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Comparison of Strain Elastography, Shear Wave
Elastography, and Conventional Ultrasound in
Diagnosing Thyroid Nodules
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Objective: The purpose of this study is to compare the diagnostic performances of strain elastography (SE), shear wave elastography (SWE), and
traditional ultrasound (US) features in diagnosing thyroid nodules. Subjects and Methods: This study included 185 adult patients with thyroid
nodules who underwent conventional gray-scale US, SE, and SWE. SE was scored using a four-pattern elastographic scoring (ES) system. SWE
values were presented as mean SWE values and standard derivation using Young’s modules. The optimal cutoff values of the mean SWE values
for predicting malignancy were determined using receiver operating characteristic (ROC) curve analysis. We used logistic regression models to
test elastography as a novel significant predictor for the diagnosis of malignant nodules. The diagnostic performance of elastography parameters
was compared with a traditional trained model. Results: Malignant thyroid nodules were stiffer for SE (ES patterns 1 and 2/3 and 4) and mean
SWE values (4/17; 51.0 &+ 24.4 kPa) than for benign nodules (114/50; 33.1 &+ 25.2 kPa) (P < 0.01). In ROC curve analyses, a mean SWE value
of 32 kPa was the optimal cutoff point, with diagnostic performance measures of 81% sensitivity, 65% specificity, a 23% positive predictive
value (PPV), and 96% negative predictive value (NPV). In multivariate logistic regression, the mean SWE value (=32 kPa) was an independent
predictor for malignancy (odds ratio: 16.8; 95% confidence interval [CI]: 3.6-78.3). However, after the addition of SE and SWE to traditional US
features, the C-statistic was not significantly increased compared to the traditional model (0.88, 95% CI: 0.81-0.94 vs. 0.91, 0.85-0.97, P=0.4).
Conclusion: In this study, we confirmed SWE as an independent predictor for malignant thyroid nodules. However, in comparing the new extended
elastography model to our previous prediction model, the new extended model showed no significant difference in the diagnostic performance.
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INTRODUCTION Initially, the decision for the management of thyroid nodules
is made by comparing measurements of the nodular size over
time with US. Many physicians refer patients with thyroid
nodules to H and N surgeons for surgical treatment because
of growth detection. Although US comparison of volume
change is reasonable, it still has reliability variation because
of different operators, tumor biologic variation, and US
examination technique limitations.”! Therefore, US-fine-needle
aspiration (FNA) cytology is the prefer investigation of choice
rather than for serial follow-up for a suspected malignant

Thyroid nodules are commonly found in the general population
with a prevalence of approximately 4%—7% by palpation.!'! On
ultrasound (US), the presence of thyroid nodules is found in
27%—67% of adults; thyroid nodules at autopsy are observed
in nearly 30%-60% of the population.”” Among the thyroid
nodules in the general population, approximately 5%—12%
are found to be malignant.’4 Several imaging modalities
are used to assess thyroid nodules including computed
tomography, magnetic resonance imaging, or US. Currently,
US examination is the imaging method of choice for the
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thyroid nodule. In 2007, the National Cancer Institute
recommended The Bethesda System for Reporting Thyroid
Cytopathology (TBSRTC) because it has a high accuracy
for determining thyroid cytopathology and guides further
management of thyroid nodules.*!

