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Abstract

Thyroid nodules are very common all over the world, and China is no exception. Ultrasound plays an important role in
determining the risk stratification of thyroid nodules, which is critical for clinical management of thyroid nodules. For the
past few years, many versions of TIRADS (Thyroid Imaging Reporting and Data System) have been put forward by several
institutions with the aim to identify whether nodules require fine-needle biopsy or ultrasound follow-up. However, no
version of TIRADS has been widely adopted worldwide till date. In China, as many as ten versions of TIRADS have been
used in different hospitals nationwide, causing a lot of confusion. With the support of the Superficial Organ and Vascular
Ultrasound Group of the Society of Ultrasound in Medicine of the Chinese Medical Association, the Chinese-TIRADS that
is in line with China’s national conditions and medical status was established based on literature review, expert consensus,

and multicenter data provided by the Chinese Artificial Intelligence Alliance for Thyroid and Breast Ultrasound.
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Introduction

As a highly prevalent disease, thyroid nodules can be
detected by ultrasound among 19-68% of the general
population, and majority of these were benign nodules
without any clinical significance [1, 2]. The prevalence of
thyroid nodules detected by ultrasound in China is about
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20-35% [3-6]. Of all the patients with thyroid nodules,
7-15% are malignant based on their age, gender, radiation
history, family history, and other factors [2]. Ultrasound is
the best imaging method for thyroid, and plays an important
role in the diagnosis and management of thyroid nodules.
However, there are often some inconsistencies in terms
of reporting terminology or management recommendations
due to subjective interpretation of medical images. In view
of this, the American College of Radiology (ACR) has
published the Breast Imaging Reporting and Data System
(BIRADS) in 1992, which developed a standardized image
lexicon, standardized the risk stratification of the breast
lesions, and proposed corresponding management recom-
mendations [7]. BIRADS has been widely recognized and
applied in clinical practice worldwide. Inspired by the ACR
BIRADS, Chilean scholars have initially tried to set up
Thyroid Imaging Reporting and Data System (TIRADS)
that is specific to thyroid nodules [8]. Subsequently,
researchers from South Korea [9, 10], France [11], Ger-
many [12], American [13], and Thailand [14] have estab-
lished various versions of TIRADS. In China, TIRADS has
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also been established in Shanghai Ruijin Hospital based on
single center study [15]. In May 2016, the K-TIRADS
(Korean-TIRADS) was jointly published by the Korean
Society of Radiology and the Korean Society of Thyroid
Radiology, which was the first TIRADS published with the
name of Academic Society in the world [16]. In August
2017, the European Thyroid Association released the
European version of TIRADS, and named it as the Eu-
TIRADS [17].

ACR, being a pioneer in the concept of RADS, did not
officially publish the ACR-TIRADS lexicon until 2015 [18]
and the TIRADS classification system until 2017 [19],
while the Chilean scholars have published the TIRADS 8
years back, i.e., in 2009. Due to delayed publication of the
ACR version of the TIRADS, and the mismatch between
the classification system and the current medical situation in
China, the TIRADS application is very confusing in China.
Furthermore, owing to the adoption of varied classification
systems by different hospitals, it not only brought great
difficulties for ultrasound radiologists and clinicians in the
interpretation of the thyroid ultrasound reports, but also
confused many patients as to which management to choose.
To change this situation, the Superficial Organ and Vascular
Ultrasound Group of the Society of Ultrasound in Medicine
of the Chinese Medical Association in 2017 has put forward
the idea of establishing Chinese-TIRADS (C-TIRADS) that
is specific to China’s national conditions and medical con-
ditions, and organized an expert panel to perform relevant
preliminary preparations. Two questionnaires for thyroid
disease-related doctors were carried out in order to get a
sense of the current situation: in August 2018, the expert
panel conducted a questionnaire survey on TIRADS
nationwide; in May 2019, the expert panel conducted a
national questionnaire survey on thyroid fine-needle
aspiration (FNA). This is because TIRADS involves the
choice of clinical management protocols for thyroid
nodules, in which FNA plays a vital role. Both surveys were
designed with the help of statisticians and were conducted
through WeChat, China’s largest social software, where
participating doctors, from all 31 provincial administrative
regions in mainland China, filled out and submitted their
answers via the WeChat client. The expert panel analyzed
the current versions of TIRADS risk stratification and non-
TIRADS risk stratification (e.g., ATA and AACE/ACE/
AME guidelines [2, 20]) and agreed with many studies that
there is no absolute perfect risk stratification system and that
each one has specific strengths and limitations [21-29]. The
regression equation method, the weighting method, the
counting method, and the pattern-based method have been
used to establish different versions of TIRADS [8-
10, 15, 17]. The expert panel was acutely aware that a
complex and time-consuming stratification system cannot
really be applied to clinical routines, no matter how accurate

it is. On the premise of balancing the accuracy and ease of
use of risk stratification, the expert panel tended to use the
counting method to establish C-TIRADS, because this
method was easy for clinical application and promotion.

Based on the above situation and the results of the
questionnaire survey (see below), the expert panel pro-
ceeded to develop the C-TIRADS suitable for Chinese
clinical practice by using the Chinese thyroid ultrasound
database. In the process, the expert panel referred to the
current versions of TIRADS risk stratification and non-
TIRADS risk stratification, as well as to the latest domestic
and international literature. The national conditions of
China have also been fully considered.

According to the evidence-based clinical imaging
guidelines [30], the recommendations of the C-TIRADS
were graded according to the level of evidence as grade A
(recommended), grade B (conditional recommended), grade
C (not recommended), and grade I (no recommendation):
grade A, intervention or examination has sufficient evidence
to support desired effect; grade B, intervention or exam-
ination has moderate to sufficient evidence to support the
desired effect; grade C, intervention or examination has
sufficient evidence to support an undesired effect; and grade
I, intervention or examination does not have sufficient
evidence to either support or reject effectiveness [30].

Part I: Role of ultrasound in the diagnosis
and management of thyroid nodules

A thyroid nodule is a lesion of the thyroid gland that can be
distinguished from thyroid tissue by ultrasound or other
imaging modalities.

Value of ultrasound in evaluating thyroid nodules

Ultrasound is the most important imaging method for
evaluating thyroid nodules [2, 16, 17, 19], and it assists in
determining whether the nodule is solitary or multiple, as
well as the size, the morphological characteristics and the
blood supply of the nodule. Ultrasound can be applied to
determine the risk of malignancy of thyroid nodules by
assessing the morphological characteristics, and sometimes
by combining with the blood supply characteristics. At
times, ultrasound elastography (UE) and contrast-enhanced
ultrasound (CEUS) also have certain value in evaluating the
nodules, but only under the preconditions of combining
with morphological characteristics of nodules [31-34]. The
evaluation of cervical lymph nodes is helpful in determining
the nature of thyroid nodules [2, 35]. In addition, ultrasound
can accurately demonstrate the spatial location of nodules in
the thyroid gland, the relationship between nodules and the
thyroid capsule, as well as the relationship between nodules
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and the surrounding important structures such as blood
vessels and nerves. All these are essential for the formula-
tion of surgical resection or thermal ablation treatment
strategies. Moreover, for patients who are planning to
undergo thyroid cancer surgery, ultrasound examination
must be performed before surgery to assess whether there
are abnormal cervical lymph nodes [2]. Preoperative ultra-
sound evaluation can optimize surgical treatment, change
surgical procedures, facilitate the complete removal of
lesions and reduce recurrence [36, 37]. For postoperative
patients with thyroid cancer, ultrasound also plays an
important role in follow-up [35].

