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synchronized with shear wave elastography in the differential
diagnosis of benign and malignant breast lesions: a diagnostic
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Background: Breast cancer (BC) is one of the most common malignancies affecting women. Timely
and accurate diagnosis is crucial for treatment and prognosis. Some studies have found that elastography
combined with microperfusion characteristics, which are mostly described by contrast-enhanced ultrasound
(CEUS), could help in the diagnosis of breast lesions. This study aimed to assess the diagnostic performance
of CEUS synchronized with shear wave elastography (SWE) in discriminating between benign and
malignant breast lesions by using real-time contrast elastography images to analyze shell elasticity and
contrast intensity.

Methods: A total of 26 pathologically confirmed breast lesions in 26 patients were retrospectively reviewed.
Each patient underwent conventional B-mode ultrasound, CEUS, and then SWE data was obtained from
a frame of image that was almost identical to the B-mode and CEUS images when acquiring time to peak
(T'TP). Breast lesions were evaluated based on the Breast Imaging Reporting and Data System (BI-RADS)
and quantitative characteristics that describe the stiffness and intensity of contrast of the 1.0-3.0 mm shell
region. Quantitative aspects of the inner lesions and shell on the elastogram included the maximum (Emax),
mean (Emean), and minimum (Emin) Young’s moduli. Quantitative enhanced features included maximum
(Imax) and mean (Imean) intensity. We took postoperative pathological results as the gold standard. Receiver
operating characteristic (ROC) curves were used to compare the diagnostic efficacy of the 2 examination
modalities, either alone or in combination.

Results: The age of the patients ranged from 23 to 76 years, with a 42.5-year average age. In all breast
lesions, 19 were benign and 7 were malignant. SWE synchronized with CEUS can effectively improve the
diagnostic performance of breast lesions, and Emean + Imean and Emax + Emean + Imean of shell at 1.0 mm
both had the highest area under the curve (AUC) of 0.86 [95% confidence interval (CI): 0.67, 0.96], with the
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sensitivity and specificity of 71.43% and 89.47 %, respectively.

Conclusions: The combination of CEUS and SWE has a better diagnostic value in differentiating benign

and malignant breast lesions compared to separate techniques.
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Introduction

Breast cancer (BC) is one of the most prevalent malignancies
affecting women. According to the Global Cancer Statistics
2020, BC has surpassed lung cancer as the leading cause
of global cancer in 2020 (1). In China, BC has the highest
morbidity and mortality among female malignancies (2).
Therefore, timely and accurate diagnosis is crucial for
treatment and prognosis (3). An essential tool for detecting
breast lesions is breast ultrasonography (US), which is
cheap, convenient, non-radiative, and offers real-time
results. The standardized Breast Imaging Reporting and
Data System (BI-RADS) Classification System (4) has been
used to evaluate the risk of breast lesions.

However, the incidence of BC is highly variable,
which might result in unnecessary biopsies. Non-invasive
elastography has been proposed as a means to improve

Highlight box

Key findings

* The combined use of CEUS and SWE in the peripheral region has
a better diagnostic value in differentiating benign and malignant
breast lesions compared to separate techniques.

What is known and what is new?

¢ Elastography combined with microperfusion characteristics, which
are mostly described by CEUS, could help in the diagnosis of
breast lesions.

® This study aimed to assess the diagnostic performance of CEUS
synchronized with SWE in discriminating between benign and
malignant breast lesions by using real-time contrast elastography
images to analyze shell elasticity and contrast intensity.

What is the implication, and what should change now?

