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Preface
Thyroid nodules are a common clinical fi nding in the popula-
tion, especially in women. The prevalence of palpable nodules 
is about 5%. At autopsy or ultrasound (US) examination thy-
roid lesions are found in up to 50% of the adult population. 
Only about 10% of palpable thyroid nodules are malignant. 
In Norway there are about 220 new thyroid carcinomas each 
year. This means that more than 2000 patients have to be 
examined to fi nd these carcinomas. Due to increased use of 
computed tomography, magnetic resonance, positron emmi-
sion tomography and US examination of the neck for other 
reasons, more palpable and nonpalpable thyroid lesions, so-
called “incidentalomas” are found. Many of these lesions will 
need further examination.

Until a few years ago, thyroid lesions were resected with no 
preoperative diagnosis, and as a result, a lot of benign thyroid 
nodules were removed unnecessarily. In addition, many ma-
lignant tumors were not radically removed at primary surgery 
and the need for regional lymph node resections were not taken 
into consideration. For many years there has been controversy 
about the most cost-effective approach in the diagnostic evalu-
ation and treatment of thyroid nodules. 

During the past 5 years, the management of patients with thy-
roid nodules and thyroid carcinoma has changed. In 2006 the 
American Thyroid Association announced their Management

Guidelines for patients with Thyroid Nodules and Differenti-
ated Thyroid Carcinoma [1], and the European Thyroid Asso-
ciation released their European Consensus for the Manage-
ment of Patients with Differentiated Thyroid Carcinoma of the 
Follicular Epithelium the same year [2]. In March 2007 the 
Norwegian guidelines were published [3].

The essential aim of this atlas is to give physicians perform-
ing US examinations better knowledge in differentiating be-
tween benign, suspicious, and malignant thyroid lesions, and 
between normal and pathologic neck lymph nodes. There are 
some features that are typical for one entity, but there are 
also many overlapping features among the different lesions, 
which make it impossible to assess the correct diagnosis 
in every case. The presentation of pathology images may 
help the cytopathologist/histopathologist in their evaluation 
of the different specimens, and may also be of interest to 
the radiologist. A better understanding of the pathology may 
help the radiologist develop his or her skills. The goal for 
the patient and the physician should be to prevent surger-
ies for clinically insignifi cant benign nodular disease and to 
perform radical resections of thyroid carcinomas and metas-
tases when needed.

Arne Heilo, MD, Eva Sigstad, MD, 
and Krystyna Grøholt, MD
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Ultrasound (US) has become a very important tool in the 
management of thyroid carcinoma, both in primary diagnos-
tics and in the follow-up of patients surgically treated for thy-
roid carcinoma. According to the Norwegian guidelines [3], 
“Patients with a palpable thyroid tumor should be referred 
directly to a center where both US of the whole neck and US-
guided cytologic biopsy of the thyroid tumor and of suspi-
cious lymph nodes can be performed. As far as possible, a 
cytopathologist or a screener should be present to examine 
the specimen and ensure good quality.” In Norway breast 
screening centers are established in every county. The inten-
tion is to implement this work-up model for thyroid nodules 
in connection with these centers where the radiologists are 
familiar with the use of US-guided cytologic biopsies in col-
laboration with cytopathologists. 

The most crucial step when evaluating thyroid lesions and 
cervical lymph nodes is the US examination, along with decid-
ing whether a lesion should be punctured, how many nodules 
should be punctured, and from what part of the lesion the sam-
ple should be collected. This evaluation and decision is based 
on the experience of the physician performing the examination, 
but also on the ability of the US equipment to procure the pa-
thology. Many US physicians have limited experience in this 
fi eld, and the need for a reference atlas is obvious.

Because of the numerous fi ndings of thyroid nodules at differ-
ent imaging examinations of the neck, it is very important to 
have a proper policy on how to handle these fi ndings. It is well 
accepted that nonsuspicious nodules less than 1 cm should 
be left alone without doing cytologic biopsy or further follow-
up, except for patients who have received external radiation to 
the head or neck during childhood, or in patients with a family 
history of medullary or papillary thyroid cancer. Any asymp-
tomatic colloid or hypertrophic nodule, thyroiditis, and goiter 
may, with some exceptions, should be included in this policy. 
 
This atlas demonstrates a broad spectrum of US fi ndings in the 
thyroid gland in patients with benign and malignant thyroid le-
sions, and also the different features of metastases in the cervi-
cal lymph nodes. The diagnoses given in this atlas were prin-

cipally confi rmed by histologic evaluation after surgery. Some 
cases, however, were confi rmed only by cytologic evaluation or 
histologic evaluation of histologic needle biopsy with clinical 
follow-up. Lymph node metastases were confi rmed by CB and/
or thyroglobuline assay in the wash out specimens. In some 
cases comparable computed tomography or magnetic reso-
nance images are shown, and in most cases the gross pathol-
ogy and cytologic or histologic fi ndings are presented. 

All US images were taken with a Philips HDI 5000 with SonoCT 
and Xres (Philips Medical Systems, Bothell, WA) using a broad-
band 12-5-mHz linear transducer. The Doppler images were all 
taken with a PRF ± 4 cm/s. The CBs were taken with either a 27- 
or 25-gauge needle, almost always without aspiration. (We only 
use aspiration if the fi rst attempts give “dry tap”.) Histologic 
needle biopsies were taken with the Bard Magnum reusable 
biopsy gun (Bard Biopsy Systems,Tempe, AZ) using an 18- 
or 16-gauge needle with a 22- or 15-mm needle advancement. 
In very small tumors we used the Bard Monopty disposable 
gun with an 18-gauge needle and 11-mm needle advancement.

The image presentation starts with an overview of the different 
features of thyroid lesions described in the literature; one new 
feature is also presented. The images with comments show 
our defi nition of the different features with the terminology 
we use. Thereafter, images of the different pathologic entities 
are presented, and US features are described. In each case the 
reader will have information about the patient’s age and sex, 
a very short clinical history, and the fi ndings on US, cytol-
ogy, and histology in the cases where either needle biopsy was 
taken or a resection was performed.

As for US evaluation, the evaluation of the slides with cytologic 
specimens was based on the experience of the cytopathologist. 
In almost all cases presented in this atlas there was an immedi-
ate on-site evaluation of the smears. 

In addition to determining the adequacy of the specimens, 
on-site evaluation gave the cytopathologist the opportunity to 
evaluate the specifi c lesions together with the radiologist. The 
on-site collaboration between radiologist and cytocytopathol-
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ogist, made the puncture more focused and accurate, and the 
cytopathologist was able to achieve a better understanding of 
the characteristics of the whole lesion, as well as the rest of 
the thyroid gland. This information in some cases turned out to 
be of crucial importance to the cytopathologist, and ensured an 
even better interpretation of the smears.

The cytologic biopsy specimens were prepared fresh, air-dried and 
stained immediately with Diff-Quick. In cases where the clinical 
information or morphology indicated the possibility of medullary 
carcinoma, unstained slides were taken for immunocytochemi-
cal staining for calcitonin. In cases suspicious for a lymphocytic 
lesion (thyroiditis or lymphocytic neoplasm), an additional punc-
ture was performed and the material referred for fl ow cytometric 
immunophenotyping. The biopsies were diagnosed according 
to the World Health Organization classifi cation. Histologic nee-

dle biopsy was performed under US guidance in selected cases, 
mostly in cases with inadequate cytologic biopsy.

The images from the US evaluation were not available for the 
cyto pathologist doing the gross section examination of the 
resected specimens. For this reason the US images do not 
precisely show concordance with the images from the gross 
specimens, the cytology, and histology. The main patterns har-
monize, however, to a great extent.

This atlas does not strive to be a complete pathology atlas. The 
cytologic and histologic images are meant to serve as a cytologic 
or histologic correspondence to the radiologic images. As such, 
some of the basic characteristics for each of the entities men-
tioned are described, some with additional comments due to the 
experience of the authors.
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Evaluation Basics

Ultrasound (US) evaluation in general is uniquely operator dependent. If images from a neck examination are not stored as a lot 
of parallel slices or as a video uptake, the pathology can only be revealed while examining the area of interest. Still images will 
sometimes lose important information, ie, a malignant infi ltration from the tumor into neighboring tissue outside the thyroid gland, 
which often can be readily revealed in real time. 

The evaluation is, however, also highly dependent on the equipment. Using some of the old US machines with low frequency 
transducers, it is only possible to distinguish between cystic and solid thyroid nodules, while the high-end machines can evaluate 
very small lesions and lymph nodes [4–7]. Both an experienced physician and premium class equipment is crucial for a good 
result, ie high sensitivity and specifi city. 

The results are, however, often dependent on cytologic verifi cation of equivocal US fi ndings. It may be diffi cult to obtain cell 
material from the most suspicious area. Thus, it is mandatory to have good skill in US-guided free hand puncture technique to 
achieve a high accuracy [4].

 AP — antero posterior 
 CB — cytologic biopsy (FNAC, FNAB, FNA, FNCB)
 CN — colloid nodule 
 CT — computed tomography
 FA — follicular adenoma
 FTC — follicular thyroid carcinoma
 FVPTC — follicular variant of PTC

 HNB — histologic needle biopsy (CNB, CB, LNB)
 LN — lymph node
 MR — magnetic resonance
 MTC — medullary thyroid carcinoma
 PTC — papillary thyroid carcinoma
 SD — sagittal diameter
 TD — transverse diameter

Defi nitions, Terminology and Abbreviations

 1   Physical and Technical 
Essentials 

3

There are confusing, and to a certain degree misleading, discrepancies between different countries, different medical centers, and 
different specialties in the terminology concerning the sampling of specimens for cytology and histology. In the United States, sam-
pling of specimens for cytology and histology are called biopsy: fi ne needle aspiration biopsy (FNAB or FNA biopsy), which gives 
a specimen for cytology, and coarse or core needle biopsy (CNB), which gives a specimen for histology. In Europe, most often an-
other terminology is used: fi ne needle aspiration cytology (FNAC or FNAC cytology), cutting biopsy (CB), core needle biopsy (CNB), 
or just biopsy. Large needle biopsy (LNB) is also used by some authors. Some regard an 18-gauge needle as a fi ne needle. 

The term histology is in accordance with cytology, biopsy is not. A biopsy will give a specimen for cytology and histology.

The term fi ne needle capillary biopsy (FNCB) has been used to emphasize sampling without aspiration, a method that is increas-
ingly recognized all over the world. Nevertheless, the terms FNAC, FNAB, or just FNA are still used, although no aspiration has 
been employed. In this atlas we use the terms cytologic biopsy (CB) and histologic needle biopsy (HNB) independent of needle 
size and aspiration.

DOI 10.1007/978-1-4419-6010-8_1, © Springer Science+Business Media, LLC 2011
A. Heilo et al. (eds.), Atlas of Thyroid Lesions, 



The thyroid gland is composed of a right and a left lobe lying 
adjacent and lateral to the upper trachea and esophagus, and 
between the two carotid arteries. The thyroid has a homogeneous 
echopattern, and is hyperechoic compared with the neighboring 
strap muscles. An isthmus of variable size connects the two 
lobes, and in some cases a pyramidal lobe is present, extending 
upward anterior to the thyroid cartilage. Rarely aberrant thyroid 
tissue is found in the mediastinum or laterally on the neck. 
Because of the superfi cial location of the gland, it is possible to 
recognize normal anatomic structures less than 1 mm in diameter 
using a 10- to 15-mHz transducer. When the gland is greatly 
enlarged, there is a need for transducers with lower frequency, 
thus giving less resolution with reduced ability to evaluate the 
fi ndings. The degree of information achieved with ultrasound is 
reduced when the tumor extends into the mediastinum. 

Anatomy

Neck lymph nodes are generally superfi cially located, which 
makes it possible to evaluate them with the same high 
frequency transducer used for the thyroid gland. Ultrasound 
may reveal metastatic infi ltration in lymph nodes less than 3 
mm in size, which is of utmost importance in efforts to give 
the patient radical treatment. Because of the great number of 
neck lymph nodes, it is important to record the location of a 
lymph node metastasis as a guide for the surgeon. There are 
different international maps available describing neck lymph 
node localization. In this atlas we refer to the map made by 
the American Joint Committee on Carcinoma having segments 
from I-VII. 

FIGURE 1-2. Sections of the regonal lymph nodes.

4

FIGURE 1-1. Anatomy of the thyroid gland.



There are many different features indicating a certain benign or malignant tumor type, but many of these are overlapping signs. 
Combining several features is considered to give the best result. Ultrasound features of benign lesions are often described as a 
diffusely enlarged gland, a well-circumscribed inhomogeneous hyper- or isoechoic solid lesion, a semi-solid or predominantly 
cystic lesion, multinodular lesions, and so forth. US features suggestive of malignant thyroid tumors have been described as 
follows: microcalcifi cations, hypoechogenicity, a taller than wide lesion, predominantly solid composition, irregular borders, 
absence of peripheral halo, intranodular hypervascularity, and regional lymphadenopathy [4,8,9]. No single US feature has both 
a high sensitivity and a high positive predictive value for thyroid carcinoma. The different malignant tumors have to some degree 
a different appearance on US. 

5

 FIGURE 2-1. “Comet tail” crystals are highly echogenic, tiny, almost shiny foci, 
often with white tails, seen within both solid and cystic lesions that represent 

condensed colloid [4,6,7]. The white tail is a result of reverberation artifacts. A, 
Cystic Colloid nodule. B, Papillary thyroid carcinoma. 

  2 Ultrasound Features 
of Thyroid Lesions  

“Comet Tail” Crystals

DOI 10.1007/978-1-4419-6010-8_2, © Springer Science+Business Media, LLC 2011 
A. Heilo et al. (eds.), Atlas of Thyroid Lesions, 
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Calcifi cations

Calcifi cations are described as micro-, coarse, or “eggshell” calcifi cations. 

Microcalcifi cations

FIGURE 2-2. Microcalcifi cations are defi ned as punctate, highly echogenic, but 
somewhat pale nonshadowing discrete foci. They are thought to represent cal-
cifi ed psammoma bodies or granular amorphous deposits of calcium [4,10]. If 
they are innumerable or located in small groups, the tumor is highly suspicious 
for being a papillary carcinoma. Microcalcifi cations are also seen in medullary 

carcinoma, but they tend to be more coarse and with more irregular shape than 
in papillary carcinoma [6,7,10]. Often a few microcalcifi cations are also found in 
other malignant and benign tumors.  A, Papillary thyroid carcinoma (PTC), innu-
merable.  B, PTC, clusters.  C–E, PTC.  F, Medullary thyroid carcinoma.
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Coarse calcifi cations 

Histologic morphology

“Eggshell” calcifi cations

FIGURE 2–3. Coarse calcifi cations are defi ned as large, highly echogenic foci with 
irregular borders and acoustic shadow. They may appear as one large calcifi cation 
or a cluster of smaller calcifi cations. They are suspicious for malignancy, especially 
if they are located in the central part of the tumor, but they are also often seen in 

nodular goiter [8,10,–13]. There is no exact distinction between the largest micro-
calcifi cations and the smallest coarse calcifi cations. Calcifi ed psammoma bodies 
will probably always be tiny, but granular amorphous deposits of calcium may vary 
in size. A, Papillary Thyroid Carcinoma. B, Follicular thyroid carcinoma.

FIGURE 2–4. “Eggshell” calcifi cations are thin, peripherally located calcifi cations that indicate benignity and are usually due to degenerative changes in goiterous nodules 
[6], but can also be found in malignant tumors. A, Papillary thyroid carcinoma. B, Colloid nodule.

FIGURE 2–5. From lesions with coarse calcifi cation, “eggshell” calcifi cation, and 
“comet tail” crystals the histology specimen sometimes contains calcifi cations 
irregular in form and shape, in contrast to the true psammomma bodies one may 
fi nd in specimens from papillary thyroid carcinomas (PTCs) that are circular with 
concentric rings. Cytology: microcalcifi cation bodies in PTC.
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Echogenicity

FIGURE 2–6. Lesions are described as hyperechoic, isoechoic, hypoechoic,  
anechoic, or with mixed echogenicity. Benign lesions are often hyper- or isoechoic 
or with mixed echogenicity compared with the echogenicity in the normal tissue 
of the thyroid gland; malignant tumors are most often hypoechoic [4–7]. A highly 
hypoechoic lesion is strongly suspicious for malignancy. There is, however, a 

lot of overlap between benign and malignant lesions. Cystic areas may be either 
anechoic or hypoechoic depending on the content. A, Hyperechoic (colloid nod-
ule [CN]). B, Isoechoic (CN). C, Hypoechoic (medullary thyroid carcinoma). D, 
Strongly hypoechoic (follicular variant of papillary thyroid carcinoma). E and F, 
Mixed echogenicity (CN).
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Echo Pattern

FIGURE 2–7. Echo pattern or echo texture is described in different ways by dif-
ferent authors. The pattern can be homogeneous or heterogeneous, regular or 
irregular. It can be lobulated, nodular or granular, spongy or honeycomb-like [6]. 
A homogeneous echo pattern indicates a benign tumor, and a heterogeneous 
echo pattern is usually seen in malignant lesions. A lobulated echo pattern may 
indicate a follicular tumor. Both predominantly large nodular patterns and small 
nodular patterns are found in goiter, but small nodular and granular patterns are 
also seen in thyroiditis [6,10]. Linear bright echoes within an enlarged hypoechoic 
thyroid lobe, so-called “coarse septations”, are sometimes found in Hashimoto’s 
thyroiditis. They are caused by fi brous bands [6,10]. 

Another echo pattern that may be of importance in distinguishing different tumors 
is geographic echo pattern. This pattern consists of sharply marginated areas of 
different echogenicity within the tumor. We have found this echo pattern especial-
ly in follicular variant of papillary thyroid carcinoma (FVPTC), but also in follicular 
tumors. A, Homogeneous (follicular adenoma [FA]). B, Heterogeneous (papillary 
thyroid carcinoma [PTC]). C, Lobulated (FA). D, Geographic (FVPTC). E, Spongy 
(colloid nodule). F, Coarse septations (lymphoma). G, Granular (thyroiditis). H, 
Nodular (thyroiditis).
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Hypoechoic Halo

FIGURE 2–8. Using color Doppler, the peripheral hypoechoic halo especially found 
in follicular tumors represents peripheral vessels adjacent to the capsule [6,7]. A 
thin, even halo with a thin vascular rim is strongly indicative of a follicular adenoma 
(FA). A thick halo usually corresponds with a thick rim of vessels. An even or uneven 

thick halo is suspicious for follicular carcinoma. A thick halo, however, is sometimes 
also seen in adenomas, and a segmented thin halo is sometimes found in nodular 
goiter. A and B, Thin, even halo (FA). C, Thin, uneven halo (follicular thyroid carci-
noma [FTC]). D, Thick partial halo (FTC). E and F, Thick, uneven halo (FTC).
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Edge Shadow

Infi ltration

FIGURE 2–9. Refractive shadows on the side edges of a lesion are probably 
caused by fi brotic or calcifi ed tissue at the edge of the tumor. Peripheral reactive 
fi brosis may be prominent in papillary carcinomas [10]. The feature is suspicious 

for malignancy, but is also seen in benign lesions. This pattern is less prominent 
in modern ultrasound equipment with cross beam technology. A, Colloid nodule. 
B, Papillary thyroid carcinoma.

FIGURE 2–10. A malignant tumor may grow through the thyroid capsule and 
infi ltrate the strap muscles or the trachea, and at a later stage, other adjacent 
structures. Infi ltration is diffi cult to see on still images, but can more easily be 
discerned in a real time examination. If the tumor is  suspicious for infi ltrating 
the neighborhood, the physician should try to move the tumor or the neighboring 
structures to verify adhesions or independent movement. A, Follicular thyroid 
carcinoma. B, Papillary thyroid carcinoma. C, Anaplastic thyroid carcinoma.
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Margin

FIGURE 2–11. The margin of a lesion may be described as well defi ned or poorly 
defi ned, regular or irregular, or the lesion may have a diffuse or blurred margin 
or be sharply or well circumscribed. A lesion with a well-defi ned, regular margin 
is probably benign, and a diffuse or blurred margin is suspicious for malignancy 

[4,6–10]. A, Sharply circumscribed (follicular adenoma). B, Well circumscribed 
(colloid nodule). C, Quite well circumscribed (papillary thyroid carcinoma). 
D, Quite well circumscribed (medullary thyroid carcinoma). E and F, Blurred 
margin (PTC).
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Size and Shape

FIGURE 2–12. A malignant thyroid tumor has no lower size limit. With high resolution 
ultrasound (US) equipment, papillary carcinomas less than 10 mm in diameter, so-
called “microcarcinomas,” can also be disclosed [14]. A small, taller than wide 
nodule, ie, with an anteroposterior-to-transverse diameter ≥ 1, is suspicious for 
malignancy because most benign nodules are wider than tall. However, most 
malignant tumors also have a taller than wide ratio of less than 1 [8]. Follicular 
carcinomas often have a diameter of more than 3 cm. Huge, rapidly growing tumors 
are highly suspicious for anaplastic carcinoma. 

