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Background: The sonography-based risk stratification of thyroid nodules is based on the different
sonographic features of benign and malignant thyroid nodules. The American College of Radiology (ACR)
Thyroid Imaging Reporting and Data System (TIRADS) and the Chinese-TIRADS define different risks
for malignancy categories and the size criteria for fine-needle aspiration (FNA). Few studies have compared
their diagnostic performance and FNA management approaches. Thus, we sought to compare the diagnostic
performance and FNA management approaches of the ACR-TIRADS and Chinese-TIRADS based on
surgical histological evidence.

Methods: This retrospective study included patients with complete thyroid ultrasound images and
histologic evidence who were consecutively selected from The Affiliated Hospital of Nanjing University
of Chinese Medicine. A total of 333 nodules from 252 patients with definitive surgical histological findings
were examined. Ultrasonography categories and FNA management proposals were assigned according to
the ACR-TIRADS and Chinese-TIRADS. The thyroid nodules were divided into 2 groups based on a cut-
off size of 1 cm. The diagnostic performance and recommended and unnecessary FNA rates for each group
were compared for both systems.

Results: Overall, 280 malignant thyroid nodules (84.1%) and 53 benign nodules (15.9%) were analyzed.
Across all groups, the ACR-TIRADS had higher sensitivity, specificity, positive and negative predictive
values, and accuracy, and a higher area under the curve (AUC) than the Chinese-TIRADS. However, there
was a significant difference in the negative predictive value between the ACR-TIRADS and Chinese-
TIRADS of <1 and >1 cm, and the overall AUCs differed significantly (39.5% wvs. 35.1%, P=0.007 for
<1 cmy 70.0% wvs. 62.8%, P=0.014 for >1 cm; 0.843 vs. 0.806, P=0.037 for all). The rate for recommending
the FNA of the nodules in the ACR-TIRADS was lower than that in the Chinese-TIRADS (25.2% us.
56.5%, P<0.0001), but there was no significant difference between the ACR-TIRADS and Chinese-TIRADS
in terms of the unnecessary FNA rate (14.3% vs. 13.8%, P=0.931). The kappa statistics for the consistency
of the ACR-TIRADS and Chinese-TIRADS FNA recommendations for nodules sized >1.0 to <1.5, >1.5 to
<2.5,and >2.5 cm were 0.084, 0.635, and 0.909, respectively.

Conclusions: The ACR-TIRADS had slightly better diagnostic performance and a lower recommended
FNA rate than the Chinese-TIRADS for thyroid nodules. For thyroid nodules >1.5 c¢m in size, the FNA

recommendations of the 2 guidelines had good consistency.
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Introduction

The prevalence of thyroid nodules in China is
approximately 20-47% (1-4). Only 5-15% of thyroid
nodules are malignant (5,6). Currently, the detection of
thyroid nodules largely depends on ultrasonography, which
has a detection rate of 19-68% worldwide (6-8). Since the
absolute prevalence of malignancy is low, previous research
has focused on strategies to stratify the risk of cancer and
optimize the use of fine-needle aspiration (FNA) or surgery.

Sonologists conduct the risk stratification of thyroid
nodules based on the different sonographic features of benign
and malignant thyroid nodules. In 2009, inspired by the
Breast Imaging Reporting and Data System, Horvath ez 4/. (9)
proposed the Thyroid Imaging Reporting and Data System
(TIRADS). Since then, several thyroid risk stratification
systems have been designed, including the Korean (K)-
TIRADS (10), European (Eu)-TIRADS (11), and American
College of Radiology (ACR)-TIRADS (12). Several of these
TIRADSs are used in China, which may lead to confusion
when different doctors read the same thyroid ultrasound
report. Apart from the confusing application of TIRADS in
China, the Chinese experience may differ to that of other
countries due to the higher incidence of thyroid cancer in
China. Thus, in 2020, the Chinese Medical Association
published the Chinese (C)-TIRADS based on medical
conditions in China (13).

