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Background: Thyroid nodules are a common thyroid disorder. The aim of the present study was to
observe the application value of ultrasonic shear wave elastography (SWE) and contrast-enhanced ultrasound
(CEUSY) in the differential diagnosis of patients with benign and malignant thyroid lesions.

Methods: Eighty-two patients with thyroid nodules (96 thyroid nodules) at our hospital were enrolled. All
patients underwent ultrasonic SWE and CEUS examination. With surgical pathology as the gold standard,
the Young’s modulus, CEUS imaging features, and quantitative parameters were compared between the
benign and malignant groups. The diagnostic efficiency of SWE, CEUS, and their combination was analyzed
by receiver-operating characteristic curve (ROC).

Results: The average of the Young’s modulus in the malignant group was significantly higher than that
of the benign group (P<0.05). There were significant differences in the CEUS images of nodules between
the benign and malignant groups in terms of boundary conditions, morphology, perfusion intensity,
homogeneous enhancement, and perfusion defects (P<0.05), while there were no significant difference in
initial increase time, peak intensity, time to peak, and area under the curve (P>0.05). The curve sharpness
in the benign group was significantly lower than that of the malignant group (P<0.05). ROC analysis found
that the diagnostic sensitivity and specificity of SWE, CEUS, and their combination were 90.1% and 81.6%,
67.8% and 75.4%, and 97.3% and 71.5%, respectively.

Conclusions: Compared with CEUS, the sensitivity and specificity of SWE were relatively higher in the
differential diagnosis of benign and malignant thyroid lesions, and a combination of both can improve the

diagnostic sensitivity of SWE alone to a certain extent.
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Introduction autoimmune diseases. It has been reported that 4-8% of
Thyroid nodules are a common thyroid disorder, which adults have palpable thyroid nodules, most of which are

can be manifested in thyroid inflammation, tumors, and benign, while about 5% are malignant (1). Studies have
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also shown that the clinical incidence of thyroid cancer
is increasing annually, and in areas exposed to iodine
radiation, the probability of patients with malignant thyroid
nodules is about 20-30% (2). Thyroid cancer in usually
asymptomatic in the early stage. Therefore, it is important
to differentiate between benign and malignant nodules
quickly and accurately and to develop suitable treatment
modalities to prevent delays in the diagnosis of thyroid
cancer. Needle aspiration biopsy is the gold standard for
the diagnosis of benign and malignant thyroid nodules;
however, it is an invasive examination technique, and
10-15% of nodules cannot be clearly diagnosed by this
method (3). Imaging examinations are the main diagnostic
techniques for thyroid nodules. Among them, computed
tomography (CT) and Magnetic Resonance Imaging (MRI)
are both non-invasive methods. Although they have certain
advantages in the evaluation of the position, shape, and
calcification of nodules, but are not routinely used due to
various reasons, including high cost. Ultrasound is also a
common non-invasive technique in clinical practice with
obvious advantages, such as low cost, easy operation, and
high accuracy, and is considered the preferred imaging
examination technique for thyroid nodules (4). However,
the conventional ultrasound cannot clearly show tracheal
infiltration, nodules more than 4 c¢cm and retrosternal
lesions. Ultrasonic shear wave elastography (SWE) and
contrast-enhanced ultrasound (CEUS) can dynamically and
quantitatively observe corresponding tissue enhancement
mode and hardness, which can effectively make up for
the lack of conventional ultrasound. However, there are
few comparative studies on the identification efficiency of
thyroid nodules between SWE and CEUS. Therefore, the
aim of the present study was to explore the application value
of SWE and CEUS in the differential diagnosis of benign
and malignant thyroid nodules. We present the following
article in accordance with the STARD reporting checklist
(available at http://dx.doi.org/10.21037/gs-20-819).

Methods
Clinical data

A total of 82 patients with thyroid nodules (96 thyroid
nodules) admitted to the Affiliated Hospital of North
Sichuan Medical College from February 2018 to June
2019 were selected as study participants. Thyroid nodules
were confirmed by surgery and pathological diagnosis.
The inclusion criteria were as follows: (I) thyroid nodules
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found in the preoperative examination, with the smallest
diameter 20.5 cm; (II) patients with corresponding surgical
indications of thyroid nodules and who accepted the
surgical treatment; (III) SWE and CEUS examinations
performed prior to surgery, with complete examination
data; and (IV) patients provided signed informed consent to
participate in the present study. The exclusion criteria were
as follows: (I) pregnant or lactating patients; (II) patients
with a history of allergy to sulphur hexafluoride or other
components of SonoVue; (III) patients with hematological
diseases or autoimmune dysfunction; and (IV) patients
with mental illness who were unable to cooperate with
treatment. All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by
The Affiliated Hospital of North Sichuan Medical College
(NO.: 2019ER(A)024). And informed consent was taken
from all the patients.