The description from the US examination has to be precise as to where in the 
thyroid gland the suspicious lesions are located. This information is of crucial 
importance, and should be available to the cytopathologist performing the gross 
examination, and especially in cases where the lesions are small. A, Papillary 
thyroid carcinoma (PTC) 3mm. B, PTC 4 mm, taller than wide.
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Tumor Appearance

FIGURE 2–13. A lesion may be completely solid, predominantly solid, mixed 
solid/cystic, predominantly cystic, or completely cystic. Some lesions have 
a spongy or honeycomb-like appearance, which almost always represents 
a colloid nodule (CN) [4,6,–10]. A cyst or cystic area is usually caused by 
degeneration of follicular tissue, and large cysts are typically found in colloid 
goiter. Smaller cysts are quite common in follicular adenomas (FA), but may 
also be found in both follicular and papillary carcinomas. A, Completely solid 
lesion (CN). B, Predominantly solid papillary thyroid carcinoma. C, Mixed 
solid/cystic (FA). D, Predominantly cystic lesion (CN). E, Completely cystic 
lesion (CN).
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Vascularity

FIGURE 2–14. Normal thyroid tissue is usually richly vascularized. The different 
degrees of vascularity in a lesion are diffi cult to evaluate because both benign 
and malignant lesions and thyroiditis can present with scant, medium, or 
hypervascularity. The so-called “thyroid inferno,” which means excessive 
fl ow, can be found in thyroiditis and in solid tumors. Some authors advocate 
that papillary carcinomas are almost always hypervascular [6], while other 
authors have found nonhypervascular papillary carcinomas [15,16]. The 
latter is also our experience. Other authors have classifi ed vascularity in three 
groups: type 1 — absence of blood fl ow; type 2 — perinodular blood fl ow; type 
3 — marked intranodular blood fl ow [4,7,15]. We believe it is more useful 
to evaluate the different fl ow patterns. Disorganized vascularity, probably 
due to neovascularity, is highly suspicious for malignancy [7]. In our opinion 

visible fl ow within a very small (3–5 mm) hypoechoic lesion is suspicious for 
malignancy. Follicular adenomas (FAs) and carcinomas often have a typical 
fl ow pattern with a more or less rich fl ow in the peripheral hypoechoic halo 
with vessels passing from the periphery toward the central part of the tumor, 
the so-called spoke-and-wheel-like vascularity [6]. In our experience it seems 
that carcinomas may have richer fl ow in both the periphery and inside the 
tumor compared with the fl ow in the adenomas. A, Scantly vascularized 
papillary thyroid carcinoma (PTC). B, Hypervascular PTC. C, Three-mm PTC 
with suspicious vascularity. D, PTC with pathologic vascularity. E, “Spoke-
and-wheel-like” vascularity (FA). F, Suggestion of “spoke-and-wheel-like” 
vascularity (colloid nodule).
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These thyroid nodules are often described as hyperplastic, adenomatous, or colloid. Most cystic thyroid lesions are hyperplastic 
nodules that have undergone extensive liquefactive degeneration. The common features of a nodular goiter are multinodular, 
inhomogeneous, well-circumscribed solid, semi-solid or mostly cystic tumors. Some are hyperechoic compared with the 
echogenicity of the normal thyroid tissue, some are isoechoic, and still others hypoechoic. The hyper- and isoechoic nodules 
are often partially circumscribed by a thin hypoechoic halo. The nodules may contain coarse calcifi cations within the tumor, 
or peripheral “eggshell” calcifi cations. The cystic areas are often purely anechoic, but they may also be hypoechoic or show 
fl uid-fl uid levels due to intracystic bleeding, often with avascular internal debris. Many, even tiny cysts, contain small, strongly 
hyperechoic foci, often with “comet tail” artifacts. These foci represent crystallized colloid. Some cysts have intracystic avascular 
septa and/or papillary solid tissue protruding from the wall.  Some cystic nodules have a spongy or honeycomb-like appearance. 
The vascularity varies a lot when evaluated with color Doppler imaging. Sometimes only spreading, faint vascularity is observed 
throughout the nodule, but often there is strong vascularity inside the nodule combined with a distinct peripheral border fl ow.

 3 Nodular or Colloid Goiter, 
Hyperplasia, and Cysts   

Common Features

Multinodular
Solid, semi-solid, or mostly cystic 
Variable internal structure; inhomogeneous; hyper-, iso-, or hypoechoic; cystic or spongyform
Well-circumscribed to poorly encapsulated, merging into normal thyroid tissue
“Eggshell” or coarse calcifi cations
Strongly hyperechoic foci with “comet tail” artifacts

Cytologic Morphology 

Nodular goiter usually presents a picture of thin and/or thick colloid together with some follicular epithelium and macrophages. 
In old nodes, the colloid may be degenerated. The material from colloid nodules with adenomatous hyperplasia may be very 
cellular and the amount of colloid scant. Additional punctures in other parts of the lesions may give a more representative 
specimen that is easier to interpret.

Cystic thyroid lesions are often a challenge to the cytopathologist. This is mainly because papillary thyroid carcinomas may 
be cystic. The epithelium fl oating in the fl uid is often reactive and irregular, and may be diffi cult to distinguish from atypical 
epithelium in a cystic thyroid carcinoma. Many separate air-dried smears from fresh cystic fl uid may reveal small papillary cell 
groups when interpreted immediately.

DOI 10.1007/978-1-4419-6010-8_3, © Springer Science+Business Media, LLC 2011 
A. Heilo et al. (eds.), Atlas of Thyroid Lesions, 
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Colloid Nodules Left Lobe

69-Year-old woman
• Clinical history: Surgery for goiter in 1986 
 and 1998. Now marginal zone B-cell lymphoma 
 in skin. Large thyroid gland on CT. Lymphoma?
• Ultrasound: Colloid nodules. Probably follicular
 tumor posteriorly. 
• Cytology: Colloid nodules
• 18-Gauge histologic needle biopsy
 posteriorly: Colloid nodule? 
 Follicular tumor?
• Left hemithyroidectomy: Colloid nodules

General features
Multinodular, mixed echogenicity
Inhomogeneous echo pattern
Each lesion quite well circumscribed
Small cysts
A few microcalcifications
Features of tumor posteriorly, left lobe
Hypoechoic
Well circumscribed
Mostly homogeneous echo pattern
Scantly vascularized 
Small cysts

FIGURE 3-1. Ultrasound of colloid nodules in the left lobe. A, 
Transverse. B and C, Longitudinal. D, Color Doppler, longitudinal.
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Figure 3-2. Cytology: watery colloid showing a characteristic cracking artifact. Left arrow, macrophage. Right arrow, follicular cells. 

Figure 3-3. Colloid and epithelium. Figure 3-4. Colloid, epithelium, and macrophage.
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Colloid Nodules Left Lobe

64-Year-old woman 
• Clinical history: Incidentaloma in left lobe found
 at CT of the thorax
• Ultrasound: Colloid nodules both lobes
• Cytology left lobe: Colloid nodule
• Left hemithyroidectomy: Colloid nodules

Features 
Multinodular
Iso-/hyperechoic
Inhomogeneous echo pattern
“Eggshell” calcifications
Partially well circumscribed
Partially thin hypoechoic halo
Moderately vascularized

FIGURE 3-5. Ultrasound of colloid nodules in the left (A–C) and right (D) lobes. A, Transverse, 12 x 21 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 40 mm. D, Right lobe longitudinal.
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FIGURE 3-6. Histology: colloid-fi lled follicles of different size lined by fl attened epithelium.
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Colloid Nodule Left Lobe

FIGURE 3-7. Ultrasound of a colloid nodule in the left lobe. Transverse, 7 x 10 mm.

56-Year-old man
• Clinical history: Nodular goiter. MR revealed  
 tumor in right lobe. Right hemithyroidectomy 
 revealed follicular carcinoma.
• Ultrasound left lobe: Colloid nodule
• Cytology: Insufficient for diagnosis
• Left hemithyroidectomy: Colloid nodule

Features 
Partially iso-and hypoechoic
Inhomogeneous echo pattern
Spongy
Well circumscribed
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FIGURE 3–8. Histology: colloid nodule.

FIGURE 3–9. Left lobe with colloid nodules.
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Colloid Nodule Left Lobe

37-Year-old woman
• Clinical history: Two cold nodules at scintigraphy
• Ultrasound: Papillary thyroid carcinoma (PTC),
 isthmus/ left lobe. Colloid cyst in left lobe.
• Cytology: PTC
• Thyroidectomy: PTC in isthmus. Cystic colloid
 nodule in left lobe

 See also pages 162–163

Features 
Isoechoic
Homogeneous echo pattern
Small cyst with calcifications
Not clearly circumscribed
Scantly vascularized

FIGURE 3-10. Ultrasound of a colloid nodule in the left lobe. A, Transverse. 
B, Color Doppler, Transverse. C, Longitudinal.
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FIGURE 3–11. Histology: nodule rich in colloid in the center. Subcapsular condensation (arrow) of small follicles.

FIGURE 3–12. Gross section: note localized colloid cyst in the center of the nodule.
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Colloid Nodule Right Lobe

65-Year-old woman
• Clinical history: About 10 years ago iodine 
 treatment because of hyperparathyroidism. 
 Nodular goiter present. Metastasis from follicular 
 thyroid carcinoma in left iliac bone revealed 
 2 weeks before Ultrasound examination.
• Ultrasound: Tumor consistent with follicular
 carcinoma in left lobe. Colloid nodule in right lobe.
• Thyroidectomy: Widely invasive follicular
 carcinoma in left lobe. Colloid nodule in right lobe.

See also pages 102–103

Features 
Slightly hypoechoic
Inhomogeneous echo pattern
Small cysts
Well circumscribed
Coarse calcifications
Peripheral hypervascularity

FIGURE 3-13. Ultrasound of a colloid nodule in the right lobe. A, Transverse, B, Color Doppler, Transverse. C and D, Longitudinal.
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FIGURE 3–14. Histology: colloid nodule with calcifi cations in the capsule (arrow) and degenerative changes.
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Colloid Nodule Right Lobe

37-Year-old woman
• Clinical history: Palpable nodule aspirated for 
 35 ml of fluid 2 months before ultrasound 
 examination. Rapid refilling
• Ultrasound: Colloid cystic nodules in both lobes
• Cytology right lobe: Cystic fluid
• Right hemithyroidectomy: Cystic colloid
 nodule

Features 
Isoechoic solid tissue peripherally
Mostly cystic with hemorrhagic fibrinous clots and
 probably small areas of papillomatous solid tissue
Well circumscribed
Some microcalcifications
Almost avascular

FIGURE 3-15. Ultrasound of a colloid nodule in the right lobe. A, Transverse, 37 x 46 mm. B, Color Doppler, Transverse. C, Longitudinal, 
sagittal diameter: 53 mm. D, Longitudinal.
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FIGURE 3–16. Cytology: abundant amount of thin colloid. 

FIGURE 3–17. Histology: from the wall of the cystic colloid nodule.
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Colloid Nodule Right Lobe

49-Year-old woman
• Clinical history: Benign tumor in isthmus 
 resected 4 years ago. Examination of two 
 nodules, one in each lobe 1 year ago. Cytology 
 of left lobe suspicious for papillary thyroid
 carcinoma (PTC). No follow up.
• Ultrasound: Cystic colloid nodule in right lobe. 
 Probably colloid nodule in left lobe.
• Cytology: PTC in left lobe. Cyst in right lobe.
• Thyroidectomy: PTC in left lobe. Cyst in right lobe.

 See also pages 174–175.

Features 
Mostly cystic with slightly hypoechoic 
 homogeneous tissue
A few microcalcifications
Medium vascularized

FIGURE 3-18. Ultrasound of a colloid nodule in the right lobe. A and B, 
Transverse. C, Color Doppler, longitudinal.
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FIGURE 3–19. Cytology from the right lobe: cystic material with macrophages and metaplastic/reactive epithelium.

FIGURE 3–20. Histology: from the wall of the cystic colloid nodule. FIGURE 3–21. Gross examination: cystic colloid nodule.
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Colloid Nodule Left Lobe

50-Year-old man
• Clinical history: Rapidly growing tumor in left
 lobe past 2 months 
• Ultrasound: Colloid nodule in left lobe
• Cytology: Hemorrhagic cystic fluid
• 18-Gauge histologic needle biopsy:
 Cystic colloid nodule

Features 
Slightly hypoechoic tissue
Homogeneous echo pattern
Well circumscribed 
Large hemorrhagic cyst
A few microcalcifications
Scantly vascularized

FIGURE 3-22. Ultrasound of a colloid nodule in the left lobe. 
A, Transverse diameter: 38 mm. B, Color Doppler, Transverse. 
C, Longitudinal, sagittal diameter: 54 mm. 
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FIGURE 3–23. Cytology: thin colloid and one group of benign follicular epithelium.

FIGURE 3–24. Histology: colloid nodule.
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Colloid Nodule Right Lobe

61-Year-old man
• Clinical history: Cyst in right lobe past 4 years. 
 Several aspirations.
• Ultrasound: Semicystic tumor. Malignant?
• Cytology: Follicular nodule with cystic
 degeneration
• Right hemithyroidectomy: Degenerated
 colloid nodule

Features 
Mixed echogenicity in solid tissue
Inhomogeneous echo pattern
Well circumscribed 
Large cyst with septa
Rich vascularity in solid tissue

FIGURE 3-25. Ultrasound of a colloid nodule in the right lobe. A, Transverse, 35 x 38 mm. B, Transverse. C, Longitudinal, 
sagittal diameter: 40 mm. D, Color Doppler, longitudinal.
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FIGURE 3-27. Cytology: watery colloid showing a characteristic cracking artifact 
with erythrocyte aggregates.

FIGURE 3–28. Gross section: partially cystic lesion.

FIGURE 3–26. Histology: cystic space (arrow) within the colloid nodule
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Colloid Cyst Left Lobe

FIGURE 3-29. Ultrasound of a colloid cyst in the left lobe. A, Transverse, 22 x 25 mm. B, Longitudinal.

35-Year-old man
• Clinical history: Testicular carcinoma. Last
 week growing tumor in left thyroid lobe
• Ultrasound: Cystic colloid nodule 
• Cytology: Cystic colloid nodule 

Features 
Slightly hypoechoic solid tissue
Homogeneous echo pattern
Well circumscribed 
Large cyst with colloid crystals
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FIGURE 3–30. Cytology: rich in thin colloid.
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Colloid Nodule Left Lobe

60-Year-old man
• Clinical history: Palpable nodule in left lobe
 past 10 months. Increased size past 2 months.
• Ultrasound: Probably colloid nodule
• Cytology: Follicular lesion
• 16-Gauge histologic needle biopsy:
 Colloid nodule
• Left hemithyroidectomy: Colloid nodule

Features 

Hyper-, iso-, and hypoechoic tissue
Small cysts
A few microcalcifications 
Well circumscribed
Scantly vascularized

FIGURE 3-31. Ultrasound of a colloid nodule in the left lobe. A, Transverse, 50 
x 80 mm. B, Color Doppler, Transverse. C, Longitudinal, sagittal diameter: 110 
mm. 
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FIGURE 3–32. Cytology: colloid and epithelium.

FIGURE 3-34. Histologic needle biopsy. Colloid nodule.FIGURE 3–33. Lobectomy. Histology: colloid nodule.
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Colloid Nodule Left Lobe

51-Year-old woman
• Clinical history: Palpable nodule for about 
 1 year
• Ultrasound: Probably follicular tumor
• Cytology: Some follicular epithelial cells
• 18-Gauge histologic needle biopsy:
 Follicular tissue without atypia. 
 Probably colloid nodule.
• Left hemithyroidectomy: Colloid nodule

Features 
Almost isoechoic
Quite homogeneous echo pattern
Small cysts 
Well circumscribed
Thin hypoechoic halo
Suggestion of “spoke-and-wheel-like” vascularity

FIGURE 3-35. Ultrasound of a colloid nodule in the left lobe. A, Transverse, 25 x 
37 mm. B, Color Doppler, Transverse. C, Longitudinal, sagittal diameter: 46 mm.



43

FIGURE 3–37. Gross section showing bleeding within the nodule (arrow).

FIGURE 3–36. Histology: adenomatous colloid nodule.
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Colloid Nodule Left lobe

39-Year-old woman
• Clinical history: Palpable tumor in left lobe 
 unchanged for more than 1 year
• Ultrasound: Colloid nodule? Follicular adenoma?
• Cytology: No diagnostic material
• 18-Gauge histologic needle biopsy:
 Follicular tissue without atypia
• Left hemithyroidectomy: Colloid nodule

Features 
Slightly hypoechoic
Inhomogeneous spongy echo pattern
Well circumscribed 
Thin partial hypoechoic halo
A few microcalcifications
Suggestion of “spoke-and-wheel-like” vascularity

FIGURE 3-38. Ultrasound of a colloid nodule in the left lobe. A, Transverse, 23 
x 45 mm. B, Color Doppler, Transverse. C, Longitudinal, sagittal diameter: 66 
mm.
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FIGURE 3–39. Histology: colloid nodule. Subcapsular areas with follicular hyperplasia (arrow).
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Colloid Nodules Both Lobes

72-Year-old man
• Clinical history: Large goiter for many years
 with intrathoracic extention. Now increased in size.
• Ultrasound: Diffuse goiter? Colloid nodules?
• Cytology: Colloid nodules
• Thyroidectomy: Colloid nodules

General features
Hypoechoic
Inhomogeneous granular echo pattern both lobes
No well defined nodules 
A few microcalcifications
Partially well vascularized

FIGURE 3-40. Ultrasound of colloid nodules in both lobes. A, Transverse. B, Right lobe longitudinal, sagittal diameter (SD): 57 
mm. C, Color Doppler. D, Left lobe longitudinal, SD: 78 mm.
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FIGURE 3–41. Cytology: thin colloid, epithelium, and macrophages.

FIGURE 3–42. Histology: colloid nodule with follicular hyperplasia.
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Colloid Nodule Left Lobe

50-Year-old woman
• Clinical history: Incidentaloma found at general 
 clinical examination
• Ultrasound: Probably follicular adenoma
• Cytology: Rich follicular epithelium
• 18-Gauge histologic needle biopsy:
 Follicular tissue
• Left hemithyroidectomy: Colloid nodule

Features 

Isoechoic
Homogeneous echo pattern
Some very small cysts
Well circumscribed
Partial thin hypoechoic halo
Peripheral vascularity

FIGURE 3-43. Ultrasound of a colloid nodule in the left lobe. A, Transverse, 
30 x 35 mm. B, Color Doppler, Transverse. C, Longitudinal, sagittal diameter: 
40 mm.
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FIGURE 3–44. Cytology: abundant amount of epithelium on a background rich in blood. The amount of colloid is sparse.

FIGURE 3–45. Histology: macro- and microfollicular colloid nodules.
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Colloid Nodule Left Lobe

33-Year-old woman
• Clinical history: Past 2 years cyst in left 
 thyroid lobe. Aspirated twice. New tumor present.
• Ultrasound: Colloid nodule? Follicular tumor?
• Cytology: Cystic fluid with macrophages
• 16-Gauge histologic needle biopsy:
 Follicles. Colloid nodule? Follicular adenoma?
• Left hemithyroidectomy: Colloid nodule

Features 
Mixed echogenicity 
Cystic areas
A few microcalcifications or crystallic colloid
Well circumscribed
Partial thin hypoechoic halo
Scantly vascularized

FIGURE 3-46. Ultrasound of a colloid nodule in the left lobe. A, Transverse. B, Longitudinal. Sagittal diameter: 60 mm.  C, Transverse. D and E, Color Doppler.
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FIGURE 3–47. Cytology: cystic fl uid with several macrophages and rich in erythrocytes.

FIGURE 3-48. Histology: classical colloid nodule. FIGURE 3-49. Gross section.
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Hyperplastic Nodule Right Lobe

40-Year-old woman
• Clinical history: Unknown
• Ultrasound: Probably follicular tumor. Benign?
 Malignant?
• Cytology: Follicular lesion
• 16-Gauge histologic needle biopsy:
 Probably colloid nodule
• Right hemithyroidectomy: Hyperplastic nodule

Features 
Slightly hypoechoic
Inhomogeneous echo pattern
Well circumscribed
Partial thin, uneven hypoechoic halo
“Spoke-and-wheel-like” vascularity

FIGURE 3-50. Ultrasound of a hyperplastic nodule in the right lobe. A, Transverse, 17 x 23 mm. B, Color Doppler, Transverse. 
C, Longitudinal, sagittal diameter: 24 mm. D, Color Doppler, longitudinal.
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FIGURE 3–51. Histology: adenomatous colloid nodule.

