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ABSTRACT

The use of ultrasound for thyroid cancer has evolved
dramatically over the last few decades. Since the late
1960s, ultrasound has become essential in the examina-
tion of the thyroid gland with the increased availability
of high-frequency linear array transducers and com-
puter-enhanced imaging capabilities of modern day
portable ultrasound equipment in a clinic- or office-based
setting. As a noninvasive, rapid, and easily reproducible
imaging study, ultrasound has been demonstrated to have
a broadened utility beyond the simple confirmation of
thyroid nodules and their sizes. Recently, office-based
ultrasound has become an integral part of clinical prac-

tice, where it has demonstrated overwhelming benefits
to patients being evaluated and treated for thyroid can-
cer. Ultrasound has become useful in the qualitative
characterization of thyroid nodules based on benign or
malignant features. On the basis of such classifications
and the relative risk for thyroid malignancy, the need
for ultrasound-guided fine-needle aspiration, preopera-
tive and intraoperative staging, lymph node mapping,
and the extent of surgery can subsequently be deter-
mined. Furthermore, ultrasound has additional value in
the surveillance of patients treated for thyroid cancer.
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INTRODUCTION

The use of ultrasound in the clinical evaluation of patients
with thyroid lesions has expanded from the detection of
nonpalpable thyroid nodules to include the delineation
of benign and malignant thyroid lesions, the examination of
lymph node basins for staging purposes and treatment plan-
ning, fine-needle aspiration (FNA) guidance for thyroid
nodules or suspicious-appearing lymph nodes, intraopera-
tive localization of thyroid lesions and/or lymph nodes, and

postoperative surveillance for recurrent thyroid cancer (Ta-
ble 1) [1-7]. Clinic- or office-based ultrasound can be an
invaluable extension of the clinical examination as this mo-
dality can image thyroid lesions and provide additional in-
formation in real time with greater clarity that otherwise
might have been missed by history and physical examina-
tion or by incomplete referral ultrasound [1, 5-7]. The su-
periority of thyroid ultrasound over physical examination
allows for the evaluation and characterization of thyroid
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Table 1. Indications for the use of ultrasound in the
management of thyroid cancer

Extension of initial physical examination of the thyroid
gland

Identify nonpalpable thyroid nodules

Identify nodules elsewhere (e.g., contralateral lobe) in the
thyroid gland

Differentiate between benign and malignant thyroid
lesions

Assess for extrathyroidal involvement of surrounding neck
structures

Assess for neck lymphadenopathy
Preoperative staging of thyroid cancer

Guidance of fine-needle aspiration of thyroid nodules and
lymph nodes

Enhance intraoperative localization and resection of initial
and recurrent thyroid cancer

Postoperative surveillance for recurrent thyroid cancer

nodules, the entire thyroid gland, and cervical lymph nodes,
which may change management in >60% of patients who
have been referred for a solitary thyroid nodule [4]. From
such imaging results, ultrasound-guided FNA of suspicious
thyroid nodules can be performed with alow sampling error
rate. Ultrasound and FNA can provide an important service
to patients and referring physicians who may not have the
equipment and means to perform FNA biopsies, or in those
who have undergone previous inconclusive biopsies. Ultra-
sound may also identify coexisting thyroid and lymph node
disease that may influence the extent of the intended thyroid
operation [1, 5, 6]. Recently, ultrasound was used to preop-
eratively stage patients with well-differentiated thyroid
cancer and to determine the extent of surgical resection, in-
cluding formal neck dissection, in certain patients [5, 8]. In-
traoperative ultrasound has been used to determine the
optimal neck incision location and to localize difficult and
nonpalpable lesions intraoperatively for surgical removal.
Ultrasound can also be used to monitor for recurrent disease
in those patients who have undergone surgical resection for
thyroid cancer.

