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COURSE on THYROID ULTRASOUND
Section 2 The nodular goiter

Part 1 Introduction to chapter nodular goiter
The role of ultrasound in the evaluation of nodular goiter - a
manual

OPENING
This chapter discusses the diagnosis of thyroid
nodule and multinodular
goiter
and
the
treatment
of
benign
forms.
Thyroid nodules are one of the most common

endocrine disorders; they are mostly benign;
however, the diagnosis of malignancy is a crucial
issue.

DEFINITION OF THE DISEASE
Thyroid nodule (TN) is one of the most common
endocrine abnormalities: Palpable nodules are
found in 4-7% of the normal population, while
discrete lesions can be found in almost every
adult. Less than 1% of the thyroid lesions can
be life-threatening due to their malignant
potential. The evaluation of TNs became quite
simple
as TSH determination, thyroid
ultrasound (US),
and
fine
needle
aspiration cytology (FNA) are enough for a
complete diagnosis in most cases.
One of the main issues is that the US and the
FNA are both highly dependent on the
examiner, and in contrast to cardiology, US is

usually performed not by a specialist of the field
but by a radiologist. TNs cannot be treated with
drugs; therefore, the basic question regarding a
patient with thyroid nodule is whether to operate
or not. Recently, nonsurgical methods are
getting increasingly available. One of the main
issues is that the US and the FNA are both highly
dependent on the examiner, and in contrast to
cardiology, US is usually performed not by a
specialist of the field but by a radiologist. TNs
cannot be treated with drugs; therefore, the
basic question regarding a patient with thyroid
nodule is whether to operate or not. Recently,
nonsurgical methods are getting increasingly
available.

HOW TO DEFINE A THYROID NODULE?
As many methods of examination exist,
the nodular goiter is defined in so many
different ways. Traditionally, palpation was the
basis of the diagnosis. Recently, a TN is
determined by US. The issue is that every
thyroid disorder, not only TN, appears in the
form of discrete lesions, e.g., the most common
US sign of autoimmune thyroiditis is the
presence of discrete lesions which involve more
than 90% of Hashimoto thyroiditis patients.
If the nodule was defined as a discrete US
lesion, most adult humans would be labeled as
nodular goiter patients.

In order to avoid psychological harm and
unnecessary cost, we need to separate lesions
that are histologically nodules from those that
are not, or we have to determine which lesion
needs further investigation and which one does
not.
Although there is no consensus among experts
on how to do this, most protocols determine a
maximum diameter of discrete lesions. We do
not use the term nodule or do not perform
further diagnostic tests below that size. The size
limit is 10 mm for those lesions which do not
present suspicious signs and 5 mm for those
which do.

WHAT ARE THE CLINICAL SIGNS OF AN ENLARGED THYROID?
A persistent problem with swallowing when
consuming solid food is the most reliable and
common sign for an enlarged thyroid gland. The
cartilaginous-walled trachea is harder to
compress with the goiter than the muscularwalled esophagus. Therefore, it is less likely that
an enlarged thyroid would cause dyspnea
without a swallowing problem. Tracheal X-ray
examination is of great help in uncertain cases.
Deeper voice is experienced in a thyroid gland
of a significant size, as well.

Palsy of the recurrent nerve confirmed by a
laryngeal examination in any case raises the
suspicion of thyroid cancer. In contrast to the
former symptoms, the most frequent neck
complaint, the 'lump in the throat feeling', is
usually not caused by a thyroid disease. This is
caused by an increase blood supply in the
thyroid due to physical or mental issues, which
is experienced by a 10-15% of the population.

WHAT ARE THE GOALS OF EVALUATION IN THYOID NODULES?
HOW TO EVALUATE A PATIENT WITH A SUSPERCETED NODULE?
There are basically two purposes of the
examination of a patient. On one hand, it is to
decide who is in need of surgery (or other
definitive therapy), and, on the other hand, it is
to determine what needs to be done for patients
who do not require surgery.
Figure 1 summarizes the algorithm of an
evaluation. In more than 95% of the newly
diagnosed patients, TN, all TSH, US, and FNA
are enough to get the diagnosis and to
determine further steps.

We have to add the fact though that this is true
only under ideal conditions, i.e., when the US is
performed by the clinician and FNA is available
whenever necessary and FNA is performed by an
experienced cytopathologist. Practice shows
that if the clinician does not perform the US
himself or there is a problem with FNA, often
other, otherwise unnecessary examinations will
be requested. We have summarized those
conditions in Table 1 in which we require other
diagnostic tests.
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Figure 1 Summary of diagnostic algorithm in the suspicion of thyroid nodule.

Suspicion is based either on palpation or clinical signs suggesting goiter or previous imaging
study.
Average distribution of patients: 1-3% (1), 25-30% (2), 70-75% (3).
Table 1 Diagnostic tests to evaluate a patient with thyroid nodule.
When to perform?

How often is
performed at first
examination?

Ultrasound

Always

100%

TSH

Always

100%

Aspiration cytology
Solid nodules >2 cm

Always

Nodules >1 cm presenting
suspicious ultrasound
characteristics

Always

Nodules between 0.5 and 1.0
cm presenting suspicious
ultrasound characteristics

Should be considered

Nodules without suspicious
signs between 1 and 2 cm

Can be considered

Scintigraphy

Thyroid nodule >1 cm
and low TSH

Neck and upper mediastinal
CT

The lower pole of the
1%
thyroid cannot be
visualized on ultrasound

Tracheal X-ray

Suspicion of tracheal
compression

1-3%

Serum calcitonin

For the slightest
suspicion of medullary
carcinoma

1%

70-80%

3-5%

WHAT ARE THE MAJOR FEATURES OF THYROID ULTRASOUND
EXAMINATION?
US is the basis of the diagnosis of TN and guides
further diagnostic steps. Thyroid US is able to
detect discrete lesions smaller than 1 mm in
maximal diameter. This sensitivity clearly
exceeds all other imaging studies and had
inevitably led to a poor specificity regarding not
only malignant tumors but even the diagnosis
of pathological nodules. We have no objective
tools to separate discrete lesions which are not
pathological nodules from those that are.
Thyroid US has a crucial role in all three
indications of surgery. In autonomously
functioning adenomas, the role of US is to
detect the nodule. US is the only diagnostic test
which is able to measure both the size of the
nodule and often more importantly the size of
the nodular lobe. Therefore, US has a decisive
role in the surgical indication of goiters causing
compression signs. Measuring the nodule(s)
and the thyroid lobes is the basis for the followup of those patients who do not require
operation at an actual examination but can be
candidates for surgery later in their lifetime, if
their thyroids grow. An US report that does not
include

the three diameters of the nodule(s) and
diameters of the thyroid lobes is not suitable for
this purpose.
There is a well-established role of US in guiding
FNA, and it is expected that sampling should be
US-guided. While in the last decade of the
twentieth century, the guiding principle was to
recognize all malignant thyroid lesions, the
trends in the last decade, the principle has been
changing, with an increasing effort to avoid FNA
for benign thyroid lesions. Although there are
quite a few features that can be used to find a
statistically significant difference in the US
presentation of benign and malignant nodules,
several things are always worth considering.
Firstly, these characteristics have a great role
in papillary thyroid cancers but fail in the
recognition of follicular carcinomas. The latter is
more prevalent in iodine-deficient countries
compared with iodine-replete areas. Secondly,
there is no biological standard regarding most
suspicious characteristics, and therefore the
interobserver agreement ranges only from fair
to moderate in the judgment of these features.

Table 2 Essential elements of thyroid ultrasound report.
The thyroid gland as a whole





Three diameters of the lobes
Basic echo structure
Substernal spread if present

Discrete lesions > 1 cm and if present suspicious
characteristics > 0.5 cm






Three diameters
Location within the thyroid
Basic echo structure
Suspicious characteristics if present

Lymph nodes in the neck should be evaluated if the thyroid
has suspicious lesions.
In order to come to a conclusion based on these
features, it inevitably leads to some of the
malignancies not being recognized. We can
minimize the risk to overlook clinically relevant
malignancies, but the risk will be never zero,
especially in the case of follicular carcinomas.
There is no universal cost-benefit calculation;
this varies greatly from country to country. The
published guidelines reflect the economical and
healthcare conditions of rich countries which,
additionally, are iodine-replete countries.
Finally, while we make a tremendous effort to
reduce

cytological demand, it may be even more
important to reduce the rate of unnecessary US
examinations.
A rationally composed US report has great
importance (see Table 2). Archiving the video
taken during the US examination can be a
significant help in terms of both a surgery and
the comparison required for subsequent
examinations and quality assurance. Capturing
some images for these roles cannot fulfill these
requirements.
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WHAT IS THE TIRADS CLASSIFICATION?
Thyroid imaging reporting and data systems
have been published by all important thyroid
associations in the last several years. They
categorize thyroid nodules based

on the risk of malignancy and serve both for
comparison
of
results
among
different
evaluation groups and for indication on FNA
(see Table 3).

Table 3 Some considerations about the TIRADS systems.



There are at least ten different systems including those of respected thyroid associations.
There are small but significant differences among them - the systems are not
interchangeable.



The categorization is based on the composition (solid or cystic) and the presence or lack
of suspicious ultrasound signs: higher the category (score), greater the likelihood of
malignancy.



The individual TIRADS are very good basis to compare the results of different evaluation
groups.



All TIRADS have a proposition on cytology based on the TIRADS score and on the size of
the lesion. TIRADS score would influence our decision on cytology for nodules between 1
and 2 (2.5) cm. In smaller or larger nodules, the size alone decides the FNA indication.



Regarding the suggestion on FNA indication, currently we do not have enough data to
follow up these proposals in every patient.



TIRADS is an excellent tool to recognize papillary and medullary carcinomas > 1 cm.



However, endocrinologists are not universally convinced to completely stop recognizing
and thus treating subcentimeter thyroid carcinomas as TIRADS suggest.



Moreover, by using the TIRADS for FNA indication, about half of follicular cancers would
only be recognized when they grow larger than 2 cm.

WHAT IS THE ROLE OF ASPIRATION CYTOLOGY?
FNA is the key to distinguish between benign
and malignant thyroid lesions. For indication of
FNA, see Table 1. This is a test that is easy to
perform and also an inconvenience for the
patient by being a blood test. On the other
hand, the thyroid gland is one of the most
difficult organs because general cytological
signs suggesting the presence of a tumor (e.g.,
atypia, pleomorphism) are much less useful in
the thyroid gland than in other organs because
hormonal influences and thyroiditis might have
greater impact on the presentation of thyroid
cells than malignant

transformation.
As the main limitation, FNA is not able to
discriminate between the most frequent thyroid
tumor, the follicular adenoma, and its malignant
counterpart, the follicular carcinoma.
As a consequence of the abovementioned
obstacles, with a very good sensitivity (9598%), the specificity and positive predictive
value of the method is around 60% for a highly
experienced thyroid cytopathologist.

WHAT KIND OF CLASSIFICATION SYSTEMS ARE USED FOR
THYROID CYTOLOGY?
Although the Bethesda system became very
popular in the last 15 years, older and more
established reporting systems can also be used
(see Table 4). The former has the advantage
first of all for less experienced cytopathologists,
because with the introduction of category III
(atypia or follicular proliferation of unknown
significance), we are not forced to make
decisions beyond our capabilities and/or beyond
the limitations of the technique for certain
patterns. Irrespectively of the reporting system
used, the cytological finding should be expected
to be clear and suitable for deciding what to do
next. While the Bethesda system seems to lead

to
a
better
communication
among
cytopathologists and clinicians, paradoxically,
the introduction of Bethesda system has further
strengthened a traditional and occasionally not
very efficient approach: Members of the
evaluation teams communicate only after they
have concluded their reports. This is in striking
contrast
with
the
histopathology:
A
histopathologist is aware of all clinical and
radiological findings, which may have influenced
her/his pathological report. Such approach in
cytology,
i.e.,
the consideration
of
US
features before the FNA diagnosis, might have
an even more influential role.

Table 4 Comparison of cytological reporting systems.
Cytological pattern
Nondiagnostic

I. Nondiagnostic

Benign

II. Benign

Some borderline
patterns

Traditional
system

Bethesda system

Nondiagnostic

Nondiagnostic

Benign

Benign

III. Atypia or follicular lesion
of unknown significance

(Suspicion of)
follicular neoplasm

IV. (Suspicion of) follicular
neoplasm

Suspicion of other
thyroid cancer

V. Suspicion of other thyroid
cancer

Malignant

VI. Malignant

UK Royal College of
Pathologists

(Suspicion of)
follicular neoplasm
Suspicion of
malignancy

Suspicion of other
thyroid cancer
(Suspicion of)
follicular neoplasm
Suspicion of other
thyroid cancer

Malignant

Malignant

WHEN TO PERFORM THYROID SCINTIGRAPHY?
The role and therefore the use of scintigraphy
have substantially decreased by introducing
FNA and US in the evaluation. Thyroid
scintigraphy
(99m
Technetium
(Tc)
pertechnetate or 123-I) must be performed in
patients who would be candidates for
radioiodine therapy, i.e., in those with
undetectable TSH level and nodule >1 cm
otherwise not requiring surgery. Thyroid
scintigraphy might have a role in the case of

euthyroid patients in whom FNA raises the
suspicion of a follicular tumor: By detecting
autonomously functioning adenoma, the patient
can avoid surgery. These are those situations in
which scintigraphy influenced the decision if all
other circumstances of the evaluation are ideal including the provision of regular follow-up
examinations, as well.
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THE ROLE OF MOLECULAR BIOLOGY IN THE EVALUATION OF
NODULAR GOITER PATIENTS
While these techniques have a constantly
increasing role in the prognosis of malignant
thyroid tumors, currently they have limited role
in the diagnosis and differential diagnostics of
TN. One of the major concerns in the evaluation
of TN is the lack of preoperative tools in
discrimination of benign and malignant follicular
tumors. The issue is much more complex as
there is a significant difference in the
histological separation of follicular adenoma
and follicular carcinoma even among highly
experienced

WHAT ARE
SURGERY?

THE

BASIC

physicians.
Novel molecular techniques including mutation
analysis of genes involved in thyroid cancer
pathogenesis
(e.g., RAS, BRAF, PTEN, TERT, RET/PTC),
molecular classification based on mRNA
(messenger RNA) expression (transcriptome),
and microRNA expression analysis show
promising results in the differentiation of benign
and malignant thyroid tumors.

CONSIDERATIONS

The accepted methods of surgery are
(near) total
lobectomy
or
(near)
total
thyroidectomy.
The
traditional
subtotal
resection is not accepted as the risk of having
to operate on the same lobe again in the event
of a recurrent nodule must be ruled out. In the
case of an experienced thyroid

ABOUT

THYROID

surgeon, the risk of both permanent recurrent
nerve
damage
and
permanent hypoparathyroidism is less than 1%
after the first surgical procedures, and it is ten
times higher if the patient has to have repeated
surgery on the same lobe.

WHAT ARE THE INDICATIONS FOR SURGERY AND NONSURGICAL
TREATMENT?
The indications of a definitive treatment are enlisted in Table 5. These states in detail are the
following.
Low TSH level
It is quite clear that persistently undetectable
TSH levels, i.e., subclinical (normal FT4/FT3
levels with undetectable TSH) or overt
(elevated
FT4
and/or
FT3
levels)
hyperthyroidism, are cardiological risk factors
and therefore require definitive therapy.

There is a gray zone when the TSH is detectable
but below the lower limit. This can coexist with
nonautonomously functioning nodules in a
person with either an otherwise healthy thyroid
gland or an autoimmune thyroid disease.
Subsequent follow-up examinations in these
borderline cases will decide what to do exactly.

Surgical indication based on the results of FNA
There is no doubt that a patient with suspicious
(Bethesda V) or malignant (Bethesda VI) FNA
report requires surgical intervention. The issue
is the follicular proliferation, categorized either
as Bethesda III (follicular lesion) or Bethesda IV
(follicular tumor or suspicion of follicular
tumor). In these patients we have to consider
other factors as well, including the size and the
US presentation of the lesion and the affected
lobe and also the age and wish of the patient.

Hopefully, molecular techniques will add some
new insights to this issue in the near future.
It is very important that there is no worldwide
uniform cancer incidence in these two
categories. These incidences have to be
determined in each evaluation group. In such
cases, regular US and FNA monitoring of the
patient may be considered instead of surgery.

Table 5 Indications of definitive therapy in thyroid nodules.
Preferred
therapy

Clinical conditions
Absolute indications
Autonomously functioning adenoma with a TSH <0.1
mIU/L

Radioiodine

Suspicious or malignant cytology

Surgery

Compression sign caused by the goiter

Surgery

Relative indications
Follicular tumor <2 cm without cytological atypia and
without any suspicious clinical or ultrasound findings

Surgery

Relapsing thyroid cyst >2-2.5 cm

Ethanol
sclerotherapy

Clinical suspicion of malignancy by experienced
thyroidologist

Surgery

Wish of the patient

Surgery

Compression caused by enlargement of the thyroid gland
While there is little probability for uncertainty in
the case of low TSH and suspicious FNA, the
third reason for surgery can be determined with
much more uncertainty. From a practical point
of view, it is very important that it is not the
size of the nodule but the size of the nodular
lobe that determines whether the nodule
causes any compression symptoms. There is a
close relationship between thyroid size and
body weight, and the location of the thyroid has
also a great influence.

The lower the thyroid gland, the smaller the
enlargement can cause compression and vice
versa. It is clear that the patient's age
significantly influences the decision, as well. The
prognosis and therefore our proposal are
different in a significant but not yet surgical case
at age 20 and age 80. We also need to mention
the important fact that a neck complaint of
compression may not be caused by a (thyroid)
disease.

WHAT KIND OF OTHER INDICATIONS FOR DEFINITIVE THERAPY
CAN BE ESTABLISHED?
The patient's wish is the most important that
has to be taken into account when the reasons
above do not apply to the case. If the nodule is
visible and esthetically disturbs the patient, it
must be accepted that the patient wants to
have surgery.

A significant proportion of patients have difficulty
tolerating the awareness that there is a so-called
abnormal, albeit invisible, lesion in their thyroid
gland. In that case, it needs to be explained even
more thoroughly to the patient that the risk of
having surgery is clearly greater than if it is not
done.

Similarly, it is not uncommon for a physician
experienced in the thyroid gland to believe
that a tumor may exist despite a negative
FNA finding. This happens in two scenarios.
One is when there is data suggesting the
possibility of a tumor: a suspicious palpation
finding, vocal cord paralysis unexplained by
other reasons, a rapid growth of a solid nodule,
and a

nodule that appears particularly suspicious on an
US.
The other situation is encountered when FNA
is repeatedly nondiagnostic for a solid
nodule. 5-10% of all cytological examinations
fall into this category even for highly
experienced teams.
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A special situation is for benign cysts that
recur even in the case of repeated aspiration,
which can be treated by alcohol treatment with
very good results.

However, it must be taken into account that
alcoholic treatment as well as surgery in the case
of cysts that do not cause complaints and do not
exceed 2-2.5 cm can rarely be professionally
justified.

THE ROLE OF RADIOIODINE THERAPY
Radioiodine therapy (RAI) is the preferred
treatment
of
autonomously
functioning
autonomous adenomas either solitary or
multifocal when the patient became clinically or
subclinically hyperthyroid. RAI of euthyroid
patients is not justified except for large
autonomous adenomas because such patients
frequently remain euthyroid even for their
entire lifetime.

The gray zone is the subnormal TSH, i.e., when
TSH is detectable but it is below the normal
range: RAI should be considered if the thyroid
worsens the patient's cardiac status. Large-dose
RAI is also used for decreasing large, nontoxic
multinodular
goiters
when
surgery
is
contraindicated.

THE ROLE OF NONSURGICAL THERAPIES IN THE TREATMENT OF
THYROID NODULES
Percutaneous ethanol sclerotherapy, thermal
ablation with
radiofrequency
or
laser, microwave ablation, and high-intensity
focused US are the possible alternatives for
surgery. In contrast with other alternatives,
ethanol sclerotherapy is very cheap and easyto-perform and is the only modality in which we
have gained long-term (>10 years) follow-up
data on the efficiency. It has a well-established
role in recurrent thyroid cysts. Any of the
nonsurgical methods might have great role in
special circumstances it is not justified to treat
a patient without surgical

by decreasing the size of a benign nodule at least
temporarily.
Patients with high risk of anesthesia or surgical
complications (recurrent nodules) and pregnant
women are the main candidates. We have to
consider in other patients that the risk of thyroid
surgery is very low, and surgery is much more
efficient than any of the alternatives. Moreover,
indication with nonsurgical interventions.

WHAT TO DO IN PATIENTS WHO DO NOT NEED DEFINITIVE
THERAPY?
Because TN nodule cannot be treated with
drugs, the fundamental question is whether any
of the conditions described in detail earlier will
develop that will require surgery later in the
patient's lifetime. This is almost always due to
the growth of the lobe containing nodule(s).
Repeated US and TSH in 1 to 3 years is the
usual approach in euthyroid patients. The
smaller the nodule, the longer the interval of
follow-up examination.

We did not anticipate that a benign nodule is able
to become malignant; however, we have to
consider the 5-10% false negative rate of FNA.
Therefore, in nodules which increase by more
than 30% in volume, FNA should be repeated.
The bases of the follow-up are the size of the
nodular lobe and that of the nodule(s). That is
why it is crucial to give the three diameters of
them at the first and subsequent US
examinations.

CONCLUSIONS
Those who have the possibility of a nodular
goiter should be examined on the basis of
palpation, neck complaints, or patient history.
US screening is not justified as a starting point
as that would inevitably place an unmanageable
burden on the examination system and US
screening occasionally leads to unnecessary
surgeries.
The US examiner has a pivotal role in managing
patients with TN. It is in the interest of the
patient and the evaluation system to ensure a
complete examination with as little load and

appearance as possible.
The key to this is for the clinician to perform both
the US examination and the US-guided
sampling. It must be ensured that the cytological
analysis is performed by a cytologist experienced
in thyroid cases.
The most common cause of surgery is not the
size of a nodule but the enlargement of the lobe
containing the nodule. Accordingly, there is no
more important data in the US report than the
size of the lobes.
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COURSE on THYROID ULTRASOUND
Section 2 The nodular goiter

Part 2 The composition of the nodule
Manual

OPENING
The composition of a lesion refers to the lack or
presence and the proportion of solid and cystic
areas. If the cystic parts are below 50%, the
nodule is classified as solid, if the cystic areas
exceed 50%, then the nodule is cystic. The risk
of malignancy is lower in cystic nodules,

however, it has limited relevance in the clinical
practice except for pure and spongiform cysts.
Cystic degeneration influences the presentation
of the echogenicity of the solid part and makes
the cytological pattern more difficult to
evaluate.

SUBTYPES CYSTIC LESIONS
The different subtypes of cystic nodules are
enlisted in Figure 1. The basis of the grouping is
the amount and location of the solid portion
within the cystic nodule.

The meaning of this grouping is that the
malignancy rate and therefore the further
management differs in the various subtypes.

Figure 1 Categorization of cystic lesions.

Central-type cystic lesion
This subtype is also cold as concentric. In this
form, the solid part is located all along the inner
wall of the cyst in a concentric position along the
cyst wall. This is the typical appearance of
follicular adenomas. The cause for the cystic
changes is probably the decreased and
insufficient vascular supply of the central areas
of the solid part. Complex, multichambered
cysts are a subtype of this category.

In this case, multiple cystic areas can be
distinguished which are separated by fibrous
septa. The risk of malignancy is significantly
lower in central-type cyst compared with
peripheral-type ones, and even lower in
multichambered cystic nodules.

Peripheral-type cystic lesion
This subtype is also called as eccentric. The solid
part is in contact with the cyst wall only at one
part of the lesion the position of the solid part is
eccentric. Although this subtype shares a
significantly greater risk of malignancy,
overwhelming majority of such lesions is also
benign.

We can speculate that the cause of this form is
the papillary growth, either benign or
malignant. An acute rather than a blunt angle
between the solid part and the cyst wall confers
a higher risk of malignancy (7-9).

Spongiform-type cyst
Spongiform cysts are very rarely malignant, the
cancer risk is < 1% (10). The literature is a bit
confusing regarding the use of the term
spongiform. Firstly, it is worth distinguishing the
spongiform appearance from the spongiform
nodule. Spongiform appearance (also known as
'honey-comb' or 'puff pastry') means an area
which is composed of tiny cystic spaces
separated by fibrous septa; this interpretation is
uniform. On the other hand, there are
differences in the use of spongiform nodules.
Secondly, some authors (11) and the ETATIRADS restrict this term for nodules which are
entirely composed of spongiform areas (12).
Others, including the AACE, ACR, ATA and
Korean TIRADS define a nodule as spongiform if
the microcystic areas > 50% of the nodule (1317).

Moreover, the latter four TIRADS differ in
whether the echogenicity of the solid part is
taken into account in the determination. While
Korean and in part the AACE TIRADS restrict the
use of spongiform nodule only for isoechoic
nodules, ACR and ATA TIRADS do not.
Kim et al. use three grades according to the
extent of spongiform areas: <50% of the nodule
(grade I), between 50% and 75% (grade II),
and grade III, >75% (grade III). They have
found 5 malignant nodules among 201 nodules
presenting spongiform areas, 4 out of 101 grade
I, 1 out of 45 grade II, while no out of 55 grade
III nodules proved to be malignant (18).
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Pure cyst
In all TIRADS pure cyst is defined as a nodule
which has no solid part, ETA includes in the
definition the lack of wall thickening, too.
True simple thyroid cysts lined by benign
epithelial cells are rare. As an example, in one
ultrasound study of 1985 patients with 3483
nodules larger than 10 mm, there were only
seven completely cystic nodules (19).
There are several issues regarding purely cystic
nodules. Firstly, small cystic lesions are indeed
not nodules but dilated macrofollicles which are
common and normal findings. Therefore, we do
not agree with the ETA TIRADS, which
disregards

the size of the lesion. It seems more realistic to
maintain the term nodule for lesions > 1 cm.
Secondly, an apparently cystic nodule might
contain solid areas which cannot be revealed
until the removal of cystic fluid (see case 1457).
An opposite situation can occur when we see
small solid-appearing portion at the wall of the
cysts which thereafter we can completely
remove during the aspiration (see case 2175).
In such cases this solid-appearing mass was
indeed either an optical artifact or a fibrin clot.
These observations lead us to perform
aspiration even in apparently purely cystic
nodules > 10-15 mm, and to determine the type
of cystic nodule only after the aspiration.

THE HANDLING OF CYSTIC NODULES IN TIRADS
Table 1 The main factors defining the categorization of cystic nodules in
various TIRADS.
AACE
Lowest
possible
category






The 2
most
suspicious
category

All, if fluid
component
>80%
No susp.
sign and
comet tail
present
Isoechoic
spongiform

ATA



Pure
cyst

ETA *




Pure cyst
Spongiform

KOREAN *





Pure cyst
Spongiform
Comet tail
present

The presence of cystic degeneration has no influence on the
categorization

* In these TIRADS the lowest category is the 'no nodule'.
Spongiform nodules are grouped among the
possible lowest category in all (12,14,15,17)
but the ATA TIRADS which puts this nodule into
category 2 (16). On the other hand, ETA
restricts the term spongiform for nodules which
are composed entirely of spongiform areas,
while the other 4 TIRADS define a nodule as
spongiform if the microcystic areas > 50% (12).
Three TIRADS group only completely cystic
nodules into the lowest category while AACE
does so if fluid component >80% (14). This
difference has practical relevance in such
lesions presenting suspicious signs; these
lesions are grouped among the most benign
category or into the most suspicious category,
AACE or ATA, ETA, Korean TIRADS, respectively
(12,14,16,17).
The presence of comet tail artifact has no
relevance in the ATA and ETA TIRADS (12,16).
In contrast to them, all lesions presenting comet
tail artifacts are grouped among the most
benign category in the event of Korean TIRADS
(17). It

emphasizes the correct interpretation of
intranodular echogenic figures, which is not
always possible. E.g. the ACR TIRADS enlist
small comet-tail artifacts found within a solid
portion
into
the
same
category
as
microcalcifications because these are difficult to
differentiate (15).
The ACR system differs from the four other
TIRADS (15). In complete or almost complete
cysts the system does not deal with the solid
part. The issue is that this guideline did not
define 'almost' complete cysts. The other
important and unique consideration in this
system is the distinction between small (<
1mm) and large comet-tail artifacts. The latter
is handled as a benign feature while the former,
if found in solid part, is classified together with
microcalcification as 'punctate echogenic foci'
and is worth the highest possible points in this
categorization. Considering the possibility of
colloid crystals indeed or only apparently in solid
part, this might lead to overestimation of colloid
crystals.

PRACTICAL ISSUES IN CYSTIC NODULES
Cystic nodule or a normal finding?
We have already mentioned that most purely
cystic lesions less than 1 cm in diameter are
normal findings, they correspond to dilated
macrofollicles.

Therefore, it seems reasonable to maintain the
term nodule for those cystic lesions which are
larger than 1 cm in diameter.

When to determine the subtype of a cystic nodule? Before or after the aspiration?
The aspiration of cystic content frequently alters
both the subtype and the size and echogenicity
of the solid part. It is well-known that the fluid
amplifies the echo signal and therefore the solid
part dorsal to the cystic content seems usually
brighter, more echogenic than it is. The other
influence of the cystic fluid is its compression
effect on the solid part. After the relief of the
compression, the solid part frequently becomes
much larger than before aspiration. It is also not
a rare finding that some parts of the solid part
became visible only after the removal of the
cystic fluid which can reveal that a seemingly
peripheral-type cyst was indeed a central-type
lesion. Based on these observations, both the

subtype of the cystic nodule and the real size
and echogenicity of the solid part are better to
determine
after
the
aspiration.
If we determine the echogenicity before the
aspiration, those areas of the solid part should
be considered which are located not dorsal to
the fluid. In contrast with solid nodules, in this
case we cannot rely on the usual ultrasound
characteristics, first of all on the echogenicity of
the solid part which help us to classify the
nodule for FNA. Therefore, FNA should be
considered in cystic nodules which present a
contiguous solid part larger than 1 cm, even if
the lesion would not be a candidate for cytology.
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The interpretation of usual suspicious signs in cystic nodules

There are two suspicious findings which rely
exclusively on the solid part. These are the
microcalcifications and the echogenicity. The
former has similarly great relevance in the
event of cystic nodules and microcalcification s
consistently confer a higher risk of malignancy
(7-9). The echogenicity of the solid part has
less relevance in cystic compared with solid
nodules. The cause for this is the worse
evaluability of the echogenicity,

the amplification of the echo signal dorsal to
cystic fluid. Kim et al. has found that 44% of
mixed nodules had isoechoic solid part, a
proportion which is much lower in solid nodules
(9).
The other usual suspicious findings, i.e. irregular
shape,
irregular
margins
and
increased
vascularity of the solid part are also risk factors
which are less robust in cystic compared with
solid nodules (8-9).

The influence of cystic degeneration on cytology
Cystic
degeneration
frequently
causes
problems in the microscopical analysis and this
is the most frequent cause of non-diagnostic
cytological reports (20). There is a distinct
subcategory in the Bethesda I group, the 'cystic
fluid only' (21). In such cases the risk of
malignancy is lower than in other forms of nondiagnostic cytologies. The ultrasound-guided
aspiration of the solid part cannot fully resolve
the issue. A solid part within a cystic fluid is
similar to a sponge floating in a bath: the solid
part is also impregnated with the fluid.

And because fluid is much easier to aspirate than
solid cells, this frequently leads to non-diagnostic
report. Cell block technique might have some
role in such cases (22). Another issue is that the
cystic fluid is an excellent substrate for cell
proliferation. Smears prepared from cystic fluid
are not infrequently very cellular which can
mislead a less experienced cytopathologist (20).
And a third problem, cystic degeneration often
alters the appearance of the cells, cystically
degenerated follicular cells are often difficult to
judge.

ECHOGENIC FIGURES IN CYSTIC LESIONS

This topic, including differential diagnostics, is
discussed in detail in a distinct chapter. Here,
we only briefly describe the

ultrasound presentation of comet-tail artifact,
and echogenic figures caused by back wall
posterior enhancement.

Comet-tail artifacts or colloid crystals
These granular structures which have a dorsal
narrowing tail are typically found in cystic
cavities. The shape of the colloid crystal is
usually round, however linear forms can be also
observed. Although colloid crystals typically
appear in the cystic part of a mixed solid-cystic
lesion, we must be aware that comet-tail
artifact might be located even within the solid
part and the differentiation of bright granules in
a solid lesion is the most important differential
diagnostic issue regarding hyperechogenic
figures.

Comet-tail artifact is generally held a proteinrich structure or a colloid crystal. Overwhelming
majority of cystic nodules presenting comet-tail
artifacts
are
benign
(23-25).
The presentation of this figure is frequently nontypical because of the lack of the dorsal tail.
From a practical point-of-view hyperechogenic
granules within a cystic fluid are best held as
colloid crystals even if they lack the dorsal tail.
The issue is the appearance of non-typical forms
within a solid nodule or within the solid part of a
mixed nodule.

Posterior back wall enhancement
This bright granular or linear figure is seen
exclusively in the dorsal wall and occasionally
in the parenchyma just dorsal to a cystic area.
The cause of this figure is the enhancement of
US reflection. Spongiform and other mixed
cystic solid nodules may exhibit bright
reflectors on US imaging, caused by colloid
crystals or posterior acoustic enhancement of
the back wall of a microcystic area.

These may be confused with microcalcifications
by
less
proficient
sonographers
(26).
In contrast with all other hyperechogenic figures
this is not a real structure but only an optical
artifact. (In the event of comet-tail artifact, the
colloid crystal is a real figure, only the tail is the
artifact.)

PARATHYROID CYST
There are various forms of cystic lesions in the
neck located outside the thyroid. These are
discussed in a distinct chapter. We emphasize
here a very important phenomenon: the cystic
degeneration of a neck lymph node in the event
of papillary carcinoma is highly suggestive of
metastasis. We focus here on the parathyroid
cysts.
The four parathyroids are located dorsal and
upper and dorsal and lower to the thyroid
gland. However, neither an aberrant location of
the thyroid nor the non-regular location of a
parathyroid is an infrequent finding.

Therefore, the differentiation of a cystically
degenerated thyroid from a parathyroid cyst is a
difficult task. Beside the location of the lesion
there is another feature, which might be of help.
In contrast with thyroid nodules, parathyroid
cysts are frequently almost entirely or entirely
cystic. The distinction is of relatively low practical
importance. A usually large cyst requires
aspiration in order to decrease the size. The
aspirated fluid of a typical parathyroid cyst is
crystal clear (27). The wash-out parathormone
level is very high, while the wash-out
thyroglobulin is practically zero. A recurrent
parathyroid cyst can be treated very successfully
with ethanol.

CYSTIC DEGENERATION IN THE MOST FREQUENT TYPES OF
THYROID CARCINOMAS
The malignancy risk is held lower in cystic
compared with solid nodules, however the
probability of malignancy of a cystic nodule
differs widely (28-29). Some studies have
shown very low incidence of malignancy in
cystic nodules (0.5-3%) (30-32), whereas
others have shown a similar incidence to that of
sonographically solid nodules (33-35).

As it has been already discussed, certain types
of cystic nodules share practically no risk of
malignancy, these are the pure and spongiform
type cysts. Cystic component is found in 13%26% of all thyroid malignancies (36-37).
Predominantly cystic nodules occur only in
papillary carcinomas (36).
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Papillary carcinoma
This is the type of carcinoma where cystic
degeneration is frequently observed. 5% of PTC
are predominantly cystic (36). The peripheral
type is the one in which cancer occurs in
practice. On the other hand, the judgement of
the subtype is frequently hindered by the
coexistence of macrocalcifications. The solid
part of a cystically degenerated PTC is
significantly more isoechoic compared with solid
forms of PTC: almost half of the cystic nodules
are proved to be iso/hyperechoic (9).