* In identifying benign and malignant breast lesions, it is possible
to identify them not only by the parameter of stiffness around
the lesion, but also by the parameter of contrast intensity around
the lesion, which is a brand-new direction of research, to our
knowledge.
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differentiation between benign and malignant breast lesions.
Through the use of focused ultrasonic beams, the technique
induces mechanical vibrations in tissue and measures
its stiffness through the detection of propagating shear
waves (5). In several studies, shear wave elastography (SWE)
combined with US has been found to perform well in the
differentiation process (6,7). Cui et 4/l. (8) found that the
hardest areas of breast lesions were at the periphery rather
than the interior, and the diagnostic value of maximum
elastic (Emax) when the thickness of stiff rim which also
known as shell was at 2.0 mm was the highest [area under
the curve (AUC) =0.930] with a sensitivity of 87.5% and
specificity of 88%, which means that elasticity analysis at
the periphery may be useful for diagnosis, accordingly.

Studies have shown that BC is highly correlated with
microvessel angiogenesis (9,10), which is very important
to the growth, invasion, and survival of breast lesions.
Furthermore, compared with benign lesions, malignant
lesions have displayed a significantly different microvascular
architecture (11). However, color Doppler flow imaging
(CDFT) has only been used to evaluate vessels up to 0.2 mm
in diameter (12), due to which it has been shown to be
less discriminative than other invasive methods, such
as contrast-enhanced ultrasound (CEUS) and contrast-
enhanced magnetic resonance image (CE-MRI). In some
studies, CEUS has been shown to provide information
on microperfusion in benign and malignant BC (13).
Cancerous tissues become harder as the blood vessel and
cell density increase, and stiffness is associated with tumor
progression (14).

Studies have revealed that elastography combined
with blood flow characteristics could also help to enhance
the diagnostic performance in identifying malignant and
benign breast lesions (15,16). To our best knowledge,
there have been no studies on CEUS in the assessment
of microvascular characteristics in the peripheral regions
of breast lesions, so as to differentiate between benign
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Figure 1 Flowchart illustrating the study process. US, ultrasound; CEUS, contrast-enhanced ultrasound; SWE, shear wave elastography;

BI-RADS, Breast Imaging Reporting and Data System.

and malignant breast lesions. The aim of this study was
to evaluate the diagnostic efficiency of SWE, CEUS, and
SWE synchronized with CEUS for distinguishing between
benign and malignant breast lesions, with special emphasis
on the value of the peripheral tissue. We present the
following article in accordance with the STARD reporting
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-22-684/rc).

Methods
Patients

The included patients’ ages ranged from 23 to 76, with a
42.5-year average age, and the lesions’ maximum diameters
ranged from 6.10 to 38.70 mm. Before examination, all
patients provided written informed consent to undergo
CEUS. From June 2022 to July 2022, conventional US,
CEUS, and SWE were performed on 30 women with 30
breast lesions, who planned a surgery of breast lesions.

The inclusion criteria were as follows: (I) breast lesions
palpable by an oncologist or could be observed on the
conventional ultrasound (US); (II) no hospitalization,
radiotherapy, or chemotherapy was performed for BC
before enrollment.

The exclusion criteria were as follows: (I) lesions with
BI-RADS values under 3 as determined by traditional US
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techniques; (II) lack of normal breast tissues (less than
3 mm in thickness) around the gross lesions for the SWE
and CEUS image; (III) patients who have had breast surgery
or trauma in the past.

Only lesions with the highest BI-RADS category were
evaluated. When several lesions were classified in the same
BI-RADS category, the lesion with the largest diameter
was included. Figure I displays a flowchart illustrating the
study process. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by Ethics Committee of the Fourth Affiliated
Hospital of Zhejiang University School of Medicine (No.
K2022168) and individual consent for this retrospective
analysis was waived.

