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Abstract: Objective: Ultrasound (US) features of solidity, hypoechogenicity or marked hypoechogenicity, microlobu-
lated or irregular margins, microcalcifications, and taller-than-wide shape are suspicious characteristics for thyroid
nodules. An US based Thyroid Imaging Reporting and Data System (TI-RADS) is classified based on the number of
aforesaid features. TI-RADS category 3 included nodules without any suspicious features, and categories 4a, 4b,
4c, and 5 included nodules with one, two, three or four, or five suspicious US features. The purpose of the study was
to prospectively validate the effectiveness of the TI-RADS. Methods: From October 2011 to June 2013, we prospec-
tively categorized 3980 thyroid nodules (3752 benign and 228 malignant lesions) in 2921 patients using TI-RADS
classification. TI-RADS categories 2 and 3 were considered as benign whereas TI-RADS categories 4 and 5 as malig-
nant. The sensitivity, specificity, negative predictive value (NPV), positive predictive value (PPV) and accuracy were
calculated. Results: Of the 3980 nodules, 2953 nodules were TI-RADS category 2 (0% malignancy), 466 nodules
TI-RADS category 3 (1.3% malignancy), 186 nodules TI-RADS category 4a (4.8% malignancy), 165 nodules TI-RADS
category 4b (30.3% malignancy), 188 nodules TI-RADS category 4c (75.5% malignancy), and 22 nodules TI-RADS
category 5 (95.5% malignancy). The sensitivity, specificity, PPV, NPV and accuracy were 97%, 90%, 40%, 99%, and
91%, respectively. Conclusions: TI-RADS classification had great diagnostic value in diagnosing thyroid nodules. The
actual probability of malignancy was in accord with the theory risk of malignancy.
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Introduction

Thyroid nodules are relatively common with up
to 8% of the adult population having palpable
nodules [1]. Due to the increased use of high-
resolution ultrasound (US) for thyroid examina-
tion, the prevalence of thyroid nodules has
increased to 20-76% [2, 3]. However, less than
10% of these nodules are malignant [4, 5].
Several US characteristics have been proposed
to identify nodules at risk for malignancy, but it
is still difficult to decide which lesion should be
referred for management and which lesion can
be followed up because the same thyroid nod-
ule may be classified in different ways with dif-
ferent guidelines [4-7].

The American College of Radiology developed
the Breast Imaging Reporting and Data System
(BI-RADS) to characterize both mammographic
and US breast lesions in a standard fashion,
and indicated their correlation with malignancy
[8]. Both lesion description and management
recommendations have become more consis-
tent with use of BI-RADS. The terminology of
Thyroid Imaging Reporting and Data System
(TIRADS) was firstly used by Horvath et al [9].
They described 10 US patterns of thyroid nod-
ules and related the rate of malignancy accord-
ing to the pattern. Recently a new TI-RADS pro-
posed by Kwak et al has been released, which
uses the number of suspicious US features to
stratify the risk of thyroid malignancy and
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10379 nodules in 6919 patients were included (n=10379)

) 3998 patients were excluded

(n=6399)
Y

i. lost in follow-up (n=824)

ii. time of follow-up was less than 12
months for benign nodules (n=4056)
iii. no cytology/pathology results with
TI-RADS category 4 and 5 (n=1016)
iv. increase in size on follow-up US
without further cytopathological
evaluation (n=503)

2921 patients were included
(n=3980)

— v

i. pathological diagnosis
by surgery (n=971)

ii. more than 12 months
follow-up with TI-RADS
category 2 (n=2823)

iii. confirmed by FNA
cytology and follow-up
(n=186)

Figure 1. The flowchart of selection of patients and nodules. n = number of nodules; TI-RADS = thyroid imaging

reporting and data system; FNA = fine needle aspiration.

sounds to be easily complied in clinic practice
[10]. Five US suspicious features of solidity,
hypoechogenicity or marked hypoechogenicity,
microlobulated or irregular margins, microcalci-
fications, and taller-than-wide shape are used
for TI-RADS category. TI-RADS category 3
includes nodules without any suspicious fea-
tures, and categories 4a, 4b, 4c, and 5 include
nodules with one, two, three or four, or five sus-
picious US features. The objective of the pres-
ent study was to prospectively validate the
effectiveness of the Kwak’s TI-RADS in the
diagnosis of thyroid nodules.

