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Abstract

Background Common ultrasound imaging is hard to distinguish thyroid nodules of clinically atypical subacute
thyroiditis (CAST) with papillary thyroid carcinoma (PTC). The purpose of this study was to investigate the diagnostic
value of real-time elastography combined with American College of Radiology Thyroid Imaging Reporting and Data
System (ACR-TIRADS) in differentiating these two lesions.

Results Centripetal reduction echogenicity was only observed in the CAST nodules, with high specificity (100%)
though low sensitivity (23.96%). Echogenic foci yielded good capability for differentiating PTC and CAST, with odds
ratio (OR) of 36.572 and AUC of 0.788. Size and ES were independent factors to distinguish the two lesions with OR of
10.709 and 3.697, respectively. The combination of microcalcification, size < 10 mm and ES of 4 showed better AUC
(0.885) than echogenic foci alone (p <0.001). TI-RADS showed high sensitivity (91.23%) with specificity of 30.21%

and AUC of 0.607 in predicting malignancy risk of PTC from CAST, while the AUC of ES and the combination

of both methods were 0.508 and 0.585, respectively.

Conclusions Centripetal reduction echogenicity, echogenic foci, size and ES may assist in the differential diagnosis
of CAST and PTC nodules. ACRTI-RADS is superior to ES and the combination of both methods for distinguishing
these two lesions.
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difficult to fulfill the basic clinical diagnostic criterion of
SAT, which might lead to misdiagnose.

Ultrasound is the primary imaging method for thyroid
detection. The US of SAT patients can typically show
focal or multifocal, ill-defined hypoechoic areas in one or
both thyroid lobes with reduced vascularity [3, 4]. How-
ever, these ultrasonographic characteristics are easily
confused with thyroid carcinoma, thus causing unneces-
sary imaging, fine-needle aspiration (FNA) and surgery,
finally leading to increased anxiety and potential morbid-
ity in patients [5, 6].

Some researchers have suggested using the Thyroid
Imaging Reporting and Data System (TI-RADS) to
stratify the risk of malignancy of thyroid nodules based
on a constellation of suspicious US characteristics [7].
According to the 2017 TI-RADS of the American College
of Radiology (ACR-TIRADS), thyroid nodules are classi-
fied from TR1 (benign) to TR5 (highly suspicious) based
on total scores of five US features, while patients are rec-
ommended for FNA or US follow-up based on risk strati-
fication and nodules’ diameter [8]. Many studies proved
that ACR-TIRADS could improve the accuracy of rec-
ommendations and reduce the rate of unnecessary FNA
or biopsy for thyroid nodules effectively [9-12]. But one
retrospective study spanning 5 years found that the cor-
relation between ACR-TIRADS and Bethesda score was
not significant, and both the number of patients and nod-
ules per patient referred for FNAB continued to rise after
using TI-RADS [13]. Moreover, the ACR TI-RADS com-
mittee admitted that certain features may warrant higher
or lower point values to achieve optimal performance
[14]. Therefore, whether TI-RADS merit is effective in all
kinds of thyroid nodules and diseases should be further
investigated.

As known, the stiffness of thyroid nodule is closely cor-
related with histopathology [15]. Malignancy nodules
are harder than benign ones because of fibrous vascular
interstitial components and sand-like calcified bodies.
US elastography based on this principle has been shown
to provide useful information for diagnosing malignant
nodules and been more increasingly and widely used as a
complementary tool of the common US in evaluating the
properties of thyroid nodules [2, 16-20].

Recently, many scholars have investigated the diagnos-
tic capability combined elastography with TI-RADS to
diagnose thyroid nodules. However, the results were con-
tradictory, some stated that combination of two meth-
ods performed better than one alone, while others did
not [7, 21-25]. To our knowledge, relatively few studies
have combined elastography with ACR-TIRADS to assess
CAST nodules. Thus, the purpose of our study was to
investigate the diagnostic performance combined elas-
tography with ACR-TIRADS to distinguish CAST from
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papillary thyroid carcinoma (PTC) nodules, thus contrib-
uting to a reduction in over-performed FNA or surgery
in these patients, while performing more accurate rec-
ommendations for clinicians.

Methods

Study population

We searched the US database of our hospital from
November 2017 to February 2021 and enrolled 157
CAST and 190 PTC patients. All CAST patients showed
no clinical symptoms but had thyroid nodules that were
found by palpation or US. All nodules were confirmed by
cytopathology or histopathology. Patients with complete
sonographic records and views of grayscale US (both
cross and vertical views), color-Doppler US and elastog-
raphy were recruited. The exclusion criteria were as fol-
lowing: patients under 18 years or with blur images of
ultrasound. Finally, a total of 245 patients (89 CAST and
156 PTC patients) with 267 nodules participated in our
study as shown in Fig. 1.

