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Objectives. This study was conducted to compare clinicopathologic and radiologic factors between benign and malignant
thyroid nodules and to evaluate the diagnostic performance of shear wave elastography (SWE) combined with Bmode ultrasonography (US) in differentiating malignant from benign thyroid nodules.
Methods. This retrospective study included 92 consecutive patients with 95 thyroid nodules examined on B-mode US and
SWE before US-guided fine-needle aspiration biopsy or surgical excision. B-mode US findings (composition, echogenicity, margin, shape, and calcification) and SWE elasticity parameters (maximum [Emax], mean, minimum, and
nodule-to-normal parenchymal ratio of elasticity) were reviewed and compared between benign and malignant thyroid nodules. The diagnostic performance of B-mode US and SWE for predicting malignant thyroid nodules was analyzed. The optimal cutoff values of elasticity parameters for identifying malignancy were determined. Diagnostic performance was compared between B-mode US only, SWE only, and the combination of B-mode US with SWE.
Results. On multivariate logistic regression analysis, age (odds ratio [OR], 0.90; P =0.028), a taller-than-wide shape (OR,
11.3; P =0.040), the presence of calcifications (OR, 15.0; P =0.021), and Emax (OR, 1.22; P =0.021) were independent
predictors of malignancy in thyroid nodules. The combined use of B-mode US findings and SWE yielded improvements in sensitivity, the positive predictive value, the negative predictive value, and accuracy compared with the use
of B-mode US findings only, but with no statistical significance.
Conclusion. When SWE was combined with B-mode US, the diagnostic performance was better than when only B-mode
US was used, although the difference was not statistically significant.
Keywords. Shear Wave Elastography; Diagnostic Performance; Clinicopathologic and Radiologic Factors; Thyroid; Ultrasound

INTRODUCTION
Ultrasonography (US) is the first-line and most preferred examination method for thyroid nodules. Conventional US can be
used to detect nodules, and it also provides information on the
composition, size, and number of nodules, as well as their anatomical relationships with surrounding structures. US findings
that have been reported to be suggestive of malignant thyroid
nodules include solid composition, hypoechogenicity or marked
hypoechogenicity, a microlobulated or irregular margin, mixed

••Received August 6, 2019
Revised October 23, 2019
Accepted October 28, 2019
••Corresponding author: Yu-Mee Sohn
Department of Radiology, Kyung Hee University Hospital, Kyung Hee
University College of Medicine, 23 Kyungheedae-ro, Dongdaemun-gu,
Seoul 02447, Korea
Tel: +82-2-958-8625, Fax: +82-2-960-0787
E-mail: sonyumee@naver.com

Copyright © 2020 by Korean Society of Otorhinolaryngology-Head and Neck Surgery.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

186

Yeon EK et al. SWE and B-Mode US in Thyroid Nodules

calcification or microcalcifications, and a taller-than-wide shape
[1,2]. However, a considerable number of US findings overlap
between benign and malignant thyroid nodules, making it difficult to identify thyroid malignancies based on US imaging alone
[3,4]. Fine-needle aspiration (FNA) can play an important role
in differentiating thyroid nodules because it has a high sensitivity and specificity. However, the diagnostic performance of FNA
depends on the operator’s experience, it is an invasive method,
and it yields a high proportion of indeterminate (10%–20%) or
nondiagnostic (10%–15%) results [5,6]. The recently published
World Federation for Ultrasound in Medicine and Biology guideline recommends US elastography as an additional modality in
thyroid nodules to support surgical excision and periodic observation [7]. US elastography is a new sonographic imaging technology that estimates tissue hardness and helps to discriminate
benign from malignant nodules. The basic concept of US elastography was first developed in 1991 by Ophir et al. [8]. Most
malignant nodules have abnormally firm stroma because of the
presence of myofibroblasts, which make it possible to differentiate thyroid cancer from benign nodules using elastography. Nell
et al. [9] conducted a systematic review and meta-analysis of 20
studies. Their analysis demonstrated that unnecessary invasive
diagnostic procedures such as FNA could be avoided in completely soft (Asteria elastography 1) thyroid nodules [10] with a
99% negative predictive value.
There are two kinds of US elastography: strain elastography
and shear wave elastography (SWE) [11]. The limitations of
strain elastography include difficulties with the quantitative estimation of tissue hardness and its low reliability as a result of operator dependency. In contrast, SWE uses transversely oriented
shear waves created by mechanical vibration forces. The shear
waves propagate faster in stiff tissue than in soft tissue, thus enabling a quantitative approach using color maps and elasticity
indices including Emax, Emean, Emin, and Eratio (with units of kilopascals [kPa]) [11]. This new technique has made it possible to
evaluate tissue stiffness in a manner that is more quantitative,
more reproducible, and less operator-dependent [12,13]. Some
comparative studies found that SWE had lower interobserver
variability than strain elastography; thus, it was preferred to real-time elastography and regarded as a promising tool with
higher diagnostic performance and the ability to provide quantitative results for differentiating thyroid nodules [14].

