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LEARNING
OBJECTIVES
After reading this
article and taking
the test, the reader

will be able to:

� Describe common
US features of thy-
roid malignancy and
the value and limita-
tions of each.

� Correlate US fea-
tures with the patho-
logic appearance and
behavior of different
histologic types of
thyroid malignancy.

� Recognize atypical
features of thyroid
malignancy and other
potential diagnostic
pitfalls.
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Thyroid nodules are common and occur in up to 50% of the adult
population; however, less than 7% of thyroid nodules are malignant.
High-resolution ultrasonography (US) is commonly used to evaluate
the thyroid gland, but US is frequently misperceived as unhelpful for
identifying features that distinguish benign from malignant nodules.
Microcalcifications are one of the most specific US findings of a thy-
roid malignancy. Other useful US features include a marked hypoecho-
genicity, irregular margins, and the absence of a hypoechoic halo
around the nodule. Lymphadenopathy and local invasion of adjacent
structures are highly specific features of thyroid malignancy but are less
commonly seen. The number, size, and interval growth of nodules are
nonspecific characteristics. Suspicious US features may be useful for
selecting patients for fine-needle aspiration biopsy when incidental
nodules are discovered and when multiple nodules are present. Com-
mon interpretative pitfalls that may lead to failure to recognize a malig-
nancy include mistaking cystic or calcified nodal metastases for nod-
ules in a multinodular thyroid, mistaking diffusely infiltrative thyroid
carcinomas and multifocal carcinomas for benign disease, and failing
to recognize microcalcifications in papillary thyroid cancer.
©RSNA, 2007

Introduction
Thyroid nodules are very common and may be observed at ultrasonography (US) in
50% of the adult population. Thyroid malignancy is relatively rare and is diagnosed
in approximately 25,000 patients per year in the United States (1). The most com-
mon cause of benign thyroid nodules is nodular hyperplasia (2). Although less than
7% of thyroid nodules are malignant (2), it is critical that they be accurately identi-
fied. The imaging modality of choice for the investigation of thyroid nodules is high-
resolution US. US is commonly misperceived as unhelpful in distinguishing between
benign and malignant thyroid nodules. Although individual US features may be of

Abbreviation: FNA � fine-needle aspiration

RadioGraphics 2007; 27:847–865 ● Published online 10.1148/rg.273065038 ● Content Codes:

1From the Departments of Medical Imaging (J.K.H., W.K.L., M.L.), Pathology (D.J.), and Surgery (S.F.), St Vincent’s Hospital Melbourne, Univer-
sity of Melbourne, 41 Victoria Parade, Fitzroy 3065, Victoria, Australia. Recipient of a Certificate of Merit award for an education exhibit at the 2005
RSNA Annual Meeting. Received March 22, 2006; revision requested July 7 and received August 7; accepted August 14. All authors have no financial
relationships to disclose. Address correspondence to J.K.H. (e-mail: jennykh@gmail.com).

See the commentary by Langer following this article.

©RSNA, 2007

Note:  This copy is for your personal, non-commercial use only. To order presentation-ready copies for 
distribution to your colleagues or clients, use the RadioGraphics Reprints form at the end of this article.

See last page

TEACHING 
POINTS 



limited value, when multiple signs of thyroid ma-
lignancy appear in combination it is possible to
make an accurate prediction. The nodule then
may be further assessed with fine-needle aspira-
tion (FNA).

Scintigraphy is not used routinely to assess thy-
roid nodules. It is primarily of use in patients with
a suppressed thyroid-stimulating hormone level,
in whom it allows assessment of the functional
activity of a thyroid nodule and of the whole
gland. A functioning, or “hot,” thyroid nodule is
rarely malignant, with only a few reported cases of
such malignancy (3–10). Although a nonfunc-
tioning, or “cold,” nodule at scintigraphy is com-
monly thought to indicate an increased risk of
thyroid malignancy, as many as 77% of cold thy-
roid nodules may be benign (4,11). Thyroid scin-
tigraphy therefore is unhelpful for differentiating
a benign nodule from a malignant one, and its
utility for the routine evaluation of thyroid nod-
ules is limited.

Pathologic Types
of Thyroid Malignancy

The main pathologic types of thyroid carcinoma
are papillary, follicular, medullary, and anaplastic
(Fig 1). Papillary and follicular thyroid carcino-
mas both have an excellent prognosis, with a 20-
year survival of 90%–95% and 75%, respectively
(12–14). Medullary thyroid carcinoma is more
aggressive, with a 10-year survival of 42%–90%
(13,14). Anaplastic thyroid carcinoma has an ex-
tremely poor prognosis, with a 5-year survival of
5% (13,14). Risk factors for thyroid carcinoma
include age of less than 20 years or more than 60
years, a history of neck irradiation, and a family
history of thyroid cancer (14).