Ultrasound examinations

Both conventional and real-time elastography (RTE)
sonography were performed using APLIO 500 TUS-
A500 (Toshiba Medical Systems, Tokyo, Japan) with a
4-17 MHz linear array transducer. All examinations were
performed by ultrasound doctors with at least 10 years

347 patients evaluated with
gray-scale US, color-Doppler
US and elastography

Excluded:

patients under 18 years or with
blur images of ultrasound

245 patients (89 CAST and
156 PTC patients) with 267
nodules

Fig. 1 Study population. CAST=clinically atypical subacute thyroiditis;
PTC=papillary thyroid carcinoma; US=Ultrasonography
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of experience in thyroid US. The US features in gray-
scale, color Doppler and RTE were evaluated. All selected
thyroid nodules were assessed by the same doctors
successively.

Image analysis

Two ultrasound doctors with more than 5 years of work-
ing experience were blinded to the pathological results
and re-assessed the US features independently. Different
opinions were discussed by them until a consensus was
reached.

The grayscale US features of the nodules were assessed
as follows: size (maximum diameter); composition
(mixed cystic, solid or almost completely solid); echo
(hyperechoic, isoechoic, hypoechoic or very hypo-
echoic); shape (taller than wide or wider than tall);
margin (smooth, ill-defined, lobulated or irregular,
extrathyroidal extension); echogenic foci (none, large
comet-tail artifacts, macrocalcification, peripheral cal-
cifications, microcalcification or calcifications mixed);
centripetal reduction echogenicity (present or absent);
posterior acoustic artifacts (none, enhancement, attenu-
ation, enhancement or attenuation and enhancement
mixed); nodule halo sign (present or absent); and echo
of the gland (homogeneous or heterogeneous). Among
these features, composition, echo, shape, margin
and echogenic foci were graded using the 2017 ACR-
TIRADS [8]. According to these five scoring charac-
teristics, the thyroid nodules were classified from TR1
(benign) to TR5 (highly suspected to be malignant).

The color-Doppler US features were evaluated as fol-
lows: vascular distribution (none, internal, peripheral or

Fig. 2 Thyroid nodule showed ES of 2. A 37-year-old male came

to hospital for a follow-up visit of thyroid. Ultrasound image
showed thyroid nodule exhibited nearly entire green with little blue
was scored as 2 (marked with a black triangle). ES=elasticity score
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Fig. 3 Thyroid nodule showed ES of 3. A 50-years-old female came
to hospital for a physical exam. Ultrasound image showed the nodule
of subacute thyroiditis exhibited half in blue and half in green

was scored as 3 (marked with a black triangle). ES=elasticity score

Fig. 4 Thyroid nodule showed ES of 4. A 39-year-old male came
to hospital for preoperative examination. Ultrasound image
showed the entire nodule of papillary thyroid carcinoma exhibited
blue was consistent with ES of 4 (marked with a black triangle).
ES=elasticity score

internal and peripheral mixed); flow grade (Adler) (0, 1, 2
or 3); and annular flow (present or absent).

In RTE US, we could see a color-coded on the screen:
Less elastic tissues (soft) appear in red, elastic tissues of
intermediate degrees were shown in green, and highly
elastic tissues (hard) appear in blue. Then, we visually
scored the nodule from 1 to 5 based on the predomi-
nant color pattern within and around it according to the
5-point Rago criteria as shown in Fig. 2, 3, 4 and 5 [20].
The TR4 nodule was upgraded when the elasticity score
(ES) was 5, while the TR5 nodule was downgraded when
the ES was less than 5.
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Fig. 5 Thyroid nodule showed ES of 5. A 43-year-old female came
to hospital for a follow-up visit of thyroid. Ultrasound image showed
the entire nodule of papillary thyroid carcinoma and its surrounding
area were in blue was consistent with ES of 5 (marked with a black
triangle). ES=elasticity score

Statistical analysis

For statistical descriptions, continuous variables were
presented as the means with standard errors, and cat-
egorical variables are presented as #n(%). For univariate
analysis, the independent t test or Mann—Whitney U test
was applied for continuous variables, while Fisher’s exact
tests and chi-squared tests were conducted for categori-
cal variables. Binary logistic regression was used, and the
odds ratios (OR) were calculated to evaluate the valuable
US features. The area under the curve (AUC) with 95%
confidence intervals (CI), specificity, specificity, positive
predictive value (PPV), negative predictive value (NPV)
and accuracy were calculated according to the opti-
mal cutoff point that maximized the Youden index for
independent factors, and their combination in multiple
regression analysis, TI-RADS grading, ES and modified
TI-RADS was created. AUC was compared using the
method described by Delong et al [26], and receiver oper-
ating characteristic (ROC) curves were plotted. A p value
less than 0.05 was considered statistically significant.