H I G H L I G H T S
	Age, a taller-than-wide shape, the presence of calcifications,
and Emax were independent predictors of thyroid malignancy.
	The combination of B-mode ultrasonography with shear wave
elastography (SWE) yielded improved diagnostic performance.
	SWE is a valuable additional diagnostic tool for predicting malignancy in thyroid nodules.
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Until now, the majority of US elastography studies for predicting thyroid malignancies have investigated strain elastography [15-17]. To the best of our knowledge, only a few studies
have investigated the use of SWE to identify thyroid malignancies, and those studies showed varying results in terms of diagnostic performance and the optimal cutoff values of elasticity
parameters [18-21]. Therefore, the aim of this study was to compare clinicopathologic and radiologic factors between benign
and malignant thyroid nodules and to evaluate and verify the
diagnostic performance of a combination of SWE and B-mode
US in distinguishing histologically proven malignant from benign thyroid nodules.

MATERIALS AND METHODS
Patients
This retrospective study of thyroid nodule analysis had institutional review board approval, and the need to obtain patient informed consent for the study was waived. From March 2016 to
July 2017, 224 neck lesions from 214 consecutive patients underwent neck sonography using B-mode US and SWE before
US-guided FNA (US-FNA) biopsy or surgical removal. Exclusion criteria were as follows: (1) non-thyroid lesion such as parotid gland, cervical lymph node (113 lesions in 106 patients),
(2) unavailable for SWE imaging or elasticity parameters (one
lesion in one patient) and (3) cytological results of non-diagnostic lesion or atypia of undetermined significance without surgical confirmation (15 lesions in 15 patients). Finally, 95 thyroid
lesions in 92 patients were included in this study and finally diagnosed as benign and malignant by cytopathological confirmation as reference standard (US-FNA, n=55; surgical excision,
n=40). Patients consisted of 23 men and 69 women with a
mean age of 52.12 years (range, 22 to 82 years). Fifty-four were
benign thyroid nodules and 41 thyroid nodules were malignant.

