recommend the inclusion of 
Doppler assessment in the TIRADS score. However, it 
can be used to differentiate solid tissue from thick colloid, 
or to enhance the detection of the limits of a nodule in an 
isoechoic parenchyma.

Recommendation
R9: The routine use of Doppler US is not recommend-

ed for US malignancy risk stratification.
QOE = +; SOR = grade 2

Stiffness: Elastography
Definition
By US elastography, the stiffness of a nodule is ana-

lyzed, either by measuring the amount of distortion that 
occurs when the nodule responds to an external pressure 
(strain elastography) or by measuring the speed of the 
shear wave produced by a US pulse (shear wave elastog-
raphy [SWE], acoustic radiation force impulse).

Strain elastography uses 3- to 5-point elasticity scales 
obtained from qualitative observations of colored pic-
tures. Different systems of scoring have been described to 
classify stiffness [49, 50]. Semiquantitative measure-
ments, i.e., the strain index, can be obtained by compar-
ing normal thyroid tissue and nodule strains, and they 
may be slightly more informative [51] (online suppl. 
Fig. 16, 17). The results of SWE can be expressed as color 
maps, ratios, or absolute values in kPa or m/s (online  
suppl. Fig. 18, 19). Different cutoff values have also been 
reported, but these are disputable and susceptible to af-
fecting sensitivity and specificity [52, 53]. 

Background and Comments
Both strain elastography and SWE have many limita-

tions and cannot reliably be applied to: 
 − large nodules (>30 mm);
 − nodules with macrocalcifications;
 − cystic nodules;
 − deeply located and/or isthmic nodules; and
 − coalescent nodules.
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Moreover, the interobserver variability is high due to 
differences in compression level, type of software used, 
imaging plane, data acquisition, and scoring method 
[54].

Two meta-analyses, based on studies performed under 
ideal conditions, showed that strain elastography has a 
high sensitivity and negative predictive value (NPV) but 
a low positive predictive value for the detection of PTC 
[55–57]. In a meta-analysis of SWE by Zhang et al. [58], 
a 3% false negative rate was observed, demonstrating that 
SWE to a large extent is capable of excluding malignancy 
and also is likely to have a high NPV. Unfortunately, no 
clear threshold could be obtained, as values ranged from 
35 to 90 kPa across studies.

Until well-controlled, large, multicenter studies will 
have been carried out in order to define a reliable and re-
producible threshold for delineating benign from malig-
nant nodules, and since it is questionable if elastography 
adds any substantial value to grayscale US [59–61], the 
task force cannot recommend the systematic use of elas-
tography, nor its direct integration into the risk stratifica-
tion system.

Recommendation
R10: Elastography should not replace grayscale study, 

but it may be used as a complementary tool for assessing 
nodules for FNA, especially due to its high NPV.

QOE = ++, SOR = grade 2

Nodule Growth
Whether thyroid cancer – not diagnosed at the initial 

evaluation – can be predicted by nodular growth assessed 
by serial US has been explored in a meta-analysis involv-
ing 2,743 patients in 7 studies [62]. The results suggest 
that nodule growth cannot accurately discriminate be-
tween benign and malignant lesions. In histologically 
proven thyroid cancer, the likelihood ratios of nodule 
growth and of no growth were 0.83 (95% CI: 0.56–1.2) 
and 1.2 (95% CI: 0.82–1.8), respectively, corresponding 
to a DOR of 0.58 (95% CI: 0.26–1.3). When the diagnosis 
was based on repeated FNA, the likelihood ratios were 1.8 
(95% CI: 0.48–6.4) for nodule growth and 0.53 (95% CI: 
0.30–0.96) for no growth, the DOR being 2.2 (95% CI: 
0.26–18). The results were inconsistent across the studies 
and with wide confidence intervals, and thus warrant low 
confidence.

Recommendation
R11: Routine determination of nodule growth by se-

rial thyroid US assessments, in order to predict cancer, is 
not justified.

QOE = ++; SOR = grade 2

The EU-TIRADS: A Novel Tool for Risk Stratification 
of Thyroid Nodules

US imaging is the key examination in the initial evalu-
ation and follow-up of thyroid nodules and cancer. In or-
der to enhance the interobserver reproducibility of de-

Table 2. EU-TIRADS categories and risk of malignancy

Category US features Malignancy 
risk, %

EU-TIRADS 1: normal No nodules None
EU-TIRADS 2: benign Pure cyst

Entirely spongiform
≅0

EU-TIRADS 3: low risk Ovoid, smooth isoechoic/hyperechoic
No features of high suspicion

2–4

EU-TIRADS 4: intermediate risk Ovoid, smooth, mildly hypoechoic
No features of high suspicion

6–17

EU-TIRADS 5: high risk At least 1 of the following features of high suspicion:
– Irregular shape
– Irregular margins
– Microcalcifications
– Marked hypoechogenicity (and solid)

26–87

EU-TIRADS, European Thyroid Imaging Reporting and Data System; US, ultrasound.
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scriptions and to simplify communication of the results, 
the ETA task force has issued a new simplified TIRADS, 
to be called EU-TIRADS. In accordance with the aims of 
this work as outlined above, the system has the following:

 − A structured and standardized report (Table 1)
 − A lexicon to describe nodules adequately (Appendix)
 − Five assessment categories, corresponding to a scoring 

system based on the US features: one category includ-
ing the absence of thyroid nodules, and the other four 
including benign and low-, intermediate-, and high-
risk groups, respectively. The nodule is attributed a 
number from 1 to 5, according to the EU-TIRADS cat-
egories, which reflects an increasing risk of malignan-
cy (Table 2)

