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KEY POINTS

� Ultrasound examination is a cost-effective modality for diagnostic purposes and biopsy guidance in
thyroid disease. Computed tomography is the workhorse for thyroid tumor staging. Radionuclide
scintigraphy evaluates thyroid function.

� Thyroid imaging features can be classified as either diffuse or focal.

� Diffuse multinodular goiter and thyroiditis are common benign conditions. Focal nodules should be
evaluated sonographically for benign and malignant features using Thyroid Imaging and Data Sys-
tem guidelines.

� Imaging detection of local invasiveness of a thyroid lesion and nodal metastasis may lead to expe-
dient diagnosis of aggressive thyroid malignancy.

� Key imaging features suspicious for malignancy in a background of diffuse benign disease include
focal highly suspicious hypoechoic nodule, microcalcifications, asymmetric lobar involvement and
focal fluoro-2-deoxy-D-glucose avidity.
INTRODUCTION thyroiditis, and thyroid cancer. The relative roles
The thyroid gland plays a critical role in regulating
metabolic functions and imaging has long been
established as an essential element in the workup
of abnormal thyroid function and clinically sus-
pected lesions of the thyroid gland. Knowledge
of the imaging modalities as well as normal and
abnormal imaging appearances of the thyroid
gland and pathologies is essential for appropriate
identification and diagnosis of thyroid lesions. In
this article, we discuss the pertinent anatomy
and nodal drainage and review the imaging
appearance of common thyroid diseases, with a
special emphasis on a practical imaging approach
to expedient diagnosis of highly prevalent thyroid
conditions such as Grave’s disease, goiter,
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of various imaging modalities in the evaluation of
various thyroid diseases are included.

ANATOMY

The thyroid gland is a shield-shaped gland located
superficially in the infrahyoid neck over the cricoid
and trachea (Fig. 1). The right and left thyroid lobe
join inferiorly by a thin band of tissue over the ante-
rior trachea known as the isthmus. Anteriorly, the
thyroid gland abuts the strap musculature and
sternocleidomastoid muscles. The carotid arteries
and jugular veins are located lateral and posterior
to the gland, and the posterior margin of the thy-
roid abuts the longus coli muscles.1 An accessory,
pyramidal lobe, is present in approximately 50% to
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Fig. 1. Illustration of the thyroid gland and anatomic
landmarks. (Courtesy of Kelly Kage, MFA, CMI, Hous-
ton, TX.) Fig. 2. Illustration of the nodal compartments of the

neck. (Courtesy of Kelly Kage, MFA, CMI, Houston, TX.)
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70% of the population and arises from the isthmus
and extends superiorly along the course of the
distal thyroglossal duct.2

A thin fibrous capsule surrounds the thyroid
gland with septated projections that extend into
the thyroid parenchyma to divide thyroid tissue
into lobules. A rich vascular network is supplied
by paired superior and inferior thyroidal arteries,
which are branches of the external carotid arteries
and thyrocervical trunks, respectively. The thyroid
gland receives innervation from the vagus nerve
and the cervical sympathetic plexus, which influ-
ence gland perfusion.2

Lymphatic drainage of the gland includes the
deep lateral cervical nodal levels I to V, the central
anterior nodal levels VI to VII (prelaryngeal/
Delphian, pretracheal, paratracheal, and superior
mediastinum) and retropharyngeal nodal groups.
Although the inferior portions of the gland and
the isthmus tend to drain to the paratracheal and
lower deep cervical level III to IV nodes, the supe-
rior gland drains into the superior pretracheal, prel-
aryngeal/Delphian, and level II to III cervical
groups, explaining the propensity of skip metas-
tasis to the upper nodal group in tumors arising
from the upper pole of the thyroid.3

For the specific purpose of multidisciplinary
agreement in staging and management of thyroid
carcinoma, the American Joint Committee on Can-
cer and the American Thyroid Association (ATA)
use the classic I to VI cervical nodal stations to
describe pertinent nodal disease4,5 (Fig. 2). The
benefits of the nodal classification method are
reproducible consistency mapping with the limits
of the compartments readily identified on imaging,
clear surgical correlates, and consensus
communication across specialties. Thyroid cancer
nodal staging is defined by central anterior
compartment (level VI and VII), or lateral compart-
ment (levels I–V) and retropharyngeal nodal metas-
tasis, and is detailed in an article in this series, titled
Imaging of Cervical Lymph Nodes in Thyroid
Cancer: Ultrasound and Computed Tomography
by Chasen and colleagues.

IMAGING FINDINGS
Ultrasound Imaging

Ultrasound examination constitutes the most sen-
sitive imaging modality in the evaluation of the thy-
roid gland. Added benefits include availability, low
cost, and lack of ionizing radiation.1 Real-time ul-
trasound examination performed with high-
resolution linear array transducers ranging from
7.5 to 12.0 MHz provides detailed evaluation of
focal and diffuse thyroid disease and assessment
of cervical nodes. Additionally, ultrasound exami-
nation is essential in guiding fine-needle aspiration
procedures for histopathologic diagnosis.
The normal appearance of the thyroid gland on

ultrasound examination is that of a well-defined
homogeneous gland, which is hyperechoic relative
to adjacent musculature and is draped along the
anterior trachea.1 On average, the thyroid isthmus
measures 3 mm in thickness and each lobe mea-
sures 4 to 6 cm in length and up to 2 cm in both
transverse and anteroposterior dimensions.1

Cross-sectional Imaging

Cross-sectional imaging modalities, including
computed tomography (CT) scans and MR
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imaging of the neck, are an important adjunct in
the evaluation of patients with thyroid disease,
and obtained from the level of the tracheal bifurca-
tion inferiorly to the skull base superiorly. These
techniques allow for the interrogation of disease
extent and nodal stations not readily accessible
to ultrasound examination, including the lateral
retropharyngeal compartments and retrosternal
upper mediastinum. Furthermore, cross-sectional
imaging allows for the characterization of tumor in-
vasion into deep and neighboring structures,
which upstages thyroid malignancies.2 Gross
extrathyroidal extension (ETE) to the strapmuscles
will upstage to T3b disease, regardless of tumor
size for thyroid cancer.5 The invasion of tissue
beyond the strap muscles, including subcutane-
ous soft tissues, larynx, trachea, esophagus, and
recurrent laryngeal nerve, would classify the pri-
mary tumor as T4a and extension to the preverte-
bral fascia or encasement of carotid or mediastinal
vessels as T4b.5 The commonly encountered thy-
roid cancers and discussion of changes in staging
in the most recent American Joint Committee on
Cancer, eighth edition, will be highlighted in malig-
nant thyroid disease section elsewhere int his
article.

