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Objective: To evaluate the clinical value of qualitative shear wave elastography (SWE)
color in the differential diagnosis of benign and malignant thyroid nodules.

Methods: From January 2017 to July 2018, 241 patients with 261 thyroid nodules, who
underwent conventional ultrasonography and SWE examination before surgical resection,
were enrolled. The nodules were also evaluated by histopathologic analyses. The SWE color
characteristics that could differentiate malignant and benign thyroid nodules were selected
and scored based on the malignancy rate. The diagnostic performances were evaluated by
receiver operating characteristic (ROC) curves analysis.

Results: Among the 261 thyroid nodules, 58 were benign, and 203 were malignant.
Malignancy was associated with orange or red as the color of maximum hardness inside
a nodule, green as the primary color, with a “stiff rim,” inhomogeneous internal color, and
inhomogeneous color between the nodules and its surrounding areas. The SWE color scores
for benign thyroid nodules were mainly 0 and 1, while 4 and 5 were for malignant thyroid
nodules. The area under the ROC curve (AUC) of the SWE color score >3 for the diagnosis
of malignant thyroid nodules was 0.828 (95% CI: 0.764, 0.891) with a sensitivity of 82.8%,
a specificity of 82.8%, and an accuracy of 83.1%. Additionally, conventional ultrasound
combined with SWE color scores had a higher diagnostic performance than conventional
ultrasound (AUC 0.820 vs AUC 0.796, P = 0.04).

Conclusion: The SWE color scores might be a convenient and effective method to assist in
differentiating thyroid nodules.
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Background

Thyroid nodules are common and are detected by high-resolution ultrasonography
in 19-67% of healthy asymptomatic individuals.' The majority of these nodules are
benign, and thyroid cancer accounts for approximately 7—15% of thyroid nodules.”
Ultrasonography is the first-line imaging examination for the diagnosis of thyroid
nodules. However, no imaging methods, including ultrasonography, can accurately
differentiate between benign and malignant thyroid nodules.**

It is generally believed in clinical practice that malignant tumors are often
harder than benign tumors.” Based on this, ultrasound elastography technology
has been used more and more widely in recent years as an assessment of the
properties of thyroid nodules.®® But in the early stage The ultrasound elastography
technology relies on applying pressure to the inspected tissue to generate strain to
assess the stiffness of the tissue. It lacks quantitative evaluation and is easily relied
on by the operator, which has certain limitations.” Shear wave elastography (SWE)
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is a novel technology that assesses tissue stiffness in real-
time and is more quantitative and independent for the
user.'” SWE exhibited high accuracy in distinguishing
malignant nodules and was considered an independent
predictive factor and diagnostic marker for thyroid
nodules.'""'? The SWE elasticity indices could quantita-
tively reflect local tissue stiffness, which could be affected
by the size and depth of lesions, heterogeneous echogeni-
city, and calcifications.'*'* There were obvious dissimila-
rities in different studies about the optimal cut-off value of
SWE elasticity indices. Kyriakidou et al found that max-
imum stiffness (Emax) with an optimal cut-off at 21.07
kPa showed the highest sensitivity, specificity, and accu-
racy in distinguishing between benign and malignant thyr-
oid nodules,'> whereas Emax with an optimal cut-off at 65
kPa was reported in the study of Kim et al.'® The SWE
color patterns could qualitatively evaluate the overall hard-
ness of the lesion with better repeatability.'”'® Studies
have suggested that the qualitative SWE color pattern
classification might be representative of quantitative
SWE parameters, which showed better diagnostic perfor-
mance and improved specificity in the diagnosis of suspi-
19,20 SWE

characteristics that could differentiate malignant and

cious breast masses. Hence, the color
benign thyroid nodules were screened and then scored in
the current study, and the diagnostic value of SWE color
scores in distinguishing thyroid nodules was further eval-
uated. We hope that the SWE color scores we proposed
may be a convenient and effective method to assist in

differentiating thyroid nodules.