Thyroid lymphoma, usually of the non-Hodg-
kin type, is uncommon. It may occur as part of
generalized lymphoma or as a primary tumor,
usually in the setting of Hashimoto thyroiditis.
Metastases to the thyroid are rare and usually
originate from primary lung, breast, and renal cell
carcinomas. Metastatic disease should be sus-
pected when a solid thyroid nodule is found in a
patient with a known nonthyroid malignancy.

US Features
Suggestive of Malignancy

Calcifications
Thyroid calcifications may occur in both benign
and malignant disease. Thyroid calcifications can
be classified as microcalcification, coarse calcifi-
cation, or peripheral calcification. Thyroid micro-
calcifications are psammoma bodies, which are
10–100-�m round laminar crystalline calcific de-
posits (Fig 2a). They are one of the most specific
features of thyroid malignancy, with a specificity
of 85.8%–95% (2,15–17) and a positive predic-
tive value of 41.8%–94.2% (1). Microcalcifica-
tions are found in 29%–59% of all primary thy-
roid carcinomas (2,16,18,19), most commonly in
papillary thyroid carcinoma. Their occurrence has
been described in follicular and anaplastic thyroid
carcinomas as well as in benign conditions such
as follicular adenoma and Hashimoto thyroiditis
(20). At US, microcalcifications appear as punc-
tate hyperechoic foci without acoustic shadowing
(Fig 2b).

Large irregularly shaped dystrophic calcifica-
tions also may occur and are secondary to tissue
necrosis. They may appear as spicules, frag-
mented plates, or granular deposits within fibrous
septa in the thyroid gland. They are commonly
present in multinodular goiters; however, when
found in solitary nodules, they may be associated
with a malignancy rate of nearly 75% (21).
Coarse calcifications may coexist with micro-
calcifications in papillary cancers, and they are
the most common type of calcification in medul-
lary thyroid carcinomas (14,10,22). At US, dense
coarse calcifications cause posterior acoustic
shadowing (Fig 3). Inspissated colloid calcifica-
tions in benign thyroid lesions may mimic micro-
calcifications in thyroid malignancies, but the
former can be distinguished from malignant cal-
cifications by the observation of ring-down or re-
verberation artifact (Fig 4) (23). Peripheral calci-
fication is one of the patterns most commonly
seen in a multinodular thyroid but also may be
seen in malignancy (22).

Figure 1. Drawing shows the thyroid gland and the
frequency of occurrence of the different pathologic
types of thyroid malignancy.
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Figure 2. Papillary thyroid carcinoma in a 42-year-old man. (a) Photomicrograph (origi-
nal magnification, �400; hematoxylin-eosin stain) shows a psammoma body (arrow), a
round laminar crystalline calcification. (b) Transverse sonogram of the right lobe of the thy-
roid demonstrates punctate echogenic foci without posterior acoustic shadowing, findings
indicative of microcalcifications (arrows).

Figure 3. Medullary thyroid carcinoma in a 32-year-old man. (a) Transverse sonogram of the right
lobe of the thyroid shows a large nodule with coarse calcification and posterior acoustic shadowing (ar-
rows). (b) Axial computed tomographic (CT) image shows the nodule with an internal focus of coarse
calcification (arrows).

Figure 4. Benign thyroid nod-
ule in a 51-year-old woman.
Transverse sonogram of the right
lobe of the thyroid shows a col-
loid nodule with a ring-down arti-
fact (arrow), a finding indicative
of inspissated colloid calcifica-
tion.
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Local Invasion and
Lymph Node Metastases
Direct tumor invasion of adjacent soft tissue and
metastases to lymph nodes are highly specific
signs of thyroid malignancy (17). Extracapsular
extension has been demonstrated in 36% of thy-
roid malignancies at histologic analysis (2). Sug-
gestive clinical symptoms include dyspnea,
hoarseness, and dysphagia, which are caused by

invasion of the trachea or larynx, the recurrent
laryngeal nerve, or the esophagus, respectively
(13). Aggressive local invasion is common with
anaplastic thyroid carcinoma, lymphoma, and
sarcoma. At US, direct tumor invasion of adja-
cent soft tissues may appear as a subtle extension
of the tumor beyond the contours of the thyroid
gland or as frank invasion of adjacent structures
(Figs 5, 6) (24).

Figure 5. Anaplastic thyroid carcinoma in an 84-year-old woman. (a) Transverse sono-
gram of the left lobe of the thyroid shows an advanced tumor with infiltrative posterior mar-
gins (arrows) and invasion of prevertebral muscle. (b) Axial contrast-enhanced CT image
shows a large tumor that has invaded the prevertebral muscle (arrows).

