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Abstract

The management of thyroid nodules is multi-disciplinary and involves head and neck surgeons, pathologists and
radiologists. Ultrasound is easy to perform, widely available, does not involve ionizing radiation and is readily
combined with fine needle aspiration cytology (FNAC). It is therefore an ideal investigation of choice for evaluating
thyroid nodules. It evaluates specific features that help in identifying the nature of the nodule and FNAC helps in
diagnostic accuracy. In addition, following treatment for thyroid cancer ultrasound provides a safe tool for disease
surveillance. This paper discusses the role of ultrasound in the management of patients with thyroid cancer.
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Introduction

Patients presenting with a palpable thyroid nodule is
a common clinical dilemma. The incidence of solitary
thyroid nodule is approximately 3.2% of the population
in the UK and 4.2% in the USA[1–4]. They are four
times more common in women than in men and
the prevalence increases with age[1–4]. The risk of
malignancy in a euthyroid patient with a solitary thyroid
nodule is estimated to be 5%–10% with a range of 3.4%–
29%[5–10].

Overall thyroid cancer is a relatively uncommon malig-
nancy which constitutes about 0.5% of all malignancies.
However, imaging plays an important role in patients’
management as:

(1) Most thyroid nodules are benign, usually as a
part of multinodular changes. Clinical examina-
tion is poor at detecting small thyroid nodules,
highlighted by the fact that approximately 70%
of normal thyroid glands contain nodules of less
than 1 cm when examined sonographically[11–15].
The ultimate aim in the management of a thyroid
nodule is to identify the small group of patients

in whom the nodule is malignant and would
benefit from early aggressive treatment while
avoiding unnecessary investigation and surgery
in the majority of patients who have a benign
nodule. Imaging, especially with the use of high
resolution ultrasound, helps to differentiate a
malignant nodule from a more common benign
thyroid nodule and identify a malignant nodule
against a background nodular goitre, the incidence
of which varies between 1% and 3%[16].

(2) Treatment planning and patients’ prognosis for
thyroid cancer depend largely on the tumour
staging. Imaging helps early detection of local
invasion, regional nodal spread and presence of
distant metastases.

(3) In the past, patients with thyroid cancer were
invariably treated with total thyroidectomy.
In contemporary surgical practice, more and
more patients are treated with partial/hemi-
thyroidectomy. Ultrasound therefore helps in
detecting the presence of a small malignant lesion
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in the contralateral lobe and can be used as follow-
up imaging for disease surveillance and early
detection of tumour recurrence.

This review mainly focuses on the use of ultrasound,
which, in our experience, is the most useful modality
in thyroid cancer imaging. The role of supplementary
imaging techniques is also briefly discussed.

Figure 1 Longitudinal grey scale sonogram shows
a solid, hypoechoic thyroid nodule (arrows) with
ill-defined margins anteriorly. Histology: papillary
carcinoma.

Imaging modalities

Ultrasound

Ultrasound is an ideal imaging modality for detection and
assessment of a thyroid nodule. It is easy to perform,
widely available and does not involve ionizing radiation.
The use of high frequency transducers has significantly
improved the spatial and contrast resolution in evaluating
superficial structures including the thyroid gland. One
obvious advantage of ultrasound over other imaging
modality is its ability to combine with fine needle
aspiration cytology (FNAC) to increase the diagnostic
accuracy.

The use of ultrasound in thyroid cancer imaging is dealt
with in more detail in the later part of the review, but in
brief, its major roles include:

– detection and characterization of thyroid cancer

– detection of cervical nodal metastases

– follow-up of patients after treatment for early
detection of local or nodal tumour recurrence

– provide imaging guidance for FNAC or biopsy.

Radionuclide imaging

Radionuclide thyroid imaging was the mainstay in the
past for the assessment of a solitary thyroid nodule.

Our experience has been similar to other recent reports
that scintigraphy has a limited role in routine clinical
practice as it is unable to accurately differentiate a benign
from a malignant thyroid nodule[17–21]. The major role
of nuclear medicine is the detection and treatment with
radioactive iodine for residual malignant thyroid tissue
and metastatic disease in patients with well-differentiated
thyroid carcinoma after total thyroidectomy.

