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Abstract

Resumo

High-resolution ultrasound is the imaging method of choice for the evaluation of thyroid nodules. The method has recently come
to be used widely and often, which has increased the rate of thyroid nodule detection. In 2017, the American College of Radiology
(ACR) established a risk-stratification system designated the Thyroid Imaging Reporting and Data System (TI-RADS) to be a practical
guide for widespread use, with a single lexicon and standardization of ultrasound reports of thyroid nodules. The objective of this
study was to present a practical approach, using examples to illustrate the criteria evaluated by the 2017 ACR TI-RADS, in order to
help minimize uncertainties regarding its application by sonographers.

Keywords: Thyroid gland; Thyroid diseases; Ultrasonography.

A ultrassonografia de alta resolucao € a modalidade de escolha para avaliagao de imagem dos nédulos tireoidianos, e sua recente
aplicacao ampla e difusa tornou a detecgao de nédulos tireoidianos mais frequentes. O American College of Radiology (ACR) es-
tabeleceu um sistema de estratificacao de risco denominado Thyroid Imaging, Reporting and Data System (TI-RADS) para ser um
guia pratico para utilizagao ampla com um Iéxico Unico e padronizacao de relatérios ultrassonograficos de nddulos tireoidianos.
O objetivo deste trabalho € fazer uma abordagem pratica com base em exames para ilustrar e exemplificar os critérios avaliados
pelo TI-RADS-ACR 2017, a fim de ajudar a reduzir os pontos de dividas de sua aplicagao pelos profissionais ultrassonografistas.

Unitermos: Glandula tireoide; Doengas da tireoide; Ultrassonografia.

INTRODUCTION

High-resolution ultrasound is the imaging method of
choice for the evaluation of thyroid nodules. The method
has recently come to be used widely and often, which has
increased the rate of thyroid nodule detection. Although
the prevalence of thyroid nodules is high, the incidence of
malignancy is relatively low in incidental nodules"?.

The diagnosis of malignancy depends, above all, on
fine-needle aspiration biopsy or excisional biopsy. To avoid
unnecessary procedures, risk stratification through sys-
tematization is essential®., In 2017, the American College
of Radiology (ACR) convened to establish a practical risk
stratification system for widespread use by all medical pro-
fessionals, resulting in the Thyroid Imaging Reporting and
Data System (TI-RADS), which provides a single lexicon
to reduce confusion in ultrasound reports of thyroid nod-
ules™*©),

The objective of this study was to create a practical
guide to help minimize uncertainties regarding the ap-
plication of the 2017 ACR TI-RADS by sonographers. To
that end, we use examples to illustrate the ACR TI-RADS

criteria and scoring.

FEATURES EVALUATED
The ACR TI-RADS is based on the evaluation of

five key features of a nodule—composition, echogenicity,
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shape, margin, and echogenic foci—which are scored in-
dividually, the feature scores being summed to arrive at
the final classification of the risk level, which ranges from
TR1 (benign) to TR5 (highly suspicious for malignancy). A
sixth feature (size) is used in order to determine the appro-
priate course of action. For each of the five key features,
one of the options must be chosen and duly scored, with
the exception of the “echogenic foci” feature, in which all
the options applicable to the evaluated node must be de-
scribed and scored®. According to the lexicon proposed
by the ACR TI-RADS, the features described above will be
designated in categories.

COMPOSITION

The composition of a nodule is defined on the basis of
its content (solid tissue or fluid). That content is classified
as detailed below.

Cystic — This describes a nodule that is completely or
almost completely filled with fluid (Figure 1).

Spongiform — This describes a nodule that is com-
posed of multiple small cystic spaces that occupy at least
50% of the total volume of the nodule.

Mixed solid-cystic — This describes a nodule that
combines two features presented in the original lexicon
(predominantly solid and predominantly cystic)®. In the
evaluation of these nodules, the characterization of the
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Figure 1. Image of a nodule that was completely cystic. Nodules that are
completely cystic, predominantly cystic, or spongiform are not scored for
other categories, therefore automatically receiving a final score of O and clas-
sified as TR1.

Figure 2. Image of a mixed solid-cystic nodule. In such nodules, only the solid
component should be scored for the echogenicity, margin, and echogenic foci
categories. In this case, the nodule was assigned 1 point for being mixed, 2
points for being hypoechoic, O points for being wider-than-tall, O points for hav-
ing undefined margins, and O points for having no acoustic shadowing artifacts
or echogenic foci. Therefore, the total score was 3 points and the risk level was
classified as TR3.

solid component is more important than the proportional
distribution of the solid and cystic components (Figure 2).

