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Objective: This study aims to evaluate the diagnostic performance of quantitative
shear wave elastography (SWE) and a new qualitative color pattern SWE for the
differentiation of benign and malignant American College of Radiology Thyroid
Imaging, Reporting, and Data System (ACR TI-RADS) 4 or 5 category thyroid
nodules measuring <10 mm.

Materials and methods: From May 2020 to July 2022, a total of 237 patients with
270 thyroid nodules were enrolled, and conventional ultrasound and SWE
examinations were performed for each patient. Each ACR TI-RADS 4 or 5
category thyroid nodule measuring <10 mm was evaluated by quantitative SWE
and a new qualitative color pattern SWE. The diagnostic performance of
quantitative SWE parameters, the new qualitative color pattern SWE, and the
combination of SWE with ACR TI-RADS, respectively, for the differentiation of
benign and malignant ACR TI-RADS 4 or 5 category thyroid nodules measuring
<10 mm was evaluated and compared.

Results: Among 270 thyroid nodules in 237 patients, 72 (26.67%) thyroid nodules
were benign and 198 (73.33%) thyroid nodules were malignant. The qualitative
color pattern SWE showed better diagnostic performance than the quantitative
SWE parameters. When combining the qualitative color pattern SWE with ACR TI-
RADS scores, with the optimal cutoff value of the total points >8, the thyroid
nodules were considered malignant. The sensitivity, specificity, accuracy, and
AUC were 89.90%, 56.94%, 81.11%, and 0.820 (95% Cl: 0.768-0.864),
respectively. Compared with using qualitative color pattern SWE alone, the
combination of qualitative color pattern SWE and ACR TI-RADS had better
diagnostic performance, which was significantly different (p < 0.05).
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Conclusion: The combination of qualitative SWE color patterns and ACR TI-
RADS had high sensitivity and accuracy, which might be a convenient and
useful method to differentiate benign and malignant ACR TI-RADS 4 or 5
category thyroid nodules measuring <10 mm. It would be helpful for the
management of thyroid nodules and improving prognosis.
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1 Introduction

Thyroid nodules are a common clinical disease with a
prevalence of 19%-68% in the population, and 7%-15% of these
nodules are thyroid cancers (1). Ultrasound is the first-line modality
to screen thyroid nodules. Based on the features of conventional
ultrasound including composition, echogenicity, shape, margin, or
echogenic foci, the American College of Radiology Thyroid
Imaging, Reporting, and Data System (ACR TI-RADS) is widely
used for risk stratification and fine-needle aspiration (FNA)
recommendation (2). However, there were overlaps in
conventional ultrasound features between benign and malignant
thyroid nodules, and thyroid nodules measuring <10 mm were not
routinely recommended for FNA according to the ACR TI-RADS.
Thus, it is important to find a non-invasive and useful method to
differentiate benign from malignant ACR TI-RADS 4 or 5 thyroid
nodules measuring <10 mm.

In recent years, shear wave elastography (SWE) has been used
to evaluate the stiffness of thyroid nodules (3, 4). Some studies have
reported that the elastography index of thyroid cancer is higher
than that of benign thyroid nodules (3, 5, 6), which makes SWE a
promising method to differentiate benign from malignant thyroid
nodules. However, several characteristics of thyroid nodules may
affect the results of the quantitative SWE parameters (7-9),
including nodule size or calcification. Li et al. (7) found that
nodule size affected the optimal E,,,x cutoff value of SWE. Chen
et al. (8) reported that the mean and maximum shear wave speed
(SWS), respectively, of thyroid nodules increases progressively from
non-calcification to micro-calcification and macro-calcification
groups. Moreover, the optimal quantitative SWE parameters to
differentiate benign and malignant thyroid nodules in different
studies were varied.

Abbreviations: SWE, shear wave elastography; ACR TI-RADS, American
College of Radiology Thyroid Imaging, Reporting, and Data System; FNA,
fine-needle aspiration; SWS, shear wave speed; Q-box, Quantification box; SD,
standard deviation; ROC, receiver operating characteristic curves; AUC, area
under curve; PPV, positive predictive value; NPV, negative predictive value; ROC,
risk of malignancy; TBSRTC, The Bethesda System for Reporting
Thyroid Cytopathology.
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Qualitative color pattern SWE could evaluate the stiffness of the
whole thyroid nodule, which might be an effective, convenient, and
supplementary method to differentiate thyroid nodules (10).
Moreover, some studies had reported that qualitative color
pattern SWE presents good repeatability and diagnostic
performance in the diagnosis of breast masses (11, 12). To the
best of our knowledge, the use of qualitative color pattern SWE to
differentiate benign and malignant ACR TI-RADS 4 or 5 category
thyroid nodules measuring <10 mm has rarely been reported.