SWE inspection

The inspection was carried out using an SWE ultrasonic
diagnostic apparatus (AixPlorer; SuperSonic Imagine, Aix-
en-Provence, France), with the L4-15 linear array probe
at a frequency of 4-15 MHz. The patient was placed in the
the supine position, and 2D grayscale ultrasound and color
Doppler ultrasound examination was performed with preset
thyroid scan parameters. After routine scanning, nodule
position, size, appearance, boundary conditions, echo of
the nodule, and blood flow conditions were observed and
recorded. SWE was then initiated. The probe was routinely
moved without pressurization. After locating the target
nodule, the patient was instructed to hold their breath for
about 3-5 s until the image was stable. The image was then
taken, and the Young’s modulus value of the nodules was
measured in the region of interest through the Q-BOX
function. The region of interest was generally selected in
the default sampling frame in the ultrasonic instruments and
covered the harder part of the lesion as much as possible.
For nodules with liquid, the solid part of the nodules should
be taken. Using this technology, the absolute value of the
Young’s modulus was obtained, and the elastic map could
be effectively transformed into a visualized acoustic image
through computer processing. According to the standards,
blue indicated that the hardness of the tissue was low, and
red indicated that the hardness of the tissue was high. The
result of the average Young’s modulus value for each nodule
was automatically calculated. For each lesion, Young’s
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Table 1 Comparison of general clinical data between the benign and malignant groups (x=s)

Group Case Sex Age (years) BMI (kg/m?  Maximum diameter of nodules (cm)
Male Female

Benign group 52 18 34 46.78+7.02 23.04+2.36 1.83+0.25

Malignant group 30 10 20 47.35+6.94 22.97+2.30 1.86+0.27

VIt 5.638 0.356 0.131 0.547

P value 0.131 0.723 0.896 0.586

BMI, body mass index.

modulus value for each nodule needed to be measured 3
times to calculate the average value based on the results.

For the CEUS examination, the Acuson Sequoia 512
ultrasound system (SIEMENS AG FWB, Berlin, Germany)
was selected, with a 15L8W broadband linear array
probe. First, a 2D ultrasound examination was performed
to determine the nodule position, size, echo, boundary,
calcification for the color Doppler flow imaging. CEUS
examination was performed by comparing the pulse
sequence, with a probe transmission frequency of 7.0 MHz
and a mechanical index of 0.32. SonoVue contrast agent
(2.4 mL; Bracco SpA, Milan, Italy) was injected via
superficial vein bolus, and then 5 mL saline was injected
to flush the piping. The patient was instructed to keep
breathing normally and to not swallow. After completing
the contrast injection operation, the timer and the dynamic
storage buttons were started, and the acquired image was
observed and stored on hard disk. Each image was analyzed
by 2 experienced sonographers. If there were inconsistences,
they discussed together until consensus was reached. Images
with circular enhancement were considered to be benign,
and images with inhomogeneous enhancement were
considered to be malignant. All patients were examined by
the same experienced sonographer.

Observation indicators

The average Young’s modulus value, CEUS imaging
characteristics, and quantitative parameters were compared
between the benign and malignant groups using surgical
pathology as the gold standard. The receiver-operating
characteristic (ROC) curve was used to analyze the diagnostic
efficiency of SWE, CEUS, and a combination of both.

Statistical analysis

The index database was constructed in Excel (IBM, USA),
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and the data were analyzed using SPSS software (IBM,
New York, USA). Normal distribution measurement data
were expressed as x=s, and the independent sample #-test
was used to conduct the comparison between the groups.
Counting data were expressed as 7 (%), analyzed by y'-test.
ROC curve was used to analyze the diagnostic value of the
different methods. Results with P<0.05 indicated that the
difference was statistically significant.

Results

Comparison of general data between the benign and
malignant groups

Surgical pathology found that nodules of 52 cases were
benign (n=62 nodules) and 30 were malignant (n=34
nodules); these comprised the benign group and the
malignant group, respectively. There was no significant
difference in general data, such as sex, age, body mass index,
and maximum diameter of nodules between the 2 groups
(P>0.05) (Tuble 1).

Comparison of the average Young’s modulus value between

the benign and malignant groups

The average Young’s modulus value in the malignant group
nodule was significantly higher than that of the benign
group nodule (P<0.05) (Table 2). The SWE images of typical
thyroid nodules are shown in Figures 1,2.

Comparison of CEUS images between the benign and
malignant groups

There were significant differences in the border,
morphology, perfusion intensity, homogeneous
enhancement, and perfusion defect status in CEUS images
between the benign and malignant groups (P<0.05) (7able 3).
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Table 2 Comparison of average Young’s modulus value between benign and malignant groups (x=s)

Group Nodule number Average Young’s modulus value (kPa)
Benign group 62 28.13+5.06

Malignant group 34 85.76+14.58

t 28.271

P value <0.001

Figure 1 Shear wave elastography (SWE) sonogram of benign nodules. Nodular goiter detected by SWE. (A) Nodules showing

homogenous enhancement are shown in blue. Maximum hardness position (arrow) has an average Young’s modulus value of 22.38 kPa. (B)

2D grayscale ultrasound image.