Ultrasound equipment

The Conventional US, CEUS, and SWE were obtained by
using a Resona 9 diagnostic US system (Mindray Medical
International, Shenzhen, China). The probe used for
Conventional US and SWE was 3-15 MHz. The probe
used for CEUS was 3-11 MHz. The contrast agent used
was SonoVue (Bracco, Italy). There was a unique toolbox
included with the diagnostic system for shell quantification,
which was applied to measure the stiffness and peak
intensity (PKI) of the margin (0.5-9 mm), around which
was measured in increments of 0.5 mm.
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Image acquisition

Conventional US, CEUS, and SWE examinations
were performed by the same radiologist (HLH) with
10 years of experience in breast US, who did not know the
pathological diagnosis of the breast lesions. The patients
were required to remain supine with the breast and
axilla fully exposed. First, a typical gray-scale section was
detected, and the transverse and longitudinal US images
of the lesions were obtained. All conventional US aspects
of the lesions, including size, shape, edge, location, echo
pattern, calcification, and related features, were evaluated
based on the conventional US images. Then, the final BI-
RADS assessment category was determined. According to
the BI-RADS categories: BI-RADS 3, ultrasound of the
breast revealed a likely benign feature; BI-RADS 4a, 4b,
and 4c were classified as low, medium, and high malignant
suspicion, respectively; BI-RADS 5 was highly indicative of
malignancy. According to the guidelines of the American
Society of Radiology, a biopsy was advised for breast lesions
with BI-RADS 4a or higher.

The following actions were taken in order to obtain
CEUS images. To begin the CEUS, the cut surface with
the most robust blood flow and well-defined vascularity of
the lesion was chosen. A 4.8 mL bolus of the US contrast
agent was intravenously given, and then it was flushed with
a 5.0 mL solution of 0.9% sodium chloride (17). As soon as
the timer began, a continuous video recording (for at least
2 minutes) was made, and pictures and videos were saved
for analysis. The patients were told to breathe slowly and
steadily during acquisition, and the operator positioned
the probe lightly on the skin in front of the lesion to
prevent excessive pressure from impairing the contrast
agent microvascular imaging. The acquired videos were
further processed with analysis software. In order to obtain
the corresponding time and image of PKI, the radiologist
drew a region of interest (ROI) by tracing the margin of
the lesions. The time-intensity curve (TIC) was recorded
automatically, and the quantitative parameters were
generated, including PKI and time to peak (T'TP). After
obtaining the TTP, the radiologist advanced the video to
the corresponding frame to obtain both B-mode and CEUS
images of the lesions. In order to obtain the elasticity
images correctly, the following steps were performed.
Following the previous images, the transducer was placed
vertically and as lightly as possible on the surface above the
lesion. The patient was instructed to breathe slowly and
steadily during the entire session. Meanwhile, a rectangular
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ROI was set to obtain SWE images, which should have
included the entire breast lesion and any adjacent tissue no
less than 3 mm. The dependability of the SWE images was
evaluated through the use of the quality control parameter
called similarity, which ranged from 0% to 100%. When
similarity reached more than 90%, we assumed the current
image was almost identical to the B-mode and CEUS
image. Meanwhile, a shear wave quality mode was used to
evaluate the accuracy of the SWE images: Chart for Quality
Control (QCC). The SWE images were regarded as being
of high quality when the color in the QCC was consistent.
Once the image was stabilized and of high quality, the
image was saved for further analysis, and the lesions’
boundaries were manually delineated. The maximum, mean,
and minimum Young’s moduli (0-140 kPa) of the lesions
could be calculated and documented as Emax, Emean, and
Emin. The maximum and mean intensity values of the
lesions could also be calculated and documented as Imax
and Imean. By adjusting the “shell” function key to 1.0, 2.0,
and 3.0 mm, the maximum elastic modulus, mean elastic
modulus, minimum elastic modulus, maximum intensity,
and mean intensity of the “shell” area were automatically
calculated. Finally, the average of the data was calculated
and included into the study (Figures 2,3).

Histopathological examination

Results from histopathology were regarded as the gold
standard, which were carried out by a pathologist who
specialized in disorders of the breast. The pathologist was
blinded to the results of ultrasound.