Similar to the primary focus, the lymph node
metastases of PTC also present relatively
frequent cystic changes. Wunderbaldinger et al.
have found that in 14.9% of PTCs, the cystic
lymph node metastasis was the initial
manifestation of the disease. This emphasizes
the importance of evaluation of the neck lymph
nodes if we find thyroid nodule on ultrasound
examination (38).

Follicular carcinoma
Similar to most ultrasound characteristics, the
ultrasound presentation of follicular carcinoma
is strikingly different from PTC. The presence of
cystic degeneration proved to be the strongest
negative predictor in the

diagnosis of FTC in one study, in which no FTC
occurred in cystic nodules (39). While most FTCs
are solid, a partially cystic component is more
frequent (up to 18%) than in PTC (40-41).

Medullary carcinoma
This subtype of thyroid cancers very rarely
undergoes cystic degeneration. There are only
a few case reports in

the literature in which the authors have reported
medullary carcinoma in cystic nodules (42).
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Composition of the nodules - Table 1 Subtypes of cystic lesions
In these table we demonstrate various subtypes of cystic nodules.

Benign cystic lesion - case 590

Benign cystic areas - case cons100 024

The first distinction to make is the differentiation between solid and cystic nodules, the portion of cystic areas is below 50% and exceeds 50%, respectively. In the left
case, the solid areas a bit exceed that of cystic portions, therefore the nodule is a dominantly solid lesion. In the right case the situation is the opposite, therefore this
nodule is a dominantly cystic one. The longitudinal scan is almost always much better suited to judge the cystic proportion.
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Benign cystic lesion - case 142
Transverse sections

Longitudinal section

The left lobe had two cystic lesions. The nodule in the left transverse image is signed with yellow arrows in the longitudinal scan, is a dominantly cystic nodule, while
the nodule in right transverse image (signed with red arrows in the longitudinal section) is a dominantly solid nodule.
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Benign cystic lesion - case 84

Benign cystic areas - case conp 044

In the event of cystic lesions, the first task is to differentiate between normal findings and pathological nodules. Cystic lesions less than 1 cm in maximal diameter are
suggested to categorize as cystic areas. These are probably not pathological nodules but only dilated macrofollicles.
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Benign cystic lesions - case cons100 012

There are numerous cystic lesions in this lobe. The size of them ranges from 3 to 13 mm. Except for the largest one, these lesions should not be regarded as
pathological nodules, these are cystically dilated macrofollicles.

Benign cystic nodule - case 1309

This a typical central-type cystic nodule. The solid part is easy to identify all along the inner wall of the cyst.
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Benign cystic lesion - case 491

Benign cystic lesion - case 2176

Multi-chambered cysts almost always belong to the central subtype of cystic nodules. The solid portion of such lesions is frequently thin as in the case presented in the
right images.
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Benign cystic lesion - case 2178

Follicular adenoma - case 108

These are multichambered cysts which usually belong to the central subtype. As in this case, the solid part cannot be found all along the inner wall of the cyst, most
probably because of degenerative process. The presentation of a multichambered cyst can be very close to the spongiform-type cysts. The former presents larger, the
latter smaller cystic areas.
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Follicular adenoma - case 486
Right lobe

Left lobe

Two types of cystic lesions are presented in the same case. The nodule in the right lobe (left images) is a dominantly solid one because the proportion of cystic areas is
less than 50%. The lesion in the left lobe (right images) presents a purely cystic lesion. It might be either a cystically dilated macrofollicle which is a normal finding, or
a pure cystic nodule.
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Follicular adenoma - case 1519

The nodule proved to be a follicular adenoma. This almost completely cystic lesion is probably a central type cystic nodule because tiny solid portions are found in
several parts of the inner surface. The intranodular echogenic figures within the largest solid area might be microcalcifications.
Before the aspiration

After the aspiration of 11 mL brown fluid

After the aspiration it became evident that the cyst was indeed of a central type lesion. The previously thin solid portion became thicker after relieving the compression
caused by the fluid.
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Benign nodular hyperplasia - case 28

This is a spongiform cyst which is composed almost exclusively of tiny cystic areas separated by fibrous septa. The posterior acoustic enhancement in the dorsal wall of
the small cystic areas causes no concern if this optical artifact is linear (arrows), however granular figures might be misinterpreted as microcalcifications (arrowhead).
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Benign nodular hyperplasia - case 2103

The extent of spongiform areas exceeds 50%, but not the entire nodule is spongiform. Therefore, it depends on the definition whether this nodule should be held as
spongiform or not.

Benign nodular hyperplasia - case 653

This is a dominantly solid nodule because the cystic areas make up less than half of the nodule. The lesion presents spongiform portions.
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Benign cystic nodule - case 6

Benign cystic nodule - case 1497

These cases present the possible process of evolving a spongiform cyst from a multichambered cystic lesion. The number of chambers increases while the proportion of
solid areas decreases over time.
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Benign nodular hyperplasia - case 1635

In my view, these small cystic lesions should not be considered as nodules. These are indeed dilated macrofollicles which is a normal finding. The diameter of
macrofollicles ranged from 0.5 to 10 mm.
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Benign nodular hyperplasia - case 1077

Although this is a central-type cystic nodule, projection of the solid part can be also observed. The intracystic hyperechogenic granules are comet-tail artifacts. The
small tail is best seen in the right lower image.
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Benign cystic nodule - case 1511

The subtype of the cystic nodule remains obscure even after thorough analysis of the video.
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Benign cystic nodule - case 1649

Benign cystic nodule - case 1455

Peripheral-type cystic nodules are presented.
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Papillary carcinoma - case cons100 012

This is a typical peripheral-type cystic nodule. The solid part contains numerous punctate echogenic foci (microcalcifications).
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Benign cystic nodule - case 2086

This is an almost completely cystic lesion, however, does not meet the criteria of a pure cyst. The wall thickening (yellow arrows) is ambiguous but there is a tiny
solid-appearing area in the dorsal wall. In systems which do not use the term 'almost completely cystic lesion’, this nodule should be categorized as a peripheral-type
cyst.
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Benign thyroid cyst - case 2175
Transverse scans

Longitudinal scans

The presentation of this lesion is very similar to that presented in the previous case. Yellow arrows point to solid-appearing portions. However, this proved to be a pure
cyst because after the emptying of the cystic fluid, the lesion has completely disappeared (see video).
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Papillary carcinoma (histology) - case 1457
Before the aspiration

After the aspiration

This case draws attention to why aspiration may also make sense in seemingly pure cysts. The solid area containing microcalcifications (marked with red arrows)
became visible only after the aspiration of fluid.
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Composition of the nodules - Table 2 The role of emptying the cyst
The aspiration of the cystic fluid frequently changes the appearance either of the entire nodule or the echogenicity of the solid part. The removal of cystic
content can make the nodule' borders irregular. As a rule, the composition of the nodule should be defined before the aspiration while the echogenicity and
the subtype of the nodule is much better to determine after the aspiration.

Papillary carcinoma (histology) - case 1457
Before the aspiration

After the aspiration

This case illustrates the essence of the categorization of a cystic thyroid lesion. This small cyst seemed to a pure cyst before the aspiration, because no solid part could
be detected. The presence of the solid part became evident only after aspirating the cystic fluid. The solid part contained microcalcifications. Although the risk of
malignancy is less in the event of a seemingly pure cyst, the aspiration of such lesions seems to be not superfluous in certain cases. We perform aspiration if the lesion
is larger than 10-15 mm.
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Benign nodule (cytology) - case 956
Before the aspiration

After the aspiration

On the presence of wall thickening (left upper image) the nodule should not be regarded a pure cyst. The almost completely cystic lesion proved to be a central type
cyst after the aspiration of cystic content.
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Benign cystic nodule - case 1139
Before the aspiration

After the aspiration

The aspiration of the cystic content frequently alters the borders of a cystic nodule, i.e. the borders can become irregular, as in this case. It is worth noting this change
in the ultrasound report.
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Benign cystic nodule - case 296
Before the aspiration

After the aspiration

An almost completely cystic nodule proved to be a central-type cystic lesion after the aspiration. The emptying led to the borders becoming irregular.

38

Benign cystic nodule - case 420
Before the aspiration

After the aspiration

In this case, the aspiration did not lead to change in ultrasound presentation.
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Benign cystic nodule - case 662
Before the aspiration

After the aspiration

The nodule' borders became irregular after the aspiration of the cystic content.
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Benign cystic nodule - case 1473
Before the aspiration

After the aspiration

This nodule seemed to be a projecting type, peripheral lesion before aspiration because the thin solid part was not visible all along the wall of the nodule while it came
into sight after evacuation; therefore, this nodule belongs to central cystic type.
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Benign cystic nodule - case 1604
Before the aspiration

After the aspiration

The lesion seemed to be an almost completely (pure) cyst before aspiration. After aspiration of 20 mL fluid, it became evident that the nodule has a moderately solid
area and it was indeed a central-type cystic nodule.
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Benign cystic nodule - case 1275

It is equivocal before the aspiration whether this is a peripheral or central type cyst. After the removal of 14 mL brown cystic fluid, it became evident that this was a
central-type cystic nodule. The aspiration has led to two important changes. First, the solid part became more hypoechogenic and the borders of the nodule became
irregular, spiculated and lobulated.
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Composition of the nodules - Table 3 Differential diagnostics
In these tables we compare benign and malignant case with similar ultrasound presentations and try to find the difference between them on why we can
rely on.

Papillary cancer (histology) - case 1111

Follicular adenoma (histology) - case 290

Benign hyperplastic nodule (histology) - case
1582

There is only one two important difference between the papillary carcinoma and the two benign cases. The solid part of the former shows an acute angle between the
solid part and the cyst' wall while the benign cases present blunt angle.
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Papillary carcinoma (histology) - case cons100_012

Benign hyperplastic nodules - case 11

The solid part of both lesions presents projection with lobulated surface. The lobulation has a more limited importance in the event of the solid part of cystic nodules
compared with the lobulation of the outer surface of a lesion. As a rule, pathological lobulation always refers to the outer border of a nodule. It is more important that
these nodules belong to different subtypes of cystic nodules, the malignant is a peripheral-type while the benign is a central-type cystic lesion. Note the solid rim
along the cyst wall in the benign case. The origin of hyperechogenic intralesional figures is doubtful, they may be either non-specific granulations or
microcalcifications. The angle between the solid part and the cyst of the wall is even opposite than expected, the carcinoma displays blunt while the benign lesions do
acute angle.
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Papillary carcinoma - case conp 042

Benign hyperplastic nodules - case 186

Both nodules are solid lesion which present cystic degeneration. There were two suspicious signs in the event of papillary carcinoma. First, the presence of
microcalcification and second, the lobulated margins of the nodule. The presence of fluid deeply alters the basic echogenicity of a nodule, it increases the echogenicity
of the solid part. At first sight the papillary carcinoma seems to be hypoechogenic, but it is caused only by the presence of fluid. Compare the echogenicity of the solid
part of the nodule with that of the non-nodular thyroid - these are identically echonormal.
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Papillary carcinoma - case 303

Benign hyperplastic nodules - case 13

At first sight both nodules seem to belong to projecting eccentric type. However, solid portions can be observed along the inner wall of the benign lesion (yellow
arrows). Therefore, this belongs to the central subtype. The malignant nodule has more projections marked with red arrows.
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Papillary carcinoma - case 48

Benign hyperplastic nodules - case 16

An eccentric type non-projecting peripheral-type lesion is presented in the left while a central-type cystic nodule in the right case. It is worth to compare the relation
of echogenic granules to the cystic areas. The two punctate echogenic foci within the solid part of the malignant nodule are not related to ventral cystic areas,
therefore they are probably microcalcifications. On the other hand, all echogenic figures in the right, benign case are located directly behind cystic areas.
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Papillary carcinoma - case 853

Benign hyperplastic nodules - case 811

The malignant nodule is a peripheral-type cystic lesion, while the benign case is a central-type cystic nodule. The solid part of the latter also projects into the cystic
cavity. The malignant nodule presents acute while the benign does blunt angles. The cystic degeneration of the solid part is a feature which suggests that the lesion is
benign. The interpretation of the echogenic foci in the carcinoma case is difficult, while the echogenic foci in the benign case are clearly related to ventral cystic areas.
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Benign cystic lesions - case cons100 054
Right lobe

Left lobe
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Most lesions presented in this case are dilated macrofollicles and not pathological nodules. The exceptions are those lesions which have solid portions, two in the right
lobe and one in the left lobe. The solid parts of these nodules display vascularization.
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Papillary carcinoma (histology) - case 1457

After the aspiration, the composition of the previously seemingly pure cyst has
significantly changed: a suspicious solid part has appeared which showed
microcalcifications.

Follicular adenoma (histology) - case 1519

The dorsal solid part was unchanged after evacuation of the cyst. Nevertheless,
this is also suspicious because of the presence of hyperechogenic granules.
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Papillary carcinoma - case 853

Benign hyperplastic nodule - case 1528

The shape of the solid part has no relevance. Compare the appearance of hyperechogenic granules in these cases. The hyperechogenic granules are brighter in the
case of papillary carcinoma compared to benign nodules. Nevertheless, this difference does not have enough practical value.
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Papillary carcinoma - case 1792

Benign hyperplastic nodule - case 1187

The only suspicious sign in the malignant case was the moderately hypoechoic pattern of the solid part. Neither the macrolobulation of the solid part nor the presence
of echogenic figures are characteristic enough. The border of the solid part has very limited relevance in solid part of a cystic lesion while the echogenic figures are at
least in part related to ventral cystic areas. Both cases belong to the peripheral-type of cysts. The vascularization is just the opposite of what we expect: the
malignant nodule presents a perinodular while the benign lesion does an intranodular vascular pattern.
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Papillary carcinoma (histology) - case 1435

Follicular adenoma (histology) - case 486

The malignant nodule was a peripheral-type cyst while the benign lesion was a multichambered, central-type cystic lesion. The punctate echogenic foci at the tip of
the solid part of the malignant nodule might be microcalcifications while the echogenic figure belong to the back wall cystic subgroup in the adenoma.
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Composition of the nodules - Table 4 Technical issues
Here we discuss some frequently occurring technical problems. These mainly rely on the influence of the fluid either on the presentation of the nodule
as a whole or on the solid part. Another issue is that the cystic fluid occasionally seems to be not anechoic.

Papillary carcinoma (histology) - case conp044

An acoustic shadow hinders the judgement of the dorsal portion of a nodule. This part of a nodule is anechoic similarly to a cystic area. This tumor had cystic
parts marked with red arrows, but the portion between yellow arrows is impossible to judge because of the acoustic shadow.
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Benign cystic nodule (cytology) - case 1497
Before the aspiration

After the aspiration

The nodule started refilling during the aspiration (see video record). The moderately hypoechoic mass in the right lower image corresponds to the newly
appeared blood. Note that the fresh blood is not echo free.
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Benign cystic nodule (cytology) - case 126

The echogenicity of the large hypoechoic mass in the upper 4/5 of the nodule was deceptive. It is not a solid portion but a cystic area. By compressing the
nodule with the ultrasound probe, the flow of the mass is clearly visible (see video). Such deceptive presentation of fluid is a rare phenomenon, we meet this
e.g. in inflammatory cyst content.
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First examination

Benign cystic nodule (cytology) - case 2071
30 months after the first examination

In contrast with the first examination, the echogenicity is not echo free but deeply hypoechoic on follow-up examination. Note the presence of septa.
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Benign cystic nodule - case 1275

The aspiration of the cystic content has led to two important changes: the solid part became more hypoechogenic and the borders of the nodule became
irregular, spiculated and lobulated. The explanation of the first phenomenon is that the echogenicity increases dorsal to cystic areas.
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COURSE on THYROID ULTRASOUND
Section 2 The nodular goiter

Part 3 The echogenicity of the nodule
Manual

OPENING
Echogenicity is the most important characteristic
of a thyroid nodule. The echogenicity itself can
determine the next step of evaluation. As in most
other ultrasound features, we lack a biological
standard to which the echogenicity can be
compared. Although we have clear rules, how to
classify a nodule, the interobserver variation in
the judgement of echogenicity is disturbingly
high. This characteristic is very prone to technical
issues and the influence of Hashimoto's
thyroiditis.
In a similar way to other subchapters, we

review the five most important guidelines and
use their suggestions as the backbone of the
discussion of the topic. The basic guidelines are
that of the American Association of Clinical
Endocrinologists/American
College
of
Endocrinology/Associazione
Medici
Endocrinologi
(AACE/ACE/AME)
(1),
the
American College of Radiology (ACR) (2), the
American Thyroid Association (ATA) (3), the
European Thyroid Association (ETA) (4) and
the Korean Society of Thyroid Radiology
(KSTR) (5).

CATEGORIZATION OF NODULES ACCORDING TO THEIR
ECHOGENICITY
We
traditionally
separate
the
lesions
into five subgroups
according
to
their
echogenicities (see Table 1). These categories
are the hyperechoic, the isoechoic, the
minimally, the moderately and the deeply
hypoechoic ones. The distinction between the
different degrees of hypoechogenicity is based on
the
observation
that
deeper
the
hypoechogenicity, greater the risk of carcinoma.
On the other hand, the hyperechoic and isoechoic
nodules are treated in the same way in all
protocols similarly to the minimally and
moderately hypoechoic lesions. In the end, all
protocols
group
the
lesions
into three categories: the iso/hyperechoic, the
minimally/moderately hypoechoic and deeply
hypoechoic ones. While all protocols use these
three categories, two of them treat all hypoechoic
lesions in the same way in their

TIRADS, i.e. they use only two subgroups.
(The details are presented later in this
subchapter.
On the one hand, it is clear that deeper the
hypoechogenicity greater the likelihood of
malignancy, and the risks are significantly
different in minimally hypoechoic and deeply
hypoechoic nodules. If we make distinction
only
between
iso/hyperechogenic
and
hypoechogenic nodules, it would mean
classifying nodules with significantly different
malignancy risk in the same way. On the other
hand, the interobserver agreement is only fair
to moderate regarding the distinction between
iso/hyperechoic and hypoechoic nodules and is
even worse regarding the distinction between
various degrees of hypoechogenicity.

Table 1 Classification of thyroid nodules according to their echogenicity.
Types

Reference
Tissue

Hyperechoic
Isoechoic

Handling in the
protocol

Grouping in TIRADS1

Grouping in
TIRADS2

Iso/hyperechoic

Iso/hyperechoic

Iso/hyperechoic

Normal
thyroid
Minimally
hypoechoic

Minimally/moderately Minimally/moderately
hypoechoic
hypoechoic

Moderately
hypoechoic

Hypoechoic

Strap
muscle
Deeply
hypoechoic

Deeply hypoechoic

Deeply hypoechoic

The AACE/ACE-AME, the ACR and th ETA-TIRADS discriminates between non-deep and deeply
hypoechoic nodules.
2 The ATA and the KSTR TIRADS do not discriminates between non-deep and deeply hypoechoic
nodules.
1

ISSUE OF HETEROGENEOUS NODULES
The heterogeneity of the nodule always refers to
the solid portion. A nodule is classified as
heterogeneous if it contains both iso/hyperechoic
and hypoechoic parts. (See Table 2.) A fully
homogeneous nodule is the exception rather than
the rule (6-7). Most nodules larger than 2 cm in
diameter are composed of portions with different
echogenicities.
Firstly, we need to determine the proportion of
the minority pattern over which we classify a
nodule as heterogeneous. Unfortunately, there is
no suggestion in the basic guidelines for this. I
suggest that the nodule be called heterogeneous
if the proportion of the minority part exceeds 1
cm in maximal diameter. There is a consensus in
the literature that the echogenicity of a nodule is
determined by the dominant structure. At the
same time, another problem of interpretation is
that the guidelines treat those nodules differently
that are predominantly echonormal but also have
hypoechoic parts. The AACE/ACE-AME, the ACR
and the ATA TIRADS do not mention this
problem, while the Korean TIRADS handles this
type of nodule as a homogeneous echonormal
one. However, ETA TIRADS has a different
opinion. It says that if a nodule has a hypoechoic
part, it should be classified as an intermediate
group lesion. ('In the case of heterogeneous
echogenicity of the solid component, the
presence of any hypoechoic tissue classifies the
nodule as intermediate risk.') What does it mean
to literally interpret what is described? Both a
dominantly

hypoechoic and a dominantly echonormal
should be grouped among intermediate risk
category, i.e. the presence of a minority
echonormal portion in a deeply hypoechoic
lesion downgrades the nodule from high risk to
intermediate, while the presence of a minority
hypoechoic tissue in an echonormal nodule
upgrades the lesion from low risk to
intermediate risk. While the former sounds
logical, the latter, i.e. the downgrading of
deeply hypoechoic nodules, can be seen as not
reflecting the real intent of the authors but an
inaccurate wording. In our opinion and
practice,
downgrading
of
dominantly
echonormal heterogeneous nodules results in a
5% to 10% increase in sensitivity means that
every 10th to every 20th malignant nodules
belong to those categories in which FNA
becomes indicated on TIRADS score because of
the upgrading of the nodule.
Summary.
• A nodule is suggested to be classified as
heterogeneous if the minor portion exceeds 1
cm.
• A dominantly hypoechoic nodule should be
denominated, grouped, and handled similarly
to a homogeneous hypoechoic nodule.
• A dominantly iso/hyperechoic/echonormal
nodule is best to be described on the
ultrasound report as it is and is proposed to be
handled according to the hypoechoic part.
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Table 2 Classification and handling of the heterogeneous nodules in 5 TIRADS systems.
Dominant
part

1.
2.
3.
4.4
5.
6.4

Minority
part

How to
classify the
nodule?

Minimally/moderately
hypoechoic
Iso/hyperechoic
Iso/hyperechoic
Deeply hypoechoic
Minimally/
moderately
hypoechoic
Deeply
hypoechoic

Iso/hyperechoic
Deeply hypoechoic
Iso/hyperechoic
Minimally/moderately
hypoechoic

Minimally/
moderately
hypoechoic
Deeply
hypoechoic

How to handle the nodule?1
Most guidelines2

ETA3

Iso/hyperechoic

Minimally/
moderately
hypoechoic

Minimally/
Minimally/moderately
moderately
hypoechoic
hypoechoic

Deeply hypoechoic

Deeply
hypoechoic5
Deeply
hypoechoic

Handling means the classification of the nodule echogenicity when grouping according to the
TIRADS regarding the indication of cytology.
2 These four guidelines are that of the American Association of Clinical Endocrinologists/American
College of Endocrinology/Associazione Medici Endocrinologi (AACE/ACE/AME), the American
College of Radiology (ACR), the American Thyroid Association (ATA) and the Korean Society of
Thyroid Radiology (KSTR).
3 ETA means the European Thyroid Association.
4 A hetegeneous nodule is by definition composed of both iso/hyperechoic and hypoechoic parts.
Therefore, these two combinations should not be regarded as heterogeneous.
5 Literally the ETA states that this combinations should be treated as a minimally/moderately
hypoechoic nodule but this is most likely a simple spelling. Following the logic of the ETA
guideline, this combination should be handled as a deeply hypoechoic lesion.

1

ISSUE OF DEFINITION OF NODULES ON THEIR ECHOGENICITY
Apparently, there is no problem in determining the echogenicity of a nodule. We have two tissues
of reference, the normal thyroid and the strap muscle.
The normal thyroid as reference tissue
All protocols and TIRADS use the differentiation
based on the echogenicity of the normal thyroid.
There are basically two subtypes of nodules.
Compared to the normal thyroid a nodule is
either iso/hyperechoic (similarly bright or
brighter than the normal thyroid) or hypoechoic
(darker
than
the
normal
thyroid).
The lack of unequivocal definition of 'normal
thyroid' is one of the greatest concerns in thyroid
ultrasound. Does a 'normal thyroid' mean a
healthy thyroid or the non-nodular tissue of the
actual patient? In the former case, we should
compare the echogenicity of the nodule to an
imagined degree of greyness, and we used the
term 'echonormal' for nodules with an
echogenicity similar to the normal healthy
thyroid. In the latter case, when we compare the
echogenicity of the nodule to the non-nodular
part of the specific patient, indeed we compare
the nodule' echogenicity to a diseased
parenchyma. In this case we use the term
'isoechoic' if the nodule's echogenicity is similar
to the non-nodular part. There are two common
situations in which the echogenicity of the 'nonnodular' thyroid and the healthy thyroid differs:
the echogenicity of the thyroid is decreased in the
event of autoimmune thyroiditis and it is also
decreasing with age (8-10). The decreasing
echogenicity with aging is in part caused by the
former. This very common problem is not taken
into account in the TIRADS of three professional
societies. The Korean Society of Thyroid
Radiologist
recognizes
this
problem
but
suggests: "When the thyroid parenchyma shows
abnormal hypoechogenicity in the case of
thyroiditis, the nodule echogenicity should still be
described relative to the same reference
structures and the abnormal thyroid echogenicity
should be described" (5). Only the ETA goes on
(4). Unfortunately, the ETA system handles this
situation inconsistently. Although ETA realizes
the problem caused by the decreased
echogenicity of the non-nodular part of the
thyroid in Hashimoto's thyroiditis, it suggests a
solution that is difficult to interpret and
impossible to interpret uniformly: both the
normal salivary gland and the thyroid with
reduced echogenicity can serve as a reference.
(We only mention here that the echogenicity of

the salivary gland is not the same in all
persons.)
In addition, the coexistence of Sjögren
syndrome with Hashimoto's thyroiditis is quite
a common finding and the former decreases
the echogenicity of the salivary gland (11).
Both the negligence and the inconsistent
handling of this issue have a huge impact in the
event of Hashimoto's thyroiditis. As an
example, let's take a look at this nodule that
occurred in a Hashimoto's thyroiditis. The
echogenicity of the nodule exceeds that of the
non-nodular parenchyma but is almost as
hypoechoic as the strap muscle fiber. If we use
non-nodular part as reference than this nodule
should be considered as hyperechogenic, if we
use healthy thyroid as reference than this
nodule is (moderately) hypoechoic.
The essence of the problem can be summarized
by using the concept of echogenicity in a
relative or absolute sense. When used
echogenicity in a relative sense, as in most
protocols, we claim that the inflammatory
process, or even age, reduces the echogenicity
of the nodular tissue in the same way as the
non-nodular parenchyma. Do we have any
evidence of this? No, we do not have any. Is it
at all realistic to assume this than the
opposite?
Until we did not get deeper impact into this
problem, it seems better to use the
echogenicity in absolute sense. It means that
in
hypoechoic
thyroids,
the
nodule'
echogenicity should be compared not to the
diseased thyroid parenchyma of the actual
patient but to the parenchyma of a healthy
thyroid. Naturally, it is more difficult to
compare the echogenicity of a nodule to an
imagined structure than to a visualized one,
but notice that this is exactly what the
recommendations expect of us when we need
to realize that a thyroid is hypoechoic. In other
words, we have to be able to compare the
echogenicity seen in that patient to a healthy
thyroid parenchyma imagined from our
previous experience.

The strap muscle as reference tissue
As has been mentioned earlier, all protocols
differentiate minimally/moderately hypoechoic
nodules from deeply hypoechoic ones, and three
TIRADS systems handle differently these two
types of hypoechoic lesions. The reference tissue
for this distinction is the strap muscle. Here's
another issue which also has practical relevance.
The muscle tissue as a whole is composed of
three different parts with significantly different
echogenicities:
the
connective
tissue
is
hyperechoic, the adipose tissue is echonormal,
while the muscle fiber is hypoechoic.

None of the papers have a clear statement
whether the strap muscle as a whole or only
the muscle fiber of the strap muscle with low
or average or high adipose tissue content
should be regarded as reference tissue.
Although not defined in the papers, it seems
very likely that the authors suggest the strap
muscle fiber as reference. There is another
problem which is caused by the fact that
adipose tissue is within, mixed with the muscle
fibers and the former has a deep impact on the
echogenicity of the latter. It means that the
echogenicity of muscle fiber is more echoic in
an obese patient.
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Histogram analysis of thyroid nodules
Before we move on, we take a little detour.
Although
similarly
to
most
ultrasound
characteristics, we have no biological standard
which the echogenicity can be compared to, we
can measure the echogenicity of various tissues.
A histogram is a graphic representation of the
distribution of statistical data, and it has been
recently researched as a quantitative analysis
method in the imaging of various organs,
including the thyroid with reliability and
reproducibility (12-17).
The images of the thyroid nodules are stored as
8-bit bitmap images in the picture archiving and
communication system. Most commercially
available image analyzing software (e.g. DICOM
Viewers,
Windows
Paint,
Corel,
Adobe
Photoshop) are able to measure pixel intensity.
At first, the region of interest has to be drawn
manually, thereafter by applying histogram
analysis, the program automatically measures
the pixel intensity values (PIV) in the region of
interest as 0 to 255 (0, black, 255, white), and
calculates various parameters. The latter include
among others the mean value and standard
deviation of PIV. The mean is the average PIV

within a region of interest classified by a 256point scale.
The goal of histogram analysis is to gain exact
and reproducible parameters on nodule'
echogenicity instead of the subjective visual
judgement of the researcher. The mean PIV of
the nodule can be compared to the mean PIV of
the reference tissues (normal or extranodular
thyroid
and
the
strap
muscle).
Clearly, this is not a panacea and cannot
replace the medical judgement. The results
highly depend on the actual settings of the
ultrasound equipment. Therefore, there is no
sense to compare the absolute values gained
by different machineries or by the same
equipment but with different settings.
However, if we use the same settings in our
patients, we will get a deeper inside and by
measuring grey-scale value in hundreds of
patients, we can get an internal standard.
Essentially, we will be able to determine the
exact grey-scale value of the reference tissues
which a nodule echogenicity can be compared
to.

Defining the echogenicity of the strap muscle
As we have mentioned earlier the strap muscle
is not a homogeneous tissue and is composed of
three different components: the muscle fiber,
the adipose tissue and connective tissue. Indeed,
the first two components are mixed, which
means that connective tissue fibers divide the
muscle tissue into smaller parts, which differ in
the ratio of adipose component to muscle fiber.
In Table 3 we present the PIV of different
components of a strap muscle.
The question is what is meant by 'strap muscle'?
The entire muscle or all muscle fibers or a muscle

fiber with low adipose tissue component? These
different tissues differ significantly in their
echogenicity. See Table 3.
We propose to use the strap muscle fiber with
low adipose tissue content as reference point.
Otherwise, the lack or presence of obesity
would influence greatly the echogenicity of this
reference tissue. We mention here, that except
for very rare patients, we can find strap muscle
with low adipose content even in very obese
patients.

Table 3a Results of histogram analysis of 60
nodules of consecutively operated patients.
Anatomical structure

Echogenicity index
Mean

+/SD

Median

Muscle fiber with minimal amount
of adipose tissue

33.8

7.2

34

The strap muscle as a whole

46.9

8.9

46

Table 3b Classification of 60 nodules of consecutively
operated patient depending on the reference tissue of
strap muscle.
The
reference
Iso
tissue
Minimally/moderately
Deeply
used for /hyperechogenic
hypoechoic.
hypoechoic
'strap
muscle'
The
muscle
fiber with
minimal
amount
of
adipose
tissue

5

48

7

The
strap
muscle
as a
whole

5

34

21

Defining the echogenicity of the normal thyroid parenchyma

There are basically two ways to interpret the
normal thyroid parenchyma; this can be the nonnodular part of the case in question or can be the
normal healthy thyroid. As described earlier, the
distinction has great relevance in autoimmune
thyroids and in elder patients. Both conditions
decrease the echogenicity of the thyroid.
Apart from the above, there is another problem.
The non-nodular thyroid

presents in most cases with a heterogeneous
pattern. Which part of the non-nodular part
should be considered? The entire non-nodular
part or only the dominant part?
It seems to be evident that thick connective
tissue fibers, cystic areas, coarse calcifications,
and the acoustic shadow caused by a coarse
calcification should be excluded from the
calculation of PIV and from the visual
judgement.

How to deal with the problem with the undefined definition of echogenicity?
Until there is no consensus in the literature, we suggest the following:
• The strap muscle as a reference tissue
It seems to be logical and reproducible to consider muscle fiber with low adipose content as a
reference point.
• The normal thyroid as reference point
Most guidelines suggest a controversial solution. They compare the diseased, hypoechoic thyroid
to an imagined healthy echonormal thyroid while the nodule occurring in hypoechoic thyroids are
suggested to compare to the diseased, hypoechoic thyroid. If we follow the proposal of these
guideline, it is advisable to describe it as suggested by the KSTR: the nodule is hyperechoic
compared to the hypoechoic non-nodular parenchyma (5). In this case, the FNA of the nodule
should be considered irrespectively of the nodule' echogenicity.
The second solution which I prefer is, that in hypoechoic thyroid, not only the extranodular tissue,
but also the nodule should be compared to the echogenicity of the healthy thyroid.
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THE ROLE OF ECHOGENICITY IN VARIOUS TIRADS
The echogenicity is the most important sign in characterizing of thyroid nodules.
The AACE/ACE-AME, the ATA, the European and the Korean TIRADS
At first, we give an overview of those four
TIRADS which have a similar structure of
decision. A hypoechoic nodule should be grouped
among the most or among the most but one
suspicious subgroup in all four systems.
Essentially there are two types of systems, those
which
make
distinction
between
deeply/markedly
and
minimally/moderately
hypoechoic nodules (AACE/ACE-AME and ETA
TIRADS) and those which handle all hypoechoic
nodules uniformly (ATA and Korean TIRADS). In
the first two systems, a deep hypoechogenicity
itself is enough to categorize a lesion among the

most
suspicious
subgroup,
while
minimally/moderately hypoechoic nodules are
grouped among the most or most but one
category depending on the presence of other
suspicious features. The remaining two TIRADS
do
not
differentiate
deeply
and
minimally/moderately hypoechoic lesions. The
categorization of a hypoechoic lesion as
intermediate or high suspicion lesion depends
on the lack or presence of other suspicious
findings. However, in these two TIRADS the
prerequisite is nodule's hypoechogenicity to
classify a nodule as most suspicious.

ACR TIRADS
This system makes a distinction between
minimally/moderately and very hypoechoic
nodules, the former is worth 2 points while the
latter is worth 3 points according to the
algorithm. The only hypoechoic nodule which
does not belong to any of the two most
suspicious subgroups is that

minimally/moderately hypoechoic lesion which
is dominantly cystic and lacks any other
suspicious findings. Any other hypoechoic
lesion is grouped among the two most
suspicious subgroups depending on other
characteristics.

THE ECHOGENICITY OF THE MOST FREQUENT THYROID CANCERS
A thyroid carcinoma is significantly more
frequently hypoechoic compared with benign
lesions. The odds ratio is proved to be among the
highest in two large-scale studies. In a
metaanalysis (18) which included 29,674 cases,
the odds ratio was proved to be 5.07 for
hypoechogenicity, while this ratio was the 6.8 for
deep hypoechogenicity and 2.6 for slight
hypoechogenicity in another study involving
2,000 cases (19). More than 80% of all
carcinomas occur in hypoechoic nodules (20).
This good sensitivity is blunted by the poor
specificity. Hence, hypoechogenicity in a solid
thyroid nodule is a sensitive (80-85%), yet
poorly
specific
(15-25%),
predictor
of
malignancy (21-25). Marked hypoechogenicity defined as a US texture that appears darker than
the prethyroid muscles - provides a relevant risk
of malignancy with a reported positive predictive
value (PPV) up to 94% (25-26). The
interobserver variability represents a relevant
limit of echogenicity assessment (27).

In particular, the coexistence of diffuse
thyroiditis in the extranodular tissue may pose
major problems for the correct assessment of
nodule echogenicity (28). In a similar way to
other
suspicious
characteristics,
the
presentation of papillary carcinoma defines the
presentation of thyroid carcinomas because
more than 80% of thyroid carcinomas belong to
the papillary subtype. It means that the
characteristics of papillary carcinoma is
essentially the same as the thyroid carcinomas.
If we analyze the three most frequent subtypes
of carcinomas separately, we can conclude that
medullary carcinoma behaves similarly to
papillary carcinoma. Marked hypoechogenicity
is a common feature in medullary carcinoma
(29). We have found that all medullary
carcinomas were hypoechoic (30). On the other
hand, follicular carcinoma has a significantly
different pattern. Hypoechogenicity is seen only
in a minority (30-35%) of FTCs (31). For a
comparison see Table 4 (32-52).