Currently, both the ACR-TIRADS and C-TIRADS
are used in China. The ACR-TIRADS uses a weighted
method to calculate the score of each ultrasound sign to
determine the nodule’s risk level, while the C-TIRADS
counts the number of positive signs. The ACR-TIRADS
differs greatly from the C-TIRADS. Notably, the ACR-
TIRADS 1 defines nodules based on whether they are
benign, while the C-TIRADS 1 defines nodules based on
whether they exist or are lacking. The C-TIRADS has 4A,
4B, and 4C subgroups, but the ACR-TIRADS does not.
The malignancy risks for the ACR-TIRADS categories
1-5 are 0%, 0-2%, 2-5%, 5-20%, and >20%, respectively.
Conversely, the malignancy risks for the C-TIRADS
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categories 3-5 are <2%, 2-10%, 10-50%, 50-90%,
and >90%, respectively. These different methods for
assessing the same thyroid nodule may produce different
classification results. For instance, a solid isoechoic nodule
with smooth margins would be classified as ACR-TIRADS
3 or C-TIRADS 4A. These guidelines report completely
different risks for malignancy categories and size criteria
for FNA, and few studies have compared their diagnostic
performance and use in FNA management. This study
sought to examine the differences between these 2 systems.
We present the following article in accordance with the
STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-685/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The Ethics
Committee of the Affiliated Hospital of Nanjing University
of Chinese Medicine approved this retrospective study
that reviewed the thyroid ultrasound images and medical
records of patients (No. 2015NL-023-02), and waived the
requirement for informed consent.

Study cobort

We retrospectively analyzed the ultrasound images of 333
nodules from 252 participants who underwent thyroid
surgery between January 2020 and April 2021 (Figure 1).
All the patients were enrolled in this study consecutively.
Nodules without complete ultrasound images, histologic
evidence, or definite histologic results were excluded.
The mean age of participants was 45.1x12.7 years (range,
17-81 years). The median size of the thyroid nodules
was 0.8£0.9 cm (range, 0.3-6.1 cm), and the distribution
of nodule size was skewed. Among the 252 participants,
55 (21.8%) were male, and 197 (78.2%) were female;
177 participants had single nodules, 70 participants had
2 nodules, 4 participants had 3 nodules, and 1 participant
had 4 nodules (7able I). The indications for the surgeries
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425 nodules from 308 patients

Excluded:

e 32 nodules from 13 patients without complete ultrasound images;
e 53 nodules from 40 patients without histologic evidence

Y

340 nodules from 255 patients

Excluded:

e 7 nodules from 3 patients with indeterminate pathological results,
noninvasive follicular thyroid neoplasm with papillary-like nuclear
features, or follicular neoplasm of uncertain malignant potential

Y

333 nodules from 252 patients

Analyzed by two doctors, according to
ultrasound images

Consensus?

Final ACR-TIRADS and C-TIRADS

The third experienced doctor joined
the discussion

classifications were determined

Figure 1 A CONSORT diagram of the study cohort selection. ACR, American College Radiology; TIRADS, Thyroid Imaging Reporting

and Data System; C, Chinese.

were as follows: benign nodules >4 cm causing compressive
symptoms, malignant nodules that caused patient anxiety, or
other surgery indications.

Ultrasound analysis

All the thyroid ultrasound images were reviewed by 2
doctors who had >5 years of work experience. The doctors
were blinded to the surgical pathology findings, and every
TIRADS classification was determined via consensus; in
cases of disagreement, a third highly experienced sonologist
joined the discussion.