Figure 6. Infiltrative primary leiomyo-
sarcoma of the thyroid in a 90-year-old
woman. (a) Transverse sonogram of the
left lobe of the thyroid shows a tumor (be-
tween calipers) with infiltration from the
posterior tumor margin into the preverte-
bral space (arrows). (b) Axial unenhanced
CT image shows the large size of the tu-
mor and the extent of invasion (arrows).
(c) Photomicrograph (original magnifica-
tion, �100; hematoxylin-eosin stain)
shows tumor invasion beyond the capsule
(arrows).
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Metastases to regional cervical lymph nodes
have been reported to occur in 19.4% of all thy-
roid malignancies (2). They are most common in
papillary thyroid carcinoma and occur in up to
40% of adults and 90% of children affected by
that type of malignancy (14). Medullary thyroid
carcinoma also demonstrates early nodal metasta-
ses in up to 50% of patients (14). Lymph node
metastases in follicular thyroid carcinoma are
rare, even in highly invasive cases. Examination of
the internal jugular chain of cervical lymph nodes,

particularly on the ipsilateral side of a suspicious
thyroid lesion, should be a routine part of US
evaluations of the thyroid. US features that
should arouse suspicion about lymph node metas-
tases include a rounded bulging shape, increased
size, replaced fatty hilum, irregular margins, het-
erogeneous echotexture, calcifications, cystic ar-
eas (Fig 7), and vascularity throughout the lymph
node instead of normal central hilar vessels at
Doppler imaging (Fig 8) (1,25,26).

Figures 7, 8. (7) Papillary carcinoma and cystic lymph node metastasis in a 28-year-old
woman. (a) Longitudinal sonogram of the right lobe of the thyroid shows an irregular hypo-
echoic tumor with microcalcifications. (b) Longitudinal sonogram of the right neck shows a
cystic level 5 nodal metastasis with internal septation and foci of calcification (arrows).
(c) Axial contrast-enhanced CT image shows the metastasis (arrow). (8) Papillary carci-
noma and vascular lymph node metastasis in a 27-year-old woman. (a) Transverse sono-
gram shows a tumor that has infiltrated the entire right lobe of the thyroid (arrows).
(b) Transverse sonogram of the right neck shows a level 3 lymph node metastasis with in-
creased vascularity (arrow). (c) Axial contrast-enhanced CT image shows a vascular lymph
node with a targetlike appearance (arrow).
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Lymph node metastasis is a US feature that
may be prognostic of thyroid carcinoma recur-
rence. Ito et al (27,28) showed a higher rate of
local recurrence with metastases to lateral com-
partment lymph nodes than with only central
compartment metastases identified at preopera-
tive US in patients with microcarcinomas (6.0%
vs 1.1%). The lateral compartment includes the
internal jugular, spinal accessory (posterior tri-
angle), and transverse cervical (supraclavicular)
lymph node groups (nodal levels 2–5). The cen-
tral compartment lies between the right and left
carotid arteries and comprises the delphian or
pretracheal nodes, the paratracheal nodes (lying
alongside the recurrent laryngeal nerve), and the
thymic and perithymic nodes located in the fatty
tissue in the lower anterior part of the neck.

Margins, Contour, and Shape
The halo or hypoechoic rim around a thyroid
nodule is produced by a pseudocapsule of fibrous
connective tissue, a compressed thyroid paren-
chyma, and chronic inflammatory infiltrates (29)
(Fig 9). A completely uniform halo around a nod-
ule is highly suggestive of benignity, with a speci-
ficity of 95% (30). However, a halo is absent at
US in more than half of all benign thyroid nod-
ules (29,31). Moreover, 10%–24% of papillary
thyroid carcinomas have either a complete or an
incomplete halo (18,30–32).

A thyroid nodule is considered ill defined when
more than 50% of its border is not clearly demar-
cated. Furthermore, nodules can be classified ac-
cording to their contours as smooth and rounded
or irregular with jagged edges. An ill-defined and
irregular margin in a thyroid tumor suggests ma-
lignant infiltration of adjacent thyroid paren-
chyma with no pseudocapsule formation (Fig 10).
The reported sensitivity of ill-defined margins and
irregular margins, however, ranges widely (53%–
89% and 7%–97%, respectively) (17,18,30).
Some papillary thyroid carcinomas may have a
misleadingly well-demarcated margin at US and
may be found to be encapsulated at histologic
review (18). The US appearance of minimally
invasive follicular carcinoma may have some fea-
tures in common with that of follicular adenoma
(12). The specificity of ill-defined margins is vari-
able, with 15%–59% of benign nodules having
poorly defined margins with macro- or mi-
crolobulations (2,33). Therefore, unless frank
invasion beyond the capsule is demonstrated, the
US appearance of the nodule margins alone is an
unreliable basis for determining malignancy or
benignity.

The shape of a thyroid nodule is a potentially
useful US feature that has not been extensively
described in the literature. Kim et al (16) found
that a solid thyroid nodule that is taller than it is
wide (ie, greater in its anteroposterior dimension
than its transverse dimension) has a 93% specific-
ity for malignancy. This appearance is thought to
be due to a centrifugal tendency in tumor growth,

Figure 9. Follicular adenoma in a 30-year-old
woman. Transverse sonogram of the left lobe of the
thyroid shows a follicular adenoma with a hypoechoic
halo (arrows).