Ultrasound-guided fine-needle aspiration biopsy of
thyroid nodules

According to the ultrasound features and size of nodules, as
well as clinical context, whether ultrasound-guided FNA is
required can be determined. FNA is generally required for
determining the next management strategy for suspicious
nodules that reach the corresponding size threshold
[2, 16, 17, 19, 38]. Ultrasound-guided FNA is the most
accurate and cost-effective method for evaluating thyroid
nodules [2, 39, 40]. However, the successful application of
FNA requires not only mastering technical skills but also a
comprehensive understanding of the limitations, the indi-
cations, and the factors that affect the acquisition of ade-
quate specimens [41]. For example, attention should be paid
regarding the potential value of the combined use of con-
ventional smear and liquid-based preparation [42, 43].
Ultrasound-guided FNA can also be used to diagnose sus-
picious lesions in thyroid bed and other regions of the neck
of the postoperative patients with thyroid cancer [35].

Ultrasound and overdiagnosis and overtreatment of
papillary thyroid microcarcinoma (PTMC)

In recent years, the incidence of thyroid cancer has been
dramatically increased, among which PTMC of <10 mm
diameter is the main type. However, the mortality rate
related to thyroid cancer showed no significant change.
Therefore, the problem of overdiagnosis and overtreatment
of PTMC due to extensive application of imaging methods,
mainly ultrasound, has attracted wide attention [44—48]. Of
course, besides the factors of overdiagnosis, changes in
environmental risks, radiation, obesity, and other undefined
factors also contributed to a real increase of thyroid cancer
incidence [49, 50].

The mortality rate of thyroid cancer remained relatively low,
with only 0.2-0.3/100,000 in developed countries [S0]. Most of
the PTMCs demonstrated mild biological behavior, and patients
may not have clinical manifestations for a lifetime. Therefore,
there is a growing support for the use of active surveillance
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strategies for low-risk PTMCs (which are cytologically sugges-
tive of non-highly invasive, nonadjacent to the trachea or
recurrent laryngeal nerve, and without any evidence of cervical
lymph node metastasis and systemic metastasis) rather than
traditional surgical resection [2, 51-56].

Role and problems associated with ultrasound and
FNA in diagnosing and managing thyroid nodules in
China

Similar to the situation abroad, the incidence of thyroid cancer in
China is steadily increasing, especially PTMC [57, 58]. How-
ever, different from the developed countries, the application of
thyroid nodule FNA is not yet widespread in China, and there
are therefore many differences exist in the process of diagnosis
and management of thyroid nodules between China and devel-
oped countries. In terms of standardization of diagnosis and
management, China still needs to be in line with the international
standards. In May 2019, a nationwide questionnaire survey on
thyroid FNA was conducted by the expert panel, wherein 5044
questionnaires were collected from the physicians, surgeons,
ultrasound radiologists, nuclear medicine doctors, radiologists,
and pathologists from all levels of hospitals in all provinces,
autonomous regions, and municipalities that are directly under
the Central Government of China, including Tibet. The results
showed that only 52.0% of the doctors from the tertiary hospitals
(with the highest medical level) interviewed and 12.9% of the
doctors from the non-tertiary hospitals interviewed mentioned
that thyroid FINA is widely carried out in their hospitals. Of the
845 surgeons interviewed, 70.4% reported that less than half of
their patients underwent thyroid FNA before surgery. Therefore,
many thyroid surgeries in China were based on only ultrasound
findings or other relevant clinical evidence instead of FINA
results.

Among the 1124 thyroid physicians and surgeons inter-
viewed, 82.3% believed that there was over-operation of
benign thyroid nodules, and 58.6% believed that there was
over-operation of PTMCs in China.

However, there are still many difficulties that change the
current situation regarding the diagnosis and management
of thyroid nodules in China. For example, cultural tradition,
patients’ preference, population mobility, and medical lia-
bility concerns can all impact the implementation of active
surveillance strategy for low-risk PTMCs [52]. In particular,
the self-financing medical system of public hospitals and
cultural tradition under which common people get jittery by
mentioning cancer are real problems that need to be
addressed in China.

Recommendation

R1: Ultrasound is the best imaging method to determine the
risk of malignancy of thyroid nodules (Grade A).
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R2: FNA is an important procedure in the evaluation of
thyroid nodules with indications (Grade A).

R3: The application of thyroid nodule FNA is not
widespread in China (Grade B).

R4: Attention should be paid to the problem of over-
diagnosis and overtreatment of PTMC due to extensive
application of ultrasound (Grade A).

Part ll: C-TIRADS

In August 2018, a nationwide questionnaire survey on
TIRADS was conducted, wherein 6395 responses were
collected from physicians, surgeons, ultrasound radi-
ologists, nuclear medicine doctors, radiologists and
pathologists from all administrative regions of mainland
China, including Tibet. The results revealed that there are
almost ten different versions of TIRADS used in different
hospitals nationwide, which caused huge discrepancies.
Meanwhile, 82.6% of the interviewed doctors agreed that
the ultrasound risk stratification of thyroid nodules is
necessary. If risk stratification is to be established, 82.1% of
the interviewed doctors hoped to follow the ACR-BIRADS
classification model to establish TIRADS as well as 89.2%
of the interviewed doctors hoped to establish C-TIRADS
adapted to the current situation in China.

The classical TIRADS, especially the “academic society”
version of the TIRADS, provided complete lexicon to
describe the ultrasound features of thyroid nodules, classi-
fication system to determine the malignant risk of nodules
and management recommendations on whether nodules
require FNA or not [16-19]. It should be noted that the
management recommendations of all versions of TIRADS
did not contain any provisions for determining whether a
nodule needs surgical treatment or not. This is due to the
fact that FNA is usually required before thyroid nodule
surgery in accordance with the internationally accepted
principles [59]. For this reason, the risk of malignancy for
ACR-TIRADS category 5 nodules is >20% only, and that
of Eu-TIRADS category 5 is >26% only. However, as
mentioned above, currently thyroid FNA is not widely
carried out in China and surgical treatment decisions are
usually based on ultrasound findings of nodules rather than
FNA results. The difference in the diagnosis and treatment
process of thyroid nodules between China and developed
countries makes it difficult for many doctors to accept the
risk stratification system of ACR-TIRADS or Eu-TIRADS
in China.

Based on the above situation, the expert panel, after
careful assessment, believed that it is necessary to establish
C-TIRADS that is in line with the China’s national condi-
tions. This system should be established according to the
following principles: (1) applicable to all thyroid nodules as

much as possible; (2) taking into account the accuracy and
ease of use; (3) adapt to the current process of diagnosis and
management of thyroid nodules in China; (4) adapt to the
Chinese cultural traditions and patient preference; (5) gra-
dually reduce the overtreatment of benign thyroid nodules
as well as PTMCs.