Both the ACR-TIRADS and C-TIRADS were
employed to classify the thyroid nodules according to the
assigned points of the nodule’s structure, echogenicity,
margin, shape, and echogenic foci. However, there are
some differences between the lexicons of ACR-TIRADS
and C-TIRADS. For example, the ACR-TIRADS defines

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

a spongiform nodule as “predominantly (>50%) small
cystic spaces”, while the C-TIRADS defines it as “multiple
tiny cystic spaces occupying the entire nodule without
aggregated solid tissues”. The difference in this definition
may be due to the different classification rules. The ACR-
TIRADS and C-TIRADS also have completely different
scoring rules (12-15). Under the ACR-TIRADS, 0-3 points
are assigned to each ultrasound feature and summed to
determine the category (Figure 2). Under the C-TIRADS,
the number of positive ultrasound features is counted, and
1 point is then subtracted if a comet tail sign (negative
feature) is present. The total points are used to decide the
final category (Figure 2).

The ACR-TIRADS and C-TIRADS have different
criteria for FNA management. Under the ACR-TIRADS,
FNA is recommended for nodules classed as category
3 (nodules >2.5 cm), category 4 (nodules >1.5 cm), and
category 5 (nodules >1.0 cm). Under the C-TIRADS,
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Table 1 Patient and nodule characteristics

Variables Value

Patient characteristics (n=252)

Age in year (mean + SD) 451+12.7
Sex, n (%)
Male 55 (21.8)
Female 197 (78.2)

Nodule characteristics (n=333)
Size in cm [median (IQR)] 0.8 (0.6-1.2)
Echogenicity, n (%)

Hypoechoic 176 (52.9)
Very hypoechoic 112 (33.6)
Hyperechoic 5(1.5)
Isoechoic 40 (12.0)
Margin, n (%)
Smooth 48 (14.4)
lll-defined 59 (17.7)
Lobulated or irregular 217 (65.2)
ETE 1(0.3)
Irregular and ETE 8 (2.4)

Structure, n (%)

Solid 321 (96.4)

Mixed cystic and solid 12 (3.6)
Shape, n (%)

Taller-than-wide 164 (49.2)

Wider-than-tall 169 (50.8)

Echogenic foci, n (%)

Macrocalcifications 16 (4.8)
Macrocalcifications and microcalcifications 25 (7.5)
Peripheral (rim) 1(0.3)
Peripheral (rim) and microcalcifications 1(0.3)
Microcalcifications 113 (33.9)
None 177 (563.2)

Surgical histology, n (%)
Benign 53 (15.9)
Malignant 280 (84.1)

Isoechoic means the echogenicity is similar to the surrounding
thyroid parenchyma. Hypoechoic means the echogenicity
is lower than the surrounding thyroid parenchyma. Very
hypoechoic means the echogenicity is lower than that of
the strap muscles of the neck. SD, standard deviation; IQR,
interquartile range; ETE, extra-thyroidal extension.
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FNA is not recommended for category 3. For C-TIRADS
4A nodules, FNA is recommended when the nodules are
>1.5 cm or for multiple 4A nodules >1.0 cm found
immediately adjacent to the capsule, trachea, or recurrent
laryngeal nerve. For nodules scored C-TIRADS 4B
and above, FNA is recommended when the nodules are
>1.0 cm, multiple, or found immediately adjacent to
the capsule, trachea, or recurrent laryngeal nerve with a
diameter >0.5 cm (Figure 2).

Data and statistical analysis

MedCalc 15.8 (MedCale, Mariakerke, Belgium) and
SPSS 26 (IBM, Armonk, NY, USA) were used for the
statistical analysis. The age of the patients was normally
distributed and is presented as the mean = standard
deviation. The size distribution of the nodules was skewed
and is presented as the median (interquartile range).
The Pearson chi-square test was used to compare the
proportions. The cut-off points of the ACR-TIRADS and
C-TIRADS were determined using receiver operating
characteristic (ROC) curves, and the risks of malignancy
were compared to the cut-off values. A cross-comparison
between the ACR-TIRADS and C-TIRADS categories
was performed, and the malignancy rate of each category
was calculated. Adopting the surgical-pathological results
as the gold standard, the sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and accuracy of the ACR-TIRADS and C-TIRADS for
nodules <1.0 cm, >1.0 ¢cm, and all nodules were calculated.
The areas under the curve (AUCs) were calculated using
the Delong test. The unnecessary FNA rate was defined
as the proportion of recommended FNA nodules (RFNs)
among the pathological benign nodules (16). The use of
FNA before surgery was also compared between the ACR-
TIRADS and C-TIRADS groups. The weighted kappa
statistic was used to evaluate the level of agreement between
the recommendations for FNAs according to the ACR-
TIRADS and C-TIRADS. Histograms were generated
using GraphPad Prism (version 9; GraphPad Software, San
Diego, CA). Statistical significance was set at P<0.05.