Figure 10. Papillary carcinoma in an 87-year-old
man. Transverse sonogram of the thyroid isthmus
shows a poorly defined tumor with marked hypoecho-
genicity and irregular margins (arrows) and without a
hypoechoic halo.
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which does not necessarily occur at a uniform rate
in all dimensions.

Vascularity
Vascular flow within a thyroid nodule can be de-
tected with color or power Doppler US. The most
common pattern of vascularity in thyroid malig-
nancy is marked intrinsic hypervascularity, which
is defined as flow in the central part of the tumor
that is greater than that in the surrounding thy-
roid parenchyma (Fig 11). This occurs in 69%–
74% of all thyroid malignancies (2,18). However,
it is not a specific sign of thyroid malignancy.
Frates et al (34) showed that more than 50% of
hypervascular solid thyroid lesions were benign.
Perinodular flow is defined as the presence of vas-

cularity around at least 25% of the circumference
of a nodule (Fig 12). This flow pattern is more
characteristic of benign thyroid lesions but also
has been found in 22% of thyroid malignancies
(18). In contrast, complete avascularity is a more
useful sign: Chan et al (18) reported that all pap-
illary thyroid carcinomas in their study had some
intrinsic blood flow, and they concluded that a
completely avascular nodule is very unlikely to be
malignant.

The US assessment of nodule vascularity may
be useful to optimize sampling at FNA in two
clinical settings (1,23). First, in a multinodular
thyroid, nodules with intrinsic vascularity and
other features of malignancy can be targeted for
biopsy, in preference to other nodules. Second,
echogenic debris or hemorrhage within complex
cystic nodules—a finding that otherwise might be
mistaken for the solid component of the nodule—
can be ignored, and solid areas with intrinsic vas-
cularity can be targeted.

Hypoechoic Solid Nodule
Malignant nodules, both carcinoma and lym-
phoma, typically appear solid and hypoechoic
when compared with normal thyroid paren-
chyma. The combination of these two US fea-
tures has a sensitivity of 87% for the detection of
thyroid malignancy (2) but has low specificity
(15.6%–27%) and a low positive predictive value
(1). This appearance is present also in 55% of
benign nodules (2). When a thyroid nodule is
markedly hypoechoic, with a darker appearance
than that of the infrahyoid or strap muscles of the

Figure 11. Renal cell carcinoma metastases to the thyroid in a 69-year-old woman.
(a) Longitudinal sonogram of the right lobe of the thyroid shows a round hypoechoic nodule
(arrows) and an irregular-shaped hypoechoic nodule (arrowheads). (b) Color Doppler sono-
gram of the round nodule shows increased internal vascularity.

Figure 12. Follicular adenoma in a 36-year-old
woman. Longitudinal color Doppler sonogram of the
right lobe of the thyroid shows perinodular flow around
a follicular adenoma.
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neck, the specificity for detection of malignancy is
increased to 94%, but the sensitivity is reduced to
12% (16) (Fig 13). Marked hypoechogenicity is
very suggestive of malignancy.

Nonspecific US Features

Size of Nodule
The size of a nodule is not helpful for predicting
or excluding malignancy. There is a common but
mistaken practice of selecting the largest nodule
in a multinodular thyroid for FNA. The Society
of Radiologists in Ultrasound recently recom-
mended that the selection of a nodule for FNA in
a multinodular thyroid be based primarily on US
characteristics rather than nodule size (1). Papini
et al (2) analyzed their experience with FNA of
402 thyroid nodules, each with a maximal diam-

eter of 8–15 mm. Their findings showed that the
selection of nodules for biopsy on the sole basis of
a size of more than 1 cm would have led to the
selection of 325 of the nodules for FNA, with re-
sultant detection of 61% of thyroid cancers. If
one or more of the US features of hypoechogenic-
ity, irregular margins, or intrinsic vascularity were
used, only 125 of the nodules would have been
selected for FNA, but 87% of the cancers would
have been detected. Although nodules with a size
of more than 4 cm are slightly more likely to be
malignant than are smaller nodules, it is well
known that benign nodules can reach a large size
(Fig 14).

However, in general, smaller malignancies
have a more favorable prognosis than do larger
lesions. Pellegriti et al (35) reported that there
were no deaths in a group of 299 patients with
surgically treated papillary thyroid carcinomas
smaller than 15 mm within a follow-up period of
3.8 years.

Figure 13. B cell lymphoma of the thyroid in a 73-year-
old woman with Hashimoto thyroiditis. Transverse sono-
gram of the left lobe of the thyroid shows a large heteroge-
neous mass (between calipers) with marked hypoechoge-
nicity when compared with the strap muscles (SM). A
normal isthmus (arrow) also is visible. IJV � internal
jugular vein.

