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Abstract

The purpose of our study is to explore the efficiency of Shear Wave Elastography (SWE) in predicting
malignancy Breast Cancer (BC). 63 patients with normal mammary glands and 61 patients with invasive
carcinoma were detected by Real-time Tissue Elastography (RTE). Two SWE images of breast
hyperplasia with fibroadenoma and invasive breast carcinoma were also obtained. For the SWE
characteristics, maximum, minimum, mean elasticity and SWE ratio were acquired. The SWE ratio was
counted to reflect the stiffness of lesions, and a high ratio demonstrated a stiff lesion. Kruskal-Wallis
one-way ANOVA, Receiver Operating Characteristic (ROC) curve, and Z-Test were used for statistical
analysis. Our results indicated that SWE in patients with normal mammary glands showed a light-blue
coloured lesion and the SWE values (Eyean) Was 7.1 kPa. SWE in patients with invasive carcinoma
revealed a yellow-to-red coloured mass, and the SWE values (E;,can) Was 243.6 kPa. The cut-off values of
the ROC curve analysis at lesion (E,,,¢) and gland ratio (E,,;) were 55.8 kpa and 3.45. The Z value was
0.915, and the P value was 0.36 for ROC curve between E, ., and E ;. The SWE value (E;ca,) in front
of the fat layer was 12.6 kPa in patients with breast hyperplasia accompanying fibroadenoma. The SWE
values (E;,ean) in front of the fat layer was 23.9 kPa in patients with invasive carcinoma. Breast cancers
with invasive characteristics had high SWE ratios. Therefore, SWE may provide potential application

value for predicting prognosis.
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Introduction

Breast Cancer (BC) is identified to be the most common cancer
and the principal cause of cancer death among females
worldwide [1]. In 2015, cancer was accounting for 429.16
million new cases and 281.42 million deaths in the China,
among them, BC accounted of 2.47% in deaths with 69.5
million cases. Despite the enormous progress of novel
treatments in recent few decades, the five-year relative survival
rates of BC with I, II, IIT and IV, 5 y survival rate of BC were
80%, 52%, 42% and 14%, respectively [2,3]. The high
incidence and poor prognosis of BC are mainly due to the lack
of effective measures of diagnosis and treatment, and patients
are often at advanced stages when are diagnosed [1,4]. The
current therapies for patients who suffered from BC are mainly
including chemotherapy and radiotherapy, with very limited
therapeutic efficacy and even along with several unexpected
side effects [5-7]. Therefore, it is particularly important for the
early diagnosis and identification of BC.
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Human tissue lesion has a direct relationship with its hardness
changes [8]. Palpation have been widely applied in clinical
practice, the hardness of palpation is of great significance to
the differential diagnosis of benign malignancy. However,
palpation is highly dependent on the doctor’s subjective
experience [9]. It is difficult to detect the deep lesions and
early minor lesions. Therefore, it has become the focus of
research to assess the hardness of the lesion objectively in
recent years. At present, many methods of elastography are
available on many current ultrasound systems. While
individual images can be interpreted consistently, it can be
difficult to capture the same information across acquisitions or
users, and this may hamper clinical utility [10-12].

Real-time Shear Wave Elastography (SWE, Supersonic
Imagine, Aix-en-Provence, France) serves as an acoustic
pressure wave which contains slow-moving lateral waves, and
the speed of the shear wave is related to the square root of the
tissue’s elastic modulus [13]. Shear wave is spread more
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slowly in soft tissues and faster in hard tissues. Ultrafast™
imaging can detect the small changes according to the different
stiffness of tissues. Therefore, Real-time SWE is a real-time,
reliable, and reproducible manner to make physicians to
visualize and quantify the stiffness of tissues. Above all, real-
time SWE has lots of advantages, such as real-time guidance
using two-dimensional image; The visual display using color
elastic image; The repeatability and safety operation and the
quantitative analysis using the absolute value of Young’s
modulus. Therefore, the elastic modulus value of breast solid
lesions is of great significance in the evaluation and differential
diagnosis of benign and malignant breast solid lesions.
Contrasted with the other elastic modulus value, the E,,;, and
the E, . have greater diagnostic value.

