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Background: This study aimed to assess the diagnostic value of dual-mode elastography for benign
and malignant breast lesions and determine whether this technique can improve the diagnostic ability of
physicians with different levels of experience.

Methods: One hundred and eighty-three breast lesions were analyzed retrospectively, and the following
values were calculated for the lesions with various shells: shear modulus (G), Young’s modulus (E), shear
wave velocity (Cs), and strain ratio (SR). A random forest algorithm was used to select the optimal modes for
elastography. A receiver operating characteristic curve was used to assess the diagnostic efficacy for benign
and malignant breast lesions. Sensitivity and specificity values were calculated to evaluate any improvements
in the diagnostic efficacy of physicians with different levels of experience (junior, intermediate-level, and
senior) in the evaluation of malignant breast lesions using dual-mode elastography.

Results: The best-performing mode of shear wave elastography (SWE) in the diagnosis of breast lesions
was the A'min 1.0 (Cs) mode (minimum shear wave velocity of the area of interest and 1.0 mm around the
area of interest), and the best-performing mode of strain elastography (SE) was the B/A' 0.5 (ratio of fat to
the elasticity of the area of interest and 0.5 mm around the area of interest). When the two methods were
used in series, results showed high specificity (98%), positive likelihood ratio (PLR) (21.2), and positive
predictive value (PPV) (95%). Series means that if SE and SWE were malignant, the result in series was
malignant, and that if either SE or SWE was benign, the result in series was benign. When the methods
were used in parallel, the results showed high sensitivity (91%), negative likelihood ratio (NLR) (0.15),
and negative predictive value (NPV) (89%). Parallel means that if SE and SWE were benign, the result in
parallel was benign, and that if either SE or SWE was malignant, the result in parallel was malignant. When
conventional ultrasound was combined with dual-mode elastography, the intermediate-level and junior
physicians’ diagnoses of breast lesions showed a higher sensitivity, specificity, and area under the curve than

conventional ultrasound diagnosis alone.
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Conclusions: Dual-mode elastography is effective in the diagnosis of breast lesions. The sensitivity and

specificity values in this study show that diagnoses made by junior and intermediate-level physicians improve

when dual-mode elastography is used, although diagnoses made by senior physicians do not improve

significantly.
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Introduction

Breast cancer is a serious disease that threatens the health
of women worldwide and is the primary cause of death
in females (1,2). In recent years, the incidence of breast
cancer has risen (3). At the same time, with the continuous
improvement of medical technology, the survival rate of
breast cancer has also continued to rise (4). However, early
diagnosis and treatment of breast cancer are still necessary,
and it is therefore urgent to find an effective detection
technology for breast cancer.

Mammography is a valuable tool to detect early-stage
breast cancer (5). However, high breast density significantly
reduces the accuracy of mammographic diagnosis (6).
Conventional ultrasound is a valuable auxiliary imaging
technique, as it is low cost and does not expose patients
to ionizing radiation. It also provides high sensitivity in
differentiating benign from malignant breast lesions (7-9). For
these reasons, conventional ultrasound has been widely used
for early breast cancer examinations. However, it is also highly
subjective, has poor specificity, and exhibits some limitations
in differentiating certain benign and malignant breast lesions
with no salient sonographic features (10). Elastography can
provide information about tissues that cannot be obtained
using conventional ultrasound. It is also an effective tool for
obtaining important information for the differential diagnosis
of breast cancer (11). The breast imaging reporting and
data system (BI-RADS) provides standardised terminology
descriptions, evaluations and recommendations for breast
lesions according to their characteristics (12).