Results
Pathological characteristics of participants and nodules

Of the 252 patients, 35 (13.9%) had benign nodules and
217 (86.1%) had malignant nodules. The mean age of

Quant Imaging Med Surg 2023;13(3):1711-1722 | https://dx.doi.org/10.21037/qims-22-685



Quantitative Imaging in Medicine and Surgery, Vol 13, No 3 March 2023 1715

ACR-TIRADS
Composition Echogenicity Shape Margins Echogenic foci
(choose 1) (choose 1) (choose 1) (choose 1) (choose all that apply)
Cystic or almost cystic 0 points Anechoic 0 points Wider than tall 0 points Smooth or ill-define 0 points None or large comet-tail artifacts
Spongiform 0 points Hyperechoic or isoechoic Taller than wide 3 points Lobulated or irregular 2 points 0 points

Mixed cystic and solid 1 point 1 point Extra-thyroid extension Macrocalcification 1 point
Solid and almost completely Hypoechoic 2 points 3 points Peripheral calcification 2 points
solid 2 points Very hypoechoic 3 points Punctate echogenic foci 3 points

Add points from all categories to determine TIRADS level

R 1 S— 2 points 8 points

TR 1 TR 2 TR 3
Benign Not suspicious Mildly suspicious
No FNA FNA if 2.5 cm

0-2% 2-5%

Follow if 1.5 cm

B Likelihood of Malignancy

C-TIRADS

~

Solid composition (+1)
Markedly hypoechoic (+1)
Microcalcification (+1)

Negative features : Comet tail artifacts (-1)

Counting
TR 3 TR 4A
Benign mildly
Benign probably suspicious,
No FNA
2

4 N
IOSIIIVe Lalures: !e!llca orlenlallon |+ |

lll-defined/irregular margin or extrathyroidal extension (+1)

-

value
TR 4B TR 4C TR5
moderately Highly highly EAEE

suspicious, suspicious, suggestive of
FNAif>1.0cm FNAif>1.0cm
10-50% 50-90%

Likelihood of Malignancy

Figure 2 The ACR-TIRADS and C-TIRADS. ACR, American College Radiology; TIRADS, Thyroid Imaging Reporting and Data

System; C, Chinese; FNA, fine-needle aspiration; TR, TIRADS.

patients in the malignant group (44.4+12.3 years; range,
20-76 years) was lower than that of patients in the benign
group (50.0+14.0 years; range, 17-81 years; P=0.025). In
this study, there were 55 (21.8%) men and 197 (78.2%)
women, and the difference in terms of gender was

significant (P<0.0001). Among the 55 men, 9 (16.4%) and
46 (83.6%) had benign and malignant nodules, respectively.
Among the 197 women, 26 (13.2%) and 171 (86.8%) had
benign and malignant nodules, respectively. The was no
significant difference in the distribution of the malignant
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Table 2 Malignancy rate within each category of the ACR-TIRADS and C-TIRADS

Classification Total (n) Benign (n) Malignant (n) Rate of malignancy (%)
ACR-TIRADS
2 10 10 0 0.0
3 16 14 2 12,5
4 52 19 33 63.5
5 255 10 245 96.1
C-TIRADS
3 13 13 0 0.0
4A 23 16 7 30.4
4B 44 11 33 75.0
4C 229 13 216 94.3
5 24 0 24 100.0
Total 333 53 280 84.1

ACR, American College Radiology; TIRADS, Thyroid Imaging Reporting and Data System; C, Chinese.