Image-quality control of thyroid ultrasound

The quality of ultrasound images is a key factor in detecting
thyroid nodules and determining the risk stratification of
nodules. The image quality depends on the performance of
the ultrasound systems, proper adjustment of the imaging
parameters, and the scanning skills of the ultrasound radi-
ologists or sonographers.

Ultrasound systems

Thyroid gland is superficially located in the neck, and the
diameter of thyroid nodules can be as small as a few mil-
limeters. Therefore, it is necessary to use a medium or high-
grade high-resolution ultrasound system equipped with
high-frequency wide-band linear array probe with a fre-
quency range of 7-18 MHz. The frequency can be flexibly
adjusted according to the depth and the degree of enlarge-
ment of the thyroid. In a few cases, such as those with very
enlarged thyroid, retrosternal goiter, a convex array probe
with a relatively low frequency can be used.

Scanning method and imaging parameter
adjustment

The patient is placed in supine position with a pillow at the
back of the neck. The neck is overstretched to fully expose
the anterior cervical region. When scanning one side of the
lobe, the patient’s head can be turned to the opposite side to
facilitate scanning. Both lobes and isthmus of thyroid
should be fully scanned on both transverse and longitudinal
sections, and the pyramidal lobe should not be omitted.
Transverse and longitudinal scanning of thyroid bed is
required for patients who have underwent unilateral or
bilateral thyroidectomy [60].

As an important part of thyroid ultrasound, cervical
lymph node scanning should be performed based on the
lymph node level classification system of AJCC [61],
focusing on the lymph nodes in levels VI, III, and IV. If
necessary, lymph nodes in levels I, II, V, and VII also
should be assessed. However, ultrasound scanning of the
level VII lymph nodes is often technically difficult, and CT
or MRI is more appropriate.

Gray-scale ultrasound is the most basic and important
method of thyroid ultrasound imaging, and color/power
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Doppler is a common component of thyroid ultrasound. In
order to obtain higher resolution images of the anatomical
structure and blood flow, the position of the ultrasound
probe and the angle of incidence of the ultrasound need to
be adjusted to make the thyroid tissue as close to the probe
as possible to facilitate the use of higher-frequency ultra-
sound. UE and CEUS can be adopted selectively. The
scanning techniques and imaging parameters should be
adjusted for different ultrasound imaging modalities
according to different ultrasound systems and patient con-
ditions [62].

Gray-scale ultrasound

The optimal imaging quality of thyroid nodules could be
achieved by adjusting probe frequency, focus number and
position, gain, time gain compensation (TGC) curve, ima-
ging depth and width, etc.

Color/power Doppler ultrasound

Settings such as flow velocity scale, gain, and wall filter
should be adjusted whenever necessary. The velocity scale
is usually set to 1-5 cm/s according to different ultrasound
systems. All settings are standardized for the highest sen-
sitivity in the absence of apparent noise. The probe is in full
contact with the skin, but no pressure is applied as much as
possible to avoid compressing the small blood vessels and
affecting the blood flow display [63].

Ultrasound elastography (UE)

The ultrasound probe should touch the skin of the neck
lightly, and try to keep it perpendicular to the skin. When
acquiring elastic data, the patients are asked to hold breath
for a few seconds if breathing causes significant neck
movement. In two-dimensional elastography, the location
and size of the region of interest (ROI) should be adjusted to
include the target nodule as well as the thyroid tissue around
the nodule. The details are as follows: in strain elastography
(SE), the pressure and frequency of compression are
adjusted to meet the preset requirements of the elastography
system; in shear-wave elastography (SWE), the stable SWE
images of the nodules without artifactual stiffness are
selected and stored, which is under the premise of with no
pressure induced by the probe. In point shear-wave elasto-
graphy, the ROI is placed in the target area of the nodule
with no pressure induced by the probe [31, 32].

Contrast-enhanced ultrasound (CEUS)

In order to obtain the best quality of the image, the
mechanical index (MI) should be adjusted to <0.3, and the
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frequency, the position of focus, gain, TGC curve, imaging
depth, and imaging width were adjusted at the same time
[64]. To obtain better perfusion signal of microcirculation,
apply as little pressure as possible while ensuring full
contact between the probe and the skin.

Recommendation RS5: Image-quality control of ultrasound
is critical for detecting thyroid nodules and determining the
risk stratification of thyroid nodules (Grade B).

Ultrasound lexicon of thyroid nodules

For developing the C-TIRADS lexicon, the expert panel
referred to the lexicon provided by various versions of
TIRADS and non-TIRADS risk stratification, as well as the
terminology provided by the extensive thyroid ultrasound
literatures since the 1990s, which involved gray-scale
ultrasound, color/power Doppler ultrasound, and UE and
CEUS of thyroid nodules. The literature was searched using
the PubMed, Embase, Web of Knowledge, and Google
Scholar search engines. Three experts of the expert panel
listed the ultrasound terms used in the literature to describe
thyroid nodules, which were then submitted to all experts of
the expert panel to determine which terms were included in
the lexicon using the principle of consensus.

It should be emphasized that despite the terms of color
Doppler, UE and CEUS are included in lexicon as these
imaging techniques have gradually become the basic func-
tional components of modern ultrasound instruments, the
expert panel does not consider it appropriate to include
these techniques in the risk stratification system of thyroid
nodules at present due to the unsatisfactory reproducibility,
the instrument dependence, and the operator dependence, as
well as the limited value in predicting malignancy of these
techniques [2, 20, 63, 65, 66].

In addition, observer variabilities of TIRADS regarding
the interpretation of ultrasound features or FNA recom-
mendation are receiving increasing attention [67—-69].
Experienced and less experienced radiologists may have
different interpretations of thyroid nodule ultrasound fea-
tures and therefore requires a continuous and specialized
training for residents to improve the agreement and per-
formance thyroid ultrasound in residents [70, 71].

Gray-scale ultrasound

Location

The spatial distribution of nodules in the thyroid is regarded
as the location. Each lobe of the thyroid gland is divided

into three regions: upper, middle, and lower. Together with
isthmus, the thyroid includes seven regions [72-74].
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Significance: The ultrasound features of nodules can be
affected by their locations. For example, papillary thyroid
carcinoma (PTC) located in the isthmus is usually hor-
izontal and has smooth margins [75]. The location of PTC is
also associated with the location of cervical lymph node
metastasis and the manner of metastasis [73, 76—-80], which
may affect the surgical strategy [81, 82]. Location also
forms an important basis for determining whether the active
surveillance strategy can be used for PTMC [2, 51-56]. The
relationship between nodal location and the risk of malig-
nancy is uncertain. Different studies have shown that the
upper pole nodules, isthmus nodules, and mid-lobar nodules
were risk factors for malignancy, respectively [83—85].

Orientation

Orientation, equivalent to shape in many literatures, reflects
the relationship between the long axis of the nodule and the
skin line of the neck. It is suggested to judge orientation on
the basis of accurate measurement, but visual evaluation is
also acceptable.

(1) Vertical (taller-than-wide): On transverse or long-
itudinal sections, the long axis of the nodule and skin
line tended to be vertical. When measured accurately,
the anteroposterior diameter of the nodule is larger
than the longitudinal diameter in longitudinal section
or the transverse diameter in transverse section.