FIGURE 3–52. Cytology: follicular epithelium (arrows) on a background rich in blood.
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Hyperplastic Nodules Both Lobes

42-Year-old woman
• Clinical history: Enlarged thyroid for some months
  with somewhat tender palpable nodules in both lobes
• Scintigraphy: Hyperactivity
• Ultrasound: Nodular irregular tissue. Thyroiditis?
• Cytology: Hyperplastic epithelial cells. 
 Thyroiditis? Graves disease?
• 18-Gauge histologic needle biopsy: Follicular
 somewhat hyperplastic tissue 
• Thyroidectomy: Hyperplastic nodular tissue
 consistent with hyperthyroidism

Features 
Mixed echogenicity
Nodular echo pattern
Whole gland affected
Hypervascular

FIGURE 3-53. Ultrasound of hyperplastic nodules in both lobes. A, Right Transverse. B, Color Doppler, right Transverse. C, Left Transverse. D, Color 
Doppler, left Transverse.
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FIGURE 3–54. Cytology: rich in hyperplastic follicular epithelium. 

FIGURE 3–55. Histologic needle biopsy: hyperplastic nodule.
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Hyperplastic Nodule Right Lobe

47-Year-old woman
• Clinical history: Nodular goiter and autoimmune 
 thyroiditis for many years 
• Ultrasound: Probably papillary thyroid carcinoma
 left lobe and colloid nodule in right lobe
• Cytology: Hyperplastic nodule
• Thyroidectomy: Papillary carcinoma with
 follicular differentiation in left lobe. Excessive
 Hashimoto’s thyroiditis. Hyperplastic nodule 
 right lobe.

 See also pages 136-137.

Features 
Hypoechoic like the surrounding thyroid tissue with
 thyroiditis
Inhomogeneous echo pattern
Well circumscribed
Thick, uneven hypoechoic halo
Less vascular than the surrounding tissue with
 thyroiditis

FIGURE 3-56. Ultrasound of a hyperplastic nodule in the right lobe. A, Transverse, 
10 x 13 mm. B, Color Doppler, Transverse. C, Longitudinal, sagittal diameter: 14 
mm.
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FIGURE 3–57. Histology: hyperplastic nodule. 

FIGURE 3–59. Gross section: hyperplastic nodule.FIGURE 3–58. Cytology: colloid and some lymphoid cells.
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Hyperplastic Colloid Nodule Isthmus/Right Lobe

45-Year-old woman
• Clinical history: Palpable nodule in isthmus for  
 some months
• Ultrasound: Probably cystic colloid nodule 
• Cytology: Follicular epithelium. Neoplasia?
• 18-Gauge histologic needle biopsy: Follicular
 lesion with oncocytic differentiation 
• Isthmus resection: Hyperplastic colloid nodule

Features 
Hypoechoic
Quite homogeneous solid tissue
Well circumscribed 
Large cyst

FIGURE 3-60. Ultrasound of a hyperplastic colloid nodule in the isthmus 
and right lobe. A, Transverse, 14 x 23 mm. B, Transverse. C, Longitudinal, 
sagittal diameter: 27 mm.
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FIGURE 3-62. Histology: adenomatoid colloid nodule.

FIGURE 3–61. Cytology: hyperplastic follicular cells.
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Colloid Nodule Left Lobe

43-Year-old man
• Clinical history: Palpable hard nodule in 
 right lobe for some months
• Ultrasound: Colloid nodule? Papillary thyroid
 carcinoma?
• Cytology: No diagnostic material
• Right hemithyroidectomy: 
 Calcified colloid nodule

Features 
Strongly hypoechoic
Well circumscribed 
Inhomogeneous echo pattern
Coarse calcifications with shadowing
Almost avascular

FIGURE 3-63. Ultrasound of a colloid nodule in the left lobe. A, Transverse, 
13 x 14 mm. B, Longitudinal, sagittal diameter: 15 mm. C, Color Doppler, 
longitudinal.
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FIGURE 3–65. Histology: thick capsule, fi brosis, and calcifi cations.

FIGURE 3–64. Cytology: colloid nodule.

FIGURE 3–66. Gross section: well-circumscribed lesion.
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Colloid Nodule Left Llobe

43-Year-old woman
• Clinical history: Nodule in left lobe past 10 years. 
 Several cytologic biopsies without diagnostic material.
• Ultrasound: Malignant tumor with metastasis?
• Cytology: Nondiagnostic material
• 16-Gauge histologic needle biopsy: 
 Colloid nodule
• Cytology lymph node: Normal lymphocytes
• Left hemithyroidectomy: 
 Calcified colloid nodule

Features of nodule
Hypoechoic, nodular
Inhomogeneous echo pattern
Well circumscribed
A few microcalcifications
“Eggshell” calcifications
Scantly vascularized

Features of lymph node
Taller than wide with blurred margin, “salt and pepper”
 echo pattern and no fatty hilum

FIGURE 3-67. Ultrasound of a colloid nodule in the left lobe. A, Transverse, 24 x 36 mm. B, Color Doppler, Transverse. C, Longitudinal, sagittal diameter: 
44 mm. D, Transverse, lymph node 5 x 8 mm, left segment 4.
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FIGURE 3–68. Histology: colloid nodule with thick capsule and calcifi cation (arrow).

FIGURE 3–69. Histologic needle biopsy: colloid nodule with thick capsule (arrow). FIGURE 3–70. Gross section: extensive calcifi cation in the capsule.
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Common Features of Follicular Adenomas

Solitary
Egg shape
Thin, hypoechoic capsule
Homogeneous echogenicity
Hyper-, iso-, hypoechoic, or mixed
May have cystic degeneration
“Spoke-and-wheel-like” vascularity 

Common Features of Follicular Thyroid Carcinomas

Solitary
Egg shape
Thick, uneven hypoechoic capsule
Homogeneous echogenicity
Hyper-, iso-, hypoechoic, or mixed
May have cystic degeneration
Hypervascular
“Spoke-and-wheel-like” vascularity less prominent

Cytologic Morphology

The cytologic picture shows a wide range of variation. Often the material is cellular containing follicular epithelium in a mix 
of dispersed cells and cells forming follicular formations, sometimes with a “plug” of colloid in the center. As mentioned 
for oncocytic lesions, the specimen is sometimes rich in blood with only a small amount of epithelium. The differentiation 
between a highly cellular colloid nodule with adenomatous hyperplasia and a follicular neoplasm may be diffi cult and sometimes 
impossible on morphology alone.  

 4 Follicular Adenoma and 
Follicular Thyroid Carcinoma 

A follicular tumor is often solitary. It often has an egg shape, is well marginated, and has a hypoechoic halo all around the tumor 
[5,6,10]. Most follicular tumors are solid and have homogeneous echogenicity. They can be hyper-, iso-, hypoechoic, or mixed 
with well-defi ned areas of different echogenicity within the tumor. Focal cystic components may be present. They usually have 
a “spoke-and-wheel-like” vascularity with marked circulation in the peripheral halo with vessels converging toward the tumor 
center. In our experience carcinomas have a tendency to have more rich and less regular fl ow in the periphery and inside the 
tumor compared with the fl ow in the adenomas. A thick and uneven halo is suspicious for malignancy, and if extrathyroidal 
infi ltration is visualized, the carcinoma diagnosis is obvious.

DOI 10.1007/978-1-4419-6010-8_4, © Springer Science+Business Media, LLC 2011 
A. Heilo et al. (eds.), Atlas of Thyroid Lesions, 
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Follicular Adenoma Isthmus

35-Year-old woman
• Clinical history: Autoimmune thyroiditis. 
 Swelling of isthmus for a while.
• Ultrasound: Follicular adenoma + thyroiditis
• Cytology: Follicular epithelium with some colloid
• 16-Gauge histologic needle biopsy:
 Follicular lesion
• Isthmus and left hemithyroidectomy: 
 Follicular adenoma. Widespread Hashimoto’s 
 thyroiditis.

Features of isthmus tumor
Lobulated with mixed echogenicity
Inhomogeneous echo pattern
Well circumscribed
Partial thin hypoechoic halo
“Spoke-and-wheel-like” vascularity

FIGURE 4-1. Ultrasound of follicular adenoma in the isthmus. A, Transverse, 15 x 36 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 30 mm. D, Color Doppler, longitudinal.
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FIGURE 4-4.  Gross section.FIGURE 4-3.  Histology: follicular adenoma.

FIGURE 4-2.  Cytology: rich in follicular epithelium.



68

39-Year-old woman
• Clinical history: Tumor in right lobe incidentally 
 revealed on MR
• Ultrasound: Probably follicular adenoma
• Cytology: Follicular cells
• Right hemithyroidectomy: Follicular
 adenoma

Features 
Moderately hypoechoic
Quite homogeneous echo pattern
Well circumscribed
Partial thin uneven hypoechoic halo
“Spoke-and-wheel-like” vascularity

Follicular Adenoma Right Lobe/Isthmus

FIGURE 4-4. Ultrasound of follicular adenoma in the right lobe and isthmus. A, Transverse, 14 x 29 mm. B, Color Doppler, transverse, 15 x 36 mm. 
C, Longitudinal. D, Color Doppler, longitudinal.
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FIGURE 4-6.  Cytology: Predominance of microfollicles. Follicular adenoma cannot be distinguished from follicular carcinoma in cytology.

FIGURE 4-8.  Gross section: follicular adenoma with hemorrhage (arrow) after 
histologic needle biopsy.

FIGURE 4-7.  Histology: follicular adenoma.
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Follicular Adenoma Left Lobe

62-Year-old woman
• Clinical history: Palpable tumor in left lobe. 
 Paresis of left recurrent laryngeal nerve.
• Ultrasound: Probably follicular adenoma
• Cytology: Follicular lesion
• 18-Gauge histologic needle biopsy: 
 Follicular tumor
• Left hemithyroidectomy: Follicular adenoma

Features 
Slightly hypoechoic
Small hypoechoic areas of variable size in a more 
smooth, uniform tissue
Well circumscribed
Partial thin hypoechoic halo
Hypervascularized with “spoke-and-wheel-like” 
 appearance

FIGURE 4-9. Ultrasound of follicular adenoma in the left lobe. A, Transverse diameter: 33 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 30 mm. D, Color Doppler, longitudinal.
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FIGURE 4-10.  Histology: follicular adenoma.

FIGURE 4-12.  Histologic needle biopsy.FIGURE 4-11.  Cytology: rich in follicular cells
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Follicular Adenoma Left Lobe

58-Year-old man
• Clinical history: Large tumor without significant 
 growth for 1 year
• Ultrasound: Follicular adenoma
• Cytology: Follicular lesion
• 16-Gauge histologic needle biopsy: 
 Follicular lesion
• Left hemithyroidectomy: Follicular adenoma

Features 
Slightly hypoechoic
Homogeneous echo pattern
Well circumscribed 
Partial thin hypoechoic halo
A sickle-like cystic area
Scantly vascularized
Suggestion of “spoke-and-wheel-like” vascularity

FIGURE 4-13. Ultrasound of follicular adenoma in the left lobe. A, Transverse diameter: 45 mm. B, Transverse. 
C, Longitudinal, sagittal diameter: 50 mm. D, Color Doppler, longitudinal.
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FIGURE 4-14.  Histologic needle biopsy: follicular lesion.

FIGURE 4-17.  Cytology: follicular structure.FIGURE 4-16.  Histology: follicular adenoma.

FIGURE 4-15. Gross section: follicular neoplasia with fi brosis and hemorrhage 
after histologic needle biopsy.
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Follicular Adenoma Right Lobe

26-Year-old woman
• Clinical history: Palpable tumor in right lobe. 
• Scintigraphy: Cold nodule
• Ultrasound: Follicular adenoma
• Cytology: Follicular lesion
• 18-Gauge histologic needle biopsy: 
 Follicular lesion
• Right hemithyroidectomy: Follicular adenoma

Features 
Slightly hypoechoic
Hypoechoic “spokes” converging toward tumor center 
 between areas with almost isoechoic homogeneous 
 echo pattern
Well circumscribed
Scantly vascularized
Suggestion of “spoke-and-wheel-like” vascularity

FIGURE 4-18. Ultrasound of follicular adenoma in the right lobe. A, Transverse,  31 x 32 mm. B, Longitudinal, sagittal diameter: 40 mm. C, Color Doppler.
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FIGURE 4-19.  Cytology: rich in follicular cells.

FIGURE 4-20.  Histology: follicular adenoma. FIGURE 4-21.  Gross section: fresh surgical specimen.
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Follicular Adenoma Right Lobe

37-Year-old woman
• Clinical history: Incidentally found tumor 
 in right lobe
• Ultrasound: Probably follicular adenoma
• Cytology: Suspicious for follicular neoplasia
• 18-Gauge histology: Probably follicular
 adenoma
• Right hemithyroidectomy: Follicular adenoma

Features 
Slightly hypoechoic
Inhomogeneous echo pattern
Somewhat spongy apperance
Well circumscribed
A few microcalcifcations
Thin hypoechoic halo
“Spoke-and-wheel-like” vascularity

FIGURE 4-22. Ultrasound of follicular adenoma in the right lobe. A, Transverse, 15 x 20 mm. B, Color 
Doppler, Transverse. C, Longitudinal, sagittal diameter: 36 mm. D, Color Doppler, longitudinal. 
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FIGURE 4-23.  Cytology: rich in follicular epithelium. No colloid.

FIGURE 4-24.  Histology: follicular adenoma.
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Follicular Adenoma Left Lobe

52-Year-old man
• Clinical history: Palpable tumor 
 in left lobe for some weeks
• Ultrasound: Follicular tumor
• Cytology: Follicular epithelium
• 18-Gauge histologic needle biopsy:
 Follicular lesion
• Left hemithyroidectomy: Follicular adenoma

Features 
Iso- and slightly hypoechoic
Geographic inhomogeneous echo pattern
Small cystic areas
Well circumscribed
Partial thin hypoechoic halo
“Spoke-and-wheel-like” vascularity

FIGURE 4-25. Ultrasound of follicular adenoma in the left lobe. A, Transverse, 12 x 13 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 44 mm. D, Color Doppler, longitudinal. 
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FIGURE 4-28.  Gross section.FIGURE 4-27.  Cytology: rich in follicular epithelium. No colloid.

FIGURE 4-26.  Histology: follicular adenoma.
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Follicular Adenoma Left Lobe

53-Year-old woman
• Clinical history: Node in left lobe past 11
 years. Presently growing slowly. Cold nodule
 at scintigraphy
• Ultrasound: Probably cystic follicular adenoma
• Cytology: Follicular lesion with cyst
• Left hemithyroidectomy: Follicular adenoma 

Features 
Slightly hypoechoic
Geographic inhomogeneous echo pattern
Subcapsular cyst
Well circumscribed
Partial thin hypoechoic halo
“Spoke-and-wheel-like” vascularity

FIGURE 4-29. Ultrasound of follicular adenoma in the left lobe. A, Transverse, 22 x 34 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 49 mm. D, Color Doppler, longitudinal.
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FIGURE 4-32.  Gross section.

FIGURE 4-30.  Histology: follicular adenoma. Thick fi brous capsule.

FIGURE 4-31.  Cytology: rich in follicular cells.
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Follicular Adenoma Left Lobe

36-Year-old woman
• Clinical history: Palpable node in left lobe for a 
 short time
• Ultrasound: Probably cystic follicular adenoma
• Cytology: Cyst fluid and reactive cells
• 18-Gauge histologic needle biopsy: 
 Thyroid tissue
• Left hemithyroidectomy: Follicular adenoma 
 with cystic degeneration

Features 
Slightly hypoechoic solid tissue of variable thickness
Homogeneous echo pattern
Large cystic anechoic area centrally
Well circumscribed
Partial thin hypoechoic halo
Peripheral vascularity

FIGURE 4-33. Ultrasound of follicular adenoma in the left lobe. A, Transverse. B, Color Doppler, transverse. C, Longitudinal, sagittal diameter: 40 mm. D, Longitudinal.
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FIGURE 4-36.  Gross section. Cystic degeneration (arrow).

FIGURE 4-34.  Cytology: cystic fl uid with follicular cells.

FIGURE 4-35.  Histology: follicular adenoma with cyctic degeneration in the 
center (arrow).
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Follicular Adenoma Right Lobe

76-Year-old-woman
• Clinical history: Nodular goiter for some years
• Ultrasound: Probably follicular adenoma
• Cytology: Follicular neoplasia?
• 16-Gauge histologic needle biopsy:
 Follicular tumor
• Right hemithyroidectomy: Follicular adenoma

Features 
Slightly hypoechoic
Nodular and lobulated echo pattern
Well circumscribed
Almost no hypoechoic halo
Scantly vascularized 

FIGURE 4-37. Ultrasound of follicular adenoma in the right lobe. A, Transverse, 40 x 50 mm. B, Transverse. C, Color 
Doppler, transverse. D, Longitudinal, sagittal diameter: 66 mm. E, Longitudinal. F, Color Doppler, longitudinal.
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FIGURE 4-40.  Histologic needle biopsy: follicular lesion.

FIGURE 4-38.  Cytology: suspicious for follicular neoplasia.

FIGURE 4-39.  Histology: follicular adenoma.
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27-Year-old woman
• Clinical history: Small tumor incidentally 
 found on MR
• Ultrasound: Probably follicular adenoma
• Cytology: Follicular lesion
• 18-Gauge histologic needle biospy:
 Not diagnostic material
• Right hemithyroidectomy: Follicular adenoma

Features 
Slightly hypoechoic
Geographic inhomogeneous echo pattern
Well circumscribed
Thin hypoechoic halo
Microcalcifications?
Hypervascularized
Suggestion of “spoke-and-wheel-like” vascularity

Follicular Adenoma Right Lobe

FIGURE 4-41. Ultrasound of follicular adenoma in the right lobe. A, Transverse, 12 x 13 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 22 mm. D, Color Doppler, longitudinal.



87

FIGURE 4-44.  Gross section: well circumscribed lesion.

FIGURE 4-42.  Cytology: follicular structures with central colloid.

FIGURE 4-43.  Histology: follicular neoplasia adjacent to normal thyroid tissue. 
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Follicular Adenomas Left Lobe

50-Year-old-woman
• Clinical history: Palpable nodule in right lobe 
 for some months
• Ultrasound: Colloid nodules? Follicular adenomas?
• Cytology of lower tumor: Follicular lesion
• 18-Gauge histologic needle biopsy:
 Macro- and microfollicles
• Left hemithyroidectomy: Follicular adenomas

Features of upper tumor
Moderately hypoechoic
Inhomogeneous echo pattern
Well circumscribed
Suggestion of “spoke-and-wheel-like” vascularity
Features of lower tumor
Slightly hypoechoic
Inhomogeneous echo pattern
Cystic areas
Quite well circumscribed
A few microcalcifications
Peripheral vascularity

FIGURE 4-45. Ultrasound of follicular adenomas in the left lobe. A, Upper tumor, 
transverse, 9 x 12 mm. B, Upper tumor, longitudinal, sagittal diameter: 17 mm. C, 

Upper tumor, color Doppler. D, Lower tumor, transverse, 17 x 20 mm. E, Lower 
tumor, longitudinal, sagittal diameter: 21 mm. F, Lower tumor, color Doppler.
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FIGURE 4-46.  Cytology: rich in follicular cells.

FIGURE 4-47.  Histology: follicular adenoma adjacent to normal thyroid parenchyma.
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Follicular Adenoma Isthmus

56-Year-old woman
• Clinical history: Palpable nodule for 
 some months
• Ultrasound: Tumor of uncertain nature
• Cytology: Irregular follicular epithelium
• 16-Gauge histologic needle biopsy:
 Follicular neoplasia
• Isthmus resection: Follicular adenoma

Features 
Hypoechoic
Inhomogeneous echo pattern
Mostly well circumscribed
Small cyst 
Hypervascularized

FIGURE 4-48. Ultrasound of follicular adenoma in the isthmus. A, Transverse, 5 x 15 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 22 mm. D, Color Doppler, longitudinal.



91

FIGURE 4-50.  Cytology: follicular structures. FIGURE 4-51.  Gross section: tumor in isthmus.

FIGURE 4-49.  Histology: follicular adenoma.
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39 Year-old-woman
• Clinical history: Palpable tumor for some months
• Ultrasound: Follicular tumor. Malignant?
• Cytology: Follicular lesion
• 16-Gauge histologic needle biopsy:
 Follicular lesion
• Right hemithyroidectomy: Follicular adenoma 

Follicular Adenoma Right Lobe/Isthmus

Features 
Almost isoechoic
Inhomogeneous echo pattern
Well circumscribed
Thin, uneven hypoechoic halo
“Spoke-and-wheel-like” vascularity

FIGURE 4-52. Ultrasound of follicular adenoma in the right lobe and isthmus. A, Transverse, 14 x 24 mm. Arrows show hemorrhages. 
B, Color Doppler, transverse. C, Longitudinal, sagittal diameter: 25 mm. D, Color Doppler, longitudinal.
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FIGURE 4-53.  Cytology: rich in follicular epithelium, favors follicular neoplasia.

FIGURE 4-55. Gross section: well-circumscribed nodule with hemorrhages (arrows) 
in the right lobe. Good correlation with US image.