Figure 2 Longitudinal grey scale sonogram shows
characteristic punctate calcification (arrowheads)
within an ill-defined solid hypoechoic thyroid nodule
(arrows) which is highly suggestive of papillary
carcinoma.

Computed tomography and magnetic
resonance imaging

In our experience both computed tomography (CT)
and magnetic resonance imaging (MRI) have a limited
role in the initial investigation of a patient presenting
with a thyroid nodule. In invasive thyroid malignancy,
cross-sectional imaging (CT, MRI) help to evaluate
extrathyroid spread of tumour to adjacent structures such
as the larynx, trachea and vessels within the carotid
sheath[18,22] and provide evidence of regional or distant
metastases.

Figure 3 Longitudinal grey scale sonogram shows
coarse calcifications (arrows) with dense shadowing
within a thyroid nodule suggestive of benign calcifi-
cation.
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Figure 4 Transverse grey scale sonogram shows the
presence of comet-tail artifacts (arrowheads) within
a predominantly cystic thyroid nodule (arrows).
Features are of a benign colloid nodule. Curved arrow
identifies the internal jugular vein and asterisk marks
the common carotid artery.

Figure 5 Longitudinal grey scale sonogram shows
a well-defined heterogeneous thyroid nodule (arrows)
with a large cystic component (arrowheads) and
septation (open arrows). Features are compatible with
a benign hyperplastic nodule.

Management protocol

The vast majority of patients with thyroid malignancy
are euthyroid. Although of limited value, patients usually
have a baseline thyroid function test, as a hyperfunction-
ing nodule with suppressed TSH is associated with a low
risk of malignancy[23].

The imaging investigation of a thyroid nodule varies
between different centres, and is based on local expertise
and availability of imaging modalities. In most centres,
ultrasound with FNAC is the initial investigation of
choice. The main aim of any imaging investigation is to
accurately identify those patients with malignant thyroid

nodules so that prompt and appropriate treatment can be
offered.

Figure 6 Transverse grey scale sonogram shows a
cystic component (open arrows) within a papillary
carcinoma (arrows) of the thyroid. The presence
of punctate calcification (arrowheads) identifies its
malignant nature.

FNAC is inexpensive, widely available and easy to
perform, and is therefore regarded as a part of the initial
investigation for a thyroid nodule. Acute complications
are rare and there is no reported case of cutaneous
implantation of malignant cells following FNAC of
thyroid nodule[18]. It has a pre-operative predictive
accuracy of more than 90%[18] and aids the surgeon
in selecting the most appropriate procedure prior to
surgery. It has reduced the cost of work-up compared
with either ultrasound or scintigraphy[9] . However, the
utility of FNAC depends on the skill of the person
performing the procedure and on the experience of the
cytopathologists[18]. FNAC has an overall false negative
rate of between 0.5% and 11.8% (pooled rate of 2.4%)
and a false positive rate of 0%–7.1% (pooled rate of
1.2%)[9,24]. The false negative rates can be reduced by
better sampling techniques, meticulous follow-up and
serial FNAC examinations[18].

Figure 7 Transverse grey scale sonogram shows a
solid, ill-defined, hypoechoic nodule (arrows) contain-
ing punctate calcification (arrowheads) in the right
lobe of thyroid gland. Features are typical of papillary
carcinoma of thyroid. Asterisk identifies the common
carotid artery and curved arrow the trachea.
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Ideally ultrasound guided FNAC is the diagnostic
procedure of choice as it clearly directs and identifies
the position of the needle during the procedure, thus
increasing the diagnostic yield and safety. However, in
routine clinical practice, conventional FNAC is more
cost-effective than ultrasound guided FNAC as an initial
investigation procedure[25]. An ultrasound guided FNAC
is recommended for[26–28]:

– impalpable or poorly palpable nodules (<2 cm)

– non-diagnostic or failed previous conventional
FNAC.

