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Imaging findings of thyroid diseases in children
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o We reviewed the imaging findings in pediatric thyroid diseases.
e Ultrasonography plays a central role in the diagnosis of this group of disorders.

e Scintigraphy can provide functional implication for thyroid dyshormogenesis.

Abstract. We review the imaging findings in pediatric thyroid diseases that necessitate prompt diagnosis and
timely medical intervention. Congenital hypothyroidism particularly represents a critical pediatric emergency.
Ultrasonography stands as the primary modality for accurately assessing thyroid morphology and identifying
thyroid dysgenesis. 123I-scintigraphy mirrors iodine metabolism and thyroid hormone synthesis, and the concurrent
application of perchlorate (perchloride discharge test) elucidates the pathogenesis of thyroid dyshormonogenesis.
Nonetheless, radioiodine scintigraphy has seen limited utilization due to the intricacies of pre-test preparation.
99mTepertechnetate scintigraphy demonstrates high sensitivity in delineating thyroid tissues with minimal radiation
exposure, facilitating the diagnosis of thyroid dysgenesis. Additionally, we have included brief insights on the imaging
characteristics of central hypothyroidism, thyroiditis, and thyroid masses.
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Introduction

Pediatric thyroid diseases encompass a wide
spectrum of conditions and pose a significant
concern within pediatric endocrine practice. Early
diagnosis and intervention are vital to avert physical,
cognitive, and psychosocial sequelae, including
growth impairment, cognitive deficits, and behavioral
alterations. Congenital hypothyroidism, in particular,
represents a medical emergency, as delayed treatment
may result in irreversible neurological damage.
Comprehensive evaluation of thyroid function is critical
for the accurate diagnosis and management of thyroid
disorders in pediatric populations. Imaging techniques,
when integrated with clinical assessment, provide
indispensable diagnostic insight. Ultrasonography
(US) serves as an efficient modality for evaluating
thyroid morphology with precision. Scintigraphy using
123] or 99mTe-pertechnetate facilitates a more detailed
assessment of thyroid morphology, contributing to
the understanding of underlying pathophysiological
mechanisms and the extent of thyroid dysfunction. This
review systematically examines the imaging findings
associated with pediatric thyroid diseases.

Embryology and anatomy

The thyroid gland has a dual embryological origin,
consisting of follicular and parafollicular cells. At
approximately 24 d of gestation, follicular cells arise from
the primitive pharyngeal floor situated between the first
and second pharyngeal arches, while parafollicular cells
develop from the lateral aspect of the fourth pharyngeal
pouch. Follicular cells migrate to the anterior neck
by 7 wk of gestation through the thyroglossal duct, a
pathway extending from the cecal foramen at the base
of the tongue to the orthotopic position in the anterior
neck (Fig. 1). Ectopic thyroid tissue and thyroglossal
cysts may form along this ductal route. While thyroid
gland formation is complete by 8-10 wk of gestation,
parafollicular cells integrate with the follicular cells,
becoming dispersed throughout the thyroid gland. These
parafollicular cells are responsible for the production
of calcitonin, a hormone crucial for the regulation of
calcium homeostasis.

The thyroid gland consists of the right and left
lobes, connected by an isthmus, and is located in the
anterior neck, extending from the level of the thyroid
cartilage superiorly to the 5th—6th tracheal cartilage
ring inferiorly (1). The pyramidal lobe, often extending
cephalad from the isthmus, is a vestigial remanent
of the thyroglossal duct. The thyroid gland is highly
vascularized, receiving its blood supply from the superior
thyroid artery, a branch of the external carotid artery,
and the inferior thyroid artery, which originates from
the subclavian artery.

Foramen
cecum

Fig.1. Schema of the thyroid descending pathway
(thyroglossal duct). A sagittal CT image of a
healthy 12-yr-old boy is shown to illustrate this
pathway. The thyroid bud originates at the foramen
cecum, descends caudally, wraps from the caudal
to the dorsal aspect of the hyoid primordium, and
then descends anteriorly to the thyroid cartilage,
ultimately reaching its final position.

Physiology

The thyroid hormones thyroxine (T4) and
trilodothyronine (T3) play a critical role in
regulating somatic growth, early brain development,
thermoregulation, and energy metabolism. The
production of thyroid hormones is tightly regulated
through the hypothalamic-pituitary-thyroid axis,
involving feedback mechanisms mediated by thyrotropin-
releasing hormone (TRH), somatostatin, and thyroid-
stimulating hormone (TSH). The thyroid hormones are
composed of two tyrosine molecules and either three
(T3) or four (T4) iodine (I) atoms. In the bloodstream,
most circulating thyroid hormones are bound to serum
proteins, with only trace amounts of free hormones
exerting biological effects.