Table 4 The occurrence of
hypoechogenicity in the most frequent
subtypes of thyroid cancer.
Type of thyroid cancer

% of hypoechoic nodules
Range (min.-max.)

Median

Follicular cancer

28.7 - 83.7

58.3

Medullary cancer

78.3 - 100.0

94.7

Papillary cancer

67.7 - 97.6

83.6

% of deeply hypoechoic
nodules
Follicular cancer

2.5 - 10.9

3.6

Medullary cancer

19.6 - 52.4

26.9

Papillary cancer

17.1 - 84.9

32.7

THE INTEROBSERVER VARIATION IN THE JUDGEMENT OF THE
ECHOGENICITY OF THE NODULES
Taking the circumstances (the unresolved issues
and the lack of uniformly accepted definitions)
described above into account, it is not surprising
that there is a significant interobserver variation
in the judgement of echogenicity. The kappavalue which represent the interobserver
agreement ranges from 0.34 to 0.57 in the
literature (29, 53-55) which means a fair to
moderate agreement among researchers.
Moreover, the overview of the literature shows
the situation deceptively better than the reality
because the basis of two reasons. Firstly, the
basis of the calculation was the still image in all
publications and the investigators mostly were
from the same institution which reasonably
assumes a common educational background.
Both circumstances decrease the degree of
disagreement. To determine the interobserver
variation on images does not reflect the reality
and necessarily assumes the exclusion of large
or difficult-to-visualize nodules.

Indeed, an investigator makes his decision on
the analysis of thousands of images and not on
one or two selected images. Therefore, it is not
surprising that the only work in the literature
based on the analysis of videos resulted in
much greater interobserver disagreement. In
this
work
seven
highly
experienced
investigators from 7 different evaluation groups
have examined 123 nodules (56). There was a
5.8-fold difference between the researcher who
judged deep hypoechogenicity as the highest
and lowest, while this difference was 4.2-fold if
we compared the highest but one and the
lowest but one. In the event of non-hypoechoic
lesions, there was a 5.1-fold difference between
the investigator who judged non-hypoechoic as
the highest and lowest, while this difference
was 2.7-fold if we compared the highest but
one and the lowest but one.
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TECHNICAL ISSUES
Similar to other organs, the echogenicity of the
thyroid tissue shows a relatively large variability
in the population. This is an underinvestigated
field in thyroid studies, while for example in the
case of the pancreas or liver, there are quite
large number of publications that focus with the
influence of body weight, age and gender on the
echogenicity
(57-58).
Firstly, it is worth noting that the echogenicity of
a solid nodule is very stable even over decades.
In most if not all of those cases in which the
echogenicity of a nodule seems to have changed,
the issue is the inconsistent judgement. Among
tens of thousands of cases in which we
performed ultrasound at different times, we have
found only two completely solid nodules, where
echogenicity indeed has been changed over
time.
Secondly, the anatomical situation has a deep
impact on the performance of thyroid US. We
have to fit the ultrasound probe all along to the
neck of the patient. If it is impossible to fit
adequately the probe, the echogenicity will
decrease. This occurs in short necked patients or
in those who have anatomical deformity, and in
nodules which protrude ventrally. In such

cases we cannot visualize the entire nodule or
lobe properly, so the nodule must be analyzed
in more details.
Another issue might arise in mixed, cystic
nodules. It is a well-known phenomenon that
the echogenicity gets amplified dorsal to the
fluid. This has impact on the judgement of
nodule' echogenicity in two cases. The first is in
mixed nodules where the solid part is located
dorsal to the fluid, and also in multinodular
goiter if a nodule is found dorsal to a cystic
lesion. The echogenicity of the nodule can
change after the aspiration of cystic fluid which
not infrequently changes the categorization of
the nodule in the TIRADS system. The guideline
does not mention the issue caused by the
amplification of the fluid. It seems to be
reasonable to classify the echogenicity of the
nodule on that portion of the solid part which is
not located dorsally to cystic fluid. It is also
conceivable that the definition of the solid part
is more realistic after than before the aspiration
of the fluid. (For examples see the introduction
and courses.)

THE ISSUE OF AUTOIMMUNE THYROIDITIS
We have already described the problem of
the judgement of the echogenicity of the
nodule which occurs in hypoechoic thyroids in
details.
We may face with another problem when
the underlying
thyroiditis
infiltrates
an
echonormal nodule. This process makes the
presentation deceptively heterogeneous. In fact,
in such cases the hypoechoic portion is not the
presentation of the nodule but that of the
thyroiditis.
The echogenicity of the non-nodular part of the
thyroid might be identical to a hypoechoic
nodule. This might lead to failure of the detection
of nodules. A repeat ultrasound in Graves'
patients can reveal the presence of nodule when
the non-nodular part of the thyroid becomes less
hypoechoic in the remission phase of the disease.

The coexistence of Hashimoto's thyroiditis with
papillary carcinoma is a well-established
phenomenon.
Small
foci
of
papillary
carcinomas
might
be
unrevealed
in
Hashimoto's thyroiditis because these diseases
are present with very similar echogenicities.
Fortunately, this has usually limited clinical
importance. Although the echogenicity can be
very similar or even identical, the comparison
of the whole echo pattern is the clue to
recognize a discrete lesion in thyroiditis: the
presence of microcalcifications or the lack of
fibrotic changes within a lesion in question
might be of the greatest help.
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Echogenicity of the nodules - Table 1 Basic patterns of echogenicity
There are two reference tissues, the 'normal thyroid' and the 'strap muscle'. In the event of healthy thyroid, we have no great problem with defining the nodule'
echogenicity.
Benign lesion (cytology) - case 2143

There is an isoechoic or a bit more echogenic nodule in the right lobe. We have to compare the echogenicity of the nodule to those parts of the lobe which are not
influenced by technical influence. This is the ventromedial portion where the thyroid parenchyma is echonormal. The non-nodular thyroid dorsal to the nodule is moderately
hypoechoic because the nodule' mass weakens the penetration of the ultrasound wave: thicker the nodule in the section, darker the non-nodular thyroid dorsal to the
lesion.
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Benign colloid goiter (cytology) - case cons100_055
Right lobe

Left lobe

Both nodules belong to the moderately hypoechoic subgroup because they are darker than the normal parenchyma but are brighter than the strap muscle.
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Papillary carcinoma (histology) - case conp 052
Right lobe

Left lobe

This dominantly solid nodule has isoechoic/echonormal solid area. Nevertheless, this is a highly suspicious nodule because of the presence of numerous microcalcifications.
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Benign hyperplastic nodules (histology) - case 1633
Transverse scan

Longitudinal scan

72

Th lobe has multiple nodules, including hypoechoic and iso/hyperechoic lesions, as well. The hypoechoic nodule is brighter than the strap muscle, therefore this is a
minimally/moderately hypoechoic lesion.
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Metastasis of a laryngeal carcinoma in the region of the thyroid (histology) - case 378
Right lobe

Left lobe

The right lobe (left images) has a moderately hypoechoic nodule while the left lobe (right images) has a deeply hypoechoic lesion.
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Parathyroid adenoma (histology) - case 671
Transverse scan

Longitudinal scan

This is a deeply hypoechoic lesion which proved to be a parathyroid adenoma (yellow arrow). The longitudinal images prove that the adenoma was located upper to the
thyroid (red arrows). Parathyroid adenomas are almost always hypoechoic.
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Parathyroid carcinoma (histology) - case 755
Transverse scan

Longitudinal scan

This is a hypoechoic lesion which proved to be a parathyroid carcinoma which was located in the lower pole of the left lobe. In the transverse view the tumor is brighter
than the strap muscle while the situation is opposite in the longitudinal scan.

Oxyphilic adenoma (histology) - case 60
Transverse scan

Longitudinal scan

This is a deeply hypoechoic nodule because it is darker than the strap muscle.
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Papillary carcinoma (histology) - case conp 001
Right lobe

Left lobe

The echogenicity of the tumor in the right lobe is the same as that of the strap muscle. It means that this is a deeply hypoechoic nodule. The left lobe has a moderately
hypoechoic nodule which proved to be benign on histopathology.

Papillary carcinoma (histology) - case conp 003
Transverse scan

Longitudinal scan

The echogenicity of the nodule is same as that of the strap muscle. It means that this is a deeply hypoechoic nodule.
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Oxyphilic adenoma (histology) - case 1484
Transverse scan

Longitudinal scan

This is a deeply hypoechoic nodule because it is darker than the strap muscle. Note the taller-than-wide shape and the irregular, lobulated margins.

Benign nodule in Hashimoto's thyroiditis (cytology) - case 851
Transverse scan

Longitudinal scan

Depending on the definition of 'normal thyroid' the nodule can be considered either hyperechogenic or moderately hypoechoic, the reference tissue is the non-nodular
parenchyma of the specific case or a healthy thyroid, respectively.
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Papillary carcinoma (histology) - case conp 034
Transverse scan

Longitudinal scan

The nodule is as hypoechoic as the strap muscle which means that this is a deeply hypoechoic lesion.

Benign nodule (cytology) - case cons100_018

The echo pattern of the nodule is almost identical to that of the extranodular part. Depending on the definition of 'normal thyroid' the nodule can be considered either
isoechoic or moderately hypoechoic, the reference tissue is the non-nodular parenchyma of the specific case or a healthy thyroid, respectively.
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Follicular adenoma (histology) - case 500

The nodule is clearly more hypoechoic than the strap muscle running ventral to the thyroid. It means that this lesion is very or deeply hypoechoic.
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Metastasis of a malignant melanoma to the thyroid (histology) - case 1481

The nodule is clearly more hypoechoic than the strap muscle (marked with yellow arrows) running ventral to the thyroid. It means that this lesion is very or deeply
hypoechoic.
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Benign colloid goiter (cytology) - case 2121
Right lobe, transverse scan

Right lobe, longitudinal scan

There are two nodules in the right lobe. The larger is echonormal or dominantly echonormal, heterogeneous which has cystic areas while the lower-dorsal is a deeply
hypoechoic nodule. Regarding the former, the categorization depends on how to judge the ventral hypoechoic area marked with yellow arrow. If it we consider this cystic
than the nodule is not heterogeneous, as the other hypoechoic areas neither reach 10% of the nodule nor are at least 10 mm in maximal diameter. If the area in question is
considered solid than the nodule belongs to the dominantly echonormal, heterogeneous subgroup of nodules.
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Echogenicity of the nodules - Table 2 Histogram analysis
Histogram analysis is a quite simple method which can be the basis for the exact determination of the nodule' echogenicity. We present here three examples which
demonstrate the importance of the definitions. Unfortunately, the definition of the reference points is either not clear (muscle tissue) or not uniform (normal thyroid)
in the literature which might explain the low interobserver agreement on the echogenicity.
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Oxyphilic adenoma (histology) - case 60
Histogram analysis of the nodule

Mean 29.0

Mean 28.0

This homogeneous nodule three echogenic granules which accounted less than 2% of the surface of the nodule, there for the grey-level of the entire nodule and that of
those parts which did not involve the echogenic granules were almost the same.
Histogram analysis of the strap muscle

Mean 31.0

Mean 41.3

The gray-level of the entire muscle exceeds that of the muscle fiber by more than 30%
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Histogram analysis of the normal thyroid
The entire nod-nodular part

The ventral third of a specific section

Mean 66.3

Mean 76.1
Histogram analysis of the normal thyroid

The middle third of specific section

The dorsal third of a specific section

Mean 73.2

Mean 64.2

Note that the grey level of the normal parenchyma decreases with depth. The most ventral third exceeds the grey level of the most dorsal third by around 20%.
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Benign nodule in Hashimoto's thyroiditis (cytology) - case 851
Transverse scan

Longitudinal scan

The histogram analysis of the nodule resulted in 48.6. The grey-level of the entire muscle was 51.3, while that of the muscle fiber was 41.5. It means that depending on the
definition of the strap muscle, the nodule is either deeply hypoechoic or not.
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The histogram analysis of the nodule resulted in 48.6. The average grey-level of the non-nodular thyroid was 42.0, while that of the dominant part of the non-nodular part
was 25.5. I summarized in the table below the classification of the nodule depending on the reference tissues taken into account.
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Depending on the reference tissues, the nodule can be considered either as hyperechoic or moderately hypoechoic or deeply hypoechoic.
Definition of the reference tissues
The normal thyroid

The strap muscle

The entire extranodular part (PEV=42.0)
The portion of the extranodular part with the dominant
echo structure (PEV=25.5)

The entire strap muscle
(PEV=51.3)

The mean of 100 healthy thyroids (PEV=71.9)

The mean of 100 healthy thyroids (PEV=71.9)

Hyperechoic and deeply hypoechoic at the
same time
Hyperechoic and deeply hypoechoic at the
same time
Deeply hypoechoic

The entire extranodular part (PEV=42.0)
The portion of the extranodular part with the dominant
echo structure (PEV=25.5)

Judgement of the echogenicity of the
nodule (PEV=48.6)

Hyperechoic
The muscle fiber (PEV=
41.5)

Hyperechoic
Moderately hypoechoic

PEV means the mean pixel echogenicity value which ranges theoretically from 0 to 255, from the darkest to the brightest level,
respectively.

88

Histogram analysis of a benign nodule in Hashimoto's thyroiditis (cytology) - case 1782

At first glance, the nodule seemed more echogenic than the extranodular part to me. Thereafter, I have measured the histogram values, and the nodule proved to be less
echogenic: the histogram value of the dominant part of the nodule is 40.6, the histogram value of the extranodular part if 44.8. It means that the nodule is hypoechoic.
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Echogenicity of the nodules - Table 3 Heterogeneous nodules
We present here several examples of heterogeneous nodules.

Benign colloid goiter (cytology) - case 2083
Transverse scans

Longitudinal scans

This is a heterogeneous, dominantly echonormal nodule. The echogenicity of the nodule is significantly lower on longitudinal scan than on transverse view. This is caused by
technical problem: the transducer could not be fit to appropriately to the neck of the patient which led to decrease in echogenicity.

90

Hashimoto's thyroiditis (cytology) - case 2168

Although there are tiny hypoechoic portions within the nodule, the proportion of them is below 10% and the largest diameter of the hypoechoic part is less than 1 cm.
Therefore, this nodule should be called homogeneous. Moreover, the hypoechoic part within the nodule is very likely presentation of the infiltration of the underlying
thyroiditis.

Benign hyperplastic nodule (histology) - case 2050

The nodule with irregular borders is composed of dominantly moderately hypoechoic portions and has less hypoechoic parts. If the latter are counted as minimally
hypoechoic than the nodule does not belong to heterogeneous lesions, because both the minority and the dominant portions belong to the same subgroup of echogenicities,
to the hypoechoic one. If we judge the less hypoechoic parts as echonormal, that the nodule should be counted as heterogeneous.
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Metastasis of a laryngeal carcinoma to the thyroid - case 2110
Transverse scan
Longitudinal scan

The nodule is dominantly hypoechoic and has small portions which are minimally hypoechoic. Note that these areas (yellow arrow) are darker than the extranodular part of
the thyroid (red arrow). It means that the nodule is not heterogeneous (echonormal-hypoechoic) but is hypoechoic. It is not evident whether the echogenicity of the
hypoechoic part is lighter or darker compared to the strap muscle fibers.
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Benign lesion (cytology) - case 2120
Transverse scan

Longitudinal scan

The dominant part of the dorsal nodule is minimally hypoechoic while the minority part is less dark. The dorsal nodule is either homogeneously hypoechoic (i.e. composed of
deeply and minimally hypoechoic parts) or heterogeneous (i.e. composed of hypoechoic and echonormal parts) depending on the judgement of the less dark portion of the
nodule.
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Benign lesion (cytology) - case 2127

This is a dominantly echonormal, heterogeneous nodule.
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Benign colloid goiter (cytology) - case 2152

Benign colloid goiter (cytology) - case 2157

These are dominantly hypoechoic, heterogeneous nodules. The dominant part is moderately hypoechoic in the left while deeply hypoechoic in the right case.
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Benign cystic-colloid goiter (cytology) - case 2111

This is a mixed, dominantly solid nodule. The solid part is heterogeneous. The solid part contains almost equal proportion of echonormal and minimally/moderately
hypoechoic parts.

Benign cystic-colloid goiter (cytology) - case 2176

This is a mixed, dominantly cystic nodule. The solid part is heterogeneous. The solid part is dominantly echonormal.
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Papillary carcinoma in Hashimoto's thyroiditis (histology) - case conp 033

The dominantly echonormal nodule has hypoechoic areas. Nevertheless, these occur at the border of the lesion and might represent the infiltration of the nodule by the
underlying thyroiditis. Therefore, it is not evident that the nodule is a heterogeneous lesion.

Papillary carcinoma in Hashimoto's thyroiditis (histology) - case conp 054
Transverse scan

Longitudinal scan

The lesion in the ventral part of the right lobe shows a very unusual presentation: it is composed of a central hypoechogenic area surrounded with an echonormal rim.
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Benign nodule in Hashimoto's thyroiditis (cytology) - case 782
Transverse scan

Longitudinal scan

The lesion in the right lobe has a heterogeneous pattern. The peripheral parts of the nodule are hypoechoic which raises the possibility that the nodule is not a
heterogeneous lesion, but an echonormal nodule which is infiltrated by the underlying thyroiditis.

Benign nodule in Hashimoto's thyroiditis (cytology) - case 1401
Transverse scan

Longitudinal scan

The lesion in the right lobe has a heterogeneous pattern. The peripheral parts of the nodule are hypoechoic which raises the possibility that the nodule is not a
heterogeneous lesion, but an echonormal nodule which is infiltrated by the underlying thyroiditis.
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Papillary carcinoma in Hashimoto's thyroiditis (cytology) - case 218
Transverse scan

Longitudinal scan

The tumor has a heterogeneous pattern. The upper-lateral part of the nodule is hypoechoic while the dominant part of the lesion is isoechoic, i.e. it has a similar pattern to
the extranodular portion of the lobe. However, if we compare the nodule' echogenicity to a healthy thyroid than all parts of the lesion are hypoechoic.

Discrete lesion in Hashimoto's thyroiditis (cytology) - case 2067
Transverse scan

Longitudinal scan

The lesion in the right lobe has a heterogeneous pattern. It seems more likely that this is not a real nodule, but a relatively intact part of the lobe that has not yet been
completely infiltrated by inflammation.
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Follicular carcinoma (histology) - case 68
Transverse scan

Longitudinal scan

This is a dominantly isoechoic nodule which presents minimally hypoechoic islets.
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Echogenicity of the nodules - Table 4 Change of echogenicity after the aspiration of cystic nodules
The cystic fluid alters the echogenicity of the solid part in two ways. First, the echo signal is amplified dorsal to the fluid. Second, the cystic fluid can compress
the solid part. After the aspiration, i.e. after the relives of the compression, the solid part frequently increases in sign. As a rule, both the echogenicity and the
real extent of the solid part is better to judge after than before aspiration.

Papillary carcinoma (histology) - case conp044

An acoustic shadow hinders the judgement of the dorsal portion of a nodule. This part of a nodule is anechoic similarly to a cystic area. This tumor had cystic parts marked
with red arrows, but the portion between yellow arrows is impossible to judge because of the acoustic shadow.
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Benign cystic nodule (cytology) - case 1497
Before the aspiration

After the aspiration

The nodule started refilling during the aspiration (see video record). The moderately hypoechoic mass in the right lower image corresponds to the newly appeared blood.
Note that the fresh blood is not echo free.
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Benign cystic nodule (cytology) - case 126

The echogenicity of the large hypoechoic mass in the upper 4/5 of the nodule was deceptive. It is not a solid portion but a cystic area. By compressing the nodule with the
ultrasound probe, the flow of the mass is clearly visible (see video). Such deceptive presentation of fluid is a rare phenomenon, we meet this e.g. in inflammatory cyst
content.
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Benign cystic nodule (cytology) - case 2071
First examination

30 months after the first examination

In contrast with the first examination, the echogenicity is not echo free but deeply hypoechoic on follow-up examination. Note the presence of septa.
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Benign cystic nodule - case 1275

The aspiration of the cystic content has led to two important changes: the solid part became more hypoechogenic and the borders of the nodule became irregular,
spiculated and lobulated. The explanation of the first phenomenon is that the echogenicity increases dorsal to cystic areas.
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Echogenicity of the nodules - Table 5 Nodules and discrete lesions in Hashimoto' thyroiditis
In this course we present the issue of the interpretation of nodules in autoimmune thyroiditis. The non-nodular thyroid is in most non-autoimmune thyroid
diseases relatively bright, "echonormal", while autoimmune thyroid diseases, first of all Hashimoto's thyroiditis is characterized by a hypoechoic pattern. The
thyroid literature is not uniform in terms of what we compare the thyroid nodule to in the case of hypoechoic thyroid.
In this chapter, we call relative the approach of comparing the echogenicity of the nodule to the non-nodular part, and we call the approach
that takes the normal, non-autoimmune thyroid as a reference as absolute. For this latter approach, the histogram of the non-nodular parenchyma of
100 consecutive, non-autoimmune, nodular thyroid patients was measured. The mean histogram value was 82.0. While the mean histogram value of the muscle
fiber of the strap muscle in these patients proved to be 36.6.
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Measuring of the histogram values
The normal image of the right lobe with a nodule

The histogram of the nodule (while circumscribing the portion with the dominant
echogenicity, hyperechogenic figures and if present cystic areas are excluded)

The histogram of the brightest part of the non-nodular parenchyma

The histogram of the muscle fibers of the strap muscle

The histogram value of the nodule was 45.7, which was between the value of the normal parenchyma 86.5) and that of the muscle fiber (37.5). It means on the one hand,
that the nodule was darker than the non-nodular part, i.e. the nodule proved to be hypoechoic. On the other hand, the nodule was brighter than the muscle fiber, i.e. the
lesion did not prove deeply hypoechoic. As a result, the nodule was minimally/moderately hypoechoic.
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Oxyphilic adenoma in Hashimoto's thyroiditis (histology) - case 554

Although the non-nodular part is also hypoechoic, the dominant part of the nodule is more hypoechoic. It means that irrespectively of the reference tissue, the dominant
part of the nodule should be considered hypoechoic. The reference tissue has an influence whether this lesion should be considered as a dominantly hypoechoic,
heterogeneous nodule or simply as a hypoechoic one because the echogenicity of the brighter islets within the nodule (right image, histogram value 64.9) are more echoic
than the extranodular part (left image, histogram value 46.9) but less echoic than a healthy thyroid.
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Hashimoto's thyroiditis (cytology) - case 1749
Transverse scans

Longitudinal scans

The thyroid is minimally-moderately hypoechoic. There is a mixed nodule in the upper third of the lobe. The issue is the interpretation of the solid part. It is clearly more
echogenic than the non-nodular part. If we compare the nodule' echogenicity to the non-nodular part than this lesion is hyperechoic. However, the histogram value of the
solid part (54.9) is between that of the average of the normal thyroid tissue (82.0) and muscle fiber (36.6). It would mean that the solid part is minimally/moderately
hypoechoic.
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Benign nodule is Hashimoto's thyroiditis (cytology) - case 851
Right lobe

Left lobe

The histogram value of the nodule in the right lobe is 64.6, while this value proved to be 49.0 in the event of the nodule in the left lobe. So, if we define nodule'
echogenicity in relative sense than both nodules are iso/hyperechogenic, if we define nodule echogenicity in absolute sense than both nodules are minimally/moderately
hypoechoic.

110

Hashimoto's thyroiditis without any nodules (histology) - case 477

The histogram value of the lesion in the right lobe is 105.6. So, irrespectively of the reference tissue used, this lesion is hyperechoic.

Benign lesion in Hashimoto's thyroiditis (cytology) - case 24
Transverse scan

Longitudinal scan

If we compare the nodule to the extranodular part than the lesion is hyperechoic. However, if the reference tissue is a healthy thyroid than the nodule should be classified
as moderately hypoechoic.
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Benign lesion (cytology) - case 1799
Transverse scan

Longitudinal scan

The histogram value of the lesion is 69.4. It means that although the nodule is more echogenic than the-non-lesional part of the lobe, its echogenicity is lower compared
with a healthy thyroid. The latter is characterized by a mean histogram value of 82.0. So, the nodule should be grouped among iso/hyperechogenic lesions if the reference
tissue is the non-nodular part while should be grouped among moderately hypoechogenic nodules if the reference tissue is the healthy thyroid.

Hashimoto's thyroiditis (cytology) - case 1620

The histogram value of the extranodular part of the right lobe is 23.6 while that of the discrete lesion is 31.6. It means that if the reference tissue is the non-nodular part
than the lesion is hyperechoic. On the other hand, if we compare the echogenicity of the lesion to a healthy thyroid than this is a moderately hypoechoic lesion.
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Hashimoto's thyroiditis (cytology) - case 1019

The histogram value of the discrete lesion is 52.0 while that of the extranodular part is 45.8. The categorization of the nodule depends on what to compare the echogenicity
to. If the reference is the non-lesional part of the thyroid than the lesion is hyperechoic. However, compared to a healthy thyroid, the nodule is hypoechoic.

Hashimoto's thyroiditis (cytology) - case 793

The histogram value of the extranodular part of the right lobe is 36.1 while that of the discrete lesion is 64.0. It means that if the reference tissue is the non-nodular part
than the lesion is hyperechoic. On the other hand, if we compare the echogenicity of the lesion to a healthy thyroid (which is characterized by a 82.0 histogram value) than
this is a moderately hypoechoic lesion.
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Papillary carcinoma in Hashimoto's thyroiditis (histology) - case conp033

The histogram value of the nodule proved to be 74.8, a value which is less than the average of the normal parenchyma, therefore in absolute sense this is a minimally
hypoechoic nodule. In relative sense, compared to the non-nodular part of the particular case, the nodule is hyperechoic.
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Hyperplastic nodules in Hashimoto's thyroiditis (histology) - case 54
Transverse scans

Longitudinal scans

These discrete lesions are not heterogeneous ones. The hypoechoic areas within are the presentations of the infiltration of the underlying thyroiditis.
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Hashimoto's thyroiditis (cytology) - case 479

The situation is similar to the previous case. The discrete lesion is infiltrated by the underlying thyroiditis. The histogram value is 84.7. It means that the lesion belongs to
the iso/hyperechogenic nodules both in the relative and absolute term, compared to the non-nodular part and to the healthy thyroid, respectively.

Hashimoto's thyroiditis (cytology) - case 104

The entire lesion is brighter than the extranodular part. However, the less bright parts of the nodule are hypoechoic if we compare the echogenicity to a healthy thyroid. It
means that if the reference tissue is the extranodular part than the lesion should be classified as hyperechoic while if the reference tissue would be a healthy thyroid than
this lesion is a dominantly iso/hyperechoic nodule which has moderately hypoechoic parts.
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Hashimoto's thyroiditis (cytology) - case 95

The categorization of the isoechoic nodule in the left lobe depends on the definition of normal thyroid. If it is the extranodular part than the nodule is iso/hyperechoic. If the
reference tissue is the healthy thyroid than the nodule is minimally/moderately hypoechoic because the histogram value of the nodule (56.0) is lower than that of the
healthy thyroid (82.0).

Hashimoto's thyroiditis (cytology) - case 1739

This nodule is more hypoechoic than the extranodular tissue. However, the echogenicity is of the lesion is less bright than a normal, healthy thyroid.
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Hashimoto's thyroiditis (cytology) - case 61

The definition of the nodule depends on what to compare the echogenicity to. If the reference is the non-lesional part of the thyroid than the lesion is hyperechoic.
However, compared to a healthy thyroid, the nodule is hypoechoic.

Hashimoto's thyroiditis (cytology) - case 99

The histogram value of the nodule is 69.3. The judgement of the echogenicity of the nodule in the left lobe depends on how to define the reference normal thyroid. If it is
the extralesional part than the nodule is iso/hyperechoic and according to most TIRADS does not require FNA. Is the reference tissue is the healthy thyroid, than the nodule
should be involved among hypoechoic nodules and is a candidate for FNA.
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Papillary carcinoma in Hashimoto's thyroiditis (histology) - case conp 035
Transverse scans

Longitudinal scans

The papillary carcinoma (marked with yellow arrows) was located in the dorsal lesion. This differs from the non-tumorous part in the presence of microcalcifications and in
the echogenicity. The tumor is less hypoechoic than the surrounding thyroid tissue.
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Benign hyperplastic nodule in Graves' disease (histology) - case 1147
Examination in hyperthyroid state

Examination in euthyroid state

Compare the echogenicity of the nodule (marked with yellow) and that of the extranodular part (marked with red arrows) in hyperthyroid an euthyroid state. In
hyperthyroid state the nodule is more echogenic while in euthyroid state the nodule is less echogenic than the extranodular part. In the former state the lesion should be
considered hyperechogenic while in the latter the lesion should be considered as hypoechoic.
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Hashimoto's thyroiditis (cytology) - case 1749

The judgement of the solid part of the lesion depends on the reference tissue: if it is the extralesional parenchyma than the lesion is echonormal or hyperechoic. If the
reference tissue is the healthy thyroid than the lesion is minimally hypoechoic.
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Echogenicity of the nodules - Table 6 Technical issues
There are several reasons for an improper visualization of the echogenicity. The most important problem is that the transducer cannot be fit to the neck of the
patient all along. Dorsal to those fields which are not properly fit, the echogenicity decreases. There are anatomical structures which influence the echogenicity
of the thyroid, these are cystic areas and macrocalcifications. In the former, the echo signal gets amplified while in the latter, it decreases.

Papillary carcinoma (histology) - case conp007
Transverse scan

Longitudinal scan

Great proportion of the nodule' borders are indistinctive. However, the cause of the blur is very likely not pathological. First, the focus was set wrongly (red arrow),
therefore the dorsal part of the nodule is difficult to judge (yellow arrow in the transverse scan). Second, the upper and lower parts of the nodule are blurred (yellow arrows
in the longitudinal scan)) because of the placement of the transducer. It can be difficult to properly fit the probe all along to the patient's neck.
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Papillary carcinoma (histology) - case conp043
Transverse scan

Longitudinal scan

In contrast with the images of transverse scan where the borders of the nodule seem to be ill-defined, longitudinal scan images present sharp borders. The difference is
caused by the placement of the transducer: in the event of transverse scanning to fit the probe all along parallel with the neck structures can be more difficult because of
anatomical situation. Note that the images differ not only in nodule' borders but even in the echogenicity of the lesion and the extranodular part.
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Benign lesion (cytology) - case 2143

The thyroid parenchyma is echonormal in the ventral part while moderately hypoechoic dorsal to the iso/hyperechoic nodule. Thicker the nodule in the section, darker the
non-nodular thyroid dorsal to the lesion.
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Benign nodule (cytology) - case cons100_055
Transverse scan

Longitudinal scan

Two technical issues are demonstrated in this case. The dark band medial (transverse scan) and upper (longitudinal scan) to the nodule starts ventral to the thyroid. It is
causes by the improper fitting of the transducer to the neck of the patient. The non-nodular part dorsal to the nodule is more echogenic. This is similar to the phenomenon
that the signal behind a cyst gets amplified and it is not infrequently observed in the event of deeply hypoechoic nodules.
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Parathyroid carcinoma (histology) - case 755
Transverse scan

Longitudinal scan

This is a hypoechoic lesion which proved to be a parathyroid carcinoma which was located in the lower pole of the left lobe. In the transverse view the tumor is brighter
than the strap muscle while the situation is opposite in the longitudinal scan.
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Parathyroid carcinoma (histology) - case 500
Transverse scan

Longitudinal scan

The nodule is clearly hypoechoic. The degree of hypoechogenicity cannot be judged on transverse scan because there is a hypoechoic band ventral to the nodule (yellow
arrows). Note the amplification of the echo dorsal to nodule (red arrows).
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Follicular adenoma (histology) - case 33
Transverse scan

Longitudinal scan

This nodule is moderately hypoechoic (see the video). The deeply hypoechoic parts of the lesion are the consequence of improper fitting of the ultrasound probe to the neck
of the patient (yellow arrows).
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Benign cystic lesion (cytology) - case 2145

Let's compare the solid areas located in the ventral (yellow arrows) and in the dorsal part (red arrows) of the cystic nodule. The latter is more echogenic because the echo
signal gets amplified dorsal to the cystic fluid.

Benign lesion (cytology) - case 2064
Transverse scan

Longitudinal scan

The echogenicity of the nodule differs on transverse and longitudinal scan because of technical reasons. In this case, the probe was difficult to fit to the neck of the patient
on transverse scan, therefore this view was the deceptive one.
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Benign lesion (cytology) - case 2144
Transverse scan

Longitudinal scan

Depending on how accurately we were able to fit the transducer to the patient's neck, the echogenicity of the nodule was different. If we face a technical problem which
alters the nodule' echogenicity, the brightest (most echogenic) pattern corresponds to the reality. The nodule showed taller-than-wide sign.
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COURSE on THYROID ULTRASOUND
Section 2 The nodular goiter

Part 4 Intranodular echogenic figures
Manual

OPENING
I give an overview about the intranodular
hyperechogenic figures. I discuss the various
types, the differential diagnostics and their role in
the evaluation and interpretation of various
ultrasound patterns of thyroid nodules.
These figures influence the judgment of thyroid
nodules and are parts of the various TIRADS
systems (1-4), they are involved in the indication
of aspiration cytology and even the newest
protocol
emphasizes
the role of correct
interpretation of intranodular granules (5).
The correct interpretation of these figures requires
great experience but a paper textbook has its own
limitation in an education process as we are
required to analyze hundreds of videos and images
to overview. In contrast with a handbook,
a website has the capacity to present enough
material for this purpose.
I try to give a review of the literature and try to
make one of the most important concerns clear
about the published data: most authors behave as
if not all of these hyperechogenic figures could be
clearly categorized - which behavior in my opinion
- is very far from the reality and might cause a
feeling of insufficiency for less experienced
readers. It is a very important dilemma: if we try
to meet the requirement grouping each and every
hyperechogenic
figure,
the
professional
background of our medical report will be affected.
If we handle the issue appropriately, then the
usefulness of TIRADS system might be
questioned. In fact, in a significant proportion
of cases an indisputable distinction is not
possible. I only mention here one important fact.
In contrast with other hyperechogenic figures, the
probably
most
important
one,
the
microcalcification has no specific feature: the

diagnosis of a microcalcification is a matter of
exclusion of other hyperechogenic figures
which in contrast with microcalcification have
their special properties. Yes, theoretically
they share these signs, but in the everyday
practice we often meet non-typical forms. So,
in fact we only rarely can state with a nearly
100% probability that a figure is a
microcalcification but our diagnosis has in
almost all cases a given probability level.
In this overview I try to profoundly discuss
the ultrasound
presentation
and
differentiation of connective tissue which
ultrasound
appearance
is
surprisingly
underrepresented in publications. This is a
stunner because connective tissue is the most
frequent cause for a hyperechogenic granule
and
the
differentiation
between
a
microcalcification and a granule representing
connective tissue is one of the most important
differential diagnostic concerns in my
experience.
Also, in this selected topic I use the
term punctate echogenic focus instead of
microcalcification. I follow the tradition
which uses the phrase microcalcification for
one subgroup of hyperechogenic granules in
other parts of the website and in case studies,
but I am sure that it would be favorable if we
replaced this term both because of scientific
and ethical reasons. Regarding the first, more
than 50% of microcalcifications described in
an ultrasound report are in fact not
microcalcifications in pathological terms.
Regarding the ethical concerns, by the
frequent
misuse
of
the
term
microcalcification, we can cause great harm if
a patient does research on the internet
searching for "microcalcification".