Materials and Methods

Patients

In total, 241 patients (32 males and 209 females) with
thyroid nodules were enrolled in the current study from
January 2017 to July 2018. All the patients underwent
conventional ultrasonography and SWE examination
before surgical resection, and the nodules were evaluated
by histopathologic analyses. Patients meeting the follow-
ing criteria were included: (a) patients aged >18 years; (b)
patients with no treatment or biopsy examination before
ultrasound examinations; and (c) patients with solid or
primarily solid (<25% cystic) nodules by conventional
ultrasound examinations. On the other hand, patients
were excluded when meeting the following criteria: (a)
patients with Hashimoto thyroiditis and patients with
nodules more than 3 cm in size (overstepping the

maximum coverage of the SWE color); (b) calcification
within or around the nodules, which could result in the
loss of elastic image information; (c) patients with nodules
located in the isthmus or adjacent to the tracheal cartilage
and the common carotid artery, as the lateral displacement
of the pulsatile flow could cause the nodule hardness to
produce artifacts. This study was conducted in accordance
with the Declaration of Helsinki. The Ethics Committee of
the Bethune Hospital of Shanxi Medical University
approved this study, and all patients signed informed con-
sent forms before the examination.

Ultrasound Examinations

All conventional ultrasound and Two-dimensional Shear
Wave Elastography (2DSWE) images were collected by
the same operator, who was experienced (>5 years) in
thyroid ultrasound imaging, utilizing the Aixplorer US
system (SuperSonic Imagine, Aix-en-Provence, France)
and a linear probe with a frequency range of 4 to 15
MHz. During examinations, the patient was in a supine
position with the neck slightly extended. The location,
size, echogenicity, shape, margin, and calcification of thyr-
oid nodules were evaluated using a gray-scale ultrasound
examination and were categorized based on the Thyroid
Imaging Reporting and Data System (TI-RADS) devel-
oped by Kwak et al.?! The suspicious ultrasound features
included solid components, hypoechogenicity or marked
hypoechogenicity, irregular or microlobulated margins,
a taller-than-wide shape, and microcalcifications. Based
on the TI-RADS, category 3 was defined as having no
suspicious ultrasound features, while category 4a was
defined as having one suspicious ultrasound feature. Both
TI-RADS categories 3 and 4a were considered to be
benign. TI-RADS categories 4b, 4c, and 5 were defined
as having two, three or four, and five suspicious ultrasound
features, respectively. TI-RADS categories 4b, 4c, and 5
were considered to be malignant.

Following ultrasound, the examination was converted
to SWE to obtain SWE images. The nodule, as well as
their adjacent normal tissue, were set to be included in the
built-in region of interest (ROI) during the examination.
Tissue stiffness was shown by the default color scale
ranges, with softer tissue appearing as blue and harder
tissue appearing as red. The tissue elastic modulus was
shown using kPa, with the maximum setting at 100 kPa.
The images were acquired while patients held their breath
and refrained from other movements for 3—5 seconds. Four
SWE images for each nodule were obtained for analysis.
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Evaluation of SWE Images

Two independent physicians, who were not informed of the
clinical information, evaluated the SWE images of all nodules.
The imaging color characteristics of each nodule were sum-
marized by synthetically evaluating all four images, and the
representative color characteristics for benign and malignant
nodules were selected according to the frequency of the color
characteristics of each nodule that appeared in the samples.
The selected indicators were evaluated by * and Fisher’s
exact tests, and indicators of statistical significance were
selected as the evaluation index. One week later, all the thyroid
nodules were evaluated independently by the two physicians
based on the evaluation index, and disagreements were settled
by discussing with a third physician.

A total of five color characteristics of SWE images were
selected: (a) the hardest color, colors of maximum hardness
inside a nodule, including red, orange, blue, and green
(Figure 1); (b) the primary color, refers to the color that filled
the entire nodule or was predominant in the nodule, including
red, orange, blue, and green (Figure 2); (c) the stiff rim, a high-
hardness area (orange or red) with an annular or semi-cyclic
distribution at the edge of a nodule (Figure 3); (d) internal color

homogeneity, where homogeneity refers to the appearance of
only one color in a nodule, while inhomogeneity refers to the
appearance of two or more colors in a nodule (Figure 4); (e)
color homogeneity with surrounding glands, where homoge-
neity refers to the consistency of the color of the nodule with its
surrounding glands, while inhomogeneity refers to the incon-
sistency of the color of the nodule with its surrounding glands,
defined by a clear edge marking the separation (Figure 5). The
color characteristics were scored according to the rate of
malignancy of the thyroid nodules. The evaluation index of
each color characteristic with the lowest malignant rate was
scored 0 as the baseline. For each color characteristic, the
evaluation index with a higher malignant rate was assigned
a score that was one point more than the lower malignant rate.
When there was no statistical significance present, two evalua-
tion indices were assigned the same score. The SWE color
scores for each thyroid nodule were the sum of the score for
each color characteristic on the SWE images.