Thyroid hormones are synthesized from iodide (I7)
and thyroglobulin (T'G) through a series of sequential
steps (Fig. 2). TG is synthesized in follicular cells and
subsequently secreted into the follicular lumen. Todide
(IN) is actively transported into thyroid follicular cells
via the sodium/iodide symporter (NIS), and is then
transported into the follicular lumen by pendrin. In the
follicular lumen, iodide is oxidized to reactive iodine
(I9), which is incorporated into the tyrosine residues of
TG, forming monoiodotyrosine (MIT) and diiodotyrosine
(DIT) through a process known as organification.
Subsequently, MIT and DIT undergo coupling to form
T3 and T4. The iodotyrosine derivatives (MIT, DIT,
T3, and T4) and TG complexes are then internalized
by follicular cells and released into the bloodstream
following enzymatic cleavage by lysosomal proteases.
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Fig. 2. Scheme of thyroid hormone synthesis. Thyroid hormone synthesis is a rate-limiting process regulated by several
steps. TG is a polypeptide that serves as the template for thyroid hormone synthesis is produced in the endoplasmic
reticulum of follicular cells and is transported into the follicular lumen via exocytosis. Iodide is actively transported
into follicular cells through the NIS and then into the follicular lumen via pendrin. In the lumen, iodide is oxidized to
reactive iodine by TPO, using hydrogen peroxide supplied by DUOX2 and its maturation factor DUOXAZ2. Reactive
iodine is incorporated into the tyrosine residue of TG, a noncatalytic process. These oxidation and incorporation
steps are termed “organification,” resulting in the generation of MIT and DIT on TG. DIT-MIT and DIT-DIT are
combined to form T3 and T4, a process catalyzed by TPO, known as “coupling.” The TG-iodotyrosine (MIT, DIT,
T3, and T4) complex is internalized into follicular cells via endocytosis and is then liberated into iodotyrosines
through proteolysis. T3 and T4 are transported into the bloodstream via MCTs, which are essential for the cellular
uptake of T3 and T4. MIT and DIT are deiodinated by DEHAL1. I, iodide; I°, reactive iodine; I, iodine; tyr, tyrosine;
H,0,, hydrogen peroxide; O,, oxygen; NIS, Na+/I- symporter; DUOXAZ2, dual oxidase 2 maturation factor; DUOXZ2,
dual oxidase 2; TPO, thyroid peroxidase; MIT, monoiodotyrosine; DIT, diiodotyrosine; T3, triiodothyronine; T4,
thyroxine; MCT, monocarboxylate transporter; DEHALTI, iodotyrosine dehalogenase 1.

T3 and T4 are released into the circulation, while MIT
and DIT are deiodinated for iodine recycling.

Thyroid imaging

Ultrasound (US) is the primary imaging modality
for evaluating pediatric thyroid diseases, providing
valuable information regarding the echogenicity, size,
vascularity, and characteristics of thyroid masses. The
quality of the US examination depends significantly
on the technical proficiency and experience of the
examiner. Furthermore, US offers several advantages,
including low cost, absence of radiation exposure, and
no requirement for sedation. A high-frequency linear
transducer, operating within the 10-18 MHz range,
is typically employed. The quality of US images is
influenced by hardware settings, such as total gain,
dynamic range, maximum velocity, and other advanced
image-processing techniques incorporated in modern
equipment. These parameters are often tailored to the
specific institution or the preferences of the examiner.

In normal thyroid parenchyma, the echotexture is
homogeneous, and the echogenicity is slightly higher than

that of the cervical muscles (Fig. 3) (2). Blood flow within
the thyroid can be assessed using Doppler technology.
In color Doppler imaging, red and blue colors represent
flow toward and away from the probe, respectively,
while other colors (e.g., yellow, orange, light blue, and
green) indicate variations in flow speed or turbulence.
However, the relationship between flow properties and
the corresponding colors is influenced by the settings
of the US equipment. Power Doppler imaging, which
measures the amplitude of the Doppler signal generated
by moving red blood cells, is more sensitive than color
Doppler for detecting smaller velocities but does not
provide information about flow direction.

Doppler US velocity measurements of the superior
thyroid artery can quantitatively assess thyroid
vascularity. The normal maximum velocity (V.. 18
typically less than 25 cm/sec, with an average V., of
21 cm/sec in children, lower than the V., observed in
adults (26 cm/sec in individuals aged 25—49 yr and 31 cm/
sec in those aged >50 yr) (3). Shear wave elastography
(SWE) is a novel technique that measures tissue stiffness
and holds promise for distinguishing benign from
malignant thyroid nodules (4—6). Thyroid volume can be
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Fig. 3. Normal thyroid images in children: US (a—e) and scintigraphy (f, g). (a) The thyroid parenchyma appears
homogeneously echogenic compared to the strap muscles (—) on ultrasound (US). (b) Flow velocity in the superior
thyroid artery was measured at the upper pole of the thyroid gland. A maximum velocity (V) of <25 cm/sec is
considered normal in the pediatric population. (¢c) Color Doppler imaging reveals a normal pattern of intrathyroidal
vasculature, depicted as small foci of flow signals scattered exclusively within the thyroid gland. (d) The pyramidal
lobe is an embryological remnant of the thyroglossal duct, containing follicular cells, which extends upward from
the isthmus (—). (e) Intrathyroidal ectopic thymus presents as a hypoechoic mass-like lesion with multiple internal
linear and punctate bright foci, known as the “starry-sky” appearance on US. (f) A normal '**I-scintigraphy delineates
only the thyroid gland, whereas salivary glands are barely visible. (g) A normal ?™Tc-pertechnetate scintigraphy

reveals the thyroid gland and salivary glands.