US examination
All US examination including B-mode US and SWE scans were
conducted with a 4-15 MHz linear transducer and a real-time
US system (Aixplorer, SuperSonic Imagine, Aix en Provence,
France) by two radiologists (YMS and MS) blinded to the result
of histopathology with 7–11 years of experience in thyroid US
and 6 years of elastography experience. Patients lied on the bed
in a supine position with neck extension, the thyroid nodules
and the neck were scanned carefully.
Each thyroid lesion was characterized according to B-mode US
findings: composition (solid, mixed), echogenicity (marked hypoechoic, hypoechoic, isoechoic, mixed echoic), margin (irregular or microlobulated, circumscribed), calcifications (presence,
absence) and shape (taller-than-wide, wider-than-taller). B-mode
US characteristics for suspicious malignant findings were as follows; solid, marked hypoechogenicity or hypoechogenicity, ir-
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regular margin, presence of calcification, or taller-than-wide shape.
The American Thyroid Association (ATA)’s guidelines for the
management of thyroid nodule suggested five categories based
on sonographic patterns [22]. (1) Nodules with the high suspicion of malignancy pattern, including solid hypoechoic nodule
or solid hypoechoic component of a partially cystic nodule with
one or more of the following US features: irregular margin, microcalcification, taller-than-wide shape, rim calcifications with
small extrusive soft tissue component and evidence of extrathyroidal extension (Fig. 1). (2) Nodules with the intermediate suspicion of malignancy pattern, including hypoechoic solid nodule
with smooth margins without microcalcifications, extrathyroidal
extension, or taller than wide shape (Fig. 2). (3) Nodules with
the low suspicion of malignancy pattern, including hyperechoic
or isoechoic solid nodule, or partially cystic nodule with eccentric solid areas, without microcalcification, irregular margin or
extrathyroidal extension, or taller than wide shape (Fig. 3). (4)
Nodules with the very low suspicion pattern include spongiform
or partially cystic nodules without any of the US features described in low, intermediate, or high suspicion patterns. (5) Benign pattern includes purely cystic nodules (no solid component).
We used this ATA’s guidelines, however, very low suspicion and
benign patterns were not included in this study because these
nodules were not referred to US-FNA.
SWE imaging was obtained on longitudinal sections in free-

hand technique. The probe was placed gently in the patient’s
neck without external compression. The region of interest (ROI)
(Q-box; SuperSonic Imagine) of the system was placed in the
thyroid lesion with surrounding normal tissue, which showed
translucent colored area of tissue hardness overlaid B-mode image with a range from blue to red. The lowest hardness was presented blue and the highest hardness was presented red (0-180
kPa). Fixed 2×2-mm ROIs were located over the hardest part of
the lesion with optimal image showing color homogeneity on
the screen. Secondary same sized ROI was located in the normal
thyroid tissue. The SWE system analyzed elasticity parameters
of Emean (mean value of the ROI located in the hardest region),
Emax (maximum value of the ROI located in the hardest region),
and Emin (minimum value of the ROI located in the hardest region), and the Eratio (ratio of mean stiffness for the lesion-to-normal parenchyma) was calculated automatically.

Statistical analysis
To evaluate the difference between benign and malignant nodule, either the independent t-test or Mann-Whitney U-test was
used for the continuous variables and Pearson’s chi-square test
or Fisher’s exact test was performed for the nominal variables.
To assess the independent factor for discriminating thyroid malignancy from benign thyroid nodule, the multivariate logistic
regression analysis was applied. Adjusted odds ratios (ORs) and

Fig. 1. A 53-year-old woman with surgically proven papillary thyroid carcinoma. B-mode ultrasound showed hypoechoic mass with irregular
margin and microcalcifications which was assessed as a high suspicion. Shear wave elastography (SWE) displayed heterogenous color elasticity signal with peripheral high SWE (red). Measured elasticity parameters of Emean of 78.0 kPa, Emax of 82.7 kPa and Emin of 56.8 kPa were obtained.
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Fig. 2. A 36-year-old man with surgically proven papillary thyroid carcinoma. B-mode ultrasound showed mixed echoic mass with well-defined
margin and oval shape which was assessed as an intermediate suspicion. Shear wave elastography (SWE) displayed relatively heterogenous
color elasticity signal. Measured elasticity parameters of Emean of 40.0 kPa, Emax of 54.7 kPa and Emin of 10.3 kPa were obtained.