(2) Horizontal (wider-than-tall): On both transverse and
longitudinal sections, the long axis of the nodule and
skin line tended to be parallel. When measured
accurately, the anteroposterior diameter of nodule is
less than/equal to the longitudinal diameter in long-
itudinal section or the transverse diameter in trans-
verse section.

Significance: It is not uniform to choose which section to
evaluate the nodule orientation. Some studies were eval-
uated based on transverse section [10, 86], while others are
not limited to transverse or longitudinal section [87, 88].
Vertical orientation in either transverse or longitudinal
section had better accuracy and sensitivity for predicting
malignancy than that in single section [89]. However, hor-
izontal orientation can also be seen in malignant nodules at
times, especially the follicular thyroid carcinoma or the
follicular variant of PTC [16, 65, 86, 87, 89-92].

Margin
The margin is referred to as the border or edge of the

nodule, which can be classified according to the degree of
clarity and regularity.

(1) Circumscribed: The margin appears as clear, smooth,
and complete curve.

(2) TIrregular margin: The margin is spiculated, angular, or
microlobulated.

(3) Ill-defined: The margin of the nodule is difficult to
distinguish from the surrounding thyroid parenchyma.

(4) Extrathyroidal extension: The nodule spreads to the
thyroid capsule, which can lead to disruption of
capsular and, in severe cases, invasion of the adjacent
soft tissue and/or vascular structures [18, 93].

Significance: It is sometimes more difficult to tell if
extrathyroidal extension (e.g., disruption of capsular) is
present, especially when the image quality is poor. It is
generally believed that the circumscribed margin is a benign
feature, while irregular margin and/or extrathyroidal
extension are malignant manifestations. However, different
reports have varied results based on the meaning of ill-
defined margin [9, 21, 65, 94-98].

Halo

Halo is defined as a hypoechoic or anechoic rim that
encircles the nodule.

(1) Present halo  According to the thickness of the halo, the
halo is divided into thin halo and thick halo. Furthermore,
the halo is divided into even thickness halo and uneven
thickness halo based on the homogeneity of the halo
thickness.

(2) Absent halo Significance: At present, there is no
uniform standard for distinguishing thick halo and thin
halo. Some studies used 2 mm as the threshold [99-101],
while others used 1 mm as the threshold [102]. A study
suggested that thin halo is considered as an important
sign of benign nodules, while malignant nodules often
lacked halo or have thick halo [17]. The halo of PTC
often shows uneven thickness [100]. However, there are
different opinions regarding the diagnostic value of halo
[9, 15-18, 20, 65, 74, 97, 99, 100, 103-105].

Composition
The distribution of solid and cystic components in nodules.

(1) Solid: The nodule is entirely composed of solid tissue,
without any cystic components.

(2) Predominately solid: solid components accounted for
more than 50% of the nodules.

(3) Predominately cystic: solid components accounted for
<50% of the nodules.

@ Springer



262

Endocrine (2020) 70:256-279

(4) Cystic: The nodules are completely or almost
completely cystic with thin wall, and there might be
thin internal septa or debris.

(5) Spongiform: multiple tiny cystic spaces occupy the
entire nodules without aggregated solid tissues.

Significance: Solid components are regarded as suspi-
cious ultrasound feature. The malignant probability of
mixed cystic and solid nodules, that is, predominately solid
nodules or predominately cystic nodules, is lower than that
of solid nodules. Cystic or spongiform nodules are generally
considered benign [10, 17, 18, 21, 23, 74, 97].

Echogenicity

The echogenicity level of the solid components of nodules
is defined by comparison with the echogenicity of the
thyroid parenchyma and the strap muscles of the neck.

(1) Hyperechoic: The echogenicity is higher than that of
the surrounding thyroid parenchyma.

(2) Isoechoic: The echogenicity is similar to that of the
surrounding thyroid parenchyma.

(3) Hypoechoic: The echogenicity is lower than that of
the surrounding thyroid parenchyma.

(4) Markedly hypoechoic: The echogenicity is lower than
that of the strap muscles of the neck.

(5) Anechoic: seen in cystic nodules, usually accompa-
nied by posterior enhancement.

Significance: In the case of Hashimoto’s thyroiditis and
other conditions that cause changes in the echogenicity of
the thyroid parenchyma, the echogenicity level of the solid
components of nodules should still be described relative to
the thyroid parenchyma. However, the changes in the
echogenicity of thyroid parenchyma should be described in
the report [18]. It should be noted that when the echo-
genicity of nodule is lower than that of the thyroid par-
enchyma but similar to that of the strap muscles, the nodule
is still defined as hypoechoic rather than markedly hypoe-
choic. It is generally believed that hypoechoic or markedly
hypoechoic are suspicious ultrasound features. If hypoe-
choic is used as the diagnostic criteria, the diagnosis is more
sensitive, but less specific. If markedly hypoechoic is used
as the diagnostic criteria, the diagnosis is less sensitive but
more specific [9, 16—18, 20, 23, 65, 74, 94].

Echotexture

The consistency and diversity of the echoes in the solid
components of the nodules.
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(1) Homogeneous: The solid components of the nodules
are consistent in echogenicity.

(2) Heterogeneous: The solid components of the nodules
are diverse in echogenicity.

Significance: The echotexture has limited value in the diag-
nosis of benign and malignant nodules [9, 17, 20, 74, 106]. In a
study involving 1694 nodules, Park et al. [9] found that malig-
nant nodules tended to manifest homogeneous echoes. However,
another study involving 849 nodules was carried out by Moon
et al. [94], which indicated that both benign and malignant
nodules tended to show heterogeneous echoes, and no statistical
difference between the two was observed.

Echogenic foci

One or more of the following echogenic foci might be
observed in the same nodule.

(1) Microcalcifications: punctate echogenic foci of less
than about 1 mm with or without shadowing.

(2) Comet-tail artifacts: A comet-tail artifact is mostly
caused by dense colloid material and occurred in
either the cystic or the solid regions of the nodules. It
usually appears as punctate echogenic foci with a
dense tapering trail of echoes in the rear, and is
believed to be a special form of reverberation artifact.

(3) Punctate echogenic foci of undetermined significance:
punctate echogenic foci are <1 mm without shadow-
ing and comet-tail artifact, which make it difficult to
tell whether they are microcalcifications or dense
colloid materials, or other components.

(4) Macrocalcifications: echogenic foci that are larger
than 1 mm, usually accompanied by posterior sha-
dowing.

(5) Peripheral calcifications: echogenic foci are located at
the periphery of the nodules, and might appear as a
continuous or discontinuous ring or arc involving
more than a third of the margin.

(6) No echogenic foci.

Significance: Several studies have revealed that all types
of calcifications detected by ultrasound increase the prob-
ability of malignancy [16-20, 65, 107, 108]. The comet-tail
artifacts may represent dense colloids, fibrin debris and
microcalcifications, and so on. The presence of comet-tail
artifacts in a cystic nodule is highly suggestive of benign
nodules, but it cannot be used to rule out malignancy if
present in the solid components [16-18, 107, 109-114]. It
should be noted that the punctate echogenic foci do not
necessarily represent the psammoma bodies that are most
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commonly observed in PTC. Punctate echogenic foci may
also refer to dystrophic calcifications or dense colloid
microdeposits. Although ultrasound radiologists can
empirically determine whether the punctate echogenic foci
are microcalcifications or dense colloid materials, it must be
admitted that the judgment is subjective. It remained diffi-
cult to judge the nature of the punctate echogenic foci in
many cases.