calculated by measuring the anteroposterior, transverse,
and vertical diameters, using the formula height X width x
length x 0.523. Thyroid size may vary according to factors
such as race and iodine intake; therefore, universally
accepted reference values for normal thyroid size are
lacking (7). However, reference values for thyroid size in
Japanese children and adolescents have been reported
(8). A common developmental variation of the thyroid
gland is an intrathyroidal ectopic thymus, which may be
misinterpreted as a pathological finding. However, US
imaging can reveal the characteristic hypoechoic areas
with multiple internal linear and punctate foci, known
as a “starry-sky appearance” (Fig. 3e). Moreover, the
ectopic intrathyroidal thymusis typically located in the
dorsal aspect of the inferior thyroid gland.

Thyroid scintigraphy is performed following
oral intake of Na'2?I (half-life: 13 h) or intravenous
administration of %™Tc-pertechnetate (?*™TcO,;
half-life: 6 h) (Figs. 3f, g). 12° is transported into the
follicular cell and is organized in the follicular lumen.

123].scintigraphy mirrors the iodine metabolism in the
thyroid. The normal thyroid uptake of 1231, also known
as radioactive iodine uptake (RAIU), ranges from 10%
to 35% at 24 h and 6% to 18% at 4 h post-administration
(1). Additionally, the concurrent use of perchlorate
(perchloride discharge test) in 123 scintigraphy assists
in diagnosing organification disorders, which are
characterized by excessive iodide influx into the follicular
cells. The perchlorate ion (C10,°) competes with iodide
(IN) for transport into the follicular cells, leading to the
leakage of iodide into the bloodstream. The washout rate
of radioiodine, measured two hours after perchlorate
administration, is typically less than 10% in healthy
individuals. A washout rate exceeding 50% indicates
complete organic failure, whereas a discharge rate of
20-50% suggests partial organic failure (1) (Fig. 4).
The perchlorate test remains the only clinical tool
used to confirm a provisional molecular diagnosis of
an organification disorder. However, perchlorate is not
approved for medical use in Japan, thus limiting its
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Fig. 4. Perchlorate discharge test. An 8-yr-old girl with an organization defect was diagnosed with hypothyroidism on
neonatal screening. 12%I-scintigraphy shows a washout rate of > 50% after perchlorate administration (less than 10%
in normal individuals), with 27.6% at 3 h and 50.8% at 24 h after 23] administration, and 21.8% after administration

of perchlorate.

Table 1. Comparison of thyroid scintigraphy nuclei (Na 231 and ?*™Tc-pertechnetate (**TcO,’)

Na 123] 99T~
Energy Medium (159 keV) Low (140 keV)
Effective dose 0.54 mSv/MBq 0.04 mSv/MBq
Cost High Low
Todine restriction May be necessary Unnecessary
Physical half time 13h 6h
Image acquisition 3-6hand24h 20-30 min
Reference value 6-18% (4 h), 10-35% (24 h) 0.3-3.0%
Uptake to salivary glands + ++
Organification process evaluation Possible Impossible

% On Na'2%] scintigraphy, the uptake in the salivary glands was relatively low; thus, the glands

were not clearly visible.

application in clinical practice.

A key disadvantage of radioiodine scintigraphy
is the requirement for a one-week iodine restriction
prior to the examination. 9*™TcO," is trapped in the
follicular cells but not in the follicular lumen, limiting
its role in assessing thyroid function (9). Nonetheless,
99mTcQ,~ is widely used because of its low cost, lack
of special preparation requirements, high image
quality with a short imaging time, and low radiation
exposure (Table 1). Normal tracer uptake on ?9™TcO,~
scintigraphy ranges from 0.3% to 3% (10).

Although computed tomography (CT) and
magnetic resonance imaging (MRI) have limited
roles in diagnosing endocrine thyroid diseases, these
modalities are invaluable for identifying thyroid tumors
and other space-occupying lesions. They provide precise
information on the spatial relationships between thyroid
lesions and adjacent structures. Furthermore, CT and
MRI are essential for diagnosing central hypothyroidism
caused by hypothalamic and pituitary lesions.

Overview of congenital hypothyroidism

Congenital hypothyroidism is the most prevalent
congenital endocrine disorder, with an estimated
incidence of 1/3000—4000 live births (11-13). Most
affected neonates are identified through screening
programs. However, the classical symptoms of congenital

hypothyroidism, such as prolonged jaundice, hypotonia,
umbilical hernia, and coarse facies, are rarely encountered
in recent cases. Congenital hypothyroidism is classified
into transient and permanent types. The majority
of affected children have primary hypothyroidism,
while central hypothyroidism remains uncommon.
Thyroid dysgenesis accounts for approximately 80%
of cases, whereas thyroid dyshormonogenesis for
15-20%. Notably, recent studies employing lower cutoff
thresholds for TSH levels have observed an increase in
the incidence of dyshormonogenesis (14). Imaging studies
are essential for elucidating the underlying etiology of
congenital hypothyroidism, alongside the initiation of
hormone replacement therapy. The diagnostic accuracy
is enhanced when US and scintigraphy are employed in
tandem (15). These imaging modalities provide not only
valuable insights into the pathogenic mechanisms but
also prognostic information, and aid in the assessment
of treatment efficacy.