Fig. 3. A 57-year-old woman with surgically proven nodular hyperplasia. B-mode ultrasound showed isoechoic mass with well-defined margin
and oval shape which was assessed as a low suspicion. Shear wave elastography (SWE) displayed relatively homogenous color elasticity
signal. Measured elasticity parameters of Emean of 39.8 kPa, Emax of 68.4 kPa and Emin of 11.0 kPa were obtained.
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95% confidence intervals (CIs) were generated from the multivariate analyses.
To generate diagnostic performance and the cutoff values of
the B-mode US and elastographic parameters for differentiation
malignant thyroid nodule from benign nodule, a receiver operating characteristic (ROC) curve analysis was performed and areas under the ROC curves (AUCs) were analyzed. Therefore, diagnostic accuracies, sensitivities, and specificities were calculated
in B-mode US alone, elastography alone, and combined B-mode
US with elastography using the cutoff values of the B-mode US
and elastographic parameters. All statistical analyses were performed using MedCalc software ver. 12.3.0 (Mariakerke, Belgium). The P-values <0.05 were considered statistically significant.
Table 1. Comparison of clinicopathologic and radiologic factor for
predicting malignancy
Variable
Age (yr)
Sex
Male
Female
Mean US nodule size (mm)
US finding
Composition
Solid
Mixed
Echogenicity
Marked hypo
Hypo
Iso
Hyper
Margin
Irregular/microlobulated
Smooth
Shape
Taller than wide
Wider than tall
Calcification
Yes
No
US category
Low suspicion
Intermediate suspicion
High suspicion
Elasticity parameter
Emax (kPa)
Emean (kPa)
Emin (kPa)
Eratio

Malignant (n=41) Benign (n=54) P-value
47.6±14.5

55.5±13.9

13
28
12.0±7.3

11
43
15.7±10.2

41
0

29
25

8
26
3
4

0
10
20
24

33
8

11
43

24
17

10
44

30
11

8
46

0.009
0.240

0.110
<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
0
2
39

26
20
8

67.0±45.1
52.7±36.3
32.6±27.4
5.3±6.9

51.8±45.0
38.0±30.9
22.0±18.5
4.1±5.1

0.030
0.027
0.036
0.340

Values are presented as mean±standard deviation.
US, ultrasound; Emax, maximum pixel value for a region of interest (ROI);
Emean, mean value for a 2-mm diameter ROI placed in the stiffest region;
Emin, minimum pixel value for a ROI, Eratio, the ratios of mean stiffness for
the lesion-to-normal parenchyma.

RESULTS
Demographic, clinical, and sonographic characteristics
The 92 subjects included 23 men (mean age, 56.9 years; age
range, 30.0 to 73.0 years) and 69 women (mean age, 51.3 years;
age range, 22.0 to 76.0 years). Their characteristics are summarized in Table 1. Fifty-four thyroid nodules were benign and 41
were malignant. The thyroid nodules confirmed to be malignant
included 39 papillary thyroid carcinomas, one medullary carcinoma, and one anaplastic carcinoma.
The patients with malignant thyroid nodules were significantly
younger than those with benign nodules (P=0.009). The mean
size of malignant nodules on US (12.0±7.3 mm) was not significantly different from that of benign lesions (15.7±10.2 mm;
P=0.120) There was no significant difference according to sex or
mean US nodule size between benign and malignant nodules.
Suspicious US findings (solid composition, hypoechogenicity, an
irregular margin, presence of calcifications, and taller-than-wide
shape) and the US category of high suspicion were significantly
more frequent in malignant nodules than in benign nodules (all
P<0.001). Except Eratio, the mean values of all elasticity parameters were significantly higher in malignant thyroid nodules
than in benign nodules (P<0.05) (Table 1).

Predictors of thyroid malignancy
On multivariate logistic regression analysis, age (OR, 0.90; P =
0.028), a taller-than-wide shape (OR, 11.3; P=0.040), the presence of calcifications (OR, 15.0; P=0.021), and Emax (OR, 1.22;
P=0.021) were found to be independent risk factors for malignancy in thyroid nodules (Table 2).