However, US-FNA remains an invasive procedure, and
multiple nodules are commonly encountered; therefore, the
most suspicious nodule is often selected for aspiration. Certain
US characteristics can help in selecting thyroid nodes for
US-FNA. Homogeneous thyroid nodules with well-defined
regular margins often indicate benignity.l”? Other US findings
suggestive of a malignant thyroid nodule include an irregular
margin, microcalcification, hypoechogenicity, a taller-than-wide
shape (an anterior-posterior diameter larger than the transverse
diameter; AP/TR ratio >1), associated lymphadenopathy, and an
intranodular vascular pattern.®'® However, no single criterion
possesses both satisfactory sensitivity and specificity to diagnose
malignant thyroid nodules. If we consider multiple US features
and assume any suspicious US features as positive, we will
increase sensitivity but decrease specificity. On the other hand,
if we consider multiple suspicious US features simultaneously as
positive, it will decrease the sensitivity and increase specificity.
A scoring system integrating multiple US features could be more
accurate than that of any single characteristic in predicting a
malignant thyroid nodule."" We constructed a computerized
scoring system in the US report system based on the sonographic
findings for predicting a malignant thyroid nodule. Such a
system could be beneficial in patient counseling and in providing
physicians timely guidance on whether to conduct an US-FNA
cytologic study for managing a controversial thyroid nodule.
The prediction formula is combined with the following four
B-mode US features: margin, microcalcification, echo-texture,
and a taller-than-wide shape. This scoring model has been
incorporated in a hospital-based reporting reminder system and
is also freely shared on a website.['”

Elastography is a promising novel noninvasive tool to assess
tissue stiffness.!') Malignant lesions tend to be harder than benign
lesions; hence, elastography could be used in the differential
diagnosis of a thyroid nodule. There are two main types of
elastography currently in clinical use, strain elastography (SE),
and shear wave elastography (SWE).'Y Both methods can be
used to assess tissue stiffness and aid in the diagnosis of thyroid
nodules. Only one study directly compared the diagnostic
accuracies of SE and SWE simultaneously; the results were
comparable between these two methods. However, a recent
meta-analysis pooled individual studies of SE and SWE and
found that SWE was superior to SE.['" Therefore, there is no clear
consensus regarding whether SE or SWE is the superior method.

It was hypothesized that the addition of elastography can
increase the diagnostic performance beyond the conventional
US mode.l'” To date, there has been no study to support the
superiority of either combination of traditional US and novel
clastography. The aims of this study were to compare SE, SWE,
and traditional gray-scale US in assessing thyroid nodules.

SusJects AND METHODS

Patient recruitment

The study protocol was approved by the Institutional Ethical
Review Board (105061-E). From July 2015 to July 2016, we
prospectively recruited patients who underwent H and N US
examination and US-FNA cytology of thyroid nodules after
informed consents were obtained. No patient in this series
had a previous diagnosis of thyroid malignancy. Patients with
cytology results with Bethesda system ratings of II, V, and VI
were enrolled for further analysis.

Conventional ultrasound

Two ultrasonologists with >5 years of experience in thyroid
imaging and >2 years in US elastography performed all US
examinations. The US equipment consisted of a Toshiba
Aplio 500 US system (Otawara, Japan) with a 5-14 MHz L
probe. All morphologic US parameters and vascular features
were thoroughly evaluated and recorded on the PACS
system (Marotech Inc., Seoul, South Korea) for the largest
nodal lesion in each patient. The settings for Power Doppler
sonography were set for high sensitivity with a low wall filter
to allow for the detection of vessels with low blood flow. The
color gain was increased gradually until background noise
appeared and then decreased until the noise was suppressed,
thus ensuring maximum sensitivity according to the Bude and
Rubin description.!'”

Each thyroid nodule was first assessed with gray-scale
sonography for morphologic parameters in the horizontal
section. The AP diameter and TR diameter were measured.
The echo structure was categorized as a predominantly
solid component or mixed cyst. Echogenicity with respect
to the surrounding soft tissue was assessed and classified as
hypoechoic, isoechoic, or hyperechoic. The nodule margin
was defined as regular or irregular. Microcalcification was
distinguished as absent or present. Internal echotexture was
divided into heterogeneity or homogeneity. Vascular patterns
were then surveyed by Power Doppler sonography and
categorized as a group of avascular or peripheral type versus
that of the marked intranodular type. The former was classified
as normal vascularization and the latter as abnormal vascular
development.