On CT imaging, owing to the iodine content of
the thyroid, the gland is intrinsically hyperdense
on noncontrast imaging with Hounsfield units
ranging from 80 to 100. Iodinated contrast admin-
istration is recommended for better evaluation of
the gland, which shows avid homogenous
enhancement, the surrounding structures, and
cervical nodes.6 Iodine is generally cleared within
4 to 8 weeks in most patients, so concern about
iodine burden from intravenous contrast causing
a clinically significant delay in subsequent whole-
body radioactive iodine scan or radioactive iodine
ablation treatment after the contrast CT imaging
followed by surgery is generally unfounded.4

MR imaging allows for improved soft tissue dif-
ferentiation, whereas CT scans have greater
spatial resolution and remains the imaging work-
horse.7 The neck MR imaging generally includes
a T1-weighted image, T2-weighted sequence,
fat-saturated T2-weighted sequence, followed by
postcontrast fat-saturated T1-weighted images.
The normal appearance of the thyroid gland is
that of a homogeneous, smoothly marginated pa-
renchyma that is, isointense on T1, slightly hyper-
intense on T2, and demonstrates homogeneous
enhancement compared with adjacent muscle.7

The soft tissue differentiation provided by MR
imaging allows for the characterization of diffuse
and focal thyroid disease. Findings of diffuse thy-
roid disease include variations in size, signal inten-
sity, enhancement degree and pattern, and margin
contour.7 Furthermore, studies have explored the
diagnostic potentials of MR imaging, including
diffusion-weighted imaging, T2 signal intensity,
and dynamic contrast-enhanced parameters, for
the characterization of benign and malignant thy-
roid nodules.8 In 1 study, the T2 signal intensity ra-
tio is calculated by measuring the mean signal
intensity of the nodule divided by the signal inten-
sity of the paraspinal muscle, and both the T2
signal intensity ratio and the apparent diffusion co-
efficient values in papillary thyroid carcinoma
(PTC) were significantly lower than for benign nod-
ules.8–10 These studies offer promising results in
the classification of thyroid nodules, but the het-
erogeneity of diffusion and perfusion techniques,
time consuming and cumbersome postprocess-
ing, and higher cost hinder their widespread appli-
cation and validation at this time.
Nuclear Medicine

Radionuclide imaging has been available for many
years and allows for excellent functional evaluation
of the thyroid gland. The most frequently used ra-
diotracers in thyroid scintigraphy include
technetium-99m pertechnetate and iodine-based
tracers, including 123I and 131I. Additionally,
gallium-67 may be used in the evaluation of thyroid
lymphoma.

Scintigraphic imaging with I123 is valuable in the
characterization of thyroid nodules as either “hot”
or “cold,” depending on whether there is focal
radiotracer accumulation or a focal photopenic
defect, respectively.11 Cold thyroid nodules have
a greater incidence of malignancy, calculated at
10% to 20%, and therefore require further evalua-
tion with possible biopsy. Conversely, hot nodules
in the setting of low thyroid-stimulating hormone,
are generally benign and may not require further
studies.11 131I is beneficial in the acquisition of
whole body imaging following thyroidectomy and
thyroid ablation for the detection of residual tissue
and metastatic disease.11

The normal thyroid gland on PET imaging using
2-[fluorine-18] fluoro-2-deoxy-D-glucose (FDG)
shows homogeneous radiotracer uptake similar
to that of adjacent muscle.11 PET-CT scanning re-
lies on high glucose metabolism and therefore
increased tracer uptake will generally be greater
in cases of poor tumor differentiation with a greater
risk of metastatic disease. For this reason, PET is
generally used in high-risk patients and is not
routinely recommended for determining disease
extent in low-risk populations.12

It has been estimated that approximately 2% to
3% of PET imaging reveals an incidental thyroid
nodule. Although higher standardized uptake
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value measurements have been documented in
malignant versus in benign nodules, no specific
threshold has been defined to predict malignancy.
However, increased uptake has been associated
with a 14% to 40% greater increase in risk of ma-
lignancy and should therefore prompt further eval-
uation with ultrasound examination and
ultrasound-guided biopsy if pertinent.11 The man-
agement of FDG-avid nodules on PET/CT is further
addressed in the article of this series, titled PET/
Computed Tomography in Thyroid Cancer by
Yadav and colleagues.
PRACTICAL APPROACH TO IMAGING
EVALUATION

When confronted with thyroid disorders, it is bene-
ficial to establish a basic mental framework that
Fig. 3. General approach to classification of disorders of t
will allow the radiologist to categorize the entity
in a broad fashion (Fig. 3). First, imaging features
of the thyroid gland can be classified as either
diffuse or focal. Diffuse abnormality of the thyroid
gland must prompt the radiologist to consider mul-
tinodular goiter and the spectrum of thyroiditis,
which are generally benign conditions. However,
it is important to recognize instances where diffuse
infiltration of the gland may signify malignant pa-
thology, such as with the diffuse sclerosing variant
of PTC, and keen attention to detect malignancy
within the diffuse benign disease, such as the
development of PTC and/or lymphoma in the
setting of Hashimoto thyroiditis and diffuse meta-
static infiltration of the thyroid gland.
Conversely, focal lesions and each nodule in the

multinodular goiter should be evaluated for benign
or malignant features to determine management.
he thyroid gland.
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The implementation of the Thyroid Imaging and
Data System (TI-RADS) and ATA guidelines aid in
determining the risk of malignancy and the subse-
quent management strategies for thyroid nodules
based on imaging features pertaining to nodule
composition, echotexture, and shape, among other
features. The assessment and classification of thy-
roid nodules will be addressed in detail in the article
of this series, titled Ultrasound of Thyroid Nodules
and the Thyroid Imaging Reporting and Data
System by Harshawn Malhi and Edward Grant.