In our study, patients with normal mammary glands, invasive
carcinoma, breast hyperplasia with fibroadenoma, and invasive
breast carcinoma were detected by Real-time Tissue
Elastography (RTE), and the maximum, minimum, mean
elasticity and SWE ratio were acquired. We then analyzed the
Eean Value in patients with normal mammary glands before
and after 40 y of age. In patients with BC, we drew the ROC
curves of E ;. and E ., and concluded the critical values both
them to identify its value in terms of disease diagnosis.

Materials and Methods

Participants

The study was approved by the Ethics committee of the
Hospital. Each patient has provided the informed consent
before enrolment. We chose 63 patients that have mammary
glands of ultrasound without exception, and 63 breast lesions
including 23 malignant lesions and 40 benign lesions.

All patients were scanned using the Aixplorer ultrasound
system (SuperSonic Imagine, Aixen Provence, France) in the
Hospital between 2013 and 2016. 63 patients had been
scheduled for US-guided core biopsy or surgical excision. The
features of sonographic images including lesion’s shape,
margin, echo, height/width, halo, acoustic shadow, flow, which
were classified according to the American College of
Radiology (ACR) Breast Imaging Reporting and Data System
(BI-RADS). All SWE pictures were freely provided to
participants.

Inclusion and exclusion criteria

According to the medical records and breast ultrasound, we
established the inclusion criteria. We included women with a
breast mass revealed with palpation, mammography.

We excluded women with breast implants and those who were
pregnant or lactating, who were receiving chemotherapy or
radiation therapy for any cancer, who had a history of
ipsilateral breast surgery, or who were unwilling or unable to
provide informed consent were excluded. Women who have
skin lesions and lesions that had been biopsied previously were
also excluded.
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SWE examination

In our study, all investigators major in BC diagnosis
independently accomplished at least 150 breast ultrasound
examinations in a year. All participants have accepted the
breast ultrasound with breast ultrasound system. On the basis
of the ultrasonic breast mass BI-RADS taxonomy made by the
radiological society of the United States in 2003 (American
College of Radiology, ACR), we chose breast masses of
BIRADS classification for 3, 4a, 4b, 4c and 5 classes [14].
Qualified participants will receive additional B-mode
ultrasound examination with the ultrasound system (RUBI,
Supersonic Imagine, Aixen-Provence, France), and B-mode
characteristics were recorded. After the completion of all
identification, SWE was performed with the frequency probe at
4-15 MHz and then we acquired three separate images in SWE
mode. According to the shape of the breast masses, the entire
lesion area was covered as far as possible, and then the Q-
BOXTM function was started to measure the E .y, Emeans Esd
values. We then selected the hardest area of the diseased tissues
(2 mm % 2 mm, circular region) and normal breast tissues at
the same depth (2 mm x 2 mm, circular region), and then used
Q-BOXTM function to detect the ratio of E ... Investigators
will evaluate the three qualitatively similar images, and
analyze the quantitative SWE characteristics of the mass.
Investigators will also carry out a blinded evaluation for the
static images of all masses.

Statistical analysis

The continuous variables in this study were dichotomized (for
example, normal breast tissues were dichotomized into before
and after 40 y old. BC patients were dichotomized into patients
with benign tumors and patients with malignant tumors.
Lesions were dichotomized into malignant lesions and benign
lesions). The significance of differences was assessed using the
Chi-square test. The quantitative values maximum elasticity
(Emax), median elasticity ratio (E.,), median mean elasticity
value (Eyean), and minimum elasticity (E,;,) were collected on
SWE. SWE, B-mode, and clinical characteristics were counted
statistically between benign and malignant lesions using a
Student’s t-test or Kruskal-Wallis one-way ANOVA. The
Receiver Operating Characteristic (ROC) curve was also
drawn, the area under the ROC curve (Area under Curve,
AUC) was calculated, and the optimal critical value of
diagnosis was obtained, the sensitivity and specificity were
calculated. The data were analyzed using IBM SPSS 21 (IBM,
Portsmouth, UK). The area under the ROC curve for The
SWE™ (E, .« and E,,) was analyzed by Z-test. The statistical
significance was set at P<0.05.