Figure 2 Shear wave elastography (SWE) sonogram of malignant nodules. Papillary thyroid carcinoma detected by SWE. (A) Rich nodules

are in red. Maximum hardness position (arrow) had an average Young’s modulus value of 106.54 kPa. (B) 2D grayscale ultrasound image.

The CEUS images of typical thyroid nodules are shown in
Figures 3,4.

Comparison of quantitative parameters of angiographic
examination between the benign and malignant groups

There was no significant difference in the initial increase
time, peak intensity, peak time, and area under the curve
between the 2 groups (P>0.05). The curve sharpness in
the benign group was significantly lower than that of the
malignant group (P<0.05) (7able 4).

© Gland Surgery. All rights reserved.

Diagnostic value of SWE and CEUS
The area under the curve of SWE, CEUS, and their

combination is shown in Table 5. The diagnostic sensitivity
and specificity of SWE, CEUS, and their combination
was 90.1% and 81.6%, 67.8% and 75.4%, and 97.3% and
71.5%, respectively (Figure 5).

Discussion

CEUS can provide richer lesion vascular distribution and
blood flow for disease diagnosis by enhancing tumor blood
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Table 3 Comparison of contrast-enhanced ultrasound imaging characteristics between benign and malignant groups [n (%)]

Boundary Morphology Perfusion intensity Enhancement Perfusion defects
Nodule
Group
number  Clear Unclear Regular Irregular Enhanced Homogeneous Inhomogeneous ~ With  Without
enhanced
Benign 62 49 (79.03) 13 (20.97) 52 (83.87) 10 (16.13) 45(72.58) 17 (27.42) 38 (61.29) 24 (38.71) 16 (25.81) 46 (74.19)
group
Malignant 34 7(20.59) 27 (79.41) 6 (17.65) 28(82.35) 10(29.41) 24 (70.59) 12 (35.29) 22 (64.71) 23 (67.65) 11 (32.35)
group
b 30.858 40.268 16.724 5.946 15.937
P value <0.001 <0.001 <0.001 0.015 <0.001

Figure 3 Contrast-enhanced ultrasound image of malignant.

Thyroid papillary carcinoma showing low enhancement.

Figure 4 Contrast-enhanced ultrasound image of benign nodules.

Nodular goiter showing homogeneous enhancement.

vessels and increasing the contrast of tumor blood vessels
after injecting contrast agents (5,6). Compared with benign
tumors, the blood supply of malignant tumors is more
abundant, and they generally have significant differences
in the number, structure, and morphology of blood
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vessels. Therefore, CEUS has positive significance for
the differential diagnosis of benign and malignant thyroid
diseases (7). According to the findings of the present study,
benign thyroid nodules mostly manifested as lesions with
clear borders and regular morphology, and most of the
nodules had circular enhancements around them. This
phenomenon may be closely related to the corresponding
ring blood flow signal, which is enhanced by ultrasound
contrast agent. Benign thyroid nodules mainly have rapid
filling, usually characterized as “fast in and slow out”.
CEUS imaging showed homogeneous enhancement and
no perfusion defects. However, the initial increase time of
malignant nodules was delayed compared with adjacent
tissues, and the clearance time was earlier than adjacent
tissues with inhomogeneous enhancement performance.
The enhancement degree of malignant nodules was
lower than that of adjacent tissues, indicating “slow in
and fast out”. In a CEUS quantitative analysis, the time-
intensity curve was used to effectively reflect the change
in characteristics of the contrast agent in the lesion over
time during the imaging process, and to obtain quantitative
parameters (8,9). In the present study, there was no
significant difference between benign and malignant thyroid
nodules in the initial increase time, peak time, area under
the curve, and peak intensity; however, the curve sharpness
of malignant nodules was significantly higher than that
of benign nodules. In a previously published quantitative
analysis of the time-intensity curve during CEUS
examination, the sensitivity and specificity for diagnosing
benign and malignant thyroid diseases were 76.9% and
84.8%, respectively (10). In the present study, based on the
inhomogeneous enhancement standard, the ROC curve
analysis showed that the diagnostic sensitivity and specificity
of CEUS were 67.8% and 75.4%, respectively, indicating
that CEUS has a certain diagnostic value for benign and

Gland Surg 2020;9(6):2136-2143 | http://dx.doi.org/10.21037/gs-20-819


http://dx.doi.org/10.21037/gs-20-819

Gland Surgery, Vol 9, No 6 December 2020

2141

Table 4 Comparison of quantitative parameters of angiography between benign and malignant groups (x=s)