The differentiation of ACR TI-RADS 4 or 5 category thyroid
nodules measuring <10 mm is difficult, and quantitative and
qualitative SWE could provide the stiffness information of thyroid
nodules, which might be useful to differentiate benign and
malignant thyroid nodules. This study aims to evaluate the
diagnostic performance of quantitative SWE and a new
qualitative color pattern SWE for the differentiation between
benign and malignant ACR TI-RADS 4 or 5 category thyroid
nodules measuring <10 mm and to find a non-invasive and useful
method to improve diagnostic performance, which might be helpful
for thyroid nodule management.

2 Materials and methods

This prospective study was approved by the ethics committee of
Yueyang Central Hospital, and all patients signed informed consent
before surgery.

2.1 Patients

From May 2020 to July 2022, a total of 237 patients with 270
thyroid nodules were enrolled (Figure 1). The inclusion criteria
were as follows: (a) the pathology of all thyroid nodules were
confirmed via surgery, (b) all patients underwent thyroid surgery
within 1 month after SWE examination, (c) their age was 18 years or
older, and (d) the greatest dimension of all thyroid nodules was <10
mm. The exclusion criteria were as follows: (a) patients had a
previous biopsy, (b) patients had previous ablation, and (c) thyroid
nodules without satisfied SWE images.
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ACR TI-RADS 4 or 5 thyroid nodules
measuring <10mm (n=292)
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Exclusion:

- Absence of SWE images (n=11)

- Biopsy before SWE examinations (n=6)
- No satisfying SWE images (n=5)

ACR TI-RADS 4 or 5 thyroid nodules
measuring <10mm enrolled(n=270)

- Conventional ultrasound
- SWE examinations

|

Surgery (n=270)

FIGURE 1
Flowchart of the patients enrolled.

2.2 Research method

An Aixplorer ultrasound system (Supersonic Imaging, France)
was used in this study. All thyroid nodules were screened by the
same investigator with more than 10 years of experience in thyroid
conventional ultrasound and 5 years of experience in
SWE examination.

During conventional ultrasound, the patients were asked to
maintain in the supine position with full exposure of the neck
region. We used L15-4 or L10-5 linear array transducer to perform
conventional ultrasound. The general characteristics of the thyroid
nodules, such as location, nodule size, composition, echogenicity,
shape, margin, and echogenic foci, were recorded in detail.

For the SWE examination, after conventional ultrasound
examination, SWE was performed with L10-5 linear array
transducer, while the patients were asked to hold their breath for
several seconds until satisfied and stable SWE images were
obtained. Quantification box (Q-box) was used for obtaining
elasticity parameters, including E.ax, Emeans Emin> Eratior and
standard deviation (SD). The diameter of Q-box was 2 mm. The
first Q-box should be placed in the hardest region of the thyroid
nodules, obtaining E.,ax, Emean> Emin> and standard deviation (SD).
The second Q-box should be placed in the surrounding normal
thyroid tissue, and E,,;, was obtained by calculating the ratio of the
two Q-boxes. We have taken the median elasticity parameters of
five measurements.

2.3 SWE image analysis

We proposed a new qualitative color pattern SWE classification
(Figure 2) in this study, which was classified into five patterns: (1)
pattern 1: the SWE color is homogeneously blue at the margin and
inside the nodule; (2) pattern 2: the hardest color inside the nodule
is green and the main color inside the nodule is blue; (3) pattern 3:
the hardest color inside the nodule is green and the main color
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inside the nodule is also green; (4) pattern 4: the hardest color inside
the nodule is yellow or red; and (5) pattern 5: a localized colored rim
appears at the margin of nodule, and the color of the rim is mainly
yellow and red, which is called stiff rim sign.