At present, there are two main elastography methods
used to assess breast lesions: shear wave elastography (SWE)
and strain elastography (SE) (13,14). SE can evaluate
any shape changes of lesions resulting from changes in
the degree of external compression (15). Pressure can be
applied by the patient’s own physiologic movements, such as
their breathing or heartbeat, or by the rhythmic movement
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of an ultrasound transducer. As the pressure applied is not
quantifiable, SE is a qualitative index, and as such, may
lead to subjective judgments. To improve the diagnosis, the
strain ratio (SR) can be introduced as a quantitative index.
To assess the SR, regions of interest (ROIs) are placed in the
fatty tissue and the lesion. Software can then automatically
calculate the relative elasticity of the two ROIs (16). Earlier
studies reported that the SR was effective in the diagnosis of
benign and malignant breast lesions (17-20).

In SWE, the vibration generated by an acoustic radiation
force impulse causes the tissue to vibrate parallel to the
direction of the sound beam. This generates a shear
wave vibration in the surrounding tissue, which oscillates
perpendicular to the direction of the sound beam and
propagates in the form of transverse waves (21). By observing
the speed at which the shear waves reach different fronts,
the stiffness of the corresponding tissue can be calculated.
Shear waves travel faster in harder tissue and more slowly in
softer tissue (22-24). The maximum elasticity, mean elasticity,
minimum elasticity, and elasticity standard deviation for
the shear modulus (G), Young’s modulus (E), and shear
wave velocity (Cs) of lesions can be quantitatively calculated
using SWE (25,26). Different elasticity moduli in SWE can
provide effective means for differentiating between benign
and malignant breast lesions (27).

The current study set out to investigate the diagnostic
value of different elastography modes in SE and SWE for
benign and malignant breast lesions. Further, the diagnostic
efficiency of physicians with different levels of experience
(one senior physician, one intermediate-level physician, and
one junior physician) was compared before and after using
dual-mode elastography for breast lesions to determine
whether there was any improvement.

The following article is presented in accordance with
the Standards for Reporting Diagnostic Accuracy (STARD)
guidelines (available at https://dx.doi.org/10.21037/qims-
21-636).
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Methods
Patient information

This study retrospectively analyzed 171 consecutive female
patients with a total of 183 breast lesions. All the women
were enrolled in the study from June 2019 to January 2021.
Their ages ranged from 19 to 79 years old, with a mean age
(+ standard deviation) of 44 (£13) years. All the patients had
breast lesions that had previously been identified using gray
scale ultrasound and dual-mode elastography. The women
underwent an ultrasound-guided needle biopsy or surgery
within a week of their diagnosis. The inclusion criteria for
this study were as follows: (I) breast lesions could be palpated
or detected by conventional ultrasound; (II) breast lesions
were solid or approximately solid (solid component >80%);
and (III) breast lesions had either surgical or puncture
pathological results. The exclusion criteria for the study were
as follows: (I) pregnant or lactating women; (II) male patients
with breast cancer; (IIT) lesions that did not have pathological
results; and (IV) lesions that had undergone biopsy
intervention, chemotherapy, or radiofrequency ablation.
After screening, 183 breast lesions were included in the study.

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by Shenzhen People’ s Hospital Ethics Committee.
Written informed consent was obtained from each patient
participating in the study.

Image acquisition

The instrument used to acquire the images was a Resona
7 diagnostic ultrasound system (Mindray, China), with a
3-11 MHz linear array transducer, which had both a shear
wave mode and a strain mode. All ultrasound images were
captured by a physician with over 5 years of experience in
ultrasound diagnosis. Each patient underwent conventional
ultrasound and dual-mode elastography on the same day.
During the conventional ultrasound examination, the
following characteristics of breast lesions were recorded:
location, maximum diameter, shape, margin, internal echo,
rear echotexture, and blood flow.