Statistical Analysis
Data were analyzed utilizing R Statistical Software
(Release 2.12.2). Continuous and categorical variables

Figure | Representative SWE images of the hardest color. The hardest color, which corresponds to the maximum hardness inside a nodule, includes blue (A), green (B),

Orange (C), and red (D).
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Figure 2 Representative SWE images of the main color. The main color, which fills the entire nodule or is predominant in the nodule, includes blue (A), green (B), Orange

(C) and red (D).

Figure 3 Representative SWE images of the stiff rim. The stiff rim is a high-hardness area with an annular or semi-cyclic distribution at the edge of a nodule. Representative

SWE images with stiff rim (A) and without stiff rim (B).

are displayed as mean =+ standard deviation and frequen-
cies with percentages, respectively. ¥ test and Fisher’s
exact test were applied in the selection of the statistical
significance evaluation index. The malignant rate was
calculated using the equation: total malignant nodules/
total nodules. The kappa test was used to assess the
consistency between two observers. Receiver operating

characteristic (ROC) curve analysis was used to assess
the diagnostic performance of each SWE color charac-
teristic, SWE color scores, conventional ultrasound, and
conventional ultrasound combined with SWE color
scores. Based on the Youden index (sensitivity + speci-
ficity — 1), the optimal cut-off value was detected. The
statistical significance was determined by P < 0.05.
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Figure 4 Representative SWE images of internal color homogeneity. Homogeneity refers to the appearance of only one color in a nodule (A), while inhomogeneity refers
to the appearance of two or more colors in a nodule (B).

Figure 5 Representative SWE images of color homogeneity with surrounding glands. Homogeneity refers to the consistency of the color of the nodule with its surrounding
glands (A), while inhomogeneity refers to the inconsistency of the color of the nodule with its surrounding glands, showing a clear edge to separate the nodule from its

surrounding glands (B).

Results
Thyroid Nodules

There were 261 thyroid nodules from the 241 patients.
Among the 261 thyroid nodules, 58 benign thyroid
nodules (including 54 nodular goiters and four adenomas)

Table | Baseline Information of Patients with Malignant and Benign Thyroid Nodules

and 203 malignant thyroid nodules (202 papillary thyroid

carcinomas and one medullary carcinoma) were deter-

mined by histopathologic analyses. Table 1 shows the

other baseline information of patients with malignant and

benign thyroid nodules. The mean nodule size of the

Parameter Malignant Benign t/x? P value
(n=203) (n=58)

Age, year
Mean 46.40%11.34 52.12%10.61 1.852 0.065
Range 22-71 35-69

Size, cm
Mean 1.13+0.69 1.62+0.66 1.901 0.058
Range 0.5-2.6 0.7-3.0

Cervical lymph node metastasis 39 0 46.682 0.001
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malignant thyroid nodules was 1.13 + 0.69 cm, while the
mean nodule size was 1.62 £ 0.66 cm for the benign
thyroid nodules. Among the 203 malignant nodules, 39

were cervical lymph node metastasis.

Color Characteristics of SWE Images for
Benign and Malignant Thyroid Nodules

The evaluation indices of each color characteristic in the
differentiation of benign and malignant nodules showed
significant differences (P < 0.001, Table 2). For malig-
nant thyroid nodules, the color of maximum hardness
inside a nodule was orange (47.8%), the primary color
was green (60.6%), with a stiff rim (44.8%), internal
color inhomogeneity (79.3%), and color inhomogeneity

Table 2 SWE Color Characteristics for Benign and Malignant
Nodules

SWE Color Malignant | Benign Ve P
Characteristics (n=203) (n=58)
The hardest color
Red 63(31.0) 3(5.2) 63.823 | <0.001%
Orange 97(47.8) 9(15.5)
Green 26(12.8) 16(27.6)
Blue 17(8.4) 30(51.7)
The main color
Red 7(3.4) 0(0) - <0.001°
Orange 31(15.3) 3(5.2)
Green 123(60.6) 7(12.1)
Blue 42(20.7) 48(82.7)
The stiff rim
Yes 91(44.8) 7(12.1) | 20.644 | <0.001*
No 112(55.2) 51(87.9)
Internal color
homogeneity
Homogeneity 42(20.7) 38(65.5) | 42.647 | <0.001°
Inhomogeneity 161(79.3) 20 (34.5)
Color homogeneity
with surrounding
glands
Homogeneity 36(17.7) 37(63.8) | 47.502 | <0.001%
Inhomogeneity 167(82.3) 21(36.2)