Materials and methods

This prospective study was approved by the
institutional review board and informed con-
sent was obtained from all the patients.

Patients

The flowchart for the patient selection is pres-
ent in Figure 1. Finally, 3980 nodules in 2921

5912

patients (951 males and 1970 females, mean
age 51.6+11.6 years, range 16-78 years) were
included in the study from October 2011 to
June 2013. All the nodules received a standard
US examination and the relevant clinical or
imaging data were complete. The final diagnose
were obtained by pathological examination or
fine-needle aspiration (FNA), as well as stable
US findings on follow-up Nodules that were
classified as TI-RADS category 2 (cystic and
predominantly cystic nodules) and were fol-
lowed up more than 12 months with stable US
findings, or had benign results on initial FNA
cytology and were followed up at least 12
months with no interval change or decrease in
size for US scan, were defined as benign nod-
ules. All malignant nodules were confirmed by
pathological results after a surgery. 999
patients had single nodule and 1922 had mul-
tiple thyroid nodules in each. The diameter of
the 3980 nodules ranged from 2.0 mm to 70.0
mm (mean, 15.7+11.0 mm).
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US examination

US scanning was performed with an S2000 US
system (Siemens Medical Solutions, Mountain
View, CA, USA), using a 4-9 MHz linear-array
transducer and a Logiq E9 US system (GE
Healthcare, Milwaukee, WI, USA)using a 9-15
MHz linear-array transducer.

All patients were scanned in a supine position
with their necks slightly extended. The trans-
ducer above the targeted thyroid nodule was
applied with sufficient couplant to make com-
plete contact with the skin. The image settings
such as gain, focus, wall filter, color gain, were
constantly adjusted until optimal images were
obtained. Conventional transverse and longitu-
dinal US images were obtained for each target
nodule. The target nodule was evaluated for
size (maximum diameter), position within the
lobe (upper pole, middle portion, or lower pole),
internal components (solid or mixed solid and
cystic), echogenicity (hyperechogenicity, isoech-
ogenicity, hypoechogenicity, or marked hypoe-
chogenicity), margin (circumscribed, microlobu-
lated, or irregular), internal calcifications (micro-
calcifications or macrocalcifications), shape
(taller than wide or wider than tall). In addition,
thyroid parenchyma, and neck lymph nodules
were also observed. Each nodule’s transverse
and longitudinal US images were recorded and
meanwhile each nodule was classified accord-
ing to the TI-RADS mentioned below.

The US feature interpretation was as follows:
The nodule was classified as hypoechogenicity
or marked hypoechogenicity when the echo-
genicity was less than adjacent thyroid paren-
chyma or the surrounding strap muscle. Margin
was classified as well circumscribed, microlob-
ulated, or irregular. A microlobulated margin
was defined as the presence of many small lob-
ules on the surface of a nodule. Calcifications
were categorized as microcalcifications or mac-
rocalcifications. Microcalcifications were defin-
ed as calcifications that were equal to or less
than 1 mm in diameter and visualized as tiny
punctuate hyperechoic foci, either with or with-
out acoustic shadowing. When macrocalcifica-
tions and microcalcifications were concurrent,
microcalcifications were defined. Shape was
categorized as taller than wide (greater in its
anteroposterior dimension than in its tranverse
dimension) or wider than tall.
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Thyroid imaging reporting and data system
(TI-RADS)