24 Statistical analysis

SPSS 23.0 (SPSS, Chicago, IL, USA) and MedCalc 19.0
(MedCalc Software, Mariakerke, Belgium) were used to perform
the statistical analyses. Univariate analysis was performed with
independent t-test for continuous variables and chi-square test for
categorical variables. Receiver operating characteristic (ROC)
curves to differentiate benign and malignant thyroid nodules were
drawn based on Young’s modulus of each thyroid nodule. The best
cutoff value of Young’s modulus and area under curve (AUC) were
calculated. The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), accuracy, and AUC of
SWE and the combination of ACR TI-RADS and SWE were
calculated and compared, respectively. A P-value <0.05 was
considered to be statistically different.

3 Results

3.1 General information and
pathological results

Among 270 nodules in 237 patients, 72 (26.67%) thyroid
nodules were benign and 198 (73.33%) thyroid nodules were
malignant. The general information and conventional ultrasound
features are listed in Table 1. Age, shape, margin, echogenic foci,
and ACR TI-RADS category were significantly different between
benign and malignant thyroid nodules. Other general and
conventional ultrasound features between benign and malignant
thyroid nodules were not statistically different.
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FIGURE 2

A new qualitative color pattern shear wave elastography (SWE) classification. (A) Pattern 1: the SWE color is homogeneously blue at the margin and
inside the nodule, (B) pattern 2: the hardest color inside the nodule is green and the main color inside the nodule is blue, (C) pattern 3: the hardest
color inside the nodule is green and the main color inside the nodule is also green, (D) pattern 4: the hardest color inside the nodule is yellow or

red, and (E) pattern 5: a localized colored rim appears at the margin of the nodule, and the color of the rim is mainly yellow and red, which is called

stiff rim sign

3.2 Quantitative SWE parameters between
benign and malignant ACR TI-RADS 4 or 5
category thyroid nodules measuring

<10 mm

There were significant differences for all quantitative SWE
parameters between benign and malignant ACR TI-RADS 4 or 5
category thyroid nodules measuring <10 mm. The best cutoff values
for the differentiation of benign and malignant thyroid nodules
were 18.25 kPa for E,i,, 28.15 kPa for Ecan, 40.40 kPa for E, .y,
1.75 for E,u0, and 4.25 kPa for SD, respectively. The diagnostic
performance of Ein> Emeans Emaxs Eratior and SD, respectively, is
listed in Table 2. There was no significant difference among all
quantitative SWE parameters.

3.3 Qualitative color pattern SWE between
benign and malignant ACR TI-RADS 4 or 5
category thyroid nodules measuring

<10 mm

There were significant differences in different qualitative color
pattern SWE between benign and malignant ACR TI-RADS 4 or 5
category thyroid nodules measuring <1 cm. Benign thyroid nodules
mainly present pattern 1 and 2, while malignant thyroid nodules
always present patterns 3, 4, and 5. The sensitivity, specificity, PPV,
NPV, accuracy, and AUC were 85.35%, 60.00%, 84.92%, 59.15%,
78.15%, and 0.740 (95% CI: 0.683-0.791), respectively. Compared
with quantitative SWE parameters, qualitative color pattern SWE
had better diagnostic performance with high sensitivity, which was
significantly different.
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3.4 Combination of qualitative color
pattern SWE and ACR TI-RADS for the
differentiation of ACR TI-RADS 4 or 5
category thyroid nodules measuring
<10 mm

The criteria of combining qualitative color pattern SWE with ACR
TI-RADS were as follows: Zero point was assigned for thyroid nodules
presenting patterns 1 and 2 in qualitative color pattern SWE, while
thyroid nodules presenting patterns 3, 4, and 5 were assigned three
points. When assessing a thyroid nodule with combination of
qualitative color pattern SWE and ACR TI-RADS, conventional
ultrasound features and qualitative color pattern SWE were evaluated
and summed up for the corresponding final point. With the optimal
cutoff value of the total points =8, thyroid nodules were considered
malignant. The sensitivity, specificity, accuracy, and AUC were 89.90%,
56.94%, 81.11%, and 0.820 (95% CI: 0.768-0.864), respectively
(Table 3). Compared with using qualitative color pattern SWE alone,
the combination of qualitative color pattern SWE and ACR TI-RADS
had better diagnostic performance, which was significantly
different (Figure 3).

4 Discussion

In this study, we proposed a new qualitative color pattern SWE
classification, which was useful to differentiate ACR TI-RADS 4 or 5
category thyroid nodules measuring <10 mm. Compared with
quantitative SWE parameters, qualitative color pattern SWE had
better diagnostic performance. Moreover, combining qualitative
color pattern SWE with ACR TI-RADS could improve the
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TABLE 1 General information, quantitative shear wave elastography (SWE) parameters, and qualitative SWE color patterns between benign and

malignant thyroid nodules.