FIGURE 4-54.  Histology: follicular adenoma.
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Follicular Adenoma Right Lobe

66-Year-old woman
• Clinical history: Palpable nodule in right lobe 
 for some months
• Ultrasound: Highly suspicious of papillary
 thyroid carcinoma
• Cytology: Necrotic tissue with oncocytic cells
• Thyroidectomy: Follicular adenoma with
 oncocytic differentiation

Features 
Strongly hypoechoic
Inhomogeneous echo pattern
Blurred margins
Microcalcifications
Scantly vascularized

FIGURE 4-56. Ultrasound of follicular adenoma in the right lobe. A, Transverse, 15 x 15 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 17 mm. D, Color Doppler, longitudinal.
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FIGURE 4-58.  Histology: area with oncocytic cells within tumor. FIGURE 4-59.  Histology: area with papillary growth pattern and bleeding. Note: 
often areas of bleeding in oncocytic variants of follicular neoplasia

FIGURE 4-57.  Cytology: oncocytic epithelium (arrow).
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Follicular adenoma left lobe

76-Year-old woman
• Clinical history: Tumor in right lobe incidentally 
 found on CT. No palpable mass.
• Ultrasound: Follicular variant of papillary thyroid
 carcinoma?
• Cytology: Follicular lesion
• 18-Gauge histologic needle biopsy:
 Follicular lesion
• Left hemithyroidectomy: Follicular adenoma
 + Hashimoto’s thyroiditis

Features 
Slightly hyperechoic compared with hypoechoic 
 thyroid tissue due to Hashimoto’s thyroiditis
Inhomogeneous echo pattern, but also areas with
 quite uniform echo texture
Well circumscribed
Both coarse calcifications and microcalcifications
Thin hypoechoic halo
“Spoke-and-wheel-like” hypervascularity

FIGURE 4-60. Ultrasound of follicular adenoma in the left lobe. A, Transverse, 27 x 39 mm. B, Color Doppler, transverse. 
C, Upper part, longitudinal. D, Lower part, longitudinal. E, Color Doppler, longitudinal.
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FIGURE 4-62.  Histology: follicular adenoma.

FIGURE 4-61.  Cytology: follicular structures.
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Follicular Adenoma Left Lobe

49-Year-old woman
• Clinical history: Right hemithyroidectomy 10
 years ago. Nodular goiter past 3 years.
• Ultrasound: Unspecified. Lymphoma?
• Cytology: Suspicious for follicular neoplasia with 
 oncocytic differentiation
• Left hemthyroidectomy: Follicular adenoma
 with oncocytic differentiation

Features 
Strongly hypoechoic
Quite homogeneous echo pattern
Sharply circumscribed
Scantly vascularized

FIGURE 4-63. Ultrasound of follicular adenoma in the left lobe.  A, Transverse, 20 x 29 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 40 mm. D, Color Doppler, longitudinal.
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FIGURE 4-67.  Gross section: solid tumor with lobulation.

FIGURE 4-64.  Cytology: oncocytic cells.

FIGURE 4-65.  Cytology: some oncocytic cells and some follicular cells of 
normal size.  

FIGURE 4-66.  Histology: follicular adenoma.
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Follicular Thyroid Carcinoma Isthmus

53-Year-old man
• Clinical history: Right hemithyroidectomy 10
 years ago. Nodular goiter past 3 years.
• Ultrasound: Probably malignant tumor
 suspicious for infiltration in trachea
• Cytology: Oncocytic tumor. Follicular neoplasia?
• 18-Gauge histologic needle biopsy:
 Oncocytic tumor 
• Left hemithyroidectomy: Follicular thyroid
 carcinoma with oncocytic differentiation. 
 Widely invasive. 
 Not free resectional border posteriorly. 
 Infiltration in fatty tissue 

Features 
Hypoechoic
Inhomogeneous echo pattern
Sharply circumscribed
Probably perithyroidal infiltration
Partial uneven hypoechoic halo
Scant vascularity
Suggestion of “spoke-and-wheel-like” vascularity

FIGURE 4-68. Ultrasound of follicular thyroid carcinoma in the isthmus. A, Transverse, 18 x 32 mm. Infi ltration (arrow) through the 
capsule. B, Color Doppler, transverse. C, Longitudinal, sagittal diameter: 23 mm. D, Color Doppler, longitudinal
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FIGURE 4-70.  A and B, Oncocytic differentiation (arrows).

FIGURE 4-69.  Histology: Infi ltration through the capsule.

FIGURE 4-71.  Gross section: no radical resection.
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Follicular Thyroid Carcinoma Left Lobe

65-Year-old woman
• Clinical history: About 10 years ago iodine 
 treatment because of hyperparathyroidism. 
 Presently nodular goiter. Metastasis from follicular 
 thyroid carcinoma in left iliac bone revealed 
 2 weeks before examination.
• Ultrasond: Tumor consistent with follicular
 thyroid carcinoma (FTC) in left lobe. 
• Cytology left lobe: Follicular tumor consistent
 with FTC according to information about bone
 metastasis.
• Thyroidectomy: Widely invasive FTC left lobe 

See also pages 28-29

Features 
Hypoechoic
Inhomogeneous echo pattern
Quite well circumscribed, but very irregular border
Coarse and microcalcifications
Partial hypervascularity

FIGURE 4-72. Ultrasound of follicular thyroid carcinoma in the left lobe. A, Transverse. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 39 mm. D, Longitudinal.
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FIGURE 4-73.  Histology: follicular thyroid carcinoma with infi ltration through the capsule.

FIGURE 4-74.  Cytology: follicular cells, follicular neoplasia.
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Follicular Thyroid Carcinoma Left Lobe

44-Year-old woman
• Clinical history: Increased thyroid stimulating
 hormone, anti–thyroid peroxidase.  
 Endocrinologist found tumor.
• Ultrasound: Follicular tumor. Malignant?
• Cytology: Follicular neoplasia
• 18-Gauge histologic needle biopsy:
 Follicular tumor 
• Left hemithyroidectomy: Follicular thyroid 
 carcinoma

Features 
Isoechoic
Inhomogeneous echo pattern
Well circumscribed
Uneven, partially thick hypoechoic halo
Hypervascular
Suggestion of ”spoke-and-wheel-like” vascularity

FIGURE 4-75. Ultrasound of follicular thyroid carcinoma in the left lobe. A, Transverse, 18 x 32 mm. The arrow indicates the most suspicious 
area. B, Transverse. C, Longitudinal, sagittal diameter: 23 mm. D, Color Doppler, longitudinal.
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FIGURE 4-76.  Histology: follicular thyroid carcinoma, minimally invasive type. Tumor demonstrates complete penetration 
of the capsule and has a mushroom-like confi guration.

FIGURE 4-78.  Gross section: minimally invasive tumors are often indistinguish-
able grossly from follicular adenoma.

FIGURE 4-77.  Cytology: follicular structure, follicular neoplasia.
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Follicular Thyroid Carcinoma Left Lobe

41-Year-old man
• Clinical history: Neck pain for a while. 
 Incidentaloma on MR
• Ultrasound: Follicular adenoma
• Cytology: Follicular epithelium
• 18-Gauge histologic needle biopsy:
 Follicular lesion. No sign of malignancy.
• Left hemithyroidectomy: Follicular thyroid 
 carcinoma, minimally invasive

Features 
Slightly hypoechoic
Inhomogeneous echo pattern
Well circumscribed
Thin uneven hypoechoic halo
Suggestion of “spoke-and-wheel-like” scant vascularity

FIGURE 4-79. Ultrasound of follicular thyroid carcinoma in the left lobe. 
A, Transverse, 45 x 55 mm. B, Color Doppler, transverse. C, Longitudinal, sagittal 
diameter: 62 mm.
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FIGURE 4-80.  Cytology: follicular structure.

FIGURE 4-81.  Histology: follicular thyroid carcinoma, minimally invasive.
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Follicular Thyroid Carcinoma Isthmus

47-Year-old woman
• Clinical history: Large tumor in isthmus with 
 compression of trachea
• Ultrasound: Follicular adenomas in isthmus and 
 left lobe
• 16-Gauge histologic needle biopsy: 
 Encapsulated follicular lesion with tumor infiltration 
 in the capsule
• Cytology: Follicular lesion of undetermined 
 significance
• Left hemithyroidectomy: Follicular thyroid 
 carcinoma, minimally invasive in isthmus plus 
 colloid nodule 

Features 
Moderately hypoechoic
Quite homogeneous echo pattern
Well circumscribed
Suggestion of “spoke-and-wheel-like” scant vascularity

FIGURE 4-82. Ultrasound of follicular thyroid carcinoma in the isthmus. A, Transverse. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 38 mm. D, Color Doppler, longitudinal.
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FIGURE 4-85.  Histologic needle biopsy: focus of infi ltration in the capsule.FIGURE 4-84.  Histology: infi ltration through the capsule (arrows).

FIGURE 4-86.  Gross examination.

FIGURE 4-83.  Cytology: follicular structure, follicular neoplasia/lesion.



FIGURE 4-87. Ultrasound of follicular thyroid carcinoma in the right lobe. 
A, Transverse, 30 x 41 mm. B, Color Doppler, transverse. C, Longitudinal, sagittal 
diameter: 55 mm.
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Follicular Thyroid Carcinoma Right Lobe

56-Year-old man
• Clinical history: Nodular goiter. 
 MR revealed tumor in right lobe.
• Ultrasound: Follicular adenoma?
• Cytology: Scant follicular epithelium
• 16-Gauge histologic needle biopsy:
 Follicular lesion with fibrosis
• Right hemithyroidectomy: Follicular
 thyroid carcinoma, minimally invasive

Features 
Hypoechoic, lobulated
Inhomogeneous echo pattern
Well circumscribed
Coarse calcifications
Lobulated vascularity
Hypervascular
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FIGURE 4-89.  Histology: follicular thyroid carcinoma.

FIGURE 4-91.  Gross section: diffusely delineated tumor. FIGURE 4-90.  Cytology: follicular neoplasia.

FIGURE 4-88.  Histology: tumor invasion in a vessel.
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Follicular Thyroid Carcinoma Right Lobe

75-Year-old man
• Clinical history: Skeletal metastasis revealed 
 on MR 
• Bone biopsy: Probably follicular thyroid carcinoma
• Ultrasound: Probably papillary thyroid carcinoma
• Cytology: Follicular neoplasia
• Thyroidectomy: Follicular thyroid carcinoma, 
 widely invasive

Features 
Hypoechoic
Inhomogeneous echo pattern
Quite well circumscribed
Microcalcifications
Hypervascular
Suggestion of “spoke-and-wheel-like” vascularity

FIGURE 4-92. Ultrasound of follicular carcinoma in the right lobe. A, Transverse, 10 x 14 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 16 mm. D, Thyroid Color Doppler, longitudinal.
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FIGURE 4-95.  Gross section: several nodules and no distinct tumor capsule. 
The entire lobe is replaced with tumor.

FIGURE 4-93.  Histlogy: follicular thyroid carcinoma, widely invasive type. Tumor demonstrates both capsular and vascular invasion.

FIGURE 4-94.  A and B, Cytology: material rich in follicular epithelium.
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Follicular Thyroid Carcinoma Right Lobe

46-Year-old man
• Clinical history: Incidentally revealed palpable 
 tumor
• Ultrasound: Papillary thyroid carcinoma? 
 Colloid nodule? 
• Cytology: Rich in follicular cells. Hyperplasia? 
 Neoplasia?
• 16-Gauge histologic needle biopsy:
 Suspicious for follicular neoplasia
• Right hemithyroidectomy: Follicular
 thyroid carcinoma, widely invasive

Features 
Mixed echogenicity
Inhomogeneous echo pattern
Partially blurred margin
“Eggshell” and coarse calcifications
Scant vascularity

FIGURE 4-96. Ultrasound of follicular thyroid carcinoma in the right lobe. A, Transverse, 31 x 37 mm. B, Color Doppler, transverse. C and D, Longitudinal.
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FIGURE 4-97.  Cytology: rich in follicular epithelium.

FIGURE 4-98.  Histology: penetration through the capsule.



116

Follicular Thyroid Carcinoma Right Lobe

77-Year-old man
• Clinical history: Skeletal metastasis in left iliac bone 
 from follicular thyroid carcinoma (FTC) 
• Ultrasound: Papillary thyroid carcinoma?
• Cytology: Follicular neoplasia
• Thyroidectomy: FTC

Features 
Slightly hypoechoic
Inhomogeneous echo pattern
Partial hypoechoic halo
Cystic areas
Well circumscribed
Some microcalcifications
Scant peripheral vascularity

FIGURE 4-99. Ultrasound of follicular thyroid carcinoma in the right lobe. A, Transverse, 20 x 21 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 26 mm. D, Color Doppler, longitudinal.
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FIGURE 4-100.  Histology: infi ltration through the capsule.

FIGURE 4-102.  Gross section: penetration through the capsule.FIGURE 4- 101.  Cytology: several follicular structures.
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Follicular Thyroid Carcinoma Right Lobe

61-Year-old woman
• Clinical history: Soft palpable tumor in left lobe. 
• Scintigraphy: Colloid nodule
• Ultrasound: Probably colloid nodule
• Cytology: Suspicious for follicular tumor with 
 oncocytic differentiation
• Right hemithyroidectomy: Follicular thyroid 
 carcinoma with oncocytic differentiation. 
 Minimally invasive

Features 
Hypoechoic
Granular echo pattern
Well circumscribed
Tiny cysts
“Spoke-and-wheel-like” vascularity

FIGURE 4-103. Ultrasound of follicular thyroid carcinoma in the right lobe. 
A, Transverse, 26 x 31 mm. B, Color Doppler, transverse. C, Longitudinal, sagit-
tal diameter: 35 mm.
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FIGURE 4-104.  Cytology: oncocytic follicular epithelium.

FIGURE 4-106.  Gross section: mahogany brown appearance of the tumor.FIGURE 4-105.  Histology: Follicular thyroid carcinoma with oncocytic differen-
tiation. Infi ltration through the capsule.
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Formerly oncocytic lesions were regarded as a defi nite entity, but this classifi cation is no longer used. Cytopathologists 
defi ne oncocytic cells as follows: “Oncocytic follicular cells in the thyroid, known as Hürtle cells, are characterized by large 
size, polygonal to square shape, distinct cell borders, voluminous granular and eosinophilic cytoplasm, and a large, often 
hyperchromatic nucleus with prominent cherry pink macronucleoli. The proliferation of oncocytes gives rise to hyperplastic 
and neoplastic nodules. Oncocytic cells may behave as follicular thyroid carcinomas including capsular and vascular invasion, 
or they may behave as papillary thyroid carcinomas showing papillary architecture.

 5 Oncocytic Nodule/
Hürtle Cell Tumors 

Cytologic Morphology

The material is often cellular containing oncocytic cells with characteristic abundant eosinophilic cytoplasm and round nuclei 
with fi ne dispersed chromatin. The material is either devoid of colloid or contains just a sparse amount. As for follicular neoplasm 
with ordinary follicular epithelium, the fi nding of some colloid in material rich with oncocytic epithelium does not exclude a 
diagnosis of neoplasm. From many follicular lesions the yield of material may be bloody and the amount of epithelium scant. 
Puncture with a 27-gauge needle without aspiration may reduce the amount of blood and achieve a more cellular specimen.

Examples of oncocytic cells can be found on the following pages:  Colloid nodules, page 59; in follicular adenomas, pages 95, 
99; in follicular thyroid carcinomas, pages 101, 109, 119; in follicular variant of papillary thyroid carcinoma, page 139; and in 
thyroiditis, pages 237, 241.

Features

It is unlikely that oncocytic nodules will have any specifi c characteristics on ultrasound.

DOI 10.1007/978-1-4419-6010-8_5, © Springer Science+Business Media, LLC 2011
A. Heilo et al. (eds.), Atlas of Thyroid Lesions, 
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Morphologically, follicular variant of papillary thyroid carcinoma (FVPTC) may appear partially or completely encapsulated 
and can be misdiagnosed as follicular adenoma or follicular carcinoma pathologically and on ultrasound examination. They 
can be hyper-, iso-, hypoechoic, or mixed with an uneven hypoechoic capsule that is hypervascular with a “spoke-and-wheel-
like” appearance. Some have sharply marginated areas of different echogenicity within the tumor, a feature we introduce as 
geographic echo pattern (see page 9). If  microcalcifi cations are found inside the tumor, FVPTC is more likely the diagnosis.These 
encapsulated FVPTC are often solitary. If they are not encapsulated, they often look like an ordinary PTC both pathologically and 
on US examination [17].

Pathologic Morphology

Among the different subtypes of PTC, FVPTC is the most frequent after the classical variant. FVPTC demonstrates a follicular 
growth pattern and the follicles are lined by cells with the characteristic features of PTC. In some cases, the classic nuclear 
features are only present in small areas of tumor, and quite often these features are missing in cytologic smears. When the 
radiologic investigation shows a tumor suspicious for FVPTC, one should look at the smears thoroughly and try to find nuclear 
grooves and/or inclusions. There has been some debate concerning how to classify follicular neoplasias with foci of nuclei 
consistent with PTC. According to recent recommendations, all patients with these types of tumors should be treated as though 
they had PTC of classic variant.

Pathologically, the most important criteria for diagnosis of FVPTC are cytoplasmic invagination into the nucleus, abundant 
nuclear grooves, ground glass nuclei, psammoma bodies, enlarged overlapping nuclei, and irregularly shaped nuclei. 

Common Features of Encapsulated Follicular Variant of 
Papillary Thyroid Carcinoma

Solitary
Well circumscribed
Uneven complete or partial hypoechoic halo
Homogeneous or geographic echo pattern 
Mixed echogenicity
Hypervascular with suggestion of “spoke-and-wheel-like” vascularity 

Common Features of Not Encapsulated Follicular Variant 
of Papillary Thyroid Carcinoma

Irregular borders, blurred margins
Absence of peripheral halo
Inhomogeneous echo pattern
Mixed echogenicity
Microcalcifi cations
Often intranodular hypervascularity 

 6 Follicular Variant of
Papillary Thyroid Carcinoma   
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Follicular Variant of Papillary Thyroid Carcinoma Right Lobe

39-Year-old woman
• Clinical history: Palpable nodule in right thyroid 
 lobe for some months. Euthyroid
• Scintigraphy: Cold nodule
• Ultrasound: Follicular tumor. Malignant?
• Cytology: Follicular lesion
• Right hemithyroidectomy: Follicular variant
 of papillary thyroid carcinoma

Features 
Mixed echogenicity 
Geographic, inhomogeneous echo pattern
Well circumscribed
Partial thin hypoechoic halo
Hypervascular with “spoke-and-wheel-like” appearance

FIGURE 6-1. Ultrasound of follicular variant of papillary thyroid carcinoma in the right lobe. A, Transverse, 17 x 19 mm. 
B, Color Doppler, transverse. C, Longitudinal, sagittal diameter: 28 mm. D, Color Doppler, longitudinal.
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FIGURE 6-2.  Histology: follicular variant of papillary thyroid carcinoma.

FIGURE 6-3.  Histology: nuclear features of papillary thyroid carcinoma. FIGURE 6-4.  Gross section: several slices through the tumor.
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Follicular Variant of Papillary Thyroid Carcinoma Right Lobe

29-Year-old woman
• Clinical history: Nodule in right lobe for a while. 
 Presently increased size.
• Ultrasound: Follicular tumor, possibly malignant
• Cytology: Scant follicular epithelium
• 18-Gauge histologic needle biopsy:
 Follicular parenchyma
• Thyroidectomy: Follicular variant of papillary
 thyroid carcinoma 

Features 
Geographic, inhomogeneous echo pattern with 
 both hypoechoic, isoechoic, and cystic well
 marginated areas 
Well-circumscribed
Uneven, partially thick hypoechoic halo
Highly hypervascular

FIGURE 6-5. Ultrasound of follicular variant of papillary thyroid carcinoma 
in the right lobe. A, Transverse, 23 x 26 mm. B, Color Doppler, transverse. 
C, Longitudinal.
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FIGURE 6-7.  Histology: follicular growth pattern, nuclear features of PTC. Nuclear clearings (left arrow). Nuclear groove (right arrow).

FIGURE 6-6.  Cytology: follicular cells with no obvious features of papillary thyroid carcinoma (PTC).
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Follicular Variant of Papillary Thyroid Carcinoma Left Lobe

73-Year-old woman
• Clinical history: Goiter, most prominent in
 left lobe
• Ultrasound: Follicular tumor suspicious for
 malignancy + thyroiditis
• Cytology: Papillary thyroid carcinoma (PTC)
• Thyroidectomy: Follicular variant of PTC.
 Hashimoto’s thyroiditis.

Features 
Slightly hypoechoic 
Slightly inhomogenous echo pattern 
Mostly well circumscribed, but blurred margin
 medially and upper part
Partial thin hypoechoic halo
Somewhat hypervascularized with suggestion of
 “spoke-and-wheel-like” appearance

FIGURE 6-8. Ultrasound of follicular variant of papillary thyroid carcinoma in the left lobe. A, Transverse, 19 x 24 mm.
B, Right lobe transverse. C, Transverse. D, Longitudinal, sagittal diameter: 39 mm. E, Color Doppler, longitudinal.
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FIGURE 6-11.  Histology: follicular variant of papillary thyroid carcinoma.

FIGURE 6-9.  Histology: follicular variant of papillary thyroid carcinoma.