Figure 14. Large toxic fol-
licular adenoma in a 45-year-
old woman. (a) Transverse
sonogram of the left lobe of
the thyroid shows a 4.5-cm
nodule (arrows) that was be-
nign despite its size. (b) Coro-
nal scintigram obtained with
technetium 99m pertechnetate
shows a hyperfunctioning ad-
enoma (arrow).
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Number of Nodules
Although most patients with nodular hyperplasia
have multiple thyroid nodules and some patients
with thyroid carcinoma have solitary nodules, the
presence of multiple nodules should never be
dismissed as a sign of benignity. The risk of ma-
lignancy in a thyroid with multiple nodules is
comparable to that with a solitary nodule. In a
study of 68 consecutive biopsy-proved cases of
papillary thyroid carcinoma, 48% of the cancers
were found in multinodular thyroids (23). In an-
other series, a malignancy was found in 18 (9.2%)
of 195 thyroids with a solitary nodule and in 13
(6.3%) of 207 multinodular thyroids (2). Follicu-
lar thyroid carcinoma frequently is found in a
multinodular thyroid, and papillary thyroid carci-
noma is multifocal in 20% of cases (12).

In a patient with multiple thyroid nodules, one
or more nodules may be selected for biopsy. The
nodule or nodules are selected for FNA on the
basis of the clinical assessment, the presence of
suspicious US features, and the patient’s risk fac-
tors. FNA is not likely to be necessary in a dif-
fusely enlarged gland with multiple nodules of
similar and benign US appearance and without
intervening normal parenchyma (1). Indications
for thyroidectomy in patients with a multinodular
thyroid include hyperthyroidism, local compres-
sion symptoms, cosmesis, and concern about ma-
lignancy (36). If there is a history of significant
radiation exposure, total thyroidectomy should be
considered despite a benign result at FNA biopsy,
as there is a high incidence of malignancy in pa-
tients with such a history (37–39). There is no

indication for surgery in an uncomplicated multi-
nodular thyroid.

Interval Growth of a Nodule
In general, interval growth of a thyroid nodule is
a poor indicator of malignancy. Benign thyroid
nodules may change in size and appearance over
time, with the potential to either enlarge or de-
crease in size (40,41). Approximately 90% of
nodules undergo a 15% or greater increase in vol-
ume over 5 years; nodules that are predominantly
cystic are less likely to enlarge than are solid nod-
ules (42). Given this expectation of growth, it is
difficult to determine which benign-appearing
nodules and previously biopsied nodules may re-
quire FNA. The exception is clinically detectable
rapid interval growth, which most commonly oc-
curs in anaplastic thyroid carcinoma but also may
occur in lymphoma, sarcoma, and, occasionally,
high-grade carcinoma. Anaplastic thyroid carci-
noma often is manifested as a painful, enlarging
neck mass with features of local invasion.

Pitfalls in the
Diagnosis of Malignancy

Cystic or Calcified
Lymph Node Metastases
Abnormal lymph nodes adjacent to the thyroid
gland may be mistaken for benign nodules in a
multinodular thyroid, especially if the nodes are
cystic (Fig 15) or calcified (Fig 16). When the US

Figure 15. Papillary carcinoma and cystic lymph node
metastasis in a 44-year-old woman with a multinodular
thyroid. Transverse sonogram of the right lobe of the thy-
roid shows a hypoechoic carcinoma in the isthmus, with
microcalcifications and absence of a halo (arrowheads).
The right lobe of the thyroid is displaced anteriorly by a
large, partially cystic, level 6 (paratracheal) nodal metasta-
sis (arrows), which appears to be within the thyroid and
which was mistaken for a benign thyroid nodule. Because
several solid benign nodules were present, the initial diag-
nosis was benign multinodular thyroid. The cystic nodal
metastasis was confirmed at surgery. CCA � common ca-
rotid artery.
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appearance of the metastatic lymph node differs
from that of the primary thyroid tumor, that dif-
ference may increase the likelihood of misinter-
pretation (Figs 7, 15). Kessler et al (43) showed
that 70% of metastatic nodes from papillary thy-
roid carcinoma had a cystic component, while
most of the primary tumors were solid. Cystic
metastatic nodes are more common in younger
patients. Helpful US features suggestive of an
extrathyroidal location of a lymph node mass are
an incomplete rim of thyroid parenchyma around
the mass, and lack of movement of the mass with
the thyroid gland during swallowing. Cystic
lymph node metastases may be differentiated
from benign cystic thyroid nodules by carefully
assessing sonograms for the presence of a thick-
ened outer wall, internal echoes, internal nodular-
ity, and septation.

Cystic Variant of Papillary Carcinoma
A cystic component occurs in 13%–26% of all
thyroid malignancies (18,31), but a predominant
cystic appearance is uncommon. Chan et al (18)
showed that three of 50 papillary thyroid carcino-
mas had this predominant cystic appearance,
which may be mistaken for cystic change in a hy-
perplastic nodule. However, a careful US assess-
ment will demonstrate solid components with
vascularity (18), solid excrescences protruding
into the cyst, or microcalcifications (44), which
will help differentiate a papillary carcinoma from
a benign cystic hyperplastic nodule (Figs 17, 18).