Statistical analysis

The software SPSS 26.0 IBM Corp., Armonk, NY, USA)
was used to perform statistical analysis; the independent
samples Kolmogorov-Smirnov was used to confirm the
normal distribution. Continuous data satistying the normal
distribution are expressed as the mean = standard deviation
(SD), the independent samples 7-test was used to compare
the quantitative Young’s moduli and intensity values.
Receiver operating characteristic (ROC) curve analysis was
performed by using MedCalc for Windows, version 20.0.22
(MedCalc Software Ltd., Ostend, Belgium). Optimal cutoff
values were determined through the Youden index. The
sensitivity, specificity, positive predictive values (PPVs),
negative predictive values (NPVs), and AUC of CEUS,
SWE, and the combination in the diagnosis of benign and
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Figure 2 53-year-old woman with fibroadenoma. (A) ROI for quantitative analysis of CEUS. (B) Quantitative analysis of TIC of CEUS,
which showed the TTP was 36.07 s. (C) CEUS synchronized with SWE quality control with no obvious artifacts. (D) The shell included
1.0 mm peripheral tissue surrounding the breast lesion. The values of Emax, Emean, Emin, Imax, and Imean were 23.70 kPa, 10.62 kPa,
4.04 kPa, 34.26 dB, and 7.31 dB, respectively. (E) The shell included 2.0 mm peripheral tissue surrounding the breast lesion. The values
of Emax, Emean, Emin, Imax, and Imean were 34.31 kPa, 10.95 kPa, 4.04 kPa, 37.27 dB, and 7.92 dB, respectively. (F) The shell included
3.0 mm peripheral tissue surrounding the breast lesion. The values of Emax, Emean, Emin, Imax, and Imean were 36.77 kPa, 10.84 kPa,
4.04 kPa, 38.02 dB, and 7.71 dB, respectively. ROI, region of interest; CEUS, contrast-enhanced ultrasound; TIC, time-intensity curve;
TTP, time to peak; SWE, shear wave elastography; Emax, the maximum Young’s moduli; Emean, the mean Young’s moduli; Emin, the

minimum Young’s moduli; Imax, the maximum intensity; Imean, the mean intensity.
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Figure 3 36-year-old woman with invasive lobular carcinoma. (A) ROI for quantitative analysis of CEUS. (B) Quantitative analysis of TIC
of CEUS, which showed the TTP was 26.00 s. (C) CEUS synchronized with SWE quality control with no obvious artifacts. (D) The shell
included 1.0 mm peripheral tissue surrounding the breast lesion. The values of Emax, Emean, Emin, Imax, and Imean were 150.09 kPa,
44.71 kPa, 10.26 kPa, 50.45 dB, and 21.65 dB, respectively. (E) The shell included 2.0 mm peripheral tissue surrounding the breast lesion.
The values of Emax, Emean, Emin, Imax, and Imean were 177.15 kPa, 43.01 kPa, 5.69 kPa, 51.95 dB, and 19.88 dB, respectively. (F) The
shell included 3.0 mm peripheral tissue surrounding the breast lesion. The values of Emax, Emean, Emin, Imax, and Imean were 177.15 kPa,
41.00 kPa, 4.39 kPa, 51.95 dB, and 18.37 dB, respectively. ROI, region of interest; CEUS, contrast-enhanced ultrasound; TIC, time-
intensity curve; TTP, time to peak; SWE, shear wave elastography; Emax, the maximum Young’s moduli; Emean, the mean Young’s moduli;

Emin, the minimum Young’s moduli; Imax, the maximum intensity; Imean, the mean intensity.
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Table 1 Histopathological results of benign and malignant breast
lesions

Histopathological finding No. of lesions (%)

Benign

Fibroadenoma 12 (63.16)
Intraductal papilloma 5(26.32)
Inflammation 1(5.26)
Hyperplastic nodule 1 (5.26)
Malignant

Invasive ductal carcinoma 3 (42.86)
Invasive lobular carcinoma 2 (28.57)
Ductal carcinoma in situ 2 (28.57)

malignant nodules were calculated, with postoperative
pathological results as the gold standard. When the P value
was less than 0.05, differences were declared statistically
significant.