FIGURE 6-10.  Histology: optically clear nucleus (arrow).
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Follicular Variant of Papillary Thyroid Carcinoma Left Lobe

29-Year-old woman
• Clinical history: Growing tumor in left lobe past 
 2 months
• Ultrasound: Probably follicular adenoma
• Cytology: Suspicious for papillary thyroid
 carcinoma (PTC)
• 16-Gauge histologic needle biopsy: PTC
• Thyrectomy: Follicular variant of PTC 

Features 
Almost isoechoic
Inhomogeneous echo pattern
Well circumscribed
Partial thin, uneven hypoechoic halo
Some small cysts
A few microcalcifications?
Suggestion of “spoke-and-wheel-like” hypervascularity 

FIGURE 6-12. Ultrasound of follicular variant of papillary thyroid carcinoma in the left lobe. A, Transverse, 17 x 25 mm. 
B, Color Doppler, transverse. C, Longitudinal, sagittal diameter: 39 mm. D, Color Doppler, longitudinal.
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FIGURE 6-13.  Histology: nuclear features of follicular variant of papillary thyroid carcinoma. Area with oncocytic differentiations to the left.
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Follicular Variant of Papillary Thyroid Carcinoma Both Lobes

44-Year-old man
• Clinical history: Thyroid carcinoma in his family. 
 Nodule in left lobe.
• Ultrasound right lobe: Probably follicular adenoma
• Ultrasound left lobe: Probably cystic colloid
 nodule
• Cytology right lobe: Suspicious for follicular
 neoplasia
• Cytology left lobe: Cystic lesion with necrosis.
 Tumor?
• 16-Gauge histologic needle biopsy right
 lobe: Inadequate biopsy
• 16-Gauge histologic needle biopsy left
 lobe: Normal thyroid tissue
• Thyroidectomy: Follicular variant of papillary
 thyroid carcinoma in both lobes

Features right lobe
Isoechoic, slightly inhomogeneous echo pattern
Well circumscribed
Thin hypoechoic halo
Some microcalcifi cations
Somewhat hypervascularized with suggestion of
 “spoke-and-wheel-like” appearance

Features left lobe
Hyperechoic, homogeneous solid tissue
Cystic degeneration probably with hematoma
Scant peripheral vascularity

FIGURE 6-14. Ultrasound of follicular variant of papillary thyroid carcinoma in both lobes. A, Right lobe transverse, 23 x 24 mm. B, Color Doppler, right 
lobe transverse. C, Left lobe transverse, anteroposterior diameter: 42 mm. D, Color Doppler, left lobe transverse.



133

FIGURE 6-19.  Gross section (right lobe): heterogenic, well-demarcated tumor.

FIGURE 6-18.  Histology (left lobe): psamomma calcifi cation (arrow) and nuclei 
with characteristic inclusions.

FIGURE 6-15.  Cytology (right lobe): follicular neoplasia. FIGURE 6-16.  Cytology (left lobe): necrosis and some irregular epithelial cells.

FIGURE 6-17.  Histology (right lobe) : follicular variant of papillary 
thyroid carcinoma.
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Follicular Variant of Papillary Thyroid Carcinoma Right Lobe

73-Year-old woman
• Clinical history: Nodular goiter unraveled
 5 months ago. Scintigraphy showed hot nodule in
 isthmus. 
• Ultrasound: Probably papillary thyroid carcinoma 
 (PTC)
• Cytology: Nondiagnostic material
• 18-Gauge histologic needle biopsy:
 Follicular neoplasia 
• Thyroidectomy: Follicular variant of PTC

Features 
Mostly hypoechoic
Inhomogeneous, somewhat geographic echo pattern 
Well circumscribed
Not encapsulated
Highly hypervascular

FIGURE 6-20. Ultrasound of follicular variant of papillary thyroid carcinoma in the right lobe. A, Transverse, 10 x 14 mm. 
B, Color Doppler, transverse. C, Longitudinal, sagittal diameter: 14 mm. D, Color Doppler, longitudinal.
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FIGURE 6-22.  Cytology: papillary pattern with one follicular structure (arrowheads).

FIGURE 6-21.  Histology: follicular growth pattern. Nuclei consistent with papillary carcinoma.

FIGURE 6- 24.  Gross section. Follicular variant of papillary thyroid carcinoma 
(FVPTC).

FIGURE 6-23.  Histology: follicular growth pattern. Nuclei consistent with 
 papillary carcinoma.
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Follicular Variant of Papillary Thyroid Carcinoma Left Lobe

47-Year-old woman
• Clinical history: Nodular goiter and autoimmune 
 thyroiditis for many years 
• Ultrasound: Probably papillary thyroid carcinoma
 (PTC)
• Cytology: Hashimoto’s thyroiditis
• 18-Gauge histologic needle biopsy:
 Malignant tumor. Follicular? 
 Chronic inflammation.
• Thyroidectomy: Follicular variant of PTC.
 Excessive Hashimoto’s thyroiditis.

 See also pages 56–57.

Features 
Inhomogeneous echo pattern with concentric hypoechoic
 bars in less hypoechoic tissue surrounded by a thick, 
 uneven highly hypoechoic halo
Well circumscribed
Not encapsulated
A few microcalcifications
Scant vascularity

FIGURE 6-25. Ultrasound of follicular variant of papillary thyroid carcinoma 
in the left lobe. A, Transverse, 16 x 18 mm. B, Longitudinal, sagittal diameter: 
23 mm. C, Color Doppler, longitudinal.
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FIGURE 6-27.  Cytology: no distinct characteristics indicating papillary carcinoma.

FIGURE 6-26.  Histology: thyroiditis plus follicular variant of papillary thyroid carcinoma.

FIGURE 6-28.  Histology: features of follicular variant of papillary thyroid carcinoma

FIGURE 6-29.  Gross section: infi ltrating tumor and Hashimoto’s thyroiditis.
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Follicular Variant of Papillary Thyroid Carcinoma Right Lobe

22-Year-old woman
• Clinical history: Nodule in right lobe for 
 many years
• Ultrasound: Papillary thyroid carcinoma (PTC)
• Cytology: Highly suspicious for PTC
• Thyroidectomy: Follicular variant of PTC

Features 
Mixed echogenicity
Inhomogeneous echo pattern
Partly blurred margins 
Not encapsulated
A few microcalcifications
Highly hypervascularized

FIGURE 6-30. Ultrasound of follicular variant of papillary thyroid carcinoma in the 
right lobe. A, Transverse, 19 x 22 mm. B, Color Doppler, transverse. C, Longitu-
dinal, sagittal diameter: 38 mm.
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FIGURE 6-31.  Histology: follicular growth pattern with nuclear features of papillary thyroid carcinoma.

FIGURE 6-32.  Cytology: nuclear inclusion (arrow).
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Follicular Variant of Papillary Thyroid Carcinoma Right Lobe

50-Year-old man
• Clinical history: Neck tumor in right segment 4
• Ultrasound: Papillary thyroid carcinoma (PTC)
 with metastasis
• Cytology right lobe: No diagnostic material
• Cytology lymph node (LN): Epithelial cells 
 suspicious for PTC
• 18-Gauge histologic needle biopsy right lobe: 
 Epithelial cells suspicious for PTC
• 18-Gauge histologic needle biopsy LN:
 Epithelial cells suspicious for PTC
• Thyroidectomy + LN resection: Follicular 
 variant of PTC. LN  with metastasis from PTC

Features 
Mixed echogenicity
Inhomogeneous echo pattern 
Partially blurred margins
Not encapsulated
Microcalcifications
Scant peripheral vascularity

FIGURE 6-33. Ultrasound of follicular variant of papillary thyroid carcinoma in the right lobe. A, Transverse, 18 x 16 mm. 
B, Transverse. C, Longitudinal. D, Color Doppler, longitudinal.
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FIGURE 6-34.  Histology: lymph node metastasis.

FIGURE 6-36.  Histology: microcalcifi cations.FIGURE 6-35.  Histology: diffuse infi ltration into the surrounding tissue.

FIGURE 6-37.  Histologic needle biopsy: nuclei suspicious for papillary thyroid 
carcinoma.
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Follicular Variant of Papillary Thyroid Carcinoma Left Lobe

39-Year-old woman
• Clinical history: Nodular goiter past 20 years. 
 No actual new symptoms
• Ultrasound: Colloid nodule in left lobe + thyroiditis
• Cytology: Follicular neoplasia. Follicular variant of 
 papillary thyroid carcinoma (FVPTC) has to be
 excluded
• Left hemithyroidectomy: FVPTC. Hashimoto’s
 thyroiditis.

Features 
Slightly hypoechoic
Inhomogeneous echo pattern 
Blurred margins
Not encapsulated
One microcalcification
Both tumor and glandular tissue extremely
 hypervascular, “thyroid inferno”

FIGURE 6-38. Ultrasound of follicular variant of papillary thyroid carcinoma in the left lobe. A, Transverse, 28 x 48 mm.
B, Longitudinal, sagittal diameter: 46 mm. C, Color Doppler, transverse. D, Longitudinal. E, Color Doppler, longitudinal.
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FIGURE 6-40.  Cytology: nuclear inclusion (arrow)

FIGURE 6-39.  Histology: infi ltration through the capsule. Follicular variant of papillary thyroid carcinoma.

FIGURE 6-41.  Cytology: follicular structure with central colloid.

FIGURE 6-42.  Gross section: penetration of the tumor through the capsule.
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Papillary thyroid carcinomas (PTCs) are solid, usually hypoechoic tumors with inhomogeneous echo structure. They usually 
have irregular margins and often contain discrete echogenic foci, ie, microcalcifi cations. They may be solitary or multifocal. 
In our experience the vascularity varies from avascular to strongly vascularized. In our opinion, the ultrasound fi ndings with 
highest accuracy for PTC show low echogenicity, microcalcifi cations, irregular margins, and neck lymph node metastases 
[4,6–10]. Uncommon features include hyperechoic or mixed echo texture, cysts, hypovascularity, and coarse or peripheral 
calcifi cations [18].

Common Features

Hypoechogenicity
Inhomogeneous echo pattern
Microcalcifi cations
Absence of peripheral halo
Irregular borders, blurred margins
Often intranodular hypervascularity 
Regional lymphadenopathy

Cytologic Morphology

The material from PTC is usually abundant and consists of papillary groups of epithelium with some of the cells showing 
characteristic nuclear grooves or cytoplasmic inclusions. The criteria for fi nding these specifi c nuclear features is absolute 
and when these nuclear changes are not found, a defi nite diagnosis of PTC should not be made, because extensive epithelial 
hyperplasia with papillary formations may mimic the picture found in PTC. 

 7 Papillary Thyroid Carcinoma 
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28-Year-old man
• Clinical history: Rapidly growing nodule in right 
 lobe. Autoimmune thyroiditis. Anti–thyroid 
 peroxidase > 30.
• Ultrasound: Papillary thyroid carcinoma (PTC) in 
 right lobe and isthmus + metastases 
• Cytology: PTC + metastases
• Thyroidectomy: PTC + metastases

Features 
Isoechoic
Lobulated inhomogeneous echo pattern
Quite well circumscribed
Innumerable microcalcifications
Hypervascularity

Papillary Thyroid Carcinoma Right Lobe and Isthmus

FIGURE 7-1.  Ultrasound of papillary thyroid carcinoma in the right lobe and isthmus. A and B, Transverse. C, Color Doppler, transverse.
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FIGURE 7-2.  Cytology: papillary thyroid carcinoma. Nuclear inclusion (arrow).
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Papillary Thyroid Carcinoma Right Lobe

Features 
Hypoechoic
Inhomogeneous echo pattern
Quite well circumscribed
Refractive edge shadows
Microcalcifications
Scant vascularity

53-Year-old woman
• Clinical history: Breast carcinoma. CT of the 
 thorax showed lesion in right thyroid lobe.
• Ultrasound: Papillary thyroid carcinoma (PTC).
• Cytology: PTC
• Thyroidectomy: PTC

FIGURE 7-3. Ultrasound of papillary thyroid carcinoma in the right lobe. A, Transverse, anteroposterior diameter: 29 mm. B, Color Doppler. C, Longitudinal. PTC 
(arrow).
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FIGURE 7-5.  Histology: microcalcifi cations (arrows) in tumor.

FIGURE 7-4.  Histology: papillary thyroid carcinoma with fi brosis.

FIGURE 7-6.  Gross section.
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Papillary Thyroid Carcinoma. Multifocal Microcarcinoma with Metastases

FIGURE 7-7. Ultrasound of papillary thyroid carcinoma showing multifocal microcarcinoma with metastases. A, Right transverse. B, Right longitudinal, 5 x 9 mm. C, 
Color Doppler, transverse. D, Left transverse. E, Left longitudinal. F, Metastases in left segment 4.
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Features
Hypoechoic
Blurred margins
Microcalcifications in tumor right lobe
No visible blood flow
Pathologic lymph nodes with microcalcifications
Both lesions are taller than wide

37-Year-old man
• Clinical history: Enlarged neck lymph nodes
• Surgery: Metastases from papillary thyroid
 carcinoma (PTC)
• Ultrasound: Multifocal PTC. Metastases both sides.
• Cytology: PTC in right lobe. Probably PTC in 
 left lobe.
• Thyroidectomy: PTC both lobes + metastases

FIGURE 7-8.  Histology: papillary thyroid carcinoma.

FIGURE 7-9.  Histology: papillary thyroid carcinoma. FIGURE 7-10.  Histology: papillary thyroid carcinoma with characteristic optically 
clear cells.
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Papillary Thyroid Carcinoma Isthmus

42-Year-old man
•  Clinical history: Palpable nodule in isthmus
•  Ultrasound: Papillary thyroid carcinoma (PTC)
•  Cytology: Suspicious for PTC
•  16-Gauge histologic needle biopsy: PTC
•  Thyroidectomy: PTC + metastases

Features 
Hypoechoic
Inhomogeneous echo pattern
Microcalcifications
Coarse calcification
Partially blurred margins
Hypervascular

FIGURE 7-11. Ultrasound of papillary thyroid carcinoma in the isthmus. A, Transverse. B, Color Doppler, transverse. C, Longitudinal. D, Color Doppler, longitudinal.
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FIGURE 7-12.  Histology: papillary thyroid carcinoma.  Microcalcifi cation (arrow).

FIGURE 7-13.  Histologic needle biopsy: papillary thyroid carcinoma. FIGURE 7-14.  Gross section.
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Papillary Thyroid Carcinoma Right Lobe

38-Year-old man
• Clinical history: Suspicious neck lymph node
• Ultrasound: Papillary thyroid carcinoma (PTC) 
 in right lobe. Normal lymph nodes.
• Cytology: PTC cells
• Thyroidectomy: PTC + microscopic metastases

Features 

Hypoechoic
Inhomogeneous echo pattern
Blurred margins
Microcalcifications
“Comet tail” crystals
Scant vascularity

FIGURE 7-15. Ultrasound of papillary thyroid carcinoma in the right lobe. A, Transverse, 19 x 25 mm. B, Color Doppler, transverse. 
C, Longitudinal, longitudinal diameter: 30 mm. D, Color Doppler, longitudinal.
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FIGURE 7-17.  Histology: papillary thyroid carcinoma.

FIGURE 7-16.  Cytology: papillary thyroid carcinoma, nuclear inclusion (arrow).
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Papillary Thyroid Carcinoma Right Lobe 

27-Year-old man
• Clinical history: Enlarged lymph node right 
 side of the neck. Lymphoma? 
• Ultrasound: Papillary thyroid carcinoma (PTC)
 in right lobe + metastases
• Cytology: PTC + metastases
• Thyroidectomy: PTC + metastases

Features 
Slightly hypoechoic
Inhomogeneous echo pattern
Well circumscribed
Microcalcifications
Coarse calcifications
Scant vascularity

FIGURE 7-18. Ultrasound of papillary thyroid carcinoma in the right lobe. A, Transverse. B, Longitudinal showing metastasis. C, Longitudinal. D, Color Doppler, longi-
tudinal.
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FIGURE 7-20.  Microcalcifi cations (arrow).

FIGURE 7-21.  Infi ltration through the whole lobe (arrows).

FIGURE 7-19.  Histology: papillary thyroid carcinoma.
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48-Year-old woman
• Clinical history: Ultrasound at other hospital
 found suspicious nodule in right thyroid lobe.
• Ultrasound: Suspicious for papillary thyroid
 carcinoma (PTC) 
• Cytology: PTC
• Thyroidectomy: PTC

Features 
Slightly hypoechoic
Inhomogeneous echo pattern
Partially well circumscribed
Refractive edge shadows
Microcalcifications
“Eggshell” calcifications
Scant vascularity

Papillary Thyroid Carcinoma Right Lobe

FIGURE 7-22. Ultrasound of papillary thyroid carcinoma in the right lobe. 
A, Transverse. B, Longitudinal. C, Color Doppler, longitudinal.
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FIGURE 7-23.  Cytology: papillary thyroid carcinoma, nuclear inclusion (arrow).

FIGURE 7-24.  Histology: papillary thyroid carcinoma.



160

Papillary Thyroid Carcinoma Isthmus

56-Year-old man
• Clinical history: Palpable nodule in isthmus 
• Ultrasound: Possibly papillary thyroid carcinoma
 (PTC) in isthmus 
• Cytology: PTC 
• Thyroidectomy: PTC 

Features 
Hypoechoic
Inhomogeneous echo pattern
Blurred margins
Scant vascularity

FIGURE 7-25. Ultrasound of papillary thyroid carcinoma in the isthmus. A, Transverse, 11 x 19 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 21 mm. D, Color Doppler, longitudinal.
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FIGURE 7-26.  Immunohistochemistry: CK19 is high molecular weight cytokeratin that is usually strongly positive in papillary thyroid carcinoma.

FIGURE 7-29.  Gross section: well-circumscribed lesion.

FIGURE 7-28.  Histology: optically clear nuclei in papillary thyroid carcinoma.FIGURE 7-27.  Histology: follicular growth.
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Papillary Thyroid Carcinoma Isthmus/Left Lobe

37-Year-old woman
• Clinical history: Two cold nodules at scintigraphy
• Ultrasound: Probably papillary thyroid carcinoma
 (PTC) in isthmus/ left lobe. No metastases 
• Cytology: PTC 
• Thyroidectomy: PTC + metastases

 See also pages 26–27.

Features 
Moderately hypoechoic
Inhomogeneous echo pattern
Well marginated
Suspicious disorganized vascularity

FIGURE 7-30. Ultrasound of papillary thyroid carcinoma in the isthmus and left 
lobe. A, Transverse, 8 x 11 mm. B, Transverse. C, Color Doppler, transverse.
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FIGURE 7-31.  Histology: classical papillary growth pattern.

FIGURE 7-33.  Gross section: no capsule. Not circumscribed.FIGURE 7-32.  Formalin-fi xed surgical specimen.
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Papillary Thyroid Carcinoma Isthmus

24-Year-old woman
• Clinical history: Palpable nodule in isthmus  
• Ultrasound: Thyroiditis and possibly malignant
 tumor in isthmus.  
• Cytology: Papillary thyroid carcinoma (PTC)
• 18-Gauge histologic needle biopsy: PTC
• Thyroidectomy: PTC + metastases

Features 
Hypoechoic
Inhomogeneous echo pattern
Partially blurred margins
A few microcalcifications
Hypervascular

FIGURE 7-34. Ultrasound of papillary thyroid carcinoma in the isthmus. A, Transverse, 9 x 20 mm. B, Transverse. C, Longitudinal, 15 mm. D, Color Doppler, transverse.
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FIGURE 7-36.  Cytology: nuclear inclusions. FIGURE 7-37.  Histology: papillary growth in papillary thyroid carcinoma.

FIGURE 7-38.  Gross section: ill-defi ned tumor margins.

FIGURE 7-35.  Histology: papillary thyroid carcinoma.
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Papillary Thyroid Carcinoma Right Lobe/Micro–Papillary Thyroid 
Carcionoma Left lobe

FIGURE 7-39. Ultrasound of papillary thyroid carcinoma (PTC) in the right lobe and micro-PTC in the left lobe. A, Right transverse, 9 x 10 mm. B, Color Doppler, right 
transverse. C, Right longitudinal, 15 mm. D, Color Doppler, right longitudinal. E, Left transverse, 4 mm. F, Left longitudinal.
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38-Year-old woman
•  Clinical history: Palpable nodule in right lobe  
•  Ultrasound: Suspicious for papillary thyroid 
 carcinoma (PTC) in right and left lobe
•  Cytology: PTC in right lobe. Suspicious for PTC 
 in left lobe.
•  Thyroidectomy: PTC in both lobes

Features, right 
Mixed echogenicity
Inhomogeneous echo pattern
Blurred margins
Scant vascularity

Features, left
Hypoechoic
Homogeneous echo pattern
Blurred margins
Taller than wide

FIGURE 7-41. Histology: tumor growth close to the resection margin (arrow). FIGURE 7-42. Gross section right lobe: tumor growth close to the resection margin.