Benign Malignant Value p

Sex Male 16 34 0.893 0.345
Female 56 164

Age <55 40 150 10.335 0.001
>55 32 48

Composition Mixed cystic and solid 1 0 / 0.267
Solid 71 198

Echogenicity Hyperechoic or isoechoic 2 0 / 0.070
Hypoechoic or very hypoechoic 70 198

Shape Wider than tall 43 28 56.600 0.000
Taller than wide 29 170

Margin Smooth 42 76 17.548 0.000
1ll-defined 11 14
Lobulated or irregular 19 108

Echogenic foci None or large comet-tail artifacts 43 86 28.181 0.000

Macrocalcifications 9 5

Peripheral calcifications 2 0
Punctate echogenic foci 18 107

ACR TI-RADS category 4 32 42 14.324 0.000
5 40 156

Quantitative SWE parameters Enin 17.169 + 8.313 23.025 £ 12.799 0.000

Ennean 23.979 + 10.195 33.218 + 17.054 0.000

Epax 32.424 + 17.696 44321 + 24.154 0.000

E,atio 1.376 + 0.579 1.755 + 0.813 0.000

SD 3.201 +2.219 4.830 + 3.653 0.000

Qualitative color pattern SWE Pattern 1 12 14 54.705 0.000
Pattern 2 30 15
Pattern 3 19 73
Pattern 4 9 84
Pattern 5 2 12

TABLE 2 The diagnostic performance of quantitative shear wave elastography (SWE) parameters and qualitative color pattern SWE to differentiate
benign and malignant American College of Radiology Thyroid Imaging, Reporting, and Data System 4 or 5 thyroid nodules measuring <10 mm.

Quantitative SWE parameters Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Enin 62.63 63.89 82.67 3833 62.69
Emean 55.05 72.22 84.50 36.88 59.63
Epmax 50.00 81.94 88.39 37.34 58.52
Eratio 4192 86.11 89.25 35.03 53.70
SD 49.49 77.78 85.96 35.90 57.04
Qualitative color pattern SWE 85.35 58.33 84.92 59.15 78.15
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TABLE 3 Combination of qualitative color pattern shear wave elastography (SWE) scores and American College of Radiology Thyroid Imaging,
Reporting, and Data System (ACR TI-RADS) scores for the differentiation of ACR TI-RADS 4 or 5 category thyroid nodules measuring <10 mm.

Pathological results

Method Criteria Sensitivity = Specificity = Accuracy AUC
Benign Malignant
0.740
L Pattern 1
Qualitative color pattern SWE or 2 42 29 85.35 58.33 78.15 (0.683— 0.0249
0.791)
Pattern 3,
30 169
4,0r5
0.820
Qualitative color pattern SWE scores + <8 41 20 89.90 56.94 8L11 (0.768- B
ACR TI-RADS scores 0.864)
>8 31 178

“Comparison of the diagnostic performance of qualitative color pattern SWE with a combination of qualitative color pattern score SWE + ACR TI-RADS scores.

sensitivity and accuracy compared with using qualitative SWE color
patterns alone.

Currently, FNA is the most practical and useful method to get a
definitive diagnosis before surgery. The diagnosis of FNA is based
on the Bethesda System for Reporting Thyroid Cytopathology
(TBSRTC). The third edition of TBSRTC in 2023 (13) is built on
the success of the first two editions of TBSRTC in 2010 and 2017.
The risk of malignancy (ROC) in the 2023 edition TBSRTC for
Bethesda III, IV, and V category thyroid nodules are 13%-30%,

23%-34%, and 67%-83%, respectively. Thus, the diagnosis of
Bethesda III and IV category thyroid nodules might be
ambiguous. Moreover, small thyroid carcinoma <10 mm might
mainly cause the “epidemic” of thyroid cancers (14), and thyroid
nodules <10 mm were not routinely recommended for FNA
according to ACR TI-RADS in 2017 (2), which was a challenge
for the management of suspicious thyroid nodules <10 mm.