Posterior features

The change of the echo level behind the nodule reflects the
acoustic attenuation characteristics of the nodule.

(1) Enhancement: The echo behind the nodule is higher
than that of the surrounding tissue at the same depth.

(2) Shadowing: The echo behind the nodule is lower than
that of the surrounding tissue at the same depth.

(3) No posterior features: The echo behind the nodules is
similar to that of the surrounding tissues at the
same depth.

(4) Combined pattern: The echo behind the nodules is a
combination of the above patterns.

Significance: There are few studies on the posterior
acoustic features of the thyroid nodules. Compared with
benign nodules, malignant nodules have a higher rate of
posterior shadowing, but lymphoma often shows posterior
enhancement [15, 115-119].

Size

The anteroposterior diameter, the transverse diameter, and
the longitudinal diameter of the nodules are measured on
the transverse and longitudinal sections. The measured
value should be accurate to 0.1 mm. If that nodule appears
with a halo, the nodule measurement should include the
halo [99]. The maximum size should involve the longest
axis of the nodule, and the next measurement should be
perpendicular to the previous measurement [19].
Significance: It should be pointed out that the measure-
ment accuracy depends on the equipment and probe used.
Furthermore, considerable intraobserver and interobserver
variability in nodule size measurement was described in
literature [120]. It is generally accepted that the size of the
nodules do not help to predict or exclude malignant lesions.
However, the size of the nodules is important for deter-
mining whether the biopsy is required or not. Moreover,
size is also an important indicator for evaluation during
follow-up [2, 16-20, 59]. The increase in size was defined
as more than a 20% increase in at least two nodule
dimensions, or more than a 50% increase in nodule volume
in solid nodule or the solid portion in mixed nodule [121].

Color/power Doppler ultrasound

According to the spatial distribution of vessels in the
nodule, the vessels of the nodule are divided into peripheral
vessels and central vessels. The vascular pattern of the
nodules is divided into five types according to the presence
and combination of the peripheral and central vessels.

(1) Avascularity: no blood flow signal is observed in the
nodule.

(2) Peripheral vascularity: only peripheral vessels are
observed in the nodule, and no central vessels are
present.

(3) Mainly peripheral vascularity: The nodule vascularity
is dominated by the presence of peripheral vessels
with few central vessels.

(4) Mainly central vascularity: The nodule vascularity is
dominated by the presence of central vessels with few
peripheral vessels.

(5) Mixed vascularity: The abundance of both central and
peripheral vessels in the nodules is similar.

Significance: There are many studies on the vascular
pattern of the nodules by Doppler ultrasound, but they come
to different conclusions [16, 17, 20, 66, 74, 97, 122-125].
Therefore, the value of Doppler ultrasound in differential
diagnosis of benign and malignant nodules remained con-
troversial [65, 66].

Ultrasound elastography (UE)

For assessing nodule malignancy, the stiffness of thyroid
nodules that is evaluated by UE must be combined with
morphological characteristics provided by conventional
ultrasound.

(1) Soft
(2) Intermediate
(3) Hard

Significance: The malignant nodules tend to be hard,
while benign nodules tend to be soft. UE has certain value
in evaluating thyroid nodules, but the results of it are con-
troversial [126, 127]. SE uses the scoring system or the
strain ratio to determine the stiffness of the nodules. How-
ever, the scoring method has not been unified, and the strain
ratio is affected by the algorithm of different UE systems.
As a result, the measured values of different UE systems
cannot be referred to each other. Similarly in SWE, the
shear-wave velocity or Young’s modulus measured by
different ultrasound systems is quite different, and therefore
these values cannot be referred to each other
[17, 31, 32, 126-128].
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Contrast-enhanced ultrasound (CEUS)

CEUS has great significance value in the diagnosis of col-
lapsing benign cystic or predominantly cystic thyroid
nodules. But it would be better if a comprehensive judg-
ment combined with clinical history can be made.

(1) No enhancement: There is no enhancement in the
whole or most of the regions of the nodules.

(2) Scant punctate-linear enhancement: The whole or
most of the regions of the nodules show scant
punctate-linear enhancement.

(3) Mild enhancement: The enhancement of the nodules
is lower than that of the thyroid parenchyma.

(4) Moderate enhancement: The enhancement of the
nodule is equivalent to that of the thyroid parench-
yma.

(5) High enhancement: The enhancement of the nodule is
higher than that of the thyroid parenchyma.

Significance: After absorption of cystic fluid, the cystic
or predominantly cystic thyroid nodules often demonstrated
ultrasound features similar to those of the PTC in gray-scale
ultrasound. In CEUS, no enhancement or scant punctate-
linear enhancement in the whole or most areas of the
nodules has good specificity, but relatively low sensitivity
in determining this type of benign nodules [129-132].

Recommendation

R6: The ultrasound radiologists should have an accurate
grasp of each ultrasound term and its definition (Grade A).

Ultrasound category system and
management recommendations for thyroid
nodules

This classification system is based on the ultrasound data of
Chinese thyroid nodules, and is designed to be simple and
easy to use in clinical practice while taking into account the
accuracy of risk stratification. The management recom-
mendations fully take into account the actual harm of
thyroid cancer to patients and China’s national conditions as
well as traditional culture.

Establishment process of C-TIRADS

To determine the risk stratification of nodules of C-TIRADS,
the expert panel established a multicenter research team
based on the Chinese Artificial Intelligence Alliance for
Thyroid and Breast Ultrasound [133]. The team included a
total of 131 hospitals in all administrative regions of China,
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except Tibet. The team collected a total of 2141 thyroid
nodules as confirmed by surgery and pathology from 2141
patients. Among these, 1572 nodules were benign, 565
nodules were malignant, and 4 nodules were borderline.
Based on these 2141 nodules, suspicious ultrasound features
were determined by multivariate logistic regression by the
collaboration of the ultrasound radiologists and statistics
experts of the committee. After that, the prediction models
based on the regression equation, weighting, and counting
methods were established, respectively, and the area under
the receiver operating characteristic curve (Az value) of
different models was compared.

C-TIRADS category

Multiple logistic regression analysis revealed that solid
composition, microcalcifications, markedly hypoechoic, ill-
defined or irregular margins, or extrathyroidal extensions,
and vertical orientation as malignant ultrasound features,
while comet-tail artifact showed association with benign
status. Logistic regression equation yielded the highest Az
of 0.913 for predicting malignant thyroid nodules. The Az
value for counting method (0.890) was similar to that of the
weighting method (0.893) (P =0.3316) [133].

By taking into account both diagnostic accuracy and
clinical ease of use, the counting method was used to
establish C-TIRADS, in which the risk stratification was
obtained by adding the number of the abovementioned
malignant ultrasound features and then subtracting 1 if
negative feature of the comet-tail artifacts was present.
Table 1 and Figs 1 and 2 showed the C-TIRADS estab-
lished by the counting method [133].