Notes: The hardest color, colors of maximum hardness inside a nodule; The main
color, color that filled the entire nodule or was predominant in the nodule; The stiff
rim, a high-hardness area with an annular or semi-cyclic distribution at the edge of
a nodule; Internal color homogeneity, homogeneity refers to only one color
appeared in a nodule while inhomogeneity refers to two or more than two colors
in a nodule; Color homogeneity with surrounding glands, homogeneity refers to
that the color in nodule was consistent with its surrounding glands, while inhomo-
geneity refers to that the color in nodule was inconsistent with its surrounding
glands, showing a clear edge to separate the nodule from its surrounding glands.
a)(Ztex':, bFisher exact test.

with surrounding glands (82.3%). For benign thyroid

nodules, the color of maximum hardness inside
a nodule was blue (51.7%), the primary color was blue
(82.7%), without a stiff rim (87.9%), internal color
homogeneity (65.5%), and color homogeneity with sur-

rounding glands (63.8%).

Designation of SWE Color Scores

The score for each evaluation index of color character-
istics is shown in Table 3. For color characteristic 1
(color of maximum hardness inside a nodule), four eva-
luation indices were included, red, orange, green, and
blue. The four evaluation indices were compared pairwise
using the x> or Fisher’s exact tests, followed by the
Bonferroni test, and P < 0.008 was selected to determine

Table 3 Malignancy Rates and SWE Color Scores

SWE Color Characteristics Malignant SWE
Rate (%) Score
The hardest color
Red 63/66 (0.955) * |
Orange 97/106 (0.896) * |
Green 26/42 (0.619) 0
Blue 17/47 (0.362) 0
The main color
Red 7/7 (1.000) ° I
Orange 31/34 (0912) ° |
Green 123/130 (0.946) |
b
Blue 42/90 (0.467) 0
The stiff rim
Yes 91/98 (0.929) |
No 112/163 (0.687) 0
Internal color homogeneity
Inhomogeneity 161/181 (0.889) |
Homogeneity 42/80 (0.525) 0
Color homogeneity with
surrounding glands
Inhomogeneity 167/188 (0.888) |
Homogeneity 36/73 (0.493) 0

Notes: The hardest color, colors of maximum hardness inside a nodule; The main
color, color that filled the entire nodule or was predominant in the nodule; The stiff
rim, a high-hardness area with an annular or semi-cyclic distribution at the edge of
a nodule; Internal color homogeneity, homogeneity refers to only one color
appeared in a nodule while inhomogeneity refers to two or more than two colors
in a nodule; Color homogeneity with surrounding glands, homogeneity refers to
that the color in nodule was consistent with its surrounding glands, while inhomo-
geneity refers to that the color in nodule was inconsistent with its surrounding
glands, showing a clear edge to separate the nodule from its surrounding glands.
The four evaluation index of each color characteristic were compared pairwise
using the y* test or Fisher's exact test, followed by Bonferroni test. The super-
scripted letters (a and b) represent the statistic difference (P < 0.008).
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statistical significance. Based on the method, the blue
color had the lowest malignancy rate and was scored 0.
There was no significant difference in the malignancy
rate between the blue and green groups (x* = 5.882,
P = 0.015); hence, the green color was scored 0. There
was a significant difference in the malignancy rate
between the green and orange groups (x> = 18.780, P <
0.001); hence, the orange color was scored 1. In addition,
red was scored 1, for there was no significant difference
for the malignancy rate between the orange and red
groups (x> = 0.975, P = 0.323). Similarly, for color
characteristic 2 (the primary color), four evaluation
indices were included, red, orange, green, and blue. The
blue color had the lowest malignancy rate and was scored
0. Green (green vs blue, y* = 65.210, P < 0.001), orange
(orange vs green, x> = 0.557, P = 0.456), and red (red vs
orange, P = 1.000) were all scored 1.

SWE Color Scores in Benign and
Malignant Thyroid Nodules

The SWE color scores of benign thyroid nodules were smal-
ler than the malignant thyroid nodules. The SWE color scores
of benign thyroid nodules were mainly 0 (Figure 6A) and 1
(Figure 6B), accounting for 74.1% (43/58). The color of
maximum hardness inside a nodule (color characteristic 1)
for benign thyroid nodules was mainly blue and green, and
the primary color (color characteristic 2) was blue.