Transient congenital hypothyroidism

Transient congenital hypothyroidism is
characterized by thyroid hypofunction that does not
necessitate long-term treatment. In the United States,
levothyroxine therapy is discontinued after the age of 3
yrin approximately one-third of children diagnosed with
congenital hypothyroidism through newborn screening
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(16). This group of disorders arises from in utero exposure
to TSH receptor-blocking IgG antibodies (TSBAD),
maternal use of anti-thyroid drugs transferred across the
placenta, maternal iodine deficiency, or, paradoxically,
excessive maternal iodine intake. Additionally, transient
congenital hypothyroidism may result from various
pathogenic variants of DUOX2 (17) or functional
immaturity of the thyroid gland.

US typically reveals a normal thyroid or a
mild goiter, with large goiters being rare (Fig. 5).
Further imaging is generally not necessary. However,
scintigraphy may be useful in the differential diagnosis.
Radiotracer uptake is decreased in TSBAb-induced
thyroid dysfunction and increased in cases of maternal
iodine deficiency or anti-thyroid drug ingestion (15).
When scintigraphy is indicated, it should be performed
within five days of initiating hormone therapy.

Thyroid dysgenesis

Thyroid dysgenesis refers to the abnormal
organogenesis of the thyroid gland, typically identified as

anisolated anomaly. Most cases of thyroid dysgenesis are
polygenic disorders, resulting from mutations in multiple
thyroid-related genes and in utero environmental
factors (18). Recent studies have shed light on the
genetic factors underlying thyroid dysgenesis. A SNP
at 2¢q33.3, designated rs9789446, has been shown to
increase the risk for thyroid aplasia and ectopia, but not
for hypoplasia (19). Moreover, a recent association has
been reported between variants in a noncoding TTTG
microsatellite on 15¢26.1 and non-goitrous congenital
hypothyroidism (20). Only a small proportion of thyroid
dysgenesis cases (1-3%) are monogenic disorders that
manifest either as isolated thyroid malformations or
as part of multi-system disorders. The former includes
mutations in TSHR and PAXS, while the latter those
in NKX2-1 and FOXE].

Thyroid dysgenesis is classified into four categories:
agenesis, hemiagenesis, ectopia, and hypoplasia. Most
cases of hemiagenesis and hypoplasia can be diagnosed
using US. However, ectopic thyroid glands are often
challenging to visualize with US. In cases where the
thyroid gland is not visible in its normal (orthotopic)

Fig. 5. Transient congenital hypothyroidism. The neonate presented with a severe prenatal goiter and transient
hypothyroidism. Fetal magnetic resonance imaging (MRI) was performed with coronal (a), paramedian sagittal
(b), and median sagittal (c) views. MRI shows massive thyroid enlargement (arrows in a, b) and constriction of the
tracheal lumen (arrowheads in a, c¢). The enlarged thyroid gland appears as a bilateral, symmetrical cervical mass
with intermediate signal intensity on the coronal image (a). Its extension from the nasopharynx to the thoracic
inlet is observed on the paramedian sagittal image (b). The trachea, filled with fetal fluid, appears to have high
intensity. The coronal image depicts the trachea as an oblong structure (a). The median sagittal image shows
diffuse tracheal narrowing (c). Postnatal color Doppler and 2D ultrasound (US) images are shown in panels (d)
and (e). The Doppler image demonstrates thyroid enlargement with an increased vascular signal, represented by
large foci of red and blue colors, along with a mosaic pattern of mixed colors indicating plethora and turbulent flow,
respectively. The US image clearly delineates the tracheal compression and thyroid enlargement (arrowheads).
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position, thyroid agenesis or an ectopic thyroid should be
suspected. While the diagnosis of absent thyroid tissue
is straightforward, some diagnostic challenges remain.
Forinstance, US may reveal small, triangular, echogenic
tissue lateral to the trachea during thyroid agenesis,
which can be misinterpreted as thyroid hypoplasia
(Fig. 6). This abnormal tissue represents remnants
of branchial structures that failed to develop into the
thyroid gland and often regress spontaneously with age
(21). Additionally, a reduced distance between the right
and left common carotid arteries may help confirm the
absence of the thyroid gland in the orthotopic position.

Ectopic thyroid glands are more common than
thyroid agenesis. Ectopic thyroid tissue can be located
anywhere along the thyroglossal duct, laterally in the
neck, or even at distant sites (22). The ectopic thyroid
tissue most frequently occurs in the tongue base, where
it may cause dysphagia and airway obstruction (Fig. 7)
(23). Lingual ectopic thyroid glands typically appear
round but may occasionally be dumbbell-shaped or
hourglass-shaped, suggesting incomplete migration
of the dorsal segment. Rare forms of ectopic thyroid
tissue include sublingual, prelaryngeal, mediastinal, and
intratracheal lesions. The diagnostic sensitivity of US in
detecting ectopic thyroid varies between 21% and 78%,
likely influenced by technical factors and equipment
variations (15, 24). When US fails to confirm the presence
of ectopic thyroid tissue, scintigraphy may be indicated,
with a wide collimation that includes the tongue base and

upper mediastinum. Noncontrast CT can also be useful
in delineating the high attenuation of iodine in ectopic
thyroid tissue. A thyroglossal duct cyst can occur at any
point along the thyroglossal duct (Fig. 8). As noted,
accurately diagnosing ectopic thyroid tissue using US
alone is often difficult. Surgical intervention should be
considered for symptomatic lesions, and the presence of
an orthotopic thyroid gland should be confirmed with US.
In cases where the orthotopic thyroid gland is absent,
scintigraphy can confirm the presence of iodine uptake
corresponding to the cyst, as small amounts of thyroid
tissue within the thyroglossal cyst may retain partial
thyroid function.