ULTRASOUND OF THYROID NODULES

Thyroid nodules are clinically common and important be-
cause they often require further evaluation to exclude the
underlying possibility of thyroid cancer that can occur in
5%—15% of individuals depending on several factors, in-
cluding age, gender, a family history of thyroid cancer, and
a history of radiation exposure, among others [9]. Differen-
tiated thyroid cancer, namely, papillary and follicular can-
cer, comprises the overwhelming majority (90%) of thyroid
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cancers. In the U.S., its overall increased incidence has been
attributed solely to a 2.9-fold increase in papillary thyroid
cancer from 1988 to 2002 [10]. This overall trend may be
explained, in part, by the increased widespread use of neck
ultrasound and earlier management of thyroid nodules.

Thyroid ultrasound is used to evaluate index nodule
size, location, characteristics, and the number and presence
of additional thyroid nodules (e.g., contralateral lobe), and
for the detection of suspicious-appearing lymph nodes.
Nodule size has been shown to not be predictive of malig-
nancy. Patients with multiple thyroid nodules also have the
same risk for malignancy as those with solitary nodules,
and it is recommended that all patients with nodular thyroid
glands undergo ultrasound evaluation [2, 4]. Although no
single ultrasound feature carries a high sensitivity and pos-
itive predictive value for thyroid cancer, there is evidence to
suggest that a number of ultrasound characteristics, when
occurring together, are associated with a higher risk for ma-
lignancy [11, 12]. Recent evidence also suggests that pre-
operative ultrasound may alter the planned surgical
procedure in cases where newly discovered multifocal thy-
roid cancer with regional metastasis may alert the surgeon
to perform a total thyroidectomy with extended neck dis-
section [1, 5].

Characteristics of Thyroid Nodules

A variety of ultrasound characteristics are thought to differ-
entiate benign from malignant thyroid nodules [2, 3]. These
ultrasound features include echogenicity, internal echo pat-
tern, margins, shape/dimension ratio, calcifications, acous-
tic phenomenon, compressibility, and vascularity (Table 2).
Whereas the well-defined and smooth margins of a thyroid
nodule may signify benignity, irregular or ill-defined le-
sions suggest malignancy. Although benign nodules are
more likely to be entirely cystic in nature, many malignant
lesions are solid and appear hypoechoic relative to adjacent
thyroid tissue. Furthermore, thyroid nodules with a spongi-
form appearance comprised of >50% multiple microcystic
components are most likely benign [13, 14]. A thyroid nod-
ule defined as being greater in its anteroposterior than its
transverse dimension (i.e., taller greater than wider) has
been described as more likely to be malignant than benign
[3]. Thyroid nodules with microcalcifications are more
strongly associated with malignancy than those with coarse
or no calcifications (Fig. 1). Central vascularity is more
likely to be characteristic of malignant thyroid nodules,
whereas peripheral vascularity is associated with benign le-
sions [2, 3]. Apart from the index nodule, the presence of
suspicious-appearing lymph nodes is also associated with
thyroid malignancy. More recently, ultrasound compress-
ibility or elastography was shown to distinguish between
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Table 2. Ultrasound features associated with benign and malignant thyroid nodules

Feature Benign Malignant
Echogenicity Isoechoic Hypoechoic
Internal echo pattern Homogeneous Heterogeneous
Margins Smooth, well defined Irregular, ill defined
Anteroposterior diameter/transverse dimensions Wider than tall Taller than wide
Calcifications Coarse/none Microcalcifications
Vascularity Peripheral Central

Spongiform appearance Yes No
Lymphadenopathy No Yes

Figure 1. Malignant thyroid nodule. Longitudinal view of the
right thyroid lobe. A combination of hypoechogenicity, irreg-
ular borders, and microcalcifications in the same solitary thy-
roid nodule has a strong correlation with thyroid cancer.

benign and malignant nodules, whereby significantly
higher stiffness or less compressibility of the thyroid lesion
was correlated highly with malignancy [15]. This ultra-
sonographic technique, however, requires additional vali-
dation with prospective studies.

