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Background: The success of surgery for thyroid cancer hinges on thorough and accurate preoperative imaging,
which enables complete clearance of the primary tumor and affected lymph node compartments. This working
group was charged by the Surgical Affairs Committee of the American Thyroid Association to examine the
available literature and to review the most appropriate imaging studies for the planning of initial and revision
surgery for thyroid cancer.
Summary: Ultrasound remains the most important imaging modality in the evaluation of thyroid cancer, and
should be used routinely to assess both the primary tumor and all associated cervical lymph node basins
preoperatively. Positive lymph nodes may be distinguished from normal nodes based upon size, shape, echo-
genicity, hypervascularity, loss of hilar architecture, and the presence of calcifications. Ultrasound-guided fine-
needle aspiration of suspicious lymph nodes may be useful in guiding the extent of surgery. Cross-sectional
imaging (computed tomography with contrast or magnetic resonance imaging) may be considered in select
circumstances to better characterize tumor invasion and bulky, inferiorly located, or posteriorly located lymph
nodes, or when ultrasound expertise is not available. The above recommendations are applicable to both initial
and revision surgery. Functional imaging with positron emission tomography (PET) or PET-CT may be helpful
in cases of recurrent cancer with positive tumor markers and negative anatomic imaging.

INTRODUCTION

Though thyroid cancer is associated with high
overall survival rates exceeding 90% for most subtypes,

the risk of recurrence has been reported to be as high as
35% (1). Most of these recurrences are detected within
the first five years after diagnosis, and thus may actually
represent persistent rather than truly recurrent disease. It
is known that the majority of reoperations for thyroid
cancer are preventable, and that inadequate preoperative
imaging frequently is the root cause of incomplete initial
surgery (2).

Thorough and accurate preoperative imaging enables
complete clearance of the primary tumor as well as affected

lymph node compartments, and is thus an essential compo-
nent in the planning of thyroid cancer surgery. As stated in
the Revised American Thyroid Association Management
Guidelines for Patients with Thyroid Nodules and Differ-
entiated Thyroid Cancer, ultrasound is the first-line imaging
modality for patients with known or suspected thyroid can-
cer (Recommendation 21) (3). In addition, cross-sectional
imaging, including computed tomography (CT) scan with
contrast, has a role in primary and nodal preoperative as-
sessment in some patients with well-differentiated thyroid
cancer. Herein, we summarize the available literature to de-
scribe the role of ultrasound, cross-sectional imaging, and
functional imaging in the planning of initial and subsequent
surgery for thyroid cancer.
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ULTRASOUND HARDWARE, TECHNOLOGY,
AND TECHNIQUE

Equipment

Currently, a variety of high-quality ultrasound machines
produced by different manufacturers are available. Several
key components are required. First, a high frequency linear
transducer (12 mHz) is preferable. This permits higher res-
olution imaging of the more superficial tissues of the neck (up
to about 4 cm below the skin surface). The transducer should
allow for variable frequency selection, so that the frequency
can be decreased to 10 mHz or even 8 mHz, for deeper fields
of view. Lower frequency imaging is useful in patients with
prominent soft tissue and larger circumference necks, espe-
cially when examining the deeper paratracheal areas, the
tracheoesophageal groove, and level 4 lymph nodes that tend
to be located posterior to the carotid/jugular sheath. Second,
because vascular assessment of lymph nodes is critical for
assessing malignancy risk, color flow Doppler and/or power
Doppler are required with variable settings. Third, sono-
graphic imaging is improved if at least two focal zones are
available and the focal zones can be shifted to the depth of
interest. Fourth, ultrasound machines should possess tech-
nology for total gain correction or time-gain compensation,
allowing for increasing the gain in the far field, deeper in the
neck to maximize imaging, while decreasing the gain in the
near field, since the skin is generally not a site for metastatic
disease. Finally, an optional small sector or convex trans-
ducer with variable frequency of up to 8.5 mHz can be useful
for evaluation of the upper mediastinum because the curved
footprint can be placed in the sternal notch and angled infe-
riorly to view the mediastinum.

Aims of Preoperative Ultrasound
for Thyroid Cancer Surgery

The objectives of preoperative sonographic imaging in
patients with known or suspected thyroid cancer are (a) to
assess the primary tumor and (b) to identify abnormal lymph
nodes in the central (4) and lateral (5) neck that should be
targeted for compartment-oriented surgical removal. The
procedure described below should be performed in all pa-
tients undergoing initial surgery, as well as after thyroid-
ectomy in thyroid cancer patients as part of a surveillance
strategy. Prior to removal of the thyroid, examination of the
central neck compartment is more challenging because of
the thyroid’s presence.

Scanning Technique

Essential points of scanning technique are summarized in
Table 1. Proper positioning of the patient, the examiner, and
the ultrasound machine are essential for optimizing the so-
nographic examination. Typically, for a right-handed oper-
ator, both the ultrasound console and the operator are
positioned on the patient’s right-hand side. This configura-
tion may be modified to maximize the ergonomic advantage
of the individual operator and for patient comfort. To opti-
mize imaging of the lower cervical lymph node neck levels
(level 4, inferior level 6, and upper mediastinum), the pa-
tient’s neck should be hyperextended and supported with a
pillow placed under the shoulders or a dedicated shoulder
bolster. The room should have window shades and adjustable

lighting, so that it is dark while the examination is being
performed.