Solid — This describes a nodule that is completely or al-
most completely composed of soft tissue (Figure 3). There
is no precise definition of the proportion of solid compo-
nent required for a nodule to be classified as solid, which
is often a subjective finding. As a general rule, nodules
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Figure 3. Image of a completely solid nodule, with echogenicity similar to the
rest of the thyroid parenchyma, presenting a hypoechoic halo that should not
be scored for the echogenicity or margin categories. The features of (scores for)
this nodule were as follows: solid (2 points); isoechoic (1 point); wider-than-tall
(0 points); smooth margins (O points); and no acoustic shadowing artifacts or
echogenic foci (O points). Therefore, the total score was 3 points and the risk
level was classified as TR3.

that are mostly solid and contain cystic spaces accounting
for no more than 5% of their total volume are classified
as solid®. In some cases, it can be difficult to distinguish
between solid content and debris/hemorrhagic material. In
such cases, the use of color Doppler can help identify flow
within the solid component. If the composition of a nodule
cannot be determined, it should be considered to be solid.

ECHOGENICITY

The echogenicity of a nodule is graded in relation to
the adjacent tissue (thyroid parenchyma or anterior cer-
vical musculature). Note that, for this category, only the
solid component should be taken into account.

Hyperechoic — This describes a nodule with in-
creased echogenicity in relation to the thyroid parenchy-
ma (Figures 4 and 5).

Isoechoic — This describes a nodule with echogenicity
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Figure 4. Image of a hyperechoic nodule. The features of (scores for) this nod-
ule were as follows: solid (2 points); hyperechoic (1 point); wider-than-tall (O
points); smooth margins (O points); and no acoustic shadowing artifacts or
echogenic foci (O points). Therefore, the total score was 3 points and the risk
level was classified as TR3.
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Figure 5. Image of a hyperechoic nodule. Note the heterogeneous echotexture
of the thyroid parenchyma, especially the presence of nodules with well-defined
margins and echogenicity greater than that of the rest of the parenchyma. The
nodule pictured was solid (2 points), hyperechoic (1 point), and wider-than-tall
(O points), with smooth margins (O points) and without acoustic shadowing
artifacts or echogenic foci (O points). Therefore, the total score was 3 points
and the risk level was classified as TR3.

similar to that of the thyroid parenchyma (Figure 3). If the
echogenicity of a nodule cannot be determined, it should
be considered isoechoic for scoring.
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Figure 6. Image of a predominantly solid nodule with smooth margins that is
less echogenic than the rest of the thyroid parenchyma. The nodule pictured
was solid (2 points), hypoechoic (2 points), and wider-than-tall (O points), with
well-defined margins (O points) and without acoustic shadowing artifacts or
echogenic foci (O points). Therefore, the total score was 4 points and the risk
level was classified as TR4.

Figure 7. Image of an oval-shaped nodule with well-defined margins and echo-
genicity lower than that of the rest of the thyroid parenchyma. In this case, the
nodule was assigned 2 points for being solid, 2 points for being hypoechoic, O
points for being wider-than-tall, 2 points for having a lobulated margin, and O
points for having no acoustic shadowing artifacts or echogenic foci. Therefore,
the total score was 6 points and the risk level was classified as TR4.

Hypoechoic — This describes a nodule with reduced
echogenicity in relation to the thyroid parenchyma (Fig-
ures 6 and 7).

Markedly hypoechoic — This describes a nodule with
reduced echogenicity in relation to the anterior cervical
musculature (Figure 8). This characteristic is highly spe-
cific for malignancy.
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Figure 8. Image of a markedly hypoechoic nodule. Compare the echogenicity of
the nodules with that of the cervical musculature. Attention should be paid to
the ultrasound parameters. The nodule pictured was solid (2 points), markedly
hypoechoic (3 points), and wider-than-tall (O points), with undefined margins (O
points) and without acoustic shadowing artifacts or echogenic foci (O points).
Therefore, the total score was 5 points and the risk level was classified as TR4.

SHAPE

In the shape category, only one aspect of a nodule is
evaluated for ACR TI-RADS risk stratification: the rela-
tionship between its anteroposterior dimension (tallness)
and its transverse dimension (width) on an axial image. A
nodule is classified as either wider-than-tall or taller-than-
wide.