 − A practical image guide illustrating each assessment 
category, as well as specific features and patterns 
(Fig. 2–12; online suppl. Fig. 1–19)

 − A clinical algorithm for selection criteria for FNA
 − A flow diagram which summarizes the US features, 

scoring system, and recommendations for FNA 
(Fig. 12)
The EU-TIRADS scoring system is based on search-

ing for echogenic features of high suspicion. Many ele-
ments from the French system have been included; this 
system has been prospectively validated, and its diagnos-
tic value confirmed by Yoon et al. [63] in a study of 4,696 
nodules, which showed its high sensitivity and NPV. Al-
though the EU-TIRADS remains to be applied and tested 
in large prospective studies, the task force assumes that 

the diagnostic validity is high, and close to that of the 
French system. Compared to other risk stratification sys-
tems, the main purpose of the EU-TIRADS is easy guid-
ance in using specific US features to detect thyroid carci-
nomas with a high sensitivity while keeping a high NPV. 
This, in turn, should allow reducing unnecessary FNA 
procedures. 

Disclosure Statement

The task force members have nothing to disclose.

Appendix on US Terminology of Thyroid Nodules 
[21, 23]

Composition: proportion of soft tissue or fluid in a nodule
 − Solid: composed almost entirely of soft tissue with <10% of  

liquid
 − Mixed predominantly solid: liquid component >10 but <50% 

of the nodule volume
 − Mixed predominantly cystic: liquid component >50 but <90% 

of the nodule volume
 − Cystic: composed entirely or nearly entirely of liquid
 − Spongiform appearance: tiny cystic spaces separated by thin 

septa
Comet tail: echogenic foci showing comet-like echogenic tails 
generated by reverberation artifacts within the cystic component
Egg shell calcification: echogenic line surrounding the nodule 
giving the appearance of a discrete calcified wall, along with 
marked posterior acoustic shadowing

Thyroid nodule*
At least one

feature of high
suspicion

 
 

FNA if
>10 mm

Intermediate risk
EU-TIRADS 4

Risk: 6–17%

FNA if
>15 mm

Mildly
hypoechoic

Entirely
isoechoic

or hyperechoic

Low risk
EU-TIRADS 3

Risk: 2–4%

FNA if
>20 mm

Anechoic or
entirely

spongiform

Benign
EU-TIRADS 2

Risk: ≈0%

No FNA
unless 

compressive

No features of
high suspicion

 

Non-oval/round shape
Irregular margins

Microcalcifications
Markedly hypoechoic

High risk
EU-TIRADS 5
Risk: 26–87%

Nodule <10 mm
FNA or active
surveillance

Fig. 12. Algorithm of EU-TIRADS for ma-
lignancy risk stratification and fine-needle 
aspiration (FNA) decision-making. * FNA 
should be performed in case suspicious 
lymph nodes are found.
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Echogenicity: (in case the echogenicity of the surrounding thyroid 
tissue is decreased, such as in Hashimoto thyroiditis, the echo-
genicity of the solid component can be described relative to the 
normal submandibular salivary glands)

 − Mildly hypoechoic: refers to an appearance darker than the 
normal surrounding thyroid parenchyma, but less dark than 
the surrounding strap muscles

 − Isoechoic: similar brightness to the surrounding thyroid pa-
renchyma

 − Markedly hypoechoic: refers to an appearance of the nodule 
darker than the surrounding strap muscles

 − Hyperechoic: brighter appearance than the surrounding thy-
roid parenchyma

Echotexture: characterizes the uniform or multiform appearance 
of the solid portion of a nodule

 − Heterogeneous: mixed isoechoic and hypoechoic echogenicity 
of the solid portion of a nodule

 − Homogeneous: uniform appearance of the solid portion of a 
nodule

Halo/rim: sonolucent black outline that surrounds a nodule; can 
be described as thin or thick
Macrocalcification: >1-mm coarse and large calcification with 
posterior acoustic shadowing
Microcalcification: <1-mm, most often round calcification
Margin: describes the outline of the thyroid nodule

 − Smooth margin: clear demarcation to the surrounding thyroid 
parenchyma

 − Ill-defined margin: lack of a clear demarcation to the sur-
rounding thyroid parenchyma; ill-defined margins are distinct 
from irregular ones and do not alter the nodule’s risk category

 − Irregular margin: 
•	 Spiculated: presence of 1 or more sharp angles or spiculations 

on the margin
•	 Microlobulated: presence of 1 or more smooth, focal, round 

protrusions on the margin
Nodule: nodulus (Latin) – small knot; lump
Shape: 

 − Oval shape: the anteroposterior diameter of a nodule is less 
than its transverse diameter on the transverse and longitudinal 
planes

 − Round: the anteroposterior diameter of a nodule is equal to its 
transverse diameter on the transverse and longitudinal planes

 − Taller than wide: the ratio of the anteroposterior-to-transverse 
diameter of a nodule is >1

 − Taller than long: the ratio of the anteroposterior-to-longitudi-
nal diameter is >1

Vascularity:
 − Type I: absence of intranodular or perinodular flow
 − Type II: presence of perinodular and/or slight intranodular 

flow
 − Type III: presence of marked intranodular and slight perinod-

ular flow
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