Scanning of the neck should begin in the transverse plane.
It is preferable initially to have the patient looking straight
ahead with the chin up rather than rotating the head. This
position permits imaging lymph nodes in the anatomically
neutral position. Turning of the head to the left or the right,
away from the side of interest, may facilitate imaging of
tracheoesophageal or deep level 6 lymph nodes because this
position causes these structures to rotate more anteriorly.
However, labeling of lymph node location should be done
with the head in the anatomically neutral position. Given that
the anatomic borders of the compartments are not always
straightforward to identify sonographically, additional de-
scriptors for the locations of abnormal lymph nodes, such as
their positions relative to major vessels and bony landmarks,
may be useful.

To scan the lateral compartments, levels 2–4, the trans-
ducer should be positioned inferior to the mandible, at the
level of the submandibular gland. In the transverse plane, the
transducer should be moved inferiorly to the clavicle with
the field of vision centered on the carotid/jugular sheath.
Imaging should not just involve one sweep from superior to
inferior, but the examiner should move the transducer several
times up and down the vascular sheath to best identify lymph
nodes. On both sides, the transducer should be angled infe-
riorly at the clavicle to image infraclavicular nodes at the
base of level 4. Imaging of the posterior triangle, level 5,
requires scanning laterally along the clavicle and posterior to
the sternocleidomastoid muscle (SCM). The transducer
should be moved laterally from level 4 along the edge of the
clavicle to the posterior border of the SCM, which evaluates
the supraclavicular lymph nodes (level 5b). Then, scanning
continues by tracing the posterior SCM border superiorly to
the angle of the mandible (level 5a).

Comprehensive scanning of the central neck cannot be
accomplished with one sweep of the transducer. Each of the
three areas of the central neck should be scanned separately—
right paratracheal, left paratracheal, and pretracheal/
prelaryngeal. For imaging the pretracheal area, scanning

Table 1. Scanning Technique: Preoperative

Ultrasound for Thyroid Cancer Surgery

� Equipment: High-frequency linear array probe.
� Positioning: Hyperextension of neck.
� Primary lesion: Assess size, multiplicity, margin, invasion

of deep structures.
� Central compartment lymph nodes (level 6): Scan from

submental area to sternal notch. Scan three distinct areas:
pretracheal, right paratracheal, and left paratracheal.
Turn head away from side of interest to image
tracheoesophageal groove. Angle transducer inferiorly to
examine mediastinum.

� Lateral compartment lymph nodes (levels 2, 3, and 4):
Scan from mandible to clavicle. Angle transducer
inferiorly at clavicle to image infraclavicular nodes at
base of level 4.

� Posterior compartment lymph nodes (level 5): Sweep
laterally along clavicle to posterior border of
sternocleidomastoid muscle, then trace posterior border
superiorly to mastoid process.
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begins under the chin, in the submental area. Although this area
is seldom affected by metastatic thyroid cancer, thyroglossal
duct cysts, which may be a source of persistent thyroglobu-
lin production in radioiodine-ablated post-thyroidectomy pa-
tients, can occasionally be found. From the submental area, the
transducer sweep continues inferiorly to the sternal notch. The
region of interest is the field just anterior to the airway. This
includes imaging of the prelaryngeal lymph nodes. At the
sternal notch, the transducer should be angled inferiorly
into the mediastinum, and here, if available, a small convex
transducer is ideal. The paratracheal areas bilaterally are
evaluated by focusing on the region lateral to the trachea and
medial to the carotid artery. Superiorly, imaging commences
at the level of the hyoid and continues inferiorly until the
sternal notch. All three sweeps in the central neck should be
repeated several times.

The described technique for evaluating the central and lat-
eral cervical lymph node compartments is one suggested pro-
tocol. However, the operator may adapt this sequence as
needed provided that all compartments are comprehensively
evaluated. In addition, consistency in technique should be
maintained. Any identified abnormal lymph nodes or abnormal
soft tissue should be imaged in both transverse and longitudinal
views, measured, and labeled with the specific location (la-
terality, level, and pre- or paratracheal). Color flow Doppler
imaging should be performed with the appropriate settings of a
low pulse repetition frequency (<800 Hz) and a low wall filter,
and findings documented.

ULTRASOUND ASSESSMENT
OF THE PRIMARY TUMOR

The primary tumor should be assessed for its size, location,
the clarity of its margin, multifocality, and local invasion.
The finding of a posteromedially located lesion near the re-
current laryngeal nerve may influence patient counseling,
preoperative evaluation, and surgical strategy. Minor inva-
sion of the strap muscles is somewhat common and generally
does not influence surgical strategy significantly. However,
invasion of the visceral or vascular structures of the neck,
which can appear sonographically as a blurry or indistinct
deep margin, may prompt further imaging and alterations of
the surgical approach. The thyroid should also be assessed for
additional tumor foci, as contralateral foci may raise clinical
suspicion for positive contralateral lymph nodes (6,7).