Diagnostic performance of each US feature, US category, and
elasticity parameter and optimal cutoff values on SWE for
predicting thyroid malignancy
Hypoechogenicity showed the highest AUC (0.838) of the Bmode US features. Among the quantitative SWE parameters,
Table 2. Multivariate logistic regression analysis of clinical and radiologic factor for predicting malignancy
Variable
Age
Composition (reference:mixed)
Echogenicity (reference:hyperechogenicity)
Margin (reference:smooth margin)
Shape (reference:wider than tall)
Calcification (reference:no calcification)
US category (reference:low suspicion)
Emax
Emean
Emin

OR (95% CI)

P-value

0.90 (0.82–0.99)
0 (0–0)
0 (0–0)
3.0 (0.42–21.4)
11.3 (1.23–114.6)
15.0 (1.49–150.2)
0 (0–0)
1.22 (1.2–1.57)
0.84 (0.72–1.01)
1.10 (0.98–1.35)

0.028
0.990
0.230
0.360
0.040
0.021
0.280
0.021
0.070
0.058

OR, odds ratio; CI, confidence interval; Emax, maximum pixel value for a region of interest (ROI); Emean, mean value for a 2-mm diameter ROI placed
in the stiffest region; Emin, minimum pixel value for a ROI.
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Table 3. Diagnostic performance of each B-mode US features and
elasticity parameters with optimal cutoff value on SWE for predicting
malignancy
Variable
Composition
Echogenicity
Margin
Shape
Calcification
US category
Emean
Emax
Emin
Eratio

Sensitivity Specificity
PLR NLR AUC
(%)
(%)

Cutoff
Solid
Hypoechogenic
Irregular
Taller than wide
Presence
High suspicion
>54.9
>47.1
>40.4
>1.94

100
82.93
80.49
58.54
73.17
95.12
36.59
53.66
31.71
92.68

46.30
81.48
79.63
81.48
85.19
85.19
87.04
70.37
88.89
29.63

1.86
4.48
3.95
3.16
4.94
6.42
2.82
1.81
2.85
1.32

0
0.21
0.25
0.51
0.31
0.06
0.73
0.66
0.77
0.25

0.731
0.838
0.801
0.700
0.808
0.913
0.631
0.633
0.613
0.609

US, ultrasound; SWE, shear wave elastography; PLR, positive likelihood
ratio; NLR, negative likelihood ratio; AUC, area under the receiver operating characteristic curve; Emean, mean value for a 2-mm diameter region of
interest (ROI) placed in the stiffest region; Emax, maximum pixel value for a
ROI; Emin, minimum pixel value for a ROI; Eratio, the ratios of mean stiffness
for the lesion-to-normal parenchyma.

Emax showed a somewhat higher AUC (0.633) than the other elasticity parameters, including Emean, Emin, and Eratio, with a sensitivity of 53.66% and a specificity of 70.37%. The optimal threshold
values of the elasticity parameters for predicting malignancy in
thyroid nodules were as follows: Emean, 54.9 kPa; Emax, 47.1 kPa;
Emean, 40.4 kPa; and Eratio, 1.94. The US category of high suspicion showed a sensitivity of 95.1%, a specificity of 85.2%, and
an AUC of 0.913, which were all higher than the corresponding
values of the SWE parameters (Table 3).

Diagnostic performance of combinations of SWE parameters
with B-mode US findings
Combining the US category of high suspicion with the elasticity
parameters generally yielded better diagnostic performance
than using only the US category. Combining the US category of
high suspicion with Emax resulted in a higher sensitivity than using the US category alone, as well as a negative predictive value
of 100%. Combining the US category of high suspicion with
Emin demonstrated a higher specificity and positive predictive
value than using the US category alone (88.89% and 86.96%,
respectively). A higher accuracy (92.63%) resulted from combining the US category with Emin. However, combining the US
category of high suspicion with SWE parameters did not yield
significant improvements in diagnostic performance compared
with the use of the US category alone (Table 4).