FIGURE 7-40.  Histology: papillary thyroid carcinoma with cells with some oncocytic differentiations.
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Papillary Thyroid Carcinoma: Microcarcinomas Right Lobe and Isthmus

FIGURE 7-43. Ultrasound of papillary thyroid carcinoma with microcarcinomas in the right lobe and isthmus. A, Right transverse, 8 x 8 mm. B, Color Doppler, right 
transverse. C, Right longitudinal. D, Isthmus transverse, 6 x 10 mm. E, Color Doppler, isthmus transverse. F, Isthmus longitudinal, 13 mm.
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35-Year-old woman
• Clinical history: Some months with palpable
 nodule in isthmus
• Ultrasound: Papillary thyroid carcinoma (PTC) 
 in right lobe. Metastasis pretracheally in segment 6? 
 2 mm metastasis in segment 7?
• Cytology: PTC in right lobe and isthmus. 
• Thyroidectomy: PTC in right lobe and isthmus. 
 1 mm PTC in left lobe. Metastasis in 1 of 11 
 lymph nodes. 

Features, right
Slightly hypoechoic with hypoechoic halo 
Inhomogeneous echo pattern
Partially well circumscribed
A few microcalcifications
Hypervascular

Features, isthmus
Hypoechoic  
Well marginated
Homogeneous echo pattern
Moderately vascular

FIGURE 7-45.  Histology: papillary thyroid carcinoma.

FIGURE 7-44.  Cytology: papillary epithelial groups with atypical cells with overlapping nuclei (arrow).
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Papillary Thyroid Carcinoma, Isthmus/Left Lobe

43-Year-old man
• Clinical history: Aspirated 6 cm cyst in left lobe. 
• Ultrasound: Suspicious for papillary thyroid 
 carcinoma (PTC). No metastases. 
• Cytology: PTC with cystic degeneration
• Thyroidectomy: Partially cystic 4 cm PTC in left
 lobe. 5 mm PTC in right lobe. One metastasis in
 segment 6.

Features 
Mixed echogenicity
Well circumscribed
Inhomogeneous echo pattern
Microcalcifications
Cystic degeneration

FIGURE 7-46. Ultrasound of partially cystic papillary thyroid carcinoma in the isthmus and left lobe. A and B, Transverse. C and D, Longitudinal.
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FIGURE 7-48.  Histology: papillary growth pattern. FIGURE 7-49.  Gross section: solid and cystic components.

FIGURE 7-47.  Cytology: papillary thyroid carcinoma, classic intranuclear inclusion (arrow).
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Papillary Thyroid Carcinoma Right Lobe

52-Year-old man
• Clinical history: Autoimmune thyroiditis. 
 Growing nodule in right lobe.  
• Ultrasound: Suspicious for papillary thyroid
 carcinoma (PTC) in right lobe. Thyroiditis in both
 lobes.
• Cytology: PTC 
• Thyroidectomy: 45 mm partially cystic PTC. 
 Hashimoto’s thyroiditis in  both lobes

Features 
Isoechoic solid tissue
Cystic degeneration
Well circumscribed
Microcalcifications and some colloid crystals
Scant vascularity

FIGURE 7-50. Ultrasound of papillary thyroid carcinoma in the right lobe. A, Transverse, 24 x 35 mm. 
B, Color Doppler, transverse. C, Longitudinal, 40 mm. D, Color Doppler, longitudinal.
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FIGURE 7-54.  Histology: partially cystic with papillary extentions, papillary 
thyroid carcinoma.

FIGURE 7-53.  Histology: papillary extensions.FIGURE 7-52.  Histology: microcalcifi cations.

FIGURE 7-55.  Gross section: circumscribed, well-defi ned lesion with papillary  
extensions into the cystic lumen.

FIGURE 7-51.  Cytology: papillary thyroid carcinoma, classic nuclear inclusion (arrow).
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Papillary Thyroid Carcinoma Left Lobe

49-Year-old woman
• Clinical history: Removed benign tumor in 
 isthmus 4 years ago. Examination of two nodules, 
 one in each lobe 1 year ago. 
 Cytology of left lobe suspicious for papillary thyroid
 carcinoma (PTC). No follow-up.
• Ultrasound: Cystic colloid nodule in right lobe. 
 Probably colloid nodule in  left lobe, but with a 
 hypoechoic, somewhat suspicious area.
• Cytology: PTC in left lobe. Cyst in right lobe.
• Thyroidectomy: PTC in left lobe. Cyst in right lobe.

 See also pages 32,33.

Features 
Slightly hypoechoic
Well circumscribed
Spongy echo pattern
One coarse calcification
Hypervascular

FIGURE 7-56. Ultrasound of papillary thyroid carcinoma in the left lobe. A and B, Transverse. C, Longitudinal. D, Color Doppler, transverse.
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FIGURE 7-58.  A and B.  Left lobe: papillary carcinoma.

FIGURE 7-57.  Cytology: papillary thyroid carcinoma, several intranuclear inclusions (arrowheads).

FIGURE 7-59.  Gross section: ill-defi ned tumor borders. This tumor has infi ltrated 
almost the entire lobe.
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Papillary Thyroid Carcinoma Right Lobe

46-Year-old woman
• Clinical history: Colloid nodule in right lobe. 
• Ultrasound: Follicular tumor. Malignant?
• Cytology: Papillary thyroid carcinoma (PTC) 
• 16-Gauge histologic needle biopsy: PTC
• Thyroidectomy: PTC

Features 
Moderately hypoechoic
Well circumscribed
Inhomogeneous echo pattern 
Partial thick, uneven, hypoechoic  halo
Suggestion of “spoke-and-wheel-like” vascularity

FIGURE 7-60. Ultrasound of papillary thyroid carcinoma in the right lobe. A, Transverse, 23 x 31 mm. B, Color Doppler, transverse. C, Longitudinal, 44 mm. 
D, Longitudinal.
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FIGURE 7-63.  Histology: trabecular and follicular growth pattern.

FIGURE 7-61.  Cytology: partly overlapping nuclei with grooves (arrows).

FIGURE 7-62.  Histologic needle biopsy: trabecular and follicular growth pattern.
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Papillary Thyroid Carcinoma: Microcarcinoma Right Lobe

30-Year-old woman
• Clinical history: Grandmother and mother had
 papillary thyroid carcinoma (PTC)
• Ultrasound: Solitary 3 mm lesion suspicious
 for PTC
• Cytology: PTC 
• Thyroidectomy: PTC

Features 
Hypoechoic
Inhomogeneous echo pattern
Well circumscribed
Suspicious vascularity

FIGURE 7-64. Ultrasound of papillary thyroid microcarcinoma. A, Transverse diameter: 3 mm. B, Color Doppler, transverse. C, Longitudinal, 3 mm. D, Transverse.
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FIGURE 7-65.  Papillary microcarcinoma 3 mm close  to the resection margin (arrow).

FIGURE 7-66.  Gross section showing papillary microcarcinoma close to the resection margin (arrow).
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Papillary Thyroid Microcarcinoma Left Lobe

Features 

Hypoechoic
Inhomogeneous echo pattern
Blurred margins
Capsular infiltration?
Hypervascular
Taller than wide

38-Year-old woman
• Clinical history: Many family members have
 papillary thyroid carcinoma (PTC). 
 Anxious of having carcinoma herself.
• Ultrasound: Suspicious for PTC in left lobe
• Cytology: PTC 
• Thyroidectomy: PTC, infiltration through thyroid
 capsule

FIGURE 7-67. Ultrasound of papillary thyroid carcinoma: microcarcinoma in the 
left lobe. A, Transverse. B, Color Doppler, transverse. C, Longitudinal.
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FIGURE 7-70.  Histology: classic papillary growth pattern.

FIGURE 7-68.  Cytology: classic papillary growth pattern.

FIGURE 7-69.  Histology: classic papillary growth pattern.
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Medullary thyroid carcinoma (MTC) is typically located at the junction of the upper third and the lower two thirds of the thyroid 
lobes [6]. MTC consists of sheets of spindle-shaped, round or polygonal C cells separated by fi brous stroma [19]. The tumors 
are usually solitary, strongly hypoechoic, and sharply circumscribed with a homogeneous echo pattern, except for centrally 
located calcifi cations that may be of the micro type. They may, however, be more coarse than the calcifi cations found in papillary 
carcinomas [6,10]. The same type of calcifi cations are often found in regional lymph node metastases [(6,7].

Common Features

Hypoechoic
Well marginated, sharply circumscribed
Upper/mid lobe
Centrally located separate coarse or micro-calcifi cations
Regional lymphadenopathy

Cytologic Morphology

The morphology is often characterized by no colloid or only a sparse amount of colloid.  Epithelial cells are rich in cytoplasm 
and form groups or nests. The staining of calcitonin will readily demonstrate positive cells. The fi nding of amyloid is not usual 
in cytologic smears.

 8 Medullary Thyroid 
Carcinoma 
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Medullary Thyroid Carcinoma Right Lobe

83 Year-old woman
•  Clinical history: Myelomatosis in remission. 
 Growing tumor in right thyroid lobe.
•  Ultrasound: Probably papillary thyroid carcinoma
 (PTC) in right lobe + metastases
•  Cytology: Medullary thyroid carcinoma (MTC) +
 metastases
•  18-Gauge histologic needle biopsy: MTC
•  Thyroidectomy: MTC + metastases

Features 
Mixed echogenicity
Inhomogeneous echo pattern
Partially well circumscribed
Microcalcifications
Some coarse calcifications
Hypervascularized
Hypervascular calcified lymph nodes 

FIGURE 8-1. Ultrasound of medullary thyroid carcinoma in the right lobe. A, Transverse, 28 x 33 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 44 mm. D, Color Doppler, longitudinal.
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FIGURE 8-2.  Cytology: calcitonin-positive cell.

FIGURE 8-4.  Cytology: partially spindle-shaped cells. FIGURE 8-5.  Gross section: tumor extensively involves the central part of the lobe.

FIGURE 8-3.  Histology: medullary thyroid carcinoma.
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Medullary Thyroid Carcinoma Right Lobe

51-Year-old man
•  Clinical history: Rheumatoid arthritis. 
 Throat symptoms. Neck ultrasound ordered.
•  Ultrasound: Papillary thyroid carcinoma (PTC)?
•  Cytology: Medullary thyroid carcinoma (MTC). 
 Calcitonin positive. Carcinoembryonic antigen 
 positive.
•  Thyroidectomy: MTC

Features 
Strongly hypoechoic
Homogeneous echo pattern
Sharply marginated
Microcalcifications
Scant vascularity

FIGURE 8-6. Ultrasound of medullary thyroid carcinoma in the right lobe. A, Transverse, 9 x 16 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 17 mm. D, Color Doppler, longitudinal.
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FIGURE 8-7.  Cytology: dispersed cells, rich in cytoplasm. 

FIGURE 8-9.  Cytology: calcitonin-positive cells. FIGURE 8-10.  Histology: calcitonin-positive cells.

FIGURE 8-8.  Histology: medullary thyroid carcinoma.

FIGURE 8-11.  Gross section: medullary thyroid carcinoma.
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Medullary Thyroid Carcinoma Right Lobe

60-Year-old woman
• Clinical history: Paraneoplastic cerebellar 
 degeneration past 4 months. Lung and liver
 metastases. 
 CT shows tumor in right thyroid lobe.
• Ultrasound: Malignant tumor in right lobe +
 metastases
• Cytology: Medullary thyroid carcinoma (MTC) +
 metastases
• 16-Gauge histology needle biopsy: MTC
• Thyroidectomy: MTC + metastases

Features 
Mostly hypoechoic
Inhomogeneous echo pattern
Irregular margin cranially
Coarse calcifications
Microcalcifications
Peripheral vascularity

FIGURE 8-12. Ultrasound of medullary thyroid carcinoma in the right lobe. A, Transverse, 19 x 19 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 34 mm. D, Color Doppler, transverse.
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FIGURE 8-14.  Histology: medullary thyroid carcinoma. Calcitonin-positive cells.

FIGURE 8-16.  Cytology: medullary thyroid carcinoma. Calcitonin-positive 
tumor cells (arrow).

FIGURE 8-13.  Histology: medullary thyroid carcinoma.

FIGURE 8-15.  Cytology: medullary thyroid carcinoma.

FIGURE 8-17.  Gross section.
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Medullary Thyroid Carcinoma Right Lobe

67-Year-old woman
• Clinical history: Metastases. Incidentally found 
 nodules in both lobes.
• Ultrasound: Suspicious tumor in both right and 
 left lobe. Colloid nodules. General hypervascularity 
 due to thyroiditis (”thyroid inferno”). 
• Cytology: Medullary thyroid carcinoma (MTC) in
 right lobe. Partially cystic colloid nodule in left lobe
• Thyroidectomy: MTC in right lobe, colloid
 nodules, and Hashimoto’s thyroiditis

Features 
Hypoechoic
Homogeneous echo pattern
Well circumscribed
Scant vascularity

Other findings
Suspicious tumor with microcalcifications in left lobe
Colloid nodule in right lobe
General hypervascularity

FIGURE 8-18. Ultrasound of medullary thyroid carcinoma in the right lobe. A, Right transverse, 10 x 12 mm. B, Color Doppler, right transverse. 
C, Left transverse, 7 x 10 mm. D, Color Doppler, left longitudinal.
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FIGURE 8-22.  Histology: calcitonin-positive cells.FIGURE 8-21.  Cytology: calcitonin-positive cells.

FIGURE 8-23.  Gross section: diffuse infi ltration.

FIGURE 8-19.  Cytology: carcinoma cells partly dispersed, partly in clusters. FIGURE 8-20.  Histology: Hürtle-like atypical cells in nests and diffusely infi ltrating.
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Medullary Thyroid Carcinoma Right Lobe

39-Year-old woman
• Clinical history: Patient palpates nodule on right
 side of the neck past 2 months. No symptoms.
• Ultrasound: Colloid nodule? Papillary thyroid
 carcinoma (PTC)?
• Cytology: Medullary thyroid carcinoma (MTC),
 calcitonin positive
• 18-Gauge histologic needle biopsy: MTC
• Thyroidectomy: MTC 

Features 
Slightly hypoechoic
Inhomogeneous echo pattern
Small cysts 
Well circumscribed
Partially thin hypoechoic halo
A few microcalcifcations
Suggestion of “spoke-and-wheel-like” hypervascularity

FIGURE 8-24. Ultrasound of medullary thyroid carcinoma in the right lobe. A, Transverse, 13 x 19 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 22 mm. D, Color Doppler, longitudinal.
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FIGURE 8-28. Histologic needle biopsy: medullary thyroid carcinoma. Calcitonin 
positive cells.

FIGURE 8-27. Cytology: calcitonin-positive cells, note different shapes of the cells.

FIGURE 8-25.  Cytology: medullary thyroid carcinoma. FIGURE 8-26.  Histology: medullary thyroid carcinoma.
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Anaplastic thyroid carcinoma is most frequently seen in elderly patients. It is often rapidly growing and therefore large when 
diagnosed, giving the patients different symptoms [6,7]. At the time of presentation anaplastic carcinoma is often infi ltrating and 
inoperable. The tumors are often derived from papillary or follicular carcinomas, and may contain both papillary and anaplastic 
carcinoma cells [6]. Therefore, it may be impossible to distinguish between these tumors in the ultrasound  examination. 
Clinical history, symptoms, and signs are of utmost importance. It is usually necessary to perform a computed tomography 
examination to assess the extension of the tumor.

Common Features

Large size
Hypoechoic
Inhomogeneous
Multilobular
Rapid growth 
Clinical symptoms
Elderly patient

Cytologic Morphology

Microscopy of the smears demonstrates highly atypical cells, often diffi cult to classify on morphology. The cells may show 
a wide range of variation in size and form. Immunocytochemistry may be of some help in excluding lymphoma, sarcoma, 
and metastasis. The tumor is often partially necrotic, and  several punctures are frequently needed before vital atypical cells 
are found in the specimen. The fi nding of differentiated papillary carcinoma in the same lesion may be of help when deciding 
whether the tumor is of thyroidal origin or a metastasis. The diagnosis of anaplastic carcinoma will always be the result of 
clinical fi ndings and information, radiologic fi ndings, and morphology. 

 9 Anaplastic Carcinoma 
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Anaplastic Carcinoma Right Lobe

83-Year-old man
• Clinical history: Rapidly growing tumor with 
 stridor. Swallowing problems.
• Ultrasound: Huge malignant tumor in right lobe
 with infiltration in trachea. Incomplete overview.
• Cytology: Highly malignant tumor
• 16-Gauge histologic needle biopsy:
 Anaplastic carcinoma

Features 
Huge
Hypoechoic
Inhomogeneous echo pattern
Partially well defined
Infiltrating trachea
A few microcalcifications
Scantly vascularized

FIGURE 9-1. Ultrasound of anaplastic carcinoma in the right lobe. A, Transverse. B, Color Doppler, Transverse. C, CT Transverse. D, Longitudinal.
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FIGURE 9-2.  Histologic needle biopsy: malignant, spindle-formed cells.

FIGURE 9-4.  Immunohistochemistry: cytokeratin-positive cells indicating carcinoma.FIGURE 9-3.  Cytology: spindle-shaped malignant cells.
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Anaplastic Carcinoma Right Lobe

88-Year-old man
• Clinical history: Goiter past 5 years. Last 2 with
 pain in thyroid region, hoarseness, and breathing 
 problems
• Ultrasound: Huge malignant tumor in right lobe,
 probably anaplastic carcinoma 
• Cytology: Malignant tumor, probably anaplastic
 carcinoma
• 18-Gauge histologic needle biopsy:
 Anaplastic carcinoma

Features 
Huge
Mostly hypoechoic
Inhomogeneous echo pattern
Partially well defined
No visible vascularity

FIGURE 9-5. Ultrasound of anaplastic carcinoma in the right lobe. A, Transverse, 46 x 67 mm. B, Color Doppler, Transverse. C, CT Transverse. and D, Longitudinal.
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FIGURE 9-6.  Histologic needle biopsy: pleomorphic malignant tumor.

FIGURE 9-7.  Cytology: pleomorphic malignant cells.



200

Anaplastic Carcinoma Left Lobe

72-Year-old woman
• Clinical history: Hypothyroidism past 14 years. 
 Past 5 months increasing swallowing problems. 
 Palpable tumor in left lobe 
• Ultrasound: Malignant tumor in left lobe
• Cytology: Malignant tumor in left lobe
• 18-Gauge histologic needle biopsy:
 Anaplastic carcinoma

Features 
Mostly hypoechoic
Inhomogeneous echo pattern
Not well defined
Coarse and “eggshell” calcifications
Scantly vascularized

FIGURE 9-8. Ultrasound of anaplastic carcinoma in the left lobe. A, Transverse, 21 x 27 mm. B, Color Doppler, Transverse. C, Longitudinal. D, Longitudinal, sagittal diameter: 
35 mm.
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FIGURE 9-9.  Histologic needle biopsy. Immunohistochemistry: cytokeratin-positive cells indicating carcinoma.

FIGURE 9-10.  Histology: pleomorphic malignant cells. Note mitosis (arrow).
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Anaplastic Carcinoma Right Lobe

78-Year-old woman
• Clinical history: Past 6 months increasing 
 dyspnea. CT showed large tumor.
• Ultrasound: Malignant tumor in right lobe with
 suspicion of tracheal infiltration
• Cytology: Papillary thyroid carcinoma (PTC).
• Thyroidectomy: Anaplastic carcinoma derived
 from PTC

Features 
Hypoechoic
Inhomogeneous echo pattern
Partially well defined
Hypervascular
Microcalcifications
Infiltrating trachea

FIGURE 9-11. Ultrasound (US) of anaplastic carcinoma in the right lobe. A, Transverse, 32 x 42 mm. B, Color Doppler, transverse. C, Transverse CT. D, Transverse.
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FIGURE 9-12.  Cytology: only papillary thyroid carcinoma cells are present.

FIGURE 9-13.  Histology: area with anaplastic carcinoma.

FIGURE 9-15.  Gross section.

FIGURE 9-14.  Histology: pleomorphic cells.
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Anaplastic Carcinoma Right Lobe

66-Year-old woman
• Clinical history: Growing nodule in right lobe for 
 past 10 months 
• Ultrasound: Papillary thyroid carcinoma (PTC) in
 right lobe + metastases
• Cytology: PTC + metastases
• Thyroidectomy: Anaplastic carcinoma derived
 from PTC

Features 
Mostly hypoechoic
Quite well defined
Inhomogeneous echo pattern
Peripheral hypervascularity
Microcalcifications

Other findings:
Hypervascular pathologic lymph node 
consistent with metastasis

FIGURE 9-16. Ultrasound of anaplastic carcinoma in the right lobe. A, Transverse, 24 x 25 mm. B, Color Doppler, transverse. 
C, Longitudinal, sagittal diameter: 36 mm. D, Color Doppler, longitudinal.
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FIGURE 9-17.  Cytology: only papillary thyroid carcinoma cells were present.