Results
Pathological findings

Out of 26 breast lesions, postoperative histology found 19
benign and 7 malignant lesions. The included patients’
ages ranged from 23 to 76, with a 42.5-year average age.
In our study, the average age of the benign and malignant
patients was 41.16x13.50 years (range, 23-66 years) and
46.00£15.66 years (range, 30-76 years), respectively. The
lesions” maximum diameters ranged from 6.10 to 38.70 mm,
with benign and malignant lesions having mean diameters
of 15.99+9.03 and 23.06£9.95 mm, respectively. Age and
size differences between benign and malignant breast
tumors were not found to be statistically significant (P>0.05).
Histopathological results of the benign and malignant
tumors are summarized in Table 1.

The characteristics of quantitative SWE

Emean of lesions, Emax and Emean of the shell at 1.0 mm,
Emean of the shell at 2.0 mm, and Emean of the shell at
3.0 mm were higher in malignant breast lesions than benign
lesions (P<0.05) (1able 2). Based on the ROC analysis, only
Emean of shell at 3.0 mm, with an AUC of 0.74 [95%
confidence interval (CI): 0.54, 0.89], presented significant
difference between benign and malignant lesions. The

© Gland Surgery. All rights reserved.
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sensitivity, specificity, PPV, and NPV are presented in Tible 3.

The characteristics of quantitative CEUS

Regarding the CEUS image, the difference in Imax of
lesions, Imean of the shell at 1.0 mm, and Imean of the shell
at 2.0 mm between benign and malignant breast lesions
were considerable. However, when the shell was at 3.0 mm,
it did not appear that benign and malignant lesions differed
much in terms of the intensity (7Table 4). The AUCs of the
Imax of lesions, Imean of the shell at 1.0 mm, and Imean
of the shell at 2.0 mm were 0.74 (95% CI: 0.53, 0.89),
0.81 (95% CI: 0.61, 0.94), and 0.81 (95% CI: 0.60, 0.93),
respectively. The Imean of the shell at 1.0 mm had the
maximum AUC of 0.81. The sensitivity, specificity, PPV,
and NPV are presented in Table 3.

Diagnostic performance when CEUS was synchronized
with SWE

The AUCs of Emean + Imax of lesions, Emax + Imean of
the shell at 1.0 mm, Emean + Imean of shell at 1.0 mm,
Emax + Emean + Imean of shell at 1.0 mm, and Emean +
Imean of shell at 2.0 mm were 0.77 (95% CI: 0.57, 0.91),
0.86 (95% CI: 0.67, 0.96), 0.85 (95% CI: 0.66, 0.96),
0.86 (95% CI: 0.67, 0.96), and 0.82 (95% CI: 0.62, 0.94),
respectively (P<0.05 for all). The sensitivity, specificity,
PPV, and NPV are presented in Table 3.

Discussion

The standard BI-RADS grading system is widely used
to assess the risk assessment of breast lesions, which is
mainly based on 2-dimensional (2D) grey-scale US (18).
However, the scoring system is highly sensitive but less
specific, which makes it difficult to distinguish between
benign and malignant breast lesions. With the development
of elastography and CEUS technology, radiologists can
obtain both the conventional observation information, like
morphology and blood flow characteristics of the lesion,
and the stiffness in and around the lesion, which helps to
improve the diagnostic accuracy (19).