DISCUSSION
Our study revealed that patients with malignant thyroid nodules
were significantly younger (mean age, 47.6 years) than those
with benign nodules (mean age, 55.5 years). This is consistent
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Table 4. Comparison of diagnostic performance of US category and
combined US category with SWE parameters
Variable
US category
US category+Emax
(combination)
US category+Emean
(combination)
US category+Emin
(combination)
US category vs.
US category+Emax
US category vs.
US category+Emean
US category vs.
US category+Emin
US category vs.
US category+Eratio

Sensitivity Specificity

PPV

NPV

Accuracy

95.12
(39/41)
100
(41/41)
97.56
(40/41)
97.56
(40/41)

85.19
(46/54)
85.19
(46/54)
87.04
(47/54)
88.89
(48/54)

82.98
(39/47)
83.67
(41/49)
85.11
(40/47)
86.96
(40/46)

95.83
(46/48)
100
(46/46)
97.92
(47/48)
97.96
(48/49)

89.47
(85/95)
91.58
(87/95)
91.58
(87/95)
92.63
(88/95)

P-value

P-value

P-value P-value P-value

0.47

1.0

0.85

0.49

0.80

1.0

0.99

0.99

0.99

0.80

1.0

0.77

0.81

0.98

0.61

1.0

1.0

0.82

0.99

0.99

Values are presented as percent (number).
US, ultrasound; SWE, shear wave elastography; PPV, positive predictive
value; NPV, negative predictive value; Emax, maximum pixel value for a region of interest (ROI); Emean, mean value for a 2-mm diameter ROI placed
in the stiffest region; Emin, minimum pixel value for a ROI; Eratio, the ratios of
mean stiffness for the lesion-to-normal parenchyma.

with the results of a previous large-scale study of the use of
SWE to detect cancer in thyroid nodules that found the mean
age of patients with a thyroid malignancy to be 42.9 years,
while the mean age of those with benign nodules was 52.2 years
[23]. When assessing indeterminate or suspicious thyroid nodules, a more careful evaluation is required if the patient is relatively young.
We investigated B-mode US finding features that could be
useful for differentiating malignant from benign thyroid nodules,
and found that solid composition, hypoechogenicity, an irregular/microlobulated margin, a taller-than-wide shape, and the
presence of calcifications were significantly more common in
malignant thyroid nodules than in benign thyroid nodules. These
results are consistent with those of previous studies on US findings suggestive of malignancy in thyroid nodules [24-26]. In the
present study, we compared and evaluated the thyroid nodules
using SWE. All elasticity parameters except Eratio (Emax, Emean,
and Emin) on SWE were significantly higher for malignant thyroid nodules than for benign thyroid nodules. This observed relationship between elasticity and the likelihood of thyroid malignancy is consistent with several prior publications analyzing
the use of SWE [11,18-21,23].
Among the elasticity parameters, only Emax was found to be
an independent risk factor for malignancy in thyroid nodules in
the multivariate logistic regression analysis (OR, 1.22; 95% CI,
1.20 to 1.57, P=0.021). Emax had the best diagnostic performance,
with a sensitivity, specificity, and AUC of 53.7%, 70.4%, and
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0.633, respectively. In concordance with the present results,Wang
et al. [27] also reported, in a study of 322 thyroid nodules, that
Emax was the only independently significant SWE imaging parameter, with a sensitivity of 59.40%, a specificity of 89.8%,
and an AUC of 0.796 for differentiating between malignant and
benign thyroid nodules.
Several studies have reported a somewhat variable range of
values of SWE imaging parameters that could be used to predict
thyroid malignancies, especially regarding the optimal cutoff
value of Emax. In our study, in which 43% of the nodules were
malignant, the optimal cutoff value of Emax was 47.1 kPa, while
those of Emean and Emin were 54.9 kPa and 40.4 kPa, respectively.
A prior study reported similar results to ours, demonstrating
that the optimal cutoff value of Emax was 47.0 kPa for predicting
malignancy in 322 nodules, of which 33% were malignant [27].
However, Liu et al. [21], in an analysis of 313 nodules, of which
194 were malignant, reported that the optimal cutoff value of
Emax was 51.9 kPa, with a sensitivity of 81.4% and a specificity
of 83.2%. This may reflect the higher proportion of malignant
nodules than in our study, because malignant nodules show
higher SWE values than benign nodules. In contrast, Veyrieres
et al. [19] analyzed 297 nodules, of which only 12% were malignant, and reported a high threshold cutoff value of Emax (66
kPa) with high sensitivity (80.0%), specificity (90.5%), and negative predictive value (97.1%), but with a relatively low positive
predictive value (52.8%). Thyroid malignancies with a maximum diameter equal to or less than 1 cm showed significantly
lower SWE values than nodules larger than 1 cm, probably because larger nodules might be subjected to higher precompression due to their convex bulging through the skin [28]. While
the mean diameter of the thyroid malignancies studied by Veyrieres et al. [19] was 25.0±13.8 mm, the mean diameter was
15.7±10.2 mm in our study. As discussed above, the optimal
cutoff values of SWE parameters vary considerably due to differences in the number of enrolled patients, the proportion of
malignant thyroid nodules, and nodule size. Furthermore, several other characteristics of nodules, such as the presence of calcifications or cystic changes and their position, could affect the results [28]. Therefore, it is necessary to further assess the optimal
cutoff values for predicting malignant thyroid nodules in a general screening population in a future study.
A previous study including 313 thyroid nodules reported that
combining B-mode US findings with SWE parameters improved
diagnostic performance for detecting thyroid malignancy, with
the sensitivity and negative predictive value increasing from
89.7% and 84.0% to 94.6% and 90.0%, respectively [21].
However, the specificity and positive predictive value slightly
decreased when B-mode US findings and SWE were combined.
Another previous large-scale study involving 476 thyroid nodules showed similar results. The combination of B-mode US
findings and elasticity parameters significantly increased the
sensitivity, negative predictive value, and AUC from 92.9%,