The SWE color scores of malignant thyroid nodules were
mainly 4 (Figure 7A) and 5 (Figure 7B), accounting for
72.4% (147/203). The color of maximum hardness inside
a nodule (color characteristic 1) for malignant thyroid
nodules was mainly red and orange, and the primary color
(color characteristic 2) was green. In addition, malignant
thyroid nodules showed a stiff rim in annular or semi-cyclic

distribution at the edge of a nodule (color characteristic 3).

Figure 6 SWE images and HE staining of benign thyroid nodule. Imaging with SWE (A) shows blue as the hardest color, blue as the main color, no stiff rim, homogeneity of
the internal color, and the color between the nodules and its surrounding. The SWE score was 0. HE histopathological staining (magnification, 40x). Nodular goiter: Follicles
vary in size and are nodular. Imaging with SWE (B) shows green as the hardest color, blue as the main color, no stiff rim, inhomogeneity of the internal color, and the color
between the nodules and its surrounding. The SWE score was |. HE histopathological staining (magnification, 100x). Adenomatous goiter: a single nodule with a capsule
visible on the surface. The follicles in the capsule are relatively uniform in size, showing adenoma-like hyperplasia.

International Journal of General Medicine 2021:14

8013

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang et al

Dove

: W

Figure 7 SWE images and HE staining of malignant thyroid nodule. Imaging with SWE (A) shows red as the hardest color, green as the main color, no stiff rim,
inhomogeneity of the internal color, and the color between the nodules and its surrounding. The SWE score was 4. HE histopathological staining (magnification, 40x).
Papillary microcarcinoma: The tumor grows liked a papillary, with enlarged nuclei, crowded, ground glass-like, with nuclear grooves; interstitial fibrous tissue hyperplasia and
hyaline degeneration. Imaging with SWE (B) shows red as the hardest color, green as the main color, showing stiff rim, inhomogeneity of the internal color, and the color
between the nodules and its surrounding. The SWE score was 5. HE histopathological staining (magnification, 100x). Papillary carcinoma: The tumor was papillary and
follicular growth, the nucleus was enlarged, deeply stained, crowded, ground glass-like, and nuclear grooves could be seen; interstitial fibrous tissue hyperplasia, hyaline

degeneration.

Diagnostic Performance of Conventional
Ultrasound Combined with SWE Color

Scores

The area under ROC curve (AUC) of SWE color scores >3 for
the diagnosis of malignant thyroid nodules was 0.828 (95%
CI: 0.764, 0.891), with a sensitivity of 82.8%, a specificity of
82.8%, and an accuracy of 83.1% (Table 4). The SWE color
score 3 showed a better diagnostic performance for malignant
thyroid nodules in comparison with others.

For conventional ultrasound combined with SWE color
scores, the TI-RADS grade was evaluated based on conven-
tional ultrasound, and the TI-RADS grade was increased by
one when the SWE color scores were >3 (except for TI-RADS
5), while the TI-RADS grade was decreased by one when the
SWE color scores were <3. The AUC of conventional ultra-
sound combined with the SWE color scores was 0.820 (0.753,

0.887), with a sensitivity of 85.2%, a specificity of 81.0%, and
an accuracy of 84.3%, while the AUC of conventional ultra-
sound was 0.796 (0.723, 0.868), with a sensitivity of 86.7%,
a specificity of 72.4%, and an accuracy of 83.5%. We further
compared the diagnostic performance of the SWE color score,
conventional ultrasound, and conventional ultrasound com-
bined with SWE color scores. The results showed no signifi-
cant differences between the SWE color score and
conventional ultrasound (P = 0.103) and between the SWE
color score and conventional ultrasound combined with SWE
color scores (P = 0.717). While conventional ultrasound com-
bined with SWE color scores showed a higher diagnostic
performance than conventional ultrasound (P = 0.04).