Results

Two shear wave elastography (SWE™) images of
normal breast and invasive carcinoma

SWE imaging technology was firstly used to carry out
elasticity quantitative study on normal breast tissue and find
the hardness range of normal breast tissue so as to provide the
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basis for the further abnormal disease diagnosis. We chose 63
patients that have mammary glands of ultrasound without
exception. 63 patients were divided into two groups according
to age before and after 40 y of age. Then 63 patients with
normal mammary glands were detected by Real-time Tissue
Elastography (RTE). As shown in Table 1, the median mean
elasticity values (Epean) Were 10.925 £ 4.354 and 12.683 +
4.335 in 63 patients with normal mammary glands before and
after 40 y of age (t=0.169, P=0.866), and the
glandular section thickness (cm) were 0.979 £ 0.290 and 0.964
+ 0.386 in 63 patients with normal mammary glands before
and after 40 y of age (t=-1.596, P=0.116). The images of all
patients were very similar. As shown in Figure 1 (Top), the
results indicated that SWE showed a light-blue coloured lesion,
and the SWE values (Ecan» Emin» Emax and Egq) were 7.1 kPa,
5.5 kPa, 9.3 kPa and 0.7 kPa. B-mode image (Bottom) showed
an ill-defined, hypoechoic mass.

Table 1. The median mean elasticity value (E,u..,) of normal breast
tissues before and after 40 y of age.

Data <40 (n=28) >40 (n=35) t P
value value
Emean (kpa) 10.925 + 12.683 + 0.169 0.866
4.354 4.335

Glandular section thickness 0.979 £0.290 0.964 +0.386 -1.596 0.116
(cm)

Table 2. The pathological situation of 66 breast cancer patients.

“E mean=median mean elasticity value.

The 63 breast lesions in our study cohort were 23 malignant
lesions and 40 benign lesions. 23 malignant lesions included
invasive carcinoma (n=15), intraductal carcinoma (n=6),
preinvasive carcinoma (n=2); 40 benign lesions included
fibroadenoma (n=18), breast hyperplasia (n=12), intraductal
papilloma (n=2), and other (n=8) (Table 2).

61 patients with invasive carcinoma were measured by RTE.
The images of all patients were very similar. As shown in
Figure 1 (Below), the results revealed a yellow-to-red coloured
mass. The red showed the highest stiffness and the blue
showed the lowest stiffness, and the SWE values (Eean, Emins
Emaxs Esq and E ;) were 243.6 kPa, 161.8 kPa, 298.1 kPa, 40.8
kPa, and 72.4 kPa. B-mode image (Bottom) revealed an ill-
defined, hypoechoic mass.

According to statistics, the lesion (E.,x) in benign tumors
(n=40) and malignant tumors (n=23) were 20.973 + 7.308 and
82.259 + 41.370 (t=-7.042, P<0.01). The gland ratio (E.) in
benign tumors (n=40) and malignant tumors (n=23) were 1.588
+0.543 and 5.260 + 2.190 (t=-7.902, P<0.01).

The surrounding parenchyma (Ec,n) in benign tumors (n=40)
and malignant tumors (n=23) were 10.956 + 3.737 and 15.639
+5.607 (t=-3.575, P<0.01) (Table 3).

Patients with malignant tumors

The number of lesions (N)

The number of lesions

(N)

Patients with benign tumors

Invasive carcinoma 15 Fibroadenoma 18
Intraductal carcinoma 6 Breast hyperplasia 12
Pre-invasive carcinoma 2 Intraductal papilloma 2
Other 8
Total 23 40

Table 3. The elastic mould values in benign tumors and malignant tumors.

Variable Benign tumors (n=40) Malignant tumors (n=23) t value P value
Lesion (Emax) 20.973 +7.308 82.259 + 41.370 -7.042 <0.01
Gland ratio (Eat) 1.588 +0.543 5.260 + 2.190 -7.902 <0.01
Surrounding parenchyma (Ennean) 10.956 + 3.737 15.639 + 5.607 -3.575 <0.01
“Emax=Maximum elasticity; E o=Median elasticity ratio; Eesn=Median mean elasticity value.
Table 4. The diagnosis of ROC curve according to the cut off points (E,,,,=55.8 kpa).