Figure 16. Medullary thyroid carcinoma and calcified nodal metastases in
a 57-year-old man. (a) Transverse sonogram shows a lymph node metastasis
with coarse calcifications (arrows) immediately inferior to the left lobe of the
thyroid. The metastasis was mistaken for a benign calcified hyperplastic thy-
roid nodule. Several truly benign thyroid nodules also were found at US, and
these findings led to an incorrect diagnosis of multinodular thyroid. CCA �
common carotid artery. (b) Sagittal sonogram obtained at follow-up US
shows two other calcified lymph node metastases (arrows) on the left side, at
level 2. (c) Coronal unenhanced CT image shows the calcified nodal metas-
tases in both locations (arrows).
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Figure 18. Rare cystic papillary thyroid
carcinoma in a 55-year-old woman.
(a) Transverse sonogram of the right lobe
of the thyroid shows a complex cystic le-
sion with thick walls and solid components
(arrows). (b) Color Doppler sonogram
shows vascularity in a small part of the le-
sion margin (arrow). (c) Axial contrast-
enhanced CT image shows the tumor (ar-
rows) but does not clearly depict its
complexity.

Figure 17. Hürthle cell (follicular)
carcinoma in a 60-year-old woman.
(a) Transverse sonogram of the left
lobe of the thyroid shows a partially
cystic tumor with solid internal pro-
jections (arrows) and thick walls.
(b) Color Doppler sonogram
(shown in black and white) depicts
increased vascularity in the solid
parts of the tumor (arrow).
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Diffusely Infiltrative
Hypervascular Tumor
US characteristics of autoimmune diseases such
as Graves disease or chronic lymphocytic (Hashi-
moto) thyroiditis include enlargement of the thy-
roid with reduced echogenicity, heterogeneity,
and hypervascularity, particularly in Graves dis-
ease (14). Diffusely infiltrative papillary or follicu-
lar thyroid carcinoma may have all these features
and therefore may be mistaken for autoimmune
thyroid disease (Fig 19). Patients may even
present with misleading thyrotoxicosis. Coexist-
ing autoimmune thyroid disease and thyroid can-
cer also may present a trap at image interpreta-
tion. The frequency of such occurrences may in-
dicate that autoimmune thyroid disease is a risk
factor for thyroid malignancy (13,45–48). US
features that are suggestive of malignancy include
irregular or nodular enlargement of the thyroid

gland, sparing from the infiltrative process in
parts of the gland, and nodal metastases.

Biopsy of Inciden-
tal Thyroid Nodules

Palpable thyroid nodules should be investigated
with FNA on the basis of thyroid function test
results, clinical presentation, US features, and
risk factors. The management of asymptomatic
thyroid nodules detected at US is controversial.
There is a dilemma between the needs to avoid
burdening health care providers with overinvesti-
gation of benign nodules and, at the same time, to

Figure 19. Diffuse follicular variant of papillary thyroid carcinoma in a 37-year-old
woman with thyrotoxicosis mistaken for Graves disease. (a) Transverse sonogram of the left
lobe of the thyroid shows a heterogeneously hypoechoic enlarged thyroid (arrows) with no
residual normal thyroid tissue. (b) Color Doppler image shows diffuse increased parenchy-
mal vascularity. (c) Transverse sonogram of the right neck shows a lymph node metastasis
inferior to the right lobe of the thyroid (arrow) with coarse calcification. This finding aroused
suspicion about the possible presence of a primary thyroid carcinoma. Histopathologic anal-
ysis of the surgical specimen showed replacement of the thyroid gland by a diffuse follicular
variant of papillary thyroid carcinoma. CCA � common carotid artery.
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avoid adversely affecting the survival of patients
with carcinoma by delaying the diagnosis. The
work-up of incidental thyroid nodules must be
considered against the high prevalence of benign
thyroid nodules, the low incidence of thyroid car-
cinoma, and the low rate of mortality from small
thyroid carcinomas. Consensus guidelines set by
the Society of Radiologists in Ultrasound (1) are
based on the size of the nodule and suspicious US
characteristics. FNA is recommended for the fol-
lowing: microcalcifications in a nodule with a di-
ameter of 1 cm or greater; coarse calcification or a
solid nodule with a size of 1.5 cm or greater; and
a mixed cystic and solid nodule with a size of 2
cm or greater. These size limitations for each cat-
egory are based on consideration of the excessive
number of biopsies of small nodules and the like-
lihood that treatment of microcarcinomas (�1
cm) does not improve life expectancy (35). The
presence of abnormal lymph nodes suggestive of
metastatic disease overrides these recommenda-
tions.