Table 1 Sonographic characteristics of CAST and PTC groups
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The degree of intra-observer and interobserver agree-
ment between the two readers was measured using the
k value, which was interpreted as follows: 0.80<k<1,
perfect agreement; 0.60 < k<0.80, substantial agreement;
0.40<k<0.60, moderate agreement; 0.20<k<0.40, fair
agreement; 0<k<0.20, slight agreement; and k<0, poor
agreement. Statistical analysis was performed using SPSS
software version 26 (IBM SPSS), GraphPad Prism 8 and
MedCalc V20.104.

Results

The mean ages of the CAST and PTC patients were
42.08£9.36 and 39.60+ 11.39 years with 33.7% and 26.3%
being male, respectively. There was no significant differ-
ence in age or sex between the CAST and PTC groups.
Both inter- and intra-operator agreements of posterior
acoustic artifacts, composition, echogenicity, shape, echo-
genic foci, nodule halo sign, TI-RADS grade, vascular dis-
tribution, vascular flow grade and echo of gland were 1.0.
The inter-operator agreements for the ultrasonic features
ranged from 0.896 to 0.948 (central reduction echogenic-
ity: 0.908; margin: 0.976; annular flow: 0.896; TI-RADS
scores: 0.991; ES: 0.948). And the intra-operator agree-
ments for the ultrasonic features ranged from 0.952 to
0.986 (central reduction echogenicity: 0.952; margin:
0.953; annular flow: 0.945; TI-RADS: 0.986; ES: 0.965).

Sonographic characteristics

The sonographic characteristics of the nodules are sum-
marized in Tables 1, 2 and 3. The nodule sizes, centrip-
etal reduction echogenicity, echo of the gland, posterior
acoustic artifacts, nodule halo sign, ES, margins and
echogenic foci between the CAST and PTC groups
showed significant differences (p<0.05). The TI-RADS
score, grading and modified TI-RADS grading of the
CAST and PTC nodules also reached significant differ-
ences (p<0.001). However, no significant differences
were detected in composition, echogenicity, shape or all
the color-Doppler US features between the two groups.

Characteristic CAST(n=96) PTC(n=171) p Value
Size(mm) 15324839 12+6.87 <0.001*
Centripetal reduction echogenicity <0.001*
Present 23(23.96%) 0
Absent 73(76.04%) 171(100%)
Echo of gland 0.03*
Homogeneous 78(81.25%) 118(69.01%)
Heterogeneous 18(18.75%) 53(30.99%)
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Table 1 (continued)
Characteristic CAST(n=96) PTC(n=171) p Value
Posterior acoustic artifacts <0.001*
Absent 94(97.92%) 114(66.67%)
Enhancement 1(1.04%) 15(8.77%)
Attenuation 1(1.04%) 36(21.05%)
Enhancement and attenuation mixed 0 6(3.51%)
Nodule halo sign <0.001*
Present 6(6.25%) 46(26.90%)
Absent 90(93.75%) 125(73.10%)
Vascular distribution 0.07
None 15(15.63%) 25(14.62%)
Internal 11(11.46%) 18(10.53%)
Peripheral 27(28.13%) 27(15.79%)
Internal and peripheral mixed 43(44.79%) 101(59.06%)
Flow grade (Adler) 0.109
0 43(44.79%) 51(29.82%)
1 28(29.17%) 64(37.43%)
2 3(13.54%) 28(16.37%)
3 12(12.50%) 28(16.37%)
Annular flow 0.29
Present 5(5.21%) 4(2.34%)
Absent 91(94.79%) 167(97.66%)
ES <0.001*
2 7(7.29%) 1(0.58%)
3 30(31.25%) 36(21.05%)
4 27(28.13%) 104(60.82%)
5 32(33.33%) 30(17.54%)
Composition 0.555
Mixed cystic and solid 0 3(1.75%)
Solid or almost completely solid 96(100%) 168(98.25%)
Echogenicity 0.08
Hyperechoic or isoechoic 4(4.2%) 3(1.75%)
Hypoechoic 92(95.8%) 162(94.74%)
Very hypoechoic 0 6(3.51%)
Shape 0431
Wider than tall 33(34.4%) 68(39.77%)
Taller than wide 63(65.6%) 103(60.23%)
Margins 0.005*
Smooth or ill-defined 26(27.1%) 43(25.15%)
Lobulated orirregular 70(72.9%) 111(64.91%)
extrathyroidal extension 0 17(9.94%)
Echogenic foci <0.001*
None or large comet-tail artifacts 84(87.5%) 47(27.49%)
Macrocalcifications 5(5.21%) 12(7.02%)
Peripheral calcifications 0 1(0.58%)
Punctate echogenic foci 7(7.29%) 97(56.73%)
Macrocalcifications and punctate echogenic foci 12(7.02%)
Peripheral calcifications and punctate echogenic foci 2(1.17%)