The thorough exploration of cervical nodes
serves as an important adjunct in the diagnosis
of thyroid pathology. The presence of unilateral
versus bilateral adenopathy has different implica-
tions as does size, echogenicity, morphology,
and vascularity. Normal and reactive nodes tend
to be oval shaped and slightly hypoechoic to mus-
cle with central echogenic hila and organized flow
on Doppler imaging.13 In contrast, thyroid nodal
metastases will display cystic transformation, in-
ternal calcifications, or hyperechogenic foci with
100% specificity and positive predictive value as
well as less specific suspicious findings of
rounded morphology and disorganized vascular
flow.13,14 The article of this series, titled Imaging
of Cervical Lymph Nodes in Thyroid Cancer:
Ultrasound and Computed Tomography by Cha-
sen and colleagues, goes into greater detail
regarding benign and malignant nodal imaging
features.

Furthermore, attention to key points pertaining
to clinical presentation may also help narrow
down differential considerations further. For
instance, a nontender goiter and hypothyroidism
in the setting of diffuse thyroid infiltration may alert
to Hashimoto thyroiditis. Conversely, a painful
transient thyrotoxic state with suppressed
thyroid-stimulating hormone can indicate sub-
acute thyroiditis.15 Similarly, a rapidly progressing
thyroid mass with imaging signs of ETE should
raise suspicion for anaplastic thyroid carcinoma.
These clues pertaining to the patient’s symptom-
atology, among others, are essential in guiding
diagnosis and therapy.
BENIGN THYROID DISEASE
Graves’ Disease

Graves’ disease is anautoimmuneconditionwherein
autoantibodies are produced against thyroid pro-
teins, most notably to the thyroid-stimulating hor-
mone receptor.16 The resultant effects include
hyperplasia of the thyroidwith accompanying auton-
omous function of the gland and hyperthyroidism
with elevated free T3 and T4 levels in the setting of
decreased serum thyroid-stimulating hormone. This
entity is more common in females between the
ages of 20 and 50 years.16 The clinical presentation
is characterized by a triad consisting of hypertrophy
of the thyroidgland,exophthalmossecondary to infil-
trative ophthalmopathy, and pretibial myxedema.
Although the basis of diagnosis lies in the clinical
and laboratory features of the disease, imaging with
ultrasound and Doppler imaging of all hyperthyroid
patients is generally widely recommended.16,17

Ultrasound features include diffuse enlargement of
the gland, including the thyroid isthmus, with a
roundedcontour andvariableechotexture. Thegland
may seem to be diffusely hypoechoic and heteroge-
neous or alternatively may be normal in echotexture.
Exploration with Doppler imaging reveals a charac-
teristically diffuse increase in parenchymal vascu-
larity, termed “thyroid inferno” (Fig. 4). Of note, the
degree of increased vascularity does not correlate
directly with the level of hyperthyroidism and gener-
ally reflects inflammatory changes in the gland.16

Thyroid scintigraphy reveals diffuse enlarge-
ment of the gland with homogeneous elevation of
radiotracer uptake at 24 hours relative to back-
ground activity owing to both increased function
and increased stimulation.18 The increased activity
may result in the visualization of the pyramidal lobe
that, owing to its small size, is not typically identi-
fied (see Fig. 4).18

Cross-sectional imaging with a CT scan and MR
imaging is not generally recommended as a
workup for presumptive Graves’ disease. Findings
are generally nonspecific revealing an enlarged
gland with decreased Hounsfield units on CT im-
aging and avid enhancement and increase T1
and T2 signal intensity on MR imaging owing to
parenchymal and vascularity changes.19
Thyroiditis

Thyroiditis, representing inflammation of the thy-
roid gland, generally manifests as diffuse hetero-
geneous echotexture on ultrasound with
heterogeneous attenuation on CT imaging
(Fig. 5). Exploration with Doppler imaging may
additionally demonstrate widespread increased
vascularity.11 The entity can be subclassified as
chronic lymphocytic thyroiditis, de Quervain
thyroiditis, acute thyroiditis, Riedel thyroiditis, or
other less common forms.11 Chronic lymphocytic
thyroiditis, also known as Hashimoto thyroiditis,
is an autoimmune disorder and the most com-
mon cause of hypothyroidism in the United
States. Histologically, this form of thyroiditis
demonstrates a combination of inflammatory
cells and Hurthle cells. Specifically, for Hashi-
moto thyroiditis to be diagnosed, specific

https://doi.org/10.1016/j.nic.2021.04.001
https://doi.org/10.1016/j.nic.2021.04.001
https://doi.org/10.1016/j.nic.2021.04.001
https://doi.org/10.1016/j.nic.2021.04.002
https://doi.org/10.1016/j.nic.2021.04.002
https://doi.org/10.1016/j.nic.2021.04.002


Fig. 4. Graves’ disease. Thyroid scintigraphy (A) reveals diffuse thyroid enlargement with homogeneous increase
in thyroid uptake at 24 hours. Transverse midline (B) and longitudinal view of the right thyroid lobe (C) grayscale
ultrasound examination shows increased size of the thyroid gland, with rounded contours and heterogeneous
echotexture. Exploration with color Doppler imaging (D) of the right thyroid lobe shows markedly increased
parenchymal vascularity, termed “thyroid inferno.”

Fig. 5. Hashimoto thyroiditis. Axial fused FDG PET/CT image (A) shows diffusely increased FDG uptake with stan-
dardized uptake values of up to 12 (white arrow). Transverse midline (B) grayscale ultrasound imaging reveals
heterogenous echotexture owing to a confluence of small hyperechoic nodules and micronodules with diffusely
increased vascularity on power Doppler imaging (C). Histologic examination of tissue sample with hematoxylin
and eosin staining (D) shows a combination of both normal and atrophic thyroid follicles, fibrosis and germinal
centers.
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antithyroid peroxidase and antithyroglobulin anti-
bodies must be detected.