Dual-mode elastography with SWE and SE

The physician gently placed the transducer above the lesion
and performed SWE. After centering the lesion in the image,
the physician switched to the real-time SWE mode and
stored the image in the instrument when the image quality
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surpassed 95%. In the image analysis stage, the physician
traced the boundary of the lesion (A), and then turned the
knob to mark the area around the lesion (Shell). The area
comprising A and Shell is represented as A'. The following
ultrasound parameters for Young’s modulus (E), shear wave
velocity (Cs), and the shear modulus (G) of A, Shell, and A’
were recorded with the shell set at -0.5, 0.5, 1.0, 1.5, 2.0, 2.5

and 3.0 mm: mean elasticity (E,cn CSpeany G maximum

mean)s
elasticity (E,.. Cspuo Guay), minimum elasticity (Epyn, Cspins
G,.in), standard deviation (ESD, CsSD, GSD), and elastic
ratio (Shell mean/A mean, Shell max/A max, Shell min/A
min, Shell SD/A SD) .

The physician also gently placed the transducer above
the lesion and performed SE. After centering the lesion
in the image, the physician activated the SE mode and
stored the image in the instrument when the image quality
surpassed 95%. In the image analysis stage, the physician
traced the boundary of A and selected the bluest fat tissue as
a reference (B). The physician then turned the knob to draw
the Shell. With the Shell set at 0.5, 1.0, 1.5 and 2 mm, the
physician recorded the following SE parameters: A, Shell, A';
and elastic ratios: A/Shell, B/A" and B/Shell.

Image analysis

Three physicians with 1, 3, and 5 years of experience,
respectively, evaluated the breast lesions according to the
breast imaging reporting and data system (BI-RADS)
scores, without prior knowledge of the pathological results.
They subsequently conducted a second assessment of the
breast lesions based on the best selected elastic modulus
value and modified their initial BI-RADS classification.

Pathology results

Pathology was the gold standard for breast lesion diagnosis.
All lesion tissues were obtained through surgery or
ultrasound-guided puncture. Diagnoses were made based
on the final pathology results, by experienced pathologists
without knowledge of the ultrasound results.

Statistical methods

Rstudio (Rstudio, Boston, MA, USA) and MedCalc 19
(MedCalc Software, Mariakerke, Belgium) were used to
perform data analyses. Continuous variables including
the patients’ age and the maximum lesion diameter were
displayed as means and standard deviations. All elastography
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Table 1 General information about breast lesions

Benign Malignant

(n=99) (n=84) P value

Age (years) 37.78+11.04 51.31+£11.32 0

Size (mm) 16.19+6.69 20.60+11.75 0.003
BI-RADS 0

Senior physician 76 107

Middle-aged physician 69 114

Junior physician 67 116
Elastography 0

A'Min 1.0 (Cs) 2.14+1.00 0.88+0.90

B/A' 0.5 3.47+0.50 6.46+1.00
Pathology

Fibroadenoma 65 (65.7%)

Mastopathy 21 (21.2%)

Intraductal papilloma 3 (3.0%)

Hyperplasia 3 (3.0%)

Inflammation 3 (3.0%)

Mammary duct ectasia 2 (2.0%)

Tubular adenoma 1(1.0%)

Fat 1(1.0%)

Invasive non-specific cancer 74 (88.1%)

Invasive lobular carcinoma 5 (6.0%)
Ductal carcinoma in situ 3 (3.6%)
Mucinous carcinoma 2 (2.4%)

parameters were used to rank variables by importance in
the random forest model with Rstudio. Any missing data
were processed using a default value. The most diagnostic
elasticity parameters were then used to draw the receiver
operating characteristic (ROC) curve. With the optimal
Youden index serving as the cutoff value, the following
values were calculated: sensitivity, specificity, area under
the curve (AUC) with [95% confidence interval (CI)], the
positive likelihood ratio (PLR), the negative likelihood ratio
(NLR), the positive predictive value (PPV), the negative
predictive value (NPV), and the Youden index.