Figure 8 Transverse grey scale sonogram shows
multiple round, solid, slightly hyperechoic cervical
lymph nodes (arrows) with punctate calcification
(arrowheads) in upper jugular chain. Features are
suggestive of metastatic lymph nodes from primary
papillary carcinoma of thyroid. Curved arrow iden-
tifies the internal jugular vein and asterisk marks the
common carotid artery.

Use of ultrasound in thyroid cancer
imaging

Equipment and technique

An advanced ultrasound machine with a high frequency
transducer (7.5–12 MHz) is the basic equipment required.
High frequency transducers allow superior near field
resolution and form the basis of characterization of
benign and malignant thyroid nodules. Colour flow
applications are now standard, and a high sensitivity
colour flow and power Doppler system is ideal. When
using colour flow and power Doppler the machine should
be calibrated to allow depiction of slow flowing vessels
in the head and neck.

In evaluating the thyroid gland, scanning in the
transverse and longitudinal planes is the most commonly
used method. Adequate extension of the neck is required
to ensure complete assessment of the inferior aspect of

the thyroid gland, though this may be difficult in the
elderly. Adjusting the depth and gain settings is essential
to ensure the whole of both lobes and the superficial
isthmus are fully assessed. To evaluate large goitres a
lower frequency (5 MHz) transducer may be required
to assess extension into the retroclavicular/retrosternal
region.

Ultrasound examination of the thyroid must always
include a detailed examination of the neck for any
cervical lymphadenopathy. Metastatic cervical lymph
nodes are frequently seen in thyroid cancers and may
affect the surgical management and prognosis of patients.

Figure 9 Transverse grey scale sonogram shows
multiple enlarged hypoechoic cervical lymph nodes
(arrows) with internal cystic necrosis (arrowheads)
in a patient with metastatic lymphadenopathy from
papillary carcinoma of thyroid.

Figure 10 Transverse grey scale sonogram shows a
large, solid, hypoechoic mass (arrows) occupying the
right lobe of thyroid gland. Note the presence of extra-
thyroid spread posteriorly (arrowheads). Histology:
anaplastic carcinoma. Curved arrow identifies the
internal jugular vein and asterisk marks the common
carotid artery.
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Figure 11 Transverse grey scale sonogram shows an
ill-defined, solid, hypoechoic mass (arrows) occupying
the left lobe of the thyroid gland. Multiple echogenic
foci (arrowheads) casting dense posterior acoustic
shadowing probably related to amyloid deposition
and associated calcification. Appearance is that of a
medullary carcinoma. Note how it closely resembles
a papillary carcinoma. Curved arrow identifies the
trachea and asterisk marks the common carotid
artery.

Ultrasound features of thyroid nodules

The vast majority of thyroid nodules are benign, and the
role of a radiologist in assessment of the thyroid gland is
to differentiate a malignant thyroid nodule from the more
commonly seen benign ones. It is therefore important to
evaluate the sonographic features of thyroid nodules as
these aid in their characterization.

Echogenicity

The incidence of malignancy is 4% when a solid thyroid
nodule is hyperechoic. If the lesion is hypoechoic (Fig. 1),
the incidence of malignancy rises to 26%[29]. However,
hypoechogenicity alone is inaccurate in predicting
malignancy, and if used as a sole predictive sign, it has
a relatively poor specificity (49%) and positive predictive
value (40%)[30].

Margins

A malignant thyroid nodule tends to have ill-defined
margins on ultrasound (Fig. 1). A peripheral halo of
decreased echogenicity is seen around hypoechoic and
isoechoic nodules and is caused by either the capsule of
the nodule or compressed thyroid tissue and vessels[31].
The absence of a halo has a specificity of 77% and
sensitivity of 67% in predicting malignancy[32].

Figure 12 Longitudinal grey scale sonogram shows
a well-defined hyperechoic nodule (arrows) in the left
lobe of thyroid gland suggestive of a follicular lesion.