THE IMPORTANCE AND THE SPECTRUM OF INTRANODULAR
HYPERECHOGENIC FIGURES
The presence of intranodular figures within a
thyroid nodule might have a deep influence on the
risk of malignancy. A microcalcification or an
amyloid deposit significantly increases while the
comet-tail artifact significantly decreases the risk
of carcinoma. Moreover, the current algorithm of
ETA emphasizes the issue of misclassification of
these figures which might have an important
impact even on the indication of FNAC (6).

It means that the recognition and as exact as
possible
differentiation
of
intranodular
hyperechogenic figures have great relevance
in
the
everyday
practice.
The first task is to overview the various forms
of intranodular hyperechogenic figures. For
the categorization and brief description of
various subgroups of intranodular figures
see Table 1.
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Table 1 Different forms of intranodular hyperechogenic figures.
Type

Origin

1. Coexistent
echogenic lines
and figures

Connective tissue

1/A. Tiny pale
granules and
lines

Normal
architecture of the
thyroid

1/B. Larger
bright granules
and lines

Description

Size

Tiny, less bright Granule <
hyperechogenic 1 mm, line
granules and
< 5 mm
usually lines

Frequency

78%

Proliferation of
connective tissue

Synchronous
presence of
hyperechogenic
lines and
granules

Granule
around 1
mm, line
3-30 mm

22.5%

Colloid crystal

A
hyperechogenic
granule with a
dorsal fading
and narrowing
tail

0.5-2 mm

In 42% of
cystic
nodules
In 5% of
solid nodules

3. Back wall
cystic figures

Optical artifact
Hyperechogenic
caused by
granule and line
posterior back wall
in the dorsal
enhancement
wall of a cystic
area

1-30 mm

In 80% of
cystic lesions

4. Isolated
echogenic foci

Bright
Microcalcification
hyperechogenic
and probably
granule
hyperplastic
papillary
structures
Atypical
presentation of the
former subtypes

Max. 1
mm

7.5%

5. Coarse
calcification

Coarse calcification Hyperechogenic
line with a
dorsal acoustic
shadow
Occasionally
only the latter
can be seen.

> 2 mm

6.3%

2. Comet-tail
artifact

6. Amyloid
deposit

Amyloid deposit

7. Granulation
Granulation around
surgical thread
around surgical
thread

8.
Hyperechogenic
figures after
non-surgical
therapy

Degenerative
processes

Patchy
The size of
echonormal
a single
area(s)
patch is
presenting more between 2
bright granules
and 10
or coarse
mm.
calcifications
within a
hypoechogenic
nodule

< 1%

Irregularly
Usually 5shaped
30 mm
hypoechogenic
lesion with
ragged
echonormal area
presenting
hyperechogenic
granules

In 2-3% of
patients
underwent
surgery

Granules and
lines

Impossible-to-resolve hyperechogenic figures
involving the possibility of microcalcification
Connective tissue
Connective tissue is the essential part of the
human organs therefore we can find it in every
thyroid nodule, as well. The ultrasound hallmark
of connective tissue is the synchronous presence
of lines and granules depending on the angle
between the transducer and the connective tissue.
A fine spiderweb-like pattern is almost always
seen within nodules and is caused by thin and
short pale lines and tiny granules (<1mm). We use
the term non-specific
hyperechogenic
figure for this normal
finding. Thick and bright
hyperechogenic
granules and lines are
signs
of
thickened
connective
tissue.
Proliferation
of
connective
tissue is
frequently seen in Hashimoto's thyroiditis but
might occur even within a nodule. The brightness
of the fibrotic figures varies but tends to be less
than that of the microcalcifications. Nevertheless,
granules corresponding to fibrosis are often
misinterpreted as microcalcifications because the
researcher
does
not
always
notice
the
synchronous presence of hyperechogenic lines.

Variable

> 90% in
solid parts

Max. 1
mm

16.3%

Also, it is more difficult to visualize or if it is
visualized, then to appreciate a linear or
curved structure than a granule because the
former requires that we place the transducer
almost parallel of the structure, so in most
cases of fibrosis the granules predominate
over lines. It means that an important
differential diagnostic problem arises in the
predominance of hyperechogenic granules:
the differentiation between microcalcification
and proliferation of the connective tissue.
Except for the localization, the presentation of
this echogenic figure is identical with that of
back
wall
cystic
figures.
However,
proliferation of connective tissue is found in
solid parenchyma while the latter in the dorsal
wall of cystic areas. The distinction between
these figures is not always possible, but it has
minimal if any relevance.
There is only very limited mentioning of this
figure in the literature, therefore, in contrast
with most figures, there is only limited data
available about the likelihood of this
malignancy. Beland et al. have found no
malignancies among 29 nodules presenting
linear echogenic foci (6), which is in
accordance with our finding: the intranodular
presence of connective tissue neither
decreases nor increases the likelihood of the
malignancy.
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Comet-tail artifacts or colloid crystals
The so-called comet-tail artifact is very similar to
the microcalcification, it is similarly bright, the size
is in the range of microcalcification, although
tends to be larger and occasionally exceeds 1 cm.
The shape of a
colloid crystal is
in most cases
round, however
linear form is
not
a
rare
exception. The
most important
feature
differentiating a
comet-tail
artifact from a
microcalcification is the presence of a narrowing
and fading tail in the former. Although colloid
crystals typically appear in the cystic part of a
mixed solid-cystic lesion, we must be aware that
comet-tail artifact might be located even within
the solid part and the differentiation of bright
granules in a solid lesion is the other important
differential
diagnostic
issue
regarding
hyperechogenic figures. Comet-tail artifact is
generally held a protein-rich structure or a colloid
crystal.
The presentation of this figure is frequently nontypical because of the lack of the dorsal tail. From
a practical point-of-view hyperechogenic granules
within a cystic fluid are best held as colloid crystals
even if they lack the dorsal tail.

Posterior back wall enhancement

This figure is an optical artifact and is seen
exclusively in the dorsal wall and occasionally in
the parenchyma just dorsal to a cystic area. The
cause of this figure is the enhancement of
ultrasound reflection. Spongiform and other mixed
cystic solid nodules may exhibit bright reflectors
on US imaging,

Punctate echogenic foci (including
microcalcifications)
This group includes the most important
hyperechogenic figure, the microcalcification.
Small (=1mm)
bright, round
granules
without a dorsal
tail and without
the concomitant
presence
of
similarly bright
lines belong to
this subgroup.
It is crucial to be
aware about the fact that in contrast with other
hyperechogenic figures, punctate echogenic foci
(microcalcifications) lack a specific pattern. A
hyperechogenic bright spot can be seen in all other
forms of hyperechogenic figures but these have
additional features, as well. Unfortunately, they
only use to have these additional features, and
here it comes the differential diagnostic issue: if
we
see
only
hyperechogenic
granules,
theoretically we cannot exclude the possibility of
non-typical presentation of a colloid crystal or
connective tissue. And there is another problem,
on ultrasound a

The issue is the appearance of non-typical
forms within a solid nodule or within the solid
part of a mixed nodule.
Comet-tail artifacts are generally held as a
sign which suggest that the lesion is benign
with great probability (6-8). (7: 0/45, 6:
0/19, 8: 0/31). There is a group of
investigators
who have described an
extremely great malignancy rate among
nodules presenting comet-tail artifact: Malhi
et al. have found a 15.4% (34/221) and a
3.9% (2/52) carcinoma rate, nodules with
small (=1mm long) and large (>1mm long)
comet-tail artifacts, respectively (9). The
malignancy rate was even higher in
hypoechogenic nodules: 27.6% (27/98) and
20% (2/10), nodules with small (=1mm long)
and large (>1mm long) comet-tail artifacts,
respectively. This publication cannot be
ignored because the authors presented good
quality images of 3 malignant cases
undoubtedly having comet-tail artifacts.
On the other hand, it is essential to resolve
the discrepancy about the importance of
"comet-tail artifacts having a small tail"
because if we group these figures among
"punctate echogenic foci" and we value them
3 points as does the newest TIRADS of the
American College of Radiology (4) than this is
an absolutely different situation compared
with that if we value them 0 point. The issue
is that nowadays we are forced to categorize
each and every hyperechogenic figure, while
honestly speaking, we are not able to make a
clear distinction in significant proportion of
these figures.

caused by colloid crystals or posterior acoustic
enhancement of the back wall of a microcystic
area. These may be confused with
microcalcifications
by
less
proficient
sonographers, and a recent meta-analysis
confirmed that operator experience is
correlated with accurate evaluation of internal
calcifications (10). Therefore, because of
potential for misclassification, FNA may still
be considered interpreted as spongiform for
nodules, but with a higher size cutoff (5). So
the importance of this optical illusion lies in
the potential misinterpretation by less trained
researchers as microcalcification. The tiny
cystic areas are not infrequently very difficult
to find, which might lead to a differential
diagnostic issue if granules predominate the
pattern.
In contrast with all other hyperechogenic
figures this is not a real structure but only an
optical artifact. (In the event of comet-tail
artifact, the colloid crystal is a real figure only
the tail is the artifact.)
true microcalcification is occasionally seen not
as a round but a bit elongated structure
depending on the equipment and the settings
used, the depth of the figure, the surrounding
parenchyma which all influence the optical
appearance of a microcalcification.
The term "microcalcification" is often
misleading but it has been traditionally used
for decades for punctate echogenic foci. The
ultrasound and pathological denomination of
microcalcification is not the same. In
pathology microcalcifications are found
almost exclusively in papillary carcinoma, but
in ultrasound microcalcification is used for
every hyperechogenic granules. This is
occasionally a typical "post hoc ergo propter
hoc"
situation:
we
present
in
textbooks/publications/websites ultrasound
images of histologically verified papillary
carcinomas and state that these granules are
microcalcifications.
However, prospective studies prove that the
absolute number of benign lesions containing
punctate echogenic foci is higher than that of
malignant cases.
The
details of
10
publications show that the medians of nodules
contained microcalcifications were 4.1% and
45.5%, histologically verified benign and
malignant nodules, respectively (7,11-19).
See Table 2.

Table 2. The occurrence of microcalcifications in surgically treated thyroid
patients.
Benign lesions

Malignant lesions

microcalcification
present/all

(%)

microcalcification
present/all

(%)

Kim et al (2002) Ref.
11

15/106

14.2

29/49

59.1

Capelli et al. (2006)
Ref. 12

mostly FNAC diagnosis

28.7

mostly FNAC diagnosis

72.2

3/72

4.2

16/26

61.5

Salmaslioglu et al.
(2008) Ref. 14

82/1633

5.0

261/293

89.1

Popovicz et al. (2009)
Ref. 15

32/1045

3.1

25/96

26.0

Sharma et al. (2011)
Ref.16

17/51

33.3

12/16

75.0

Ozel et al. (2012)
Ref.17

6/341

1.8

10/22

45.5

15/371

4.0

9/31

29.0

Solymosi et al. (2015)
Ref.19

291/7180

4.1

70/411

17.0

Zayedeen et al. (2016)
Ref. 7

51/2002

2.5

30/148

20.3

Gulcelik et al. (2008)
Ref. 13

Papini et al. (2002)
Ref. 18
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Considering that in contrast with malignant
nodules, great proportions of benign nodules are
treated conservatively, the absolute number of
"microcalcifications" in benign nodules is much
higher.
Theoretically
a
microcalcification
corresponds to calcification of a tip of a papillary
fragment. The cause for calcification is
degeneration and/or a worsening vascular supply
of the cells located at the edge of a papillary
cluster. On the other hand, there is no direct proof
that a bright hyperechogenic spot seen on
ultrasound
indeed
corresponds
to
microcalcification. Moreover, similar ultrasound
granules can be found in high proportion of
hyperplastic nodules without any calcifications
which suggests that any papillary fragment might
present as "microcalcification" on ultrasound; a
punctate echogenic focus might represent
condensation of nuclei. (If we analyze a papillary
fragment the nuclei are more densely located at
the periphery than in the center of the cell group.)
An earlier study (20) explored the origins of
similar punctate echogenic foci in the ovary and
concluded that they are often the result of
specular reflections from the back walls of tiny
unresolved cysts and not psammomatous
calcifications at all. I absolutely agree with Malhi
et al. who "believe that calling these punctate
echogenic foci microcalcifications is a misnomer"
(9).
The
inappropriate
use
of
phrase
microcalcification is not only scientifically
unfounded but might lead to unnecessary anxiety
and even to unnecessary and otherwise

Coarse calcification
The next typical
hyperechogenic
figure is the
coarse
calcification.
The shape is
linear or curved
or
might
be
granular.
In
smaller foci it
might seem to
be round. It ranges from 1 mm to several cm and
presents a dorsal acoustic shadow. The latter is
the ultrasound hallmark of coarse calcification.
Often, we did not find the calcified focus and only
the dorsal acoustic shadow proves the existence
of calcification. According to recent studies,
macrocalcifications within a nodule, if combined
with
microcalcifications,
confer
the
same
malignancy risk as microcalcifications alone
(18,21) refers the current guideline of the ATA
(5), while just the opposite states the newest
guideline of ETA: "microcalcifications are highly
suggestive of malignancy, in particular when
associated with macrocalcifications" (1). The
presence
of
intranodular
(central)
macrocalcification alone is not consistently
associated with thyroid cancer (23). Calcification
represents perhaps a possible pathologic evolution
of some thyroid lesions (24).

Amyloid deposit
An amyloid deposit has a
specific
cotton-like
patchy
appearance
(28, 29).
We
have
found this compound
figure 118 times more
frequently in medullary
carcinoma
compared
with
other
thyroid
malignancies: 48% 11/23 (48%) and 4/463
(0.9%), medullary carcinoma and other thyroid
carcinomas, respectively (29). These patches
have a composite structure, might contain
punctate echogenic foci and occasionally present
dorsal acoustic shadow. The cause for the latter
might be coarse calcification but a thick amyloid
might also hinder the penetration of an ultrasound
wave.
Similar
structures
occur
even
in
degenerative hyperplastic nodules when small
echonormal areas appear within a hypoechogenic
lesion. However, most of the latter, benign cases
lack granulations. However, a granulation around
a surgical thread might have an identical pattern
to amyloid.

Granulation around surgical thread
Granulation around surgical thread might appear
even decades after a previous surgery. This is a
hypoechogenic lesion containing hyperechogenic
figures of various sizes usually within a less
hypoechogenic ragged tissue fragment. The lesion
is always avascular and the shape is always
irregular. We frequently find acoustic shadow
dorsal to a granulation which might be caused by
the thick scar.
The presence of occasionally small, bright
hyperechogenic granules within a hypoechogenic,
hard lesion might be misleading first of all if the
patient was previously operated on papillary
carcinoma or if the radiologist is not aware of a
previous surgery.

unfounded operations.
The current guideline of the ETA (2) on
nodular goiter uses the category of "True
microcalcifications" but fails to describe in
detail how to differentiate this category from
"Hyperechogenic
spots
of
uncertain
significance". This is not a surprise because
there is no publication in the literature which
would verify a clear distinction between these
two categories. (I try to use consistently the
term "punctate echogenic foci" in the text and
courses of this selected topic, however in case
studies I use the term microcalcification for
bright granules between 0.5 and 1 mm in size
and without a tail or without the synchronous
presence of hyperechogenic lines.) In my
opinion, the terminology of the American
College of Radiology is more appropriate, they
use the phrase "punctate echogenic foci"
instead
of
microcalcification
(4).
Punctate echogenic foci occur in lower
proportion of microcarcinomas compared with
larger tumors (21,22) which finding seems
self-evident
and
requires
no
further
explanation.
The starry sky phenomenon is a special form
of microcalcification which is characterized by
the presence of numerous microcalcifications
and greatly increases the risk of papillary
carcinoma. If punctate echogenic foci occur
with coarse calcification, the risk of
malignancy is further increased.

We
have
to
mention
the eggshellcalcification or peripheral rim
calcification.
This corresponds
to calcification of
the capsule of a
lesion. There are
conflicting
studies whether
this
feature
would increase
the
risk
of
malignancy.
Certainly, if it
does, then more
in a statistical
than
in
a
practical sense. However, a nodule that has
interrupted
peripheral
calcifications,
in
association with a soft tissue rim outside the
calcification, has been reported highly likely to
be malignant, and the associated pathology
may demonstrate tumor invasion in the area
of disrupted calcification (25-27). The issue
is that a direct tumor spread is only rarely
unequivocal on ultrasound. In the TIRADS of
the
American
College
of
Radiology
macrocalcifications is worth 1 point, while
peripheral (rim) calcification is worth 2 points
(see Table
2 of
ref. 4),
no
type
of
macrocalcifications is included in the scoring
system of the latest European TIRADS (1).

There is no general agreement about the
origin of this figure. Many authors neglect its
typical presentation of this special figure and
group
them
simply
among
coarse
calcifications. E.g., very typical ultrasound
images of medullary carcinoma presenting
this typical pattern were published in three
recent articles and the authors simply notice
that the lesion has calcification (Fig.2A in
ref. 30, Fig.1 in ref. 31 and Fig.16b in
ref 32). I highly advise to review Fig.2A in
Trimboli's article (30): the nodule has a large
hyperechogenic patch in the central part
which lacks dorsal acoustic shadow: it is hard
to imagine such a great focus of calcification
without acoustic shadowing. The situation is
similar in the article of Hoang et al. (32): a
typical
patch
is
demonstrated
in Fig.16b which
lacks
dorsal
acoustic
shadowing.
In my opinion and practice the identification
of such compound patches without an
acoustic shadow has a high specificity and
sensitivity for medullary carcinoma, but if
these patches have an acoustic shadow, these
parameters are worse though high enough to
raise the suspicion of medullary cancer.

The other
differential
diagnostic
problem
might arise
in a patient
previously
operated
on
medullary
carcinoma;
the
recurrence
of
the
tumor might have identical ultrasound
presentation as a benign granulation.
This figure is only rarely mentioned in the
literature (33) and various terms are used
describing this entity as suture granuloma
(34) or foreign-body granuloma (35).
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MICROCALCIFICATIONS IN THE MOST FREQUENT SUBTYPES OF
THYROID CARCINOMAS
Microcalcifications are known as characteristic
feature of papillary cancer. However, the
occurrence of them is similarly high in medullary
carcinoma. These data in Table 3 show the
incidence on ultrasound. Of course, it can

be debated that the dots identified as
microcalcification in medullary cancer are
indeed microcalcifications. As with most
suspicious
ultrasound
features,
microcalcification is much less common in
follicular carcinoma.

Table 3 Occurrence of microcalcifications in the
three most common subtypes of thyroid
carcinomas.
Occurrence range (%)

Occurrence median (%)

Follicular
carcinoma

0.0 - 25.5

Medullary
carcinoma

16.7 - 69.2

45.2

Papillary
carcinoma

17.8 - 80.0

50.9

3.6

THE ROLE OF INTRANODULAR ECHOGENIC FIGURES IN VARIOUS
TIRADS
handled differently in various TIRADS. At the
one end is the Korean TIRADS which groups
all nodules presenting comet-tail artifact
among the possible lowest category, if comettail artifact is found in cystic portion and the
nodule lacks suspicious US characteristics.
Although AACE mentions comet tail artifacts
among features characteristic for benign
lesions, the lack or presence of comet tail
artifact does not influence the classification of
nodules in AACE. In the event of ACR TIRADS
large comet-tail artifacts worth 0 points, while
short comet-tail artifacts in the solid part
worth the maximal as possible 3 points
because this is included in the punctate
echogenic foci feature. Considering the
difficulties of the correct judgement of comettail artifacts, neither the Korean nor the ACR
approach seems to be moderate enough, the
former might lead to underestimation of a
nodule presenting comet-tail artifacts while
the latter might lead to overestimation. Until
we reach a significantly better agreement in
the judgement of this characteristic, the more
restrained handling of this sign by the ATA,
ETA (they do not involve comet tail artifacts
in their system) and AACE seems more wellfounded".

The presence of microcalcification automatically
groups the lesion among the most suspicious
subgroup in the AACE and in the European
TIRADS,
while
a
lesion
presenting
microcalcifications has to put either to the most
but one or most suspicious category in the ATA
and Korean TIRADS, isoechoic or hypoechoic
nodules, respectively. Regarding the ACR TIRADS,
the term 'punctate echogenic foci' is used for
microcalcifications and short-tail comet-tail
artifacts and worth three points. Following the
logic of this system, it means that almost all
lesions presenting this feature should be
categorized into category 5. (See Table 4.)
The presence of macrocalcification has no role
in three TIRADS. While it is worth one or three
points in ACR TIRADS, macrocalcification or
peripheral (rim) calcification, respectively. It
means that ACR treats rim calcification in a similar
way to widely accepted suspicious sign; an
approach which is not backed by scientific data.
Rim calcifications with extrusive soft tissue
component is enlisted among the most suspicious
characteristics in the ATA TIRADS.
It is interesting that comet-tail artifacts are

Table 4 The role of echogenic figures in the most
important TIRADS systems
Type of
the
TIRADS
AACE

Echogenicity
of the
Microcalcification Macrocalcification
nodule
Irrelevant

ACR
ATA
European
Korean

3

No role

5 (rarely 4)

See text

Nonhypoechoic

Non-classifiable

Hypoechoic

5

Irrelevant

5

Isoechoic

4

Hypoechoic

5

See text
No role
No role
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THE DIFFERENTIATION OF THE VARIOUS INTRANODULAR
HYPERECHOGENIC GRANULES
In this chapter we focus on the differentiation of
hyperechogenic granules because other figures
have their own hallmarks, the dorsal acoustic
shadow,
the
synchronous
presence
of
hyperechogenic lines and granules and the
characteristic clinical and ultrasound pattern
described above, coarse calcification, fibrosis and
granulation around surgical thread, respectively.
In the everyday practice the issue is very simple
to frame: we need to decide if an actual
hyperechogenic granule is a punctate
echogenic focus (microcalcification) or not.
Moreover, this issue might arise only in the event
of figures located in a solid nodule or in the solid
part of a mixed lesion (27). We have to
understand that the identification of a
punctate echogenic focus is a matter of
exclusion because in contrast with all other
hyperechogenic figures a microcalcification has no
pathognomonic presentation: a hyperechogenic
granule might be a non-typical form of a colloid
crystal or a granular presentation of connective
tissue. It is evident that a hyperechogenic granule
within a cystic area has no oncological relevance.
There are several general rules. Firstly, if a lesion
presents numerous and various hyperechogenic
granules we have to analyze all of them and not a
single one. Secondly, in certain cases the analysis
of other nodules might be of help in differential
diagnostic of hyperechogenic figures. Finally,
there is not one ultrasound feature which itself can
prove or exclude thyroid carcinoma. We have to
interpret the single features with others. In this
context, the presence of microcalcification is one
of the most important finding in thyroid ultrasound
which increases the likelihood of malignancy.
Regarding the first rule, if a lesion contains several
typical comet-tail artifacts, then bright granules
without a tail belong very likely also to this
subgroup.

Granules with similar brightness and size very
likely correspond to the same subtype.
Another example: microcalcifications almost
always coexist with tiny pale granules. In the
event of a granulation around surgical thread,
we frequently found bright granules but these
occur within a larger patch-like echonormal
structures. Tiny punctate echogenic foci
(microcalcifications) cannot be differentiated
from non-specific granulations of connective
tissue except for those cases when
synchronous short hyperechogenic lines are
also present which stands for a non-specific
granule. In doubtful cases the finding of
similar but unequivocal hyperechogenic figure
in a different nodule having an identical
echogenicity might be of great help.
As regards the second rule, if we found
multiple nodules with the same echo pattern,
then the hyperechogenic figures of similar
size and brightness very likely belong to the
same subtype. So, an ambiguous granule in
one lesion is also very likely a comet-tail
artifact if we found typical comet-tail artifact
in another nodule.
Regarding the third consideration, in order to
find a single punctate echogenic focus within
an echonormal nodule showing regular shape
and borders is an absolutely different story
compared with a hypoechogenic nodule
presenting a starry sky phenomenon and
having blurred, irregular borders and a
lobulated surface.
I emphasize that we are not able to
differentiate each and every hyperechogenic
granule and the interobserver variation must
be very high.
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Intranodular hyperechogenic figures - Table 1 Coexistent echogenic lines and granules
Powdery tiny and usually pale granules and short lines are the most frequent subtype of intranodular figures. These are normal findings and represent normal
pattern of a connective tissue. Occasionally they appear in the form of a bit brighter granules and lacking lines. In that case the differentiation from punctate
echogenic foci including microcalcification is not possible.
Occasionally large thick, amorphous strings are found which correspond to thick connective tissue.
In the event of proliferation of connective tissue (or fibrosis) more bright granules and longer lines occur simultaneously. The presentation is very similar to back
wall cystic figures. Because the wall of cystic areas is composed of connective tissue, it is not surprising that the differentiation between these two subgroups is
not always possible.
In contrast with the former issue which shares only a theoretical problem, the differentiation from punctate echogenic focus (microcalcification) is a real concern.
If we overlook the hyperechogenic lines which are always present in fibrosis, bright and relatively larger granules are easily misinterpreted as punctate
echogenic foci (microcalcifications).
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Benign Hashimoto's thyroiditis (cytological diagnosis) - case 1251

Benign Hashimoto's thyroiditis (cytological diagnosis) - case 1652

First, we demonstrate two cases of Hashimoto's thyroiditis with pronounced fibrotic changes. Both present pale and bright hyperechogenic granules and lines corresponding
to normal and excessive connective tissue. Neither of the discrete areas are nodules in a pathological sense.
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Benign colloid goiter (cytological diagnosis)

The nodule has both pale and bright hyperechogenic lines and granules. Arrowheads point to figures representing the normal architecture of the thyroid while arrows do to
thickened connective tissue.
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Benign colloid goiter (cytological diagnosis) - case 1429

The nodule has pale hyperechogenic granules and lines corresponding to the normal architecture of the thyroid consisted of connective tissue.
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Intact right lobe without any pathological finding and benign hyperplastic nodules in the left lobe (histological diagnosis) - case 803
Right lobe

Left lobe

Both the pseudonodule in the right lobe (upper images) and the benign nodule in the left lobe (lower images) have numerous pale granules and lines which correspond to
the normal architecture of the thyroid and correspond to a connective tissue. The finding of a few more bright granules and lines are the ultrasound presentation of a
thickened connective tissue.
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Benign cystic-colloid goiter (cytological diagnosis) - case 1473

The solid part has pale and bright granules and lines which correspond to a connective tissue.
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Benign lesions (cytological diagnosis) - case 1644
Right lobe

Left lobe

Back wall cystic figures are presented in the left images, while the origin of the hyperechogenic figures in the right image are in part ambiguous: several of them are located
in the back wall of tiny cystic areas, others seem not to be related to cystic fluid. The latter are therefore presentations of a connective tissue.
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Benign lesions (cytological diagnosis) - case 808
Right lobe

Left lobe

There are similar hyperechogenic granules and lines in each nodule. On the other hand, these figures have different origins. In the right lesions they correspond to
connective tissue, while in the left cystic nodule they are located exclusively dorsal to small cystic areas, which means that these are caused by a posterior back wall
enhancement.
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Benign cystic lesion (cytological diagnosis) - case 420

The intranodular hyperechogenic figures are unusually large. The ventral ones correspond to thickened connective tissue and/or to large aggregates of colloid crystals
(comet-tail artifacts), while those located in the back wall of the cyst are caused by a posterior acoustic enhancement.

148

Benign hyperplastic nodule (histological diagnosis) - case 1662

A cystically dilated macrofolliculus in a Graves' patient (cytological diagnosis)
- case 969

The hyperechogenic lines and granules occur both within the parenchyma and
The hyperechogenic lines and granules are found almost exclusively dorsal to tiny cystic
dorsal to small cystic areas. The former correspond to connective tissue, the latter areas; therefore these belong to figures caused by a posterior back wall enhancement.
do to a posterior back wall enhancement.
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Intranodular hyperechogenic figures - Table 2 Comet-tail artifacts or colloid crystals
A typical comet-tail artifact consists of a hyperechogenic granule with a dorsal narrowing and a fading tail. The size of the granule is in the range of punctate
echogenic foci (microcalcifications), i.e. not greater than 1 mm. The typical presentation of this figure is best seen in cystic part of a mixed nodule; however it
might occur within the solid area, as well. In the latter case the narrowing tail is frequently missing.
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Benign cystic-colloid goiter (cytological diagnosis) - case 284

The figure marked with white double arrow is ambiguous because of the lack of dorsal tail. This figure is composed of two granules which might be two punctate echogenic
foci. However, there are typical forms of comet-tail artifacts, the presence of which makes it very likely that the equivocal figures are also comet-tail artifacts. Moreover,
these are within cystic fluid which theoretically excludes that these might be pathognomonic microcalcifications. In addition to it is worth analyzing the dorsal wall of the
cyst and the thyroid parenchyma dorsal to the nodule, both have hyperechogenic figures corresponding to a posterior back wall enhancement.
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Benign follicular proliferation (cytological diagnosis) - case 270

A typical comet-tail artifact is demonstrated.

152

Intact thyroid with cystically dilated macrofollicles (histological diagnosis) - case 1539

Right lobe: there are typical comet-tail artifacts, two in the left horizontal scan and one in the right longitudinal scan. The latter presents two more cystic lesions (the lower
two) in which the hyperechogenic figures have only a vestigial dorsal tail.

Left lobe: there are typical comet-tail artifacts in this lobe, too.
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Benign colloid cyst (cytological diagnosis) - case 402

There are several typical comet-tail artifacts in both lobes.
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Benign cystic degeneration (cytological diagnosis) - case 624

155

There are several unambiguous figures with typical presentation (yellow arrows), while several hyperechogenic granules lack dorsal acoustic shadow (white double arrows)
which theoretically might be punctate echogenic foci. On the other hand, in the presence of typical comet-tail artifacts, similarly bright non-typical forms more likely belong
to the same category. Moreover, punctate echogenic foci (microcalcifications) cannot be found in cystic fluid.

156

Follicular adenoma (histological diagnosis) - case 443
Before aspiration of 2 mL cystic fluid

There are numerous hyperechogenic granules in the lower pole of the nodule. These figures might be confused with punctate echogenic foci (microcalcifications), as
happened in this case. However, several have dorsal tail and therefore the remaining without a tail likely belong also to the same subgroup.
After aspiration of 2 mL cystic fluid

It became more evident after removal of the cystic fluid that the figures are comet-tail artifacts.
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Hashimoto's thyroiditis with several cystic areas but without any nodules (histological diagnosis) - case 1365

In this case we found only hyperechogenic lines. This is an unusual presentation of a comet-tail artifact. The video is clearly superior to a saved image, in the former the
hyperechogenic figure appeared in a more typical form.

Benign colloid goiter (cytological diagnosis) - case 386

At first sight, this pattern mimics the starry sky phenomenon which would be caused by numerous microcalcifications. However, these granules are found in a cystic fluid,
therefore they cannot be punctate echogenic foci (microcalcifications).
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Benign cystic degeneration (cytological diagnosis) - case 662

It is worth analyzing the hyperechogenic figures in the central part of the cystic area. One in the horizontal view and another one in the longitudinal scan have a broader
than usually fading tail. The figures pointed with arrows at the border of the cystic and solid part (right side of the nodule in the right image) are posterior back wall
enhancement caused by the microcystic area ventral to them.
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Intranodular hyperechogenic figures - Table 3 Cystic back wall figures
This is the only figure which is virtual and is an optical artifact caused by the enhancement of the ultrasound dorsal to the cystic fluid. It appears in the back wall
of cystic areas or even just dorsal to the wall in the parenchyma. If it appears as a linear figure, we have no problem. However, hyperechogenic granules might
be misinterpreted as punctate echogenic foci (microcalcifications).
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Benign cystic lesion (cytological diagnosis) - case 1139

The posterior acoustic enhancement in the dorsal wall of the small cystic areas causes no concern if this optical artifact is linear (arrows), however granular figures might be
misinterpreted as punctate echogenic foci (microcalcifications) (arrowheads).
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Benign cystic lesion (cytological diagnosis) - case 28

The hyperechogenic lines in the dorsal wall of the cystic area do not cause concern (arrows), while the granules (arrowheads) might do.
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Benign hyperplastic nodule (histological diagnosis) - case 653

Note the linear figures in the back wall of the cystic areas. The ventral solid area of the nodules contains both hyperechogenic lines and granules; therefore, these figures
correspond to connective tissue. It is ambiguous whether the echogenic figures in the dorsal solid area (right image) are presentations of connective tissue or posterior
acoustic enhancements but the former seems to be more likely.

Follicular adenoma (histological diagnosis) - case 486

The dorsal wall of the small cystic areas presents posterior back wall enhancement. The origin of the large granules within the solid part remains obscure; nevertheless,
these are probably colloid crystals.
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Follicular adenoma (histological diagnosis) - case 108

Almost every cystic chamber presents the back wall posterior enhancement.

Benign cystic lesion (cytological diagnosis) - case 284

The cystic part of the lesion contains typical comet-tail artifacts and back wall posterior enhancement. Regarding the latter, note that the hyperechogenic figures appear not
only in the dorsal wall of the cyst but even by the dorsal to the back wall in the solid parenchyma.
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Benign cystic lesion (cytological diagnosis) - case 420

The lesion presents various forms of hyperechogenic figures including a typical comet-tail artifact (lower left image), a large cluster in the ventral part of the cystic lesion
(upper left image) which is probably a large colloid crystal, too. The figures in the dorsal wall are very likely caused by a posterior enhancement.
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Benign cystic degeneration (cytological diagnosis) - case 662

The bright figures marked with arrows at the border of the cystic and solid part (right side of the nodule in the right image) can be easily misinterpreted as punctate
echogenic foci (microcalcifications); these are posterior back wall enhancements caused by the microcystic area ventral to them.
There are comet-tail artifacts within the cystic fluid with a broader than usual tail.
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Intranodular hyperechogenic figures - Table 4 Punctate echogenic foci (including microcalcifications)

A punctate echogenic focus is a round bright granule. The size of this figure is less than 1 mm, usually is around 0.5 mm. A lesion which has typical punctate
echogenic foci (microcalcifications) almost always presents less bright granules, too. The latter might be non-typical forms of microcalcifications or non-specific
granulations. Indeed, the identification of punctate echogenic foci (including microcalcifications) is a matter of exclusion other forms of hyperechogenic figures,
i.e. comet-tail artifacts, a connective tissue and a posterior back wall enhancement. All of the latter have additional features lacking in the case of punctate
echogenic foci. Nevertheless, it means that atypical presentations of these figures might mimic punctate echogenic foci including microcalcifications.
The presentation of punctate echogenic foci depends highly on the ultrasound device. If the resolution is worse than the granule is larger (see the lowest image).
However, there is a very harmful trend in the latest equipment which might cause difficulty in recognition of punctate echogenic foci (microcalcifications). This
trend is the "overharmonization" which means that the normal grainy structure of the thyroid is masked in order to gain a more harmonic, beautiful image. It has
practically no sense; moreover, the overharmonization masks the pathologic hyperechogenic granules, the microcalcifications, too, which is a very serious hazard.
We prefer the term "punctate echogenic foci" instead of microcalcification in order to avoid misnomer for granules caused by other pathological structures.
Nevertheless, in many publications and even in other parts of this website we use the term "microcalcification" for every punctate echogenic foci.

Papillary carcinoma (histological diagnosis) - conp case 017

There are at least 6 bright granules in the left and in the right image. The lesion as most nodules contains non-specific granules and lines which are less bright than the
former. The granules of intermediate brightness might be punctate echogenic foci, as well.
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Papillary carcinoma (histological diagnosis) - conp 078

This case is less edifying or may be more edifying. Compared with the previous case, the granules here are less bright. Nevertheless, great proportion of them belongs to
punctate echogenic foci (arrows). It is worth comparing these with non-specific granules (arrowheads).
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Papillary carcinoma (histological diagnosis) - case 607

Arrowheads point to several non-specific granules while arrows do to punctate echogenic foci.
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Benign hyperplastic nodule (histological diagnosis) - case 951
Upper and lower horizontal views
Longitudinal view

The bright granules cannot be categorized other than punctate echogenic foci (microcalcifications). The presentation in the right image is very close to the starry sky
phenomenon. Fortunately, such pattern is very rarely seen in benign lesions.
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Benign cystic-colloid goiter (cytological diagnosis) - case 1726

This is an ambiguous pattern: although hyperechogenic bright granules dominate the lesion, a few similarly bright figures seem to be linear (arrows). However, two of them
are in fact figures composed of two granules (in the left image).
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Papillary carcinoma (histological diagnosis) - case conp 061

There is only one granule suspicious being a punctate echogenic focus (microcalcification) in the left, horizontal view while the right, longitudinal view has more typical
forms.