A common ultrasound appearance of Hashi-
moto thyroiditis is the heterogeneous echotexture
of the thyroid parenchyma characterized by multi-
ple hypoechoic micronodules (see Fig. 5). In
Hashimoto thyroiditis, micronodulation corre-
sponds to accentuated thyroid lobulation on the
pathologic specimen. The reported positive pre-
dictive value for micronodulation in diagnosing
Hashimoto thyroiditis was 94.7%. Sonographi-
cally, micronodules are generally 0.1 to 0.65 cm
in size, hypoechoic, and surrounded by an echo-
genic rim. The hypoechogenicity of micronodules
is due to massive infiltration by an exudate of lym-
phocytes and plasma cells similar to the hypoe-
chogenicity caused by lymphoma. Formation of
fibrous strands around the lobules causes a hyper-
echoic ring around eachmicronodule. Themajority
of micronodules, however, do not grow beyond
0.6 cm in size, distinguishing them from the larger
hypoechoic lymphoma.20 Ultrasound patterns
associated with an 100% specificity for benignity
include a “giraffe pattern” and the “white knight
pattern,” which are associated with Hashimoto
thyroiditis.21 The original giraffe pattern described
by Bonavita is composed of thin hypoechoic sep-
tations surrounding rounded hyperechoic foci giv-
ing the lesion the appearance of giraffe fur
(Fig. 6).22 The white knight is a term given to a ho-
mogeneously hyperechoic nodule (Fig. 7). Correct
identification of these patterns precludes the need
for histologic confirmation.

The proposed association between Hashimoto
thyroiditis and PTC remains a controversial topic.
The frequent coexistence of these 2 entities sug-
gests an underlying relationship. The prevalence
of PTC in the setting of underlying Hashimoto
Fig. 6. Hashimoto thyroiditis. Longitudinal grayscale
ultrasound of the thyroid parenchyma demonstrates
a focal area with a giraffe pattern characterized by
hyperechoic nodules (arrows) separated by hypoe-
choic septations (arrowhead).
thyroiditis is also greater than that in the general
population. In patients who had undergone total
thyroidectomy with a preoperative diagnosis of
Hashimoto thyroiditis, the incidence of PTC was
calculated at 40.2% for nodular variant Hashimoto
thyroiditis and 8.1% for diffuse variant Hashimoto
thyroiditis.23 Conversely, in patients undergoing
thyroidectomy for normofunctioning goiter, the
incidence of PTC was reported at 7.7%.23 The
detection of focal hypoechoic nodule larger than
the 0.6 cm size of micronodules in Hashimoto
thyroiditis, clustered microcalcifications, or
dystrophic calcification with asymmetric lobar
involvement should prompt the radiologist to sus-
pect PTC in the setting of underlying Hashimoto
thyroiditis (Fig. 8). Furthermore, special attention
must be paid to thorough assessment of cervical
nodes for the detection of lateral cystic
lymphadenopathy.

An additional association exists between Hashi-
moto thyroiditis and the development of primary
thyroid lymphoma (PTL). Data suggesting their cor-
relation include a greater reported incidence rate of
PTL in patientswithHashimoto thyroiditis, reported
at 16 persons per year per 10,000 persons, signifi-
cantly higher than that of the general population,
with some studies suggesting a 60-fold higher
risk.24 Furthermore, antithyroid peroxidase anti-
bodies have been detected in approximately 60%
to 80%of patientswith PTL,which further indicates
Hashimoto thyroiditis as a risk factor for the devel-
opment of PTL.24 It is suggested that the presence
of lymphocytes in Hashimoto thyroiditis that un-
dergo chronic antigenic stimulation predisposes
them to malignant transformation.24 On ultrasound
examination, diffuse asymmetric enlargement of
Fig. 7. Hashimoto thyroiditis. Longitudinal gray -scale
ultrasound image of the right thyroid lobe shows ho-
mogeneously hyperechoic nodule termed the white
knight (arrow) on a background of a diffusely hetero-
geneous parenchymal echotexture.



Fig. 8. Hashimoto thyroiditis and PTC. A grayscale ultrasound longitudinal view (A) of the right thyroid lobe
shows a focal confluent 1.5 cm hypoechoic nodule standing out from the background of thyroiditis (arrowheads)
with irregular borders, internal microcalcifications (white arrows), and mild peripheral vascularity (dashed ar-
rows) on power Doppler imaging (B) consistent with biopsy-proven PTC. A grayscale ultrasound longitudinal
view of the right lobe (C) and left lobe (D) in a different patient illustrate the diffuse hypoechoic PTC with micro-
calcifications (arrows) infiltrating the entire right lobe, in contrast with the benign heterogeneous hyperechoic
Hashimoto thyroiditis of the left lobe.
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the gland with homogeneously hypoechoic, lobu-
lated contour and increase through transmission
are features of PTL in underlying Hashimoto
thyroiditis (Fig. 9).
Multinodular Goiter

Whenever facing a diffuse multinodular thyroid, it
is comforting to know that an estimated 60% to
70% of thyroid nodules in which fine needle aspi-
ration is performed are classified as benign.11
Fig. 9. Thyroid lymphoma in Hashimoto thyroiditis. Transv
images of the right thyroid lobe shows a 3-cm lobulated
crease through transmission and internal vascularity (dash
revealed B-cell lymphoma in Hashimoto thyroiditis (not sh
The majority of these represent either benign follic-
ular nodules or thyroiditis. Benign follicular nod-
ules comprise a range of nodules including
nodular goiter, adenomatoid or hyperplastic nod-
ules, colloid nodules, nodules of Grave’s disease,
and follicular adenomas, which are composed of
varying proportions of benign follicular cells and
colloid material on histology.11 However, the inci-
dence of thyroid cancer in multinodular goiter is
the same and one must search for high suspicious
features of the nodules as demonstrated by ATA
erse (A) and longitudinal (B) view grayscale ultrasound
, diffusely hypoechoic nodule (white arrows) with in-
ed arrow) on power Doppler (C). Surgical pathology
own).
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and TI-RADS, as well as the detection of cystic or
calcific pathologic neck lymph nodes.