Breast lesions were diagnosed in series and in parallel
using dual-mode elastography. When SE and SWE were
malignant, the result in series was malignant. When either
SE or SWE was benign, the result in series was benign.
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When SE and SWE were benign, the result in parallel was
benign. When either SE or SWE was malignant, the result in
parallel was malignant. ROC analysis of the three physicians’
diagnoses with conventional ultrasound and conventional
ultrasound combined with dual-mode elastography was
performed using MedCalc 19. The AUC, sensitivity, and
specificity were calculated. The AUC was analyzed with a
z-test. P<0.05 was considered to be statistically significant.

Results
General information

The patients ranged in age from 19 to 79 years, with the
average age being 44+13 years. The lesions ranged in
size from 5 to 73 mm, with the average lesion size being
18+10 mm. Of the 183 lesions, 45.9% were malignant (84/183)
and 54.1% were benign (99/183), as shown in Table 1.

Optimal elastography parameters

The elastography parameters were processed using a
random forest model in Rstudio, and the OOB error rate of
the random forest model was evaluated. When the number
of trees was set to 1,000, the error rate remained stable. The
variables of the random forest model were ranked according
to their importance score, and the top 10 variables were
selected for further research.

The final analysis results showed that the A'min 1.0 (Cs)
mode for SWE and the B/A' 0.5 mode for SE performed
best in the diagnosis of breast lesions (Figure 1). When the
Youden index was optimal, the cutoff values were 1.5 m/s
and 5.14, respectively. The values calculated for sensitivity,
specificity, AUC (95% CI), PLR, NLR, PPV, NPV, and
the Youden index for both modes were as follows: 73 %,
71%, 0.78 (0.7101-0.8455), 2.6, 0.37, 70%, 75%, and
45%, respectively, for A'min 1.0 (Cs); and 61%, 93%,
0.82 (0.7571-0.8818), 8.5, 0.42, 88%, 73%, and 54%,
respectively, for B/A" 0.5 (Figure 2).

Our results showed that when dual-mode elastography
were used in series, they returned high specificity (98%),
PLR (21.2), and PPV (95%). When the two methods were
used in parallel, they returned high sensitivity (91%), NLR
(0.15), and NPV (89%) (Tuble 2).

Results of physicians with different levels of experience

Three physicians classified the 183 lesions according to
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Figure 1 Mean decreases in the accuracy of elastography. (A) Top 10 modes for mean decrease in accuracy with shear wave elastography
(SWE). (B) Top 10 modes for mean decrease in accuracy with strain elastography (SE).
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Figure 2 Receiver operating characteristic (ROC) curves of the best modulus of elasticity. (A) ROC curves of A'min 1.0 (Cs) (minimum
shear wave velocity of the area of interest and 1.0 mm around the area of interest). (B) ROC curves of B/A" 0.5 (ratio of fat to the elasticity
of area of interest and 0.5 mm around the area of interest).

Table 2 Comparison of diagnostic performance of various elastography modes

Elastography parameters AUC Sen (%) Spe (%) PLR NLR PPV (%) NPV (%) Youden (%)
A'min 1.0 (Cs) 0.78 73 71 2.6 0.37 70 75 45
B/A' 0.5 0.82 61 93 8.5 0.42 88 73 54
Series - 43 98 21.2 0.58 95 67 40.8
Parallel - 91 64 2.5 0.15 68 89 54.1

A'min 1.0 (Cs): minimum shear wave velocity of the area of interest and 1.0 mm around the area of interest; B/A' 0.5: ratio of fat to the
elasticity of the area of interest and 0.5 mm around the area of interest. Series: when SE and SWE are malignant, the series result is
malignant. When either SE or SWE is, the series result is benign. Parallel: When SE and SWE are benign, the result in parallel is benign.
When either SE or SWE is malignant, the result in parallel is malignant. AUC (95% ClI), area under the curve (95% confidence interval);
Sen, sensitivity; Spe, specificity; PLR, positive likelihood ratio; NLR, negative likelihood ratio; PPV, positive predictive value; NPV, negative
predictive value.
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Table 3 BI-RADS classification results of 183 breast lesions by physicians with different levels of experience before and after dual-mode

elastography

BI-RADS Senior physician

Intermediate physician Junior physician

Pathological type

classification  Before ~ After n Before  After n Before  After n

Malignant 3 6 4 10 12 6 18 14 7 21
4a 4 5 9 24 9 33 7 10 17

4b 24 25 49 32 27 59 31 12 43

4c 39 39 78 13 30 43 31 30 61

5 11 11 22 3 12 15 1 25 26
Benign 3 70 72 142 57 70 127 53 62 115
4a 22 21 43 38 18 56 32 15 47