Taller-than-wide — When the anteroposterior dimen-
sion of a nodule is greater than its transverse dimension
(Figure 9), it is classified as taller-than-wide. Although not
very sensitive, this is a finding that id highly specific for
malignant lesions, especially when found in combination
with other aspects suggestive of malignancy.

-
a—
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Figure 9. Image of a predominantly solid, hypoechoic, tallerthan-wide nodule
with well-defined margins. The features of (scores for) this nodule were as follows:
solid (2 points), hypoechoic (2 points), taller-than-wide (3 points), smooth margins
(0 points), and no acoustic shadowing artifacts or echogenic foci (O points). There-
fore, the total score was 7 points and the risk level was classified as TR5.
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MARGIN

The margin category classifies the interface between
a nodule and the adjacent intrathyroidal or extrathyroidal
tissue.

Smooth — This describes nodule margins that are
well-defined, curved, and uninterrupted (Figure 3).

Irregular or lobulated — This describes nodule mar-
gins that are spiculated and jagged, forming acute angles.
Such a nodule may or may not have well-defined soft tissue
protrusions into adjacent tissues (Figures 10 and 11).

Extrathyroidal extension — This describes nodule

margins that extend beyond the limits of the thyroid gland,
characterized by clear invasion of adjacent soft tissues or
vascular structures (Figure 12).

Figure 10. Image of a solid nodule with lobulated margins and a rounded lobu-
lation in its anterior portion. In this case, the nodule was assigned 2 points for
being solid, 2 points for being hypoechoic, O points for being wider-than-tall, 2
points for having a lobulated margin, and O points for having no acoustic shad-
owing artifacts or echogenic foci. Therefore, the total score was 6 points and
the risk level was classified as TR4.

Figure 11. Image of a solid nodule with irregular margins. Note the irregularity,
with an acute angle at the medial margin of the nodule. The nodule pictured
was solid (2 points), hypoechoic (2 points), and wider-than-tall (O points), with
irregular margins (2 points) and without acoustic shadowing artifacts or echo-
genic foci (O points). Therefore, the total score was 6 points and the risk level
was classified as TR4.
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Figure 12. Image of a nodule extending beyond the anterior limit of the thyroid.
The nodule pictured was solid (2 points), hypoechoic (2 points), and wider-than-
tall (O points), with extrathyroidal extension (3 points) and without posterior
attenuation artifacts or echogenic foci (O points). Therefore, the total score was
7 points and the risk level was classified as TR5.

Figure 13. Image of a mixed solid-cystic nodule. Note that the medial margin of
the nodule cannot easily be distinguished from the rest of the parenchyma. In
this case, the nodule was assigned 1 point for being mixed, 2 points for being
hypoechoic, O points for being wider-than-tall, O points for having ill-defined mar-
gins, and O points for having no acoustic shadowing artifacts or echogenic foci.
Therefore, the total score was 3 points and the risk level was classified as TR3.

Poorly defined or undefined — This describes nodule
margins that are difficult to distinguish from the thyroid
parenchyma (Figure 13), without irregularities or spicules.

Although margins that are irregular or lobulated are
suspicious for malignancy, ill-defined margins have not
been statistically associated with malignant nodules and
are quite common in benign hyperplastic nodules.

ECHOGENIC FOCI

Echogenic foci are defined as focal areas of signifi-
cantly increased echogenicity, which can vary in shape and
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Figure 14. Image of a solid nodule, showing punctate echogenic foci. The nodule
pictured was solid (2 points), hypoechoic (2 points), and wider-than-tall (O points),
with undefined margins (O points) and punctate echogenic foci (3 points). There-
fore, the total score was 7 points and the risk level was classified as TR5.

Figure 15. Image of a nodule with macrocalcification. Note the intense acous-
tic shadowing. The features of (scores for) this nodule were as follows: solid
(2 points); isoechoic (1 point); wider-than-tall (O points); smooth margins (O
points); and macrocalcification (1 point). Therefore, the total score was 4
points and the risk level was classified as TR4.

size, within a nodule. They can be found in isolation or in
combination with artifacts related to acoustic shadowing.
Punctate echogenic foci — These are defined as small
echogenic spots without acoustic shadowing (Figure 14).
Macrocalcifications — These are defined as calcifica-
tions that are large enough to generate acoustic shadow-
ing and can be irregular in shape (Figure 15).
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Figure 16. Image of a nodule with peripheral echogenic foci corresponding to
calcifications. The nodule pictured was solid (2 points), hypoechoic (2 points),
and wider-than-tall (O points), with well-defined margins (O points) and periph-
eral calcifications (2 points). Therefore, the total score was 6 points and the
risk level was classified as TR4.