Papillary carcinoma (histological diagnosis) - case 469

This tumor contained numerous punctate echogenic foci (microcalcifications).
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Hashimoto's thyroiditis (cytological diagnosis) - case 1137

A solitary punctate echogenic focus is presented in the right image.

Papillary carcinoma (histological diagnosis) - case conp 009

On histopathological analysis numerous psammoma bodies were found in this tumor. However, the ultrasound presentation is not very convincing. This case illustrates that
such pale granules might also be microcalcifications.
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Papillary carcinoma (histological diagnosis) - case 882

Smaller and larger bright granules correspond to punctate echogenic foci, in this case to microcalcifications.

Papillary carcinoma (histological diagnosis) - case 684

This examination was performed by older equipment with worse resolution; therefore, the granules are not only larger but a bit blurred compared to punctate echogenic foci
presented in the former cases.
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Intranodular hyperechogenic figures - Table 5 Coarse calcifications
This is a thick hyperechogenic figure, mostly appears as a line or string. The size of a coarse calcification ranges from several millimeters to several centimeters.
The hallmark of a coarse calcification is the dorsal acoustic shadow. Frequently the focus is not found, only the acoustic shadow proves the presence of a coarse
calcification. The eggshell calcification is a special form of this figure, in this case great part of or the whole capsule calcifies.

Benign hyperplastic nodule (histological diagnosis) - case 80

There were multiple foci of coarse calcification in this case. Note that acoustic shadowing is complete only at the edges of the lesions.
Benign hyperplastic nodule (histological diagnosis) - case 489

The nodule had an eggshell calcification.
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Benign colloid goiter (cytological diagnosis)

This interpretation of the echogenic figures is not simple in this case, but the ventral hyperechogenic structures are very likely macrocalcifications. This case presents the
disrupted form of a peripheral calcification, the presence of which significantly increases the likelihood of malignancy.

Benign colloid goiter (cytological diagnosis)

There is a calcification in the dorsal part of the lesion.
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Follicular tumor (cytological diagnosis) - case 1689
First examination

The acoustic shadow begins at the lateral (left image, horizontal view) and lower part (right image longitudinal view) of the nodule. The primary focus can be seen only in
the former image. Note hyperechogenic lines and granules at the ventral wall of the lesion which are disrupted forms of a peripheral-type calcification.
18 months later

The calcification present on the original images remained unchanged. The hyperechogenic curved line at the ventral part of the lobe has increased and in contrast with the
first examination it seems a rim calcification at the follow-up examination.
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Benign hyperplastic nodule (histological diagnosis) - case 186

The lesion presents an incomplete rim calcification.

Widely invasive follicular carcinoma - case 20

The calcification is within the nodule, so this is a central-type calcification.
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Papillary carcinoma - conp 045

The hypoechogenic nodule in the lateral part of the lobe presents coarse calcification and punctate echogenic foci (considering the final diagnosis microcalcifications), too.
The proof for the presence of the former is the acoustic shadow. The right image shows pale granules and lines corresponding to normal connective tissue.

Benign hyperplastic nodule - case 627

There is a rim calcification in the ventral part of the nodule.
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Benign hyperplastic nodule - case 653

An incomplete eggshell calcification or interrupted peripheral calcification is presented.

Papillary carcinoma - case 779

The tumor has an interrupted peripheral calcification and a few punctate echogenic foci, as well. The hyperechogenic large complex structure in the left, horizontal view is
difficult to judge. It might be ragged tissue containing punctate echogenic foci.
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Papillary carcinoma - case 979

The tumor presents punctate echogenic foci (microcalcifications) and coarse calcifications, as well.

Papillary carcinoma - case conp 004

The presence of coarse calcifications is evident on acoustic shadowing.
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Papillary carcinoma - case conp 057

The acoustic shadow is the proof for coarse calcification. Moreover, the bright granules in the ventral part of the lesion are punctate echogenic foci.

Follicular proliferation (cytological diagnosis) - case cons100_022

The lesion has a rim calcification.

182

Benign hyperplastic nodule (histological diagnosis) - case cons100_037
Upper part of the right lobe

The bright hyperechogenic granules (arrows) seem to be at first sight punctate echogenic foci. However, the presence of a few hyperechogenic lines (arrowheads)
challenges this view: these figures might be presentations of a connective tissue.
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Lower part of the right lobe

This nodule has multiple coarse calcifications. The interpretation of echogenic lines and granules (arrowheads and arrows) is difficult. Punctate echogenic foci, presentation
of connective tissue and back wall figures shouls also be considered.
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Benign hyperplastic nodule (histological diagnosis) - case cons100_039

Two foci of coarse calcification are presented, one in the left horizontal and another one in the right longitudinal scan.

Follicular adenoma (histological diagnosis) - case 1519

The acoustic shadow points to coarse calcifications. On the other hand, the ventral thick hyperechogenic curves only partly correspond to coarse calcification because of the
lack of acoustic shadow alongside the figure.
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Intranodular hyperechogenic figures - Table 6 Amyloid deposit
This is a compound figure, an irregular patch located within a hypoechogenic nodule. The patch is composed of an echonormal irregular mass which usually contains
hyperechogenic granules, punctate echogenic foci and/or coarse calcifications, as well. Every third medullary carcinoma presents this figure. Similar figures can
be found even in benign lesions.

Medullary carcinoma (histological diagnosis) - case 638

There is an irregular minimally hypoechogenic-echonormal small patch in the central part of the hypoechogenic nodule. This figure has one bright granule in the left image.
Medullary carcinoma (histological diagnosis) - case 1197

The tumor has hyperechogenic granules and a larger echonormal irregularly shaped patch which corresponds to amyloid deposit. Note the dorsal acoustic shadowing.
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Medullary carcinoma (histological diagnosis) - case 529

A metastatic lymph node is presented in this case. The node has at least four hyperechogenic patches on the left in the horizontal scan. These have an echonormal
background and display small hyperechogenic granules. There is acoustic shadow in the right in the longitudinal view.

Right thyroid lobe

Medullary carcinoma (histological diagnosis) - case 617
A metastatic lymph node in the right side of the neck

There are similar hyperechogenic figures in the primary and metastatic focus. These are multiple, have an irregular shape and vary greatly in size.
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Medullary carcinoma (histological diagnosis) - case 1774

This tumor contains numerous amyloid deposits. The images were gained with an older equipment, therefore the bright granules within the echonormal background of the
patches are larger because of the low quality resolution.
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Papillary carcinoma - case conp 057

Medullary carcinoma (histological diagnosis) - case 185

The papillary carcinoma has punctate echogenic foci (microcalcifications) within an
echonormal background which is itself a thyroid tissue.

The bright granules are located within an echonormal background. These together
are the amyloid deposits.
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Medullary carcinoma (histological diagnosis) - case 174

This tumor has numerous bright punctate echogenic foci and large irregularly shaped echonormal patches, the latter are amyloid deposits.
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Intranodular hyperechogenic figures - Table 7 Granulation around surgical thread
This hypoechogenic figure is usually irregularly shaped, contains ragged echonormal tissue which presents hyperechogenic granules. The latter might be as small as nonspecific granules or larger than a punctate echogenic focus (microcalcification). A granulation is always avascular and very hard on palpation. This figure occurs in previously
operated patients.

Granulation around surgical thread (cytological diagnosis) - case 1423

There is a relatively large echonormal tissue in the central part of the hypoechogenic mass. Note the acoustic shadowing. The lesion is avascular.
Granulation around surgical thread (cytological diagnosis) - case 1475

There are two granulations both in the left, horizontal and in the right, longitudinal images (arrows). The shape of the masses is irregular. The granulations are
hypoechogenic and have one or more echonormal foci.
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Granulation around surgical thread (cytological diagnosis) - case 981

The granulation pointed with calipers is located within the sternocleidomastoid muscle.
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Granulation around surgical thread (histological diagnosis) - case 1386

This is a typical presentation of a granulation around surgical thread: a hypoechogenic, irregularly shaped, avascular mass having several echonormal areas corresponding
to a ragged tissue.

Granulation around surgical thread (cytological diagnosis)

There are multiple hyperechogenic foci within the hypoechogenic mass.
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Granulation around surgical thread (histological diagnosis) - case 411

This granulation has dorsal acoustic shadowing and contains bright, punctate echogenic focus-like granules within an echonormal mass.
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Intranodular hyperechogenic figures - Table 8 Hyperechogenic granules in the solid part of cystic nodules
It is evident that a hyperechogenic figure in the cystic area has no oncological significance. The issue is the interpretation of granules within the solid part of a
mixed lesion and within solid nodules. A colloid crystal might appear in the latter, as well and the presentation is less typical because of optical reasons: the typical
tail is much better visualized in a fluid than in a solid area.
Another problem is caused by the posterior back wall enhancement in microcystic lesions which can cause broad spectrum of optical artifacts including granules
similar to punctate echogenic foci (microcalcifications).

Benign cystic-colloid goiter (cytological diagnosis) - case 1730

There are several pale granules and lines in the solid part of the nodule (left image), while the right image demonstrates the presence of posterior back wall enhancement
figure in the dorsal wall of the small cystic areas.
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Follicular adenoma (histological diagnosis) - case 367
Before aspiration

After aspiration 6.5 ml cystic fluid

The granules in the solid part lower to the cystic area are punctate echogenic foci (microcalcifications).
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Benign cystic-colloid goiter (cytological diagnosis) - case 1473

The synchronous presence of bright granules and lines are ultrasound presentations of the connective tissue.
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Benign cystic degeneration (cytological diagnosis) - case 1669

The lesion contains various figures: there is a comet-tail artifact marked with arrow, there are optical artifacts caused by posterior enhancement in the back wall of the
cysts. However, the categorization of hyperechogenic granules (arrowheads) in the solid part of the lesion is obscure; these might be punctate echogenic foci
(microcalcifications).

198

Papillary carcinoma (histological diagnosis) - case 853

The nodule has several bright and pale granules without a tail and without the synchronous presence of hyperechogenic lines; therefore, we have to conclude that these
figures are punctate echogenic foci.
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Benign cystic degeneration (cytological diagnosis) - case 808
Before aspiration

After aspiration of 5 mL cystic fluid

The bright granule within the solid part has a short tail; therefore, this is a colloid crystal with great probability.

200

Benign hyperplastic nodule (histology) - case cons_operated case 076

The echonormal large nodule presents three different coarsely calcified foci: a small one close to the ventral wall (in the left image), an amorphous which contains tiny
granules in the central part (in both images), and a linear in the lower part of the lesion (in the right image).

Benign hyperplastic nodule (histology) - case cons_operated case 009

Besides various forms caused by posterior acoustic enhancement and a few unequivocal colloid crystals, there are non-specific pale granules and lines and several bright
large amorphous figures in the ventral solid part of the nodule.
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Benign hyperplastic nodule (histology) - case cons_operated case 010

The hyperechogenic granules within the ventral solid part might be microcalcifications. The echogenic figures in the solid area cannot be the consequence of posterior
enhancement because they are in front of the cystic area. Note that the nodule has in fact a moderately hypoechogenic solid part which seems to be echonormal dorsal to
the cystic fluid because of the acoustic enhancement dorsal to the fluid.
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Intranodular hyperechogenic figures - Table 9 Differentiation of hyperechogenic granules
The grouping of a hyperechogenic granule is not always possible. To analyze a single nodule among many others has no sense. All of the granules should be judged
and occasionally the presentation of other nodules is of help in the interpretation.
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Benign hyperplastic nodule (histological diagnosis) - case 2

The bright granules lack the dorsal narrowing tail and there are no coexisting
similarly bright lines, therefore these granules correspond to punctate echogenic
foci.

Hashimoto's thyroiditis without any nodule (histological diagnosis) - case
1520

The coexistence of tiny punctate granules and similarly bright lines is the hallmark of
connective tissue. There is a brighter and relatively large granule in the ventral small
lesion in the upper image which might be either a punctate echogenic focus or a sign
of fibrotic changes.
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Benign hyperplastic nodules (histological diagnosis) - case cons100_024

The larger lesion has a solitary bright figure which shape stands for a comet-tail
artifact.

There are pale lines and granules within the nodule - these figures correspond to a
connective tissue. The three granules are probably also presentations of a connective
tissue.
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Benign cystic-colloid goiter (cytological diagnosis) - case 123

Intrathyroidal parathyroid adenoma (histological diagnosis) - case 1399

The synchronous presence of hyperechogenic lines and granules proves that these
figures represent connective tissue while one in the ventral part does represent a
colloid crystal.

There are a few hyperechogenic granules within the small lesion and we can see two
much thinner lines, as well. These figures might be either punctate echogenic foci or
non-specific granules of a normal connective tissue.

206

Follicular adenoma (histological diagnosis) - case cons100_024

Benign hyperplastic nodules (histological diagnosis) - case 1091

Beside the very tiny granules and lines, we find larger hyperechogenic granules,
while the presence of similarly bright lines is spared. Nevertheless, the presentation
stands for back wall figures.

Several bright granules have dorsal pale tail, therefore these and probably also the
other granules lacking a tail belong to a comet-tail artifact subgroup.
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Hashimoto's thyroiditis with several cystic areas but without any nodules (histological diagnosis) - case 1365

There is no doubt of the origin of the hyperechogenic figure in the cystic lesion, this
is a typical comet-tail artifact.

At first sight the interpretation of these figures seems to be difficult. However, this
lesion is in the same patient whose other lesion is presented in the left images. It is
reasonable to conclude that similarly bright figures within lesions presenting an
identical echo pattern have the same origin.
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Hyalinizing trabecular adenoma (histological diagnosis) - case 510

Follicular carcinoma (histological diagnosis) - case 1586

Hyperechogenic granules coexist with lines - these are presentations partly of
connective tissue partly comet-tail artifacts. (The analysis of video is clearly superior
to the images in this case.)

The less bright granules and lines are presentations of connective tissue, while the
four to five (upper image) and two or three (lower longitudinal scan) brighter tiny
granules might correspond to punctate echogenic foci.
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Benign hyperplastic nodule (histological diagnosis) - case 1091

Papillary carcinoma (histological diagnosis) - case 1731

Small granules dominate the nodule. At least two of them have dorsal narrowing
tale. The remaining figures are similarly bright, therefore these are very likely also
comet-tail artifacts.

It is very difficult to categorize these figures. Considering the final diagnosis even the
small pale figures might be punctate echogenic foci because there are no similarly
pale lines. The two large bright granules are more typical forms of punctate echogenic
foci. Note that there is a less hyperechogenic shadow not only dorsal but even ventral
to the larger one. It means that this figure is not a comet-tail artifact but the granule
is located in a minimally hypoechogenic parenchyma.
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Benign hyperplastic nodule (histological diagnosis) - case 1505

Benign hyperplastic nodule (histological diagnosis) - case 1449

Acoustic shadowing in the upper, horizontal view proves the presence of coarse
calcification but most of the hyperechogenic granules are punctate echogenic foci.

Although several granules keep going dorsal and therefore comet-tail artifact has to
be considered, at least part of these complex structures are composed of distinct
granules which raises the possibility that these are in fact punctate echogenic foci.
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A multinodular goiter including a suspicious nodule (cytological diagnosis) - case cons100_011
Benign colloid goiter (cytological diagnosis)

Suspicion of papillary carcinoma (cytological diagnosis)

The coexistence of lines and granules of similar brightness in the most hypoechogenic lesion (left images) proves that these figures are presentations of connective tissue
or back wall posterior enhancement. The less hypoechogenic lesion in the right upper image also has non-specific figures.
The least hypoechogenic lesion (left images) presents granules which correspond to punctate echogenic foci.
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Follicular adenoma (histological diagnosis) - case 1056

Papillary carcinoma (histological diagnosis) - case 1074
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The presentation of the granules is similar in these cases. However, the benign lesion has several granules with dorsal tail, therefore these correspond more likely to
comet-tail artifacts than to punctate echogenic foci. On the other hand, the complex structures in the malignant nodules are composed of multiple granules. It is worth
comparing the figures marked with arrows.
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Benign hyperplastic nodule (histological diagnosis) - case 837

The bright granules partly have dorsal tail, therefore these are comet-tail artifacts.
Moreover, this is a small cyst; therefore the granules within the fluid cannot be
anything other than colloid crystals.

Papillary carcinoma in Hashimoto's thyroiditis (histological diagnosis) - case
455

There are large bright granules in the lower, longitudinal image. With this older
equipment these figures might be punctate echogenic foci.
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Follicular adenoma (histological diagnosis) - case 932

Benign hyperplastic nodules (histological diagnosis) - case 907

The coexistence of lines and granules of similar brightness proves that these figures
are the connective tissue.

Hyperechogenic lines of various levels of brightness dominate the nodule. These
figures are presentations of the connective tissue.
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Benign hyperplastic nodule (histological diagnosis) - case 444

Oxyphilic adenoma (histological diagnosis) - case 368

Beside non-specific figures (pale tiny granules and lines) corresponding to
connective tissue the lesion has two larger granules. These might be punctate
echogenic foci, however, on video it is evident that almost similarly bright lines are
present; therefore the large granules likely correspond also to a connective tissue.

There are three granules in the upper one in the lower image. They are punctate
echogenic foci.
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Benign hyperplastic nodule (histological diagnosis) - case 1209

Follicular adenoma (histological diagnosis) - case 1206

There are different types of hyperechogenic figures including colloid crystals without
the typical tail in the cystic area, figures caused by a posterior back wall
enhancement and a connective tissue in the presence of bright granules and lines in
the solid part of the nodule.

The two bright spots must be held as punctate echogenic foci.
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Benign cystic-colloid goiter (cytological diagnosis) - case 1490

Hashimoto's thyroiditis (cytological diagnosis) - case 1500

Several hyperechogenic granules present a dorsal gradually paling tail; therefore
these are comet-tail artifacts.

Except for one or two vague lines there are only hyperechogenic granules within the
lesion. They lack dorsal tail, therefore they cannot be categorized other than punctate
echogenic foci.
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Benign colloid goiter (cytological diagnosis) - case cons100_029

Papillary carcinoma (histological diagnosis) - case 1777

The solid part of the nodule has both hyperechogenic granules and lines, i.e.
connective tissue. There are typical colloid crystals in the cystic area.

The lesion presents two or three relatively bright granules. In the absence of similarly
bright lines these are punctate echogenic foci.
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Follicular adenoma (histological diagnosis) - case 1406

Medullary carcinoma (histological diagnosis) - case 1197

There are several typical forms of comet-tail artifacts in the upper image. There are
There are several bright tiny hyperechogenic granules which have to be grouped as
two hyperechogenic figures, and the larger one is very difficult to categorize.
punctate echogenic foci. The large, complex figure in the central part of the lower
Considering the presence of comet-tail artifacts these ambiguous figures probably image corresponds to amyloid deposit: there are small bright hyperechogenic granules
belong also to the same subgroup of figures.
within a less hyperechogenic, irregularly shaped structure.
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Benign hyperplastic nodule (histological diagnosis) - case 186

A cyst has been treated with ethanol for 6 years - case 187

The lesion has non-specific lines and granules. There are two more bright granules,
one in the upper-ventral and another in the lower part of the lobe. These might be
punctate echogenic foci.

Bright granules coexist with lines - the typical presentation of proliferation of
connective tissue. (The lines are better seen in the video.)
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Benign follicular proliferation - case 11

Papillary carcinoma - case 779

Hyperechogenic lines and granules coexist, these figures represent connective
tissue. In the presence of the acoustic shadow the lesion has to contain coarse
calcifications, too.

The tumor has an interrupted peripheral calcification and a few punctate echogenic
foci, as well. There is a hyperechogenic large complex structure in the left; the
horizontal view is difficult to judge. It might be ragged tissue containing punctate
echogenic foci.
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Metastasis of a kidney carcinoma to the thyroid - case 1574

Benign hyperplastic nodule (histological diagnosis) - case 1582

Both images show one relatively large granule which correspond to punctate
echogenic foci.

The hyperechogenic granules are located partly in cystic area, while others are found
in the solid part of the lesion. The latter might be punctate echogenic foci.
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Benign cystic-colloid goiter (cytology) - case 2174

The echogenic figures are very difficult not to interpret as microcalcifications. Nevertheless, thorough analysis reveals that some of the bright granules has a short tale
(yellow arrows), and great proportion of these figures are related to ventral tiny hypoechoic areas, probably cysts (white arrows). Moreover, there are not only echogenic
granules but also short echogenic lines within the nodule. Taking all in all, the presence of microcalcification cannot be excluded (red arrow).
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Intranodular hyperechogenic figures - Table 10 Differentiation of nodules presenting hyperechogenic granules
The analysis of hyperechogenic granules is only one but not the most important one of the features taken into account during the interpretation of a nodule. We
have to consider all of these features in differential diagnostic methods. This analysis is of minimal importance until we have the opportunity and freedom to
perform aspiration cytology even from the least suspicious nodule. However, the current trends try to minimize the ratio of unnecessary FNACs, moreover in
shortage of cytologists we might be forced to make an oncological differential diagnostic in the ultrasound presentation.
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Hashimoto's thyroiditis (cytological diagnosis) - case 1137

Papillary carcinoma (histological diagnosis) - case 1627

The lesion lacks hyperechogenic figures. The borders are sharp and puzzle-like, a
frequent finding in hypoechogenic discrete areas of Hashimoto's thyroiditis.

There are two pale figures in the dorsal part of the lesion. It was very hard to decide
even analyzing the video whether this figure is a line or two or three tiny granules
next to each other. However, the nodule has two additional suspicious features: the
taller-than-wide sign and the blurred borders.

227

Oxyphilic adenoma - case 60

Papillary carcinoma - case conp 078

There are similar figures in both cases: beside the connective tissue, punctate echogenic foci are found as bright hyperechogenic granules. Although, the ultrasound
presentation sharply differs in these two cases: the benign lesion has regular shape and sharp borders while the malignant lesion has irregular shape and blurred borders.
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Intrathyroidal parathyroid adenoma (histological diagnosis) - case 1399

Papillary carcinoma (histological diagnosis) - case conp 031

There are a few hyperechogenic granules within the small parathyroid lesion and we can see two much thinner lines, as well. These figures might be either punctate
echogenic foci or non-specific granules. The papillary carcinoma contains punctate echogenic foci. The main differences between the appearance of the cases are the shape
and borders: regular and sharp in the left benign, while irregular, blurred in the right malignant focus.
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Benign colloid goiter - case cons100_001

Papillary carcinoma (histological diagnosis) - case conp 035

The thyroid presented in the left images is composed of moderately hypoechogenic and hypoechogenic nodules, while the lobe in the malignant case is diffusely
hypoechogenic and has a less hypoechogenic but more inhomogeneous lesion in its dorsal part. Both the left thyroid and the malignant nodule in the right images have
hyperechogenic granules and lines which correspond to a connective tissue.
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Benign hyperplastic nodules (histological diagnosis) - case 444

Papillary carcinoma (histological diagnosis) - case conp 002

Both lesions contain bright granules and lines, i.e. proliferation of connective tissue. The simultaneous presence of punctate echogenic foci (microcalcifications) cannot be
excluded in either case. The ultrasound presentation differs in the shape and borders of the nodules. In contrast with the benign lesion, the malignant nodule is lobulated
and has blurred borders in its dorsal part.
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Oxyphilic adenoma (histological diagnosis) - case 1735

Papillary carcinoma (histological diagnosis) - case conp 050

Both lesions have multiple cystic areas. The malignant case clearly belongs to spongiform cyst category because the cystic area exceeds 50% of the nodule. The risk of
malignancy is very low in such lesions if there are no signs suggesting an increased risk. The solid part was hypoechogenic in these cases therefore aspiration cytology was
mandatory. Note that both cases presented signs of posterior acoustic enhancement, i.e. hyperechogenic figures in the back wall of the microcystic areas. There was only
one but an important difference between the cases. The benign nodule was located within the thyroid, while the malignant was found in a lateral aberrant thyroid tissue.
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Benign hyperplastic nodule (histological diagnosis) - case 80

Papillary carcinoma (histological diagnosis) - case conp 057

The two cases differ in the lack and presence of punctate echogenic foci, benign (left) and malignant (right) case, respectively.
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Benign hyperplastic nodule (histological diagnosis) - case 1091

Benign hyperplastic nodule (histological diagnosis) - case conp 026

Both spongiform cysts present hyperechogenic figures including fibrosis and posterior back wall enhancement, the left benign lesion does comet-tail artifacts, too. Both
lesions had to be aspirated because the solid part of them was hypoechogenic. (The left case seems to have blurred borders but this is only an optical artifact because of
inappropriate freezing. See video.)
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Bening hyperplastic nodule (histological diagnosis) - case cons100_024

Papillary carcinoma (histological diagnosis) - case conp 005

Both cases have both hyperechogenic granules and lines, i.e. proliferation of connective tissue, while the carcinoma contains much larger and brighter granules which
correspond to punctate echogenic foci (in this case: microcalcifications). However, the main difference between the cases is the shape and borders of the nodules: regular,
sharp and irregular, blurred, benign and malignant cases, respectively.
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Follicular adenoma (histological diagnosis) - case 11

Papillary carcinoma (histological diagnosis) - case conp 009

The two nodules do not differ neither in the presentation of hyperechogenic figures (which might correspond either to connective tissue or punctate echogenic foci) nor in
their shape. Moreover, both are blurred.
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Granulation around surgical thread (cytological diagnosis) - case 1343

Papillary carcinoma (histological diagnosis) - case conp 045

There is a minimal if any significant difference between the ultrasound presentations of these cases: both were irregularly shaped and hypoechogenic, both contained
various hyperechogenic figures including compound ones composed of echonormal ragged tissue having bright granules. This striking similarity is the cause for the
differential diagnostic issue in the event of granulation around surgical thread. Naturally, the patient history decides this issue.
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Granulation around surgical thread (histological diagnosis) - case 411

Papillary carcinoma (histological diagnosis) - case 779

Here is another example of the differential diagnostic problem caused by granulation around surgical thread. Again, there is no difference between the ultrasound
presentations of these cases except for the vascularization. The right, malignant case cannot be a granulation around surgical thread which is always avascular; however,
this is not a great revelation in a patient who has not been operated. Conversely, the lack of vascularization by no means excludes the possibility of a carcinoma.
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Oxyphilic adenoma (histological diagnosis) - case 368

Papillary carcinoma (histological diagnosis) - case conp 028

The left benign lesion contains a punctate echogenic focus while the right, malignant does proliferation of a connective tissue. The benign lesion has a regular shape and
sharp borders, while the malignant nodule has irregular shape and blurred borders.
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Follicular adenoma (histological diagnosis) - cons_operated case 072

Follicular adenoma (histological diagnosis) - case 424

The nodule contains numerous hyperechogenic granules and a few lines and it is
The large spots in the range of 2 to 4 mm are ragged thyroid parenchyma as are
possible that the former correspond to punctate echogenic foci, however, the nodule
most of the smaller similar figures in the upper image. It is reasonable to assume
has a regular shape. Nevertheless, the risk of carcinoma is greater compared with an that the smaller granular figures are also ragged parenchyma. On the other hand one
average echonormal nodule.
of them fulfills the criteria of a comet-tail artifact. The bright granules in the right
and upper side of the moderately hypoechogenic part of the lesion are punctate
echogenic foci (lower image).
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Follicular adenoma (histological diagnosis) - cons_operated case 072

Papillary carcinoma (histological diagnosis) - case conp 027

The nodule presented in the left images has numerous hyperechogenic granules and a few short lines, too. Although we have to consider the possibility that these granules
are punctate echogenic foci, the nodule is echonormal and presents halo sign, therefore the risk of a carcinoma is out of the picture and way less compared with the nodule
presented in the right images. The latter is hypoechogenic, has a lobulated surface. The hyperechogenic figures within this lesion correspond to proliferation of connective
tissue because both hyperechogenic granules and lines occur.
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COURSE on THYROID ULTRASOUND
Section 2 The nodular goiter

Part 5 The borders of the nodule
Manual

OPENING
In this section we discuss a feature, the
presence of which significantly increases the
likelihood of thyroid carcinoma, namely the
papillary cancer. All types of abnormal increases
the likelihood of thyroid malignancy but the
different subtypes differ in sensitivity, specificity
and interobserver agreement. The issue is that
this phenomenon is quite difficult to judge, and
the interobserver variation is the highest (1-4)
or the highest but one among suspicious
features (5). Small irregularities are frequently
observed in nodular goiters. The distinction
between a non-specific irregularity and a really
irregular margin depends highly on the
judgement of the investigator. We have no
exact number of ratios or angles based on

which we can differentiate between normal and
irregular margins.
Beside
blurred
(ill-defined)
and
lobulated/spiculated margins we present a third
type of abnormal borders, the so-called invasive
margins which is less frequently mentioned in
the literature.
We give a brief overview, discuss their role in
the diagnosis of various subtypes of thyroid
malignancies. We describe the pitfalls, the
differentiation of pathological and nonpathological causes of abnormal borders.

DESCRIPTION OF VARIOUS SUBTYPES OF ABNORMAL NODULE'
MARGINS
A normal nodule' margin is characterized by
sharp and smooth surf ace. Basically, there are
two well-known, abnormal types of the nodule'
borders, these are the blurred or ill-defined
margins and the lobulated/spiculated borders.
There is a third type less frequently mentioned
in the literature, we call this type as invasive.
The term 'macrolobulated' margin cause a
further possible discrepancy.

This term was applied to describe large
undulations on the solid part of a mixed nodule
(6, 7). However, the margins of a nodule should
refer to the external surface of a lesion and not
to irregularities of the borders between different
parts of the lesion. Macrolobulation was also
used to describe larger undulations in the
external margins of the nodule (5). To hinder
further deepening of the already high confusion
in terminology, the use of macrolobulation is
best to avoided.

Blurred or ill-defined borders
In the event of blurred borders, it is difficult to
judge where the lesion ends. There is no overall
agreement regarding the degree/extent of blur
which should be counted abnormal. The
suggestion of Hoang et al. seems to be
reasonable: a thyroid nodule is considered illdefined if more than 50% of its border is not
clearly demarcated (8). The blurred border is a
less specific sign which can be found even in
various forms of thyroiditis (4, 9). Although
none of the TIRADS includes blurred borders
among suspicious signs, disregarding this

feature would be a failure.
In the everyday practice an experienced
investigator finally gets an overall impression
about the thyroid and although the presence of
blurred borders is not the most important factor
but an essential part of a final judgement.
Kwak et al. have found that blurred borders are
associated with a significant increase of
malignancy risk, but the odds ratio was
relatively low, 1.63 (10).

Lobulated/spiculated margins
The US terminology for the nodule margin is
controversial (11-16), and many different
terminologies have been used to describe the
margins of the malignant tumors. Most papers
in
the
literature
involve
lobulated
or
microlobulated and spiculated margins among
irregular types of borders. The term infiltrative
is also frequently used as a synonym (17, 18).
In the second type of abnormal borders, we can
see sharp but irregular surface which can be
either spiculated and angled or lobulated and
curved.
EU-TIRADS
uses
the
term
microlobulated margin if the nodule presents of
one or more smooth, focal, round protrusion on
the margin, while defines spiculated margin as
the presence of 1 or more sharp angles or
spiculations (19). These types of margins are
counted as irregular in all TIRADS system.
These types of margins, particularly the
spiculated one, are frequently observed in
discrete lesions of Hashimoto's thyroiditis, and
this is not a great surprise. Both papillary
carcinoma and thyroiditis are infiltrative
disorders and spread with projections toward
the normal parenchyma. In a recently published
meta-analysis the presence of irregular margins
had a 6.12 odds ratio for malignancy (20),
others have found a 6.0 odds ratio (10).

Benign nodules might also present irregular
margins. The borders can be lobulated because
normal structures with different resistance
influence the growth of a benign lesion. The
distinction between a microlobulated and a
macrolobulated margin makes the judgement
even more complicated and this distinction is
prone to an even higher interobserver variation.
Nevertheless, a macrolobulated margin is of
greater
importance
compared
with
microlobulated presentation.
Most nodules present slight irregularities. The
issue is that there is no exact measure of
protrusion, on which we can clearly decide
whether this is abnormal or only normal variant.
The other problem is that Notably, in large
nodules
(diameter
>4
cm),
accurate
assessment of the profile and regularity of
margins may be difficult (21). The finding that
around 60% of benign lesions presents
lobulated
margins
(5)
underlines
the
uncertainty about the usefulness of this sign and
reflects the lack of common interpretation
among various authors.
For those who will more deeply immerse in the
ocean of published data, we offer the publication
of Remonti et al. as a starting (or ending) point
(22).

Invasive margins
There is a third type of abnormal borders, the presence of which is very specific for papillary
carcinoma. This is characterized by a core of tumor having numerous microcalcifications and areas
in a distance from this core presenting microcalcifications.

NON-PATHOLOGICAL CAUSES OF ABNORMAL MARGINS
Non-pathological causes of ill-defined borders
The possible causes are listed in Table 1. We
face the most common cause in the event of
nodules which echogenicity is identical or almost
identical to the neighboring tissue (23). The
second group of non-pathological blur is caused
by technical problems. Lesions located in the
dorsal part are less adequate to project in
ultrasound. Similar technical problems might
arise if we set the focus improperly, i.e. ventral
compared to the dorsal surface of the nodule.

Another frequent technical cause comes from
the difficulty of proper positioning of the
transducer: the anatomy of the neck not
infrequently hinders the adequate fitting of the
probe to the neck structures. Anatomical
structures ventral to the lesion might also
modify the way of the ultrasound wave to and
back to the border of a lesion.
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Table 1 Non-pathological causes of blurred margins.
The nodule and the surrounding parenchyma have very
similar echo pattern.
Technical causes
• lesions in the dorsal part of the lobe
• improper focusing
• improper positioning of the transducer
The influence of anatomical structures ventral or within to
the lesion
• macrocalcifications in the subcutis or within the lesion
The presence of the acoustic shadow caused by
a
macrocalcification
might
lead
to
misinterpretation: the acoustic shadow can
interfere with the nodule' borders.

The problem arises if the primary focus of
macrocalcification cannot be visualized.

Non-pathological causes of lobulated/spiculated margins
Beside
the
difficult-to-solve
issue
of
interobserver disagreement there are certain
conditions which might cause misinterpretation
which could be avoid by thorough analysis of the
ultrasound pattern. These conditions are listed
in Table 2.
From a practical point-of-view the most
important problem is the multinodularity, the
cluster of grapes-like presentation of multiple
small lesions next to each other (24). This
pattern should be differentiated from that of a
nodule having parts with different echo
patterns. Although the repeated analysis of the
mass in multiple different angles might solve the
problem, the distinction is not always possible.
If the lesion has parts with (slightly) different
echogenicity or with different patterns of
intranodular
echogenic
figures
or
vascularization, than the probability of a
multinodular goiter increases.

We are faced with the second, more distressing
cause in cystic nodules after the aspiration of
cystic fluid. Although just after the aspiration we
are aware that the irregular margins of a nodule
is simply caused by the removal of the fluid.
However, in the case of non-recurring cysts the
investigator is not aware of the original shape of
the lesion months or years later. Therefore, it
seems to be important to describe on the report,
if the shape or the border of a lesion becomes
abnormal after aspiration of the cystic content.
The underlying normal anatomical situation has
a deep impact on the shape of large nodules or
on those which extend toward the isthmus
where the thyroid normally gets narrowed. The
situation which arises after surgery might have
a similar impact on the borders of the nodule: a
fibrotic scar might cause impression on the
thyroid and on the nodule within an operated
thyroid, as well.

