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KEY POINTS

� Ultrasound is the best screening and diagnostic test for evaluation of the thyroid gland.

� Thyroid ultrasound is best performed with the patient in a supine position with the neck
hyperextended.

� The normal thyroid gland is homogeneous in appearance.

� There are a few anatomic variants to consider when imaging the thyroid gland as to not mistake
normal anatomy for pathology.
m

INTRODUCTION

The thyroid is a superficial structure in the ante-
rior neck. Because of this superficial location, ul-
trasound is the imaging modality of choice for
evaluation of the thyroid gland. It is safe, inex-
pensive, and an effective diagnostic test.
Furthermore, the components of ultrasound of
the thyroid gland are well established, including
the appearance of the normal thyroid gland and
thyroid pathology.

IMAGING PROTOCOLS

The thyroid is imaged using a high-frequency
linear transducer (7–15 MHz) with the patient lying
supine with the neck in hyperextension. Placing a
rolled towel beneath the upper shoulders can
help extend the neck in larger patients or in pa-
tients with a low-lying gland. Ideally, the highest
frequency available should be used to evaluate
the thyroid gland; however, in certain clinical cir-
cumstances the frequency should be decreased
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to optimize tissue penetration. Both lobes should
be imaged in transverse and longitudinal planes,
and the isthmus should be imaged in the trans-
verse plane. Measurements should be obtained
for each lobe including the anteroposterior, trans-
verse, and sagittal dimensions. The anteroposte-
rior dimension of the isthmus should be measured
in the transverse plane. Color Doppler images are
obtained to supplement gray scale images in the
appropriate clinical setting (ie, suspected thyroid-
itis) and to help characterize a focal abnormality
or nodule. Imaging should also extend superiorly
in the midline to detect a pyramidal lobe or thyro-
glossal duct cyst.

A complete evaluation of the thyroid also in-
cludes imaging of the internal jugular lymph
node chain bilaterally to assess for the presence
of enlarged or abnormal-appearing lymph
nodes.1 The bilateral internal jugular chains are
imaged in the transverse plane from the clavicle
to the level of the hyoid (levels III, IV, and VI).
Any enlarged benign-appearing lymph nodes or
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Fig. 1. Normal transverse thyroid on grayscale ultra-
sound. C 5 carotid artery; SM 5 strap muscles;
T 5 trachea. Note the homogenous echotexture and
symmetric morphology without enlargement.
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abnormal-appearing lymph nodes of any size are
measured in three planes (anteroposterior, trans-
verse, sagittal). Because enlarged benign-
appearing lymph nodes are commonly identified
in levels IA and IB and are almost universally
related to the mouth and not the thyroid, these
levels are not included in the standard thyroid
protocol.
IMAGING FINDINGS

The thyroid is a bilobed structure in the neck that
is located anterior to the trachea, with the lobes
extending vertically along the right and left sides
of the trachea (Fig. 1). The isthmus is the portion
of the thyroid gland that connects the two
lobes anteriorly. The trachea lies immediately
posterior to the isthmus and is air-filled. Postero-
lateral to the thyroid lobe on each side is the ca-
rotid sheath, containing the common
carotid artery medially and internal jugular vein
laterally. Immediately anterior (superficial) to the
thyroid are the strap muscles. The strap muscles
include the sternohyoid and sternothyroid
Fig. 2. (A) Sagittal left lobe of the thyroid on grayscale u
(arrows). (B) Transverse image of the left lobe of the thyroi
(arrow).
anterior to the thyroid, the sternocleidomastoid
muscles anterolateral to the thyroid, and the lon-
gus colli muscles posteriorly. The esophagus is
most commonly located posterior to the left
lobe of the thyroid and can contain air (Fig. 2).
When evaluating the thyroid in the context of pa-
thology that the thyroid lacks a true capsule, it
does typically have a well-defined peripheral
margin.
Sonographically, the normal thyroid gland is ho-