ACR TI-RADS 4 or 5 category thyroid nodules measuring <10
mm were difficult to distinguish. There were overlaps between
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FIGURE 3
Combination of qualitative color pattern shear wave elastography and American College of Radiology Thyroid Imaging, Reporting, and Data System
(ACR TI-RADS) for the differentiation of ACR TI-RADS 4 or 5 category thyroid nodules measuring <10 mm.
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benign and malignant thyroid nodules, which increased the
difficulty in thyroid nodule diagnosis and management. Some
studies found that the 2017 edition of ACR TI-RADS category
had high diagnostic performance, and the ACR TI-RADS 5 category
had higher sensitivity and lower specificity in the differentiation of
benign and malignant thyroid nodules (15, 16). In this study, the
overall malignant rate of thyroid nodules in ACR TI-RADS 4 and 5
category was 73.34%, while the sensitivity and specificity of ACR
TI-RADS 5 category for distinguishing benign and malignant
thyroid nodules were 78.79% and 44.44%, respectively, which was
consistent with a previous study.

Quantitative SWE parameters had been proven useful in the
differentiation of benign and malignant thyroid nodules (9, 17, 18).
However, there were still some controversial problems, such as the
lack of a consensus on optimal quantitative parameters and best
cutoff values for the optimal quantitative parameters, the influence
of nodule size on quantitative SWE parameters for the
differentiation of benign and malignant thyroid nodules, and the
discrepancy of quantitative measurement method in different
studies. Previous studies had reported the value of quantitative
SWE parameters in the differentiation of benign and malignant
thyroid nodules measuring <10 mm. Gao et al. (18) reported that
there was no statistical difference with E,,,, =51 kPa to differentiate
thyroid nodules between thyroid nodules measuring <10 and >10
mm, and E,,,, had better diagnostic performance compared with
Ernean and E,. Chambara et al. (19) found that no quantitative
SWE parameter was significantly different between benign and
malignant thyroid nodules. In this study, all quantitative SWE
parameters were significantly different between benign and
malignant ACR TI-RADS 4 or 5 category thyroid nodules;
however, the diagnostic performance of all quantitative SWE
parameters was unsatisfying. There was no statistical difference
between all quantitative SWE parameters.

Compared with quantitative SWE parameters, qualitative
elastography was less studied for the differentiation of benign and
malignant thyroid nodules. Sengul et al. found that high SE scores
might have high diagnostic performance in thyroid nodules with
the cutoff over 15 mm compared with the cutoff over 10 mm (20).
Moreover, several studies found that qualitative color pattern SWE
was useful to distinguish benign and malignant thyroid nodules (10,
17). Tan et al. (17) found that the stiff rim sign was more likely to
occur in malignant nodules. Zhang et al. (10) reported that
qualitative SWE color scores could assist in differentiating thyroid
nodules. In this study, we proposed a new qualitative color pattern
SWE classification for the differentiation of benign and malignant
ACR TI-RADS 4 or 5 category thyroid nodules measuring <10 mm.
Using this classification, benign thyroid nodules mainly present
patterns 1 and 2, while malignant thyroid nodules always present
patterns 3, 4, and 5, which showed higher sensitivity and accuracy
compared with quantitative SWE parameters.

There were 29/198 (14.65%) malignant thyroid nodules
presenting patterns 1 and 2, and 51.72% (15/29) of these nodules
measured <5 mm. The fiber components were relatively little in
these small nodules, which caused less hardening. However, as the
thyroid nodules grow larger, there is an increase of fibrous
composition and calcification, and the nodules might be harder.
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Moreover, when ACR TI-RADS 4 or 5 category thyroid nodules
measuring <1 cm present patterns 3, 4, and 5, it indicated that these
thyroid nodules were hard, even if these thyroid nodules were small.
Using this criterion, it had high sensitivity (85.35%) for predicting
malignant nodules, which could be useful in clinical application
based on high sensitivity.

The stiff rim sign of qualitative color pattern SWE was firstly
proposed by Zhou et al. (21) for the differentiation of benign and
malignant breast lesions, which indicated that the surrounding
tissue of lesions had greater hardness, and it might be related to
tumor infiltration and desmoplastic reaction into the surrounding
tissue of lesions. Several studies used this sign in the differentiation
of benign and malignant thyroid nodules (10, 17). Tan et al. (17)
found that the stiff rim in thyroid nodules was more likely to occur
in malignant thyroid nodules, and the malignant rate of thyroid
nodules that present a stiff rim sign was 93.10%. Zhang et al. (10)
reported that the malignant rate of thyroid nodules with a stiff rim
sign was 92.9%, which also showed that the stiff rim sign was an
important indicator for predicting malignant thyroid nodules. In
this study, 85.71% (12/14) of the thyroid nodules with a stiff rim
sign were malignant, which was consistent with previous studies.
The reason why the malignant rate was slightly lower than previous
studies might be because the thyroid nodules enrolled in this study
measured <10 mm in size.