Table 3 Cross-comparison between the ACR-TIRADS and C-TIRADS classifications

ACR-TIRADS
C-TIRADS Total
2 3 4 5
3 10 2 1 0 13
4A 0 12 10 1 23
4B 0 2 31 11 44
4C 0 0 10 219 229
5 0 0 0 24 24
Total 10 16 52 255 333

ACR, American College Radiology; TIRADS, Thyroid Imaging Reporting and Data System; C, Chinese.

and benign nodules in terms of gender (P=0.548).

Among the 333 thyroid nodules analyzed, 53 (15.9%)
were benign and 280 (84.1%) were malignant. The median
maximum diameter of the nodules was 0.8 cm (0.6-1.2 cm).
The malignant nodules were significantly smaller than
the benign nodules (0.9£1.6 vs. 1.9x1.6 cm; P<0.0001).
The pathological findings for the nodules showed 1
(0.3%) follicular carcinoma, 279 (83.8%) papillary thyroid
carcinomas (PTC), 34 (10.2%) nodular goiters, 1 (0.3%)
atypical thyroid adenoma, 12 (3.6%) follicular adenomas, and
2 (0.6%) of each of oncocytomas, granulomatous thyroiditis,
and lymphocytic thyroiditis.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Malignancy rate and cross-comparison of the ACR-
TIRADS and C-TIRADS classifications

The ACR-TIRADS and C-TIRADS were applied to all the
thyroid nodules. The risks of malignancy in ACR-TIRADS
2,3, 4, and 5 were 0.0%, 12.5%, 63.5%, and 96.1%,
respectively, and those in C-TIRADS 3, 4A, 4B, 4C, and 5
were 0.0%, 30.4%, 75.0%, 94.3%, and 100.0%, respectively
(Table 2).

One difference between the ACR-TIRADS and
C-TIRADS is that unlike the C-TIRADS, the ACR-
TIRADS has no subclassifications (Tuzble 3). The cross-
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Table 4 Diagnostic performances of the ACR-TIRADS and C-TIRADS
Size <1.0 cm Size =1.0 cm All
Method ACR-TIRADS  C-TIRADS ACR-TIRADS  C-TIRADS ACR-TIRADS  C-TIRADS
P
5 4C 5 4C 5 4C
Sensitivity (%) 88.1 87.5 0.876 86.4 81.8 0.410 87.5 85.7 0.535
(82.7-91.9)  (82.1-91.5) (77.7-92.0) (72.5-88.5) (83.1-90.9) (81.1-89.3)
Specificity (%) 62.5 54.2 0.558 96.6 93.1 1.000 81.1 75.5 0.480
(42.7-78.8)  (35.1-72.1) (82.8-99.4) (78.0-98.1) (68.6-89.4) (62.4-85.1)
PPV (%) 94.9 93.9 0.655 98.7 97.3 0.972 96.1 94.9 0.510
(90.7-97.3)  (89.3-96.5) (93.0-99.8) (90.7-99.3) (92.9-97.9) (91.4-97.0)
NPV (%) 39.5 35.1 0.007* 70.0 62.8 0.014* 55.1 50.0 0.519
(25.6-55.3)  (21.8-51.3) (54.6-81.9) (47.9-75.6) (44.1-65.7) (39.3-60.7)
Accuracy (%) 85.2 83.8 0.690 88.9 84.6 0.335 86.5 84.1 0.382
(79.8-89.3)  (78.3-88.1) (81.9-93.4) (77.0-90.1) (82.4-89.8) (79.8-87.6)
AUC 0.753 0.708 0.140 0.915 0.875 0.070 0.843 0.806 0.037*

(0.690-0.809) (0.643-0.768)

(0.801-0.929)

(0.848-0.958) (0.800-0.881) (0.759-0.847)