mogeneously echogenic with increased echogenic-
ity as compared with the adjacent strap muscles.
There are no specific anatomic landmarks within
the thyroid. The size of the normal thyroid gland is
variable, but in adults, each lobe measures approx-
imately 5 � 2 � 2 cm (sagittal � anteroposterior �
transverse) with the isthmus measuring up to
0.3 cm in anteroposterior dimension.2–6 A thyroid
gland that is larger than these measurements is
typically considered enlarged. An additional imag-
ing finding that can further suggest that the thyroid
is enlarged is bulging of the anterior surface of each
lobe because this surface is typically symmetric
and flat appearing (Fig. 3A). Extension of the gland
over the anterior surface of the common carotid ar-
tery on a transverse image is evidence of gland
enlargement (Fig. 3B). The normal thyroid gland
can also extend over the surface of the carotid,
but the anterior contour is typically flat. In children,
gland shape and contour are used to indicate gland
enlargement rather than size.
Sonographic evaluation of lymph nodes in the

mid and low neck (levels III, IV, and VI) should be
part of every thyroid ultrasound. Size and sono-
graphic characteristics of the nodes should be
assessed. Although size criteria are varied, at
our institution a lymph node is considered
enlarged if it measures greater than or equal to
7 mm in transverse diameter.2 Size and location
ltrasound (calipers). The esophagus is seen posteriorly
d (calipers) with the esophagus located more posterior



Fig. 3. (A) Sagittal grayscale ultrasound image of the thyroid (calipers) with bulging of the anterior potion (ar-
rows), which suggests an enlarged gland. (B) Transverse grayscale ultrasound image of an enlarged left lobe of
the thyroid (calipers) extending over the carotid artery (C).

Ultrasound of Normal Thyroid 1035
of benign nodes meeting the criteria for enlarge-
ment are included in the report. Sonographic
characteristics that are highly correlated with
benign etiologies include an elongated shape,
Fig. 4. (A) Transverse grayscale image of a pyramidal lobe
lobe. (B) Sagittal grayscale image of the pyramidal lobe (a
tains a nodule (arrow).
tapered or pointed ends, and a thin echogenic
hilum. Color Doppler is used to visualize a single
vessel entering the node at the hilum and
branching toward each end of the node.7
(arrow) in a patient with surgical absence of the left
rrowhead). The imaged portion of the right lobe con-



Fig. 5. Sagittal grayscale image of the right lobe with
normal thyroid tissue arising from the posterior
margin of the gland (arrows), also known as the tu-
bercle of Zuckerkandl. Note the similar echotexture
as the rest of the gland.

Richman & Frates1036
ANATOMIC VARIANTS

� Pyramidal lobe: Appears as normal thyroid tis-
sue that arises from the isthmus and extends
superiorly, anterior to the trachea. It may lay
slightly to the right or left of true midline
(Fig. 4). It is important to recognize and report
this normal variant, because nodules can
occur in this lobe, and it could potentially be
overlooked by the surgeon during a
thyroidectomy.

� Zuckerkandl tubercle: A protuberance of the
normal thyroid tissue that arises from the pos-
terior margin of the gland and extends poste-
rior to the tracheoesophageal groove, most
commonly on the right (Fig. 5). It is an impor-
tant anatomic landmark for surgeons because
of its relationship with the recurrent laryngeal
nerve, which is typically located medial to
the Zuckerkandl tubercle.8–10 This normal
Fig. 6. Transverse grayscale image of the thyroid in a
patient with congenital absence of the left lobe (ar-
row). The right lobe contains a partially cystic nodule.
protuberance of tissue can mimic a thyroid
nodule in the transverse plane (pseudonod-
ule); however scanning in the sagittal plane
confirms that the area is contiguous with
normal thyroid tissue and is not a discrete
nodule.

� Thyroglossal duct remnant: During normal
embryonal development, the thyroid de-
scends from the foramen cecum at the base
of the tongue to its normal anatomic location
in the low anterior neck. A remnant thyroglos-
sal duct can remain along the path of descent,
and residual thyroid tissue is seen in this area,
manifested as a pyramidal lobe if connected
to the gland, and as ectopic thyroid tissue if
separate. If descent of the gland continues
below the normal anatomic location, thyroid
tissue is seen inferiorly within the
mediastinum.