Notes for classification

Doctor’s personal experience and C-TIRADS category C-
TIRADS based on counting method is recommended

Table 1 The C-TIRADS based on the counting method

Nodule Score Malignancy C-TIRADS category
rate (%)

Absent NA 0 1, no nodule

Present —1 0 2, benign

0 <2 3, probably benign

1 2-10 4A, low suspicion

2 10-50 4B, moderate suspicion

34 50-90 4C, high suspicion

5 >90 5, highly suggestive of
malignancy

NA NA 6, biopsy proved malignant

C-TIRADS Chinese Thyroid Imaging Reporting and Data System, NA
not available
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categories based on
ti thod e e e ]
counting metho | Positive features: Vertical orientation (+1) |
: Solid composition (+1) :
I Markedly hypoechoic (+1) I
| Microcalcifications (+1) :
: Ill-defined / irregular margin or extrathyroidal extension (+1) |
I :
! [
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____________ )
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0 Poins Tront (Lzponts ) Quadiony) RN Broved Malignant
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* 1. Vertical orientation can be evaluated on either transverse or longitudinal sections;

2. Punctate echogenic foci can be divided into three types: microcalcifications, comet tail artifacts, and undetermined significance.
When three types of punctate echogenic foci present simultaneously in a nodule, only microcalcifications are recorded, and one
point is added in the counting method. The comet tail artifacts are only recorded in the absence of punctate echogenic foci of
microcalcifications, and one point is substracted to determine the C-TIRADS category of the nodule.

according to statistical analysis. It has the advantage of
being simple and practical, especially for beginners. How-
ever, medical ultrasound highly depends on experience,
thus personal experience of ultrasound radiologists cannot
be ignored in judging the risk stratification of nodules.
Based on the long-term experience of thyroid ultrasound,
experienced doctors are allowed to revise the C-TIRADS
category obtained by the counting method. In addition,
there are inter- or intraobserver variabilities in the inter-
pretation of the ultrasound features of nodules [122, 134].
Therefore, specialized training for less experienced ultra-
sound radiologists is necessary for the reliability and con-
sistency of the C-TIRADS classification.

Clinical history

(1) As mentioned above, thyroid cystic or predominantly
cystic nodules might present a number of suspicious
ultrasound features after natural absorption or aspira-
tion of cystic fluid. These nodules may be classified
into category 4 or 5 according to the above established

model. However, such nodules were classified into
category 2 if the history is confirmed, or if the nodules
are significantly or progressively smaller than before.

(2) Thyroid nodules lacking spherical shape with ill-
defined margins or other suspicious ultrasound
features should take into consideration the possibility
of subacute thyroiditis, especially in the case of
multifocal [135, 136]. However, such nodules might
be classified into category 4 or 5 according to the
model. In this case, it is necessary to ask the patient
whether there is a history of cold or neck pain. If an
affirmative response is received, the nodules can be
assessed as category 3 or even 2, but short-term
follow-up is required; if the history is unclear, the
nodules can be assessed as category 4A, and short-
term follow-up rather than FNA is required; if the
nodules continued to shrink during the follow-up
period, the nodules can be classified into category 2;
and if the nodule was not detected by ultrasound
several months earlier, the nodules can be classified
into category 2.
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Fig. 2 a C-TIRADS 1: diffusely enlarged thyroid with heterogeneous
echotexture, but no nodule was found. Diagnosis: Hashimoto’s thyr-
oiditis; b C-TIRADS 2: predominantly solid nodule (0) with horizontal
orientation (0), circumscribed margin (0), hypoechoic (0), with internal
comet-tail artifact (—1). The counting value is —1. Diagnosis: folli-
cular adenoma; ¢ C-TIRADS 3: predominantly solid nodule (0) with
horizontal orientation (0), circumscribed margin (0), hypoechoic (0),
with punctate echogenic foci of undetermined significance in the
caudal margin of the nodule (0). The counting value is 0. Diagnosis:
nodular goiter; d C-TIRADS 4A: solid nodule (1) with horizontal
orientation (0), circumscribed margin (0), hypoechoic (0), no punctate
echogenic foci (0). The counting value is 1. Diagnosis: follicular
adenoma; e C-TIRADS 4B: solid nodule (1) with horizontal

Ultrasound findings of cervical lymph nodes Ultrasound
assessment of cervical lymph nodes, especially in the lateral
region, provides important information regarding risk strati-
fication of thyroid nodules. The main suspicious features of
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orientation (0), circumscribed margin (0), hypoechoic (0), punctate
echogenic foci of undetermined significance combined with micro-
calcifications (1). The counting value is 2. Diagnosis: papillary thyroid
cancinoma; f C-TIRADS 4C: solid nodule (1) with horizontal orien-
tation (0), irregular margin (1), hypoechoic (0), microcalcifications (1).
The counting value is 3. Diagnosis: papillary thyroid cancinoma; g C-
TIRADS 4C: solid nodule (1) with horizontal orientation (0), irregular
margin (1), markedly hypoechoic (1), microcalcifications (1). The
counting value is 4. Diagnosis: papillary thyroid cancinoma; h C-
TIRADS 5: solid nodule (1) with vertical orientation (1), irregular
margin (1), markedly hypoechoic (1), microcalcifications (1). The
counting value is 5. Diagnosis: papillary thyroid cancinoma

cervical lymph node metastasis from PTC were as follows:
round shape, microcalcifications, cystic degeneration, focal
hyperechoic area, focally or diffusely increased vasculariza-
tion [2, 35, 62].
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(1) If typical cervical metastatic lymph nodes of thyroid
cancer and suspicious nodules in the ipsilateral
thyroid are found simultaneously by ultrasound, the
nodules should be classified into category 5.

(2) If typical cervical metastatic lymph nodes of thyroid
cancer are detected by ultrasound, but there are no
suspicious nodules in the ipsilateral and contralateral
thyroid glands, this might be due to extremely small
occult thyroid cancer that cannot be found by
ultrasound. In this case, it is necessary to indicate in
the report that the cervical metastatic lymph nodes
might originate from thyroid cancer to provide
reference for clinical management.

Punctate echogenic foci The punctate echogenic foci can
be divided into three types: microcalcifications, comet-tail
artifacts, and undetermined significance. When punctate
echogenic foci are present in the nodules, microcalcifica-
tions are recorded preferentially according to the principle
of suspicious feature priority. For example, when the above
three types of punctate echogenic foci are present simulta-
neously in a nodule, then only microcalcifications are
recorded, and one point is added in the counting method for
determining the C-TIRADS category of the nodule. The
comet-tail artifacts are recorded only in the absence of
punctate echogenic foci of microcalcifications.

UE and CEUS The above thyroid nodule classification
model is established based on gray-scale ultrasound, which
has low requirements for instruments as well as operators,
and so it is suitable for wide application in hospitals with
various grades. UE and CEUS may have some value in the
evaluation of thyroid nodules, but there is no broad con-
sensus at present. No TIRADS incorporates these two
imaging techniques into the risk stratification system cur-
rently. For example, Eu-TIRADS pointed out that UE
cannot be adopted into the TIRADS until multicenter, large-
sample studies confirms the reliability and repeatability of
UE in distinguishing benign from malignant nodules [17].
The expert panel believed that in some specific cases, the
classification of TIRADS based on model can be altered by
the results of UE or CEUS.

(1) For solid nodules of 5-30 mm without macrocalcifi-
cations, if the nodules are neither deep nor located in
the isthmus, the category of nodules can be adjusted
as appropriate according to the stiffness of the nodules
as reflected by UE [31]. However, the operator
dependence of SE should also be considered.