Calcification

Fine punctate calcification (Fig. 2) due to calcified
psammoma bodies within the nodule is seen in papillary
carcinoma in 25%–40% of cases[16]. If used as the
sole predictive sign of malignancy, microcalcification
is the most reliable one with an accuracy of 76%,
specificity of 93% and a positive predictive value of
70%[30]. Coarse, dysmorphic or curvilinear calcifications
commonly indicate benignity (Fig. 3).

Comet tail sign

The presence of a comet tail (Fig. 4) sign in a thyroid
nodule indicates the presence of colloid within a benign
colloid nodule[33] and is a strong predictor of benignity.

Solid/cystic

It is generally believed that thyroid nodules with large
cystic components are usually benign nodules that have
undergone cystic degeneration or haemorrhage (Fig. 5).
However, papillary carcinoma occasionally demonstrates
a cystic component and may mimic a benign nodule,
though the presence of punctate calcification within the
solid component helps in its identification (Fig. 6).

Multinodularity

It is a myth that multinodularity implies benignity, as
approximately 10%–20% of papillary carcinomas may
be multicentric[31,34]. In those with true solitary nodules
confirmed at surgery the risk of cancer is the same as
in those with multinodular goitres[35]. Therefore against
a background of multinodular changes, extra caution
should be taken not to miss a suspicious nodule.

Colour flow patterns

In general there are three patterns of vascular distribution
within a thyroid nodule[36]:
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Figure 13 Longitudinal grey scale sonogram shows
an ill-defined heterogeneous thyroid nodule (arrows).
The hypoechoic nature of the follicular lesion raises
the suspicion of follicular carcinoma which was
confirmed on subsequent thyroidectomy.

– Type I: complete absence of flow signal within the
nodule

– Type II: exclusive perinodular flow signals

– Type III: intranodular flow with multiple vascular
poles chaotically arranged, with or without significant
perinodular vessels.

Type III pattern is generally associated with malig-
nancy. Types I and II are more commonly seen in benign
hyperplastic nodules[36,37]. Unfortunately if used as the
sole predictor of malignancy, colour flow characteristics
are not accurate[32], and have to be used in combination
with other features seen on grey scale ultrasound.

It is well recognized that the predictive ability of
ultrasound for malignancy is effective only when multiple
signs are present in the same nodule. Although their
predictive value increases in summation, it is at the cost
of sensitivity[32].

Common thyroid carcinomas

Papillary carcinoma

Papillary carcinoma accounts for 60%–70% of all thyroid
malignancies[38], with a peak incidence in the third and
fourth decades. Females are more commonly affected
than males. The tumour commonly spreads along the rich
lymphatic system within and adjacent to the thyroid gland
accounting for the multifocal nature of the tumour within
the thyroid gland and its spread to regional lymph nodes.
Venous invasion occurs in 7% of papillary carcinomas
and distant metastases to bone and lung are seen in 5%–
7%[39].

Ultrasound features of papillary carcinoma include
(Figs. 7–9):

Figure 14 Longitudinal grey scale sonogram shows
the presence of floating hypoechoic thrombus (arrow-
heads) within the distended internal jugular vein
(arrows). Colour/power Doppler will demonstrate
vascularity in a tumour thrombus which distinguishes
it from a stasis venous thrombus.

– predominantly solid (70%) and hypoechoic (77%–
90%)[16,37]

– presence of punctate microcalcification (25%–
90%)[16,37], correspond to psammomas bodies on
microscopy

– ill-defined margins[40–43]

– chaotic intranodular vascularity on colour flow
imaging[37]

– adjacent characteristic lymph nodes[44]: cystic necro-
sis in 25%, microcalcification in 50%, located in
the pre-/paratracheal regions and along the cervical
chains.

Anaplastic carcinoma

Anaplastic carcinoma is one of the most aggressive head
and neck cancers and has a grave prognosis. It accounts
for 15%–20% of all thyroid cancers[38]. The diagnosis is
suspected clinically with rapid growth in a long-standing
thyroid nodule. Patients frequently present with signs and
symptoms of airway compression.