95% confidence interval in parentheses; *, P values <0.05 indicated a significant difference. FNA, fine-needle aspiration; ACR, American
College Radiology; TIRADS, Thyroid Imaging Reporting and Data System; C, Chinese; PPV, positive predictive value; NPV, negative

predictive value; AUC, area under the curve.

comparison showed that ACR-TIRADS 2 corresponded to
C-TIRADS 3, ACR-TIRADS 3 to C-TIRADS 4A, ACR-
TIRADS 4 to C-TIRADS 4B, and ACR-TIRADS 5 to
C-TIRADS 4C and 5 (Tuble 3).

Diagnostic performance of the ACR-TIRADS and
C-TIRADS

The diagnostic efficacy and ROC curves of the ACR-
TIRADS and C-TIRADS for all the nodules and subgroups
based on size are presented in able 4. The ROC analysis
of the nodule points showed that the best diagnostic cut-
off values for ACR-TIRADS and C-TIRADS were 5 and
4C, respectively. The sensitivity, specificity, NPV, PPV, and
accuracy of the ACR-TIRADS in the subgroups and all
nodules were slightly higher than those of the C-TIRADS,
but the differences were not significant (P>0.05).
Conversely, the NPV in <1 and >1 cm groups differed
significantly (P=0.007 and P=0.014; Table 4).

The difference in the AUCs between the ACR-TIRADS
and C-TIRADS was not statistically significant in the <l-cm
and >1-cm groups (0.753 vs. 0.708, P=0.140; 0.915 vs. 0.875,
P=0.070; Figure 3). The AUC of the ACR-TIRADS for all
nodules was significantly higher than that of the C-TIRADS
(0.843 vs. 0.806, P=0.037; Figure 3).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

FNA recommendation results for ACR-TIRADS and
C-TIRADS

Of the total 333 thyroid nodules, 84 (25.2%) were categorized
as RFNs by the ACR-TIRADS, while 188 (56.5%) were
categorized as RFNs by the C-TIRADS (P<0.001; Table 5).
The malignancy risks of the RENs did not differ significantly
between the ACR-TIRADS and C-TIRADS (85.7%
vs. 86.2%, P=0.801). The RFN rates for the benign and
malignant nodules under the ACR-TIRADS were lower than
those under the C-TIRADS (22.6% vs. 49.1%, P=0.009;
25.7% wvs. 57.9%, P<0.0001; Figure 4). The unnecessary FNA
rate of ACR-TIRADS did not differ significantly to that of
the C-TIRADS (14.3% ws. 13.8%, P=0.931).

For nodules that were 1.0 to <1.5 cm in diameter,
the kappa statistic for the consistency between the ACR-
TIRADS and C-TIRADS was 0.084 (P=0.260), and 0.635
(P<0.001), and 0.909 (P<0.0001) for nodules >1.5 to <2.5
and >2.5 cm, respectively (7zble 6), indicating a good
agreement in terms of the FNA recommendations between
the ACR-TIRADS and C-TIRADS for nodules >1.5 cm.

Discussion

We compared the diagnostic performance and FNA
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Figure 3 Diagnostic performance of the ACR-TIRADS and C-TIRADS. (A) Diagnostic efficacy among nodules <1.0 ¢cm in size. (B)
Diagnostic efficacy among nodules >1.0 cm in size. (C) Diagnostic efficacy among all nodules. (D) AUCs for <1.0 c¢m, >1.0 cm, and all
nodules. *, P<0.05. ACR, American College Radiology; TIRADS, Thyroid Imaging Reporting and Data System; C, Chinese; AUC, area

under the curve; ACC, accuracy; SEN, sensitivity; SPE, specificity; PPV, positive predictive value; NPV, negative predictive value; ns, not
statistically significant.