Thyroid hemiagenesis most commonly occurs on the
left side. Affected children often present with a euthyroid
state, owing to compensatory hypertrophy of the
remaining thyroid gland. This hypertrophic gland may
present as a palpable mass, drawing clinical attention.
US typically shows a normal thyroid on one side and
the absence of a thyroid on the other. The diagnosis of
thyroid hypoplasia is based on volume calculations, with
the tracheal index (calculated as the ratio of thyroid
width to tracheal width, with values < 1.7 indicating
hypoplasia). Hypoplastic thyroid glands tend to appear
round, in contrast to the normal oblong shape of the
thyroid.

Fig. 6. Thyroid agenesis. A neonate was diagnosed with thyroid agenesis through neonatal screening. (a, b) MRI does not
reveal an orthotopic thyroid gland. #°»TcO4 scintigraphy demonstrates normal salivary uptake but no orthotopic
thyroid uptake. (c¢) Ultrasound (US) shows bilateral, symmetrical, small, triangular echogenic tissues in the
juxtatracheal regions (arrows), which are presumed to be remnants of branchial tissues that failed to develop into
the thyroid. This finding is occasionally observed in infants with thyroid agenesis and should not be mistaken for

hypoplastic thyroid glands.
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Fig. 7. Two cases of ectopic thyroid. A neonate with ectopic thyroid was diagnosed during screening. (a, b) Ultrasound
(US) does not reveal an orthotopic thyroid. 1231 scintigraphy demonstrates dumbbell-shaped ectopic thyroid tissue
at the tongue base. A child with thyroid ectopy at the base of the tongue presented with “throat discomfort.” (c, d)
Non-contrast CT shows a hyperdense ectopic thyroid at the tongue base (arrow), and %°™TcO,  scintigraphy showing
round tracer uptake.

Fig. 8. Bilobed thyroglossal duct cyst. A 7-yr-old boy presented with swallowing difficulty. (a) Sagittal T2-weighted imaging
shows an hourglass-shaped cystic lesion (arrowheads) but does not clearly delineate the hyoid bone (—). (b) In
contrast, ultrasound (US) clearly shows the relationship between the hourglass-shaped cyst (arrowheads) and the
hyoid bone (—).

Thyroid dyshormonogenesis synthesis resulting from single-gene defects, such as those
in SLC5A5, TG, SLC26A4, TPO, DUOX2, DUOXA2, and

Thyroid dyshormonogenesis comprises a DEHALI1. While these disorders are inherited as an
heterogeneous group of inborn errors in thyroid hormone autosomal recessive trait, heterozygous variants may
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increase susceptibility to congenital hypothyroidism
(25). Dyshormonogenesis typically presents as thyroid
enlargement; however, goitrous changes may remain
unrecognized during infancy or develop later in
childhood. Radiotracer uptake is increased in all types
of dyshormonogenesis, except for NIS deficiency (iodine
concentration disorders). On US, the internal texture
of the thyroid is generally homogeneous, and the blood
flow signal is often enhanced. It has been reported that
the echotexture in dyshormonogenesis tends to be more
uniform than that observed in Graves’ disease, even
when thyroid enlargement and increased blood flow
signals are similar between the two conditions (26). A
few studies have suggested that measurements of the
“vascularity index” (the ratio of color pixels to the total
pixels within a selected region) correlate well with the
degree of thyroid hypofunction (27).

NIS deficiency thatis caused by mutationsin SLC5A5
gene can be diagnosed through thyroid scintigraphy. The
SLC5A5 gene encodes the Na*/I- symporter, which is
expressed not only in the thyroid gland but also in the
salivary glands. Thyroid scintigraphy in NIS deficiency
typically reveals substantially decreased uptake, often
almost no uptake, in both the thyroid and salivary glands
(Fig. 9).

Pendred syndrome is characterized by congenital
hypothyroidism and sensorineural hearing loss, both of

which are caused by mutations in the SLC26A4 gene,
which encodes pendrin. Pendrin deficiency impairs
iodide (I") availability for organification, leading to a
partial organification defect. Hypothyroidism in Pendred
syndrome is usually mild, and many children remain
undiagnosed until adolescence (17). Auditory morbidity
results from inner ear anomalies, which can be delineated
using CT and MRI (Fig. 10) (27). Pendred syndrome
accounts for 4-10% of congenital hearing impairments.