There are a few studies (22, 23) which reported the additional value
of SWE on TI-RADS classification. Zhang et al. (22) found that the
combination of E,, and ACR TI-RADS could improve diagnostic
efficiency, especially for ACR TI-RADS 3 and 4 category thyroid
nodules. Yang et al. (23) reported that the TI-RADS classification
system modified by E,,.,, was more significant in the differentiation of
benign and malignant thyroid nodules. In this study, we found that the
qualitative color pattern SWE was significantly different between
benign and malignant ACR TI-RADS 4 or 5 category thyroid
nodules measuring <10 mm, which indicates that the qualitative
color pattern SWE could reflect the stiffness information of thyroid
nodules. Thus, we assigned the qualitative color pattern SWE point like
the conventional ultrasound features in ACR TI-RADS: 0 point was
assigned for pattern 1 or 2, and 3 points were assigned for pattern 3, 4,
or 5. Adding together the qualitative color pattern SWE scores and
ACR TI-RADS scores and using the optimal cutoff value of the total
points >8, the combination of qualitative color pattern SWE and ACR
TI-RADS had a higher AUC than using qualitative color pattern SWE
alone for the differentiation of benign and malignant ACR TI-RADS 4
or 5 category thyroid nodules measuring <10 mm.

Moreover, the combination of qualitative color pattern SWE
and ACR TI-RADS might be helpful for the management of thyroid
nodules. FNA or further treatment might be suitable for patients
with huge psychological pressure when the total point is >8
combining qualitative color pattern SWE and ACR TI-RADS.

There were several limitations in this study. First, this is a
single-center study; a multi-center study with a large sample size
should be conducted in the future. Second, all thyroid nodules were
sequentially enrolled; however, only partial thyroid nodules were
confirmed by surgery, which might cause inevitable sampling bias.
Third, the time span of this study was short, and the pathological
types of thyroid cancer were limited.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1275256
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yi et al.

5 Conclusion

In conclusion, the combination of the new qualitative color
pattern SWE and ACR TI-RADS had high sensitivity and accuracy,
which might be a convenient and useful method to differentiate
benign and malignant ACR TI-RADS 4 or 5 category thyroid
nodules measuring <10 mm. It would be helpful for the
management of thyroid nodules.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the ethics
committee of Yueyang Central Hospital. The studies were
conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

AY: Formal analysis, Methodology, Writing - original draft,
Writing - review & editing. WY: Data curation, Visualization,
Writing - original draft. XC: Conceptualization, Data curation,

References

1. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE,
etal. 2015 American thyroid association management guidelines for adult patients with
thyroid nodules and differentiated thyroid cancer: the american thyroid association
guidelines task force on thyroid nodules and differentiated thyroid cancer. Thyroid
(2016) 26(1):1-133. doi: 10.1089/thy.2015.0020

2. Tessler FN, Middleton WD, Grant EG, Hoang JK, Berland LL, Teefey SA, et al.
ACR thyroid imaging, reporting and data system (TI-RADS): white paper of the ACR
TI-RADS committee. ] Am Coll Radiol (2017) 14(5):587-95. doi: 10.1016/
jjacr.2017.01.046

3. Xu HX, Yan K, Liu BJ, Liu WY, Tang LN, Zhou Q, et al. Guidelines and
recommendations on the clinical use of shear wave elastography for evaluating thyroid
nodulel. Clin Hemorheol Microcirc (2019) 72(1):39-60. doi: 10.3233/CH-180452

4. Cosgrove D, Barr R, Bojunga ], Cantisani V, Chammas MC, Dighe M, et al. and
recommendations on the clinical use of ultrasound elastography: part 4. Thyroid
Ultrasound Med Biol (2017) 43(1):4-26. doi: 10.1016/j.ultrasmedbio.2016.06.022