Both the giraffe and the white knight patterns,
associated with Hashimoto thyroiditis (as detailed
in the Thyroiditis section), were previously intro-
duced as ultrasound patterns with a 100% speci-
ficity for benignity. Additional patterns that
preclude histologic confirmation include spongi-
form nodules and “cysts with colloid clot” associ-
ated with benign follicular nodules.19,21

Spongiform nodules are composed of microcystic
foci making up a honeycomb pattern.25 A cyst with
colloid clot refers to a cystic nodule with an avas-
cular retracted clot with the clot having a similar
honeycomb appearance to a spongiform
nodule.22 The correct identification of these pat-
terns could obviate more than 60% of biopsies.22

Cross-sectional imaging, in particular CT scans,
can be obtained in patients with a multinodular
goiter to determine the extent of mediastinal
extension not assessed by ultrasound examination
(Fig. 10). This consideration is important in the pre-
operative evaluation of patients, as demonstrated
in 1 series of 665 patients, of whom 9.5% required
sternotomy for goiter resection rather than the
typical cervical approach.26 Preoperative planning
with CT scan or MR imaging can more clearly
define factors that would prompt the surgeon for
a thoracic approach including size larger than the
thoracic inlet, substernal extension or extension
to the aortic arch and loss of clear plane of tissue
around the goiter in the mediastinum (see
Fig. 10).26
MALIGNANT THYROID DISEASE

Considering the vast literature on oncologic thy-
roid diagnosis and management, it is a daunting
Fig. 10. Multinodular goiter. Axial (A, B) and coronal (C)
left-sided thyroid goiter (arrow) with substernal extensio
rows). The mediastinal component displaces the trachea (
task to provide a comprehensive discussion of
thyroid cancer. The assessment of thyroid nodules
for malignant features are addressed in detail in
the article of this series, titled Ultrasound of
Thyroid Nodules and the Thyroid Imaging
Reporting and Data System by Harshawn Malhi
and Edward Grant. The following review highlights
the commonly encountered thyroid malignancy
with key diagnostic features and staging.

Approximately 3% to 7% of biopsied thyroid
nodules are malignant with an additional 3% to
5% reported as suspicious for malignancy.11 Pri-
mary thyroid cancer is the most common malig-
nancy, of which 80% are PTC, with lymphoma
and metastatic disease being less frequent. Thy-
roid follicular epithelial-derived cancers are
divided into 3 major common categories: papillary
(differentiated, 85%), follicular (differentiated,
12%), and anaplastic (undifferentiated, <3%).
Medullary thyroid carcinoma originates from the
neural crest derived parafollicular C-cells of the
thyroid gland, distinguishing it as a separate cate-
gory from follicular cell–derived cancers.

Local invasivenessofa thyroidnodule raisesa red
flag for thyroidmalignancy, bothclinically and radio-
graphically, and is more commonly seen in
anaplastic thyroid carcinoma, lymphoma, and sar-
coma.27 It is suggestedclinically bydifficultybreath-
ing, voice changes, and dysphagia owing to
involvement of the trachea and larynx, recurrent
laryngeal nerve, and esophagus, respectively.27

Cross-sectional imagingplays a critical role in delin-
eating adjacent structural invasion, substernal
extent of tumor, involvement of mediastinal struc-
tures and prevertebral space, and carotid encase-
ment, which define resectability, surgical planning,
and the potential need for sternotomy and recon-
struction.26 For example, when tumor invasion of
postcontrast CT images of the neck show an enlarged
n into the mediastinum to the aortic arch (dashed ar-
*) and esophagus (arrowhead) to the right.

https://doi.org/10.1016/j.nic.2021.04.001
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the trachea extends inferiorly below the level of the
sternum, the probability of the need for sternotomy
increases.28 Assessment for tracheal and/or esoph-
ageal invasion on cross-sectional imaging aids in
complete presurgical evaluation to prevent incom-
plete resection and need for revision surgery.28

On imaging, local invasion is detected by exten-
sion of the tumor beyond the confines of the thy-
roid contour or frank invasion of neighboring
structures.27 Strap muscle involvement can be
ascertained with increased certainty when the tu-
mor extends through the muscle to the opposing
surface (Fig. 11).29 Loss of the echogenic capsule
on ultrasound examination is the best predictor of
the presence of extracapsular extension (T3b dis-
ease) with 75% sensitivity and 65% specificity
(Fig. 12). When 3 to 4 features of capsular abut-
ment, contour bulging, loss of echogenic capsule,
and vascularity beyond the capsule are present,
the specificity increases to 70% to 93% with low
sensitivity of 63% to 25% (see Figs. 11 and 12).
However, because T3b disease is resectable, the
low sensitivity of imaging evaluation for strap mus-
cle invasion may not be significant clinically.30

In the evaluation of tracheal and esophageal in-
vasion, tumor contact of more than 180� with the
trachea or esophagus, tracheal deformity, or loss
of normal wall of the esophagus, or intraluminal
mucosal tumor has high specificity (90%) but low
sensitivity (30%–60%) (see Figs. 11 and 12).31

The loss of the fat planes in the tracheoesophageal
Fig. 11. Invasive PTC. Transverse grayscale ultrasound ima
mass infiltrating the isthmus with capsular abutment and
of the neck (B) complements findings on ultrasound and d
(arrows) and intraluminal mucosal invasion of the trachea
oesophageal groove (arrowhead).
groove, more than 25% of tumor abutting the
capsule at the posterior thyroid and evidence of
vocal cord paralysis on CT scan and/or clinical
evaluation predict tumor invasion of the recurrent
laryngeal nerve when at least 2 of these findings
are present (see Fig. 12; Fig. 13).31 Deformity of
the common carotid artery contour and more
than 180� circumferential contact with tumor in-
creases the probability of vascular invasion, with
more than 270� circumferential involvement, likely
rendering the tumor unresectable.32

In the recent eighth edition of the American Joint
Committee on Cancer staging system for differenti-
ated thyroid cancer, notable changes were made
from the seventh edition, resulting in the downstag-
ingofmanypatientsand included increasing theage
cutoff for staging from 45 to 55 years (Table 1).33