A previous study has indicated that instead of the center
of the lesions, the periphery of malignant breast lesions
is the hardest (20). There has been increasing concern
about the peripheral area of breast lesions, particularly
the stiffness of the shell. According to certain researches,
employing the shell-based analysis technique, Emax of the
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Variable Benign (n=19) Malignant (n=7) t value P value
Lesion
Emax (kPa) 61.55+30.14 135.18+108.88 -1.765 0.125
Emean (kPa) 22.40+7.60 31.13+13.68 -2.079 0.049
Emin (kPa) 8.00+3.24 7.64+3.61 0.252 0.803
Shell 1.0 mm
Emax (kPa) 67.07+41.74 124.54+70.15 —2.581 0.016
Emean (kPa) 25.53+11.74 40.87+18.05 -2.551 0.018
Emin (kPa) 8.12+3.96 9.37+2.78 -0.759 0.456
Shell 2.0 mm
Emax (kPa) 83.59+53.90 135.02+70.31 -1.991 0.058
Emean (kPa) 26.07+12.81 40.92+16.94 -2.406 0.024
Emin (kPa) 7.60+3.70 8.31£3.22 -0.445 0.660
Shell 3.0 mm
Emax (kPa) 92.92+67.26 140.05+63.30 -1.608 0.121
Emean (kPa) 26.07+13.21 39.22+14.48 -2.196 0.038
Emin (kPa) 6.86+3.17 6.93+4.16 -0.041 0.967

The data are expressed as mean + standard deviation. SWE, shear wave elastography; Emax, the maximum Young’s moduli; Emean, the

mean Young’s moduli; Emin, the minimum Young’s moduli.

shell at 1.0-3.0 mm demonstrated the highest diagnostic
performance when differentiating between benign and
malignant breast tumors (21-23). There are two main
reasons which can explain this phenomenon. One is that
the peritumoral stiffness is increased by the presence of
abnormal stiff collagen associated with cancer fibroblasts
and the desmoplastic reaction brought on by the invasion
of cancer cells into the peri-lesions (20,24,25). The other
is that the energy of shear waves is reduced in nearby
regions, which leads to lower elastic values inside breast
lesions (20,23). In our study, the elasticity of the shell at
1.0-3.0 mm could differentiate benign and malignant breast
lesions, though only several parameters could distinguish
with significant difference. This result is similar to previous
studies, generally. Additionally, when it comes to the ROC
curve of SWE, only Emean of the shell at 3.0 mm with an
AUC at 0.74 (95% CI: 0.54, 0.89) was statistically different.
This was mainly because our sample size was limited, which
may have led to increased error. Meanwhile, invasive ductal
carcinoma and ductal carcinoma in situ (DCIS) accounted
for a large proportion, which have a minimal potential to
invade the surrounding tissue. These may together result

© Gland Surgery. All rights reserved.

in Emean being statistically significant in differentiating
between benign and malignant lesions.

The mammary gland is a superficial organ with a poor
blood supply, which causes a slower blood flow (26).
However, the conventional CDFI technique cannot
visualize low velocity blood flows. CEUS is one of the
recognized sensitive methods for BC detection. It provides
microperfusion information by injecting a contrast agent,
which forms contrast agent microbubbles at the air-liquid
interface to enhance the Doppler signal of blood flow. Li
et al. (27) analyzed the CEUS and histopathology of BC,
and concluded that the CEUS and parameters of CEUS
could not only reflect microvascular distribution, but also
indirectly indicate the histological grade of BC. According
to several investigations, peripheral rim enhancement
on magnetic resonance imaging (MRI) has been linked
to greater tumor size, higher histologic grade, estrogen
receptor (ER)-negativity, progesterone receptor (PR)-
negativity, and positive lymph node status (28,29). Few
studies have examined the value of shell area enhancement
characteristics in distinguishing benign and malignant
breast masses, let alone the quantitative analysis of the shell
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Table 3 Diagnostic performance of SWE, CEUS, and SWE + CEUS in distinguishing malignant from benign masses