Lesion (Eax) Patients with malignant tumors Patients with benign tumors Total
Malignant lesions 21 2 23
Benign lesions 2 38 40
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Total 23 40 63
"Emax=maximum elasticity.

Table 5. The diagnosis of ROC curve according to the cut off points (E,,;=3.45 kpa).
Gland ratio (E ) Patients with malignant tumors Patients with benign tumors Total
Malignant lesions 21 3 24
Benign lesions 2 37 39
Total 23 40 63

“Ea=Median elasticity ratio.

Table 6. Diagnostic performance characteristics: Comparison Lesion (E,,,,) and Gland ratio (E, ).

Diagnosis Sensitivity Specificity Accuracy Positive predictive value Negative predictive value
Lesion (Emax) 0.913 0.95 0.937 0.913 0.95
Gland ratio (E rat) 0.913 0.925 0.921 0.875 0.949

“Emax=Maximum elasticity; E,=Median elasticity ratio.

Figure 1. Two shear wave elastography (SWE™) images of normal
breast and invasive carcinoma. (A) 63 patients with normal mammary
glands were detected by real-time tissue elastography (RTE). The
images of all patients were very similar. SWE (top) showed a light-
blue coloured lesion, E,,,. was 9.3 kPa, E,,z,, was 7.1 kPa, E,,;, was
5.5 kPa, Eg; was 0.7 kPa. B-mode image (Bottom) showed an ill-
defined, hypoechoic mass; (B) 61 patients with invasive carcinoma
were measured by RTE. The images of all patients were very similar.
SWE (Top) revealed a yellow-to-red coloured mass. The red showed
the highest stiffness and the blue showed the lowest stiffness, E, .
was 298.1 kPa, E,,, was 243.6 kPa, E,,;, was 161.8 kPa, E,; was
40.8 kPa, E,, was 72.4. B-mode image (Bottom) revealed an ill-
defined, hypoechoic mass. E,,,, indicates maximum elasticity, E,cq,
indicates median mean elasticity value, E,;, indicates minimum
elasticity, Eyy indicates standard deviation of elasticity, E, ~median
elasticity ratio.
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+Q-Box™ Ratlo
Ratlo (kPa) 72.4
Display Saturated
Mean  243.6kPa
Min 161.8kPa
Max 298.1kPa
50 40.8kPa
Diam 2.05mm
Depth 0.3em
Mean J.AkPa
Min 2.2kPa
Max 4.0kPa
S0 0.4kPa
Diam 2.05mm
Depth 1.2¢m

ROC curves for lesion (E,,)

The cut-off value of the ROC curve analysis at E,;,, was 55.8
kpa, and the area under the receiver operating characteristic
curve (AUC) was 0.963 with a sensitivity of 91.3% and
specificity of 95.0% (Figure 2). And then the diagnosis of ROC
curve was analyzed according to the cut off points (E;,x=55.8
kpa). The number of malignant lesions was 21, and the number
of benign lesions was 2 in patients with malignant tumors
(n=23). The number of malignant lesions was 2, and the
number of benign lesions was 38 in patients with benign
tumors (n=40). The number of total malignant lesions was 23,
and the number of total benign lesions was 40 (Table 4).
Therefore, when the cut off points for E,;,x was 55.8 kpa, the
accuracy was 93.7%, the positive predictive value was 91.3%,
and the negative predictive value was 95.0% (Table 6).
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ROC curves for gland ratio (E.,)

The cut-off value of the ROC curve analysis at E,,; was 3.45,
and the area under the receiver operating characteristic curve
(AUC) was 0.948 with a sensitivity of 91.3% and specificity of
92.5% (Figure 3). Then the diagnosis of ROC curve was
analyzed according to the cut off points (E,=3.45). The
number of malignant lesions was 21, and the number of benign
lesions was 2 in patients with malignant tumors (n=23). The
number of malignant lesions was 3, and the number of benign
lesions was 37 in patients with benign tumors (n=40).