5. Sebag F, Vaillant-Lombard ], Berbis J, Griset V, Henry JF, Petit P, et al. Shear wave
elastography: a new ultrasound imaging mode for the differential diagnosis of benign
and Malignant thyroid nodules. J Clin Endocrinol Metab (2010) 95(12):5281-8. doi:
10.1210/jc.2010-0766

6. Liu B, Liang J, Zheng Y, Xie X, Huang G, Zhou L, et al. Two-dimensional shear
wave elastography as promising diagnostic tool for predicting Malignant thyroid
nodules: a prospective single-centre experience. Eur Radiol (2015) 25(3):624-34. doi:
10.1007/s00330-014-3455-8

7. Li H, Kang C, Xue J, Jing L, Miao J. Influence of lesion size on shear wave
elastography in the diagnosis of benign and Malignant thyroid nodules. Sci Rep (2021)
11(1):21616. doi: 10.1038/s41598-021-01114-8

8. Chen BD, Xu HX, Zhang YF, Liu BJ, Guo LH, Li DD, et al. Calcification of thyroid
nodules increases shear-wave speed (SWS) measurement: using multiple calcification-
specific SWS cutoft values outperforms a single uniform cutoff value in diagnosing

Frontiers in Endocrinology

10.3389/fendo.2023.1275256

Validation, Writing - review & editing. CD: Conceptualization,
Formal analysis, Methodology, Writing - review & editing. BW:
Conceptualization, Funding acquisition, Methodology, Supervision,
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the general funding project of Hunan Provincial
Health Commission (no. B202309029532) and the Natural Science
Foundation of Hunan Province (no. 2023JJ50304).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Malignant thyroid nodules. Oncotarget (2016) 7(40):66149-59. doi: 10.18632/
oncotarget.11710

9. Xue JP, Kang XY, Miao JW, Zhang YX, Li HZ, Yao FC, et al. Analysis of the
influence of thyroid nodule characteristics on the results of shear wave elastography.
Front Endocrinol (Lausanne) (2022) 13:858565. doi: 10.3389/fendo.2022.858565

10. Zhang YX, Xue JP, Li HZ, Miao JW, Kang CS. Clinical value of shear wave
elastography color scores in classifying thyroid nodules. Int ] Gen Med (2021) 14:8007—
18. doi: 10.2147/]JGM.S331406

11. Park J, Woo OH, Shin HS, Cho KR, Seo BK, Kang EY. Diagnostic performance
and color overlay pattern in shear wave elastography (SWE) for palpable breast mass.
Eur ] Radiol (2015) 84(10):1943-8. doi: 10.1016/j.ejrad.2015.06.020

12. Cong R, Li J, Guo S. A new qualitative pattern classification of shear wave
elastograghy for solid breast mass evaluation. Eur ] Radiol (2017) 87:111-9.
doi: 10.1016/j.ejrad.2016.12.021

13. Ali SZ, Baloch ZW, Cochand-Priollet B, Schmitt FC, Vielh P, VanderLaan PA.
The 2023 bethesda system for reporting thyroid cytopathology. Thyroid (2023) 33
(9):1039-44. doi: 10.1089/thy.2023.0141

14. Sengul I, Sengul D. Hermeneutics for evaluation of the diagnostic value of
ultrasound elastography in TIRADS 4 categories of thyroid nodules. Am J Med Case
Rep (2021) 9(11):538-9. doi: 10.12691/ajmcr-9-11-5

15. Lauria Pantano A, Maddaloni E, Briganti SI, Beretta Anguissola G, Perrella E,
Taffon C, et al. AACE/ACE/AME and ACR TI-RADS ultrasound classifications

performance in identifying cytological high-risk thyroid nodules. Eur J Endocrinol
(2018) 178(6):595-603. doi: 10.1530/EJE-18-0083

16. Li X, Gao F, Li F, Han XX, Shao SH, Yao MH, et al. Qualitative analysis of
contrast-enhanced ultrasound in the diagnosis of small, TR3-5 benign and Malignant
thyroid nodules measuring <1 cm. Br J Radiol (2020) 93(1111):20190923. doi: 10.1259/
bjr.20190923