Ultrasound features of anaplastic carcinoma include
(Fig. 10):

– hypoechoic tumour diffusely involving the entire lobe
or gland

– ill-defined margin

– areas of necrosis in 78%[16]

– nodal or distant metastases in 80% of patients[45,46];
the involved lymph nodes show evidence of necrosis
in 50%[16]

– multiple small intranodular vessels on colour flow
imaging

– extracapsular spread and vascular invasion in a third
of patients[45,46].
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Figure 15 Transverse grey scale sonogram in a
patient with known breast carcinoma shows a
well-defined, solid, homogeneous hypoechoic mass
(arrows) occupying the right lobe of thyroid. FNAC
confirmed a metastatic carcinoma. The curved arrow
identifies the trachea and the asterisk marks the
common carotid artery.

Medullary carcinoma

Medullary carcinoma is believed to arise from parafol-
licular C-cells that secrete thyrocalcitonin. It represents
5% of all thyroid cancers[38]. In 10%–20% of all
cases there is a family history of phaechromocytoma
or hypercalcaemia. At presentation, 50% of cases have
nodal metastases and 15%–25% have distant metastases
to liver, lungs and bone[39]. Medullary carcinoma may be
associated with MEN syndrome, and these patients have
a biologically more aggressive tumour and may develop
metastases earlier with a 55% 5-year survival rate[47,48].
Recurrence in the neck and mediastinum is common in
medullary carcinoma and is reflected biochemically with
increased serum calcitonin levels.

Ultrasound features of medullary carcinoma include
(Fig. 11):

– solid hypoechoic nodule

– echogenic foci in 80%–90% of tumours due to
amyloid deposition and associated calcification[16,38];
similar deposits are also seen in 50%–60% of
associated nodal metastases

– chaotic intranodular vessels within the tumour on
colour flow imaging.

Follicular lesions

A follicular thyroid lesion comprises follicular ade-
noma and follicular carcinoma which can only be
distinguished on histology of the surgical specimen by
the presence/absence of vascular and capsular invasion.
Therefore it is often not possible to differentiate a

benign from a malignant follicular lesion with FNAC
or core biopsy. Some clinicians therefore prefer to use
the collective term ‘follicular lesion’ for both a benign
follicular adenoma and a malignant follicular carcinoma.

Figure 16 Longitudinal grey scale sonogram shows
an ill-defined, solid, hypoechoic nodule (arrows) in
the thyroid gland. Thin echogenic lines (arrow-
heads) in the adjacent thyroid glandular parenchyma
indicate background Hashimoto’s thyroiditis. Biopsy
confirmed non-Hodgkin lymphoma of the thyroid
gland.

Although it is not possible to differentiate benign from
malignant follicular lesion on FNAC/core biopsy, some
cytologists will try and classify these into microfollicular
and macrofollicular types. The latter is associated with
a low risk of carcinoma, whereas in 20%–25% a
microfollicular lesion may be a follicular carcinoma[49].

A follicular carcinoma accounts for 2%–5% of all
thyroid cancers[37] and is more prevalent (25%–30%)
in iodine deficient areas[50]. In most cases it develops
from a pre-existing adenoma and has propensity for
haematogenous metastases to lungs, liver, bone and
brain. Nodal metastases in the neck are less commonly
encountered.

Ultrasound features of follicular lesions include:

– hyperechoic/isoechoic in echotexture (Fig. 12);
hypoechoic lesions have a higher risk of being
malignant (Fig. 13)[51]

– predominantly solid and homogeneous in 70%[51]

– well-defined, haloed in 80%[51]

– benign lesions have a type II vascularity, whereas
malignant lesions have a type III vascularity[37].

Ultrasound, in most cases, cannot accurately distin-
guish a benign from malignant follicular lesion. The
suspicion of malignancy is raised if the nodule is ill-
defined, hypoechoic, has a thick irregular capsule and
chaotic intranodular vascularity. The only reliable signs
of malignancy on ultrasound include frank vascular
invasion to adjacent vessels (such as internal jugular vein
and common carotid artery) (Fig. 14) and extracapsular
spread.
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Figure 17 Transverse grey scale sonogram in a
patient 1 year after total thyroidectomy for papillary
carcinoma shows a small hypoechoic nodule (arrows)
with punctate calcification (arrowhead) in the left thy-
roid bed. FNAC confirmed local tumour recurrence.
The curved arrow identifies the trachea, the open
arrow the oesophagus and the asterisk marks the
common carotid artery.