Table 2 Non-pathological causes of lobulated
margins.
The influence of the anatomy
A mass composed of multiple nodules
Cystic nodule after the aspiration of cystic fluid
The operated thyroid

NODULE' MARGINS IN THE MOST FREQUENT TYPES OF THYROID
MALIGNANCIES
Table 3 summarizes the occurrence of abnormal
margins in the 3 most common subtype of
thyroid
carcinomas.
Similarly
to
other
characteristics, the irregular border occurs
significantly more frequently in papillary cancer
compared with follicular carcinoma.

Medullary cancer presents irregular margins in a
similar proportion as do papillary carcinomas.
The very broad range of the observed
frequencies of irregular margins is explained by
the unusually high interobserver disagreement
in the judgement of nodule borders.

Table 3 Occurrence of irregular margins in the three
most common subtypes of thyroid carcinomas
Occurrence range (%)

Occurrence median (%)

Follicular
carcinoma

2.5 - 60.9

20.0

Medullary
carcinoma

25.6 - 63.6

45.2

Papillary
carcinoma

22.3 - 83.6

40.4

THE ROLE OF NODULE' BORDERS IN VARIOUS TIRADS
No TIRADS involves blurred borders among
suspicious signs, while lobulated/spiculated
margins belongs to the most suspicious features
in all TIRADS (19, 21, 24-26). The presence of
lobulated/spiculated
margins
automatically
groups the lesion among the most suspicious
subgroup in the AACE and in the European
TIRADS, while to group a lesion presenting
irregular margins into the most suspicious
category in the event of

hypoechoic nodules in the ATA and Korean
TIRADS.
Regarding the ACR TIRADS, the presence of
irregular margins worth two points. Following
the logic of this system, it means that such
lesions should be categorized into category 4 or
5 depending on the presence of other suspicious
signs. (See Table 4.)

Table 4 The role of irregular margins in the most
important TIRADS systems.
Type of
TIRADS
AACE

Echogenicity of
the nodule

Lobulated/spiculated
margins present

Irrelevant

3

ACR
ATA

4 or 5
Non-hypoechoic

Non-classifiable

Hypoechoic

5

European

Isoechoic

5

Korean

Isoechoic

4

Hypoechoic

5
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THE ISSUE OF THYROIDITIS
There are at least two mechanisms in thyroiditis
which might have relevance in this topic.
First, thyroiditis usually appears in the form
of discrete hypoechogenic lesions. Because
thyroiditis is an infiltrative process, it is not
surprising that the shape and borders of these
discrete lesions are not regular. Except for the
invasive pattern all other abnormal patterns can
occur in the event of thyroiditis; irregular
patterns are not the exceptions but the rule.
Anderson et al. have found that 40% of
Hashimoto's cases present blurred borders and
9% of all Hashimoto's cases are characterized
by lobulated margins (27). There is no question
that great proportion of the discrete lesions in
Hashimoto's thyroiditis and even in de
Quervain's thyroiditis have irregular surface, the
issue is whether these lesions are nodules or
not.

A distinct chapter focuses on this problem, we
only mention here that there is no general
agreement on the ultrasound definition on
nodules, in our opinion the term nodule should
be used in pathological term and a discrete
lesion seen on ultrasound is not equal to nodule.
There is another situation in which Hashimoto's
thyroiditis might cause difficulties. This situation
arises in the coexistence of thyroiditis and
nodular goiter. If the underlying thyroiditis
infiltrates the nodule, the latter can have
irregular margins. However, the lobulation of
the nodule in this event is caused not by the
infiltrative nature of the nodule but by the
infiltrative nature of the thyroiditis.

THE EFFECT OF PREVIOUS INTERVENTIONS ON NODULE'
BORDERS
The most important condition to be mentioned
here is previous thyroid surgery. The
procedure causes deep changes in the
parenchyma; scars, adhesions, the remnant of
surgical thread, all have a deep impact on the
resected thyroid. Most thyroids become
hypoechogenic after an operation which makes
even more important to avoid overestimating
irregular borders of a normal remnant. The clue
is the patient' history and the thorough analysis
of the remnant. Regarding the former, the
histopathology of the previous surgery might
itself decides the issue if the patient was
operated on diffuse Graves' disease.

Non-surgical US-guided procedures might
also cause irregular margins because they lead
to shrinkage of the lesion. From a practical
point-of-view, this has less importance, if we are
aware of the previous intervention. (In such
nodules the malignancy had to be excluded
before the intervention.)
The most frequent procedure, the aspiration of
cystic fluid has been already mentioned earlier.
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Borders of the nodule - Table 1 Non-pathological causes of blur

The borders of the nodule might be indistinctive for non-pathological causes. First, the echogenicity of a lesion might be similar or even identical to the surrounding
non-lesional tissue which could be either the normal thyroid parenchyma or the extrathyroidal tissue in lesions located at the border of the thyroid. The
pathognomonic feature of a macrocalcification is the dorsal acoustic shadow. Occasionally this shadow interferes with the borders of the nodule. Improper focusing
is the next cause of non-pathological blur. This occurs if we move the transducer too fast or if the patient swallows during the examination.
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Benign nodular goiter (cytology) - case 2026

The hypoechogenic part of the nodule has an almost identical echogenicity to the muscle fiber located at the dorsal part of the thyroid. Because the nodule is located at the
dorsal border of the lobe, the borders between the nodule and the muscle fiver are indistinctive.
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Benign nodular goiter (cytology) - case 2104

There is a small, less hypoechogenic part in the ventral surface of the nodule (yellow arrow). The echogenicity of this part is identical to that of the muscle fiber running on
the ventral border of the thyroid (red arrow). Because the nodule is located in the ventral part of the lobe, these different tissues with identical echogenicity are in contact
with each other, which causes a non-pathological blur. On the other hand, the nodule presents pathological blur, as well, this is marked with green arrows.

249

Benign nodule (cytology) - case 2127
Transverse scan

Longitudinal scan

In this case the thyroid has a large nodule presenting isoechoic areas and the extranodular parenchyma is also isoechoic (yellow arrows). Therefore, a clear distinction is
possible in only those parts where there is hypoechogenic or hypoechogenic line between the nodular and non-nodular tissue (red arrows).
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Benign lesion (cytology) - case 2019
Transverse scan

Longitudinal scan

The borders between the nodular area and the non-nodular part of the lobe are indistinctive. The cause of the blur is non-pathological in the ventral part of the nodule
(yellow arrows), it can be simply explained by the similar echo structure of the neighboring tissues. On the other hand, the area marked with red arrows should be
considered as pathological blur.
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Papillary carcinoma (histology) - case conp040
Transverse scans

The region of the dorsal border between the two arrows is suspicious being blurred. On the other hand, the echogenicity of the nodule and the extranodular parenchyma are
very similar, therefore it is equivocal whether the area in question should be held abnormal.
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Papillary carcinoma (histology) - case conp004
Transverse scan

Longitudinal scan

This is a deceptive pattern. The tumor has macrocalcification, which cannot be visualized. The dorsal acoustic shadow has indistinct borders, but this part of the image
(yellow arrows) does not belong to the lesion, this is only an optical artifact. Note that this deeply hypoechogenic figure runs deeply dorsal.
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Papillary carcinoma (histology) - case conp018
Transverse scan

Longitudinal scan

The pattern of the transverse scan is very deceptive, the hypoechogenic area (marked with red arrows) dorsal to the less hypoechogenic main body seems to have illdefined borders. However, if we analyze the longitudinal scan, we can realize that the blurred area (pointed with yellow arrows) dorsal to the main body of the lesion is
caused simply by acoustic shadow of a macrocalcification located in the ventral part of the nodule. Note that the acoustic shadow extends beyond the dorsal part of the
lobe.
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Benign nodule (cytology) - case 2166
Transverse scan

Longitudinal scan

The situation is the same as in the previous case: a dorsal acoustic shadow mimics blurred borders. And again, the extension of the ill-defined part is decisive, it can be
followed to the dorsal surface of the thyroid (yellow arrows).

255

Papillary carcinoma (histology) - case conp019
Transverse scan

Longitudinal scan

The borders of the nodule are partly indistinctive (yellow arrows). However, note that the hypoechogenic rectangular area, which starts at the most ventral part of the
image, extends to the most dorsal part. This is an optical phenomenon caused by the improper fitting of the transducer to the neck of the patient.
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Papillary carcinoma (histology) - case conp007
Transverse scan

Longitudinal scan

Great proportion of the nodule' borders are indistinctive. However, the cause of the blur is very likely not pathological. First, the focus was set wrongly (red arrow),
therefore the dorsal part of the nodule is difficult to judge (yellow arrow in the transverse scan). Second, the upper and lower parts of the nodule are blurred (yellow arrows
in the longitudinal scan)) because of the placement of the transducer. It can be difficult to fit properly the probe all along to the patient's neck.
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Papillary carcinoma (histology) - case conp043
Transverse scan

Longitudinal scan

In contrast with the images of transverse scan, where the borders of the nodule seem to be ill-defined, longitudinal scan images present sharp borders. The difference is
caused by the placement of the transducer: in the event of transverse scanning the positioning of the probe all along parallel with the neck structures can be more difficult
because of anatomical situation. Note that the images differ not only in nodule' borders but in the basic echogenicity, as well.

258

Bening colloid goiter - case 2119
Wrong settings

Right settings

This case illustrates the significance of two issues, an avoidable and an unavoidable cause of non-pathological blur. Regarding the latter, if we compare the two upper
images, we can see that both the focus was improper and the general setting was also set incorrectly to 'R' (resolution). After proper focusing and proper setting to 'P'
(penetration), the dorsal blur of the image has disappeared in the right image. On the other hand, the nodule was relatively large and even if the settings are good, we
can't make the lower part of the nodule clearly visible.
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Borders of the nodule - Table 2 Non-pathological causes of lobulated margins

The essence of pathological lobulation is that it occurs at the external surface of a single nodule and is caused by the nodule. So, external and not internal border,
the surface of a single nodule and not the surface of a mass composed of multiple nodules, and pathological nodule and not discrete lesion of Hashimoto's
thyroiditis.
The cause of a pathological lobulation is the infiltrative growth of the nodule, the ultrasound sign of which is the undulation on the nodule' border. The similar
phenomenon, undulation on the margin can be caused by other reasons. This might be the basic anatomy, which should be follow the thyroid and the nodule
within the thyroid. Another issue arises in the event of thyroiditis when the primary infiltrative process is the thyroiditis which invades the nodule. In resected
thyroids, scars and adhesions make the surface of the thyroid or a recurrent nodule within a lobe undulated. There is another form of non-pathological lobulation
which
can
be
seen
in
cysts
after
aspiration
of
the
fluid;
the
initially
regular
borders
occasionally
get
lobulated.
The greatest concern is the distinction between solitary and multinodular goiters in a large composite mass. This issue cannot be always resolved. We start with
examples of this problem.

Papillary carcinoma (histology) - case conp042
Transverse scan

Longitudinal scan

Although the whole nodular area seems to be lobulated, the cause for this lobulated appearance is the complex structure of the area which is composed of three distinct
lesions. This pattern should not be judged as lobulated.
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Benign nodular goiter (cytology) - case 2024
Transverse scan

Longitudinal scan

The nodular area is composed of multiple lesions causing a lobulation of the entire mass. As in every case, we should rely on video record to judge whether any of the lesion
would have lobulated margins. The video proves that neither of them does.
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Benign nodular goiter (cytology) - case 2116
Transverse scan

Longitudinal scan

This nodular area has lobulated margins. On the other hand, it is equivocal whether the nodular area is composed of one or more discrete lesions. In the former case this
would belong to TIRADS-5 category and would require cytological evaluation. If we consider that there are two or more nodules, than the most suspicious, ventral
moderately hypoechogenic nodule is a TIRADS 4 category lesion and FNA would not be indicated based on the ETA TIRADS, because the maximal diameter is less than 15
mm.
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Benign nodular goiter (cytology) - case 2115

Four images gained on longitudinal scan are presented. The issue is the same as in the previous case: is it a discrete area composed of a single or multiple nodules. In my
opinion, it is rather a single nodule: we can see on the left lower image an irregularly shaped echonormal area, the tail of which can be found even in the hypoechogenic
part of the lesion.
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Benign nodular goiter (cytology) - case 2054
Transverse scan

Longitudinal scan

The issue is again the presence of multiple nodules: the entire nodular area seems to have lobulated margins, but in fact this is not a solitary nodule having lobulated
margins but a cluster of smaller discrete lesions.
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Benign nodular goiter (cytology) - case 2054

The red arrowhead points to a spiculation. We have to be aware of that this is found not in the border of a lesion but within a small nodule. The borders of this nodule are
pointed with yellow arrows. Compared with the image the video is more unequivocal that the spiculation is within the nodule.)
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Benign nodular goiter (cytology) - case 2157
Transverse scan

Longitudinal scan

There is no doubt about the irregular borders of the hypoechogenic discrete lesion. The issue is that this is only an internal part of large heterogeneous nodule which
occupies almost the entire lobe. If we stand upon the definition of irregular borders than we should not group a nodule containing a discrete intranodular part with
irregular surface among nodules presenting irregular borders.
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Benign nodular goiter (cytology) - case 2018
Transverse scan

Longitudinal scan

Two considerations. First, small irregularities of the borders should not be overestimated and the extent of irregularities has to be related to the size of the nodule. Second,
large nodule occupying significant part of a lobe has no other chance than to follow the anatomical situation. The dorsomedial protrusion of the nodule is caused by the
anatomy: the shape of the nodule simply fits to the shape of the lobe.

Follicular adenoma in patient with Graves' disease (histology) - case 408
Transverse scans

There are small irregularities all along on the nodule' borders. The degree of protrusions does not reach the level of pathological lobulation except for one marked with
green. However, note that this protrusion is simply the consequence of the indentation (marked with yellow arrows) of the dorsal surface of the lobe. While the latter simply
follows the arch of the trachea marked with red arrows.
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A patient with benign cyst - case 2068
First examination

After the first session of sclerotherapy

At the 4-year follow up

Note that the projection (yellow arrows) of the cyst toward the isthmic part of the thyroid can be recognized even at the 4-year follow up when the nodule became
significantly smaller. This projection simply followed the anatomical situation before the treatment and this distortion remained permanent. This projection should not be
judged as a sign of abnormal, pathological border. We must be aware of the possibility of such pattern in nodules has been treated either with ethanol or laser of
radiofrequency or in cyst which has been diminished with simple aspiration: the original distorted shape remains unchanged.
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Benign, colloid goiter (cytology) - case 2152
Transverse scan

Longitudinal scan

Two forms of misleading patterns are demonstrated. First, the left ventral border of the nodule is spiculated (red arrow). But this is caused simply by the underlying
anatomical situation, the narrowing end of the thyroid and should not be judged as irregular margin. The second issue is the protrusion in the medial part of the nodule
which makes the appearance lobular. At first sight we could make a wrong judgement, however a bit more thorough analysis reveals that the protrusions are secondary,
caused by an isoechoic small nodule (yellow arrows) which makes an impression on the surface of the larger, hypoechoic nodule.
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Benign, colloid goiter (cytology) - case 186
Transverse scan

Longitudinal scan

The medial (transverse scan) and the lower part (longitudinal scan) of the hypoechogenic nodule seems to lobulated or even spiculated. However, the cause of this
irregularity is the impression of the border caused by echonormal lesion marked with yellow arrows
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Recurrent hyperthyroidism after an insufficient surgery (clinical diagnosis) - case 17
Transverse scans (upper the right, lower the left lobe)

Longitudinal scans (upper the right, lower the left lobe)

A previous surgery has a deep impact on the anatomy of the thyroid: scars distort the normal shape of the gland, causing protrusions and spiculations. There is another
issue in such cases: a central hypoechogenic part surrounded with thin echonormal tissue is one of the most frequent presentation of a subtotally resected thyroid. This
pattern mimics as a large nodule would occupy almost the entire lobe. Be aware that all these circumstances, the hypoechoic pattern, the lobulated and spiculated surface
of an apparent nodule might lead to overestimation the presentation as a highly suspicious one which is essentially an absolute normal finding. (This patient was
reoperated, and histology disclosed no nodule.)
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A patient with benign cyst - case 2062
Before the aspiration

After the aspiration

The shape and borders of the nodule were regular before the aspiration but became lobulated after the removal of the cystic fluid.
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A patient with benign cyst - case 1275
Before the aspiration

After the aspiration of 14 mL cystic fluid

The situation is the same as in the previous case: the originally regular shape of the nodule became irregular after the removal of the cystic content: both spiculated and
lobular forms have appeared bulging the nodule into the normal parenchyma.
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Borders of the nodule - Table 3 Ill-defined borders

We give here some examples which might clarify the issue. However, to judge the degree of the blurred part of the borders always requires the analysis of the
video.
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Benign nodular goiter (cytology) - case 2104
Transverse scan

Longitudinal scan

The ventral part of the nodule is ill-defined on longitudinal scan. However, even in these images the degree of blur is below 50%. Moreover, the undefined margins are
mainly caused by the identical echogenicity of the ventral part of the lobe (yellow arrow) and the neighboring strap muscle (red arrow). The small irregularities marked with
green do not reach the extent of pathological degree.
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Papillary carcinoma (histology) - case conp003
Transverse scan

Longitudinal scan

Three types of indistinct borders are presented in these images. Green arrows point to that part of the nodule which echogenicity is identical to the extrathyroidal strap
muscle. The tumor has partly blurred (red arrows) and partly spiculated (yellow arrows) margins. The extent of blurred part of the border exceeds 50%.
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Papillary carcinoma (histology) - case 2082
Transverse scan

Longitudinal scan

In this case almost the entire border of the nodule is ill-defined, moreover the lesion has lobulated (yellow arrows) and spiculated (red arrows) margins, as well.
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Papillary carcinoma (histology) - case conp009
Transverse scan

Longitudinal scan

In this case more than 50% of the nodule' borders are ill-defined.
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Benign lesion (cytology) - case 2069
Transverse scan

Longitudinal scan

The nodule has ill-defined borders in less than the third and more than the three-fourth of the circumference of the nodule, transverse scan and longitudinal view,
respectively. (See the border between the red arrows.) The nodule also presents lobulation, the small irregularities marked with while arrow are not necessarily
pathological, while those marked with yellow are abnormal findings.
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Papillary carcinoma (histology) - case conp010
Transverse scan

Longitudinal scan

The borders of the nodule are both blurred and spiculated-lobulated.

Papillary carcinoma (histology) - case conp051
Transverse scan

Longitudinal scan

This is a typical example of ill-defined borders.
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Benign lesion (cytology) - case 2142
Transverse scans

Longitudinal scans

There are two lesions in the right lobe, a ventral deeply hypoechogenic nodule and a dorsal minimally/moderately hypoechogenic area. Both have blurred borders, the
ventral one has spiculated margins, as well.
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Papillary carcinoma (histology) - case conp020
Transverse scan

Longitudinal scan

The dorsal and medial borders of the nodule are partly ill-defined, partly lobulated.
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Papillary carcinoma (histology) - case conp034
Transverse scan

Longitudinal scan

The dorsal part of the nodule is ill-defined.
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Papillary carcinoma (middle) and benign hyperplastic nodule (lower) (histology) - case conp032
Transverse scan
Longitudinal scan

The middle, malignant nodule has partly blurred (yellow arrows), partly lobulated margins (white arrows) while the lower, benign nodule presents blurred borders (yellow
arrows) and spiculated margins (red arrows), as well. The small irregularities marked with green arrow cannot be judged as pathognomonic for lobulated margins.
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Borders of the nodule - Table 4 Lobulated margins

In this table we present mainly typical examples of lobulated margins which is characterized by at least smooth, focal round protrusion on the margin. We should
bear in mind that a lobulated margin always refers to the external surface of a single, pathological nodule.
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Benign, colloid goiter (cytology) - case 2110
Transverse scan

Longitudinal scan

This case illustrates the difference between pseudo-lobulation caused by the presence of multiple discrete lesions located next to each other and the true, pathognomonic
lobulation. Red arrows point to different lesions causing a lobular appearance, while yellow arrows point to pathological protrusions in the margin of a single lesion.

286

Benign, colloid goiter (cytology) - case 2083
Transverse scan

Longitudinal scan

Occasionally, it is difficult or even impossible to judge whether a lobulated surface is caused only by the presence of multiple discrete lesions or certain parts of a lesion is in
fact pathologically lobular. The clue is the thorough analysis of video. In this case pathological lobulation is not likely.
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Benign, colloid goiter (cytology) - case 2154
Transverse scan

Another transverse scan

In this case the lobulation is not pathological, caused by the presence of multiple lesions next to each other.
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Papillary carcinoma (middle) and benign hyperplastic nodule (lower) (histology) - case conp034
Transverse scan
Longitudinal scan

The middle, malignant nodule has partly blurred (yellow arrows), partly lobulated margins (white arrows) while the lower, benign nodule presents blurred borders (yellow
arrows) and spiculated margins (red arrows), as well. The small irregularities marked with green arrow cannot be judged as pathognomonic for lobulated margins.
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Benign, colloid goiter (cytology) - case 2121
Lower part of the right lobe, transverse scan

Right lobe, longitudinal scan

A large isoechoic lesion occupied the upper 3/4 of the right lobe. This lesion can be seen in the longitudinal scan. The hypoechoic nodule in the lower part presents typical
lobulated margins.
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Papillary carcinoma (histology) - case conp020
Transverse scan

Longitudinal scan

The dorsal and medial border of the nodule is partly ill-defined partly lobulated.
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Papillary carcinoma (upper) and benign hyperplastic nodule (lower) (histology) - case conp027
Transverse scan
Longitudinal scan

The nodules present different types of pathological borders. White arrows point to spiculated margins, red arrows do to lobulated margins while yellow ones do to blurred
borders. The origin of the spiculations on the surface of the hypoechogenic nodule (green arrows) is equivocal, these might be caused by the impression of the echonormal
lesion on the surface. The upper, malignant nodule has microcalcifications while the lower benign one presents both taller-than-wide and longer-than wide sign.
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Papillary carcinoma (histology) - case 2082
Transverse scan

Longitudinal scan

In this case almost the entire border of the nodule is ill-defined, moreover the lesion has lobulated (yellow arrows) and spiculated (red arrows) margins, as well.
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Benign nodule (cytology) - case 2089
Transverse scan

Longitudinal scan

This nodule has clearly lobulated margins.

Papillary carcinoma (histology) - case conp030
Transverse scans

The hypoechogenic tail marked with yellow arrows corresponds either to lobulated or
spiculated margin.
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Papillary carcinoma (histology) - case conp044
Transverse scan

Longitudinal scan

This is a typical presentation of lobulated margins.
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Benign lesion (cytology) - case 2064
Transverse scan

Longitudinal scan

The border of the nodule presents small irregularities marked with red arrows. The interpretation of these small protrusions might be equivocal. There is one large clearly
pathological lobulation marked with yellow arrow.
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Benign lesion (cytology) - case 2081
Transverse scan

Longitudinal scan

The interpretation of the borders is not evident in this case. The issue is whether this hypoechogenic lesion is one large heterogeneous nodule or is composed of multiple
discrete nodules. In the former case, the nodule unequivocally has lobulated margins, while in the latter case the presence of pathological lobulations is doubtful. In my
opinion this hypoechogenic mass is more likely being one large nodule with heterogeneous echogenicity and therefore presents lobulated margins.

Papillary carcinoma (histology) - case conp055
Transverse scan

Longitudinal scan

The nodule has partly blurred, partly lobulated margins.
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Papillary carcinoma (histology) - case conp060
Transverse scan

Longitudinal scan

The tumor presents lobulated margins.

Papillary carcinoma (histology) - case conp053
Transverse scan

Longitudinal scan

The nodule has lobulated margins.
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Subacute de Quervain's thyroiditis (cytology) - case 2169
Transverse scan

Longitudinal scan

The hypoechoic lesion has irregular spiculated, lobulated margins and presents blurred borders.

299

Borders of the nodule - Table 5 Spiculated margins

Spiculated margin belong to the irregular borders which is encountered among suspicious signs of every TIRADS. This is characterized by the presence of projection
having sharp angles. The distinction from lobulations is not always possible, but this has little if any relevance. Form a practical point-of-view there are two issues.
Firstly, there is no exact definition on which we can distinguish small irregularities on nodule surface without any clinical significance from pathognomonic
spiculations. Secondly, one of the most typical presentations of Hashimoto's thyroiditis is the puzzle-like, spiculated borders of discrete hypoechogenic lesions.

300

Papillary carcinoma (histology) - case conp003
Transverse scan

Longitudinal scan

Three types of indistinct borders are presented in these images. Green arrows point to that part of the nodule which echogenicity is identical to the extrathyroidal strap
muscle. The tumor has partly blurred (red arrows) and partly spiculated (yellow arrows) margins.
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Papillary carcinoma (histology) - case conp006
Transverse scan

Longitudinal scan

The tumor spreads into the normal parenchyma with elongated projections which have sharp edges (yellow arrows).
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Papillary carcinoma (upper) and benign hyperplastic nodule (lower) (histology) - case conp027
Transverse scan
Longitudinal scan

The nodules present different types of pathological borders. White arrows point to spiculated margins, red arrows do to lobulated margins while yellow ones do to blurred
borders. The origin of the spiculations on the surface of the hypoechogenic nodule (green arrows) is equivocal, these might be caused by the impression of the echonormal
lesion on the surface. The upper, malignant nodule has microcalcifications while the lower benign one presents both taller-than-wide and longer-than wide sign.
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Papillary carcinoma (upper) and benign hyperplastic nodule (lower) (histology) - case conp037
Longitudinal scan

The yellow arrows point the spiculated margins.
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Papillary carcinoma (middle) and benign hyperplastic nodule (lower) (histology) - case conp034
Transverse scan
Longitudinal scan

The middle, malignant nodule has partly blurred (yellow arrows), partly lobulated margins (white arrows) while the lower, benign nodule presents blurred borders (yellow
arrows) and spiculated margins (red arrows), as well. The small irregularities marked with green arrow cannot be judged as pathognomonic for lobulated margins.
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Papillary carcinoma (histology) - case 2082
Transverse scan

Longitudinal scan

In this case almost the entire border of the nodule is ill-defined, moreover the lesion has lobulated (yellow arrows) and spiculated (red arrows) margins, as well.
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Papillary carcinoma (histology) - case conp040
Longitudinal scans

The nodule has spiculated margins, the dorsal spicule is pathognomonic, the ventral one is less evident.

307

Oxyphilic variant of papillary carcinoma in an autonomously functioning nodule (histology) - case 2022
Transverse scans
Longitudinal scans

The nodule has irregular borders, there are some spiculations with sharp angles (yellow arrows) and some protrusions marked with red arrow.
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Borders of the nodule - Table 6 Differential diagnotics of lobulated and spiculated margins

As in many cases of differential diagnostic, the issue is whether an irregular border is caused by any forms of thyroiditis or a pathological nodule. The former is
characterized by multiple while the latter with only one or two discrete lesions per thyroid lobe. A clear distinction simply on ultrasound pattern is not infrequently
impossible.
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Papillary carcinoma (histology) - case conp003
Transverse scan

Longitudinal scan

The lesion has partly blurred and partly spiculated margins. Although this presentation corresponds to thyroiditis, the fact that there are one or two relatively large lesions
in the lobe should raise the possibility of nodular origin, namely papillary carcinoma. (Three types of indistinct borders are presented in these images. Green arrows point to
that part of the nodule which echogenicity is identical to the extrathyroidal strap muscle. The tumor has partly blurred (red arrows) and partly spiculated (yellow arrows)
margins. The extent of blurred part of the border exceeds 50%.)
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Papillary carcinoma (histology) - case 2082
Transverse scan

Longitudinal scan

In this case almost the entire border of the nodule is ill-defined, moreover the lesion has lobulated (yellow arrows) and spiculated (red arrows) margins, as well.
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Papillary carcinoma (histology) - case conp009
Transverse scan

Longitudinal scan

In this case more than 50% of the nodule' borders are ill-defined and therefore it is difficult to judge the protrusions on the nodule' surface.
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Benign lesion (cytology) - case 2069
Transverse scan

Longitudinal scan

The nodule has ill-defined borders in less than the third and more than the three-fourth of the circumference of the nodule, transverse scan and longitudinal view,
respectively. (See the border between the red arrows.) The nodule also presents lobulation, the small irregularities marked with white arrows are not necessarily
pathological, while those marked with yellow are abnormal findings.
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Papillary carcinoma (histology) - case conp010
Transverse scan

Longitudinal scan

The borders of the nodule are both blurred and spiculated-lobulated.
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Papillary carcinoma (histology) - case conp051
Transverse scan

Longitudinal scan

This is a typical example of ill-defined borders. Moreover, the nodule presents protrusions which are suspicious (red) and diagnostic (yellow) for lobulated margins. The blur
of the margins hinders the judgement of protrusions.
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Papillary carcinoma (histology) - case conp020
Transverse scan

Longitudinal scan

The dorsal and medial border of the nodule is partly ill-defined partly lobulated.
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Papillary carcinoma (middle) and benign hyperplastic nodule (lower) (histology) - case conp034
Transverse scan
Longitudinal scan

The middle, malignant nodule has partly blurred (yellow arrows), partly lobulated margins (white arrows) while the lower, benign nodule presents blurred borders (yellow
arrows) and spiculated margins (red arrows), as well. The small irregularities marked with green arrow cannot be judged as pathognomonic for lobulated margins.
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Papillary carcinoma (histology) - case conp032
Transverse scan

Longitudinal scan

The dorsal border of the nodule is all along blurred and beside equivocal forms (red arrows) has one protrusion (yellow arrow) diagnostic of lobulated margins.
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Benign nodular goiter (cytology) - case 2117

Papillary carcinoma (cytology) - case 2057

There are small irregularities on the nodule' border. In my opinion the extent of
protrusions does not reach the pathological degree.

This is an unequivocal example of lobulated margins.
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Benign nodular goiter (cytology) - case 2054

Benign nodular goiter (cytology) - case 2056

The nodular area presented in both cases is composed of several (left case) and two (right case) discrete lesions causing a lobular appearance. In fact, the lobules are
different lesions in the left case which means that this type of lobulation should not count as pathological. On the other hand, the right case presents at least one protrusion
(yellow arrow), which might be pathological. (It is worth to analyze the protrusion in the video: compared with the still image, it is much less evident that this protrusion
would be pathological. As a rule, video is always superior to still image.)
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Benign nodular goiter (cytology) - case 2024

Benign nodular goiter (cytology) - case 2140

The nodular area is composed of multiple lesions in both cases which causes a lobular appearance. On the other hand, there are several suspicious protrusions on the
margin in the right case, therefore the possibility of lobulated/spiculated margins can be raised in this nodule.
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Benign nodular goiter (cytology) - case 2107

Benign nodular goiter (cytology) - case 2109

In both cases the nodular area is composed of multiple lesions which makes the appearance of the entire mass lobulated. However, this does not mean that the borders of a
nodule are in fact lobular. On the other hand, the margin of the nodular area of a single lesion is spiculated or lobulated (yellow arrows).
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Hashimoto's thyroiditis (cytology) - case 1496

Benign nodular goiter (cytology) - case 2050

The Hashimoto's case has numerous discrete lesions presenting lobulated and
There is a nodule in the ventral part of the lobe. The lesion presents both lobulations
spiculated margins. These lesions are not pathological nodules but more active foci of (yellow arrow) and at least one spiculation (red arrow). The latter is characterized by
the thyroiditis.
sharp angles.
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Hashimoto's thyroiditis (cytology) - case 1768

Hashimoto's thyroiditis (cytology) - case 2168

Both cases are typical presentations of Hashimoto's thyroiditis: there are numerous discrete hypoechogenic lesions with irregular, partly lobulated, partly spiculated margins
within an echonormal background. There is no doubt that the margins are irregular, the issue is the differentiation of hypoechogenic lesions of thyroiditis from pathological
nodules. None of these lesions corresponds to pathological nodules.
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Hashimoto's thyroiditis (cytology) - case 2168

The two protrusion (marked with red arrows) make the appearance of the margin lobulated. However, these lobulations are caused by the infiltration of the underlying
thyroiditis (yellow arrows).
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Hashimoto's thyroiditis (cytology) - case 430

Benign nodular goiter (cytology) - case 2109

Multiple hypoechogenic areas are presented. These lesions have irregular, lobulated There is a nodular area with irregular, partly spiculated margins. The nodular area is
margins.
located in only one part of the lobe. This arrangement would be unusual in Hashimoto's
thyroiditis.
Please, compare the extralesional part of the thyroid: in Hashimoto's case this is minimally hypoechogenic and presents small, more hypoechogenic areas while in the right
case the extranodular part of the lobe is intact.
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Hashimoto's thyroiditis (cytology) - case 880

Benign colloid goiter (cytology) - case 2120

This case presents numerous discrete lesions with identical echogenicity, all lesions
are hypoechogenic. The borders are partly irregular (lobulated and spiculated).

A multinodular goiter is demonstrated. In this multinodular goiter the nodules differ in
echogenicity. The larger heterogeneous (partly hypoechoic, partly isoechoic) nodule
located in the dorsal part has lobulated margins.
There are two important differences between the two cases. First, although the borders of the lesions in the thyroiditis' case do not fulfill the criteria of ill-defined borders,
they are less well-demarcated compared with the nodule in the right case. In contrast with the Hashimoto's case in which the lesions are uniformly hypoechoic, the nodules
in the multinodular goiter' case present different echo pattern.
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Hashimoto's thyroiditis (cytology) - case 479

Benign hyperplastic nodules and Hashimoto's thyroiditis (histology) - case 54

In both cases there is an echonormal area composed of multiple lesions within a hypoechoic background. Although the echonormal lesions seemingly present lobulated
margins, the cause of these protrusions might differ from the usual lobulation of a nodule. In Hashimoto's thyroiditis it is a reasonable assumption that not the isoechoic
lesion, but the underlying thyroiditis is the infiltrative process, and in fact not the echonormal lesion presents lobulations but the underlying thyroiditis infiltrates the
isoechoic part with lobules. In other words, the isoechoic projections (red arrows) are secondary to the lobulations or spiculations of the thyroiditis (yellow arrows).
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Hashimoto's thyroiditis (cytology) - case 2080

It is equivocal whether the lobular appearance is caused by the presence of multiple
lesions next to each other or this is one large single lesion displaying lobulated
margins.

Papillary carcinoma (cytology) - case 2057

This is an unequivocal example of lobulated margins.