0.06% (4h), 1.52% (24h)

Fig. 9. Dyshormonogenesis due to NIS dysfunction. A
10-yr-old girl with NIS dysfunction diagnosed on
neonatal screening (T'SH, 807 nIU/mL; T4, 0.1 ng/
dL; T3, 3.9 pg/mL). 123I-scintigraphy shows a trace
amount of tracer uptake in the thyroid gland.

Fig. 10. Pendred syndrome. A 13-yr-old girl with goiter and bilateral hearing loss was diagnosed at 4 yr of age. (a, b) US
showing thyroid gland enlargement associated with increased vascularity. (c) Heavy axial T2-weighted image
showing enlargement of the vesicular aqueduct (arrow). The cochlea appeared normal (data not shown).
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Organizational disorders are the most common type
of thyroid dyshormonogenesis. These inborn errors are
caused by defects in the TPO/DUOX2/DUOXAZ2 complex,
which is essential for I~ oxidation. The perchlorate
test reveals high washout rates of 2% in these cases.
Furthermore, US typically shows thyroid enlargement
with hypervascularity (Fig. 11). TPO deficiency is
frequent in Caucasians and manifests as severe goitrous
hypothyroidism. DUOX2 deficiency is more frequent in
Asians, where it typically presents as mild hypothyroidism
that often improves with age. DUOXAZ2 deficiency is a
rare cause of congenital hypothyroidism (28).

TG deficiency presents as goitrous hypothyroidism,
which is usually detected during newborn screening and
demonstrates markedly increased radiotracer uptake
(29). Low serum TG levels are a diagnostic laboratory
finding in this disorder. The final step of thyroid hormone
organization is thought to be impaired in TG deficiency,
although the perchlorate test is normal in this condition.
Todothyrosine deiodinase, encoded by the DEHAL I gene
(formerly called IYD), is involved in the recycling of I~.
Its deficiency results in increased urinary levels of MIT
and DIT.

Congenital central hypothyroidism

Congenital central hypothyroidism encompasses a
range of disorders, including pituitary stalk interruption
syndrome, septo-optic dysplasia, and hypothalamic or
pituitary gland compression due to space-occupying
lesions (Fig. 12). This condition may be missed during
TSH-based newborn screening. Most cases of central
hypothyroidism are associated with deficiencies in other
pituitary hormones, leading to clinical manifestations
such as hypoglycemia and micropenis or undescended
testes, which often prompt medical evaluation. Isolated
TSH deficiency is linked to genetic defects in the TSH
biosynthetic pathway, including mutations in TSHB,
TRHR, and IGSF1 (30).

Congenital hyperthyroidism

Most cases of congenital hyperthyroidism result
from the transplacental transfer of stimulating TSH
receptor antibodies (TSAb) from mothers with Graves’
disease. Preterm delivery and non-immune fetal hydrops
are commonly observed. Prenatal US often reveals a

Fig. 11. DUOX2 abnormalities. A neonate with dyshormonogenesis due to biallelic pathogenic variants in the DUOX2
gene, presenting with jaundice (TSH, 87 pIU/mL; fT4, 0.79 ng/dL; {T3, 3.48 pg/mL). (a, b) Ultrasound (US) shows
thyroid enlargement with a markedly increased flow signal.

Fig. 12. Septo-optic dysplasia. A 6-yr-old child, presenting with refractory hypoglycemia and hypothyroidism. (a, b) MRI
shows the absence of the pituitary gland (circle) with an interrupted pituitary stalk and an ectopic posterior lobe

(arrow). Hypoplastic optic nerves (arrowheads).
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fetal goiter and growth restriction. Affected neonates
typically present with tachycardia, accelerated skeletal
maturation, and, in some cases, craniosynostosis (31,
32). Since the half-life of TSADb is approximately 12 d,
hyperthyroidism generally resolves shortly after birth.
Persistent hyperthyroidism lasting more than 2-3
mo warrants consideration of other conditions, such
as activating mutations in the T'SHR gene (33) and
McCune—Albright syndrome (34). McCune—Albright
syndrome is characterized by a triad of polyostotic
fibrous dysplasia, café-au-lait spots, and precocious
puberty. It is caused by somatic mutations in the
GNAS gene, leading to the constitutive activation of G
protein-coupled hormone receptors, including TSH and
gonadotropin receptors. Hyperthyroidism is the second
most common endocrine abnormality associated with
McCune—Albright syndrome. The severity of thyroid
hyperfunction varies across studies. In severe cases of
thyrotoxicosis, radioablation may be necessary. Affected
children may develop micronodular goiters, which are
characterized by progressively enlarging nodules with
heterogeneous echotexture and increased vascular flow
signals on US (Fig. 13) (35).

Acquired thyroid disease in older children

and adolescents

Mild cases of congenital hypothyroidism may attract
medical attention during school age or adolescence,
and hypothyroidism secondary to iodine deficiency/
excess, anti-thyroid medications, or radioisotope

ablation therapy is rarely observed in older children
and adolescents. Central hypothyroidism in this age
group is typically attributed to hypothalamic-pituitary
tumors or tumor-like lesions. Autoimmune thyroiditis
1s a common condition in older children and adolescents,
with Hashimoto’s thyroiditis being more prevalent than
Graves’ disease. Subacute thyroiditis is a relatively rare
condition in this age group.