Table 5 Recommendations for the FNA of nodules based on the ACR-TIRADS and C-TIRADS classifications

System No. of RFN  Rate of RFN Malignancy risk of Ratg of RFN among Ra.te of RFN among Unnecessary FNA

(n) (%) RFN (%) benign nodules (%) malignant nodules (%) rate (%)
ACR-TIRADS 84 25.2 (20.9-30.2) 85.7 (76.7-91.8) 22.6 (13.5-35.5) 25.7 (20.9-31.1) 14.3 (8.4-23.3)
C-TIRADS 188 56.5 (51.1-61.7)  86.2 (80.5-90.4) 49.1 (36.1-62.1) 57.9 (52.0-63.5) 13.8 (9.6-19.5)
P - <0.001* 0.801 0.009* <0.001* 0.931

95% confidence interval in parentheses. *, P values <0.05 indicated a significant difference. RFN, recommending FNA nodules; FNA, fine-
needle aspiration; ACR, American College Radiology; TIRADS, Thyroid Imaging Reporting and Data System; C, Chinese.

management approaches of the ACR-TIRADS and
C-TIRADS based on surgical histological evidence. Our
cross-comparison of the ACR-TIRADS and C-TIRADS may
serve as a reference for other physicians. Contrary to several
recent studies (17,18), we found that the sensitivity, specificity,
PPV, NPV, accuracy, and AUC of the ACR-TIRADS were
higher than those of the C-TIRADS, regardless of the
nodule size. The REN rate under the ACR-TIRADS was

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

significantly lower than that under the C-TIRADS, which is
in line with a recent meta-analysis (19). The ACR-TIRADS
and C-TIRADS showed good agreement in terms of the
FNA recommendations for nodules >1.5 cm.

In contrast to the malignancy risks reported previously
for the ACR-TIRADS and C-TIRADS (12,13), the
malignancy risks of ACR-TIRADS categories 2-5 in this
study were 0.0%, 12.5%, 63.5%, and 96.1%, respectively.
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Those of C-TIRADS categories 3, 4A, 4B, 4C, and 5 were
0.0%, 30.4%, 75.0%, 94.3%, and 100.0%, respectively. The
malignancy risks based on the surgical study cohort were
higher than those reported by the 2 guidelines, except for
ACR-TIRADS 2 and C-TIRADS 3.

The AUC was used as a parameter to assess the global

100 ~ ns

mm ACR-TIRADS
mm C-TIRADS

Performance, %

Figure 4 Recommendation for the FNA of nodules based on the
ACR-TIRADS and C-TIRADS classifications. **, P<0.01; ***,
P<0.001. ACR, American College Radiology; TIRADS, Thyroid
Imaging Reporting and Data System; C, Chinese; FNA, fine-
needle aspiration; RFN, recommending FNA nodules; ns, not

statistically significant.
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diagnostic efficacy of the ACR-TIRADS and C-TIRADS.
A cut-off size of 1 cm was chosen because it is a pathologic
diagnostic criterion for microcarcinoma (20), the incidence
of which is rapidly growing in China (6,21). Our results
showed that both the ACR-TIRADS and C-TIRADS
showed a good diagnostic performance in predicting
malignancy in thyroid nodules, especially in larger nodules.
Nevertheless, all the diagnostic parameters of the ACR-
TIRADS were higher than those of the C-TIRADS, and
the NPV differed significantly in both the <1-cm and
>1-cm subgroups (39.5% and 35.1%, P=0.007; 70.0%
and 62.8%, P=0.014). The AUCs of the ACR-TIRADS
were significantly higher than those of the C-TIRADS,
particularly for all nodules, (0.843 vs. 0.806, P=0.037). Thus,
we concluded that the ACR-TIRADS had slightly better
diagnostic efficacy for thyroid nodules than the C-TIRADS.