All nodules were classified by TI-RADS accord-
ing to Kawk’s TI-RADS classification system, 5
US suspicious features of solidity, hypoecho-
genicity or marked hypoechogenicity, microlob-
ulated or irregular margins, microcalcifications,
and taller-than-wide shape were used in evalu-
ating malignancy [10]. The detail of TI-RADS
classifications was as following: TI-RADS cate-
gory 1: Negative (no nodules); TI-RADS category
2: Benign (risk of malignancy: 0); TI-RADS cate-
gory 3: Probably benign with no suspicious US
features (risk of malignancy: 1.7%); TI-RADS
category 4a: low suspicion for malignancy with
one suspicious US feature (risk of malignancy:
3.3%); TI-RADS category 4b: intermediate sus-
picion for malignancy with two suspicious US
features (risk of malignancy: 9.2%); TI-RADS
category 4c: moderate concern but not classic
for malignancy with three or four suspicious US
features (risk of malignancy: 44.4%-72.4%);
TI-RADS category 5: Highly suggestive of malig-
nancy with five suspicious US features (risk of
malignancy: 87.5%).

All the image analysis and TI-RADS classifica-
tion was performed by two board-certified
investigators with consensus who were blind to
the final results.

Fine needle aspiration (FNA)

US guided FNAB was performed under sterile
conditions. Three to four passes were made for
each nodule using a 23-gauge needle. On-site
adequacy was not performed in this study. The
samples were submitted for cytology.

Statistical analysis

TI-RADS category 2 and 3 were regarded as
“test negative” and TI-RADS category 4 and 5
as “test positive”. Therefore, “benign” lesions
classified as 2 or 3 were regarded as true nega-
tive and “non-benign” lesions classified as 4 or
5 were regarded as true positive. Comparison
of US characteristics in patients between
benign and malignant nodules was performed
by using chi-squared test. The continuous data
were expressed as mean * standard deviation
(SD) (range). Accordingly, the sensitivity, speci-
ficity, positive predictive value (PPV) and nega-
tive predictive value (NPV) were calculated with
reference to the final results based on patho-
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Table 1. US features of benign and malignant nodules underwent surgery for the

US features Benign nodules

Malignant symptoms of tracheal and/or
nodules P value esophageal compression or
(n=228) just the patients’ extreme

anxiety. The other 737 noules
underwent surgeries without
FNA.

(n=3752)
Internal components
Solid (n=555) 332 (9%) 223 (98%) <0.001*
Mixed (n=482) 477 (13%) 5 (2%) <0.001*
Cystic (n=2943) 2943 (79%)

Echogenicity
Hypo-/markedly hypo- (n=389) 182 (5%)

Hyper-/iso- (n=166) 150 (4%)
Margin

Circumscribed (n=3848) 3706 (99%)

No-circumscribed (n=132) 46 (1%)
Calcifications

Microcalcifications (n=208) 70 (2%)

Macrocalcifications (n=97) 78 (2%)

None (n=3675) 3559 (95%)
Shape

Wider than tall (n=3872) 3713 (99%)

Taller than wide (n=108) 39 (1%)

0(0%)  <0.001* Finally, 971 had pathological

results, in which 228 were

207 (91%) <0.001* malignant and 743 were
16 (7%) 0.038* benign. Diagnoses of malig-

nancy (n=228) included papil-
lary thyroid carcinoma (n=
224), medullary thyroid carci-
noma (n=1), follicular carcino-
ma (n=1), lymphoma (n=2).
138 (61%) <0.001* Diagnoses of benignity (n=
19 (8%) <0.001* 743) included nodular goiter

71 (31%) <0.001* (n=635), follicular adenoma
(n=30), Hurthle cell adenoma

159 (70%) <0.001* (n=5), Hashimoto nodule
69 (30%) <0.001% (n=73). 2823 nodules catego-

142 (62%) <0.001*
86 (38%) <0.001*

Note: n = number of nodules; US = ultrasound. *indicates statistically significant

difference.

logical examination, or FNA cytology and follow-
up. Receiver operating characteristic (ROC)
curve analyses and areas under the ROC (AUC)
were used to assess the value of TI-RADS in dif-
ferentiating benign from malignant thyroid nod-
ules. Analyses were performed using the SPSS
13.0 (SPSS Inc. Chicago, lll, USA) software
package. A two-tailed P-value <0.05 was statis-
tically significant.