The clinical symptoms of acquired thyroid diseases
are similar to those seen in adults; however, certain
issues are unique to children. These include a decelerated
growth rate and delayed puberty in hypothyroidism,
and an accelerated growth rate in hyperthyroidism.
Unusual behavior and poor academic performance are
also common presenting problems. In this section, we
briefly discuss the imaging findings of autoimmune and
non-autoimmune thyroiditis.

Hashimoto’s thyroiditis is the most common cause
of acquired hypothyroidism in children. This disorder
occurs in 1-2% of school-aged children, and 6-8% of
adolescents have positive thyroid autoantibodies (36).
Early manifestations include compensated euthyroidism
or hyperthyroidism with elevated TSH levels, subclinical
hypothyroidism, and goiter. Early imaging findings
include increased radiotracer uptake on scintigraphy and
thyroid enlargement with increased blood flow signals
on US (Figs. 14a, b) (37). Differential diagnosis between
Hashimoto’s thyroiditis with thyrotoxicosis and Graves’
disease can be challenging based on clinical and imaging
findings alone. However, a few imaging characteristics
can aid in differentiation. Hashimoto’s thyroiditis

Fig. 13. McCune-Albright syndrome. A 1-yr-old girl with McCune-Albright syndrome. (a, b) US shows heterogeneous
echogenicity with increased vascular signals. (c) *®TcQ, scintigraphy showing inhomogeneous tracer uptake.
(d) Polyostotic fibrous dysplasia of the craniofacial bones is found on CT.
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Fig. 14. Two cases with autoimmune thyroiditis. A 9-yr-old girl with Hashimoto’s thyroiditis, presenting with fatigability
and loss of concentration (fT4, 0.56 ng/dL; T3, 4.0 pg/mL; TSH, 61.3 nlU/mL; positive anti-TPO antibody, (> 600
IU/mlL), and positive antithyroglobulin antibodies (308 IU/mL)). (a, b) Ultrasound (US) shows heterogeneous
internal echogenicity with surface irregularities and markedly increased vascularity, a constellation of findings
typical for childhood Hashimoto’s thyroiditis.An 11-yr-old girl with atrophic thyroiditis, presenting with abrupt
growth arrest and fatigability (fT'3, 0.79 pg/mL; fT4, 0.11 ng/dL; TSH, 1,835 nIU/mL; elevated TSB-Ab, (39.5%)).
(c, d) US shows atrophy of the thyroid gland with heterogeneously decreased parenchymal echogenicity and
decreased vascularity (not shown). MRI reveals pituitary enlargement secondary to TSH overproduction (arrow).

typically presents as multinodular hypoechogenicity or
heterogeneous echogenicity, whereas Graves’ disease
tends to show less heterogeneous echogenicity. The
average peak systolic velocity of the superior thyroid
artery has been reported to be 51 cm/sec in Hashimoto’s
thyroiditis, compared to 88 cm/sec in Graves’ disease
(3). RAIU on 23] scintigraphy is lower in Hashimoto’s
thyroiditis than in Graves’ disease. Furthermore, the
T3 suppression test, although rarely used, significantly
decreases the RAIU in Hashimoto’s thyroiditis. The
final diagnosis depends on the careful integration of
endocrine, serological, and imaging findings. As the
disease progresses, the severity of hypothyroidism
increases, and late imaging findings include thyroid
atrophy and reduced radiotracer uptake.

Atrophic thyroiditis (AT; delete) is a subtype of
autoimmune thyroiditis in which hypothyroidism is
more severe than in typical Hashimoto’s thyroiditis,
often accompanied by secondary pituitary enlargement.
Thyroid atrophy in this form progresses rapidly (Figs.
14c, d). Affected individuals frequently seek medical
attention due to decelerated physical growth.

Graves’ disease occurs in approximately 1 in
5,000 children, with a higher incidence in females (36).
Diagnosis is primarily based on clinical and laboratory
findings; however, imaging studies can help distinguish
Graves’ disease from destructive thyroiditis, such as
subacute thyroiditis. Radiotracer uptake is markedly

increased in Graves’ disease but reduced in destructive
thyroiditis. RAIU typically rises to approximately 50% at
4'h and 75% at 24 h (normal: 5-12% at 4 h and 10-30%
at 24 h) (24). US typically shows a diffuse goiter with
heterogeneously decreased internal echogenicity and
markedly increased blood flow signals, often described
as a hypervascular “thyroid inferno” (Fig. 15) (31).
Subacute thyroiditis can be classified into subacute
lymphocytic thyroiditis and subacute granulomatous
thyroiditis (de Quervain’s thyroiditis). The former is
often autoimmune or drug-induced, such as by interferon
or amiodarone, while the latter is typically triggered by
viral infections. Both types are pathologically destructive
forms of thyroiditis. Scintigraphy in these cases reveals
markedly decreased radiotracer uptake (Fig. 16).