Traditional prediction model

According to our previous publication,?! the presence of
microcalcification, a taller-than-wide shape, a predominant
solid echostructure, and irregular margins have been
shown to be good independent predictive parameters. We
developed the following computerized scoring systems:
score = 1.25 x margin (regular = 0; irregular = 1) +
2.03 x micro-calcification (absent = 0; present = 1) +
1.56 x echo-texture (mixed cystic and solid = 0; predominate
solid = 1) + 1.76 x taller-than-wide shape (absent = 0;
present = 1).1' This scoring system is incorporated in our
hospital US reporting system and freely shared on the website.['”
A thyroid nodule is classified as positive with a score >3.3
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corresponding to sensitivity of 80.0%, specificity of 90.5%,
PPV 0f 45.2%, NPV 0f 97.9%, and overall accuracy of 89.5%.

Shear wave elastography

In the SWE method that was developed by the manufacturer,
part of the tissue was deformed by a “push pulse”, the
velocity of the shear waves propagating within the tissue was
detected, and the stiffness of the tissue was assessed based on
the detected shear velocity within the tissue. With this SWE
method, light compression was applied over the skin with an
US probe, and it was possible to observe whether the shear
waves propagated properly through the tissue in a single still
image displayed in propagation mode [arrival time contour,
Figures 1 and 2a]. In areas where the contour lines were parallel,
the shear waves propagated properly, and the reliability of the
obtained data was high. We then shifted to Young’s modules
[kPa, Figures 1 and 2b]. The SWE image was displayed
alongside the gray-scale US image (right side of the screen) for
nodule localization. The representative region in the nodule was
selected by visual inspection. The elastic mode of the stiffest
regions in each node was measured on color-coded elastograms
with Young’s modulus values (mean SWE value and standard
deviation [SD], kPa) shown within an approximately 5 mm
circular region.

Strain elastography
During the SE procedure, images were also displayed
superimposed and adjacent to the gray-scale US as a dual-panel

TOSHIBA

image [Figures 1 and 2c]. Next, the sonographers followed light
pressure compression with repeated decompression until nearly
identical size and color distribution of the region of interest in
several consecutive images was obtained. The strain quality
indicator was determined by manual appropriate compression
adjustments to obtain smooth sine waves and avoid under-or
over-compression [left lower part in Figures 1 and 2c]. The
sonographers also orientated the direction of compression
along the radiation axis and avoided out-of-plane motion.
The SE of each patient was performed by one operator. The
SE pattern was assessed based on a color scale, with blue
being correlated with hard tissue, red with soft tissue, and
green with tissue of intermediate hardness. The nodules were
classified into the following four elastography scoring (ES)
system scores: ES 1, a prevalence of red and green color; ES
I, a prevalence of green in >50% of the nodule; ES III, a
prevalence of blue in at least 50% of the nodule; and ES IV,
a prevalence of blue in at least 75% of the nodule.!'®!%! The
elastograms were reviewed independently by two raters who
had performed SE.

Ultrasound-guided fine-needle aspiration and cytology

US-FNA was conducted with the array probe guiding the
placement of a 22G fine needle [Figures 1 and 2d, arrows
revealed the needles on the screen]. Several passes in the
lesion were made to obtain sufficient material for cytology
assessment. Both sonography and US-FNA were performed

TOSHIBA

Figure 1: Representative case demonstration, a 62-year-old male with left side thyroid nodule. The size was measured as 1.53 ¢cm. The shear waves
propagated through the tissue in a single still image displayed in propagation mode (arrival time contour, ). The mean shear wave elastography value
was 13.2 kPa with a standard deviation of 6.5 kPa (b). The strain elastography revealed elastographic scoring pattern 2 (c), and the tradition score
was 1.56. Fine-needle aspiration was performed under the guidance of US (arrow, d). The final cytology showed that the nodule was Class Il The
Bethesda System for Reporting Thyroid Cytopathology and a benign thyroid nodule was diagnosed
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Figure 2: Another 36-year-old male with a right thyroid nodule. The size was measured as 0.85 cm. The shear waves propagated through the tissue,
resulting in a single still image displayed in propagation mode (arrival time contour, a). The mean shear wave elastography value was 42.8 kPa with a
standard deviation of 14.6 kPa (b). The strain elastography revealed elastographic scoring pattern 4 (c), and the tradition score was 4.84. fine-needle
aspiration was performed under the guidance of US (arrow, d); the final cytology revealed the nodule was Class VI The Bethesda System for Reporting