ULTRASOUND FEATURES OF BENIGN
AND MALIGNANT LYMPH NODES

Central and lateral neck lymph nodes are affected by
metastatic papillary thyroid carcinoma (PTC) in up to 70% of
cases (8). Metastatic involvement of lymph nodes may be
noted upon initial evaluation or later in cases of recurrence.
Ultrasound is acknowledged to be the first-line imaging
modality for lymph node assessment in both circumstances
(9,10). The sensitivity of ultrasound in detecting abnormal
lymph nodes varies widely in the literature, ranging from
25% to 60% for the central neck and from 70% to 95% for the
lateral neck (11,12). Factors influencing sensitivity include
practitioner expertise and, in many studies, the prophylactic
dissection of microscopically positive central neck nodes,
which are not reliably detected by any imaging modality. The
specificity of ultrasound in detecting lymph nodes affected by

metastatic PTC is high, ranging from 80% to 95% in both the
central and lateral neck (13).

In contrast to some authors, the Committee members have
generally found it straightforward to detect abnormal cen-
tral neck lymph nodes in the presence of the thyroid within
their own practices. We note that identification of all ab-
normal central neck nodes in a given patient may not be a
priority, as the detection of a single abnormal central neck
lymph node is sufficient to prompt the appropriate clinical
decision, that is, performance of a compartmental lymph
node dissection. As the neck region contains numerous
lymph nodes (*100–200), any of which could be enlarged
related to underlying benign or malignant processes, it is
important to understand the ultrasound findings that dis-
tinguish benign lymph nodes from those affected by ma-
lignancy. Sonographic features of benign and malignant
lymph nodes are described below.

Characteristics of Benign Lymph Nodes

When assessing lymph nodes for the presence of malig-
nancy, one must be able to recognize the appearance of a
benign lymph node. Many normal lymph nodes are not vi-
sualized by routine ultrasound. Enlarged lymph nodes may
represent a benign reactive process or malignancy. Benign
lymph nodes typically are oval, with a hyperechoic central
stripe and vascular flow being present in the center of the
node (Fig. 1) (14). Loss of the hilum is felt to represent
interruption of lymphatic flow by tumor invasion. However,
the hilum may not always be easily defined by ultrasound in
a benign lymph node, and the specificity for lack of a hilum
has been reported to be only 29% for predicting the presence
of cancer (10).

Location

Lymph node location is another important factor when
assessing for potential metastatic involvement. Cervical
lymph nodes are subdivided by location into six levels, as
previously described (4). When initial lymph node dissec-
tions are performed routinely, cervical metastases related to
thyroid cancer are most commonly found in ipsilateral level
6 (prevalence 50–70%), followed by ipsilateral levels 2, 3,
and 4 (prevalence 30–45%) (8,15,16). In the absence of
bilateral primary tumors >1 cm, contralateral level 6 is less
commonly affected (prevalence 5–25%), and contralateral
levels 2, 3, and 4 are rarely affected (prevalence 5–14%)
(17,18). Ipsilateral levels 2b (above the spinal accessory
nerve) and 5 (posterior triangle) are involved in approxi-
mately 5% of patients with PTC (19). Some evidence exists
for a stepwise progression of PTC metastases, starting
generally in ipsilateral level 6 and then proceeding laterally
to levels 3 and 4, and less commonly 2. A different pattern of
lymph node metastases, affecting the lateral neck without
the central neck, may occur in primary tumors of the su-
perior pole (20).

Size

Though lymph nodes >1 cm in maximum diameter have
conventionally been considered more likely to harbor ma-
lignancy, many benign or reactive nodes will exceed this size
while having the strong tendency to remain fusiform in shape
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(21). In a study that carefully matched the ultrasound and
histologic findings of lymph nodes in thyroid cancer patients,
a lymph node size of >1 cm was associated with only a 68%
sensitivity and 75% specificity for malignancy. Ultrasound
features predictive of malignant lymph node involvement are
summarized in Table 2.

Shape

Malignant lymph nodes tend to become rounded in shape,
distinguishing them from fusiform benign lymph nodes. The
shortest diameter of the lymph node can be measured to
predict the likelihood of metastatic involvement. Lymph
nodes containing malignancy tend to have a shortest dia-
meter >0.5 cm. However, the specificity (96%) for this cri-
terion is superior to its sensitivity (61%) (10). The Solbiati
index is another available tool to evaluate lymph node shape
objectively for the presence of malignancy. The Solbiati in-
dex is calculated by using a ratio comparing the long and
short axes of the lymph node. A ratio of >2.0 is consistent
with a benign lymph node, while a value of <2.0 is consid-
ered suspicious for the presence of malignancy (Fig. 2) (14).

Calcifications

Just as with thyroid nodules, microcalcifications within
lymph nodes can be seen with metastases from both PTC and
occasionally medullary thyroid carcinoma (MTC) (22). Mi-
crocalcifications are a highly specific finding: a lymph node
containing microcalcifications in a patient with known or
suspected PTC should be presumed to be positive for ma-
lignancy until proven otherwise (Fig. 2) (10).