Reliability Between Clinicians
The reliability of the ratings by two clinicians from the
independent examinations of all 261 thyroid nodules with

8ora

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al

Table 4 Diagnostic Performance of Different Parameters Analyzed by Receiver Operating Characteristic (ROC) Curves Analysis

Parameters AUC (95% CI) Sensitivity (%) | Specificity (%) | Accuracy (%)
The hardest color 0.791(0.722, 0.859) 788 793 78.9
The main color 0.810(0.745, 0.875) 793 82.8 80.1
The stiff rim 0.664(0.591, 0.736) 44.8 87.9 54.4
Internal color homogeneity 0.724(0.646, 0.803) 79.3 65.5 76.2
Color homogeneity with surrounding glands 0.730(0.651, 0.810) 82.3 63.8 782
SWE color score 23 0.828(0.764, 0.891) 82.8 82.8 83.1
Conventional Ultrasonography 0.796(0.723, 0.868) 86.7 72.4 83.5
Combined conventional Ultrasonography with SWE color scores | 0.820(0.753, 0.887) 85.2 81.0 84.3

Notes: The hardest color, colors of maximum hardness inside a nodule; The main color, color that filled the entire nodule or was predominant in the nodule; The stiff rim,
a high-hardness area with an annular or semi-cyclic distribution at the edge of a nodule; Internal color homogeneity, homogeneity refers to only one color appeared in
a nodule while inhomogeneity refers to two or more than two colors in a nodule; Color homogeneity with surrounding glands, homogeneity refers to that the color in
nodule was consistent with its surrounding glands, while inhomogeneity refers to that the color in nodule was inconsistent with its surrounding glands, showing a clear edge

to separate the nodule from its surrounding glands. AUC, area under ROC curve.

each SWE image color characteristic was analyzed using
a kappa test (Table 5). There was good consistency
between the two clinicians for evaluating the five color
characteristics.

Discussion

The elasticity of the tissue in the SWE examination was
quantified by Young’s modulus, and the elastic modulus
was converted into color code in real-time. The hard tissue
in the elastic image was shown in red, while soft tissue
was shown in blue, providing a direct-viewing response of
distribution and difference of tissue hardness. In the cur-
rent study, SWE color scores showed a better diagnostic
performance than SWE image color characteristics in dis-
thyroid
nodules. In addition, conventional ultrasound combined

tinguishing between benign and malignant

with SWE color scores improved the diagnostic specificity
clearly in comparison with conventional ultrasound. Cong
et al showed that the TI-RADS categories changed by
qualitative color pattern classification could improve the

specificity, and such qualitative classification could be
a complementary tool of conventional ultrasound.'® Berg
et al indicated that upgrade category 3 by visual color
stiffness and downgrade category 4a by lack of stiffness
could increase specificity from 61.1% to 78.5%.>* The
four-color visual SWE image pattern classification pro-
posed by Tozaki et al showed a sensitivity of 91.3% and
a specificity of 80.6%, indicating the visual pattern classi-
fication was useful in the evaluation.> These suggested
that the SWE color scores in distinguishing between
benign and malignant thyroid nodules could contribute to
reducing unnecessary fine needle aspiration biopsies and
surgeries.

The color of maximum hardness inside a nodule for most
malignant nodules was orange, and green was the primary
color. On the contrary, the color of maximum hardness
inside a nodule for most benign nodules was blue, and
blue was the primary color. This indicated that the nodular
stiffness of malignant thyroid nodules was higher in com-

parison with benign nodules, and the degree of malignancy

Table 5 Reliability Between Clinicians

SWE Color Characteristics Kk(95% CI) P

The hardest color 0.751(0.613-0.876) <0.001
The main color 0.651(0.523-0.771) <0.001
The stiff rim 0.752(0.598-0.889) <0.001
Internal color homogeneity 0.547(0.436-0.661) <0.001
Color homogeneity with surrounding glands 0.610(0.489-0.704) <0.001