CAST =clinically atypical subacute thyroiditis; PTC = papillary thyroid carcinoma; ES = elastography score; p <0.05 is defined as significant difference
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Table 2 TI-RADS scores of CAST and PTC groups

TI-RADS CAST(n=96) PTC(n=171) p Value
Score <0.001*
4 3(3.13%) 5(2.92%)

5 0 3(1.75%)

6 26(27.08%) 7(4.09%)

7 20(20.83%) 23(13.45%)

8 3(3.13%) 8(4.68%)

9 39(40.63%) 42(24.56%)

10 4(4.17%) 29(16.96%)

11 0 4(2.34%)

12 1(1.04%) 38(22.22%)

13 0 9(5.26%)

14 0 3(1.75%)

CAST =clinically atypical subacute thyroiditis; PTC = papillary thyroid carcinoma;
TI-RADS =Thyroid Imaging Reporting and Data System; *p value <0.05 is defined
as significant difference

Binary logistic regression analysis

As shown in Table 4, it was easy to see that only echo-
genic foci, size and ES had a statistical relation for pre-
dicting malignant nodules. Their OR were 36.572
(echogenic foci over score 3), 10.709 (size <10 mm) and
3.657 (ES of 4), respectively, with p values all less than
0.007.

Diagnostic value
The diagnostic value of echogenic foci, ES, size and
their combination, centripetal reduction echogenicity,
TI-RADS grade and modified TI-RADS grade for dif-
ferentiating PTC and CAST were evaluated (Table 5,
Additional file 1: Table S1). The combination of the three
independent factors had larger AUC than echogenic foci
alone (0.885 vs 0.788, p<0.001), followed by centripetal
reduction echogenicity, TI-RADS grade and modified TI-
RADS (0.620, 0.607 and 0.585, respectively), while size
and ES only showed AUCs of 0.395 and 0.508. The ROC
curves of these features are plotted in Fig. 6a,6b.
Centripetal reduction echogenicity had 100% specific-
ity and PPV to distinguish CAST from PTC with NPV of
70.08% and accuracy of 72.66%, though its sensitivity was
23.96%. TI-RADS grade showed a sensitivity of 91.23%
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Table 4 Binary logistic regression analysis of the independent
factors for predicting PTC

Characteristic p Value OR 95% Cl

Size (referenced > 20 mm) <0.001* - -

<10mm <0.001* 10.709 3.371-34.020
10-20 mm 0.038 - -

Echogenic foci <0.001* 36.572 14.018-95.418
ES (referenced score 5) <0.001* - -

3 0337 - -

4 0.001* 3.657 1.662-8.050

ES=elastography score; OR=odds ratio; Cl = confidence intervals; *p <0.05 is
defined as a significant difference

but low specificity of 30.21% for diagnosing PTC. Echo-
genic foci had high specificity (92.71%), PPV (94.07) and
accuracy (74.91%). The combination of echogenic foci, ES
and size also showed a relatively high specificity (87.50%),
PPV (91.72%) and accuracy (82.27%) with a sensitivity
of 77.78%. ES and modified TI-RADS grade showed the
same sensitivity, specificity, PPV, NPV and accuracy.

Discussion

Ultrasound is the main imaging way to detect thyroid.
Typical ultrasonic characteristics of SAT show focal or
multifocal, ill-defined hypoechoic areas in one or both
thyroid lobes with reduced vascularity [3, 4]. However,
such ultrasonographic features make it easy to overes-
timate the malignant risk of CAST patients and be con-
founded with thyroid carcinoma. Therefore, improving
diagnostic performance of US in CAST patients is quite
important.