Microscopic invasion of tumor into adjacent soft tis-
sues was removed as a component of T3 disease,
withT3diseasenowdivided intoT3a (>4cm isolated
to the thyroid) and T3b (any size tumor with gross
ETE into strap muscles).34 In patients 55 years of
age or older, stage III disease under the eighth edi-
tion is now defined as gross invasion into subcu-
taneous soft tissues and posterolateral structures
including the larynx, trachea, recurrent laryngeal
nerve and esophagus.33 Vascular encasement
involving the carotid arteries and mediastinal ar-
teries aswell as involvement of the prevertebral fas-
cia now define stage IVA disease.
ge of the thyroid gland (A) shows a hypoechoic solid
contour bulging (arrows). Axial postcontrast CT image
elineates anterior ETE of the mass to the strap muscles
(dashed arrow). Note the preservation of the trache-



Fig. 12. Papillary thyroid cancer. Transverse gray scale ultrasound image (A) shows a large right thyroid lobe infil-
trative hypoechoic solid mass with capsular abutment, contour bulging, and focal loss of echogenic capsule on
the left (arrows) with numerous internal echogenic foci compatible with microcalcifications. An axial postcon-
trast CT scan of the neck (B, C) reveals a heterogeneous tumor with microcalcification centered in the right thy-
roid lobe with extension across the isthmus to the medial left lobe (arrows). There is more than 180� of tracheal
abutment and displacement of the trachea to the left, suspicious for but without frank mucosal tracheal invasion
(*). Posterior tumor extension and completely effaced fatty tissue in right tracheoesophageal groove (dashed ar-
row) is suspicious for tumor invasion of recurrent laryngeal nerve. The tumor abuts the right lateral aspect of the
esophagus of less than 180� circumference and without esophageal invasion (dashed arrow). Metastatic lymph-
adenopathy is seen in the right lower neck (arrowheads in B) and upper mediastinum (arrowheads in C). Coronal
postcontrast CT image of the neck (D) shows the craniocaudal dimension of the mass with inferior extension to
the sternal notch (arrow) and displacement of the trachea to the left (*).
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Papillary Thyroid Carcinoma

PTC is the most common of the differentiated thy-
roid cancers and has an excellent prognosis and
10-year survival rate or more than 95%.29 In the
most recent eighth edition of the AJCC staging
system, patients less than 55 years of age are
staged as either stage I or II, reflecting the
excellent prognosis, even in the face of nodal me-
tastases and distant metastases.35

Malignant thyroid lesions are more likely to be
hypoechoic solid, taller than wide, and lobulated
on ultrasound examination and show calcifications
(American College of Radiology [ACR]-TIRAD TR5,
ATA high suspicion), from 26% to 79%, versus 8%
to 39% in benign lesions, with microcalcifications



Fig. 13. Follicular variant of PTC with poorly differentiated component. Longitudinal grayscale ultrasound image
of the thyroid (A) shows a heterogeneously hypoechoic solid nodule involving most of the left thyroid lobe
without internal calcifications (arrows). Axial (B) and coronal (C) postcontrast CT imaging of the neck delineates
the mass in the left thyroid lobe (arrows) with inferior extension to the upper mediastinum (dashed arrow) and
associated displacement of the trachea to the right (*). Posterior tumor extension and completely effaced fatty
tissue in the left tracheoesophageal groove (arrowhead) is suspicious for tumor invasion of the recurrent laryn-
geal nerve.

Table 1
Comparing the AJCC seventh and eighth editions for differentiated and anaplastic thyroid cancer

Stage Seventh Edition Description

Seventh
Edition
10-y DSS Eighth Edition Description

Eighth Edition
Expected 10-y
DSS

Younger patients

I Age <45 y
All patients without distant
metastases regardless of
tumor size, lymph node
status, or ETE

97%–100% Age <55 y
All patients without distant

metastases regardless of
tumor size, lymph node
status, or ETE

98%–100%

II Age <45 y
Distant metastases

95%–99% Age <55 y
Distant metastases

85%–95%

Older patients

I Age �45 y
�2 cm tumor
Confined to thyroid

97%–100% Age �55 y
�4 cm tumor
Confined to thyroid

98%–100%

II Age �45 y
2–4 cm tumor
Confined to thyroid

97%–100% Age �55 y
Tumor >4 cm
Or tumor of any size with

central or lateral neck lymph
nodes or gross ETE into strap
muscles

85%–95%

III Age �45 y
>4 cm tumor
Or minimal ETE or central
neck lymph node
metastasis

88%–95% Age �55 y
Tumor of any size with gross

ETE into subcutaneous
tissue, larynx, trachea,
esophagus, recurrent
laryngeal nerve

60%–70%

Adapted from Perrier ND, Brierley JD, Tuttle RM. Differentiated and anaplastic thyroid carcinoma: Major changes in the
American Joint Committee on Cancer eighth edition cancer staging manual. CA Cancer J Clin. 2018;68(1):55-63. https://
doi.org/10.3322/caac.21439.
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Fig. 14. A 21-year-old woman with an enlarged thyroid on physical examination. A midline transverse grayscale
ultrasound image (A) of the thyroid shows enlargement of the gland with multifocal hypoechoic nodules in the
bilateral lobes (white arrows) with scattered microcalcifications (dashed arrows). Dedicated transverse and longi-
tudinal imaging of the right thyroid lobe (B) delineates one such nodule with calipers with hypoechoic echotex-
ture and internal microcalcifications (dashed arrows). A biopsy revealed diffuse sclerosing variant of PTC.
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more likely found in PTC (see Figs. 11 and
12).4,5,32 Nodal metastases are a common occur-
rence in PTC and can be seen in 40% of adults
diagnosed with this malignancy.29 Metastatic
lymph nodes may be cystic, necrotic, calcified or
have internal hemorrhage and are well depicted
on ultrasound examination.29 Cross-sectional im-
aging allows for the careful evaluation of upstaging
features including invasion of the trachea, esoph-
agus, strap muscles and tumor extent for surgical
planning (see Figs. 11–13).