Results
Final diagnosis

In this prospective study, FNA was recommend-
ed to all patients with thyroid nodules met the
ATA guideline and nodules classified as TI-RADS
category 4 and 5, whereas only 628 of 1999
nodules met the criteria received FNA and
informal consent was not obtained from others.
On FNA cytology, 65 of 628 nodules were diag-
nosed as malignancy, 112 as suspicious for
malignancy, 155 as indeterminate, 92 as non-
diagnostic and 204 as benign nodules. All nod-
ules with malignant and suspicious cytology
and 55 nodules with inconclusive cytology were
subjected to surgery. Partial or total thyroidec-
tomy with or without lymph-node dissection
was performed depending on the individual
case. 10 nodules with benign cytology also
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rized as TI-RADS category 2
were followed up more than
12 months with stable US
findings, 186 nodules demon-
strating benign results on initial cytology with-
out interval change or decrease in size on fol-
low-up US after at least 12 months were also
considered to be benign nodules.

TI-RADS classification

The US findings the thyroid nodules are shown
in Table 1. US images of TI-RADS classification
were present in Figure 2. According to the
TI-RADS classification, 2953 of 3980 nodules
were classified to be TI-RADS category 2 (be-
nign nodules), 466 TI-RADS category 3 (460
benign nodules, 6 malignant nodules), 539
TI-RADS category 4 (338 benign nodules,
201malignant nodules): 186 TI-RADS category
4a (177 benign nodules, 9 malignant nodules),
165 TI-RADS category 4b (115 benign nodules,
50 malignant nodules), 188 TI-RADS category
4c (46 benign nodules, 142 malignant nodules)
and 22 nodules were classified to be TI-RADS
category 5 (1 benign nodule, 21 malignant nod-
ules) (Table 2).

Diagnostic performance
With reference to the final diagnoses, the prob-

ability of malignancy in TIRADS category 2, 3, 4
(4A, 4B and 4C), and 5 nodules was 0% (0/180),
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Figure 2. US images of TI-RADS classification. Ultrasound TI-RADS category 2 (A, mainly cystic), TI-RADS category 3
(B, no suspicious features), TI-RADS category 4a (C, solidity), TI-RADS category 4b (D, solidity and hypoechogenicity),
TI-RADS category 4c (E, solidity, marked hypoechogenicity, irregular margins and taller-than-wide shape), TI-RADS
category 5 (F, solidity, hypoechogenicity, irregular margins, microcalcifications and taller-than-wide shape); TI-RADS
= thyroid imaging reporting and data system.

1.3% (6/466), 37% (201/539) [5% (9/186),
30% (50/165) and 76% (142/188)], and 95%
(21/22), respectively (Table 2). The sensitivity,
specificity, PPV, NPV and accuracy were 97%
(222/228), 90% (3413/3752), 40% (222/561),
99% (3413/3419), 91% (3635/3980), respec-
tively. The AUC was 0.96 (95% CI: 0.95-0.96,
P<0.001).

The nodules were further stratified by their size,
and were divided into two groups: group A <10
mm and group B 210 mm. 2766 nodules were
finally allocated in group A (115 malignant nod-
ules, 2651 benign nodules) and 1214 nodules
were in group B (113 malignant nodules 1101
benign nodules). In group A, the probability of
malignancy in TI-RADS category 2, 3, 4 (4a, 4b
and 4c), and 5 nodules was 0% (0/2383), 0.8%
(A/127), 42% (102/244) [2% (1/48), 30%
(29/96) and 72% (72/100)], a by kwak et al
(TI-RADS category 2, 0%; TI-RADS category 3,
<2%, TI-RADS category 4a, 2-10%; 4b, 10-50%;
4c, 50-95%; TI-RADS category 5, >95%).
Therefore, although Kawk’s proposed TI-RADS
was based on nodules measured larger than
10 mm, it was also applicable to nodules less
than 10 mm. This finding is relevant because
the thyroid cancers <10 mm have increased
steadily in recent years. Compared with
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TI-RADS proposed by Horvath, it is also easier
to apply in clinical practice.