Thyroid Cytopathology, and a thyroid papillary carcinoma was diagnosed

by the same physician using standardized procedures as
previously described.!'” Half of the four slides were air-dried
for Liu’s stain, and the other half were rapidly fixed in alcohol
for the Papanicolaou stain. The cytological diagnoses were
made in accordance with the six diagnostic categories of the
TBSRTC, namely: I indicated nondiagnostic or unsatisfactory
analysis, II indicated a benign lesion, III indicated atypia or a
follicular lesion, IV indicated follicular neoplasm or suspicion
ofa follicular neoplasm, V indicated a suspicion of malignancy,
and VI indicated a malignant lesion. The cytology results with
Bethesda system ratings of 11, V, and VI were recruited for
further analysis.

Statistical analysis

The conventional US characteristics, vascular features, SE,
and SWE parameters were compared by Mann—Whitney test,
Chi-square test, or Fisher’s exact test, when appropriate. The
optimal cutoff values of mean SWE values for predicting
malignancy were determined with receiver operating
characteristic (ROC) curve analysis. Univariate and
multivariate logistic regression analysis was also performed;
the odds ratio (OR) and 95% confidence interval (CI) were
used to evaluate the association of those parameters with
malignancy. Backward selection procedures with 0.1 levels
for staying in the prediction model were used to construct an
extended model with elastography parameters. Diagnostic
performances were calculated regarding sensitivity, specificity,
PPV, NPV, and area under the curves (AUCs) (C-statistic). We

compared the AUC of the extended model with elastography
data to the traditional prediction score.l') The statistical
significance was set at P < 0.05. The statistical analyses
were performed using STATA software, version 12.0
(STATA Statistical Software: Release 12. STATA Corp LP,
College Station, TX, USA).

ResuLts

From August 2015 to July 2016, 185 consecutive patients
with thyroid nodules who underwent US-FNA and cytology
indicating TBRCT class 11, V, and VI were reviewed. Among
them, 129 (70%) were female, and 56 (30%) were male; their
age ranged from 20 to 84 years old (mean of 51 years old).
Nearly 164 (89%) were classified as benign, and 21 (11%)
were classified as malignant according to TBSRTC and final
pathology. For the cytological results in categories IV to VI,
surgical interventions for the thyroid nodules were performed.
The final diagnosis of malignancy (n = 21) was made by
pathologic results and all revealed papillary carcinoma. The
nodules with cytological results in categories II were under
regular US follow-up and those that did not increase in
sonographic size were considered to be affected by benign
processes during the follow-up period of at least 6 months.

Comparisons of demographic data and traditional US and
elastography features are shown in Table 1. Benign and
malignant nodules had different distributions of features
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Table 1: Demographic data, ultrasound, and elastography characteristics of recruited patients with thyroid nodules

Benign (n=164) Malignant (n=21) P
TBSRTC (1I) TBSRTC (V and Vi)
Age 51.7+£13.5 46.5+13.2 0.10
Gender (female:male) 117 (71%)/47 (29%) 12 (57%)/9 (43%) 0.18
Side (left:right) 84/80 7/14 0.12
Size (cm) 2.0+1.1 1.3+0.7 <0.01
Irregular boundary 96/68 6/15 0.01
Heterogeneous internal echo 97/67 9/12 0.16
Hypoechogenicity 33/131 0/21 0.02
Microcalcification 141/23 7/14 <0.01
Predominant solid architecture 57/107 3/18 0.06
Marked intranodular vascular pattern 88/74 8/13 0.16
Taller than wide shape 141/23 10/11 <0.01
Mean SWE value (kPa) 33.1+25.2 51.0+24.4 <0.01
SD SWE value (kPa) 19.8+14.1 29.3£13.2 <0.01
SE pattern (1 and 2/3 and 4) 114/50 4/17 <0.01
Score (<3.3/>3.3) 133/31 3/18 <0.01