frontiersin.org


https://doi.org/10.1089/thy.2015.0020
https://doi.org/10.1016/j.jacr.2017.01.046
https://doi.org/10.1016/j.jacr.2017.01.046
https://doi.org/10.3233/CH-180452
https://doi.org/10.1016/j.ultrasmedbio.2016.06.022
https://doi.org/10.1210/jc.2010-0766
https://doi.org/10.1007/s00330-014-3455-8
https://doi.org/10.1038/s41598-021-01114-8
https://doi.org/10.18632/oncotarget.11710
https://doi.org/10.18632/oncotarget.11710
https://doi.org/10.3389/fendo.2022.858565
https://doi.org/10.2147/IJGM.S331406
https://doi.org/10.1016/j.ejrad.2015.06.020
https://doi.org/10.1016/j.ejrad.2016.12.021
https://doi.org/10.1089/thy.2023.0141
https://doi.org/10.12691/ajmcr-9-11-5
https://doi.org/10.1530/EJE-18-0083
https://doi.org/10.1259/bjr.20190923
https://doi.org/10.1259/bjr.20190923
https://doi.org/10.3389/fendo.2023.1275256
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Yi et al.

17. Tan S, Sun PF, Xue H, Fu S, Zhang ZP, Mei F, et al. Evaluation of thyroid micro-
carcinoma using shear wave elastography: Initial experience with qualitative and
quantitative analysis. Eur ] Radiol (2021) 137:109571. doi: 10.1016/j.ejrad.2021.109571

18. Gao XQ, Ma Y, Peng XS, Wang LL, Li HX, Zheng XL, et al. Diagnostic performance
of C-TIRADS combined with SWE for the diagnosis of thyroid nodules. Front Endocrinol
(Lausanne) (2022) 13:939303. doi: 10.3389/fendo.2022.939303

19. Chambara N, Lo X, Chow TCM, Lai CMS, Liu SYW, Ying M. Combined shear
wave elastography and EU TIRADS in differentiating Malignant and benign thyroid
nodules. Cancers (Basel) (2022) 14(22):5521. doi: 10.3390/cancers14225521

20. Sengul D, Sengul I, Egrioglu E, Ozturk T, Aydin I, Kesicioglu T, et al. Can cut-off
points of 10 and 15 mm of thyroid nodule predict Malignancy on the basis of three
diagnostic tools: i) strain elastography, ii) the Bethesda system for reporting thyroid

Frontiers in Endocrinology

09

10.3389/fendo.2023.1275256

cytology with 27-gauge fine-needle, and iii) histopathology? ] BUON (2020) 25
(2):1122-9.
21. Zhou J, Zhan W, Chang C, Zhang X, Jia Y, Dong Y, et al. Breast lesions:

evaluation with shear wave elastography, with special emphasis on the “stiff rim” sign.
Radiology (2014) 272(1):63-72. doi: 10.1148/radiol.14130818

22. Zhang WB, Xu W, Fu WJ, He BL, Liu H, Deng WF. Comparison of ACR TI-
RADS, Kwak TI-RADS, ATA guidelines and KTA/KSThR guidelines in combination
with SWE in the diagnosis of thyroid nodules. Clin Hemorheol Microcirc (2021) 78
(2):163-74. doi: 10.3233/CH-201021

23. Yang JR, Song Y, Xue SS, Ruan LT. Suggested amendment of TI-RADS
classification of thyroid nodules by shear wave elastography. Acta Radiol (2020) 61
(8):1026-33. doi: 10.1177/0284185119889567

frontiersin.org


https://doi.org/10.1016/j.ejrad.2021.109571
https://doi.org/10.3389/fendo.2022.939303
https://doi.org/10.3390/cancers14225521
https://doi.org/10.1148/radiol.14130818
https://doi.org/10.3233/CH-201021
https://doi.org/10.1177/0284185119889567
https://doi.org/10.3389/fendo.2023.1275256
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	The value of quantitative and a new qualitative color pattern shear wave elastography for the differentiation of ACR TI-RADS 4 or 5 category thyroid nodules measuring &le;10 mm
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Research method
	2.3 SWE image analysis
	24 Statistical analysis

	3 Results
	3.1 General information and pathological results
	3.2 Quantitative SWE parameters between benign and malignant ACR TI-RADS 4 or 5 category thyroid nodules measuring &le;10 mm
	3.3 Qualitative color pattern SWE between benign and malignant ACR TI-RADS 4 or 5 category thyroid nodules measuring &le;10 mm
	3.4 Combination of qualitative color pattern SWE and ACR TI-RADS for the differentiation of ACR TI-RADS 4 or 5 category thyroid nodules measuring &le;10 mm

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