There are two main differences between the two cases. The normal parenchyma is hypoechoic in the left while echonormal in the right case. While the benign lesion might
be composed of several discrete lesions, the malignant focus is clearly one lesion.
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Subacute, de Quervain's thyroiditis (cytology) - case 1454

The hypoechogenic lesions have spiculated margins.
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Papillary carcinoma and Hashimoto's thyroiditis (histology) - case 2138
Papillary carcinoma and Hashimoto's thyroiditis in the right lobe
Hashimoto's thyroiditis in the left lobe

The malignant focus has irregular, lobulated margins as has the hypoechoic lesion in the right image.
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Borders of the nodule - Table 7 Invasive margins

This is a specific form of abnormal borders which is characterized by infiltration of the extranodular parenchyma by papillary carcinoma. We cannot clearly
demarcate the tumor. Indeed, we can recognize this pattern by the infiltrative parts having microcalcifications. This form can be hardly grouped among other
pathological subtypes. This pattern is almost diagnostic of papillary carcinoma and is much easy to recognize on longitudinal scan.
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Papillary carcinoma (histology) - case conp016
Transverse scan

Longitudinal scan

The less hypoechogenic area pointed with red arrows located lateral to the main body of the tumor is suspicious being presentation of infiltration of the parenchyma. The
right, longitudinal scan is more obvious: the area pointed with yellow arrows upper to the main body is caused very likely by spread of the tumor into the normal
parenchyma.
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Papillary carcinoma (histology) - case conp005
Transverse scan

Longitudinal scan

The main body of the tumor is pointed with red arrows, while yellow arrows point to infiltration of the parenchyma. The hallmark of these areas is the presence of
microcalcifications.
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Papillary carcinoma (histology) - case conp014
Transverse scan

Longitudinal scan

This is not a decisive but only a suspicious pattern. Lower to the main body of the tumor there are several microcalcifications (yellow arrows). The presence of these
isolated microcalcifications raises the possibility of infiltrative spread of the tumor. Although the less hypoechogenic area pointed with red arrows dorsal to the tumor might
be also presentation of extrathyroidal spread, such pattern has limited if any relevance; a focus of thyroiditis might be also the cause. Be aware that the main difference
between the non-specific finding in the left image and the suspicious pattern in the right image is based on the lack (left) and the presence (right) of microcalcifications. The
possibility of extrathyroidal spread should be also considered: the ventral part of the nodule cannot be distinguished from the strap muscle running on the ventral surface of
the lobe.
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Papillary carcinoma (histology) - case conp047
Transverse scan

Longitudinal scan

The primary tumor focus (signed with red arrows) was 4 mm in maximal diameter in histopathology. Scattered echogenic punctate granules (microcalcifications) are pointed
with yellow arrow. The tumor invaded the normal parenchyma.
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Papillary carcinoma (histology) - case conp024
Right lobe longitudinal scans

The borders of the nodule are equivocal, yellow arrows point partly to projection of the tumor, partly to isolated microcalcification. The latter seem to be located outside the
main body of the nodule.
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Papillary carcinoma (histology) - case conp024
Left lobe longitudinal scans

The yellow arrows point to the invasive areas of the tumor.
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Papillary carcinoma (histology) - case conp035
Transverse scan

Longitudinal scan

It seems to be evident that the borders of this lesion pointed with yellow arrows are irregular. On the other hand, it is difficult to group into one or another wellcharacterized subgroup of pathological borders. Green arrow points to a lobulated part while red arrows do to spiculated parts of the tumor.
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Hashimoto's thyroiditis (histology) - case 2171

This is the only case in my practice which did not prove papillary cancer although the ultrasound pattern seemed to be almost diagnostic of an invasive spread of papillary
cancer. The suspicious lesion is located between red arrows. Yellow arrows point to microcalcification located quite in a distance from this core. Note that the borders of
the discrete lesion cannot be determined. This type of invasive growth does not correspond either to spiculated or to lobulated borders and is clearly different from a usual
pattern of blurred borders.
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Papillary carcinoma (histology) - case 469
Transverse scans

Longitudinal scans

The core of the tumor is marked with yellow arrows. Red arrows point to punctate echogenic foci (microcalcifications), which are located in a distance from the primary
tumor.
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Papillary carcinoma (histology) - case conp009
Transverse scan

Longitudinal scan

Both the tumor and the extranodular part of the lobe have echogenic figures. Most of them are less bright than a typical microcalcification, moreover they are predominantly
linear. Therefore, these figures do not correspond to microcalcifications, but fibrotic vessels and the pattern also resembles invasive spread, in fact does correspond to
this subtype of non-regular margins.
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Borders of the nodule - Table 8 The issue of thyroiditis
Both Hashimoto's and de Quervain's thyroiditis cause differential diagnostic issue in the judgement of nodule borders. The former is characterized by discrete hypoechoic
lesions in more than 90% of cases. These discrete areas usually have blurred or puzzle-like-spiculated margins. The issue is not the presence of abnormal borders but
the presence of pathological nodule. We face with another problem in the coexistence of Hashimoto's thyroiditis and pathological nodules. The underlying thyroiditis
can infiltrate the nodule and makes the appearance of the nodule lobulated. Therefore, in most of these cases the primary event is the infiltrative process of the
thyroiditis, and not that of the nodule. It means that these irregularities of nodule borders should not be encountered among irregular borders.
Both types of thyroiditis frequently present blur of the discrete areas.

Hashimoto's thyroiditis - case 2108

This case should not cause great problem for an experienced sonographer: this is one of the most common patterns of Hashimoto's thyroiditis. The echogenicity index (the
% of hypoechogenic areas) is more than 50%. These hypoechogenic areas have ill-defined borders.
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Subacute, de Quervain's thyroiditis (cytology) - case 1036

Subacute, de Quervain's thyroiditis (cytology) - case 1454

The borders of the discrete hypoechoic areas are blurred in both cases, in the right case even lobulated. Taking the clinical picture into account we can avoid overrating of
this pattern as suspicious for malignancy; in fact, this is the typical presentation of subacute, de Quervain's thyroiditis.
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Hashimoto's thyroiditis (cytology) - case 1188
Transverse scans

Longitudinal scans

The thyroid presents numerous hypoechogenic lesions with partly blurred and partly spiculated margins. The presence of multiple hypoechoic lesions argues for Hashimoto's
thyroiditis and stands against the presence of pathological nodule.
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Hashimoto's thyroiditis (cytology) - case 430
Transverse scan

Longitudinal scan

The situation is similar to the former: the thyroid has numerous hypoechoic areas which present irregular borders. The clue is again the recognition that these discrete
areas are not pathological nodules but more active foci of Hashimoto's thyroiditis.
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Hashimoto's thyroiditis (cytology) - case 2080

Hashimoto's thyroiditis (cytology) - case 1496

Both cases present numerous hypoechoic areas with puzzle-like spiculated margins. In fact, this is one of the most typical presentations of Hashimoto's thyroiditis.
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Hashimoto's thyroiditis (cytology) - case 2168

The two protrusions (marked with red arrows) make the appearance of the margin lobulated. However, these lobulations are caused by the infiltration of the lesion by the
underlying thyroiditis (yellow arrows).
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Hashimoto's thyroiditis (cytology) - case 54

The primary protrusions in this case are caused by the underlying thyroiditis (yellow arrows), while the protrusions of the isoechoic lesion marked with red are only
consequences of the former.
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COURSE on THYROID ULTRASOUND
Section 2 The nodular goiter

Part 6 The shape of the nodule
Manual

OPENING
Taller-than-wide shape (TWS) or nonparallel
orientation (NPO) is regarded as the most
specific sign among suspicious ultrasound (US)
characteristics. On the other hand, the
sensitivity of NPO is substantially lower than
that of microcalcification or hypoechogenicity.
This sign is relatively easy to define, the
interobserver agreement is good. Although
irregular borders also rely on the shape of the
nodule, when we talk about the shape of a
nodule, most authors consider only NPO and not

irregular borders.
Nevertheless,
these
two
suspicious
characteristics together with extrathyroidal
extension rely on the infiltrative growth of
papillary thyroid cancer (PTC). The diagnostic
performance is worse in the event of medullary
thyroid cancer (MTC), and this sign is useless in
the event of follicular thyroid cancer (FTC).

DEFINITION AND POSSIBLE EXPLANATIONS OF NONPARALLEL
ORIENTATION
TWS means that the antero-posterior diameter
exceeds the width of the nodule measured in
transverse
scan.
Taller-than-long shape (TLS) means that the
antero-posterior diameter is larger than the
length of the nodule measured in longitudinal
scan.
Both types of NPO are evaluated in the axial
plane by comparing the height or depth
('tallness') and width or length of a nodule
measured parallel and perpendicular to the
ultrasound beam, respectively. NPO is usually
evident on visual inspection and rarely requires
formal measurements. Although authors are on
different views whether an equal distance is
included or not included, this has very limited

importance in the everyday practice.
As will be presented later, the guidelines differ
whether they include the TLS among NPO.
The widely accepted explanation of this finding
indicates that the malignant nodules grow
across the normal tissue plane in a centrifugal
manner, while benign nodules do the same in a
parallel fashion (1-3). The finding that TWS
occurs more frequently in benign lesions on CT
scan than on US, led to another reasonable
explanation. Benign nodules are easier to
compress than malignant and we compress
them in the US while do not in the case for CT
(4).

SOME CONCERNS ABAOUT THE NONPAPARALLEL ORIENTATION
Although regarding NPO, a 'yes' or 'no' answer
is accepted by the guideline, in the reality there
is a continuous spectrum of this ratio. An
arbitrarily chosen value, i.e., a yes or no answer
does not reflect the reality. Indeed, higher the
ratio of width to depth more likely the lesion
being papillary cancer. (This problem is very
similar to that in the event of echogenicity of the
nodule.) However, there is no point in deviating
from this somewhat lazy approach. A qualitative
approach (i.e. a ratio of depth and width) would
very likely better reflect reality than the longused quantitative one 'yes' or 'no'), but the time
spent on measurement would hardly pay off. , if
an
experienced
investigator
On the other hand , an experienced examiner
gains an overall impression of the nodule, a
shape difference close to the nonparallel also
plays a role in this, so if we assign significance
to a depth-to-width ratio of 1.05, we have also
attach significance to a ratio of 0.95. Moreover,
considering the

growing number of publications on the use of
artificial intelligence in thyroid US, it is worth
mentioning that the NPO and the echogenicity
of the nodule are those two characteristics
which are relatively easy to measure.
More important is the second one. As with all
other suspicious characteristics, NPO is useful in
the diagnosis of PTC and to a lesser extent in
MTC while useless in FTC. We always should
bear in mind that when guideline speak about
the usefulness of suspicious characteristics for
diagnosing thyroid cancers, they think mostly or
only of PTC. Otherwise, they would be wrong.
Unfortunately, reading the guidelines and
scoring systems they do not always reveal this
very important distinction.
The third issue is self-evident: there is no US
characteristics which had both an ideal
sensitivity and specificity, and this is also true
for NPO.

NONPARALLEL ORIENTATION IN THE MOST FREQUENT TYPES OF
THYROID MALIGNANCIES
A taller-than-wide shape is an insensitive but
highly specific indicator of malignancy (5-7).
The specificity of NPO is about 90% in most
studies (8). Nonparallel orientation has the
highest specificity among suspicious US
characteristics. Remonti et al. found the highest
specificities
for
absence
of
elasticity,
microcalcifications, irregular margins, and a
'taller-than-wide' shape (86.2, 87.8, 83.1, and
96.6%, respectively) (9). In a study which
assessed the risk of malignancy in 2,000 thyroid
nodules (63.4% benign and 36.6% malignant)
(10). The following odds ratios (OR) were
observed for malignancy: deeply hypoechoic
(OR, 6.8; a relevant finding not specifically
considered in the 2014 meta-analysis),
spiculated or microlobulated margins (OR, 5.9),
microcalcifications (OR, 3.3), solid nodule (OR,
2.6), slightly hypoechoic (OR, 2.6), nonparallel
(taller than wide) growth (OR, 2.3), and
irregular shape (OR, 1.3) (10). In the study of
Campanella et al., the highest risk of
malignancy was associated with a TWS (DOR of
10.2; 95% CI: 6.7-15.3), an absent halo sign
(7.1; 95% CI: 3.7-13.7), microcalcifications
(6.8; 95% CI: 4.7-9.7), and irregular margins
(6.1; 95% CI: 3.1-12.0) (11). It is worth
noticing the huge difference in OR in these

large-scale studies, in the secondly mentioned
work (11), the 2.3 OR was the worst while in
the firstly mentioned study (10), the 10.2 OR
was the best among suspicious characteristics.
Although the above-cited authors extend their
conclusions to 'thyroid cancers', indeed these
conclusions are relevant only in the event of
PTC.
NPO is significantly more frequent in MTC
compared with benign lesions, but the
frequency is much lower than in PTC (12).
NPO has no relevance in the diagnosis of FTC.
Table 1 summarizes the occurrence of NPO in
the 3 most common subtype of thyroid
carcinomas
(13-37).
Similar
to
other
characteristics, the NPO occurs significantly
more frequently in papillary cancer compared
with follicular carcinoma. The occurrence of NPO
in MTC is between that of FTC and PTC but it is
closer close to the latter. The broad range of the
observed frequencies of NPO means that even
in the event of a seemingly easy-to-judge
characteristics, the interobserver agreement is
far from the ideal.

Table 1 Occurrence of nonparallel orientation in the three most common subtypes of
thyroid carcinomas.
Occurrence - range (%)

Occurrence - median (%)

Follicular carcinoma

0 - 26.1

4.1

Medullary carcinoma

2.9 - 46.6

28.9

Papillary carcinoma

9.6 - 70.5

36.4

Refs 13-37.
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THE ROLE OF NONPARALLEL ORIENTATION IN VARIOUS TIRADS
TWS belongs to the most suspicious features in
all TIRADS (38-42). The presence of TWS
automatically groups the lesion among the most
suspicious subgroup in the AACE and in the
European TIRADS, while to classify a lesion
showing TWS into the most suspicious category
requires that the nodule should be hypoechoic
nodules in the ATA and Korean TIRADS.
Regarding the ACR TIRADS, the presence of
TWS worth three points. Following the logic of
this system, it means that such lesions should
be categorized into category 4 or 5 depending

on the presence of other suspicious signs.
(See Table 2.)
There is an important difference between the
TIRADS. It affects the handling of nodules
presenting TLS. Three TIRADS involve TLS
among nonparallel orientation (40-42) while
two do not (38-39).
It seems to be more justified to include TLS
among NPO (43).

Table 2 The role of extrathyroidal extension in the most important TIRADS systems.
Type of TIRADS
AACE

Echogenicity of the nodule

Nonparallel orientation present*

Irrelevant

3

ACR

4 or 5

ATA
European
Korean

Non-hypoechoic

Non-classifiable

Hypoechoic

5

Irrelevant

5

Non-hypoechoic

4

Hypoechoic

5

* The ACR, the European and the Korean TIRADS classify taller-than-long shape as nonparallel
orientation while the AACE and ATA TIRADS do not.

PATTERNS CAUSING DIFFERENTIAL DIAGNOSTIC PROBLEMS IN
THE EVENT OF NONPARALLEL ORIENTATION
Compared with other suspicious characteristics,
NPO is much less prone to interpretation
difficulties. In the everyday practice we meet
two types of deceptive patterns (see Table 3).
The first is caused by normal anatomical
situation. The thyroid not infrequently presents
itself NPO. Baek et. al found NPO in 15% of
diffuse thyroid diseases (44). If the thyroid has
taller-than-long-shape than the normal growth
of a nodule simply follows the shape of the
thyroid.
The second affects nodules located in the upper
pole of the lobe. To a lesser extent, nodules
located in the lower pole are also affected. The
thyroid as a rotational ellipsoid normally
narrows in its poles which hinders the usual
extension of the nodule into the transverse
direction.
We meet the third anatomical situation in
nodules that form between the trachea and the
carotid artery are much more difficult to grow
sideways and therefore much more likely
present taller-than-wide shape.
The second group of issues is caused
by pathological conditions. The sideway growth

can be hindered by a neighboring nodule. This
is particularly true for those lesions which are
sandwiched between two other lesions. A coarse
calcification has two different deceptive impacts.
The sideway extension of a nodule can be
hindered if there is a macrocalcification close to
the lesion. The other issue arises in nodules
presenting macrocalcifications. The dorsal
acoustic shadow makes the depth deceptively
larger. The next problem is caused by the
thyroiditis. A suspicious sign can be interpreted
only in the context of pathological nodules and
not in discrete lesions of more active foci of
thyroiditis. In contrast with other deceptive
patterns, in the event of thyroiditis not the
presence of nonparallel orientation is the
matter, but the presence of pathological nodule.
Nevertheless, the NPO of a lesion can be of help
in distinguishing foci of thyroiditis from
potentially malignant nodules (see case). The
guidelines fail to mention that the nonparallel
orientation has very limited if any role in
dominantly cystic nodules. A relatively rapidly
growing fluid frequently makes the orientation
of the nodule irregular. In such cases, not the
tumorous proliferation but the accumulation of
cystic content is responsible to the NPO. So,
dominantly cystic nodules are the exceptions,
NPO has limited if any significance in such
lesions.

Table 3 Some differential diagnostic issues in the
judgement of nonparallel orientation of thyroid
nodules.
1. The influence of the normal anatomy of the thyroid





nonparallel orientation of a lobe
upper pole nodules
nodules between the trachea and the carotid
artery

2. Influence of pathological conditions






influence of neighboring nodule or nodules
macrocalcifications
thyroiditis
dominantly cystic nodules and nonparallel
orientation

If a nodule is in close proximity to another lesion
or more importantly, it is sandwiched between
two other nodules than this location has
influence to the shape. The neighboring nodule
or nodules can prevent the extension of the
lesion into the usual direction, i.e. into the
medial/lateral or into the lower/upper direction.
This may cause nonpathological form on NPO.

As with all other US characteristics, we should
not forget that we speak of pathological
nodules. Therefore, suspicious characteristics
including NPO have no relevance in those
discrete lesions of Hashimoto's thyroiditis which
are not pathological nodules.
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The shape of the nodule - Table 1 Pathognomonic patterns
In the upcoming cases we demonstrate several examples of nonparallel orientation.
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Papillary carcinoma (histology) - case conp020
Transverse scan

Longitudinal scan

The nodule presents the taller-than-wide shape on transverse scan because the depth (antero-posterior diameter) clearly exceeds the width (latero-medial diameter) of the
nodule. On the hand longer-than-wide shape is not present on longitudinal scan because the depth (antero-posterior diameter) is lower than the length (the diameter
measured from the upper to the lower pole of the nodule). The depth is signed with white, the width is with red while the length is with yellow arrows.
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Papillary carcinoma (histology) - case conp036
Transverse scan

Longitudinal scan

The nodule presents both taller-than-wide and taller-than-length shape.

Papillary carcinoma (histology) - case conp030
Transverse scan

Longitudinal scan

The lesion present longer than-wide-shape while does not taller-than-wide sign.
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Papillary carcinoma (histology) - case conp033
Transverse scan

Longitudinal scan

The nodule is just at dorsal surface of the lobe. Between the two arrows there is a part of the border in which extrathyroidal spread is conceivable (yellow arrows). The
nodule shows taller-than-wide shape.
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Papillary carcinoma (histology) - case conp043
Transverse scan

Longitudinal scan

The small lesion in the dorsal part of the lobe presents both taller-than-wide and taller-than-long shape.
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The shape of the nodule - Table 2 Deceptive patterns
In contrast with other suspicious characteristics, in the event of nonparallel orientation we face with much less differential diagnostic problems. Such issues can
be caused by anatomical situations or pathological conditions.
The former is encountered in lobes presenting nonparallel orientation. The shape of the thyroid is narrowed at the upper and lower pole, which means that in
this position is more difficult to spread a benign nodule into the usual medial or lateral direction, therefore even benign nodules in the upper or lower third of the
lobe show more frequently nonparallel orientation. The normal sideway growth can be hindered in nodules which are sandwiched between the trachea and the
carotid artery.
We meet pathological conditions causing NPO in macrocalcifications or dominantly cystic nodules. Another problem arises in multinodular goiters when a
neighboring nodule hinders the spread into the medial-lateral or upper-lower direction. The issue of thyroiditis is the usual: suspicious characteristics are
interpreted in the context of pathological nodules, so a more active foci of thyroiditis presenting taller-than-wide shape should not be overestimated.
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Benign nodular goiter (cytology) - case 2116
Transverse scan

Longitudinal scan

This nodular area presents nonparallel orientation in the upper right image which shows the lower part of the nodule. In this location the thyroid is normally narrowed, and
the ratio of width to depth of the normal gland is usually <1. Therefore, a nodule located in the lower pole can present non-parallel orientation simply because it follows the
shape of the lobe. It is worth viewing the video.
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Benign lesion - case 2178

The small nodule shows irregular shape, but this is not of pathological importance. The hard wall of the carotid artery prevents the nodule from spreading sideways.

Hashimoto's thyroiditis (histology) - case 1096

The lesion in the dorsal part of the lobe shows taller-than-wide shape. However, this is not a pathological form of nonparallel orientation. The taller-than-wide sign is
caused by the anatomy, the trachea and the carotid artery hinder the growth of the lesion sideways. Moreover, the lesion proved to be not a true nodule on histopathology.
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Benign lesion (cytology) - case 1370
Right lobe, transverse scan

Left lobe, transverse scan

Both lobes present taller-than-wide shape. In such lobes a nodule simply follows the shape of the lobe.

Follicular tumor (cytology) - case 2051
Upper part of the right lobe, transverse scan

Middle-lower part of the right lobe, transverse scan

The upper nodule shows taller-than-wide shape similarly to that part of the lobe, while the nodule in the lower two-third of the lobe does regular, parallel orientation.
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Benign nodular goiter (cytology) - case 2016

The nodule shows taller-than-long shape. However, the nonparallel orientation is caused by the anatomical situation: the lesion was sandwiched between two other
nodules.
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Benign nodular goiter (cytology) - case 2115

Four images gained on longitudinal scan are presented. The issue is the same as in the previous case: is it a discrete area composed of a single or multiple nodules. In my
opinion, it is rather a single nodule: we can see on the left lower image an irregularly shaped echonormal area, the tail of which can be found even in the hypoechogenic
part of the lesion.
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Benign nodular goiter (cytology) - case 2121
Upper part of the right lobe, transverse scan

Middle-lower part of the right lobe, transverse scan

Upper part of the right lobe, longitudinal scan

Lower part of the right lobe, longitudinal scan

The shape of the small hypoechoic nodule is close to taller-than-wide in transverse scan (right upper image) while clearly shows taller-than-long shape on longitudinal
sections (right lower image). However, the latter is caused by the large nodule which hinders the normal growth in the upway direction.
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Benign lesion (cytology)

Papillary cancer (histology) - conp 057
Transverse scan

Longitudinal scan

Although at first sight, the nodule seems to show taller-than-wide shape and both taller-than-wide and taller-than-long shape, left and right case, respectively. Indeed, the
acoustic shadow caused by the macrocalcification makes the judgement of the nodule' depth impossible.
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Subacute, de Quervain's thyroiditis (cytology) - case 2125

Subacute, de Quervain's thyroiditis (cytology) - case 2129
Transverse scan

Longitudinal scan

In the event of thyroiditis, the matter is not the presence of nonparallel orientation but the presence of pathological nodule. The discrete lesions in these cases show tallerthan-wide sign, however, they are not pathological nodules but more active foci of the underlying thyroiditis.
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Hashimoto's thyroiditis - case 2122

Papillary cancer in Hashimoto's thyroiditis - case conp 043
Transverse scan

Longitudinal scan

The largest hypoechoic lesions present both taller-than-wide and taller-than-long shape in both cases. The presentations of these cases are practically identical. In the event
of thyroiditis, the matter is not the presence of nonparallel orientation but the presence of pathological nodule.

Benign lesion (cytology) - case 2086
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Transverse scan

Longitudinal scan

This pure cyst shows taller-than-wide sign, however, in the event of pure cysts, the nonparallel orientation has no relevance.
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Benign lesion (cytology) - case 956
Transverse view

Longitudinal view

Transverse view after aspiration of cystic content

Longitudinal view after aspiration of cystic content

The seemingly cystic nodule showed taller-than-wide shape before aspiration. After the aspiration, the shape became parallel and it turned out that the nodule was not a
completely cystic one.
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COURSE on THYROID ULTRASOUND
Section 2 The nodular goiter

Part 7 Extrathyroidal spread
Manual

OPENING
Extrathyroidal extension (ETE) is a controversial
topic. While this is one of the very few
characteristics which can be compared to a
biological
standard,
the
usefulness
is
substantially
hindered
by
several
circumstances. At first, we should bear in mind
the normal anatomy of the thyroid, the lack of a
complete fibrous capsule surrounding the organ.
The second issue is that in contrast with most
malignant conditions of the human body, the
ETE does not mean itself a worse prognosis in
all forms. The third issue is the high
interobserver variation and the far-from-ideal
sensitivity of ultrasound (US) in detection of
ETE.
We must realize that US signs of ETE is used in

two different senses.
Firstly, these signs may suggest ETE. Secondly,
these signs are useful to predict the cancer
irrespectively of spreading extrathyroidal or not.
In the latter case, these signs are similar to
microcalcification, irregular border or shape and
deep hypoechogenicity. The guidelines differ as
to which of these signs are used.
From a very important point-of-view, ETE is the
most important US characteristics, the only one
which influences even the staging of a thyroid
cancer. We must be aware that this influence
might be extremely large and exceedingly
beyond the scope of thyroid US examination.

THE IMPORTANCE OF EXTRATHYROIDAL SPREAD IN THE NEWEST
TNM CLASSIFICATION SYSTEM
One of the most important changes in the 8th
edition of TNM staging is the removal of the
minor ETE from the definition of T3 disease in
the event of differentiated thyroid cancer, if ETE
was detected only on histological examination
(1) which leads to downstaging a significant
number of patients from stage III to either stage
I or stage II disease. Minor ETE does influence
neither the T category, nor the staging of the
tumor.

In essence the new TNM staging differentiates
four grades of ETE (see Table 1). Essentially,
except for cases with distant metastasis, the T2,
T3 and T4 categories are defined exclusively by
the presence of ETE. In the event of clinical
staging the role of ETE has a bit lower but very
important relevance. Be aware that a T4 tumor
(i.e. a tumor with the possible largest gross ETE)
without distant metastasis belongs to stage I
group which means that the 10-year disease
free survival is 98-100%.

Table 1 The role of extrathyroidal extension in 8th edition of TNM staging
system.
Stage
Recognition

T-status

Only on
histopathology

No influence

I-IV

Gross extrathyroidal
extension into strap muscles

Gross

T3b

II-IV

Gross extrathyroidal
extension into subcutaneous
tissue, larynx, trachea,
esophagus, recurrent
laryngeal nerve

Gross

T4a

Gross extrathyroidal
extension into prevertebral
fascia, encasing major
vessels

Gross

T4b

Minor

< 55 years ≥ 55 years
old *
old**

I or II*

III-IV

IV

* Depends exclusively on the lack or presence of distant metastasis, stage I or stage
II, respectively.
** Depends on other histopathological findings, i.e. T-status.

HISTOPATHOLOGICAL ASSESSMENT OF EXTRATHYROIDAL
GROWTH
The details are far beyond the scope of this
work. We give a short summary of the issues of
histopathological
evaluation
and
highly
recommend immersing in detail, e.g. to read the
excellent work of Turk and coworkers (2).
The most basic thing about normal thyroid
anatomy is that the thyroid lacks a complete
fibrous capsule. The gland is instead surrounded
by a partial fibroadipose pseudocapsule of
variable thickness, usually continuous with
intraglandular fibrous septa that delineate
parenchymal lobules (2). Given the composition
of this pseudocapsule, the presence of
carcinoma in adipose or fibrous tissue beyond
thyroid parenchyma does not necessarily
indicate ETE. Additionally, adipose tissue
metaplasia of the interfollicular stroma
sometimes occurs), further complicating the
relevance of adipose tissue in the assessment of
ETE (3). Due to the normal anatomical situation,
i.e. to the association between the so-called
Soemmerring's muscle and the isthmus and
pyramidal lobe, involvement of skeletal muscle
around these locations may not be diagnostic of
ETE. Skeletal muscle fibers or bundles other
than Soemmerring's muscle can be seen within
the thyroid gland parenchyma, as are nerves
and thick-walled blood vessels (4).
There are four types or degrees of ETE
(see Table 1). Sue et al have investigated
minimal ETE and have demonstrated that in
terms of ETE, the overall agreement was only
slight among thyroid pathologists. These
authors
have
examined
the
diagnostic
agreement among 11 expert

pathologists regarding the involvement of four
anatomical
structures
by microscopical
analysis of 69 thyroid tumors. The kappa values
have been 0.03, 0.10, 0.20 and 0.46,
perithyroidal thick-walled vessel, nerve, fat and
skeletal muscle involvement, respectively.
This resulted in a 0.16 kappa value regarding
the presence of minimal ETE (Su-2016). One of
the causes for these very low kappa values was
that the experts used different histological
criteria to establish the different types of ETE.
As a consequence, the reported frequency of
ETE varies from 5% to 45% (3, 5-16).
In fact, 3 out of 4 types of ETE are defined not
by microscopical analysis but by analysis of
gross specimen. As described in the current
version of the CAP Thyroid Carcinoma Protocol,
this requirement warrants review of gross,
intraoperative, and radiologic findings (2). This
criterion underscores the importance of
adequate dissection technique and thorough
macroscopic
evaluation,
enhancing
the
importance of the prosector's role. Notably,
neither the AJCC manual nor the explicative
notes provided by the CAP offer guidance
regarding the scenario in which microscopically
extensive ETE is not appreciated grossly.
Accordingly,
macroscopic
examination
of
thyroid cancer resection specimens by an
experienced prosector (if not an attending
pathologist) may be necessary and is
recommended. This more stringent definition
also elevates the importance of intraoperative,
and radiologic correlation and incorporates
review of these findings into the pathologist's
workflow.
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THE ROLE AND LIMITATIONS OF ULTRASOUND AND OTHER
RADIOLOGIC TECHNIQUES IN DETECTING EXTRATHYROIDAL
GROWTH
We have demonstrated the very importance of
ETE in staging and therefore in the prognosis of
thyroid malignancies. We must realize a very
controversial situation. Current staging system
places a huge amount of responsibility on the
ultrasonographer's shoulders, while on the one
hand a lot of investigators are not aware of it,
and on the other hand to accomplish this task,
there is a lack of professional justification.
None of the current endocrinological guidelines
recognizes this huge responsibility of thyroid US
in tumor staging (17-21). In fact, three of the
guidelines out of the five TIRADS systems had
incorporated the ultrasound signs of ETE into
their scoring systems (17-19) while two
guidelines suggest FNA even if subcentimeter
nodules if US is suspicious for ETE (17,21).
So, it would be of great importance if we would
be able to detect ETE on US examination.
Unfortunately, we cannot meet this goal. US has
a very limited ability to judge ETE and is unable
to determine the extent of an existing ETE. We
can rely on the borders of the nodule and that
of the thyroid. Many circumstances hinder the
exact determination of the borders. One of the
most important factors is the similarity of the
echogenicity of the malignant nodule and the
neighboring anatomical structure. In the event
of tumors in the ventral part of the lobe we have
to consider that most malignant nodules are
hypoechoic, and a similarly hypoechoic strap
muscle runs in most cases just on the ventral
border of the thyroid. In tumors located in the
dorsal part, the main issue is that this part of
the thyroid is worse to visualize simply because
of physical reasons. The medial part of the
thyroid is adjacent to the trachea where the
visualization is the worst because the cartilage
of the trachea hinders the spread of US wave.
Nevertheless, in certain cases the situation
makes it possible to consider

ETE. First, ETE can be excluded in nodules which
are covered by thyroid tissue all along the
borders. It means that the specificity of ETE in
sono-histological comparison could be very
high. Regarding not the exclusion, but the
detection of ETE we can rely on the surface of
the nodule which is at the edge of the thyroid.
If it the edge of the nodule protrudes and is
beyond the surface of the thyroid, ETE can be
considered. In certain cases, we can rely on
another sign. The thyroid can be covered by
connective tissue, which appears as a thin
echogenic line on the ventral surface of the lobe.
If this line is broken by the nodule, ETE can be
considered again. The issue is that this
echogenic line if at all exists, is not infrequently
discontinuous. Let me remind you that the
thyroid gland lacks a complete fibrous capsule
(3).
The two other radiologic modalities which might
be used for detection of ETE are the CT and MRI.
The first concern is that these are not included
in the usual evaluation process of a nodular
goiter' patient. The second problem is that these
techniques are not better than US for ETE. We
present a comparison of diagnostic performance
of US and MRI based on the data of Kim et al.
in Table 2 (22). This data proves that neither of
the techniques is able to detect ETE with high
enough accuracy. It is worth focusing on gross
ETE because minimal ETE does not influence the
prognosis of patients. Similar results were found
in the event of CT (23). In a series of 299
consecutively
registered
patients
with
pathologically proven PTC who underwent
preoperative CT and US, US was more accurate
than CT in predicting ETE and multifocal bilobar
disease (p<0.05). The accuracy of staging was
better overall with US (p<0.01), and US had
greater sensitivity than CT at predicting lateral
compartment metastases (p=0.041). It means
that the concern affecting US and MRI as a basis
for a postoperative pathological staging, is also
present in the event of CT (24).

Table 2 Diagnostic performance of ultrasound and magnetic
resonance imaging in the prediction of extrathyroidal
extension.

Sensitivity
(%)

Modality

Specificity
(%)

PPV
(%)

NPV
(%)

Accuracy (%)

Minimal degree of extrathyroidal extension
US

80.1

70.4

86.3

59.6

77.3

MRI

64.7

84.9

90.6

50.0

70.4

Gross extrathyroidal extension
US

78.5

79.5

46.8

94.1

79.3

MRI

89.2

76.8

47.1

96.8

79.1

See reference of Kim et al. (22).
The work of Kim et al. has proven that US and MRI have a very limited potential defining the
degree of ETE (see Table 3) (22).
Table 3 The role of ultrasound and magnetic resonance
imaging (MRI) in the prediction of direct invasion of thyroid
cancer.
Structure Diagnostic Sensitivity Specificity
invaded tool
(%)
(%)

PPV
(%)

NPV Accuracy
(%)
(%)

Trachea
Ultrasound

63.6

85.1

42.4 93.1

82.0

MRI

59.0

82.6

37.1 92.1

79.1

Ultrasound

35.7

96.3

50.0 93.5

90.6

MRI

57.1

92.5

44.4 95.4

89.2

Esophagus

Major vessels
Ultrasound

35.7

97.7

62.5 93.6

92.0

MRI

42.8

96.2

54.5 94.2

91.2

Recurrent laryngeal nerve
Ultrasound

50.0

97.2

20.0 99.3

96.6

MRI

50.0

95.9

14.2 99.2

95.3

The less than 50% positive predictive value of
radiological assessment means that if we would
rely on the radiologic reports following the
suggestion of the newest TNM, than more than
half of the cases would be

falsely diagnosed as presenting ETE; this
misinterpretation would lead to overtreatment,
false judgement of prognosis. Following the
newest TNM would cause immeasurable harm to
huge number of the patients.
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HOW TO JUDGE THE EXTRATHYROIDAL EXTENSION?
As we have mentioned earlier the strap muscle
is not a homogeneous tissue and is composed of
three different components: There are different
suggestions in the literature regarding ETE.
Basically, there are two features which can raise
the possibility of ETE, the first is integrity of the
capsule (in fact the pseudocapsule) and the
second is the location (the contour) of the tumor
(see Table 4). Rim et al. have distinguished
three types of the continuity of the capsule, it
can be continuous, discontinuous or invisible.
The last two were more prevalent in ETE than
non-ETE (25). The other is the location of the
tumor, i.e. the relation between surface of the
nodule and the surface of the thyroid. Kwak et
al. have reported that more than 25% of tumor
perimeter contact with the adjacent capsule was
the most accurate measurement for predicting
ETE if the lesion was smaller than 10 mm (26).
Choi et al. also used the criterion of more than
25% tumor abutment with the thyroid capsule
for T3, and they reported that the accuracy for
determining ETE was 70.2% (27). However,
Park et al. used a criterion of more than 50%
tumor abutment with the thyroid capsule for T3,
and they reported that the accuracy for

determining ETE was 74.5% (28). Gweon et
al. used the criterion of more than 25% tumor
perimeter abutment with the thyroid capsule or
focal abruption of the thyroid capsule by a tumor
as T3 on both 2D and 3D sonography (29). They
have found an overall accuracy of 60.8% and
66.2% in predicting ETE, 2D and 3D US,
respectively.
Rim et al. distinguished three types of tumor
contour: it can be covered by normal
parenchyma, or it can be abutting or bulging. In
the latter two cases ETE was more prevalent
than non-ETE (25). There are no data in the
literature on which we could even assume that
US would be able to discriminate between stage
III and stage IV tumors.
The main issue is that although abutting or
bulging contours have a very good sensitivity
but have a poor specificity, i.e. great proportion
of benign lesions have also abutting or bulging
contours. It seems to be self-evident that a
nodule covered entirely by normal thyroid
parenchyma cannot present ETE.