Thyroid metastases

Metastases to the thyroid gland is infrequent; the
incidence in patients with known primary is 2%–17%[52].
Metastases to the thyroid are due to haematogenous
spread, most commonly from primary melanoma, breast
carcinoma, renal cell carcinoma, lung carcinoma and
colonic carcinoma.

Ultrasound features of thyroid metastases include[52]:

– homogeneous, hypoechoic mass (Fig. 15)

– well-defined margins

– predominantly in the lower pole

– heterogeneous echopattern when the gland is dif-
fusely involved

– multiple, hypoechoic solid, thyroid nodules

– chaotic intranodular vascularity.

Lymphoma

Lymphoma accounts for 1%–3% of all thyroid malignan-
cies. An antecedent history of Hashimoto’s thyroiditis is
commonly present[16,38]. Thyroid involvement is more
commonly seen in non-Hodgkin’s lymphoma than in
Hodgkin’s disease. The typical clinical presentation
is an elderly female with a rapidly enlarging neck
mass. Thyroid involvement may be focal or diffuse,

extrathyroid spread and vascular invasion are seen in
50%–60% and 25%, respectively[53,54].

Figure 18 Transverse grey scale sonogram shows
an enlarged hypoechoic right paratracheal lymph
node (arrows) 6-months after thyroidectomy for pap-
illary carcinoma. Surgical excision confirmed regional
nodal recurrence. The curved arrow identifies the
trachea, the open arrow the internal jugular vein and
the asterisk marks the common carotid artery.

Ultrasound features of lymphoma of thyroid gland
include:

– focal thyroid involvement may be seen as a well-
defined nodule with pseudocystic appearance or
heterogeneous appearance (Fig. 16)

– diffuse involvement may result in heterogeneous
echopattern or simple enlargement of the gland with
normal echopattern

– associated round, hypoechoic, reticulated lymphoma-
tous nodes in the neck

– background of previous Hashimoto’s thyroiditis in the
form of echogenic fibrous strands within the thyroid
gland is often seen (Fig. 16).

Use of ultrasound in follow-up

Evaluation of recurrent disease is often a diagnostic
dilemma. Thyroglobulin levels (for well-differentiated
carcinoma), total body iodine-131 scans and serum
calcitonin (for medullary carcinoma) assays form an
integral part of detection of tumour recurrence. In the
postoperative state ultrasound may be difficult to perform.
However, in experienced hands it can clearly evaluate
the postoperative thyroid bed for the presence or absence
of any residual disease (Fig. 17). The patient can be
regularly followed up with ultrasound examination of the
neck for the early detection of local and nodal tumour
recurrence (Fig. 18). One has to be aware that post-
operative suture granulomas may appear sonographically
as hypoechoic nodules with coarse echogenic foci casting
posterior acoustic shadowing in the thyroid bed (Fig. 19).
The appearance may mimic that of recurrent papillary
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carcinoma, especially for radiologists not familiar with
ultrasound of the neck. In patients where probable
recurrent disease is identified, ultrasound is supplemented
by a guided FNAC for a definitive diagnosis of tumour
recurrence.

Figure 19 Transverse grey scale sonogram shows
an ill-defined hypoechoic nodule (arrows) in the right
thyroid bed containing coarse echogenic foci (arrow-
heads). Features are suggestive of a suture granuloma.
The asterisk identifies the common carotid artery.

Conclusion

The management of a thyroid nodule is multi-disciplinary
and involves head and neck surgeons, radiologists and
pathologists. Radiologists must be familiar with the
various signs on ultrasound that help to distinguish
benign from malignant thyroid nodules and the typical
appearance of common thyroid cancer. In addition,
ultrasound provides a safe tool for disease surveillance
in patients with thyroid cancer after treatment.
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