Space-occupying lesions in the thyroid

gland

Branchial anomalies can present as thyroid or
juxtathyroidal masses. Pyriform sinus fistulas commonly
lead to acute suppurative thyroiditis in young children,
which manifests as an intrathyroidal abscess with
adjacent soft tissue edema on US and other sectional
imaging modalities. Fistulous remnants of the third or
fourth branchial cleft are frequently observed on the left
side (38). Barium swallow imaging is utilized to identify
the sinus tract extending from the hypopharynx to the
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Fig. 15. Graves’ disease. A 10-yr-old boy with Graves’ disease presented with fatigue and excessive sweating (fT4, 5.0 ng/dL;
fT3, 14.5 pg/mL; TSH, <0.01 pIU/mL). (a—c) US shows thyroid enlargement with heterogeneous echogenicity and
increased vascularity (thyroid inferno). The maximum velocity (V,,,,) of the superior thyroid artery is measured at
67.4 cm/sec (the average in the pediatric population is 21 cm/sec). (d) 123I-scintigraphy shows diffusely increased
tracer uptake. The pyramidal lobe is also visible (arrows).

Fig. 16. Drug-induced thyroiditis. An adolescent girl who received treprostinil for pulmonary hypertension developed
severe diarrhea (fT'3, 7.1 pg/mL; T4, 3.3 ng/dL;; TSH, 0.07 uIU/mL). (a) Ultrasound (US) shows diffuse thyroid
gland enlargement with slightly heterogeneous echogenicity. (b) %™TcO, scintigraphy shows decreased uptake
(tracer uptake: 0.36%, reference value: 0.4—2.5%), which is compatible with destructive thyroiditis.

thyroid gland; however, this procedure is not always the multidisciplinary management of children with
successful (Fig. 17). thyroid tumors. Pediatric thyroid tumors are most
Pediatric endocrinologists often collaborate in commonly diagnosed in children over the age of 10 yr.
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Fig. 17. Acute thyroiditis associated with pyriform sinus fistula. A 3-yr-old boy with anterior neck pain and fever. (a)
Contrast-enhanced CT shows left thyroid swelling with internal liquefied foci suggestive of an abscess (arrowheads).
(b) Barium swallowing examination reveals a pyriform sinus fistula (arrow).

Fig. 18. Benign and malignant lesions. (a) Follicular adenoma found in a 12-yr-old girl is depicted as a well-margined
mass with homogeneously hyperechoic echotexture, associated with a thin peripheral halo. (b) Adenomatous
hyperplasia or adenomatous nodule in a 13-yr-old boy manifests as an admixture of solid and cystic components,
but the lesion is well-defined. (¢, d) Papillary carcinoma in a 10-yr-old girl is delineated as having heterogeneous
internal echotexture with multiple calcifications (depicted as “twinkling artifacts” or artifacts related to inherent
noise within the color-Doppler scanner) and an irregular vascular signal. (d) Diffuse sclerosing variant of papillary
carcinoma in an 11-yr-old girl is depicted as extensive hyperechoic speckles that reflect diffusely scattered
microcalcifications, referred to as the “snowstorm appearance.”

Tsujioka et al. doi: 10.1297/cpe.2024-0082



While a comprehensive discussion of oncological issues
is beyond the scope of this study, it is important to note
a few distinctive characteristics of thyroid tumors in
children. Pediatric thyroid tumors are more likely to be
malignant, with 22—26% of thyroid nodules in children
being malignant, compared to only 5-10% in adults (39).
Asin adults, most malignant tumors in children are well-
differentiated. Papillary carcinoma accounts for 85% of
cases in affected children. Less common variants include
follicular carcinoma, medullary carcinoma, diffuse
sclerosing variants of papillary carcinoma, and, rarely,
malignant lymphoma. Medullary carcinoma, which
originates from parafollicular cells, is often associated
with familial cancer syndromes, such as multiple
endocrine neoplasia type 2. Unlike other malignant
tumors, medullary carcinoma is more prevalent in
infancy (40, 41). 123I-scintigraphy scintigraphy plays
a role in tumor differentiation. “Hot nodules” typically
indicate benign tumors. However, malignant tumors that
maintain NIS expression may present as hot lesions. The
high degree of differentiation in pediatric thyroid cancer
contributes to its generally better prognosis compared
to adult thyroid cancer (42). It has been reported that
30% of “hot nodules” in children are malignant, a much
higher percentage than the 3% observed in adults (43).

A high index of suspicion for malignant thyroid
tumorsis raised based on US findings, including irregular
margins, hypervascularity with irregular internal flow
signals, and “marked hypoechoic” nodules (hypoechoic
compared to the overlying strap muscle), as well as

extrathyroidal extension and adjacent lymphadenopathy
(Fig. 18) (44). The diffuse sclerosing variant of papillary
carcinoma presents with distinct pathological and
imaging features. This tumor is characterized by diffuse
lymphocytic infiltration with psammoma bodies and
fibrosis, with the parenchyma of the unilateral thyroid
gland potentially being completely replaced by tumor
cells. US typically reveals diffuse thyroid enlargement
with a speckled pattern of microcalcifications, often
referred to as a “snowstorm appearance” (Fig. 18d)
(45). The intratumoral calcifications may resemble
echogenic spots seen in intrathyroidal ectopic thymic
tissues, exhibiting the ‘starry-sky appearance.’ However,
the calcifications in papillary carcinoma are generally
brighter and smaller than those seen in ectopic thymic
tissue (46).
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