Some category 4 or 5 solid nodules that do not show any
enhancement in all or most areas of the nodule on

ultrasound should be considered as mummified nodules,
i.e., thyroid cystic or cystic changes after absorption of the
cystic fluid of the main nodule, thus downgrading the
nodule to category 2.

(1) Some solid nodules of category 4 or 5 that do not
show any enhancement in the whole or most of the
regions of the nodules in CEUS should be considered
as mummified thyroid nodules, i.e., the changes of
cystic or predominantly cystic nodules after sponta-
neous absorption of the cystic portion. Consequently,
the nodules can be downgraded to category 2. If there
is only scant punctate-linear enhancement in the
whole or most of the regions of the nodules in CEUS,
the nodules can be downgraded to category 3. The
larger the nodule, the higher reliability and rationality
the above degrading methods is.

Classification of special cases

Cystic and spongiform nodules Cystic or spongiform nodules
are generally benign [10, 17, 18, 21, 23, 74, 97], and therefore are
assessed as C-TIRADS 2 (Fig. 3a, b). Attention should be paid to
the definition of spongiform nodule, wherein aggregated solid
components cannot be present inside the nodules.

Uniform hyperechoic nodule of Hashimoto’s thyroidi-
tis The so-called “white knight” nodules are referred to
uniform hyperechoic nodules that appear on a background
of Hashimoto’s thyroiditis, which are generally not more
than 15 mm in diameter, and typically <10 mm. The white
knight nodules are typically benign and should be assessed
as C-TIRADS 2 (Fig. 3c) [137-140].

Nodular goiter According to the literature and experts opinion
[19, 59], the probability of malignancy is very low when there
are multiple predominately solid nodules and/or predominately
cystic nodules with similar ultrasound appearance scattered
within the thyroid, and the corresponding pathological diagnosis
is usually nodular goiter. Therefore, such cases can be evaluated
as C-TIRADS category 3 (Fig. 3d).

Uncertainty of internal characteristics because of calcifica-
tions Macrocalcifications or peripheral calcifications with strong
acoustic shadowing will preclude fully assessment of internal
characteristics of the nodules. According to the ACR-TIRADS,
such nodules can be assessed as at least ACR-TIRADS 4, with a
malignant risk of >5% [19]. Thus, it is appropriate that such
nodules fall under C-TIRADS 4A category (Fig. 3e).

Nodule with snowstorm pattern of microcalcifications S-
nowstorm pattern of microcalcifications are referred to a
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Fig. 3 a Almost completely
cystic with internal debris, C-
TIRADS 2. Diagnosis: nodular
goiter; b, spongiform nodule, C-
TIRADS 2. Diagnosis: nodular
goiter; ¢, white knight nodules
of Hashimoto’s thyroiditis,
C-TIRADS 2. Diagnosis:
Hashimoto’s thyroiditis;

d multiple predominantly solid
nodules and predominantly
cystic nodules of similar
ultrasound appearance, C-
TIRADS 3. Diagnosis: nodular
goiter; e nodules with
macrocalcifications causes
strong acoustic shadowing that
precludes full assessment of
internal characteristics,
C-TIRADS 4A. Diagnosis:
nodular goiter. f nodules with
snowstorm pattern of
microcalcifications, C-TIRADS
5. Diagnosis: papillary thyroid
cancinoma; g incalculable
nodule-independent snowstorm-
like microcalcifications in the
right lobe thyroid. Diagnosis:
papillary thyroid cancinoma

large number of incalculable microcalcifications present in
the nodules. According to a study, all nodules that showed
snowstorm pattern of microcalcifications were malignant
[141]. Consequently, such nodules can be classified as C-
TIRADS category 5 (Fig. 3f).

Incalculable nodule-independent microcalcifications A
large number of incalculable nodule-independent micro-
calcifications that are typically snowstorm-like are diffusely
scattered in the whole or large area of unilateral or bilateral
thyroid gland, which is always seen in the diffuse sclerosing
variant of PTC [142, 143]. If typical cervical metastatic
lymph nodes of thyroid cancer are observed, these findings
are assessed to belong to C-TIRADS category 5 (Fig. 3g).
However, if no suspicious cervical lymph node is found, it
could be assessed into more than category 4B or even
category 5 based on the personal experience of the doctor.
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Recommendation R7: Gray-scale ultrasound features are
the most important factor in judging the risk stratification of
thyroid nodules (Grade A).

R8: Ultrasound assessment of cervical lymph nodes can
provide important information regarding risk stratification
of thyroid nodules (Grade A).

R9: The C-TIRADS category based on the counting
method can be modified according to the experience of
radiologists, the clinical history, and the special ultrasound
features (Grade B).

R10: Doppler Ultrasound, SE, and CEUS can sometimes
be complementary (Grade B).

Suggestions on the management of thyroid nodules

As mentioned above, many thyroid surgeries in China are based
not on FNA results, but on ultrasound reports, sometimes in
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combination with other relevant clinical evidences. Our survey
report also showed that China faces the problem of over-
operation of both benign thyroid nodules and PTMCs.

Due to large gap at medical level in hospitals of different
grades nationwide, and striking cognitive differences in
diseases among patients with different educational levels
and from different regions, our grasp of principles at present
for thyroid nodule management should embody a certain
flexibility, in which regional disparity, national character,
cultural tradition, and healthcare systems should be con-
sidered, in addition to the nodule itself.

However, following the internationally accepted princi-
ples for diagnosis and management of thyroid nodules is the
direction of our future efforts. Therefore, this management
proposal also refers to the guidelines of the United States,
Europe, and Korea [16, 17, 19]. The expert panel hoped that
ultrasound-guided FNA can be widely carried out in all
regions of China by the efforts of all parties, thereby alle-
viating the problem of overtreatment of benign nodules and
PTMCs, reducing the harm to the patients and wasting of
medical resources.

Management recommendations

TIRADS 1: no need to deal with nodule-related problems.

TIRADS 2 (malignancy rate is 0%): FNA is not required. In
cases of cystic nodules, cystic fluid suctioning can be performed
under ultrasound guidance when the cyst is too large to cause
compression symptoms or cosmetic problems. If cytology con-
firms that the cystic nodule is benign, chemical ablation can be
performed [16]. If the nodules are mixed cystic and solid and
cause compression symptoms or cosmetic problems, the following
treatment options are available:

(1) Surgical treatment;

(2) For patients who refuses surgery, if the nodule is
confirmed as benign by biopsy, debulking thermal
ablation and even the complete cytoreduction thermal
ablation under ultrasound guidance can be adopted
[144];

(3) Thermal ablation is not recommended if the nodule is
too large to compress the trachea and causes obvious
tracheal collapse and deformation.

TIRADS 3 (malignancy rate is <2%): FNA is not
required. If the nodules are too large to cause compression
symptoms or cosmetic problems, the management principle
of TIRADS 2 nodules is referred to, provided the biopsy
results are benign.