4b 5 4 9 4 10 14 13 15 28

4 2 2 4 0 1 1 1 7 8

5 0 0 0 0 0 0 0 0 0

their BI-RADS scores. Diagnosis was most efficient when a
BI-RADS score of 4a (low suspicion for malignancy (2-9%)
was used as the critical value to distinguish between benign
and malignant lesions.

The sensitivity values of the senior physician’s diagnoses
before and after the addition of dual-mode elastography
were 92.9% and 95.2%, respectively, and the specificity
values were 69.7% and 72.7%, respectively. The difference
was not statistically significant (P=0.2602). The sensitivity
values of the intermediate-level physician’s diagnoses
before and after the addition of dual-mode elastography
were 85.7% and 92.9%, respectively, and the specificity
values were 57.6% and 70.7%, respectively. The difference
was statistically significant (P=0.0001). The sensitivity
values of the junior physician’s diagnoses before and after
the addition of dual-mode elastography were 83.3% and
91.7%, respectively, and the specificity values were 53.5%
and 62.6%, respectively. The difference was also statistically
significant (P=0.0071). These results show that for all three
physicians, the sensitivity and specificity in diagnosing
benign and malignant lesions improved after the addition
of dual-mode elastography. The senior physician modified
the diagnosis from benign to malignant for two lesions,
and from malignant to benign for another two lesions.
The intermediate physician modified the diagnosis from
benign to malignant for six lesions, and from malignant to
benign for thirteen lesions. The junior physician modified

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the diagnosis from benign to malignant for seven lesions,
and from malignant to benign for nine lesions. Finally, all
lesions were confirmed by pathology (Tubles 3,4, Figures 3,4).

Discussion

In our study, the random forest method was used to select
the optimal elasticity values for SWE and SE. Results
showed that the A'min 1.0 (Cs) mode (1 out of 264) and the
B/A' 0.5 mode (1 out of 23) achieved the best diagnostic
performance among 287 elasticity values. The sensitivity of
these two modes was 73% and 61%, respectively, and the
specificity was 71% and 93%, respectively. By combining
dual-mode elastography in series and in parallel, better
diagnostic efficiency was achieved. Combining conventional
ultrasound with elastography was found to improve the
diagnostic efficiency of physicians with different levels of
experience in the evaluation of breast lesions. The sensitivity
of the intermediate-level and junior physicians increased by
7.2% and 8.4%, respectively, and the specificity increased
by 13.1%, and 9.1%, respectively.

SWE shows the different elasticity moduli of a lesion
and is effective in differentiating benign from malignant
breast lesions (27). Wang et al. reported that the Emax
and Emean achieved the best diagnostic performance,
with sensitivity of 60.9% and 45.7%, respectively, and
specificity of 85.3% and 86.8%, respectively. There was no
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Table 4 Comparison of diagnostic sensitivity and specificity before and after dual-mode elastography for physicians with different levels of
experience

Sen (%)  Spe (%) AUC (95% Cl) PLR NLR PPV (%) NPV (%)  Youden (%)