68.7%, and 0.769 to 95.0%, 74.0%, and 0.834, respectively,
but with slight decreases in the specificity and positive predictive value [18]. In our study, we observed slight improvements
in all parameters of diagnostic performance as a result of combining the B-mode US category of high suspicion with each
elasticity parameter, compared with using only the B-mode US
category. It was especially meaningful that the sensitivity and
negative predictive value increased from 95.1% and 95.8%, respectively, when using only the B-mode US category, to 100%
and 100%, respectively, when combining the B-mode US category with Emax. Screening thyroid US requires a high sensitivity
and a high negative predictive value in order to avoid unnecessary biopsies and surgical resections. However, in this present
study, no statistically significant added benefit in diagnostic performance was achieved by adding SWE. This may have been
due to the excellent diagnostic performance of the B-mode US
category of high suspicion by itself, with a sensitivity of 95.1%,
a specificity of 85.12%, a positive predictive value of 82.9%, a
negative predictive value of 95.8%, and an accuracy of 89.5%.
There were several limitations of this study. First, selection
bias was inevitable due to its retrospective design. Second, this
study was based on results obtained by two operators, and we
did not assess interobserver variability. However, SWE is known
to be relatively reproducible and minimally operator-dependent.
All thyroid nodule data were obtained using the same protocol
to minimize operator bias. Third, this study included a relatively
small number of thyroid nodules and only presented experiences from a single center. Therefore, our findings should be verified by a prospective study with a large population. Lastly, there
was an unusually high proportion of malignant nodules in our
study group. The patients included in the present study who had
indeterminate or suspicious lesions underwent US FNA or surgical removal.
SWE is a valuable additional diagnostic tool for accurately
stratifying the risk of thyroid nodules in routine clinical settings.
A combination of B-mode US with SWE yielded improved diagnostic performance compared to B-mode US findings only, although the differences in diagnostic performance were statistically non-significant.
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