Echogenicity

The echogenicity of lymph nodes can also be useful for
detecting metastatic involvement. Benign lymph nodes usu-
ally are uniformly hypoechoic except for the central hilar
stripe. Lymph nodes affected by malignancy may appear
hyperechoic, have a mixed echogenicity, or even exhibit
cystic changes to the point of total cystic replacement. Cystic
nodes may be related to increased tumor aggressiveness, and
appear to be more frequent in children and younger adults
(23). Most lymph nodes with cystic changes appear complex
and can have septations, a thickened outer wall, and solid
internal components (Fig. 2). Typically, cystic metastases
occur ispilateral to the primary foci and involve level 3 and
4 nodes.

Peripheral Hypervascularity

As mentioned previously, the vascular flow of lymph
nodes, by either color Doppler or power Doppler, can be
assessed. Benign lymph nodes exhibit flow in the hilum
(center of the node), while malignancy interrupts this flow
(24). As tumor involvement increases within the node, vas-
cular flow is noted in the periphery. A disordered flow
throughout the node can be seen with extensive tumor in-
volvement (Fig. 3) (25). The presence of peripheral

FIG. 1. Ultrasound features of benign lymph nodes. (A)
Benign fusiform lymph node. (B) Benign lymph node with
hyperechoic central fatty hilum. (C) Hilar blood flow pattern
in a normal lymph node.

Table 2. Ultrasound Features Predictive

of Malignant Lymph Node Involvement

Criterion Sensitivity Specificity

Size >1 cm 68% 75%
Shape (ratio of long axis to short

axis <2.0)
46% 64%

Punctate calcifications 46% 100%
Peripheral hypervascularity 86% 82%

Adapted from Leboulleux et al. (10).
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hypervascularity is reported to have the highest sensitivity
and specificity for the detection of cervical lymph nodes af-
fected by metastatic thyroid cancer (Table 2).

ULTRASOUND-GUIDED FINE-NEEDLE ASPIRATION
OF CERVICAL LYMPH NODES

Once the decision has been made to perform ultrasound-
guided fine-needle aspiration (FNA) of a sonographically
suspicious lymph node, several techniques for this procedure
can be used. However, for all, it is mandatory that the needle
tip is visualized within the target lymph node during the FNA
to assure specimen accuracy. If the entire lymph node is so-
nographically abnormal, then the FNA specimen can be ob-
tained by moving the needle tip throughout the lymph node.
However, if the lymph node maintains some normal archi-

tecture and only the periphery is sonographically suspicious,
the needle tip should be directed to the suspicious component
of the lymph node. Lastly, if the lymph node is partially cystic
and partially solid, to obtain cells, the needle tip should be
targeted to the solid vascular portion for cytology assessment
(unless fluid is obtained for thyroglobulin analysis, see below).

Either a parallel or a perpendicular approach can be em-
ployed for ultrasound-guided FNA. In the parallel approach,
the needle is visualized along its length as it enters the lymph
node. In the perpendicular approach, only the tip of the needle
can be seen. To obtain the cytology specimen, either a 25-
gauge or a 27-gauge needle is appropriate. Once the needle is
confirmed to be within the lymph node by ultrasound imag-
ing, as with a thyroid nodule FNA, the cytology specimen is
obtained with either the capillary or the aspiration technique.
In the capillary technique, the needle tip is moved back and

FIG. 2. Ultrasound features of malignant lymph nodes. (A) Solid, rounded lymph node with metastatic papillary thyroid
carcinoma (PTC). (B) Punctate internal calcifications in a lymph node with metastatic PTC. (C) Complex solid/cystic lymph
node with metastatic PTC. (D) Completely cystic lymph node with metastatic PTC. (E) Peripheral hypervascular pattern in
a lymph node with metastatic PTC.
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forth through the diameter of the target without suction. In the
aspiration technique, suction is applied as the needle tip is
moved. For thyroid nodule FNA, recent publications have
reported low nondiagnostic rates using smaller gauge needles
and the capillary action technique (26), but no such data exist
for lymph node FNA.

The cytology specimen can be prepared by making a slide
smear or using a liquid preparation. The decision about which
method to use should be based upon the experience of the
cytologist and the success in obtaining specimen adequacy.
Therefore, a continued dialogue between the physician who
performs the procedure and the cytologist is required for
quality assessment and improvement. Also, the number of

separate passes used should be based on whether on-site as-
sessment of cytology is available, and whether additional
studies are planned. In the absence of on-site adequacy as-
sessment, the preferred number is three to four passes (27).

In addition to cytology analysis, thyroglobulin measure-
ment from the FNA needle washout (FNA-Tg) has been
shown to improve the sensitivity of ultrasound FNA cytology
alone (28). Published reports have suggested a cutoff FNA-
Tg level in the 1 ng/mL range for washouts prepared with up
to 1 mL of diluent, though the serum thyroglobulin level,
which may be higher in patients with a large volume of re-
sidual cancer or an intact thyroid gland, must be considered
(29,30). The use of FNA-Tg is especially important for cystic

FIG. 3. Cross-sectional images of invasive primary tumors and malignant lymph nodes. (A) T1-weighted magnetic
resonance imaging (MRI) of tall cell variant papillary thyroid carcinoma (PTC) with cartilaginous invasion. (B) Contrast
computed tomography (CT) of complex cystic and solid lymph node containing metastatic PTC in retropharynx (*) with
calcification (arrow). (C) Contrast CT of hypervascular lymph nodes in inferior right level VI/level VII (metastatic PTC).
(D) Contrast CT of hypervascular lymph nodes in bilateral infraclavicular areas (metastatic PTC). (E) Contrast CT dem-
onstrating periaortic adenopathy (metastatic medullary thyroid carcinoma).
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lymph nodes, where cytology may reveal only macrophages
without epithelial cells, and the diagnosis may hinge on a
positive FNA-Tg test of the aspirated lymph node fluid or the
rinse of the needle used to aspirate a solid lesion. Even in
patients with circulating serum antithyroglobulin antibodies,
FNA-Tg is accurate as long as there is no significant con-
tamination of the specimen with peripheral blood (28). In
MTC, FNA washout for calcitonin measurement can also be
performed for diagnosis of metastatic lymph nodes (31).