Group Variable Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC (95% Cl) P value
SWE
Lesion Emean 71.43 78.95 55.53 88.24 0.72 (0.51-0.88) 0.125
Shell 1.0 mm Emax 71.43 94.74 83.32 90.01 0.76 (0.55-0.90) 0.057
Emean 71.43 89.47 71.39 89.48 0.74 (0.53-0.89) 0.067
Shell 2.0 mm Emean 71.43 89.47 71.39 89.48 0.74 (0.53-0.89) 0.052
Shell 3.0 mm Emean 71.43 89.47 71.40 89.48 0.74 (0.54-0.89) 0.044
CEUS
Lesion Imax 85.71 68.42 49.97 92.86 0.74 (0.53-0.89) 0.013
Shell 1.0 mm Imean 85.71 73.68 54.51 93.34 0.81 (0.61-0.94) 0.002
Shell 2.0 mm Imean 71.43 84.21 62.47 88.90 0.81 (0.60-0.93) 0.001
Shell 3.0 mm (NA)
SWE + CEUS
Lesion Emean + Imax 71.43 78.95 55.53 88.25 0.77 (0.57-0.91) 0.016
Shell 1.0 mm Emax + Imean 71.43 89.47 71.40 89.48 0.86 (0.67-0.96)  <0.001
Emean + Imean 85.71 73.68 54.51 93.34 0.85 (0.66-0.96)  <0.001
Emax + Emean + Imean 71.43 89.47 71.40 89.49 0.86 (0.67-0.96) <0.001
Shell 2.0 mm Emean + Imean 71.43 84.21 62.47 88.90 0.82 (0.62-0.94) 0.002

Shell 3.0 mm (NA)

SWE, shear wave elastography; CEUS, contrast enhanced ultrasound; PPV, positive predictive value; NPV, negative predictive value; AUC,
the area under the receiver operating characteristic curve; Emax, the maximum Young’s moduli; Emean, the mean Young’s moduli; Imean,

mean intensity; Imax, maximum intensity; NA, not applicable.

region enhancement characteristics to assess benign and
malignant characteristics.

We were able to retrieve only 2 articles on peripheral
enhancement of BC, which both demonstrated that the
peripheral enhancement pattern is suggestive of malignancy,
with a diagnostic sensitivity, specificity, and accuracy of
39.5%, 98.3%, and 73.8%, respectively (11,30). However,
these 2 studies used categorical variables; breast CEUS
morphologic classification is subjective, and it might be
challenging to distinguish between distinct enhancing
patterns. This study, to the best of our knowledge, is the
first to use quantitative analysis of shell enhancement
and stiffness to distinguish benign and malignant breast
tumors. The maximum intensity of lesion, mean intensity
of shell at 1.0 mm, and mean intensity of shell at 2.0 mm
are significantly higher in malignant breast lesions
(P<0.05), which means peripheral enhancement is valuable
in differentiating benign and malignant breast tumors.

© Gland Surgery. All rights reserved.

The AUCs of intensity parameters all showed significant
difference (P<0.05). The AUCs of CEUS in shell region,
which were 0.81 (95% CI: 0.61, 0.94), and 0.81 (95% CI:
0.60, 0.93) when the shell was 1.0 and 2.0 mm, were both
larger than that of the lesion, which was 0.74 (95% CI: 0.53,
0.89). This result is consistent with previous studies on
peripheral enhancement.