According to the ACR-TIRADS, FNA is not
recommended for nodules <1 cm. However, the C-TIRADS
guidelines indicate that if a 4A nodule >1 cm or a 4B nodule
>0.5 cm is detected multiple times, or if the nodule is
immediately adjacent to the capsule, trachea, or recurrent
laryngeal nerve, FNA should be considered. A decision to
conduct FNA should take into account both the doctor’s
skills and the anxiety level of the patient if the nodule is
<5 mm. Zhu et al. (18) reported that the ACR-TIRADS
had the lowest rate of FNAs compared to other guidelines.
Similarly, we also found that the overall RFN rates of the
ACR-TIRADS were lower than those of the C-TIRADS

Table 6 Consistency of the ACR-TIRADS and C-TIRADS in the follow-up and FNA recommendations

C-TIRADS (n)
Threshold of size (cm) Total (n) ACR-TIRADS (n) K P
Follow-up FNA Consideration

<0.5 42 Follow-up 30 0 12 NA NA
FNA 0 0 0

[0.5,1.0) 174 Follow-up 85 84 5 NA NA
FNA 0 0 0

[1.0,1.5) 58 Follow-up 2 19 0 0.084 0.260
FNA 1 36 0

[1.5,2.5) 31 Follow-up 2 2 0 0.635 <0.001*
FNA 0 27 0

>2.5 28 Follow-up 7 0 0 0.909 <0.0001*
FNA 1 20 0

*, P values <0.05 indicated a significant difference. NA, not available; FNA, fine-needle aspiration; ACR, American College Radiology;

TIRADS, Thyroid Imaging Reporting and Data System; C, Chinese.
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for all nodules and benign and malignant nodules. However,
the unnecessary FNA rate of the ACR-TIRADS did not
differ significantly to that of the C-TIRADS (14.3% ws.
13.8%, P=0.931). Some studies have compared several
TIRADSs using a large number of thyroid nodules
(17,18,22,23); however, few studies have examined the
consistency of FNA recommendations among different
TIRADSs. The consistency test in this study showed that
the ACR-TIRADS and C-TIRADS FNA recommendations
had good agreement for nodules >1.5 cm.

The K-TIRADS and Eu-TIRADS are 2 other well-
established risk stratification systems for thyroid nodules.
Unlike the C-TIRADS and ACR-TIRADS, which assign
points to ultrasound features, both the K-TIRADS and
Eu-TIRADS classify thyroid nodules directly based on
thyroid ultrasound images, and neither guideline uses
subclassifications. The Eu-TIRADS classifies mildly
hypoechoic nodules into 4 categories, and nodules with at
least 1 malignant sign are classified into 5 categories. The
K-TIRADS defines solid hypoechoic nodules without any
suspicious signs or partially cystic isoechoic nodules with
any suspicious signs as 1 of 4 categories, and nodules with
a K-TIRADS of 5 are solid hypoechoic nodules with any
suspicious signs. The Eu-TIRADS has more classification
categories, which may cause anxiety in patients.

The present study had several limitations. First, the
study cohort included patients who underwent thyroid
surgery, which could have led to selection bias. Second, the
radiologists retrospectively analyzed all the thyroid nodules
using previous ultrasound images; thus, the radiologists
might have confused microcalcifications with ambiguous
comet tail signs. Third, interobserver variability and
consistency should be considered when reassigning the
TIRADS classifications. Fourth, while all the patients were
consecutively recruited, the pathology types of the study
samples were biased. Most malignant thyroid nodules were
PTC, and only 1 was follicular carcinoma. This may be
related to the higher incidence of PTC. Fifth, as this was
a single-center study, more multicenter studies need to be
conducted to validate our results.

In conclusion, the ACR-TIRADS appears to have
slightly better diagnostic performance and a lower
recommended FNA rate than the C-TIRADS for thyroid
nodules. For thyroid nodules >1.5 cm, both systems have
good consistency in their FNA recommendations. In
daily clinical work, it is necessary to pay attention to the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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differences in the recommendations of different TIRADSs.
Each patient’s situation, including their anxiety or financial
situation, should be considered when deciding whether to
perform FNA or actively observe a thyroid nodule.
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