Classification

Before After Before After Before After Before After Before After Before After Before After Before After
Senior 929 952 69.7 72.7 0.813 0.84 3.064 3.492 0.102 0.065 72.2 748 92 947 626 67.9
Physician (0.749-0.867) (0.779-0.890)
Intermediate 85.7 92.9 57.6 70.7 0.716 0.818 2.201 3.17 0.248 0.101 63.2 729 826 92.1 43.3 63.6
Physician (0.645-0.780) (0.754-0.871)
Junior 83.3 91.7 535 62.6 0.684 0.771 1.794 2.453 0.311 0.133 60.3 67.5 79.1 89.9 36.8 54.3
Physician (0.612-0.751) (0.704-0.830)

Sen, sensitivity; Spe, specificity; AUC (95% CI), area under the curve (95% confidence interval); PLR, positive likelihood ratio; NLR,
negative likelihood ratio; PPV, positive predictive value; NPV, negative predictive value.

A 1004 B 100 A C 100
80 - 80 - 80
X R X
> 60 A > 60 > 60 A
= = =
2 40+ 2 40 - 2 40 -
[0 o] Q
n (%} (%}
20 20 A 20
0 0 A 0
T T T T T T T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
100-specificity, % 100-specificity, % 100-specificity, %
D E F
180 e ° e
»* 140-
140— 100
- ]
® AUC*100 « AUC*100 % @ AUC*100
« NLR*100 100~ « NLR*100 * < @ NLR*100
100— = . ° NPV, % Y o NPV, % 70— ® NPV, %
@ PLR'50 & ° e PLR'50 " J ® PLR'50
> B © PPV, % © PPV, % s -t ® PPV, %
70— & g © Sensitvity, % 70— i » ® Sensitivity, % u A ® Sensitivity, %
P @ Specificity, % S 7 © Specificity, % 50— @ Specificity, %
50— ® Youden, % 50— ¢ Youden, % ® Youden, %
10— ® . 10- ¢ . 10— :
I I I I 1 1
Before After Before After Before After

Figure 3 Receiver operating characteristic (ROC) curves and slope figures for the physicians with different levels of experience: (A,D)
are for the senior physician, (B,E) are for the intermediate-level physician, and (C,F) are for the junior physician. Blue line: before dual-
mode elastography. Green line: after dual-mode elastography. AUC, area under the curve; NLR, negative likelihood ratio; NPV, negative
predictive value; PLR, positive likelihood ratio; PPV, positive predictive value.

statistical difference for Emin (28). After studying lesions
and a 2-mm area surrounding them, Moon ez 4/. also found
a statistical difference between the Emax and Emean, but
the repeatability of the Emin was the lowest (29). Previous

diagnostic performance in SWE. When A'min 1.0 (Cs)
>1.5 m/s, breast lesions were classified as benign, and when
A'min 1.0 (Cs) <1.5 m/s, breast lesions were classified as
malignant. The AUC, sensitivity, and specificity were 0.78,

studies have shown that the E(max-3Shell) and the E(min-
3Shell) are significant predictors of malignancy (30). In our
study, we concluded that A'min 1.0 (Cs) achieved the best

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

73%, and 71% respectively. Our results are not completely
consistent with those of previous research, which may be
related to the desmoplastic reaction formed by cancer cells

Quant Imaging Med Surg 2022;12(2):1438-1449 | https://dx.doi.org/10.21037/qims-21-636
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Figure 4 Images of an irregular breast lesion in a 42-year-old woman with low echo and no flow. The senior physician classified the lesion
as BI-RADS 4b, while the intermediate-level and junior physicians classified it as BI-RADS 3. The lesion’s A'min 1.0 (Cs) and B/A' 0.5
are 1.15 m/s and 5.75, respectively. Both elastography scans give a result of malignant. After the addition of dual-mode elastography,
the intermediate-level and junior physicians reclassified the lesion as BI-RADS 4a, and the pathological result was invasive nonspecific

carcinoma.
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eroding the surrounding tissues, which causes the tissue
surrounding the nodule to harden and the internal structure
to soften (31,32). In addition to the outward infiltration of
the tumor tissue, liquefaction, necrosis, and cystic changes
resulting from the reduced blood supply within the tumor
can lead to a decrease in tumor tissue hardness. Studies
have shown that when the inner area of the lesion is softer
than the outer area, SWE can show a “stiff rim” at the
edge of the lesion (33), which has the effects of increasing
the attenuation of sound energy and reducing shear wave
propagation and amplitude into the lesion. The system then
misinterprets the reduction as a low-speed shear wave, and
the minimum elasticity value becomes lower, which is more
likely to lead to a diagnosis of malignancy.