To investigate discrepancy of ultrasound character-
istic between nodules of CAST and PTC, we compared
some grayscale US and color-Doppler US features, ACR-
TIRADS, ES and combination of ACR-TIRADS and ES
grading between these two diseases.

Unfortunately, our results showed that combining
ES and ACR-TIRADS could not improve the diagnosis
efficiency of PTC and CAST, which was not exactly the
same but was similar to the previous study. Wang et al.
found that though RTE increased the sensitivity of ACR-
TIRADS (93.6% vs. 87.6%), but decreased its AUC and

Table 3 TI-RADS and modified TI-RADS grades of CAST and PTC groups

TI-RADS Modified TI-RADS

CAST (n=96) PTC(n=171) p Value CAST (n=96) PTC(n=171) p Value
4 29 (30.21%) 15 (8.77%) <0.001* 37 (38.54%) 37 (21.64%) <0.001*
5 67 (69.79%) 156 (91.23%) 59 (61.46%) 134 (78.36%)

TI-RADS =Thyroid Imaging Reporting and Data System; *p <0.05 is defined as significant difference



Chen et al. Egypt J Radiol Nucl Med ~ (2023) 54:214 Page 7 of 10

Table 5 Comparison of AUC between different ultrasound characteristics for differentiating PTC and CAST nodules

Pvalue Echogenic foci Size ES Model TI-RADS Modified
TI-RADS

Echogenic foci - - - - - -

Size <0.001* - - - - -
ES <0.001* 0.051 - - - -
Model <0.001* <0.001* <0.001* - - -
TI-RADS <0.001* 0.959 0.026* <0.001* - -
Modified TI-RADS <0.001* 0.651 <0.001* <0.001* 0.560 -
Centripetal reduction echo- <0.001* 0.709 0.010* <0.001* 0.696 0.336
genicity

AUC=area under the curve; PTC=papillary thyroid carcinoma; CAST =clinically atypical subacute thyroiditis; ES =elastography score; TI-RADS =Thyroid Imaging
Reporting and Data System; Model = combination of echogenic foci, size and ES. *p < 0.05 is defined as significant difference
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Fig. 6 a. ROC curves of echogenic foci, size, ES and model (combination of echogenic foci, size and ES). b. Roc curves of TI-RADS, modified

TI-RADS and centripetal reduction echogenicity. ES=elasticity score; ROC=Receiver operating characteristic. ROC=Receiver operating characteristic;
TI-RADS=Thyroid Imaging Reporting and Data System
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specificity (0.825 vs. 0.866 and 69.6% vs. 82.1%, respec-
tively), so could not improve its diagnostic efficiency [27].
But there were several studies showed that combining
RTE and ACR-TIRADS is beneficial. Ma et al. found that
RTE increased the AUC and sensitivity of ACR-TIRADS
(p>0.05 and p <0.001, respectively), in spite of decreasing
specificity (p<0.001) [28]. A study containing 1525 nod-
ules showed that RTE could improve the sensitivity and
specificity of ACR-TIRADS to differentiate benign and
malignant nodules in different sizes with ROC all over
0.70 [22]. However, it was worth noting that none of them
are comparing RTE and ACR-TIRADS in CAST and PTC
nodules like ours. Various component and pathology
types of nodules may be the key to cause discrepancies
among different studies. The diagnosis efficiency com-
bined RTE with ACR-TIRADS in CAST patients requires
more research and prospective study.

Fortunately, we found some valuable indicators. We
found that six of grayscale US features had been showed
significant differences even if only two of them were inde-
pendent factors to differentiate CAST and PTC nodules.
Although centripetal reduction echogenicity showed
no statistical significance in multiple logistic regression
analysis, it was only seen in CAST. Our study showed
that this sign could reach 100% specificity and PPV with
a relatively high accuracy of 72.66%, though with a low
23.96% sensitivity, consisting with previous research
[29]. This feature might correlate with the histological
progression of SAT [29]. On the one hand, from early
to late stage, the histological progress starts with colloid
extravasation and microabscesses induced by destruction
of follicular epithelial cells and the colonization of folli-
cles mainly caused by neutrophils, gradually turns to the
assembly of histiocytes, lymphocytes and multinucleated
giant cells engulfing colloid, and finally increase amounts
of interfollicular fibrosis [30]. One the other hand, sono-
graphic representation of SAT often begins with marked
hypoechoic, turns to echo elevation and reduction of the
lesion and eventually recovers with isoechoic US founds,
which matches its pathologic features [29]. Centripetal
reduction echogenicity might be a manifestation of this
gradual recovery process.