The difficulty in distinguishing between benign and ma-
lignant thyroid nodules is, in part, a result of the overlap in
ultrasound characteristics with no single feature having the
highest accuracy in delineating either diagnosis. Recent evi-
dence, however, suggests that the combination of hypoecho-
genicity, irregular borders, and microcalcifications in the same
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solitary thyroid nodule has the strongest correlation with dif-
ferentiated thyroid cancer with a 30-fold higher risk for malig-
nancy [12]. Furthermore, in patients with indeterminate FNA
results, when two or more ultrasound features are present, the
likelihood of malignancy increases to >55% [11]. In patients
with a thyroid nodule suspicious for papillary thyroid cancer
on ultrasound-guided FNA and with ultrasound features
associated with malignancy, the risk for thyroid cancer is
very high (95%), necessitating thyroidectomy [16]. Such
recent findings suggest that a preoperative ultrasound
provides additional information that can help surgeons
determine the extent of operation needed in patients with
suspicious thyroid lesions.

Ultrasound-Guided FNA

Since ultrasound alone cannot reliably predict the benign or
malignant nature of thyroid nodules, these lesions should be
further evaluated by FNA. Nevertheless, ultrasound allows for
more selective FNA of thyroid nodules based on certain sono-
graphic features and combination of features highly associ-
ated with malignancy [2-4, 13, 14]. Whereas FNA has
traditionally been routinely performed on palpable lesions, ul-
trasound-guided FNA can be performed more selectively in
those patients with nonpalpable or subcentimeter thyroid nod-
ules that have suspicious sonographic features, a previous his-
tory of thyroid cancer, a history of radiation exposure, and a
family history of thyroid cancer. Ultrasound-guided FNA de-
creases the percentage of inadequate specimens while main-
taining or increasing the sensitivity and specificity [17, 18].
The complementary use of ultrasound and FNA decreases the
rate of false-negative results from needle misplacement and
reduces the rate of nondiagnostic results. Ultrasound-guided
FNA in the clinic setting can be performed with a 91%-93%
diagnostic accuracy rate, comparable with or better than those
rates reported by radiologists and experienced cytopatholo-
gists [19, 20].
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Figure 2. Ultrasound image of a level 3 lymph node contain-
ing metastatic cancer. Transverse view of level 3 lymph node.
Abnormal lymph nodes appear as hypoechoic and round le-
sions with calcifications and the absence of a fatty hilus.

ULTRASOUND IN THE STAGING OF

THYROID CANCER

Ultrasound is superior to computed tomography scanning
in evaluating the presence of abnormal cervical lymph
nodes. Cervical lymph nodes can be involved in 20%-50%
of patients with differentiated thyroid cancer; more specif-
ically, in those individuals with papillary thyroid cancer
[21, 22]. Preoperative ultrasound can identify suspicious
cervical lymphadenopathy in 20%-31% of cases of thyroid
cancer, thereby potentially altering the extent of and overall
surgical approach in these patients [5—7]. This imaging mo-
dality allows for the early detection of nonpalpable cervical
lymph node metastasis prior to thyroidectomy in patients
with FNA-proven or suspected thyroid cancer that other-
wise might have been missed intraoperatively, thereby min-
imizing the risk for persistent disease [5-7]. Typical
ultrasound features of metastatic lymph nodes include hy-
poechogenicity, rounded appearance, irregular borders,
macro- or microcalcifications, loss of the fatty hilus, and in-
creased size (Fig. 2).

More recently, ultrasound was shown to be useful in the
preoperative staging of papillary thyroid cancer in relation to
the current tumor—node—metastasis (TNM) classification sys-
tem [8]. The overall accuracies of ultrasound for T and N stag-
ing were 67% and 71.3%, respectively. Ultrasound was also

Figure 3. Ultrasound images of a right malignant nodule and
level 6 (central) lymph node. Transverse view of right posteri-
orly located malignant thyroid nodule (A) and enlarged and
hypoechoic level 6 lymph node in the same patient ((B), white
arrow).

useful for detecting metastatic lateral cervical lymph nodes
and evaluating multifocal papillary thyroid cancer [8]. The lo-
cation of these suspicious lymph nodes may also be useful in
surgical decision making. Malignant lymph nodes are more
likely to occur in levels III, IV, and VI than in level II [23] (Fig.
3). Furthermore, the presence of >25% contact between pap-
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illary thyroid microcarcinoma and the adjacent capsule on pre-
operative ultrasound can predict the presence of extrathyroidal
extension, thus helping the surgeon plan the extent of surgical
resection [24]. Finally, ultrasound can be used to guide FNA
biopsy of suspicious cervical lymph nodes, whereby measured
thyroglobulin levels on cytology specimens can increase the
accuracy of the diagnosis. This FNA measurement of thyro-
globulin level is valid regardless of the presence of circulating
thyroglobulin antibodies [25].