Conclusions
US is valuable for identifying many malignant or
potentially malignant thyroid nodules. Although
there is some overlap between the US appearance
of benign nodules and that of malignant nodules,
certain US features are helpful in differentiating
between the two. These features include micro-
calcifications, local invasion, lymph node metas-
tases, a nodule that is taller than it is wide, and
markedly reduced echogenicity. Other features,
such as the absence of a halo, ill-defined irregular
margins, solid composition, and vascularity, are
less specific but may be useful ancillary signs.
Apart from local extrathyroidal invasion, none of
these features is individually pathognomonic of
malignancy. However, in combination, these fea-
tures may lead to a diagnosis of malignancy and
may direct attention to other suspicious nodules
in need of further investigation. Potential diag-
nostic pitfalls include routinely dismissing small
nodules, assuming that multiple nodules are most
likely benign, mistaking carcinomas for cystic hy-
perplastic nodules and Graves disease, and mis-
taking adjacent nodal metastases for benign thy-
roid nodules.
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Page 851 
US features that should arouse suspicion about lymph node metastases include a rounded bulging 
shape, increased size, replaced fatty hilum, irregular margins, heterogeneous echotexture, 
calcifications, cystic areas, and vascularity throughout the lymph node instead of normal central hilar 
vessels at Doppler imaging. 
 
Page 852 
A completely uniform halo around a nodule is highly suggestive of benignity, with a specificity of 
95%. 
 
Page 853 
Chan et al (18) reported that all papillary thyroid carcinomas in their study had some intrinsic blood 
flow, and they concluded that a completely avascular nodule is very unlikely to be malignant. 
 
Page 854 
Marked hypoechogenicity is very suggestive of malignancy. 
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Thyroid microcalcifications are psammoma bodies, which are 10–100-μm round laminar crystalline 
calcific deposits. They are one of the most specific features of thyroid malignancy, with a specificity of 
85.8%–95% and a positive predictive value of 41.8%–94.2%. 



RadioGraphics 2007 
This is your reprint order form or pro forma invoice 

(Please keep a copy of this document for your records.) 
 
 
 
 

 
 
Author Name _______________________________________________________________________________________________ 
Title of Article _______________________________________________________________________________________________ 
Issue of Journal_______________________________          Reprint # _____________    Publication Date ________________ 
Number of Pages_______________________________                KB # _____________               Symbol RadioGraphics 
Color in Article?    Yes   /   No       (Please Circle) 
Please include the journal name and reprint number or manuscript number on your purchase order or other correspondence.  
Order and Shipping Information 
 
Reprint Costs (Please see page 2 of 2 for reprint costs/fees.)   
 
________ Number of reprints ordered $_________ 

________ Number of color reprints ordered $_________ 

________ Number of covers ordered   $_________ 

                Subtotal $_________ 

Taxes $_________ 
(Add appropriate sales tax for Virginia, Maryland, Pennsylvania, and the 
District of Columbia or Canadian GST to the reprints if your order is to 
be shipped to these locations.) 
 

First address included, add $32 for  
         each additional shipping address $_________ 

 
                        
TOTAL      $_________ 

 
    

Shipping Address (cannot ship to a P.O. Box) Please Print Clearly 
Name ___________________________________________ 
Institution _________________________________________ 
Street  ___________________________________________ 
City ____________________  State _____  Zip  ___________ 
Country ___________________________________________ 
Quantity___________________  Fax  ___________________ 
Phone:  Day _________________ Evening _______________ 
E-mail Address _____________________________________ 
 
Additional Shipping Address* (cannot ship to a P.O. Box) 

Name ___________________________________________ 
Institution _________________________________________ 
Street ___________________________________________ 
City ________________  State ______  Zip  ___________ 

   Country     _________________________________________ 
Quantity  __________________    Fax  __________________ 
Phone:  Day  ________________   Evening  ______________ 
E-mail Address   ____________________________________ 
*  Add $32 for each additional shipping address 

Payment and Credit Card Details    
Enclosed: Personal Check ___________   
  Credit Card Payment Details _________   
Checks must be paid in U.S. dollars and drawn on a U.S. Bank. 
Credit Card:   __ VISA    __ Am. Exp.   __ MasterCard 
Card Number  __________________________________ 
Expiration Date_________________________________  
Signature: _____________________________________ 
 
Please send your order form and prepayment made payable to: 
         Cadmus Reprints 
 P.O. Box 751903 
 Charlotte, NC  28275-1903 
Note:  Do not send express packages to this location, PO Box. 

   FEIN #:541274108 
 

Invoice or Credit Card Information 
Invoice Address            Please Print Clearly 
Please complete Invoice address as it appears on credit card statement 
Name  ____________________________________________ 
Institution   ________________________________________ 
Department  _______________________________________ 
Street  ____________________________________________ 
City ________________________  State _____  Zip _______ 
Country ___________________________________________ 
Phone _____________________    Fax   _________________ 
E-mail Address _____________________________________ 
 
Cadmus will process credit cards and Cadmus Journal 

Services will appear on the credit card statement. 
 
If you don’t mail your order form, you may fax it to 410-820-9765 with 

your credit card information.
 
Signature  __________________________________________ Date _______________________________________ 
Signature is required.  By signing this form, the author agrees to accept the responsibility for the payment of reprints and/or all charges 
described in this document. 

Reprint order forms and purchase orders or prepayments must be received 72 hours after receipt of form either  
by mail or by fax at 410-820-9765.  It is the policy of Cadmus Reprints to issue one invoice per order.   