The aggressive variants of PTC typically present
with aggressive findings at the time of diagnosis
such as ETE and metastasis as well as poorer
prognosis compared with the classical PTC. In
adults, they include the tall cell variant, columnar
cell variant, diffuse sclerosing variant, and follicular
variant.4,5 The follicular variant typically exhibits
features more commonly seen in follicular thyroid
carcinoma (FTC), more likely to be isoechoic to
hyperechoic, noncalcified, round nodules with
regular smooth margins (see Fig. 13).4,5 The tall
cell variant is associated with more aggressive
features, such as ETE and nodal metastases,
compared with classical and follicular type PTC,
and even in cases with just 10% tall cell
Fig. 15. FTC. Longitudinal grayscale andpowerDoppler ultr
scan (B) show a lobulated hypoechoic solid hypervascular n
(arrowhead onA) and FDG avidity (arrow on B). Lungwindo
monary metastasis (white arrows) and vertebral lytic metas
composition, this portends a worse prognosis
including higher recurrence rates and increased
mortality.36 This variant tends to present at older
age and with larger tumors compared with clas-
sical PTC.37
Diffuse Sclerosing Variant of Papillary
Carcinoma

The diffuse sclerosing variant of papillary carci-
noma is a rare, aggressive subtype that is gener-
ally diagnosed in a younger age group,
particularly in female patients.38,39 The prevalence
is estimated at approximately 0.7% to 6.6%
among patients with PTC.39 This variant has a
greater propensity for presenting with bilateral le-
sions, extracapsular extension and nodal metasta-
ses.39 On ultrasound examination, the diffuse
sclerosing variant of papillary carcinoma is char-
acterized by diffuse enlargement of the thyroid pa-
renchyma with heterogeneous echogenicity and
numerous internal hyperechoic foci.38 A large pro-
portion, estimated at up to 83%, of cases show
diffuse microcalcifications.38 Additionally, 1 or
multiple suspicious masses can be identified in
the thyroid gland. These findings closely correlate
asound images of the thyroid (A) and fused axial PET-CT
odule in the right thyroid lobe with macrocalcification
w axial CT imaging of the chest (C) showsmultiple pul-
tasis (dashed arrow).
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with histopathologic findings of psammoma
bodies, widespread fibrosis, and lymphocytic infil-
tration.38 In summary, this entity should be consid-
ered in younger adult patients with enlarged
thyroids, scattered microcalcifications and suspi-
cious masses (Fig. 14).38
Follicular Thyroid Carcinoma

FTC is the second most common type of differen-
tiated thyroid cancer after PTC and displays a
Fig. 16. Spectrum of imaging findings in medullary thyro
the right thyroid lobe (A) shows high suspicion features
solid, irregular margin, taller than wide and internal cal
of the neck of the same patient (B) demonstrates a hetero
ETE (arrows). Patient 2 axial postcontrast CT scan of the nec
invasive mass in the right thyroid lobe (arrows) with oblite
encasement/invasion of the right common carotid artery (
ential involvement of the trachea by hypodense tumor (*
arrow). MR imaging (D) nicely delineates how the mass pos
and ventral vertebral body (double arrow) with invasion o
ervation on the left (black arrowhead).
more aggressive behavior.40 Hematogenous met-
astatic spread to lung and bones may be seen in
up to one-third of patients at presentation, and
on pathology vascular invasion may be seen in
close to one-half of patients.41 Spread to cervical
lymph nodes is uncommon compared with PTC.29

On ultrasound examination, FTC not only ex-
hibits highly suspicious ultrasound features such
as hypoechoic solid, lobulated/irregular margin
(ACR-TIRAD TR5, ATA high suspicion), but also
typically is more likely to be an isoechoic to
id cancer. Patient 1 transverse grayscale ultrasound of
of the nodule (arrows) include markedly hypoechoic,
cifications (arrowheads). Axial postcontrast CT image
geneous mass with internal calcifications and without
k (C) and T2 fat-saturated axial MR image (D) show an
ration of the internal jugular vein, and circumferential
white arrowheads). CT image (C) illustrates circumfer-
) and invasion of the strap muscles anteriorly (dashed
teriorly abuts the right vertebral artery (dashed arrow)
f the prevertebral musculature on the right and pres-



Fig. 17. Hurthle cell carcinoma. Axial (A, B) and coronal (C) postcontrast CT images of the neck show a large inva-
sive mass centered in the left thyroid lobe with invasion of the strap muscles (arrows) as well as mucosal luminal
invasion of the trachea (dashed arrow). The mass demonstrates caudal extension to the upper mediastinum (*)
with gross intraluminal esophageal invasion (arrowheads).

Fig. 18. Anaplastic thyroid cancer in multinodular goiter. Longitudinal grayscale ultrasound image of the isthmus
(A) and power Doppler ultrasound image of the left lobe (B) show a hypoechoic mass (arrowheads) with calcifi-
cation (arrows). Axial postcontrast CT image (C) and fusion FDG-PET/CT image (D) show the heterogeneous
partially calcified FDG avid thyroid mass replacing the entire left thyroid lobe and isthmus (arrowheads) and
invading the trachea (arrow).
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hyperechoic, noncalcified, round nodule with reg-
ular smooth margins (Fig. 15).4,5 Microcalcifica-
tions are less common in FTC compared with
PTC, but the presence of egg shell and macrocal-
cifications may help to suggest FTC.42

Medullary Thyroid Carcinoma

Medullary thyroid cancer is rare, making up 1% to
2% of all thyroid cancers, but accounts for 13.4%
of thyroid-related cancer deaths.43 The majority of
cases are sporadic, but approximately 25% cases
are associated with RET mutations and make up
part of the medullary endocrine 2A or 2B neoplasia
syndromes.44

On ultrasound examination, most medullary thy-
roid cancers also exhibit the features of high and
intermediate ACR TIRAD and ATA suspicion
(Fig. 16).45,46 The presence of microcalcification
and the irregular shape of the nodule are signifi-
cantly associated with metastatic lymph nodes.
Medullary thyroid cancer displays aggressive
behavior and, at presentation, 35% of patients
have ETE or nodal disease and 13% show distant
metastatic disease.47 Current ATA guidelines
recommend evaluation for metastatic disease in
patients with calcitonin levels of more than 500
pg/mL.48

Multimodality imaging (ultrasound examination,
CT scan, MR imaging, and PET/CT scan) is often
used to evaluate the full extent of disease from
local structural invasion, regional nodal metas-
tasis, to distant lung and bonemetastasis. Further-
more, information provided by imaging evaluation
aids in determining extent of resectable disease
and need for systemic treatment (see Fig. 16).32