Figure 17. Image of a nodule with peripheral calcifications and acoustic shad-
owing that obscures its central content. According to the ACR TI-RADS, when
the internal characteristics of a nodule cannot be determined because of
acoustic shadowing, it is prudent to assume that it is solid and to assign it 2
points for composition, as well as 1 point for echogenicity. In this case, the nod-
ule was assigned 2 points for being of indeterminate composition, 1 point for
being of indeterminate echogenicity, O points for being wider-than-tall, 2 points
for having lobulated margins, and 2 points for having peripheral calcifications.
Therefore, the total score was 7 points and the risk level was classified as TR5.

Peripheral (rim) calcifications — These are defined
as calcifications that occupy the periphery of the nodule
and can be continuous or discontinuous (Figures 16 and
17). They usually produce acoustic shadowing that ob-
scures the central content of the nodule.

52

Figure 18. Image of a nodule that was solid (2 points), isoechoic (1 point), and
wider-than-tall (O points), with smooth margins (O points) and without echo-
genic foci or acoustic shadowing artifacts (O points). Therefore, the total score
was 3 points and the risk level was classified as TR3.

Figure 19. Image of a nodule that was solid (2 points), markedly hypoechoic
(3 points), and wider-than-tall (O points), with smooth margins (O points) and
without echogenic foci or acoustic shadowing artifacts (O points). Therefore,
the total score was 5 points and the risk level was classified as TR4.

PRACTICAL EXAMPLES

Here, we provide examples of the practical application
of the ACR TI-RADS (Figures 18—-21). The captions detail
the items evaluated and show the scores in parentheses.

DISCUSSION

Ultrasound is the main imaging method for evaluat-
ing thyroid nodules, and its wide availability has allowed
such nodules to be detected at increasingly higher rates®.
Therefore, various risk-stratification models have been de-
veloped, each with its own set of recommendations, which
has created confusion among medical professionals. The
ACR TI-RADS was developed with the objective of stan-
dardizing the description of and approaches to thyroid
nodules, its practical form making it highly reproducible.

Radiol Bras. 2022 Jan/Fev;55(1):47-53
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Figure 20. Image of a mixed solid-cystic nodule (1 point) that was isoechoic (1
point), was wider-than-tall (O points), and extended beyond the anterior limit
of the thyroid gland (3 points), without echogenic foci or acoustic shadowing
artifacts (O points). Therefore, the total score was 5 points and the risk level
was classified as TR4.
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Figure 21. Image of a nodule that was solid (2 points), hypoechoic (2 points),
and tallerthan-wide (3 points), with undefined margins (O points) and without
acoustic shadowing artifacts or echogenic foci (O points). Therefore, the total
score was 7 points and the risk level was classified as TR5.
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The application of the ACR TI-RADS has limitations.
First, the use of a point-based system limits the assess-
ment of scored items and does not take into account vari-
ables that may have different implications, such as the ap-
pearance of the solid component of a solid-cystic nodule;
certain aspects of that appearance are known to be as-
sociated with malignancy but are not scored in the ACR
TI-RADS®”. The system also has some pitfalls, which can
erroneously increase the risk level and indicate biopsies
unnecessarily. For example, the tiny punctate hyperechoic
foci that represent the standard pattern for the normal
parenchyma can be misinterpreted as echogenic foci®.
In addition, the ACR TI-RADS is of limited utility in the
evaluation of thyroid glands with multiple nodules, such
as multinodular goiters, in which the gland is supplanted
by multiple confluent nodules of similar appearance. Al-
though malignancy cannot be definitively excluded under
these conditions, it would be impracticable to biopsy each
of these nodules. Therefore, the use of the ACR TI-RADS
risk-stratification model is not practical in that scenario™.

Despite its limitations, the ACR TI-RADS has a place
in clinical practice, although it must be well understood
in order to be used effectively. It provides a standardized
lexicon and facilitates the appropriate management of all
thyroid nodules, making it possible to avoid unnecessary
diagnostic procedures, thus reducing patient discomfort

and health care costs®”.
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