ULTRASOUND IN THE PLANNING OF INITIAL SURGERY

Preoperative Ultrasound in the Setting
of Malignant Cytology

Ultrasound evaluation (‘‘mapping’’) of bilateral lymph
node compartments 1–6 should be performed routinely in the
preoperative evaluation of patients with definitive cytologic
evidence of carcinoma (positive FNA). This should ideally be
performed by an experienced practitioner in the outpatient
clinic setting, with the purpose of guiding a complete re-
section of the primary tumor as well as a compartment-
oriented dissection of affected lymph node basins as necessary.
Preoperative ultrasound should be performed either by the
operating surgeon or in close collaboration with the operating
surgeon in order to facilitate patient counseling regarding
surgical risks, since the addition of central or lateral neck
dissection to total thyroidectomy is accompanied by different
types and/or increased rates of operative complications. As
patient positioning is optimal under general anesthesia, sur-
geons may elect to repeat the ultrasound examination im-
mediately prior to incision in order to have an anatomic
‘‘roadmap’’ fresh in their minds. This may be paired with a
formal accounting system to ensure that all sonographic ab-
normalities are retrieved and represented among the surgical
specimens at the end of the case.

After the primary lesion has been confirmed as malignant
on FNA, FNA of sonographically suspicious lymph nodes
can be performed to provide firm justification for adding
lymph node dissection to initial surgery. Some centers per-
form this routinely and would not perform lateral neck dis-
section in the absence of a positive FNA in a lateral neck
lymph node (32). There will be cases in which lymph nodes
are unequivocally abnormal based on imaging findings alone.
In such cases, it is acceptable to bypass FNA of these nodes
and proceed directly with lymph node dissection in keeping
with sound clinical judgment.

Preoperative ultrasound may provide insight into the need
for further imaging prior to surgery. The finding of an ir-
regular or indistinct margin between the primary tumor and
the airway, esophagus, or major vessels of the neck may
prompt cross-sectional imaging. Furthermore, patients with
significant adenopathy in levels 6 and 4 may benefit from
cross-sectional imaging of inferiorly located (substernal or
infraclavicular) lymph nodes that may be difficult to examine
by ultrasound (discussed further below, under Assessment of
Lymph Nodes with Cross-Sectional Imaging).

Preoperative Ultrasound in the Setting
of Indeterminate or Suspicious Cytology

Approximately 10–40% of thyroid aspirates yield inde-
terminate cytology (33) with the risk of malignancy stratified

by the Bethesda System for Reporting Thyroid Cytopathol-
ogy. Subcategories within the umbrella of indeterminate
cytology include ‘‘atypia of undetermined significance’’ or
‘‘follicular lesion of undetermined significance’’ (malig-
nancy risk 5–15%), ‘‘follicular neoplasm’’ or ‘‘suspicious for
follicular neoplasm’’ (malignancy risk 15–30%), and ‘‘sus-
picious for malignancy’’ (malignancy risk 60–75%) (34).
While a great number of patients with indeterminate cytology
ultimately undergo surgical resection, the majority of nodules
within the indeterminate classification are ultimately diag-
nosed as benign (35,36).

There are many published studies examining the utility of
ultrasound to predict the risk of malignancy in patients with
indeterminate FNA cytology. Though it is beyond the scope
of the present statement to completely review this literature,
several findings are commonly used to help guide preop-
erative planning. Hypoechogenicity, increased intranodular
vascularity, irregular infiltrative margins, the presence of
microcalcifications, and taller-than-wide shape all correlate
with an increased risk of malignancy (3). These sonographic
findings may be used in a supplementary fashion to predict
increased malignant potential in cytologically indetermi-
nate nodules (37,38).

Ultrasound interrogation of the central and lateral neck
lymph nodes may inform the clinician in the planning surgery
for cytologically indeterminate nodules. The discovery of
lymph node metastases in this setting affords the opportunity
to move forward with complete initial resection of all tumor
tissue, that is, oncologic surgery. In contrast, if abnormal
lymph nodes are not appreciated preoperatively in the setting
of an underlying malignancy, initial diagnostic surgery (lo-
bectomy) will obligate at least one, and often two or more,
preventable reoperations (2). Patients found to have sono-
graphically abnormal central (level 6) or lateral neck lymph
nodes (levels 2, 3, and 4) should undergo FNA of at least one
of these nodes. The finding of cells of thyroid origin within
lymph nodes clinches the diagnosis of metastatic thyroid
cancer and may significantly alter surgical management in
the patient with indeterminate thyroid cytology as described
above. Alternatively, the surgeon may elect to forego FNA in
favor of intraoperative frozen section analysis of suspicious
lymph nodes.