Notes: The hardest color, colors of maximum hardness inside a nodule; The main color, color that filled the entire nodule or was predominant in the nodule; The stiff rim,
a high-hardness area with an annular or semi-cyclic distribution at the edge of a nodule; Internal color homogeneity, homogeneity refers to only one color appeared in
a nodule while inhomogeneity refers to two or more than two colors in a nodule; Color homogeneity with surrounding glands, homogeneity refers to that the color in
nodule was consistent with its surrounding glands, while inhomogeneity refers to that the color in nodule was inconsistent with its surrounding glands, showing a clear edge
to separate the nodule from its surrounding glands.
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of thyroid nodules was probably associated with nodular
stiffness.”*?” Andrioli et al reported that a local-regional
pattern of color showing incremental stiffness in the lesion
edge was a typical marker of malignant tumors,?’ which was
named the “stiff rim” sign by Zhou et al.*® The existence of
a stiff rim revealed that tissue surrounding the malignant
lesion had a high hardness, probably due to desmoplastic
reaction or cancer cell infiltration to peritumoral tissue. The
high stiffness of tissue surrounding the malignant lesion
could attenuate the SWE, which led to a decrease in the
amplitude of the shear wave inside the nodule, showing
a difference in the color inside the nodule. In our study,
malignant nodules showed a higher rate of the “stiff rim”
sign in comparison with benign nodules (44.8% vs 12.1%).
Moreover, the “stiff rim” sign showed higher specificity
(87.9%) than other SWE image color characteristics in diag-
nosing malignant thyroid nodules. The malignant thyroid
nodules showed inhomogeneous internal color and inhomo-
geneous color between the nodules and their surrounding
glands, which was associated with the complex composition
and inconsistent distribution of malignant tissues.>>**
However, malignant/benign nodules had overlaps in corre-
sponding SWE color characteristics. Such an overlap might
be caused by the different growth stages of the nodules,
necrosis or liquefaction appearing in malignant nodules,
and organization and calcification appearing in benign
nodules.’

The SWE color scores (scores 0 and 1) of benign
thyroid nodules were lower than most malignant nodules
(scores 4 and 5), suggesting that the SWE color scores
could reflect the changes in nodular stiffness. The optimal
cut-off of the SWE color scores >3 provided a higher
AUC than each SWE image color characteristic, showing
a better diagnostic performance. The results of this study
revealed that the SWE color score was comparable to
previous elastography in the diagnostic accuracy of
malignant thyroid nodules. A meta-analysis by Veer
et al, including 5942 nodules, reported a pooled sensitiv-
ity of 87.0%, a specificity of 80.6%, and an accuracy of
81.7% for elastography in distinguishing between benign
and malignant thyroid nodules.*> Another meta-analysis
by Sjoerd et al of 24 studies, including 3908 nodules,
indicated a pooled sensitivity of 85% and a specificity of
80% for qualitative elastography in diagnosing benign
and malignant thyroid nodules.*> The SWE color scores
provided a new diagnostic way to differentiate thyroid
nodules. Recently, studies about elastography paid more
attention to the potential of decreasing unnecessary

biopsies with benign results. For example, Faisal et al
indicated that TI-RADS in B-mode ultrasound combined
with SWE quantitative elasticity obtained significant
superiority on specificity in comparison with TI-RADS
alone.>* Another study showed that quantitative and qua-
litative SWE features could significantly increase the
specificity of TI-RADS alone from 61.1% to 78.5%.%2
In the current study, downgrading or upgrading TI-
RADS categories by an SWE color score <3 and SWE
color scores >3, respectively, the specificity of the com-
bination of conventional ultrasound and SWE color
scores were significantly improved without losing sensi-
tivity. Based on the results, we concluded that SWE color
scores could be used to decrease unnecessary thyroid
biopsies. SWE color scores could provide a helpful addi-
tional diagnostic criterion for characterizing thyroid
nodules.

Despite the findings, there were some limitations to
our study. First, the diagnostic utility in this study would
be limited because papillary carcinomas accounted for the
majority of malignant nodules. Second, only patients who
underwent surgery were included in this study. Therefore,
there was a sampling bias, especially for patients with
benign nodules, that might affect the results. Third, in
order to maintain the two-dimensional morphological
diversity of benign nodules, five patients with cystic,
solid nodules with cystic components <25% that did not
affect SWE measurements were included in the study. The
inclusion of cystic components may increase the rate of
benign nodules. Fourth, the comparison with the results of
an elasticity index or shear wave velocity should be per-
formed to further explore the superiority of the SWE color
scores. This was also the direction for further empirical
research. Additionally, there are requirements to validate
the current results with a larger population. In addition,
studies have compared the role of artificial intelligence
technology and SWE in carpal tunnel syndrome, and it is
believed that artificial intelligence method, as an auxiliary
tool to evaluate carpal tunnel syndrome with high accu-
racy, has broad application prospects in clinical practice.*”
We could also make efforts in this aspect in the next step.

Conclusion

In conclusion, the SWE color scores were helpful in dif-
ferentiating benign and malignant thyroid nodules, and
SWE color scores combined with conventional ultrasound
showed improved specificity. Overall, we suggest that the
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SWE color scores might be a convenient and effective

method to assist in differentiating thyroid nodules.
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