Hurthle Cell Carcinoma

Hurthle cell carcinoma is a differentiated tumor
demonstrating a more aggressive pattern of
behavior compared with PTC. Previously, Hurthle
Fig. 19. Thyroid lymphoma. FDG-PET (A) and axial postcon
FDG avid, noncalcified homogenous soft tissue mass (w
invading the trachea (arrowhead) and associating with so
cell cancer was considered a variant of follicular
thyroid cancer; however, recently Hurthle cell can-
cer has been recognized as a distinct tumor
type.49 Like FTC, Hurthle cell thyroid cancer has
a predilection for hematogenous spread to distant
sites such as bone and lungs.44

As in other aggressive thyroid cancers, the eval-
uation of invasive features is important for surgical
planning. ETE, including esophageal invasion with
luminal disease, requires complete resection of
the segment of esophageal tract involvement fol-
lowed by reconstruction (Fig. 17).50 When tumor
invasion is confined only to the muscularis of the
esophagus however, the invaded section can be
resected with preservation of the underlying
submucosa.50
Anaplastic Thyroid Carcinoma

Anaplastic (undifferentiated) carcinoma comprises
2%of primary thyroid carcinomas,most commonly
occurs in people over the age of 60 years, and is
characterized by locally aggressive, rapidly pro-
gressive and invasive tumors that can take over
the whole lobe with a 5-month median survival
rate and a 1-year survival rate of 20% (Fig. 18).11

Therefore, a rapidly enlarging thyroid lobe or gland
with airway compromise in adults should raise sus-
picion for anaplastic carcinoma.
Helpful differentiating features between

anaplastic thyroid carcinoma and lymphoma on im-
aging include the presence of calcifications and ne-
crosis in anaplastic thyroid carcinoma as well as
heterogeneous attenuation on CT scans.51 In
contrast, lymphoma shows homogeneous attenua-
tion and lack of calcifications and necrosis.51 A core
biopsy in suspected anaplastic thyroid carcinoma
versus lymphoma can aid in initiating prompt diag-
nosis and treatment.
trast CT (B, C) images of a different patient show the
hite arrows) replacing the entire left thyroid lobe,
lid left lateral neck adenopathy (dashed arrows).



Fig. 20. Thyroid metastasis from squamous cell carcinoma of left base of tongue. Axial postcontrast CT scan of the
neck (A) and concurrent axial fused FDG-PET/CT scan at the same level (B) shows a normal-sized thyroid gland
with background FDG uptake (white arrows). Axial postcontrast CT scan of the neck (C) and concurrent axial
fused FDG-PET/CT scan at the same level (D) performed 6 months later reveals interval enlargement and
decreased, heterogeneous attenuation of the thyroid gland with markedly increased diffuse tracer uptake
(dashed arrows) consistent with biopsy-proven metastatic infiltration of the thyroid gland from squamous cell
carcinoma. A hypermetabolic subcutaneous nodule in the left upper chest corresponds to an additional metasta-
tic deposit (arrowhead).
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Thyroid Lymphoma

Thyroid lymphoma makes up 1% to 5% of thyroid
malignancies and is characterized by an abnormal
proliferation of lymphocytes.11 The most common
type of lymphoma to affect the thyroid is extrano-
dal marginal zone B-cell lymphoma, followed by
diffuse large B-cell lymphoma. Lymphoma of the
thyroid gland generally presents as a single hypo-
echoic mass on ultrasound (see Fig. 9).11 On CT
scans, lymphoma of the solid organs often mani-
fests as a solid enhancing mass or diffuse involve-
ment and enlargement and can exhibit local
invasiveness. The lymphomatous lymph nodes
are generally enlarged and of homogeneous den-
sity (see Fig. 16). Non-Hodgkin lymphoma of the
thyroid is a rare occurrence and generally occurs
in elderly women with a prior history of Hashimoto
thyroiditis or multinodular goiter. Therefore, in
Hashimoto thyroiditis a confluent hypoechoic
mass that is, larger than the background 0.1 to
0.6 cm micronodules, should raise suspicion for
lymphoma (Fig. 19).20
To distinguish between anaplastic thyroid carci-
noma or aggressive PTC and thyroid lymphoma,
the radiologist must be able to identify classic lym-
phoma imaging features and recognize the
absence of a heterogeneous multinodular thyroid
gland, lack of calcifications and absence of cystic
lymphadenopathy.52

Thyroid Metastasis

Metastasis may be due to direct invasion or distant
dissemination to the thyroid and are considered
rare. The most common primary tumors to metas-
tasize to the thyroid include lung, breast and renal
cell primaries (Fig. 20).27 Ultrasound-guided fine-
needle aspiration can be performed for histologic
confirmation.53
SUMMARY

Imaging evaluation of the thyroid gland spans a
plethora of modalities, including ultrasound exam-
ination, cross-sectional studies, and nuclear
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medicine techniques. The overlapping of clinical
and imaging findings of benign and malignant thy-
roid disease can make interpretation a complex
undertaking. We provide a practical approach to
imaging of thyroid disease and highlight the keys
to differentiate and diagnose common benign
and malignant disease affecting the thyroid gland.
CLINICS CARE POINTS
� Ultrasound examination serves as the most
sensitive imaging modality for evaluation of
the thyroid parenchyma and for guidance of
image-guided biopsies.

� Cross-sectional imaging, including CT scans
and MR imaging, serves as an adjunct to
assessment of thyroid pathology by providing
information on disease extension and charac-
terization of nodal stations not readily evalu-
ated by ultrasound examination.

� The categorization of thyroid disease into
diffuse and focal processes aids in narrowing
the differential diagnoses.

� Entities that result in diffuse thyroid paren-
chymal abnormality include a broad spectrum
of thyroiditis, with multinodular goiter and
malignant infiltration considered within the
differential considerations.

� Focal disorders of the thyroid gland include
benign and malignant pathology with imag-
ing characteristics that can guide the radiolo-
gist to favor certain entities.

� Diffuse sclerosing variant of papillary carci-
noma constitutes a rare subtype that is seen
in young women portends an unfavorable
prognosis and is characterized by diffuse infil-
tration of the gland with microcalcifications
and heterogeneous echogenicity.

� An underlying diagnosis of Hashimoto
thyroiditis represents a risk factor for PTL
and a questionable risk factor for the devel-
opment of PTC.
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