ULTRASOUND IN THE PLANNING
OF REVISION SURGERY

Ultrasound is an important tool for thyroid cancer sur-
veillance and aids in the detection, localization, and planning
of revision surgery for recurrent/persistent disease. A known
limitation of ultrasound and other imaging modalities in the
reoperative setting arises from postoperative inflammation,
scarring, and reactive adenopathy. For this reason, it is gen-
erally advisable to allow approximately six months to elapse
after surgery in order for postoperative changes to resolve
prior to re-evaluating recently manipulated compartments of
the neck. Any treatment decisions based on ultrasound im-
aging prior to this time point should be made with caution, as
false-positive findings are common, particularly in the central
neck. There are certain exceptions to this rule, that is, cir-
cumstances where persistent disease may be readily detected
soon after initial surgery. These most often arise from in-
complete surgery, which may arise from inadequate imaging
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prior to initial surgery and/or inadequate compartment-ori-
ented nodal clearance during initial surgery.

After total thyroidectomy, visualization of the central
compartment (levels 6 and 7) is often improved with regard to
node detection. There should be little intervening tissue be-
tween the trachea and carotid arteries bilaterally, so abnormal
pre- and paratracheal lymph nodes can often be readily ap-
parent. Annual surveillance ultrasound is generally per-
formed in the follow-up of thyroid cancer patients (3). FNA
of suspicious lymph nodes should only be performed if fur-
ther surgery or other interventions are planned and generally
should be considered only for nodes ‡ 0.8 cm or with evi-
dence of disease progression (3).

In the setting of suspected persistent or recurrent thyroid
cancer, it is strongly advised that masses in the central neck/
thyroid bed and any abnormal lymph nodes be evaluated with
FNA. Establishing a tissue diagnosis provides justification for
embarking on high-risk revision surgery. Rare exceptions can
occur in cases where (a) abnormal lymph nodes are inaccessible
or anatomically risky to biopsy, usually due to their location
with respect to major vessels, and (b) unequivocally abnormal
lymph nodes are found on imaging and surgery would be re-
commended regardless of FNA results. In either of these cases,
the presence of an elevated serum thyroglobulin level may
greatly assist clinical decision making by influencing the
pretest probability of persistent/recurrent disease. The cel-
lular diagnosis provided by a positive FNA is often helpful
for patient counseling in preparation for revision surgery.

In assessing abnormal lymph nodes for potential revision
surgery, it is important to consider any sonographic findings in
the context of the original pathology report, operative report,
and TNM staging. Up to 25% of patients who present initially
with positive lateral neck lymph nodes will experience ipsi-
lateral lymph node recurrences. As such, any ipsilateral ab-
normality should be scrutinized carefully and likely undergo
FNA, especially if the serum thyroglobulin is elevated. Patients
who present with contralateral lymph node abnormalities
during surveillance should also undergo FNA, albeit with a
different clinical perspective. In those cases, the negative
predictive value of FNA would be leveraged to potentially
avoid revision surgery. In patients with locally invasive pri-
mary tumors, the risk of local recurrence is the principal con-
cern, and cross-sectional imaging may be helpful in such cases.

ULTRASOUND EXPERTISE

Clinic-based ultrasound has become commonplace in many
endocrinology and surgical practices treating thyroid disease.
For the majority of providers, the skills of performing and
interpreting ultrasound are obtained during postgraduate sub-
specialty training. Additional training is often pursued through
one- to two-day basic or advanced ultrasound courses, most
commonly associated with annual society meetings.

The Committee does not support defining expertise based
on successful completion of a specific training or certification
course or by a specific accreditation body. Certification and
accreditation courses afford an organized approach to initial
and continuing education in ultrasonography but do not en-
sure expertise. Expertise should not be defined by specialty
and can only be achieved through regular clinical practice,
participation in continuing medical education didactics, and
mentored bedside practice of thyroid and neck sonography.

Although ultrasound is widely available and essential in the
preoperative assessment of central and lateral neck disease,
improved sensitivity and specificity arises within high vol-
ume centers staffed by dedicated clinicians (radiologists,
surgeons, and endocrinologists) performing the procedure.
We recommend attempts to focus preoperative evaluation at
high volume centers for radiological evaluation, as the di-
agnostic performance of staging ultrasound for thyroid ma-
lignancy varies according to experience (27,39).

CROSS-SECTIONAL IMAGING

Ultrasound is the first-line imaging modality for assessing
thyroid nodules and cervical lymph nodes because it is widely
available, inexpensive, provides detailed high-resolution an-
atomic information, avoids ionizing radiation, and facilitates
ultrasound-guided FNA of suspicious lesions (4). Current
ATA guidelines do not recommend the routine use of other
imaging beyond neck ultrasound prior to initial surgery for
differentiated thyroid cancers.