TBSRTC: The Bethesda System for Reporting Thyroid Cytopathology, SWE: Shear wave elastography, SD: Standard derivation, SE: Strain elastography

including size (2.0 + 1.1 cm vs. 1.3 £ 0.7 cm, P < 0.01), an
irregular boundary (68/164 [41%] vs. 15/21 [71%], P<0.01),
hypoechogenicity (131/164 [80%] vs. 21/21[100%], P<0.01),
microcalcification (23/164 [14%] vs. 14/21 [67%], P <0.01),
a taller-than wide shape (23/164 [14%] vs. 11/21 [52%],
P<0.011), mean SWE value (33.1 £25.2 vs. 51.0 +24.4 kPa,
P<0.01), SD of SWE values (19.8 + 14.1 vs. 29.3 + 13.2 kPa,
P <0.01), SE patterns (ES patterns 3 and 4; 50/165 vs. 17/21,
P <0.01), and traditional prediction scores (31/164 [19%] vs.
18/21 [86%], P<0.01). The significance of predominant solid
echotexture was borderline (107/165 vs. 18/21, P =0.06).

Further ROC analysis of mean SWE values revealed the
optimal cutoff point was 32 kPa with a sensitivity of 81%
(95% CI: 64%—98%) and a specificity of 65% (57%—72%). We
further use this cutoff point in univariate logistic regression;
the results are shown in Table 2. The SE pattern (ES patterns
3 and 4, OR: 9.7, 95% CI: 3.1-30.3) and mean SWE value
(>32 kPa; OR: 7.8; 2.5-24.2) were significant predictors
for malignancy. The results of the multivariate logistic
regression are shown in Table 3. After adjusting for size
and four traditional US predictors (an irregular boundary,
microcalcification, architecture, and a taller-than-wide shape),
the mean SWE value (>32 kPa) was still an independent
predictor for malignancy (OR: 16.8, 3.6-78.3, P < 0.01).

The diagnostic performance of various US features,
elastography parameters, and traditional score are summarized
in Table 4. We found the diagnostic performances of
SE (patterns 3 and 4) and SWE (>32 kPa) were comparable
in sensitivity (81% vs. 81%), specificity (70% vs. 65%),
PPV (25% vs. 23%), and NPV (97 vs. 96%).

If we developed an extended elastography scoring model with
stepwise selection under logistic regression, four predictors
including micro-calcification, a taller-than-wide shape, and
SE (patterns 3 and 4) and mean SWE values (=32 kPa)

Table 2: Results of univariate logistic regression analysis

Univariate analysis OR 95% CI P

Age (years) 1.0 0.9-1.0 0.10
Gender (female: male) 1.9 0.7-4.7 0.19
Size (cm) 0.3 0.1-0.7 <0.01
Irregular boundary 3.5 1.3-9.6 0.01
Heterogeneous internal echo 1.9 0.8-4.8 0.16
Microcalcification 12.3 4.5-33.6 <0.01
Predominant solid architecture 32 0.9-11.3 0.07
Tall than wide shape 6.7 2.6-17.7 <0.01
Mean SWE value (>32 kPa) 7.8 2.5-24.2 <0.01
SE patterns (3 and 4) 9.7 3.1-30.3 <0.01

SWE: Shear wave elastography, SE: Strain elastography, OR: Odds ratio,
CI: Confidence interval