� Partial or complete congenital absence of the
thyroid: Rarely, the thyroid gland is partially or
completely absent at birth. In partial agenesis
there may be agenesis of one lobe with resul-
tant compensatory hypertrophy of the remain-
ing lobe (Fig. 6).11 There could also be
sonographically normal thyroid tissue located
ectopically, including laterally (Fig. 7), at the
base of the tongue (lingual gland), in the supe-
rior mediastinum/thymus, or along the remnant
thyroglossal duct (Fig. 8).12,13 Newborn infants
are routinely screened for the presence of thy-
roid hormone to exclude complete agenesis of
the thyroid, because thyroid hormone is critical
for normal development.

IMAGING PITFALLS

� In some patients with a Zuckerkandl tubercle,
if the intervening tissue is very thin, the
appearance can mimic a nodule on transverse
Fig. 7. Transverse grayscale image of the right lobe of
the thyroid with ectopic thyroid tissue more lateral to
the thyroid bed (arrow).



Fig. 8. Transverse grayscale image of
the high midline neck with ectopic thy-
roid tissue (calipers) anterior to the tra-
chea (arrows).

Fig. 9. (A) Transverse grayscale image of the right lobe with a thin echogenic interface and additional tissue
noted posteriorly in the lower pole, mimicking the appearance of a posterior nodule (arrows). (B) Sagittal gray-
scale image of the right lobe demonstrates that this posterior lower pole thyroid tissue (arrow) is contiguous with
adjacent thyroid tissue, consistent with a pseudonodule.

Fig. 10. Transverse grayscale image of the right lobe
with the esophagus posterior to the thyroid (arrow).
The esophagus may occasionally be seen to the right
of the trachea.
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imaging. However, on sagittal images this thy-
roid tissue is contiguous with the more supe-
rior thyroid tissue, and the finding is actually
a pseudonodule (Fig. 9).
g. 11. Transverse grayscale image of the left lobe.
sterolateral to the left lobe is an esophageal dupli-
tion cyst containing gas within the lumen (calipers)
at displaces the normal gland anteriorly.



Fig. 12. Sagittal grayscale image of the
right lobe with thymus posterior to the
thyroid gland (calipers).
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� Occasionally, the esophagus can appear pos-
teriorly to the right lobe and should not be
mistaken for pathology (Fig. 10). Esophageal
pathology on either side canmimic thyroid pa-
thology (Fig. 11).

� In young children, the thymus is almost always
visible immediately inferior to the lower poles
of the thyroid in the superior mediastinum, and
it should not be mistaken for pathology. The
normal thymusappears heterogeneousandhy-
poechoic relative to normal thyroid tissue, with
multiple prominent linear echogenic foci.14

Normal thymic tissue can extend into the thy-
roid bed, typically posterior to the gland
(Fig. 12).15 Occasionally, thymic tissue is
locatedwithin the gland andmimics a nodule.16
TECHNICAL PEARLS

� Place a towel roll or pad behind the shoulders
to improve neck hyperextension, particularly
in larger patients or those with a short neck.

� In obese patients or patients with a thyroid
that extends into the superior mediastinum,
a lower frequency probe is used for increased
penetration.

� Consider imaging the soft tissuesuperior to the
thyroid isthmus to look for normal anatomic
variants, such as a pyramidal lobe, or pathol-
ogy, such as a thyroglossal duct cyst.
SUMMARY

Ultrasound is the best imaging modality for a
comprehensive evaluation of the thyroid. The thy-
roid is best imaged using a high-frequency linear
probe with the patient in a supine position with
the neck hyperextended. Normal thyroid is homo-
geneous in appearance without defining anatomic
landmarks within the gland. A few anatomic vari-
ants can occur, and it is important for the sonogra-
pher and radiologist to be aware of these variants,
to avoid misidentifying them as a pathology.
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