Intraoperative Thyroid Ultrasound

Intraoperative ultrasound is a useful adjunct in the surgical ex-
ploration and resection of thyroid cancer in patients with non-
palpable thyroid lesions, cervical lymph node metastasis, and
recurrent disease [6, 26]. Furthermore, ultrasound localization
of nonpalpable lesions intraoperatively may also reduce oper-
ating room times. Intraoperative ultrasound has been shown to
influence the extent of resection by identifying and confirming
removal of recurrent thyroid cancer and nonpalpable lymph
nodes in 31% of patients [6]. Recently, preincision ultrasound-
guided injection of blue dye into abnormal lymph nodes was
shown to have additional utility in the safe and efficient re-
moval of lymph node recurrences in the reoperative neck [27].
In these patients, ultrasound is performed in the operating
room after the patient is positioned. Abnormal lymph nodes
are then identified for blue dye injection prior to incision. This
blue dye localization facilitates the identification and removal
of abnormal lymph nodes, even in an extensively scarred re-
operative neck [27].

ULTRASOUND FOR CANCER SURVEILLANCE

Currently, ultrasound is the most frequently used imaging
study for monitoring and evaluating patients treated for thy-
roid cancer postoperatively. Ultrasound surveillance can
detect recurrent disease in the thyroid bed after total thy-
roidectomy or lobectomy, in a remaining contralateral lobe,
or in lateral neck lymph nodes. In low-risk patients who
have undergone total thyroidectomy without subsequent ra-
dioiodine therapy or thyroid lobectomy alone, ultrasound
may serve as the main surveillance modality postopera-
tively because this imaging study is highly sensitive in de-
tecting cervical lymph node metastasis [28]. Ultrasound
can be performed without discontinuing thyroid hormone

257

therapy, thus avoiding hypothyroidism, and without admin-
istration of recombinant thyroid-stimulating hormone, both
of which are required for radioiodine imaging. Therefore,
low-risk patients with negative thyroglobulin measure-
ments treated for papillary thyroid cancer may only require
periodic ultrasound, thus eliminating the need for tradi-
tional radioactive iodine imaging. Following surgery
and/or radioiodine therapy, ultrasound evaluation of the
thyroid bed and central and lateral cervical nodal basins can
be performed at 6 and 12 months, and then periodically
thereafter, depending on the patient’s risk for recurrent
disease [5, 28]. Further studies are needed to address the
cost-effectiveness of ultrasound in the post-treatment sur-
veillance of certain thyroid cancer patients.

Postoperative ultrasound is also useful in guiding surgi-
cal planning for reoperations for recurrent thyroid cancer.
Ultrasound is able to detect recurrent thyroid cancer when
thyroglobulin levels are elevated but radioiodine or
positron emission tomography scans fail to detect it. Local-
ization and mapping of such disease assists in surgical
planning, which enables tailored compartmental neck dis-
section according to the node basins involved [7, 29]. The
surgical management of nonpalpable cervical recurrent dis-
ease may prove difficult because of extensive scar forma-
tion and fibrosis resulting from previous surgery [7, 29].
Ultrasound-guided tattooing of recurrent thyroid cancer in
the neck using charcoal has been shown to be a safe and ef-
fective method in the localization and removal of nonpal-
pable recurrent disease in patients after previous neck
procedures [30].

CONCLUSION

Ultrasound has become an indispensible diagnostic modal-
ity in the evaluation of thyroid cancer. This imaging study is
useful in the diagnosis, staging, and post-treatment surveil-
lance of initial and recurrent thyroid cancer. Future develop-
ments in ultrasound usage may lead to further improvements
in its diagnostic accuracy and expanded use.
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