1.0 [
0.8
£ 06
2
2]
=
)
N 04—
0.2
AUC =0.963
P<0.001
0.0 T T T T
0.0 02 0.4 06 08 1.0

1-specificity

Figure 2. ROC curves for lesion (E,,,). The chosen cut-off value was
55.8 kpa, the area under the receiver operating characteristic curve
(AUC) was 0.963. E,,,,. indicates maximum elasticity.

The number of total malignant lesions was 24, and the number
of total benign lesions was 39 (Table 5). Therefore, when the
cut off points for E,,; was 3.45, the accuracy was 92.1%, the
positive predictive value was 87.5%, and the negative
predictive value was 94.9% (Table 6). ROC curves for lesion
(Emax) and gland ratio (E,y).

In addition, the area under the ROC curve for The SWE™
(Emax and E.;) was analyzed by Z-test. The results indicated
that the Z value was 0.915, and the P value was 0.36 for ROC
curves between lesion (E,,) and gland ratio (E,), suggesting
that the diagnostic value of breast lesions diagnosis was high.
There was no obvious difference for the area under the ROC
curve (Figure 4).

Two SWE images of breast hyperplasia with
fibroadenoma and invasive breast carcinoma

Studies revealed that adipose tissues can cause abnormal
ultrasonic phenomenon, such as cloudy, fuzzy, etc. When
breast lesions infiltrate into subcutaneous fat layer [15,16]. We
then detected patients with breast hyperplasia accompanying
fibroadenoma using RTE.
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Figure 3. ROC curves for gland ratio (E,,,). The chosen cut-off value
was 3.45, the area under the receiver operating characteristic curve
(AUC) was 0.948. E,,; indicates median elasticity ratio.
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Figure 4. ROC curves for lesion (E,,,,) and gland ratio (E,,,). Area
under the ROC curve for The SWE™ (E, ... and E, ) was analyzed by
Z-test (P value=0.36, Z value=0.915). E,,,. indicates maximum
elasticity,; E,,, indicates median elasticity ratio.

The images of all patients were very similar. As shown in
Figure 5 (Top), the results showed that SWE showed a light-
blue coloured lesion, and the SWE values in front of the fat
layer (Epeans Emins Emax» and Egq) were 12.6 kPa, 12.3 kPa,
13.0 kPa, 0.3 kPa.

We also found that the echo change in benign lesions
surrounding adipose tissues was that fiber connective tissues
were close when local fat was extruded. In addition, patients
with invasive carcinoma were measured by RTE.

The images of all patients were very similar. The SWE values
in front of the fat layer (Eycans Emin, Emax, and Egq) were 23.9
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kPa, 17.5 kPa, 27.9 kPa, 2.6 kPa. The results also showed the
echo changes in malignant lesions surrounding adipose tissues,
such as stromal reaction caused by tumor cells; Fibrous tissue
hyperplasia in the edge of lesion of subcutaneous tissues with

Wang/Cai/Hu/Wang/Chu/Jiang/Cheng/Zheng

more fibroblasts, neutral particles, and lymphatic; Direct
infiltration of cancer cells in segmental adipose tissues (Figure
5, Below).

Figure 5. Two SWE images of breast hyperplasia with fibroadenoma and invasive breast carcinoma. (A) Patients with breast hyperplasia
accompanying fibroadenoma were detected by RTE. The images of all patients were very similar. SWE values in front of the fat layer were count
(Enax was 13.0 kPa, E,,.,, was 12.6 kPa, E,,;, was 12.3 kPa, E;; was 0.3 kPa), (B) Patients with invasive carcinoma were measured by RTE. The
images of all patients were very similar. SWE values in front of the fat layer were count (E,,, was 27.9 kPa, E,,,, was 23.9 kPa, E,,;, was 17.5
kPa, E,ywas 2.6 kPa). B-mode image (Bottom) showed an ill-defined, hypoechoic mass.