Curve sharpness Area under the

Group Nodule number Initial increase time (s) Peak time (s)  Peak intensity (dB) Us) curve (L/s)
Benign group 62 14.18+2.56 38.01+5.74 44.38+6.25 0.16+0.02 4.65+0.73
Malignant group 34 14.93+2.67 36.96+5.13 45.91+6.38 0.24+0.04 4.96+0.78
t 1.352 0.889 1.139 13.081 1.942
P value 0.180 0.376 0.258 <0.001 0.055
Table 5 Area under the receiver-operating characteristic curve
95% confidence interval

Detection means Area under the curve Standard error of mean P value

Upper limit Lower limit
SWE 0.813 0.062 0.006 0.852 0.978
CEUS 0.704 0.067 0.012 0.614 0.823
SWE + CEUS 0.806 0.059 0.008 0.889 0.984

SWE, shear wave elastography; CEUS, contrast-enhanced ultrasound.
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Figure 5 Receiver-operating characteristic curve analysis of benign
and malignant thyroid lesions diagnosed by contrast-enhanced
ultrasound (CEUS) and shear wave elastography (SWE).

malignant thyroid diseases. At present, thyroid diagnosis
with CEUS is still in the preliminary exploratory stage. The
inconsistent results of relevant research may be related to
inconsistencies in evaluation indicators (i.e., peak intensity
of the fitted curve, signs, average passage time of contrast
agent, and average perfusion intensity). Therefore, the value
of CEUS in the diagnosis of benign and malignant diseases
remains to be verified by further studies with larger sample
sizes.

Ultrasound elastography is a new diagnostic technology
that has been developed in recent years, which can be
used to distinguish benign and malignant thyroid diseases.
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Elastography generally adopts the area score method to
determine the ratio of strain rate between the tumor and
adjacent tissues, which is a semiquantitative examination
of nodule hardness. SWE is a type of quantitative
measurement technology, and the Young’s modulus value
measured by it is the elastic modulus of the object; that
is, the ratio of stress to strain. The stress and strain are
proportional within the elastic limit of the object, and the
ratio can reflect the elasticity of the organization; that is, the
greater the Young’s modulus value, the harder the structure
(11,12). Previous pathological studies have found that the
elastic coefficient of tissues, such as fat, breast tissue, fibrotic
tissue, and non-invasive cancerous tissue, are significantly
different from invasive cancerous tissue (13). Human benign
thyroid lesions, such as adenomas and nodular goiters,
are mainly composed of follicular cells, which are soft due
to the glial components in the cell body. In contrast, the
hardness of malignant thyroid lesions, such as papillary
thyroid carcinoma, is high due to multiple branches of the
tissue and calcified bodies, fibers, and blood vessels in the
stroma (14,15). The SWE inspection method uses modern
technologies, such as acoustic radiation pulse control,
multi-wave imaging, and fusion frequency conversion,
which can effectively gather at different depths of the tissue,
and finally generate shear waves. Because the elasticity of
the tissue and the propagation rate of the shear waves are
positively correlated, SWE could be used to quantitatively
detect the Young’s modulus value. In the present study, the
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average Young’s modulus value of malignant nodules was
significantly higher than that of benign nodules, which was
consistent with Lam ez 4l’s findings (16), indicating that
there is a difference in the average Young’s modulus value
between benign and malignant thyroid nodules, and this
can be used to distinguish benign and malignant nodules.
It has been reported that SWE has a sensitivity of 90%
and a specificity of 80% in the diagnosis of benign and
malignant thyroid nodules (17). In the present study, the
diagnostic sensitivity and specificity of SWE were 90.1%
and 81.6%, respectively, which were consistent with the
earlier reported results. Compared to CEUS, SWE showed
higher diagnostic sensitivity and specificity. In the present
study, sensitivity and specificity of the combined diagnosis
of CEUS and SWE were 97.3% and 71.5%, respectively,
indicating that CEUS combined with SWE can improve
the sensitivity of SWE alone, but with poor specificity.
It is recommended that clinical indicators such as serum
thyrotrophin and neutrophil/lymphocyte ratio (NLR) be
combined to improve diagnostic specificity. However, the
application of CEUS and SWE also has certain limitations,
such as high requirements on ultrasonic machines, so it is
difficult to promote and apply them in grassroots hospitals
at present.

In summary, compared with CEUS, SWE is more
effective in diagnosing benign and malignant thyroid
nodules. A combination of both can increase the sensitivity
of SWE diagnosis and can effectively increase diagnostic
efficiency. However, the limitations of the present study
included the small sample size and that it was a non-
multicenter study. Therefore, future multicenter studies
with larger sample sizes are warranted to confirm the
findings of the present study.
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