Table 4 Ultrasound sings suggesting
extrathyroidal spread according to Rim et
al. (25).
Integrity of pseudocapsule



Continuous



Discontinuous



Invisible

Contour of the tumor



Covered by normal parenchyma



Abutting



Bulging

ACCURACY OF THE JUDGEMENT OF EXTRATHYROIDAL SPREAD
There are very limited number on this issue. The
interobserver agreement of 3 reviewers was fair
(kappa=0.33) for 2D sonography and moderate
for 3D sonography (kappa = 0.46) in one study,
which used still images for comparison. Using
real time videos is much closer to the real-world
situation, and it is not surprising that the
interobserver agreement was lower, the kappa
value was 0.28 (30).

One thing is the agreement, the other is the
reality. In this study which involved 7
experienced investigators, only 48.1% of cases
presenting ETE were detected by the
ultrasonographers, moreover the positive
predictive value of US proved to be only 39.8%
(30).

DESCRIPTION OF AN AMBIGUOUS AND DANGEREOUS SITUATION
AND A POSSIBLE RESOLUTION
In the sections discussed so far, we examined
the suitability of US for ETE prediction. We now
investigate whether the US signs of ETE can be
predict thyroid cancer - regardless of the
presence or absence of ETE. US signs of ETE
may be useful predicting thyroid cancer because
PTC is preferentially located at the edge of the
thyroid, either in the upper pole (32) of the lobe
or in the isthmus (33). It seems to be a
reasonable assumption that the location and the
potential ETE are linked. But I underline here
again, that the US signs of ETE for the prediction
of cancer is not influenced by the real
occurrence of ETE in TIRADS scoring.
There are two main issues. Studies in the
literature almost exclusively focus on the
prediction of ETE and not on the prediction of
cancer. This is very disturbing because e.g. the
three American TIRADS use US signs of ETE for
prediction of cancer when they involve these
signs into generating TIRADS score. To the best
of my knowledges, there is only one study in the
literature which focused on the diagnostic
performance of US signs of ETE in predicting
thyroid cancer, namely medullary cancer. This
study has found that the US signs of ETE have a
similar diagnostic value to other suspicious US
characteristics (34).
The second issue is that it is not clear and not
described in the literature and in the guidelines
which US signs or which combination of US signs
should be taken into account that we say that
the nodule shows sign of ETE. It seems to be
reasonable that only abutting nodules with noncontinuous nodules fulfill the criteria of
suspicion.
Basically, three TIRADS involve ETE in the
categorization of thyroid

nodules (see Table 6). In the TIRADS of the
American Thyroid Association (18) and in the
collaborative
TIRADS
of
the
American
Association of Clinical Endocrinologists (AACE),
American College of Endocrinology (ACE) and
Associazione Medici Endocrinologi (AME) (17)
the presence of ETE automatically puts the
lesion into the most suspicious category. The
AACE guideline has an important consideration;
in contrast with other suspicious features, AACE
suggests FNA even in subcentimeter nodules in
the event of suspicion of ETE: 'Due to the
nonnegligible prevalence of extracapsular
extension in subcentimetric tumors (35),
suspicious (high-risk) lesions <10 mm should
receive FNA for early diagnosis and treatment
when subcapsular (especially if associated with
capsular abutment)' (AACE). In the system of
the American Clinical Radiologist ETE is worth 3
points (19), which following the logic of this
system means that the lesion belongs either to
the most or the most suspicious but one
subgroup.
In contrast with the former systems, neither the
TIRADS of the Korean Society of Radiologist
(21) nor that of the European Thyroid
Association (20) takes ETE into account in
generating a score mainly because the USbased diagnostic criteria for ETE is somewhat
subjective and has not been established yet.
The handling of ETE might cause some
confusions by using the KSTR TIRADS: on the
one hand, the system does not involve this
feature into generating the score and therefore
indication of FNA based on the score and the size
of the nodule. On the other hand, the Korean
guideline takes ETE most seriously, because it
suggests FNA even in the suspicion of ETE,
moreover, in contrast with all other features,
irrespectively of nodule' size (21).
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Table 5 The occurrence of minimal and extensive extrathyroidal extension in
the most frequent thyroid carcinomas.
Type of
carcinoma

All cases
(N)

No ETE (N)
(%)

Minimal ETE (N)
(%)

Extensive ETE (N)
(%)

Papillary

225,872

195,096
(86.4)

21,438 (9.5)

9,338 (4.1)

Follicular

10,729

10,186 (94.9)

276 (2.6)

267 (2.5)

Hürthle-cell

4,585

4,195 (91.5)

193 (4.2)

197 (4.3)

Medullary

3,415

3,001 (87.9)

242 (7.1)

172 (5.0)

ETE means extrathyroidal extension.
Data from Youngwirth et al. (31).
As in most US characteristics, papillary thyroid
carcinoma is in the frontline. The data of
Youngwirth et al. who have analyzed the
National
Cancer
Database
(1998-2012)
regarding the presence of ETE are presented
in Table 5.

Less than half of follicular cancer present with
ETE compared with papillary or medullary
carcinomas (31). The latter two displays ETE in
similar proportions.

THE ECHOGENICITY OF THE MOST FREQUENT THYROID CANCERS
A thyroid carcinoma is significantly more
frequently hypoechoic compared with benign
lesions. The odds ratio is proved to be among
the highest in two large-scale studies. In a
metaanalysis (18) which included 29,674 cases,
the odds ratio was proved to be 5.07 for
hypoechogenicity, while this ratio was the 6.8
for deep hypoechogenicity and 2.6 for slight
hypoechogenicity in another study involving
2,000 cases (19). More than 80% of all
carcinomas occur in hypoechoic nodules (20).
This good sensitivity is blunted by the poor
specificity. Hence, hypoechogenicity in a solid
thyroid nodule is a sensitive (80-85%), yet
poorly
specific
(15-25%),
predictor
of
malignancy (21-25). Marked hypoechogenicity
- defined as a US texture that appears darker
than the prethyroid muscles - provides a
relevant risk of malignancy with a reported
positive predictive value (PPV) up to 94% (2526). The interobserver variability represents a
relevant limit of echogenicity assessment (27).

In particular, the coexistence of diffuse
thyroiditis in the extranodular tissue may pose
major problems for the correct assessment of
nodule echogenicity (28). In a similar way to
other
suspicious
characteristics,
the
presentation of papillary carcinoma defines the
presentation of thyroid carcinomas because
more than 80% of thyroid carcinomas belong to
the papillary subtype. It means that the
characteristics of papillary carcinoma is
essentially the same as the thyroid carcinomas.
If we analyze the three most frequent subtypes
of carcinomas separately, we can conclude that
medullary carcinoma behaves similarly to
papillary carcinoma. Marked hypoechogenicity is
a common feature in medullary carcinoma (29).
We have found that all medullary carcinomas
were hypoechoic (30). On the other hand,
follicular carcinoma has a significantly different
pattern. Hypoechogenicity is seen only in a
minority (30-35%) of FTCs (31). For a
comparison see Table 4 (32-52).

Table 6 The role of extrathyroidal extension in the
most important TIRADS systems.
Echogenicity of the
nodule

Extrathyroidal
extension present

Irrelevant

3

Non-hypoechoic

Non-classifiable

Hypoechoic

5

European

Irrelevant

No influence on
TIRADS score

Korean

Irrelevant

No influence on
TIRADS score

Type of TIRADS
AACE
ACR
ATA

4 or 5

The TIRADS of the European Thyroid Association is although more consistent but seem to be less
realistic: this system describes the presentation of ETE and the concerns about its usefulness but
does not suggest FNA in the event of ETE (20).

TO SUMMARIZE
US is a valuable tool to rule out ETE and can
raise the suspicion of ETE with a weak positive
predictive value. However, US is not able to
verify ETE with high enough accuracy and is
unable to discriminate between minimal and
gross ETE and is unable to determine the degree
of gross ETE.
We should bear in mind that based on the failure
(or on the possibility of misinterpretation) of the
newest TNM classification, our US report might
have a huge consequence on the further therapy
of patients, therefore a

US finding on a suspected ETE should be
formulated with a high degree of restraint.
In the case of mere suspicion of ETE, FNA must
be performed irrespectively of other clinical and
US characteristics and irrespectively of TIRADS
categorization. The key to raise the suspicion of
ETE are discontinuation of the pseudocapsule,
the abutment and the bulging of the contour.
These signs are frequently observed not only in
carcinomas without ETE but are common
findings in benign thyroid lesion.
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Extrathyroidal spread - Table 1 The integrity of the thyroid' capsule
Discontinuation of the capsule is one of the three signs of a possible extrathyroidal spread. The diagnostic value is hindered by the fact that the thyroid indeed has
only a pseudocapsule. It means that the discontinuation of this pseudocapsule is a normal finding. Nevertheless, there are certain patterns which raise the suspicion
of extrathyroidal spread.

Papillary carcinoma (histology) - case conp012

The echogenic line running on the ventral surface of the thyroid is lacking between the two pairs of arrows. In this case this phenomenon cannot be caused by
extrathyroidal spread.
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Follicular adenoma (histology) - case 2018
Transverse scan

Longitudinal scan

The nodule' contour is abutting at the dorsal part. The abutment exceeds 25%. The capsule is all along continuous at this part of lobe. Note that the thyroid capsule in the
ventral surface is discontinuous which has no relevance because her the nodule is not abutting.

Benign hyperplastic nodule (histology) - case 2050

The capsule is discontinuous not only in those parts where the nodule presents abutment. (Red arrowheads point to the capsule of the lobe, while yellow arrows do to those
parts where the capsule is lacking.)
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Sclerotherapy of a benign cystic nodule - case 2068
Before the second session of sclerotherapy

Four years after the sclerotherapy

Initially the nodule presented non-abutting contour because there was a thin echonormal parenchyma between the ventral surface of the nodule and the thyroid. At the
follow-up, the contour became abutting. The capsule was non-visible at the first, while became discontinuous at the follow-up examination.
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Papillary carcinoma (histology) - case conp032
Transverse scan

Longitudinal scan

The hyperechogenic line on the ventral surface of the lobe is all along intact in the transverse scan, while the more complex echogenic structure seen in the longitudinal
scan is not broken.
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A patient after aspiration of a benign cyst - case 2062
Before the aspiration

After the aspiration

At first sight the pattern seems to be suspicious of extrathyroidal spread. In the upper right image, the origin of the ventral wing-like hypoechogenic structure is equivocal.
Considering the left upper image, the run of the extrathyroidal strap muscle is more evident. The dorsal wall of the strap muscle is marked with yellow arrows.
Nevertheless, the ventral wall of the hypoechogenic nodule is in direct contact with the muscle fiber.
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The cyst before the aspiration

For an experienced investigator this pattern should not cause any concern regarding extrathyroidal spread. The only area which might theoretically raise the possibility of
extrathyroidal spread is only a technical artifact: be aware the we can follow an acoustic artifact (marked with red) up to the most ventral part of the image.
On the other hand, this case meets all criteria on which extrathyroidal spread should be considered: protrusion of the nodule into the adjacent tissue, capsular bulging and
disruption (green arrows). The definition fails in the event of dominantly cystic nodules.

383

Papillary carcinoma (histology) - case conp007

The medial part of the nodule was difficult to judge, partly because of the focus was set improperly (red arrow), partly because of the acoustic shadow caused by the
cartilage. The improperly setting of the focus also contributed to the difficulty of proper judgement of the borders at its the dorsomedial part (yellow arrow).
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Papillary carcinoma (histology) - case conp038

The arrows point to those parts of the lobe where the capsule has been broken. Nonetheless, in this case the thyroid capsule was almost continuous at the medial part.
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Extrathyroidal spread – Table 2 Abutment of the contour
Abutment means that the contour of the tumor is in contact with the adjacent pseudocapsule of the thyroid. Although this is a common finding in benign nodules,
on the degree of abutment tumors spreading extrathyroidal differ from those cancers which do not spread beyond the thyroid. The abutment is related to the
perimeter of the nodule, a value exceeding 25% may have clinical relevance.

Benign, cystic-colloid goiter (cytology) - case 2128

Right lobe, transverse scan. The ratio of the distance between arrowheads (which point to the arch of the abutting part) to the distance between the arrows (which is the
diameter of the nodule) is around 90%. According to the rule of geometry, the perimeter abutting is the half of this ratio, i.e. around 45%.
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Papillary carcinoma (histology) - case conp 003

The lesion presents less than 25% of tumor perimeter contact with the adjacent capsule. The ratio of the distance between arrows to the distance between arrowheads is
more than the double of this value because the shape of the lesion is not of regular geometrical.

Papillary carcinoma (histology) - case conp 051

The dorsal contour is non-abutting between the green and red arrows while abutting between the green and yellow arrows. In the former area there is a thin echonormal
parenchyma between the dorsal surface of the nodule and that of the lobe.
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Benign lesion (cytology) - case 2127

There is a thin echonormal parenchyma ventral to the nodule, therefore the nodule presents no or only minimal perimeter abutment in the ventral part. Yellow arrows point
to those parts of the nodule' surface where the borders are indistinctive, while red arrows do to those areas where halo is present.
On the other hand, the nodule at the dorsal part is adjacent to the thyroid capsule, but the perimeter abutment is less than 25%.
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Sclerotherapy of a benign cystic nodule - case 2068
Before the second session of sclerotherapy

Four years after the sclerotherapy

Initially, the nodule presented non-abutting contour because there was a thin echonormal parenchyma between the ventral surface of the nodule and the thyroid. At the
follow-up, the contour became abutting. The capsule was non-visible at the first, while became discontinuous at the follow-up examination.
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Papillary carcinoma (histology) - case conp032
Transverse scan

Longitudinal scan

The hyperechogenic line on the ventral surface of the lobe is all along intact in the transverse scan, while the more complex echogenic structure running in the ventral
surface of the lobe (longitudinal scan) is not broken. The nodule' contour is abutting.
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A patient with after aspiration of a benign cyst - case 2062
Before the aspiration

After the aspiration

At first sight the pattern seems to be suspicious of extrathyroidal spread. In the upper left image, the origin of the ventral wing-like hypoechogenic structure is equivocal.
Considering the right upper image, the run of the strap muscle is more evident. The dorsal wall of the strap muscle is marked with yellow arrows. Nevertheless, the ventral
wall of the hypoechogenic nodule is in direct contact with the muscle fiber.
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The cyst before the aspiration

There is an area where we cannot separate the strap muscle from the cystic nodule. This is caused simply by a technical artifact: be aware that we can follow an acoustic
artifact (marked with red) up to the most ventral part of the image.
On the other hand, this case meets all criteria on which extrathyroidal spread should be considered: abutment, protrusion of the nodule into the adjacent tissue (i.e.
capsular bulging) and disruption of the capsule (green arrows).
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Extrathyroidal spread - Table 3 Bulging of the contour
Bulging of the nodule means that the contour of the nodule exceeds that of the neighboring non-nodular part. This sign has a good sensitivity, but a poor specificity
regarding extrathyroidal spread.

Benign nodule (cytology) - case 2166

Papillary carcinoma (histology) - case conp062

This comparison points out why the importance of bulging should be treated with caution. The left case presents bulging of the thyroid' contour caused by a nodule which
contour is not bulging because it is covered by normal tissue. On the other hand, the nodule in the right case presents bulging contours. The difference might be caused
either by the invasive nature of a carcinoma or simply by the location of the nodule.
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Papillary carcinoma (histology) - case conp060

Red arrows point to the most ventral part of the lobe outside the nodule while red arrows do to the most ventral part of the tumor. The difference means an unusually large
degree of bulging.
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Sclerotherapy of a benign cystic nodule - case 2068
Before the second session of sclerotherapy

Four years after the sclerotherapy

Initially, the nodule presented non-abutting contour because there was a thin echonormal parenchyma between the ventral surface of the nodule and the thyroid. At the
follow-up, the contour became abutting. The capsule was non-visible at the first, while became discontinuous at the follow-up examination.
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Papillary carcinoma (histology) - case conp005

The contour of the lobe is marked with yellow arrows, the contour of the tumor is marked with red arrows. Due to the bulging of the tumor, the sternocleidomastoid muscle
became narrow. The normal part of the muscle is marked with white arrows.
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Papillary carcinoma (histology) - case conp032
Transverse scan

Longitudinal scan

The hyperechogenic line on the ventral surface of the lobe is all along intact in the transverse scan, while the more complex echogenic structure seen in the longitudinal
scan is not broken. Note that the contour is bulging on the transverse scan.
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Papillary carcinoma (histology) - case conp045
Transverse scan

Longitudinal scan

The nodule has macrocalcifications and therefore shows acoustic shadow. The latter hinders the judgment of all signs on extrathyroidal spread.
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Benign cystic nodule (cytology) - case 2062

There is an area where we cannot separate the strap muscle from the cystic nodule. This is caused simply by a technical artifact: be aware that we can follow an acoustic
artifact (marked with red) up to the most ventral part of the image.
On the other hand, this case meets all criteria on which extrathyroidal spread should be considered: abutment, protrusion of the nodule into the adjacent tissue (i.e.
capsular bulging) and disruption of the capsule (green arrows).
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Papillary carcinoma (histology) - case conp021
Transverse scan

Longitudinal scan

The nodule presents all three signs on which extrathyroidal extension has to be considered: the contour is abutting and bulging while the capsule is discontinuous at the
abutting portion of the nodule (yellow arrows).
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Benign case, an autonomously functioning adenoma - case 2069

The contour is bulging in this case, however, the nodule is located in the ventromedial, isthmic part of the lobe: nodules is such localization are almost always bulging
simply because of the anatomical situation.
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Extrathyroidal spread - Table 4 The issue of identical echogenicity
We meet this pattern in cases in which the echogenicity of the nodule is identical to the neighboring extrathyroidal parenchyma: most importantly in deeply
hypoechogenic nodule in the ventral border of the thyroid and strap muscle running just on the ventral border of the thyroid.

Papillary carcinoma (histology) - case conp026
Transverse scan

Longitudinal scan

The more hypoechogenic thyroid infiltrates the less hypoechogenic strap muscle. The borders between the former (yellow) and the latter (red) are pointed with arrows.
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Papillary carcinoma (histology) - case conp062
Transverse scan

Longitudinal scan

This is a highly suspicious of extrathyroidal spread. The degree of bulging is high compared to the mass of the lesion. We cannot differentiate the tumor from the strap
muscle.
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Papillary carcinoma (histology) - case conp008
Transverse scan

Longitudinal scan

The border between the ventral part of the hypoechogenic nodule and the dorsal part of the strap muscle cannot be determined (yellow arrows). On the other, hand the
echogenic line, the connective tissue running in the ventral surface of the thyroid (red arrows) has been broken (red arrowheads) which increases the likelihood of
extrathyroidal spread.
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Papillary carcinoma (histology) - case conp003
Transverse scan

Longitudinal scan

The tumor has partly blurred (red arrows) and partly spiculated (yellow arrows) margins. The extent of blurred part of the border exceeds 50%. Green arrows point to that
part of the nodule which echogenicity is identical to the extrathyroidal strap muscle. In such cases we can neither prove nor exclude the possibility of extrathyroidal spread.
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Papillary carcinoma (histology) - case conp014
Transverse scan

Longitudinal scan

The possibility of extrathyroidal spread should be also considered: the ventral part of the nodule cannot be distinguished from the strap muscle running on the ventral
surface of the lobe.
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Benign lesion (cytology) - case 2026

The hypoechogenic part of the nodule has an almost identical echogenicity to the muscle fiber located at the dorsal part of the thyroid. Because the nodule is located at the
dorsal border of the lobe, the borders between the nodule and the muscle fiber are indistinctive. Yellow arrows point to those part of the capsule where it is discontinuous.
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Papillary carcinoma (histology) - case conp021

Yellow arrows point to that part of the image where the nodule is in contact with the strap muscle. Note the identical echogenicity of the two tissues.

Benign lesion (cytology) - case 2068

The borders between the nodule and the strap muscle (yellow arrow) are undefined. The capsule is discontinuous.
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COURSE on THYROID ULTRASOUND
Section 2 The nodular goiter

Part 8 The halo sign and vascular pattern of nodules
Manual

OPENING
Halo sign means a hypoechoic rim that
surrounds a portion of thyroid tissue and
thus separates it from the rest of the thyroid
gland. Different histological entities may
correspond to halo, i.e. a capsule or
pseudocapsule or surrounding capsular
vessels or compressed thyroid tissue (1-4).
Baskin et al. suggested that in most
instances, the peripheral halo corresponds
to a pericapsular arrangement of nodule
vascularity, as demonstrated by Doppler or
power flow mapping (5).
Color and power Doppler examinations
provide careful visualization of the

vascular architecture of thyroid nodules
(5-6). The vascularization of the nodules
has long been examined. After the initial
enthusiasm, it has now become clear that
the value of nodule vascularization in the
assessment of the risk of thyroid
carcinoma is limited because of the
absence of clear-cut differences between
benign
and
malignant
lesions.
Nevertheless, as a minor sign, it has some
role in differential diagnostic. Thus, the use
of color and power Doppler in thyroid
nodule
examination
only
provides
complementary information (7).

THE IMPORTANCE OF HALO SIGN IN THE DIFFERENTIAL
DIAGNOSTICS OF THYROID NODULES
Although the halo sign is more frequently
found in the benign nodules, it is not highly
specific for the benignity (8-9) and
frequently found in follicular neoplasm (1011), and the absence of the halo is less
specific for malignancy (12-13). Moreover,
a follicular tumor including the malignant
counterpart, the follicular cancer is, by
definition surrounded by capsule, and the
ultrasound (US) equivalent of this capsule is
the halo. This means that if the halo is
clearly considered a benign signal, we are
unaware of the possibility of follicular
cancer.
Campanella et al have found that the
highest risk of malignancy was associated
with the 'taller-than-wide' shape (DOR of
10.2; 95% CI: 6.7-15.3), an absent halo
sign
(7.1;
95%
CI:
3.7-13.7),
microcalcifications (6.8; 95% CI: 4.7-9.7),
and irregular margins (6.1; 95% CI: 3.112.0) (14).
Apparently, there is a contradiction here: on
the one hand, the absence of the halo
signal is one of the most important
suspicious signs, at the same time,
the presence of the halo is the most
common sign of follicular cancer. This can
be explained by the fact that papillary
cancer is by far the most common cancer in
the thyroid gland (about 10 times more
common than follicular cancer), so the signs
that characterize papillary cancer are
statistically characteristic of all thyroid
cancers. A thin halo was found to decrease
the malignancy risk (DOR 0.3) while the
absence or thick halo was reported to
increase the risk of malignancy (DOR 3.4)
15). Zhang et al. reported that the absent

(or thick halo increased the risk of FTC
(16). We found that the halo signal has a
different meaning depending on the
echogenicity of the nodule: the risk of
malignancy was decreased in all nodules
except for moderately hypoechoic ones if
they presented halo sign while the absence
of halo increased the risk of cancer in all
but moderately hypoechoic lesions (17).
In moderately hypoechoic lesions the
situation was just the opposite, the
presence of halo significantly increased the
risk of cancer while the lack of significantly
decreased the risk of cancer. The
difference between deeply and moderately
hypoechoic nodule was explained by the
difference in visualization of halo on US:
The absence of a halo decreases the risk of
malignancy only because this sign cannot
be demonstrated in the most frequently
occurring
malignant
nodules,
in
hypoechogenic ones. The demonstration of
a halo sign is very difficult or even
impossible in most hypoechogenic nodules
because the US appearance of the capsule
in such lesions is identical with the nodule.
This is clearly proved by the fact, that for
follicular
adenomas,
which
are
encapsulated in 100% of the cases, only
8.8% of the hypoechogenic nodules exhibit
a halo sign, whereas this feature can be
demonstrated by US in 64.1% of all other
types of nodules. It is not surprising
therefore, that the presence of a halo sign
significantly
increases
the
risk
of
malignancy in cases of moderately
hypoechogenic
nodules,
while
in
hyperechogenic nodules the presence or
absence of a halo sign does not influence
the likelihood of malignancy.

THE HALO SIGN IN VARIOUS GUIDELINES AND TIRADS
In the guideline of the American Thyroid
Association (ATA) and the American College
of Radiologist (ACR) the halo sign is not
mentioned or omitted, ATA or ACR,
respectively (18-19). The latter mentions
that the halo has no discriminatory effect.
The other three guidelines summarize the
above-discussed findings in the literature
(20-22).

Neither of the TIRADS involves halo sign in
the classification of thyroid nodules. The
AACE is the only TIRADS which mentions
the 'regular halo' among features
characteristic of benign lesions (20).
However, the presence of halo is not a
prerequisite to categorize a lesion among
the benign subgroup which means that
even in this system, neither the lack or the
absence
of
halo
influences
the
classification of a nodule.

THE HALO SIGN IN THE MOST FREQUENT SUBTYPES OF THYROID
CANCER
Except for the follicular variant (FVPC,
papillary cancer is characterized by the
absence of halo. Halo sign was found in
25% of FVPCs while in only 3% of non-FVPC
cases (23). Follicular cancer behaves just
the opposite, here the most common
ultrasound feature is the halo, halo sign was
detected in 26% of PTC while in 87% of FTC

in the study of Jeh et al (10).
Medullary cancer has been much less
studied in this regard, but MTC seems to
behave similarly to PTC. Lai et al have
found that6.3% of MTCs and 4.5% of PTCs
present with halo (24).
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CLASSIFICATION OF VASCULAR PATTERNS
Three different classifications for nodule'
vascularization are suggested in the
professional guidelines (see Table 1). We
should not memorize these

but reading the literature, it is worth noting
that not the same patterns are represented
by categories of different guidelines of the
same name.

Table 1 The classification of vascularity of thyroid nodules in
three guidelines.
ETA

KSTR

AACE

Type 1

Absence of intranodular Absence of intranodular and
and perinodular
perinodular vascularity
vascularity

Peripheral
pattern

Type 2

Presence of perinodular Presence of circumferential
and/or slight
vascularity at margin of nodule
intranodular flow

Intranodular
pattern

Type 3

Marked intranodular
and slight perinodular
flow

Intranodular vascularity with or
without peripheral vascularity
(< 50%)

Absence of
blood flow

Type 4

-

Marked intranodular vascularity
with or without peripheral
vascularity (> 50%)

-

In everyday practice, in order to avoid
misunderstandings, it is worth specifically
describing what we see (perinodular and or
central flow). If we see internal flow, it is
worth describing its extent: minimal,
increased, or chaotic. The Doppler criteria
remain controversial (7), mainly because
the performance of Doppler examination is
highly dependent on the US equipment and
settings.
Hoang
defined
perinodular
vascularity as the presence of blood flow

around at least 25% of the circumference
of a nodule (25).
Regarding intranodular vascularity, we
lack clear definitions and the interobserver
agreement is low (20). The quantitative
analysis of the vascular patterns is not well
established and is time-consuming (26).
Nor is it clear whether the vascularity of
the nodule should be examined on its own
or compared to the surrounding tissue.

THE ROLE OF VASCULAR PATTERNS IN DIFFERENTIAL
DIAGNOSTICS OF NODULAR GOITER
Basically, the most common pattern of
vascularity in thyroid malignancy is marked
intrinsic hypervascularity, which is defined
as flow in the central part of the tumor that
is greater than that in the surrounding
thyroid parenchyma (25). Perinodular
pattern is more characteristic of benign
thyroid lesions but also has been found in
22% of thyroid malignancies (9). In
contrast, complete avascularity is a more
useful sign: Chan et al (9) reported that all
papillary thyroid carcinomas had intrinsic
blood flow, and they concluded that a
completely avascular nodule is very unlikely
to be malignant. Although, there is
statistically significant difference in the
vascular presentations between benign and
malignant nodules, the usefulness of Color
examination is very limited in the everyday
practice. Perhaps, it depends on the fact
that there is not good enough technology to
detect it. However, this point remains a
matter of debate among specialists
worldwide (27).
The presence of intranodular vascularity
ranges from 16.7% to 91.7% in malignant
tumors (7, 9, 28-32) and from 30.7% to
65.3% in benign lesions (7, 29-32).
Although the presence of intranodular
vascularity might increase the risk of
malignancy (28, 30), there are no
consistent results regarding the association
of an intranodular vascularity pattern with
the risk of malignancy (7, 29, 32, 33).
Recent studies suggested that the presence
of intranodular flow was not predictive of
the malignancy (7, 34), and that it could
not provide an added value over that of the
information gained by gray-scale US for the
prediction of the malignancies (7).
In a recent meta-analysis, a higher risk of
malignancy was associated with the
following features: nonparallel orientation

(odds ratio (OR) 10.15), absence of halo
(OR 7.14), microcalcifications (OR 6.76),
irregular
margins
(OR
6.12),
hypoechogenicity (OR 5.07), solid nodule
structure (OR 4.69), and intranodular
vascularization (OR 3.76) (14). Chaotic
intranodular
vascular
images,
mild
hypoechogenicity,
and
rounded
appearance also have a predictive value,
albeit a low one (5, 6, 35).
In a recent work where 98% of the cancers
were PTC, intranodular flow did not have
independent
predictive
value
for
malignancy in multivariate logistic analysis
(36). Overwhelming majority (98%) of
cancers were PTC in this study. In three
other publications in which the ratio of FTC
was higher (10%-22%), the intranodular
vascularity correlated with malignancy
(37-39).
The above presented data characterize
PTC. Similarly to other US characteristics,
the presentation of FTC differs from PTC in
vascularity (17). Much less data is
available for FTC and MTC. Although the
presence of a marked intranodular
vascularity pattern might be predictive of
malignancy in the follicular lesions or
follicular
neoplasm
(40-44),
the
hypothesis remains controversial (45).
MTC seems to behave similarly to PTC. Lai
et al have found that increased vascularity
was significantly more frequent in MTC
(72.4%) than in PTC (47.7) (23). In a
large study which 698 surgically treated
patients, Yang et al. have found
significantly
higher
intranodular
vascularity in benign compared with
malignant nodules (46). The occurrence of
intranodular flow was significantly higher
in encapsulated cancers compared with
non-encapsulated ones (46).

THE VASCULAR PATTERNS IN TIRADS CLASSIFICATIONS
The guideline of the American College of
Radiologist does not even mention Doppler
examination (18). The other four important
guidelines discuss the role of vascular patterns
in the differential diagnostics, however the
vascular pattern does not influence the
categorization of nodules is any TIRADS (17,
19-21).

The AACE is the only TIRADS which mentions
the 'intranodular vascularization' among maybe-present
features
characteristic
of
intermediate-risk
lesions.
However,
the
presence of intranodular blood flow is not a
prerequisite to categorize a lesion among the
intermediate-risk subgroup which means that
even in this system, the vascular pattern has
no role in the classification of a nodule (20).
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OTHER ROLES OF DOPPLER EXAMINATION
We list some examples of when a circulation
study may be of added benefit. The assessment
of vascular flow may be useful for guidance of
FNA. In multinodular goiters, nodules with
intranodular blood flow are preferentially
biopsied. (47, 48). The assessment of Color
pattern may have role in mixed nodules,
intensely vascularized portion should be
carefully evaluated (9, 49).
The analysis of Doppler flow may be of help in

discriminating thyroid nodules from strap
muscles and to differentiate deeply hypoechoic
lesions
from
intrathyroidal
vessels.
Examination of the vascularity can be a quick
help in differentiating enlarged lymph nodes
and cervical vessels. In the event of
percutaneous ethanol injection therapy, the
vascularity has a prognostic role in judging the
success. If the solid part turns avascular, the
success rate is higher compared to remaining
vascularized (50).

DOPPLER EXAMINATIONS IN LYMPH NODES
In an enlarged lymph node, the presence of
cystic changes, microcalcifications, or absence of
hilum is highly suspicious (35, 51, 52), while
rounded
appearance
and
chaotic
hypervascularity are also common but less
specific signs of malignancy (20).
While a benign node is characterized by central

vascularization, an indeterminate is with the
absence of central flow. They speak of a
suspicious lymph node if it shows cystic change
or calcification (micro- or macrocalcification) or
hyperechogenicity or abnormal vascularity
(peripheral or diffuse) (51).

A POSSIBLE ROLE OF HALO SING AND NODULE' VASCULARITY IN
FOLLICULAR LESIONS
There are different explanations for halo sign
and for perinodular blood flow, but all include
that at least in part of the cases, these US
features correspond to thyroid capsule. E.g.
Baskin et al suggested that in most instances,
the peripheral halo corresponds to a pericapsular
arrangement of nodule vascularity (5). All
follicular tumors are surrounded with capsule
and most of them present halo sign and/or
perinodular blood flow. Taking these facts into
account may be helpful in solving an important
differential
diagnostic
problem.
Follicular
proliferation is the most important, most
common and, with complete certainty, only

histologically
cytology.

solvable

problem

in

thyroid

In 30% of cases where cytology raises a
suspicion of a follicular tumor, histological
examination confirms a non-tumorous lesion,
i.e. hyperplastic nodule. Although these may
present halo sign, but with a significantly lower
frequency compared with follicular tumors. This
means that in cases where cytology raises a
follicular tumor, the reconsideration of US
presentation may help to avoid unnecessary
surgery: the absence of halo substantially
decreases the risk of follicular tumor including
follicular cancer (53).
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Chapter 8 The halo sign and the vascularity of nodules
Differential diagnostics
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The halo sign and vascular patterns of nodules - Table 1 Typical presentations
We demonstrate the various forms of vascular patterns in thyroid nodules.

Benign, hyperplastic nodules (histology) - case conp 049

None of the nodules show either vascularization or halo sign.

415

Follicular cancer (histology) - case 2222

The nodule has halo and presents neither perinodular nor intranodular vascularity.

Oxyphilic adenoma (histology) - case 60

The nodule does not show halo sign but displays perinodular blood flow.

416

Follicular cancer (histology) - case 2221

The nodule has a complete halo and presents perinodular blood flow at around 50% of its circumference.

Poorly differentiated insular cancer (histology) - case 738

The nodule has no halo and shows an irregularly increased intranodular vascularization.

417

Papillary cancer (histology) - case conp 049

The nodule has no halo. The presence of perinodular vascularization is doubtful while the intranodular vascularity is minimal.

Papillary cancer (cytology) - case 2254

The nodule has not halo. The intranodular vascularization is substantially increased.

418

Benign follicular proliferation (cytology) - case 2249
Transverse scan

Longitudinal scan

The presence of halo is doubtful. The intranodular vascularization is irregularly increased.

419

The halo sign and vascular patterns of nodules - Table 2 Differential diagnostics
Here are some examples of the role of vascularity in differential diagnostics.

420

Follicular adenoma (histology) - case 1540

The nodule did not present halo sign while clearly has perinodular vascularity. If both features would absent than the risk of follicular tumor would be very low.

421

Follicular cancer (histology) - case 2164

Follicular cancer (histology) - case 2222

These cases reveal an opposite situation. The nodules had halo but lacked perinodular flow.

422

Papillary cancer in Hashimoto's thyroiditis (histology) - case conp 079
Benign parts of the lobe

The papillary cancer focuse

The right lobe was composed of several discrete hypoechoic lesions. The dorsal one proved to be papillary cancer. There was the most important difference in vascularity
between the tumorous and non-tumorous lesions, the blood flow was substantially lower in the former.

423

Follicular adenoma in Hashimoto's thyroiditis (histology) - case 50

The lesion in the ventral part proved to be a follicular adenoma. This part of the lobe is suspicious on grey-scale mode being a pathological nodule. This suspicion was
further increased by the Doppler examination, the lesion differed in vascularity form other parts of the lobe.

424

Papillary cancer (histology) - case 304

There is nodule in the ventral part of the lobe. The nodule has spread into the sternocleidomastoid muscle. On grey-scale mode (right upper image), we could misinterpret
the hypoechoic mass ventral to the thyroid as a muscle fiber. However, Doppler mode proved that this indeed cannot muscle fiber because a muscle does not show
vascularity.

425

Hashimoto's thyroiditis without any nodules (histology) - case 1646

The patient was diagnosed having a follicular neoplasm in the ventral hypoechoic lesion. However, this show neither halo nor perinodular blood flow. This pattern minimizes
the possibility of follicular tumor even in cytology suggestive of follicular tumor.
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Benign, reactive type lymph node - case 1410

The vascularity plays an important role in the recognition of lymph nodes. In this case, a lymph node was located between blood vessels. The node could be easily
identified by examining the circulation.
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