In SE, the strain score and SR are the main parameters
used to differentiate between benign and malignant breast
lesions. The strain score is a subjective qualitative diagnostic
tool and mainly depends on the operator. The SR is a
semi-quantitative measure which describes the difference
in stiffness between the lesion and normal tissue (fatty or
glandular) (34). Previous studies had shown that in SE, the
strain score (sensitivity 77.59-85%, specificity 75-86%) and
SR (sensitivity 77.59-88.2%, specificity 63.7-78.68%) are
significant in the diagnosis of benign and malignant breast
lesions (17-20). However, the difference in the SR with
the use of different shells has not been studied before. In
the present study, the SR was used to obtain the elasticity
values (a total of 23 values) of the lesion and surrounding
fatty tissue under different shells, including A, Shell, and
A', as well as the SRs A/shell, B/A' and B/shell. Random
forest screening showed B/A' 0.5 to achieve the best
diagnostic performance. When the cutoff value was 5.14,
the AUC, sensitivity, and specificity were 0.82, 61%, and
93%, respectively. We believe that this may be because a
malignant tumor has an outward pattern of infiltration, and
the surrounding tissue becomes harder than the internal
tissue. Furthermore, A' contains the lesion itself and the
surrounding area, so it can better represent the tumor
stiffness and achieves higher diagnostic efficiency.

In this study, 54 lesions were classified as positive with
SWE and negative with SE, and 20 lesions were classified as
negative with SWE and positive with SE. The discrepancy
between the SWE and SE results may be related to their
imaging principles. In SWE, the vibration generated by
the acoustic radiation force impulse deforms the tissue. In
SE, the elastic deformation of the tissue comes from the
external force applied by the physician. Using the same
method cannot guarantee that the result will be the same
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every time.

Our study found that the addition of dual-mode
elastography can improve the diagnostic performance in
differentiating benign and malignant breast lesions to some
extent. When used in parallel, dual-mode elastography
had a higher sensitivity (91%), NLR (0.15), and NPV
(89%) than when used alone. The results show that the
parallel method can effectively help to avoid unnecessary
operations. When both elastography scans are negative,
the parallel result is also negative, providing tangible proof
for diagnosing benign lesions. Patients can then be given a
recommendation for a regular follow-up. Further, the series
method, with higher specificity (98%), PLR (21.2), and
PPV (95%), is superior to separate elastography scans. In
other words, if the results of the scans in series are positive
(i.e., both SE and SWE are positive), the lesions should
be considered to present a higher risk of breast cancer
and patients should be recommended to undergo further
testing in a timely manner. We did not calculate the AUC
of the parallel and series methods, as our purpose was not
to compare which of the two methods is better but to use
their advantages to differentiate benign and malignant
breast lesions. To detect a greater number of malignant
breast lesions, the parallel method was used. However, the
specificity of parallel scans is low, which may lead to some
benign lesions being unnecessarily punctured. Although the
possibility of over-treating benign lesions exists, malignant
breast lesions can be identified in time and treated promptly,
providing patients with a great advantage. Breast lesions
can cause great anxiety in patients, and even when a benign
lesion is diagnosed, the desire is to eliminate it as soon as
possible to relieve that anxiety. When the SWE and SE
results are malignant, the dual-mode elastography diagnosis
is undoubtedly malignant. When the SWE and SE results
are benign, the dual-mode elastography diagnosis is benign.
However, when the results of SWE and SE are inconsistent,
a final diagnosis should be based on the patient’s clinical
characteristics, such as their age or family history, and the
slide and texture of the lesion. In cases where the patient
is over 40 years old, there is a family history, or the lesion
cannot be slided or is hard, the parallel method can be used
to diagnose the lesion as malignant. Otherwise, the lesion
can be diagnosed as benign using the series method.