FIGURE 9-18.  Histology: rest of papillary carcinoma on the left side, anaplastic 
carcinoma on the right side.
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Anaplastic Carcinoma Left Lobe

Features 
Mixed echogenicity
Lobulated inhomogeneous echo pattern
Innumerable microcalcifications
Small cyst 
Hypervascularity

60-Year-old woman
• Clinical history: Local relapse from previously 
 operated poorly differentiated papillary thyroid
 carcinoma (PTC).
• Ultrasound: PTC
• Cytology: PTC
• Reoperation: Anaplastic carcinoma derived
 from PTC

FIGURE 9-19. Ultrasound of anaplastic carcinoma in the left lobe. A, Transverse, anteroposterior diameter: 29 mm. B, Color Doppler, transverse. C and D, Longitudi-
nal.
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FIGURE 9-20.  Histology: classic papillary growth/extensions into the lumen. Classic atypical cells: nuclear inclusions and overlapping nuclei. 

FIGURE 9-21.  Histology: foci of anaplastic differentiation.
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Anaplastic Carcinoma Left Lobe

52-Year-old man
• Clinical history: Not known
• Ultrasound: Large tumor in right lobe. Benign?
 Malignant?
• Cytology: Polymorphic cells. Anaplastic carcinoma
• 16-Gauge histologic needle biopsy:
 Anaplastic carcinoma 

Features 
Slightly hypoechoic 
Well defined
Slightly inhomogeneous echo pattern
A few microcalcifications

FIGURE 9-22. Ultrasound of anaplastic carcinoma in the left lobe. A, Transverse, anteroposterior diameter: 48 mm. B, Longitudinal.



209

FIGURE 9-23.  Cytology: pleomorphic malignant cells. Note mitosis (arrow).

FIGURE 9-25.  Histology: pleomorphic malignant cells.FIGURE 9-24.  Histologic needle biopsy: cytokeratin-positive malignant tumor.
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A lymphoma may affect the whole gland, but is often found only on one side. The regional lymph nodes are often affected 
as well. In about 70% of cases lymphoma arises from a preexisting chronic lymphocytic thyroiditis (Hashimoto’s thyroiditis) 
[6,7,20]. The tumor is strongly hypoechoic, often well marginated, but usually causes enlargement of the affected lobe. The 
echo pattern varies from micronodular to homogeneous. Thyroid lymphomas are usually poorly vascularized, but may also 
show blood vessels with chaotic distribution [6]. The micronodular lymphomas may resemble Hashimoto’s thyroiditis, and 
may also be surrounded by thyroiditis.

Common Features of Lymphoma

Hypoechoic
Homogeneous or nodular echo pattern
Well marginated
Regional lymph node affection

Cytologic Morphology of Lymphoma

The cytopathologist should always consider the possible presence and amount of lymphoid cells, even when the clinical or 
radiologic fi ndings show no indication of thyroiditis or lymphoma. In specimens rich in blood, one may fi nd some scattered 
leukocytes, but distinguising a smear with lymphoid cells due to other reasons is seldom challenging. The fi nding of lymphoid 
cells together with oncocytic cells is usually consistent with Hashimoto’s thyroiditis. The variation in the size of the nuclei in the 
oncocytes may be extensive (anisocytosis). In smears with an abundant amount of lymphocytes, but depleted of oncocytes, 
the possibility of a lymphoid neoplasm must be investigated. An extra cytologic biopsy for fl ow cytometric immunophenotyping 
preferably should be taken. This is especially important in elderly patients (over 60 years of age), because lymphoid lesions in 
these patients are often found to be lymphoma.

Features of Plasmacytoma

In the thyroid gland, plasma cell neoplasms usually appear in the form of extraosseous plasmacytoma, which is extremely rare 
[21]. In our ultrasound practice we have only one case. At ultrasound the actual tumor appears less hypoechoic and with larger 
nodules compared with what is usually found in a lymphoma.  Nobody knows if these features could be signifi cant. 

Histologic and Cytologic Morphology of Plasmacytoma

The neoplasm consists of a tumorous mass of usually mature, or more seldom, immature plasma cells. Mature plasma cells 
demonstrate the characteristic features with eccentric nuclei and abundant basophilic cytoplasm. Immature plasma cells 
demonstrate a high nuclear–cytoplasmic ratio and prominent nucleoli. Flow cytometric immunophenotyping demonstrating a 
population of lymphoid cells monoclonal for intracytoplasmic light chain immunoglobulin is of crucial importance when making 
the diagnosis of plasmacytoma.
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Lymphoma Both Lobes

75-Year-old man
• Clinical history: Enlarged, hard thyroid, highly 
 suspicious for malignancy at CT
• Ultrasound: Lymphoma. Also thyroiditis in
 right lobe?
• Cytology left lobe: Non–Hodgkin B-cell lymphoma
• 18-Gauge histologic needle biopsy left lobe:
 Diffuse large cell B-cell lymphoma

Features 
Lobulated nodular, affecting both lobes
Hypoechoic
Inhomogeneous echo pattern
Coarse septations
Scant vascularity

FIGURE 10-1. Ultrasound of lymphoma in both lobes. A, Transverse. B, Longitudinal, sagittal diameter: 75 mm. C, Color Doppler, transverse.
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FIGURE 10-2.  Cytology: rich in lymphoid cells.

FIGURE 10-3.  Histologic needle biopsy.



214

Lymphoma Left Lobe

43-Year-old woman
• Clinical history: Lymphoma in uterus, vagina, 
 and neck lymph nodes. Large left thyroid lobe.
• Ultrasound: Lymphoma in left lobe. Thyroiditis in
 right lobe
• Cytology left lobe: Burkitt’s lymphoma.

Features, left lobe 
Hypoechoic
Inhomogeneous nodular echo pattern
Affecting whole lobe and strap muscles
Scant vascularity

Features right lobe
Hypoechoic
Less inhomogeneous echo pattern
A few microcalcifications

FIGURE 10-4. A and C, Ultrasound of lymphoma in the left lobe. B, Thyroiditis in the right lobe.
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FIGURE 10-5.  Cytology: large, atypical lymphoid cells with basophilic cytoplasm.
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Lymphoma Both Lobes

FIGURE 10-6. Ultrasound of lymphoma in both lobes. A, Both lobes Transverse. B, Right lobe. C, Color Doppler, right lobe. D and E, Left lobe.
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55-Year-old woman
• Clinical history: Large neck tumor evaluated 
 with CT. Surgical histology shows diffuse large 
 B-cell lymphoma.
• Ultrasound: Multiple intrathyroidal tumors
 consistent with lymphoma.
• Thyroidectomy: B-cell Lymphoma

Features 
Multifocal 
Strongly hypoechoic
Homogeneous echo pattern
Well circumscribed
No visualized vascularity
Microcalcifications?

FIGURE 10-7.  Immunoreactivity for CD 20, a pan B-cell marker.

FIGURE 10-8.  Histology: diffuse large B-cell lymphoma.
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Lymphoma Right Lobe

77-Year-old man
• Clinical history: Pathologic neck lymph nodes,  
 probably lymphoma
• Ultrasound: Multiple intrathyroidal tumors with
 no visible vascularity, probably lymphoma
• Cytology: Non–Hodgkin B-cell lymphoma
• 18-Gauge histologic needle biopsy: 
 Diffuse large B-cell lymphoma

Features 
Multifocal 
Strongly hypoechoic
Homogeneous granular echo pattern
Well circumscribed

FIGURE 10-9. Ultrasound of lymphoma in the right lobe. A, Transverse, 
30 x 40 mm. B and C, Longitudinal.
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FIGURE 10-10.  Cytology: atypical lymphoid cells consistant with diffuse large B–cell lymphoma

FIGURE 10-12.  Histologic needle biopsy: diffuse large B-cell lymphoma.FIGURE 10-11.  Immunohistochemistry: CD 45 (common leukocytic antigen).
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Plasmacytoma Right Lobe

53-Year-old man
• Clinical history: Large tumor in right thyroid lobe
• Ultrasound: Possibly lymphoma, but not typical
• Cytology: Atypical plasmacytoid cells. 
 Plasmacytoma?
• 18-Gauge histologic needle biopsy:
 Plasmacytoma

Features 
Lobulated nodular
Mixed echogenicity
Inhomogeneous echo pattern
Moderately vascularized

FIGURE 10-13. Ultrasound of plasmacytoma in the right lobe. A, Transverse. B, Color Doppler, transverse.
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FIGURE 10-15.  Histologic needle biopsy: plasmacytoma.

FIGURE 10-14.  Cytology: dispersed cells with characteristic eccentric nuclei and basophilic cytoplasm. (Almost only neoplastic cells and eryhrocytes in this image).
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Among the infl ammatory diseases of the thyroid, Hashimoto’s thyroiditis is the most common [4,6,10,22]. Patients frequently 
have no symptoms when it is found on ultrasound examination. Usually the whole gland is affected, or the changes are found 
in parts of the gland where there are no nodules. The thyroid gland may be enlarged, but often the size is normal. The tissue is 
usually strongly hypoechoic with a micronodular pattern. The micronodules range in size from about 1 to 6 mm. The vascularity 
in Hashimoto’s thyroiditis varies from scant to rich, but occasionally is extremely rich, the so–called “thyroid inferno”, which is 
often seen in Grave’s disease (See page 142) [6]. Sometimes a cytologic biopsy is somewhat painful.

Common Features

General hypoechogenicity
Micronodular echo pattern 
General affection
Septations

Cytologic Morphology

The cytologic picture in smears from thyroiditis displays a wide range of patterns, from just a few lymphoid cells, to  more fl orid 
infl ammation with a heterogeneous presentation of lymphoid cells. In smears rich in blood, the relative number of lymphoid 
cells must be considered. When the number of lymphoid cells seems to exceed the number of leukocytes in blood, additional 
punctures should be performed in different areas of the gland.

Oncocytic cells may indicate Hashimoto’s thyroiditis, but lack of them does not exclude this diagnosis.  In elderly people in 
particular (over 60 years of age), one should always exclude the diagnosis of low-grade lymphoma. One extra cytologic  biopsy 
should routinely be taken for fl ow cytometric immunophenotyping. The fi nding of cells indicating thyroiditis in a patient with no 
earlier diagnosis of thyroiditis implies that the patient must undergo a laboratory investigation, including parameters such as 
TRAS and thyroid–stimulating hormone.
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Thyroiditis Both Lobes

58-Year-old woman
• Clinical history: Cervical cancer. Enlarged
 thyroid gland
• Ultrasound: Thyroiditis
• Cytology: Hashimoto’s thyroiditis

Features 
Hypoechoic
Moderately enlarged
Whole gland affected
Granular echo pattern
Coarse septations
Hypervascular

FIGURE 11-1. Ultrasound of thyroiditis in both lobes. A, Both lobes. B, Color Doppler, right lobe transverse. C, Color Doppler, left lobe transverse.
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FIGURE 11-2.  Cytology: mixed cell population; lymphoid cells and follicular cells with oncocytic features.
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Thyroiditis Both Lobes

FIGURE 11-3. Ultrasound of thyroiditis in both lobes. A, Both lobes. B, Right lobe Transverse. C, Color Doppler, right lobe transverse. 
D, Left lobe transverse. E, Color Doppler, left lobe transverse.
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61-Year-old woman
• Clinical history: Liver metastasis.
 Adenocarcinoma. 
 Origo incerta.
• Ultrasound: Thyroiditis
• Cytology: Hashimoto’s thyroiditis

Features 
Moderately hypoechoic
Whole gland affected
Granular, lobulated, inhomogeneous echo pattern
 with a few septations
Moderate vascularity

FIGURE 11-4.  Cytology: mixed cell population; lymphoid cells and follicular cells with oncocytic features.
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Thyroiditis Both Lobes

FIGURE 11-5. Ultrasound of thyroiditis in both lobes. A, Both lobes. B, Right lobe transverse. C, Color Doppler, right lobe transverse. 
D, Left lobe Transverse. E, Color Doppler, left lobe transverse.
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58-Year-old man
•  Clinical history: Severe hypothyroidism
•  Ultrasound: Thyroiditis
•  Cytology: Lymphocytic thyroiditis

Features 
Hypoechoic
Whole gland affected
Inhomogeneous, granular echo pattern
Moderate vascularity

FIGURE 11-6.  Cytology: rich in lymphoid cells. One group of benign, follicular epithelium.
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Thyroiditis Both Lobes

74-Year-old woman
• Clinical history: Rapidly growing thyroid. 
 Anaplastic carcinoma? Lymphoma?
• Ultrasound: Probably Hashimoto’s thyroiditis
• Cytology: Oxyphilic metaplasia and lymphoid cells
• 16-Gauge histologic needle biopsy:
 Hashimoto’s thyroiditis

Features 
Hypoechoic
Whole gland affected
Inhomogeneous, granular echo pattern
Coarse septations
Hypervascular

FIGURE 11-7. Ultrasound of thyroiditis in both lobes. A, Right lobe. B, Color Doppler, right lobe. C, Isthmus. 
D, Color Doppler, isthmus. E, Left lobe. F, Color Doppler, left lobe.
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FIGURE 11-9.  Histologic needle biopsy: Hashimoto’s thyroiditis.

FIGURE 11-8.  Histologic needle biopsy: Hashimoto’s thyroiditis.
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Thyroiditis Both Lobes

FIGURE 11-10. Ultrasound of thyroiditis in both lobes. A, Right lobe transverse. B, Right lobe longitudinal. C, Color Doppler, 
right lobe. D, Left lobe transverse. E, Left lobe longitudinal. F, Color Doppler, left lobe.



233

66-Year-old man
• Clinical history: Hypothyreosis
• Ultrasound: Hashimoto’s thyroiditis
• Cytology: Hashimoto’s thyroiditis

Features 
Slightly hypoechoic
Inhomogeneous nodular echo pattern
Whole gland affected
Scant vascularity

FIGURE 11-11.  Cytology: mixed cell population; lymphoid cells and follicular cells with oncocytic features.
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Thyroiditis Both Lobes

62-Year-old woman
• Clinical history: Paraneoplastic cerebellar 
 degeneration past 4 months. Lung and liver 
 metastasis. CT shows tumor in right thyroid lobe.
• Ultrasound: 8 mm papillary thyroid carcinoma
 (PTC) inferiorly in right lobe. Thyroiditis.
• Cytology: Nondiagnostic material
• Thyroidectomy: Thyroiditis. 1 mm PTC centrally
 in right lobe. Hyalin node with calcifications
 inferiorly in right lobe

Features 
Slightly hypoechoic
Inhomogeneous, nodular echo pattern
Microcalcifications in fibrotic lesion in right lobe
Scant vascularity

FIGURE 11-12. Ultrasound of thyroiditis in both lobes. A, Transverse. B, Color Doppler, transverse. C, Longitudinal. D, Left lobe longitudinal.
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FIGURE 11-13.  Histology: thyroiditis.



236

Thyroiditis Both Lobes

FIGURE 11-14. Ultrasound of thyroiditis in both lobes. A, Right lobe transverse. B, Right lobe longitudinal. C, Left lobe 
transverse. D, Left lobe longitudinal. E, Color Doppler, left lobe transverse. F, Color Doppler, left lobe longitudinal.
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59-Year-old woman
• Clinical history: Thyroxine treatment past 20
 years. 8 years ago surgery due to thyrotoxicosis. 
 Last year enlarged left lobe.
• Ultrasound: Nodular tissue. Follicular tumors?
• Cytology: Follicular cells with oncocytic features
• 18-Gauge histologic needle biopsy:
 Hashimoto’s thyroiditis

Features 
Mixed echogenicity
Quite homogeneous echo pattern within 
 well- circumscribed nodules
Whole gland affected
Hypervascular

FIGURE 11-15.  Histologic needle biopsy: lymphocytic thyroiditis, Hashimoto’s type.

FIGURE 11-16.  Histologic needle biopsy: Hashimoto’s thyroiditis.
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Thyroiditis Both Lobes Plus Papillary Thyroid Carcinoma

FIGURE 11-17. Ultrasound of thyroiditis in both lobes plus papillary thyroid carcinoma. A, Right lobe transverse. B, Color Dop-
pler,  right lobe transverse. C, Right lobe longitudinal. D, Left lobe transverse. E, Color Doppler, left lobe transverse. F, Left lobe 
longitudinal.



239

39-Year-old woman
• Clinical history: Cystic neck metastasis from
 papillary thyroid carcinoma (PTC) verified left side
• Ultrasound: Thyroiditis. Also PTC?
• Cytology: Hashimoto’s thyroiditis
• Thyroidectomy: Three PTCs: 8, 2, and 1.2 mm +
 extensive Hashimoto’s thyroiditis

Features 
Slightly hypoechoic with innumerable small 
 hypoechoic nodules
Whole gland affected
One larger hypoechoic area anteriorly in left lobe
Moderate vascularity

FIGURE 11-19.  Histology: extensive thyroiditis.

FIGURE 11-18.  Histology: thyroiditis of Hashimoto’s type.

FIGURE 11-20.  Gross section: diffusely dispersed, nonencapsulated nodules.
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Thyroiditis Both Lobes

FIGURE 11-21. Ultrasound of thyroiditis in both lobes. A, Both lobes. B, Right lobe transverse. C, Color Doppler, right lobe transverse. 
D, Left lobe transverse. E, Color Doppler, left lobe transverse.
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59-Year-old woman
• Clinical history: Not known
• Ultrasound: Diffuse goiter
• Cytology: Follicular cells with oncocytic features. 
 Neoplasia?
• Thyroidectomy: Hashimoto’s thyroiditis

Features 
Isoechoic
Homogeneous echo pattern
Whole gland affected
Scant vascularity

FIGURE 11-22.  Cytology: dominated by metaplastic follicular cells. Few lymphoid cells.

FIGURE 11-24.  Gross section: diffusely enlarged lobe.FIGURE 11-23.  Histology: lymphocytic thyroiditis.
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Metastases in the thyroid gland are rare and the ultrasound appearance depends on the primary tumor. They are most 
commonly seen in patients with renal cell carcinomas, breast carcinomas, and malignant melanomas [6,7]. In renal cell 
carcinoma a metastasis may be the fi rst sign of the disease, but when metastases from the other malignancies are found, the 
diagnosis of the primary tumor will usually already be known.

Cytologic Morphology 

The possibility of metastasis must always be considered when the morphology demonstrates atypical cells of a type not 
usually found in the thyroid or thyroid-derived lesions. The differentiation of metastasis from lung carcinoma may be very 
diffi cult, both morphologically and with the use of immunohistochemistry (lung carcinoma and thyroid carcinoma are often 
positive for thyroid transcription factor-1 [TTF-1]). Clinical information is of crucial importance.

When it comes to metastasis from a renal cell tumor, the clear cells of this tumor may be indistinguishable from a follicular 
carcinoma of thyroid origin with clear cell metaplasia. Immunocytochemistry of unstained smears for the markers of renal cell 
carcinoma (RCC), TTF-1, and thyroglobulin may be of some help. 

As Melan A and HMB45 may be helpful when there is a suspicion of metastasis from malignant melanoma, likewise estrogen, 
progesterone, and AP15 may be helpful when the morphology indicates the possibility of metastasis from breast carcinoma.

 12 Metastases 
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44-Year-old woman
•  Clinical history: Leiomyosarcoma with
 metastasis. CT showed incidentaloma in left
 thyroid lobe.
•  Ultrasound: Malignant tumor in left lobe.
 Primary? Metastasis?
•  Cytology: Metastasis from leiomyosarcoma 

Features 
Strongly hypoechoic
Inhomogeneous echo pattern
Blurred margins
Some microcalcifications
Scant peripheral vascularity

Metastasis Left Lobe (Leiomyosarcoma)

FIGURE 12-1. Ultrasound of metastasis in the left lobe (leiomyosarcoma). 
A and B, Transverse. C, Color Doppler.
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FIGURE 12-2.  Cytology: high-grade malignant cells.

FIGURE 12-3.  Cytology: malignant cells positive for desmin, consistent with metastasis from leiomyosarcoma.
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61-Year-old man
• Clinical history: Renal carcinoma. Tumor in 
 right thyroid lobe.
• Ultrasound: Malignant tumor in right lobe.
 Primary? Metastasis?
• Cytology: Malignant clear cells 
• 18-Gauge histologic needle biopsy: 
 Clear cell tumor consistent with renal carcinoma

Features 
Hypoechoic
Inhomogeneous echo pattern
Well circumscribed
Partial thick, uneven hypoechoic halo
Moderately vascularized

Metastasis Right Lobe (Renal Carcinoma)

FIGURE 12-4. Ultrasound of metastasis in the right lobe (renal carcinoma). 
A, Transverse, 44 x 52 mm. B, Color Doppler, transverse. C, Longitudinal, sagittal 
diameter: 59 mm.
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FIGURE 12-5.  Cytology: malignant clear cells.