Most microcalcifications in thyroid nodule refer to
psammoma bodies, which represent the active biologi-
cal process of tumor cells, and are more common in PTC
than other type of thyroid cancer [31, 32]. Therefore,
we were not surprised to find that microcalcification
showed high value for predicting PTC, with an OR of
36.572 (95% CI 14.018-95.418). This result was consist-
ent with Zhang et al [2]. They observed that microcalci-
fication was uncommon in CAST and showed an OR of
35.864 (95% CI 3.909-329.002, p=0.002) to distinguish
PTC from CAST. Moreover, we observed that punctate

Page 8 of 10

echogenic foci had a high specificity and PPV (92.71%
and 94.07%, respectively) with a relatively low sensitiv-
ity and NPV (64.91% and 59.73%, respectively) to predict
PTC. And these results showed some overlap and contra-
diction with previous literature. In Wang et al. and Naba-
hati et al. researches, microcalcification had similar high
specificity (96.77% and 95.6%, respectively), but a much
low sensitivity (24.3% and 18.2%, respectively) to predict
PTC [33, 34]. But compared with ours, the presence of
PTC nodules was low in the cited previous studies, thus
may explain why our results were different.

In addition, the lesions that were <10 mm showed a rel-
atively high malignancy risk of PTC compared with those
greater than 10 mm (OR: 10.709, 95% CI 3.371-34.020).
This might be related to the widespread use of US in thy-
roid examination, thus increase the detection rate for
papillary thyroid microcarcinoma (PTMC), of which the
largest dimension is 10 mm or less [35]. However, this
sign showed low sensitivity and specificity with an AUC
of 0.395. Similarly, ES of 4 was valuable to differentiate
these two lesions with an OR of 3.657 (95% CI 1.662—
8.050) but with low AUC of 0.508. Some researchers have
pointed out that ES performs well in predicting thyroid
carcinoma [22, 36]. However, most benign nodules in
these studies showed ES of 1 or 2 and did not enroll SAT
nodules, whereas most malignant nodules showed ES of
3 or 4, which was contrary to our study. We found that
92.71% of CAST showed ES of more than 3 points, which
was similar to the previous study [37]. It was worth not-
ing that ES of 5 was even harder to differentiate these two
diseases than ES of 4. This was probably because that the
thyroid stiffness of SAT patients was variable, of which
could increase significantly in the early phase and gradu-
ally return to normal in the recovery phase [38]. There-
fore, ES of RTE could not provide conclusive information
to distinguish CAST and PTC nodules due to variable
elastography of CAST nodules.

Although size or ES alone showed unsatisfactory diag-
nostic value, the model combining echogenic foci, size
and ES even showed greater performance than echogenic
foci alone in predicting malignant nodules (AUC: 0.885
vs. 0.788). We should remain on high alert for nodules
that are less than 10 mm with microcalcification and ES
of 4 in the daily work.

Furthermore, our study exhibited that TR5 showed
high sensitivity (91.23%) and low specificity and AUC
(30.21% and 0.607) to distinguish PTC and CAST, indi-
cating that ACR-TRADS had both high performance
and misdiagnosis rates to differentiate these two dis-
eases. In fact, previous studies have proven that SAT
nodules can present ultrasound features like taller-
than-wide shape or microcalcification that mimic
malignant nodules [39, 40]. More than half of the CAST
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nodules (69.79%) in our showed a lobulated or irregular
margin and taller-than-wide shape, of which awarded
more points and were divided into TR5, thus overesti-
mating their malignancy risk.

There were some limitations in our study. First, this
was a retrospective study, and some patients with both
CAST and PTC might not have been recruited due to
the absence of FNA or surgery results. Thus, an inevi-
table selection bias may have existed. Second, this was
a single-center study, and the sample size of CAST was
still small. Therefore, our results need to be verified
with multicenter studies and large sample sizes.

Conclusions

In this study, we found that ACR-TIRADS classifica-
tion was superior to ES of RTE and their combination
in differentiating CAST and PTC nodules. It is vital for
physicians to recognize that the ACR-TIRADS are both
sensitive but not specific to distinguish these two lesions.
Centripetal reduction echogenicity, echogenic foci, size
and ES of US features are useful to some extent. Impor-
tantly, we should pay closer attention to nodules less than
10 mm with microcalcification and ES of 4.
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