Please print clearly.  
 

Page 1 of 2 
RB-9/22/06 



RadioGraphics 2007 
 
Black and White Reprint Prices 

Domestic (USA only) 
# of 

Pages 50 100 200 300 400 500 

1-4 $213  $228  $260  $278  $295  $313  
5-8 $338  $373  $420  $453  $495  $530  

9-12 $450  $500  $575  $635  $693  $755  
13-16 $555  $623  $728  $805  $888  $965  
17-20 $673  $753  $883  $990  $1,085  $1,185  
21-24 $785  $880  $1,040  $1,165  $1,285  $1,413  
25-28 $895  $1,010  $1,208  $1,350  $1,498  $1,638  
29-32 $1,008  $1,143  $1,363  $1,525  $1,698  $1,865  

Covers $95 $118 $218 $320 $428 $530 
 

International (includes Canada and Mexico) 
# of 

Pages 50 100 200 300 400 500 

1-4 $263  $275  $330  $385  $430  $485  
5-8 $415  $443  $555  $650  $753  $850  

9-12 $563  $608  $773  $930  $1,070  $1,228  
13-16 $698  $760  $988  $1,185  $1,388  $1,585  
17-20 $848  $925  $1,203  $1,463  $1,705  $1,950  
21-24 $985  $1,080  $1,420  $1,725  $2,025  $2,325  
25-28 $1,135  $1,248  $1,640  $1,990  $2,350  $2,698  
29-32 $1,273  $1,403  $1,863  $2,265  $2,673  $3,075  

Covers $148 $168 $308 $463 $615 $768 
 
Minimum order is 50 copies.  For orders larger than 500 copies, 
please consult Cadmus Reprints at 800-407-9190. 
  
Reprint Cover 
Cover prices are listed above.  The cover will include the 
publication title, article title, and author name in black.  
 
 
Shipping 
Shipping costs are included in the reprint prices.  Domestic 
orders are shipped via UPS Ground service.  Foreign orders are 
shipped via a proof of delivery air service.   
 
Multiple Shipments 
Orders can be shipped to more than one location. Please be 
aware that it will cost $32 for each additional location. 
 
Delivery 
Your order will be shipped within 2 weeks of the journal print 
date.  Allow extra time for delivery. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Color Reprint Prices 

Domestic (USA only) 
# of 

Pages 50 100 200 300 400 500 

1-4 $218  $233  $343  $460  $579  $697  
5-8 $343  $388  $584  $825  $1,069  $1,311  
9-12 $471  $503  $828  $1,196  $1,563  $1,935  
13-16 $601  $633  $1,073  $1,562  $2,058  $2,547  
17-20 $738  $767  $1,319  $1,940  $2,550  $3,164  
21-24 $872  $899  $1,564  $2,308  $3,045  $3,790  
25-28 $1,004  $1,035  $1,820  $2,678  $3,545  $4,403  
29-32 $1,140  $1,173  $2,063  $3,048  $4,040  $5,028  

Covers $95 $118 $218 $320 $428 $530 
 

International (includes Canada and Mexico)) 
# of 

Pages 50 100 200 300 400 500 

1-4 $268  $280  $412  $568  $715  $871  
5-8 $419  $457  $720  $1,022  $1,328  $1,633  
9-12 $583  $610  $1,025  $1,492  $1,941  $2,407  
13-16 $742  $770  $1,333  $1,943  $2,556  $3,167  
17-20 $913  $941  $1,641  $2,412  $3,169  $3,929  
21-24 $1,072  $1,100  $1,946  $2,867  $3,785  $4,703  
25-28 $1,246  $1,274  $2,254  $3,318  $4,398  $5,463  
29-32 $1,405  $1,433  $2,561  $3,788  $5,014  $6,237  

Covers $148 $168 $308 $463 $615 $768 
 
Tax Due 
Residents of Virginia, Maryland, Pennsylvania, and the District 
of Columbia are required to add the appropriate sales tax to each 
reprint order.  For orders shipped to Canada, please add 7% 
Canadian GST unless exemption is claimed. 
 
Ordering 
Reprint order forms and purchase order or prepayment is 
required to process your order.  Please reference journal name 
and reprint number or manuscript number on any 
correspondence.  You may use the reverse side of this form as a 
proforma invoice.  Please return your order form and 
prepayment to: 
 
 Cadmus Reprints 
 P.O. Box 751903 
 Charlotte, NC  28275-1903 
 
Note:  Do not send express packages to this location, PO Box. 
FEIN #:541274108 
 
Please direct all inquiries to: 
 

Rose A. Baynard 
 800-407-9190 (toll free number) 
 410-819-3966 (direct number) 
 410-820-9765 (FAX number) 

baynardr@cadmus.com (e-mail)  
 

Reprint Order Forms 
and purchase order 
or prepayments must 
be received 72 hours 
after receipt of form. 
 

Page 2 of 2 