Discussion

At present, it is an effective method for detection of BC to use
breast ultrasound combined breast X-ray examination and
other breast imaging method, but its specificity is relatively
low [17-19]. Because many benign tumors are relatively soft,
malignant tumors are relatively rigid, at the same time,
elasticity imaging method can imaging tissue stiffness, so
elastography can improve the examination level of patient
masses with a low index of suspicion on B-mode ultrasound
[20,21]. Many elasticity imaging methods are available on
various ultrasound systems, because many of them rely on
deformation of tissues, such as strain, the release of pressure,
hand pressure, using the breathing exercises or heart movement
[10]. However, it’s hard to get the same information, which
may affect the clinical utility [11,12].

Real-time SWE has been considered to be another useful
detection method for the clinical management of patients
compared with grayscale ultrasound in benign/malignant
differentiation of solid masses [11,12,22]. In addition, stiffness
on SWE was also related to tissue signatures, such as tissue
grade, size, and nodal stage [23-25]. Therefore, Real-time
SWE also can be used to quantitatively analyze the BC tissue
stiffness, and provide more abundant information for the
diagnosis of breast disease. We aimed to assess the application
value of different elastic modulus value using real-time SWE
technology in differentiating benign and malignant breast solid
lesions.

In our study, we found that SWE in patients with normal
mammary glands showed a light-blue coloured lesion. SWE in
patients with invasive carcinoma revealed a yellow-to-red
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coloured mass. There were statistical significances for the
lesion (E4¢) in benign tumors and malignant tumors; the gland
ratio (E.y) in benign tumors and malignant tumors; the
surrounding parenchyma (E.,,) in benign tumors and
malignant tumors. Our results revealed that many types of
breast tissues have similar SWE features, lobular cancers have
similar stiffness. The variation trend for E, .., value was not in
conformity with the previous researches in 63 patients with
mammary glands before and after 40 y of age. The reasons of
discrepancy were that participants are mostly in growth period
with concentrated age, and the hormonal changes of
participants may affect the changes of breast elastic stiffness.
For 61 patients with invasive carcinoma, we found that there
were rich blood vessels in malignant lesions around; the tumor
epithelial cells were mainly located in the edge area, the
infiltrating glands and adipose tissues.

In addition, we found that SWE in patients with breast
hyperplasia accompanying fibroadenoma indicated a light-blue
coloured lesion with 12.6 kPa E .., The results also indicated
that the echo change in benign lesions surrounding adipose
tissues was that fiber connective tissues when local fat was
extruded. SWE in patients with invasive carcinoma revealed a
yellow-to-red coloured mass with 23.9 kPa E.,,. The results
also showed that the echo changes in malignant lesions
surrounding adipose tissues, such as stromal reaction; fibrous
tissue hyperplasia in the edge of lesion of subcutaneous tissues
with more fibroblasts; the infiltration of cancer cells in
segmental adipose tissues. Therefore, SWE ratios were closely
associated with the degree of BC metastasis.

Receiver Operating Characteristic (ROC) analysis is a common
graphical analysis technology of classification models [26,27].
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ROC analysis is widely used in various fields, such as
bioinformatics, medical statistics, radiology, pattern
recognition, and machine learning, etc. [28-30]. In addition,
some indicators from ROC curve, such as the area under the
ROC curve (AUC) has been used as evaluation and
construction of classifiers [31,32]. In our study, the chosen cut-
off value of E,,x was 55.8 kpa. The area under the AUC was
0.963. The chosen cut-off value was E,;; 3.45 kpa. The area
under the AUC was 0.948. Area under the ROC curve for The
SWE™ (E, .. and E,) was analyzed by Z-test (P value=0.36,
Z value=0.915). The data indicated that the diagnostic values
of diagnosis were high both E .« and E_,; in breast lesions.

Conclusion

In conclusion, our results indicated that mammary gland can be
used as a reference E,,;, value; The Z value was 0.915, and the
P value was 0.36 for ROC curves between E max and E rat,
indicating that the diagnostic value of breast lesions diagnosis
was high; When E,,, value exceeded 3.45 or E,,,x exceeded
55.8kPa, SWE has higher diagnostic accuracy and specificity.
Therefore, real-time SWE can be used to detect the micro
vascularization in different lesions, which will provide new
clinical information and diagnostic values in benign and
malignant lesions.
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