In our study, we also analyzed the ROI of SWE
synchronized with CEUS. We selected the image
corresponding to TTP, and used the similarity and QQC
quality control parameters to obtain the best images for
stiffness of shell region, which can avoid the shortcoming of
poor correlation between elastic and enhancement results
under different sections, to some extent. In conventional
elastography and CEUS studies, researchers have typically
chosen the largest diameter planes to measure elasticity
and the most abundant Doppler signal planes to measure
enhancement (31-33), which were 2 different images, in
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Variable Benign Malignant t value P value
Lesion
Imax (dB) 46.32+10.87 52.06+2.64 -2.135 0.044
Imean (dB) 17.18+8.44 22.53+4.41 -1.585 0.126
Shell 1.0 mm
Imax (dB) 44.80+10.08 50.99+3.28 -1.575 0.128
Imean (dB) 14.19+5.28 19.37+3.42 -2.402 0.024
Shell 2.0 mm
Imax (dB) 47.67+8.98 51.47+3.69 -1.074 0.294
Imean (dB) 13.28+5.01 17.49+3.12 —-2.065 0.050
Shell 3.0 mm
Imax (dB) 49.34+9.68 51.85+3.33 -0.982 0.336
Imean (dB) 12.61+4.87 15.67+2.95 -1.547 0.135
The data are expressed as mean + standard deviation. CEUS, contrast-enhanced ultrasound; Imean, mean intensity; Imax, maximum
intensity.
100 most cases. However, through this new real-time contrast
elastography technique, we can obtain the elastic images
80 - that are as similar as possible to the images at peak intensity,
which makes the quantitative parameters of elastic results
R g0 and enhancement results more representative and more
£ reliable. The result shows that the synchronization of SWE
g and CEUS of shell area had a larger AUC than that of the
40 .
@ lesions. Emean + Imean and Emax + Emean + Imean of
. shell at 1.0 mm both had the highest AUC of 0.86 (95% CI:
207 ' oo Emax s imean 0.67, 0.96), with a sensitivity and specificity of 71.43% and
== Emax + Emean + Imean 89.47%, respectively, among all ROCs of SWE, CEUS, and
0 - SWE + CEUS (Figure 4). Although the sensitivities of SWE

0 20 4I0 6I0 BIO 1 OIO
100-Specificity, %
Figure 4 ROCs of the CEUS, and CEUS synchronized with SWE
when shell was at 1.0 mm and AUC values for analyzing diagnostic
performance. The AUC of Imean, Emax + Imean, Emean + Imean,
Emax + Emean + Imean were 0.81 (95% CI: 0.61-0.94), 0.86 (95%
CI: 0.67-0.96), 0.85 (95% CI: 0.66-0.96), 0.86 (95% CI: 0.67-0.96).
ROC, receiver operating characteristic; CEUS, contrast-enhanced
ultrasound; SWE, shear wave elastography; AUC, area under the
curve; Emax, the maximum Young’s moduli; Imean, the mean

intensity; Emean, the mean Young’s moduli; CI, confidence interval.

© Gland Surgery. All rights reserved.

+ CEUS were slightly reduced compared to CEUS alone,
the specificities of SWE + CEUS were higher than those of
CEUS. Therefore, quantitative analysis of the shell region
of SWE + CEUS can effectively improve the diagnostic
ability for breast lesions. For some BI-RADS 4 lesions that
do not need clinical care, SWE + CEUS might circumvent
unnecessary needle biopsies. For some malignant tumors,
it is the optimal non-invasive tool for clinical diagnosis
without postponing the appropriate therapy window.

Our research had some limitations. First, this was a
single-center retrospective study with sampling bias, the
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time period was brief, and there were only a few disease
classifications. Second, depending on the operator’s
experience, the results of quantitative data could have
been affected by the pressure exerted through the probe,
and the radiologist could not outline the lesion precisely,
resulting in the measurement of quantitative data being
affected. Third, there was only one radiologist performing
the examinations, the inter-observer variability was not
considered, which could have impacted our results. Finally,
we did not evaluate the diagnostic effectiveness of SWE and
CEUS in combination with BI-RADS. Further studies with
a large-scale, multicenter prospective study are needed to
validate our results.

Conclusions

The peripheral enhancement of breast lesions is suggestive
of malignancy, and the quantitative parameters of
peripheral enhancement have a better diagnostic effect in
discriminating benign and malignant breast lesions than the
internal enhancement. Breast lesions can be more accurately
diagnosed when SWE is synchronized with CEUS, which
may give clinicians more information for clinical diagnosis
and treatment.
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