In previous studies, conventional ultrasound combined
with elastography was found to improve the diagnostic
performance and specificity in the diagnosis of breast
lesions. After the addition of elastography, the specificity
of diagnosis in Lee er al’s study increased from 17.4% to
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73.8%, and that in Choi er 4/.’s study increased from 17.1%
t0 69.6% (35,36). In our study, the sensitivity and specificity
of three physicians with different levels of experience using
conventional ultrasound were 92.9% and 69.7% (senior),
85.7% and 57.6% (intermediate-level), and 83.3% and
53.5% (junior), which were consistent with the guidelines
of the American Society of Radiology (37). The sensitivity,
specificity, and AUC of dual-mode elastography were
higher than those of conventional ultrasound alone. There
was a statistical difference in the results of the intermediate-
level and junior physicians (P<0.05), but no statistical
significance was observed in relation to the results of the
senior physician (P=0.2602). When the intermediate-level
physician used conventional ultrasound combined with
dual-mode elastography, the number of malignant lesions
diagnosed as BI-RADS 3 decreased from 12 to 6, while
the number of benign lesions diagnosed as BI-RADS 4a,
4b, 4c, and 5 decreased from 42 to 29. When the junior
physician combined conventional ultrasound with dual-
mode elastography, the number of malignant lesions
diagnosed as BI-RADS 3 decreased from 14 to 7, and the
number of benign lesions diagnosed as BI-RADS 4a, 4b,
4c, and 5 decreased from 46 to 37. These results show that
the addition of dual-mode elastography can effectively
improve the detection ability and diagnostic accuracy of
intermediate-level and junior physicians for malignant
breast lesions. This finding suggests that dual-mode
elastography is more helpful to inexperienced physicians,
but not necessarily to senior physicians. In the process of
SE and SWE image acquisition, the equipment should
be operated in strict accordance with the manufacturer’s
specifications. If the operator does not have sufficient
experience, the image quality will be poor, which will affect
the diagnosis. During the acquisition process, the lesion
should be centered in the image with moderate intensity,
and the best quality image should be drawn along the
edge of the lesion to avoid data bias, and then retained for
analysis.

This study has some limitations. First, it was a
retrospective study with a limited number of participants,
who were mostly enrolled from the same center. Therefore,
certain selection biases may exist. Multi-hospital and large-
sample studies are necessary for further verification. In this
study, the physician who acquired the images had extensive
experience and was able to acquire suitable images,
whereas the junior and intermediate-level physicians did
not participate in the image acquisition. Therefore, the
difference between the senior, intermediate-level, and junior
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physicians was not reflected in this process. Further, each
experience level was only represented by one physician,
which reflects the diagnostic abilities of the individual rather
than that of a particular level of physician. More physicians
should be included in future studies to increase the accuracy
of results.

Conclusions

This study has shown that dual-mode elastography
performs well in the diagnosis of breast lesions, and that
more effective diagnoses can be achieved by using the
series or parallel methods. Dual-mode elastography shows
higher sensitivity when used in parallel, which can avoid
unnecessary punctures and reduce the number of invasive
examinations for patients. When used in series, dual-mode
elastography shows high specificity and can detect high-
risk nodules for further treatment in a timely manner.
Most importantly, combining conventional ultrasound with
dual-mode elastography can improve the sensitivity and
specificity of physicians with different levels of experience in
the diagnosis of breast lesions. Despite being more helpful
to the intermediate-level and junior physicians in this study
than for the senior physician, this combination is worth
popularizing in the clinical setting.
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