Sensitivity and PPV are important determining
factors for diagnostic tests. In our practice,
however, the TI-RADS had a high sensitivity but
fairly low PPV. There may be several reasons for
the results. First, although US features such as
hypoechogenicity or marked hypoechogenicity,
microlobulated or irregular margins, microcalci-
fications, and taller-than-wide shape are asso-
ciated with a higher likelihood of malignancy,
they have different sensitivity and specificity in
predicting malignancy. The feature with the
highest sensitivity is solid composition; howev-
er, it has a fairly low PPV in that a solid nodule
has only a 15.6%-27.0% chance of being malig-
nant. The feature with the highest PPV is the
presence of microcalcifications; however, this
feature has fairly low sensitivity [14]. So it
remains to open question for treating these US
featuressameintheTIRADSclassification.Second-
ly, ymph node metastases are common in pap-
illary thyroid carcinoma, occurring in 20-50% of
patients, as identified using standard patho-
logical techniques. Barring local invasion or
lymphadenopathy, no US finding can reliably
discriminate between benign and malignant
thyroid nodules [15-23]. So the presence of

Int J Clin Exp Med 2015;8(4):5911-5917
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Table 2. The results of TI-RADS classification

follow-up period is necessary

TI-RADS category

Malignant Benign Malignancy per-

to consider a nodule as
benign in patients not under-

results results centage (%) ! ‘
Overall (n=3980) 228 3752 5.7 going thyroidectomy, so our
TLRADS category 2 0 2953 0 follow-up period is relatively
too short.
TI-RADS category 3 6 460 1.3
TI-RADS category 4 201 338 37.3 In summary, the TI-RADS pro-
TI-RADS category 4a 9 177 4.8 posed by Kwak has reason-
TI-RADS category 4b 50 115 30.3 able diagnostic value in diag-
TI-RADS category 4¢ 142 46 755 nosing thyroid nodules for
malignancy. The actual prob-
TI-RADS category 5 21 1 95.4 ability of malignancy by
Nodules of <10 mm (n=2766) 115 2651 4.2 TI-RADS is in accord with the
TI-RADS category 3 1 126 0.8 theory risk of malignancy.
TI-RADS category 4 102 142 4.2
TI-RADS category 4a 1 47 2.1 Acknowledgements
TI-RADS category 4b 29 67 30.2 This work was supported in
TI-RADS category 4¢ 72 28 72.0 part by Grant SHDC12014229
TI-RADS category 5 12 0 100.0 from Shanghai Hospital De
Nodules of 210 mm (n=1214) 113 1101 9.3 velopment Center and Grant-
TI-RADS category 3 5 334 1.5 2012045 from Shanghai
TI-RADS category 4 99 196 33.6 Human Resource and Social
TI-RADS category 4a 8 130 5.8 Security Bureau, and Grant
TI-RADS category 4b 21 48 30.4 81401417 from the National
TI-RADS category 4c 70 18 795 Natural Science Foundation
TI-RADS category 5 9 1 90.0 of China.

Note: TI-RADS = thyroid imaging reporting and data system. TI-RADS category 3 (no
suspicious features), TI-RADS category 4a (1 suspicious feature), TI-RADS category

Disclosure of conflict of inter-

4b (2 suspicious features), TI-RADS category 4c (3 or 4 suspicious features), TI- est
RADS category 5 (5 suspicious features); suspicious features in ultrasound scan
were solidity, hypoechogenicity or marked hypoechogenicity, microlobulated or None.

irregular margins, microcalcifications, and taller-than-wide shape.

abnormal cervical lymph nodes overrides the
recommendations in the statement should be
classified to TI-RADS4 and above, no matter
what the US manifestations were. Thirdly, with
the emergence of new techniques like US elas-
tography and contrast-enhanced US, these new
technologies should be put in use in the classi-
fication [24].

This study had some limitations. Firstly, the
population included was not free of selection
bias since many of them underwent surgery and
many of the other patients were reluctant to
receive FNA. Thus whether the population was
representative of the general population should
be carefully evaluated. Secondly, this study rep-
resents the experience from a single medical
institution, thus the results have to be con-
firmed with multicenter studies. Thirdly, thyroid
neoplasia are slowly growing tumors, a long
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