TIRADS 4A (malignancy rate is 2—-10%):

(1) If the nodule is >15 mm, FNA-guided ultrasound is
recommended [16, 17, 19];

(2) Multifocality, subcapsular nodule, trachea, and recur-
rent laryngeal nerve invasion are considered as
predictors of poor prognosis of PTC [145-149]. Thus,
when category 4A nodules are multiple, or immedi-
ately adjacent to the trachea or recurrent laryngeal
nerve, ultrasound-guided FNA can be considered if
the nodule is >10 mm;

(3) For solitary nodule of <10 mm that is not immediately
adjacent to the capsule, trachea or recurrent laryngeal
nerve, regular follow-up is optional;

(4) If the nodules are too large to cause compression
symptoms or cosmetic problems, the management
principle of TIRADS 2-3 nodules can be referred to,
provided the biopsy results are benign.

TIRADS 4B (malignancy rate is 10-50%):

(1) If the nodule is >10 mm, FNA-guided by ultrasound is
recommended [16, 17, 19];

(2) If nodules are multiple, or immediately adjacent to the
capsule, trachea, or recurrent laryngeal nerve,
ultrasound-guided FNA can be considered if the
nodule is >5 mm [20];

(3) If nodules <5mm are multiple, or are immediately
adjacent to the capsule, trachea, or the recurrent
laryngeal nerve, then biopsy is required by compre-
hensively considering the skills of the doctor and the
anxiety level of the patient;

(4) For solitary nodule of <10 mm that is not immediately
adjacent to the capsule, trachea, or recurrent laryngeal
nerve, an active surveillance strategy can be chosen
with full informed consent.

TIRADS 4C (malignancy rate is 50-90%): recom-
mended management is similar to category 4B nodules.

TIRADS 5 (malignancy rate is >90%): The recommended
management is similar to that of category 4B nodules. If there
are typical cervical metastatic lymph nodes of thyroid cancer,
then the most suspicious nodules of any size in the ipsilateral
thyroid require ultrasound-guided FNA.

TIRADS 6 (FNA confirmed Bethesda VI nodules; core
needle Biopsy confirmed malignant nodules): surgery,
thermal ablation, or active surveillance. See below for
details.

Notes on management recommendations

For patients with familial thyroid carcinoma or history of
radiation exposure during childhood, the threshold size for
FNA as described above can be appropriately reduced [2].
For determining if FNA can be performed in each specific
case, the patient’s personal preference and anxiety level
should also be taken into account.
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If nodules have been underwent thyroid scintigraphy and
demonstrated to be warm/hot, FNA is not recommended
because these nodules are usually benign. One study
showed that all hyperfunctioning thyroid nodules were
benign regardless of their TIRADS classifications [150].
Therefore, integrating the information of thyroid scinti-
graphy and ultrasound can avoid unnecessary FNA.

Although the management recommendations for C-
TIRADS 4B, 4C, and 5 nodules are the same, these dif-
ferent classifications can provide clinicians and patients
with information on the probability of malignancy. The
expert panel does not encourage or advocate the treatment
strategy of surgical removal of thyroid nodules according to
the risk stratification of ultrasound without FNA. However,
it must be recognized that such situation will exist for a long
time in China in the future. For those medical institutions
where FNA has not been practiced at present, the results of
nodule classification of C-TIRADS might act as a reference
for the surgeon to decide whether or not to perform surgery.
However, it must be emphasized that the C-TIRADS clas-
sification is established with the aim to determine which
nodules require FNA. This in turn promotes FNA to be
widely carried out in the future, reducing the problem of
overtreatment of thyroid nodules in China.

Recommendation R11: Thyroid nodules of different risk
of malignancy should undergo FNA when their size reaches
the corresponding threshold (Grade A).

R12: For suspicious solitary nodule of <10 mm that is not
immediately adjacent to the capsule, trachea, or recurrent
laryngeal nerve, an active surveillance strategy can be
chosen with full informed consent (Grade B).

R13: For those medical institutions where FNA has not
been practiced, the results of nodule classification of C-
TIRADS might act as a reference for the surgeon to decide
whether or not to perform surgery (Grade I).

Reporting system

The report should be concise and focused. After briefly
describing the echogenic texture of the thyroid gland, the
ultrasound characteristics of the nodule(s) should be recor-
ded in detail. Finally, the C-TIRADS assessment classifi-
cation and management recommendations should be given.

The terminology in the lexicon should be used without
embellishment to describe the ultrasound features of the
target nodule. It is not necessary to use all the terms to
describe the nodule, but the five categories of terms that
determine the C-TIRADS classification, i.e., orientation,
margin, composition, echogenicity, and echogenic foci,
should be used. Nodule(s) with the highest C-TIRADS
classification, sometimes with the largest size, in each lobe
and isthmus should be described in detail using the
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abovementioned five categories of terms. In order to facil-
itate follow-up or determine whether FNA is needed, the
location and size of the target nodule should also be
described in detail. When the nodule is adjacent to the
thyroid capsule, the distance between the nodule and the
capsule should be described [2, 51-56].

Recommendation for management was made according
to the C-TIRADS category. The recommendation also takes
into account China’s medical resources and medical costs as
a developing country. In principle, no more than 1 nodule
each lobe is recommended for FNA when one or more
nodules meet the category and size threshold for FNA. For
patients who do not meet the FNA criteria and choose to
follow-up, the follow-up interval is 6-24 months, depend-
ing on the classification, size, and location of the nodules, as
well as the degree of anxiety of the patients. Considering the
current medical situation in China and the national character
of China, the expert panel does not recommend the devel-
opment and implementation of overly specific follow-up
interval standards at this time.

Recommendation

R14: Terminology should be used to describe the nodule,
and the classification and management recommendation
should be given in the reporting system (Grade A).

R15: The management recommendation should take into
account China’s medical resources and medical costs as a
developing country (Grade B).

As mentioned above, there is a growing opinion on the
strategy of active surveillance rather than surgical treatment
for low-risk PTMCs, therefore the corresponding content is
included in C-TIRADS management recommendations.
However, due to the constraints of national character and
cultural tradition, the management strategy of active sur-
veillance is currently difficult to achieve a widespread
response in China. So, this requires joint efforts of Chinese
medical workers including ultrasound radiologists to let the
public know more about PTMC.

Recently, with the development of thermal ablation
technologies such as laser, radiofrequency, and microwave,
an increasing number of researchers has been trying to use
thermal ablation to treat low-risk PTMCs and has achieved
satisfactory results [144, 151-154]. In the opinion of expert
panel, if the nodule is confirmed to be PTC by biopsy,
ultrasound-guided thermal ablation can be performed under
the following conditions and with full informed consent
from the patient: (1) nodule <10 mm; (2) solitary; (3) nodule
does not involve the trachea and is more than 1-2 mm away
from the dorsal medial thyroid capsule (depends on the
experience of the operator); (4) no evidence of cervical
lymph node metastasis; and (5) no evidence of distant
metastasis [155, 156]. However, it must be clearly
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recognized that thermal ablation for low-risk PTMC:s is still
in the early stage, and its long-term efficacy remains to be
observed for a long time [157]. The expert panel will
continue to follow this up.

Recommendation

R16: For PTMC that meets strict indications, ultrasound-
guided thermal ablation can be chosen with full informed
consent (Grade B).

Disclaimer

This guideline is only used as a professional standard for
reference by ultrasound radiologists in medical institutions
of various grades in China, but not as a legal basis.
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