Ultrasound does have certain limitations related to the un-
derlying technology, particularly in the imaging of deep struc-
tures and those acoustically shielded by air or bone. For this
reason, cross-sectional imaging with CT or magnetic resonance
imaging (MRI) may play a supplemental role in preoperative
imaging for thyroid cancer in the minority of cases. These cir-
cumstances may include (a) clinical or sonographic evidence of
an invasive primary tumor, (b) presence of a large primary
tumor or bulky nodal disease incompletely imaged with ul-
trasound, (c) presence or extension of nodal disease into the
mediastinum or deep structures of the neck (parapharyngeal/
retropharyngeal regions) incompletely imaged with ultra-
sound, and (d) absence of sonographic expertise in evaluation
of cervical lymph nodes (Table 3). Advanced thyroid ma-
lignancy with extrathyroidal spread occurs in 10–15% of
patients presenting with differentiated thyroid cancer (DTC)
(40,41). Screening for distant metastasis is generally not
performed prior to initial surgery for differentiated thyroid
cancers (3).

Technical Aspects of Cross-Sectional Imaging

CT is performed on a helical scanner acquiring contiguous
3 mm thick sections. Intravenous contrast enhancement aids
greatly in the optical differentiation of tissue types and should be
used in all cases unless contraindicated by allergy or concern for
contrast nephropathy. Modern CT contrast agents are nonionic

Table 3. Findings That May Prompt Axial Imaging

� Hoarseness with vocal cord paresis/paralysis
� Progressive dysphagia or odynophagia
� Mass fixation to surrounding structures
� Respiratory symptoms, hemoptysis, stridor,

or positional dyspnea
� Large size of tumor or mediastinal extension,

incompletely imaged on ultrasound
� Rapid progression/enlargement
� Sonographic suspicion for significant extrathyroidal

invasion (cT4)
� Bulky, posteriorly located, or inferiorly located lymph

nodes incompletely imaged by ultrasound
� Ultrasound expertise not available
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and either low-osmolal or iso-osmolal (42); all contain iodine
(see Use of Iodinated Contrast and Impact on Subsequent
Treatment, below). Intravenous contrast aids in distinguishing
blood vessels from lymph nodes, and more importantly in al-
lowing detection of architectural abnormalities (necrosis, cystic
changes) within pathologic nodes. Sagittal and coronal re-
constructed images may be generated and can be helpful when
correlated with the axial images in surgical localization. Images
should be reviewed in soft tissue and bone detail.

MRI is performed with sagittal and axial T1W, axial fat-
saturated T2W, and enhanced axial and coronal fat-saturated
T1W images. Section thickness is usually 5 mm. MRI should
be performed both with and without intravenous contrast,
since many pathologic nodes contain thyroglobulin, which
appears hyperintense on noncontrast T1W images. Para-
magnetic contrast agents contain gadolinium and thus present
an alternative to iodinated contrast agents used in CT. Ga-
dolinium should be used with caution in patients with ad-
vanced renal failure, who are at risk for nephrogenic systemic
fibrosis (43).

Assessment of the Primary Tumor
with Cross-Sectional Imaging

Both CT and MRI provide axial imaging from skull base to
mediastinum in a standardized, reproducible fashion that is
relatively user independent. The following symptoms and signs
are suggestive of a locally invasive primary tumor and may
prompt preoperative axial scanning: voice change, difficulty
swallowing, respiratory compromise, rapid tumor enlarge-
ment, vocal cord paralysis, and mass fixation to the airway.
Certain sonographic features of the primary tumor, including
extrathyroidal extension and extension into the mediastinum,
may also prompt axial imaging. Chest CT is useful in defining
the inferior limit of disease and in determining the extent to
which the great vessels and tracheobronchial tree are involved
in cases with significant caudal spread. CT findings may in-
fluence management by indicating the need for sternotomy
and/or tracheal resection/reconstruction, both of which require
the mobilization of additional resources and personnel in ad-
vance of surgery. Neck CT with contrast is useful in delineating
the extent of laryngeal, tracheal, and/or esophageal involve-
ment in tumors displaying aggressive local invasion (Fig. 3).
Preoperative knowledge of these features of the primary tumor
would significantly influence the surgical plan. Hence, the
Committee supports selective use of preoperative cross-
sectional imaging based on clinical suspicion.

Assessment of Lymph Nodes
with Cross-Sectional Imaging

CT or MRI imaging may be obtained in order to evaluate
lymphadenopathy fully when ultrasound expertise in nodal
assessment is lacking or when physical exam and/or ultra-
sound suggest bulky or extensive nodal metastasis incom-
pletely evaluable with ultrasound. Indeed, the presence of
abnormal lymph nodes at the periphery or limits of the so-
nographically accessible field were felt by the Committee to
be one of the strongest indications for cross-sectional imag-
ing. A recent ATA publication summarized evidence dem-
onstrating that the prognostic significance of lymph node
metastases in PTC is a function of the size and number of
positive nodes, and that extranodal tumor extension is an

independent predictor of poor outcome (44). Large nodes
( > 3 cm) often demonstrate extracapsular extension into
surrounding vessels and/or musculature, which may be best
characterized by axial scanning. There are limited data sug-
gesting that the combination of CT with ultrasound in pre-
operative lymph node evaluation is superior to either single
modality (13,45). These studies have reported that combined
imaging yields a 15% gain in sensitivity with a concomitant
5–10% loss in specificity.