FIGURE 12-7.  Histologic needle biopsy: Metastasis from clear cell carcinoma.FIGURE 12-6.  Immunohistochemistry: malignant cells positive for renal cell 
carcinoma marker (RCC).
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50-Year-old man
• Clinical history: Enlarged neck lymph nodes
• Ultrasound: Lymph node metastases. Probably
 metastasis in right thyroid lobe.
• Cytology: Metastasis from carcinoma 
• 18-Gauge histologic needle biopsy: 
 Metastasis from mucinous adenocarcinoma 
 (pulmonary carcinoma)

Features of thyroid tumor 
Strongly hypoechoic
Homogeneous echo pattern
Well circumscribed
Scantly vascularized

Metastasis Right Lobe (Pulmonary Carcinoma)

FIGURE 12-8. Ultrasound of metastasis in the right lobe (pulmonary carcinoma). A, Transverse diameter: 7 mm. 
B, Color Doppler, transverse. C, Longitudinal, sagittal diameter: 10 mm. D, Neck, Transverse, metastases.
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FIGURE 12-9.  Cytology: carcinoma cells, metastasis from mucinous adenocarcinoma.

FIGURE 12-10.  Histologic needle biopsy: metastasis from mucinous adenocarcinoma, poorly differentiated.
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54-Year-old woman
• Clinical history: Surgery for skin melanoma on 
 the back 12 years ago. April 2008 surgery for neck
 metastasis on right side. Controlled.
• Ultrasound: Two suspicious, 3 mm lesions in
 right thyroid lobe
• Cytology: Metastasis from on the melanoma in 
 central lesion

Features of central lesion
Strongly hypoechoic/anechoic
Echo enhancement behind lesion
Sharply circumscribed

Metastasis Right Lobe (Melanoma)

FIGURE 12-11. Ultrasound of metastasis in the right lobe (melanoma). Transverse diameter: 3 mm.
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FIGURE 12-12.  Cytology: metastasis from malignant melanoma. Dispersed malignant cells. 
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Regional lymph node metastases are a common fi nding in papillary and medullary carcinomas, but they are very rare in follicu-
lar carcinoma because this tumor usually spreads hematogenically. Lymph node affection is often seen in thyroid lymphomas, 
and reactive lymph nodes are found in thyroiditis. Reactive lymph nodes are usually enlarged, but metastatic infi ltration does 
not necessarily causes enlargement. Thus, lymph node size is not a reliable criterion in the differential diagnosis [6,23].

Most normal neck lymph nodes are fl at or oval shaped like an almond or a grape. Malignant lymph nodes usually have a more 
round shape, or they may show eccentric cortical hypertrophy due to focal infi ltration [23,24]. Metastases, however, are also found 
in normally shaped lymph nodes.  The echo pattern of  these normal lymph nodes consists of a moderately hypoechoic cortex 
and a hyperechoic medulla and hilum. Low-velocity color Doppler demonstrates scant vascularity in the hilum and medulla.   

Lymph nodes with metastastic infi ltration from papillary thyroid carcinoma may have normal size and shape, but most often 
they will be enlarged with a more round shape. They may be partially or completely cystic [4,6,24], but both cystic and solid 
metastases can be found at the same time. The solid metastases often have a grayish heterogeneous echo pattern in the whole 
lymph node, or they may show thickened hypoechoic cortex with compressed or lost echogenic medulla and hilum like other 
lymph node metastases. The lymph node capsule is most often sharply defi ned, but infi ltration through the capsule causes 
blurred margins. 

The most striking features indicating metastatic lymph node infi ltration from papillary thyroid carcinoma (PTC) are increased 
blood fl ow in pathologic vessels in the cortex, microcalcifi cations, cystic degeneration, and heterogeneous echo pattern [6]. 
Sometimes a pathologic vascularity is virtually the only sign of metastasis. Microcalcifi cations are often found in both papillary 
and medullary carcinoma, but the calcifi cations from medullary carcinoma may be more coarse, like in the primary tumor [6].

The location of neck metastases in this atlas refers to the map made by the American Joint Committee on Cancer having segments 
from 1-7, see page 4.

Features 

Microcalcifi cations 
Pathologic vascularity 
Cystic 
Heterogeneous echo pattern

Cytologic Morphology

Until a few years ago, the most frequent diffi culties when examining smears from neck lymph nodes were deciding the etiol-
ogy of a cystic specimen and clarifying whether the material could originate from a cystic lymph node metastasis from PTC.  
This was because many of these cystic specimens did not demonstrate atypical epithelium, or epithelium at all. With the aid 
of thyroglobulin measurement in wash-out specimens, most of these metastases were easily and reliably confi rmed. Non-
cystic metastases from well-differentiated PTC are usually no challenge for the experienced cytopathologist. Metastases from 
malignancies originating in other organs can, however, sometimes be diffi cult to classify. The fi nding of atypical epithelium 
with no sign characteristic for PTC, especially when a thyroid tumor is not found on ultrasound examination, should make 
the cytopathologist analyze the specimen more thoroughly and ask for additional material for further and extended investiga-
tion. Metastases from well-differentiated PTC, may demonstrate a picture almost devoid of cytologic atypia, misleading the 
cytopathologist to think that it represents an aberrant/ectopic thyroid gland. In these cases the information from the radiologist 
concerning the exact location of the lesion will be of crucial importance, as well as the information concerning lesions located 
within the thyroid gland.

 13 Regional Lymph Node
Metastases 
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Lymph Node Metastases from Papillary Thyroid Carcinoma: 
Left Segments 3 and 4

Features 
Chain of enlarged pathologic lymph nodes
Pathologic shape
Heterogeneous, light grayish echo pattern
Microcalcifications
Quite sharply defined capsules

FIGURE 13-1. Ultrasound of lymph node metastases from papillary thyroid carcinoma: left segments 3 and 4. 
A, Longitudinal Transverse diameter: 13 mm. B, Transverse, 8 x 18 mm.
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Lymph Node Metastasis from Papillary Thyroid Carcinoma: Right Segment 4

Features 
Normal shape
Normal size  
Somewhat heterogeneous echo pattern
Typical malignant hypervascularity
Sharply defined capsule

FIGURE 13-2. Ultrasound of lymph node metastasis from papillary thyroid carcinoma: right segment 4. A, Transverse, 3 x 7 
mm. B, Color Doppler, Transverse. C, Longitudinal, sagittal diameter: 10 mm. D, Color Doppler, longitudinal.
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Lymph Node Metastasis from Papillary Thyroid Carcinoma: Right Side Segment 6

Features 
Normal shape
Normal size  
Heterogeneous echo pattern
Typical malignant hypervascularity
Sharply defined capsule

FIGURE 13-3. Ultrasound of lymph node metastasis from papillary thyroid carci-
noma: right side segment 6. A, Transverse, 3 x 6 mm. B, Color Doppler, Transverse.

BB
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Lymph Node Metastasis from Papillary Thyroid Carcinoma: Right Segment 3

Features 
Round shape
Hypoechoic without hyperechoic hilum
Hypervascularity
Sharply defined capsule

FIGURE 13-4. Ultrasound of lymph node metastasis from papillary thyroid car-
cinoma: right segment 3. A, Transverse, 1.7 x 2.5 mm. B, Color Doppler, Trans-
verse.
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Lymph Node Metastases from Papillary Thyroid Carcinoma: Right Segments 3 and 4

Features 
Chain of partially cystic lymph nodes
Heterogeneous, grayish echo pattern
Microcalcifications
Typical malignant, peripheral vascularity
Quite sharply defined capsules

FIGURE 13-5. Ultrasound of lymph node metastases from papillary thyroid carcinoma: right segments 3 and 4. 
A, Longitudinal, B, Color Doppler, Transverse. C, Transverse.
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Lymph Node Metastasis from Papillary Thyroid Carcinoma: Right Segment 4

Features 
Enlarged
Partially cystic
Hypervascular
Sharply defined capsule

FIGURE 13-6. Ultrasound of lymph node metastasis from papillary thyroid carcinoma: right segment 4. 
A, Transverse diameter: 35 mm. B, Transverse. C, Color Doppler, Transverse. D, Longitudinal.
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Lymph Node Metastasis from Papillary Thyroid Carcinoma: Left Segment 3

Features 
Enlarged
Mostly cystic 
Heterogeneous echo pattern in solid tissue
Microcalcifications
Almost avascular
Sharply defined capsule

FIGURE 13-7. Ultrasound of lymph node metastasis from papillary thyroid car-
cinoma: left segment 3. A, Transverse, 11 x 15 mm. B, Color Doppler, Transverse.
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 Lymph Node Metastasis from Papillary Thyroid Carcinoma: Right Segment 4

Features 
Enlarged
Mostly cystic 
Homogeneous echo pattern in solid tissue
Pathologic vascularity
Sharply defined capsule

FIGURE 13-8. Ultrasound of lymph node metastasis from papillary thyroid carci-
noma: right segment 4. A, Transverse, 26 x 37 mm. B, Color Doppler Transverse.
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Lymph Node Metastasis from Follicular Variant of Papillary Thyroid Carcinoma: 
Right Segment 4

Features 
Enlarged 
Hyperechoic homogeneous echo pattern
Hypervascular
Sharply defined capsule

FIGURE 13-9. Ultrasound of lymph node metastasis from follicular variant of 
papillary thyroid carcinoma: right segment 4. A, Transverse diameter: 27 mm. 
B, Color Doppler, Transverse.



263

Lymph Node Metastasis from Medullary Thyroid Carcinoma: Right Segment 3

Features 
Enlarged
Heterogeneous, dark grayish echo pattern
Typical malignant hypervascularity
Sharply defined capsule

FIGURE 13-10. Ultrasound of lymph node metastasis from medullary thyroid 
carcinoma: right segment 3. A, Transverse, sagittal diameter: 37 mm. B, Color 
Doppler, Transverse.
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Lymph Node Metastasis from Medullary Thyroid Carcinoma: Left Segment 4

Features 
Abnormal shape
Heterogeneous, grayish echo pattern 
Malignant hypervascularity
Sharply defined capsule

FIGURE 13-11. Ultrasound of lymph node metastasis from medullary thyroid 
carcinoma: left segment 4. A, Longitudinal, sagittal diameter: 13 mm. B, Color 
Doppler, longitudinal.
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Lymph Node Metastasis from Medullary Thyroid Carcinoma: Right Segment 4

Features 
Enlarged
Abnormal shape
Heterogeneous echo pattern
Microcalcifications
Typical malignant hypervascularity
Sharply defined capsule

FIGURE 13-12. Ultrasound of lymph node metastasis from medullary thyroid car-
cinoma: right segment 4. A, Transverse, 12 x 15 mm. B, Color Doppler, Transverse.
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Lymph Node Metastasis from Anaplastic Carcinoma: Right Segment 4

Features 
Pathologic shape
Heterogeneous, dark grayish echo pattern
Typical malignant peripheral vascularity
Sharply defined capsule

FIGURE 13-13. Ultrasound of lymph node metastasis from anaplastic carcinoma: 
right segment 4. A, Transverse diameter: 13 mm. B, Color Doppler, Transverse.
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defi ned, 3
Adenomas

follicular. See Follicular adenomas
Adenomatous thyroid nodules, 19, 43, 53
Anaplastic thyroid carcinoma, 195–209

breathing diffi culties from, 198, 202
cytokeratin-positive cells in, 197, 201, 209
cytologic morphology of, 195
goiter and, 198
hypothyroidism and, 200
left lobe, 200–201, 206–209
metastatic, 204–205, 266
overview of, 195
relapsed, 206–207
right lobe, 196–199, 202–205
swallowing diffi culties from, 196, 200
tumor infi ltration in, 11

Autoimmune thyroiditis. 
See also Hashimoto’s thyroiditis

follicular adenomas in, 66–67, 96–97
follicular variant of papillary thyroid carcinoma and, 128, 

136–137, 142
hyperplastic nodule in, 56–57
papillary thyroid carcinoma and, 56, 146–147, 172–173

B
Bard biopsy equipment, 1
Biopsy

defi nitions of, 3
Biopsy of thyroid nodules

principles of, 1–2
Breast cancer

diagnosis of metastases from, 243
papillary thyroid carcinoma and, 148

Breathing diffi culty
from anaplastic thyroid carcinoma, 198, 202

Burkitt’s lymphoma, 214–215

C
Calcifi cations

in colloid nodules, 19, 60–63
overview of, 6–7

Calcitonin-positive cells
in medullary thyroid carcinoma, 185–187, 189, 191, 193

Carcinoma. See specifi c carcinoma types; Thyroid carcinoma
Coarse calcifi cations

in thyroid lesions, 7

Coarse septations
in lymphoma echo pattern, 9

Colloid cysts, 19, 26–27, 30–39. 
See also Colloid nodules

Colloid nodules, 19–63
of both lobes, 46–47
calcifi cations in, 7, 60–63
comet tail crystals in, 5, 19
cystic, 14, 19, 26–27, 30–31, 30–39
degenerated, 36–37
echogenicity of, 8–9
edge shadow in, 11
follicular thyroid carcinoma and, 24–25, 28–29, 108–109
as incidentalomas, 22–23, 48–49
left lobe, 20–27, 34–35, 40–45, 48–51, 60–63
lymphoma and, 20–21
medullary thyroid carcinoma and, 190
in nodular goiter, 19, 24–25, 28–29, 46–47
overview of, 19
papillary thyroid carcinoma and, 26–27, 32–33, 162
right lobe, 28–33, 36–37
solid, 14
testicular carcinoma and, 38–39
tumor margins in, 12
vascularity of, 15

Color Doppler ultrasound
in colloid nodules, 19
in cystic lesions, 19
hypoechoic halo shown by, 10
of regional metastases, 255–266
in thyroiditis, 226, 228, 230, 232, 236, 238, 240

Comet tail crystals
in thyroid lesions, 5, 19

Cracking artifact
in colloid nodules, 21, 37

Cystic colloid nodules, 30–31
comet tail crystals in, 5, 19
papillary thyroid carcinoma and, 26–27
solid versus, 14
testicular carcinoma and, 38–39

Cystic degeneration
of colloid nodule, 36–37
of follicular adenoma, 82–83
of papillary thyroid carcinoma, 170–171

Cystic thyroid lesions
benign versus malignant, 19
colloid, 19, 26–27, 30–39
cytologic morphology of, 19
follicular adenomas as, 80–83
papillary thyroid carcinoma and, 174
regional metastatic, 253, 261
solid versus, 14

Cytokeratin-positive cells
in anaplastic thyroid carcinoma, 197, 201, 209
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Cytologic biopsy. 
See also specifi c lesions

of anaplastic thyroid carcinoma, 195
calcifi cations in, 7
of colloid nodules, 19
of cystic lesions, 19
of follicular adenomas, 65
of follicular thyroid carcinoma, 65
of follicular variant of papillary thyroid carcinoma, 123
of lymphoma, 211
of medullary carcinoma, 183
of nodular goiter, 19
of oncocytic lesions, 121
of papillary thyroid carcinoma, 145
of plasmacytoma, 211
principles of, 1–3
of regional lymph node metastases, 253
of thyroid metastases, 243
of thyroiditis, 223

D
Diffuse goiter

Hashimoto’s thyroiditis and, 241
Diffuse large cell B-cell lymphoma, 212–213, 217–218
Dyspnea

from anaplastic thyroid carcinoma, 198, 202

E
Echogenicity

in thyroid lesions, 8–10, 19
Edge shadow, 11
Eggshell calcifi cations, 7
Encapsulation

in follicular variant of papillary thyroid carcinoma, 123

F
Family history

of papillary thyroid carcinoma, 178, 180
Fine needle capillary biopsy, 3
Follicular adenomas, 65–99

cystic, 80–83
cytologic morphology of, 65
echo pattern in, 9
in Hashimoto’s thyroiditis, 66–67, 96–97
hypoechoic halo in, 10
as incidentalomas, 68–69, 76–77, 86–87
isthmus, 66–69, 90–93
left lobe, 70–73, 78–83, 88–89, 96–99
microfollicles in, 69, 88–89
mixed solid/cystic, 14
nodular goiter and, 84–85

oncocytic cells in, 94–95, 98–99
overview of, 65
right lobe, 68–69, 74–77, 84–87, 92–95
tumor margin in, 12
vascularity of, 15, 65

Follicular hyperplasia
in colloid nodules, 45, 59

Follicular nodules
with cystic degeneration, 36–37

Follicular thyroid carcinoma, 65, 100–119
calcifi cations in, 7
colloid nodules and, 24–25, 28–29, 108–109
cytologic morphology of, 65
hypoechoic halo in, 10
as incidentaloma, 106–107, 114–115
of isthmus, 100–101, 108–109
left lobe, 102–107
metastatic, 28, 102, 112, 116
nodular goiter and, 24–25, 28–29, 100–103, 110–111
oncocytic, 100–101, 109, 118–119
overview of, 65
renal cell carcinoma versus, 243
right lobe, 110–119
tumor infi ltration in, 11
vascularity of, 65

Follicular variant of papillary thyroid carcinoma, 123–143
of both lobes, 132–133
echogenicity of, 8–9
encapsulated versus nonencapsulated, 123
Hashimoto’s thyroiditis and, 128, 136–137, 142
left lobe, 128–131, 136–137, 142–143
lymph node metastasis from, 140–141
nodular goiter and, 128, 134, 142
oncocytic cells in, 131
regional metastases from, 262
right lobe, 124–127, 134–135, 138–141

G
Geographic echo pattern

in thyroid carcinoma, 9
Goiter

anaplastic thyroid carcinoma and, 198
Hashimoto’s thyroiditis and, 241
nodular, 19, 24–25, 28–29, 46–47. 

See also Colloid nodules
Granular echo pattern

in thyroiditis, 9

H
Hashimoto’s thyroiditis, 223–225, 227, 230–231, 233, 237, 

239, 241
of both lobes, 224–233, 236–237, 239–241
cervical cancer and, 224
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cytologic morphology of, 223
diffuse goiter and, 241
follicular adenomas in, 66–67, 96–97
follicular variant of papillary thyroid carcinoma and, 128, 

136–137, 142
hyperplastic nodule in, 56–57
liver metastases and, 227
medullary thyroid carcinoma and, 190
oncocytic cells in, 223, 225, 227
overview of, 223
papillary thyroid carcinoma and, 56, 172–173, 239

Heterogeneous echo pattern
in thyroid carcinoma, 9

Histologic features. 
See also specifi c lesions

of anaplastic thyroid carcinoma, 195
of colloid nodules, 19
of follicular adenomas, 65
of follicular thyroid carcinoma, 65
of follicular variant of papillary thyroid carcinoma, 123
of lymphoma, 211
of medullary carcinoma, 183
of oncocytic lesions, 121
of papillary thyroid carcinoma, 145
of plasmacytoma, 211
of regional lymph node metastases, 253
of thyroid metastases, 243
of thyroiditis, 223

Histologic thyroid needle biopsy, 1–3
Histology

defi ned, 3
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in follicular adenoma, 9
Hürtle cell tumors, 121
Hyperechogenicity

of colloid nodule, 8
Hyperplastic nodules

of both lobes, 54–55
colloid, 58–59
oncocytic, 58–59
overview of, 19
right lobe, 52–53, 56–57

Hyperthyroidism
hyperplastic nodules in, 54–55

Hypoechogenicity
of thyroid carcinoma, 8

Hypoechoic halo
in thyroid lesions, 10

Hypothyreosis
Hashimoto’s thyroiditis and, 233

Hypothyroidism
anaplastic thyroid carcinoma and, 200

I
Immunohistochemistry

in metastases, 243
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colloid nodules as, 22–23, 48–49
follicular adenomas as, 68–69, 76–77, 86–87
follicular thyroid carcinoma as, 106–107, 114–115
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in thyroid carcinoma, 11

Isoechogenicity
of colloid nodule, 8

L
Leiomyosarcoma

thyroid metastases from, 244–245
Liver metastases

Hashimoto’s thyroiditis and, 227
from medullary thyroid carcinoma, 188

Lung carcinoma
thyroid metastasis from, 248

Lung metastases
differential diagnosis of, 243
from medullary thyroid carcinoma, 188
from papillary thyroid carcinoma, 234
thyroiditis and, 234

Lymph nodes
anatomy of neck, 4
metastatic thyroid carcinoma in, 140–141, 253–266. 

See also Regional lymph node metastases
Lymphocytic thyroiditis, 229, 241
Lymphoma, 211–219

of both lobes, 212–213, 216–217
Burkitt’s, 214–215
colloid nodule and, 20–21
cytologic and histologic morphology of, 211
diffuse large cell B-cell, 212–213, 217–219
echo pattern in, 9
left lobe, 214–215
overview of, 211
right lobe, 218–219

M
Malignant melanoma

thyroid metastases from, 250–251
Margins

of thyroid lesions, 12
Medullary thyroid carcinoma, 183–193

calcifi cations in, 6
calcitonin-positive cells in, 185–187, 189, 191, 193
colloid nodules and, 190
cytologic morphology of, 183
Hashimoto’s thyroiditis and, 190
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overview of, 183
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272

right lobe, 184–193
tumor margins in, 12

Melanoma
thyroid metastases from, 250–251

Metastases, 243–251, 253–266
from anaplastic thyroid carcinoma, 204–205
cytologic morphology of, 243, 253
from follicular thyroid carcinoma, 102, 112, 116
from follicular variant of papillary thyroid carcinoma, 

140–141
from leiomyosarcoma, 244–245
from lung carcinoma, 248–249
from malignant melanoma, 250–251
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from renal cell carcinoma, 246–247
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