Table 3: Results of multivariate logistic regression
analysis

Malignancy OR 95% CI P

Size (cm) 0.5 0.2-1.5 0.21
Irregular boundary 0.8 0.2-3.3 0.70
Microcalcification 7.3 1.8-30.3 0.01
Predominant solid architecture 1.2 0.2-6.0 0.85
Taller than wide shape 43 1.1-17.1 0.04
Mean SWE value (>32 kPa) 16.8 3.6-78.3 <0.01
SE patterns (3 and 4) 3.4 0.8-14.6 0.10

SWE: Shear wave elastography, SE: Strain elastography, OR: Odds ratio,
CI: Confidence interval

were selected. The new extended model can be expressed as
follows: 8.38 x microcalcification (absent = 0; present = 1)
+4.91 x taller-than-wide shape (absent = 0; present = 1)
+3.55 x strain elastography (patterns 1 and 2 = 0; patterns
3and 4 = 1) + 12.06 x mean SWE value (<32 kPa = 0;
>32 kPa = 1). With ROC curve analysis, the optimal cutoff
point (>=15) comprised a sensitivity of 86%, a specificity of
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Table 4: Comparison of the diagnostic performance of different ultrasonographic features and elastography

Sensitivity (%)  95% Cl  Specificity (%) 95%Cl PPV (%) 95%Cl NPV (%)  95%Cl
Boundary (regular/irregular) 71 52-91 59 51-66 53 53-53 94 90-99
Internal echo (homo/heterogeneous) 57 36-78 59 52-67 15 7-23 92 86-97
Microcalcification (absent/present) 67 47-87 86 81-91 38 22-53 95 92-99
Architecture (cystic/solid) 86 71-101 35 27-42 14 8-21 95 89-101
Taller-than-wide 52 31-74 86 81-91 32 17-48 93 89-97
SE patterns (3 and 4) 81 64-98 70 62-77 25 15-36 97 93-100
Mean SWE value (>32 kPa) 81 64-98 65 57-72 23 13-32 96 93-100
Tradition score* (>3.3) 86 71-101 81 75-87 37 23-50 98 95-100
Extended model” (>15) 86 71-100 82 76-88 38 24-52 98 95-100

*Tradition score = 1.25 x margin (regular=0; irregular = 1) +2.03 x micro-calcification (absent =0; present= 1) + 1.56 X echo-texture (mixed cystic and solid=0;
predominate solid = 1) + 1.76 x taller-than-wide shape (absent = 0; present = 1). “Extended elastography model = 8.38 x micro-calcification (absent = 0;
present = 1) +4.91 x taller-than-wide shape (absent = 0; present = 1) + 3.55 x strain elastography (patterns 1 and 2 = 0; patterns 3 and 4 = 1) + 12.06 x mean
SWE value (<32 kPa = 0; >32 kPa = 1). CI: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value, SWE: Shear wave

elastography, SE: Strain elastography

81%, a PPV of 37%, and an NPV of 98%. The performance
was comparable to traditional prediction scores!'?! with a
sensitivity of 86%, a specificity of 81%, a PPV of 36%, and
an NPV of 98% [Table 4]. A comparison of the AUCs between
the traditional model and extended model was also performed;
the AUCs were 0.88 (0.81-0.94) and 0.91 (0.85-0.97),
respectively. There was still no significant improvement in
C-statistics (P = 0.4) [Figure 3].

Discussion

Various US features have been reported as predictors of
malignancy in thyroid nodules. Our results also supported
the concept of tissue stiffness that can be used in diagnosing
malignancy. The malignancies tended to be harder in SE
and SWE. Mean SWE was an independent predictor after
multivariable regression. We noted a large SD of SWE in
malignancy. We also developed an extended model combining
two elastography methods and two traditional US features;
unfortunately, the diagnostic performance was not significantly
improved.