Patients displaying extensive lymph node metastases may
present with involvement of nodal regions beyond the typical
levels, such as the mediastinum and infraclavicular, retro-
pharyngeal, and parapharyngeal regions, which are difficult to
evaluate fully with ultrasound (Fig. 3) (46). Patients found to
have significant adenopathy in the inferior aspects of level 4
and 6 on ultrasound may benefit from cross-sectional imaging
of the lower neck/upper chest to assess the deep tracheoeso-
phageal groove and infraclavicular space, respectively, to de-
lineate the inferior extent of disease (Fig. 3). This information
may alter surgical planning in cases where the disease cannot
be completely accessed via a transcervical approach.

Axial Scanning in the Setting of Revision Surgery

In the previously treated patient, CT or MR imaging should
be considered in the following scenarios: (a) in patients with
new dysphagia, respiratory symptoms, hoarseness, or vocal
cord paralysis, for assessment of invasive central neck dis-
ease; and (b) in patients with rising thyroglobulin levels and
negative ultrasound exams (functional imaging may also be
considered).

Use of Iodinated Contrast and Impact
on Subsequent Treatment

CT imaging of the neck is optimized by iodinated intra-
venous contrast. This advantage must be balanced against
the impact the iodine load will have in causing what is usually
a minor delay in subsequent postoperative radioactive iodine
ablation. Thus, preoperative communication between the
surgeon and endocrinologist is important. Noncontrast CT
is generally lacking in definition, and its utility is thus lim-
ited to gross evaluation of the extent of mediastinal disease.
MRI with gadolinium contrast is an alternative axial scan-
ning modality that avoids the use of iodine, but may be less
informative to surgeons as compared to CT in the central
compartment due to motion artifact arising from swallowing
and respiration. Despite these issues, it is generally prefer-
able to noncontrast CT in preoperative imaging for thyroid
cancer. After the administration of iodinated contrast, a waiting
period of at least one month is recommended to allow urinary
iodine levels to return to baseline levels before moving forward
with radioactive iodine ablation (47). At present, there is no
evidence to suggest that delays of this scale adversely affect
thyroid cancer outcomes.

FUNCTIONAL IMAGING

Radioiodine whole body scanning has traditionally been
the primary functional imaging modality for patients sus-
pected of persistent/recurrent well-differentiated thyroid
carcinoma (3). In patients who have undergone prior rem-
nant ablation, these scans have a high specificity but low
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sensitivity, and the low resolution has traditionally been in-
sufficient for surgical planning. Newer technology utilizing
radioiodine with SPECT/CT fusion significantly improves
anatomic localization of radioiodine avid disease and may be
used to guide surgical intervention with or without radio-
guidance (48–50).

Given the slow growth rate of most thyroid cancers, the
Committee does not recommend the use of positron emission
tomography (PET) or PET-CT prior to initial surgery for
thyroid cancer. PET using F-18 fluoro-2-deoxyglucose (18F-
FDG) as a radiopharmaceutical has been widely accepted as a
method for detecting recurrence of differentiated thyroid
cancer, particularly in noniodine avid disease (50–52). PET
avidity is inversely correlated with iodine avidity, and the
former has been shown to be a strong predictor of poor out-
come in patients with metastatic thyroid cancer (53). However,
PET alone does not provide specific anatomic localization of
recurrent lesions. Co-registered PET-CT has allowed for en-
hanced anatomic localization of metabolically active sites of
recurrent thyroid carcinoma and distant metastases, facilitating
surgical excision for diagnostic or therapeutic purposes. In a
recent report, PET-CT demonstrated a sensitivity of 81%,
specificity of 89%, positive predictive value of 95%, and
negative predictive value of 65% in the detection of recurrent
differentiated thyroid cancer. Information gleaned from PET-
CT altered treatment in 28.2% of patients and guided addi-
tional surgery in 21% of patients (54).

Furthermore, PET-CT can potentially explain false posi-
tive FDG uptake in brown fat, muscles, and sites of inflam-
mation. In addition, when PET-CT includes a ‘‘diagnostic’’
quality CT scan, nonmetabolically active metastases can be
identified due to the identification of concerning morphologic
features. A number of studies have shown that PET is ef-
fective in localizing resectable recurrence(s) in patients with
differentiated thyroid cancer, thus facilitating revision sur-
gery (55–58). The sensitivity of PET-CT appears to be en-
hanced with thyrotropin stimulation (59).

An additional benefit of PET-CT is its ability to detect
unrecognized distant metastatic disease. PET can also iden-
tify lesions in which continued growth near critical structures
can lead to serious morbidity. These include lesions in the
brain, weight-bearing bones, and structures near the great
vessels (60). Thus, the ability of PET-CT to detect distant
metastatic disease can guide management and aid in pallia-
tive measures in patients with incurable disease.

CONCLUSIONS

Thorough preoperative imaging facilitates complete initial
surgical clearance of thyroid cancer and associated cervical
lymph node metastases. Ultrasound is the primary imaging
modality for thyroid cancer and should ideally be performed
by an expert clinician using a standardized methodology that
the Committee has described herein. The Committee sup-
ports the selective use of cross-sectional imaging with CT or
MRI in the minority of patients based on clinical and sono-
graphic indicators of extensive disease. The suggested use of
functional imaging is currently limited to the detection of
recurrent disease.
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