Before introduction to the new diagnostic parameters, it was
necessary to compare the new modality to previously used
diagnostic tools. Elastography has been thought to improve
diagnostic performance in thyroid nodule diagnosis.''® One
previous report directly compared SE and SWE.? A total
of 64 nodules were recruited with 19 malignancies and
45 benignities; their results revealed comparability in
sensitivity, specificity, NPV, and PPV with a cutoff of mean
SWE >38.3 kPa. One recent diagnostic meta-analysis collected
SE and SWE data individually and showed that SE had a better
diagnostic performance than SWE.!'! In our study, we recruited
more thyroid nodules; however, SE and SWE also revealed
comparable diagnostic performance under a head-to-head
comparison; SE was not superior to SWE. Dobruch—Sobczak
et al. compared SWE and conventional B-mode parameters
with 169 thyroid nodules; they concluded that a combination of
SWE and conventional B-mode parameters does not improve
diagnostic performance.?"

Sensitivity
0.50 0.75 1.00

0.25

0.00

0.00 0.25 0.50 0.75 1.00
1-Specificity

—=— Traditional Score: 0.88(0.81-0.94)

—=— Extended elastography model: 0.91(0.85-0.97)

Reference

Figure 3: We used stepwise logistic regression to keep predictors at
a 0.1 significant level. Two B mode features (microcalcification and a
taller-than-wide shape) and two elastography features (mean shear wave
elastography [=32 kPa] and strain elastography [elastographic scoring
patterns 3 and 4]) were used to construct the extended model. The area
under the curves of the previous score and extended elastography model
were compared; the area under the curves were 0.88 (95% confidence
interval: 0.81-0.94) and 0.91 (95% confidence interval: 0.85-0.97) for
the traditional model and extended elastography model, respectively.
Statistically, there was no significant improvement in area under the
curves between these two models (P = 0.40)

The novelty of this study is that we developed a new prediction
model that adapted both SE and SWE features according to a
logistic regression model. We used stepwise logistic regression
to select predictors with a 0.1 significance level. Two B-mode
features (microcalcification and a taller-than-wide shape)
and two elastography features (mean SWE [>32 kPa] and
SE [patterns 3 and 4]) were used to construct an extended
model under logistic regression analysis. The AUC was
0.91 (95% CI: 0.85-0.97) for extended eclastography data.
There was no significant improvement in AUC compared to the
traditional US model. The AUC was 0.88 (95% CI: 0.81-0.94,
P =0.40). Detailed results of the diagnostic performances are
shown in Table 4 and Figure 3. Compared to the previous
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traditional model,!'” the new extended model did not improve
the diagnostic performance. Our results were comparable to
previous reports.?*!

In this study, we also validated a previous prediction B mode
model with a sensitivity of 86%, a specificity of 81%, a PPV
of 37%, an NPV of 98%, and an AUC of 0.88 (0.81-0.94).
With four traditional B-mode parameters, the prediction rule
had good diagnostic performance. Therefore, basic B-mode
parameters are still fundamental in the diagnosis of thyroid
malignancy.

According to some previous reports, tumor heterogeneity is
ever reported, and the SD of SWE is an indicator of tissue
heterogeneity. Some recent reports assessed tissue texture
analysis and showed good diagnostic performance.?? We also
noted a larger SD of mean SWE values for malignancy [Table 1].
According to other previous reports, tumor heterogeneity is
reported for malignancy, and the SD of SWE is an indicator
of tissue heterogeneity. Most recent reports assessed tissue
texture analysis and showed good diagnostic performance.??
However, the analysis of tissue heterogeneity requires off-line
analysis and real-time analysis is not available.

There are some limitations to this study. First, some previous
reports used maximum SWE values to predict malignancy;
however, our machine does not offer these data. Second,
according to previous reports, the compression level can
influence the diagnostic performance, but we did not use
multiple compression levels. Third, the case numbers were
still limited and mainly depended on papillary carcinoma.

CoNcLusION

Our findings support elastography as an independent factor in
diagnosing thyroid cancer. However, in comparing the new
extended elastography model to our previous prediction model,
the new extended model showed no significant difference in
diagnostic performance. Further study is necessary to explore
the utility of elastography in thyroid nodule assessment in a
clinical setting.
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