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Abstract

Background: Quantitative shear wave elastography (SWE) has been developed and utilized to aid in the differentiation between
benign and malignant breast lesions based on their stiffness.
Objectives: The purpose of this study was to evaluate the clinical effects of the additional use of SWE to conventional ultrasound
(US) according to the maximum (Emax) and mean (Emean) elasticitiy values.
Patients and Methods: A total 115 patients with 133 lesions were assessed using conventional US and SWE. All patients underwent
US-guided core needle biopsy or surgery, and the pathological results were used as reference standards. We compared the diagnostic
values including sensitivities, specificities, positive predictive values (PPVs) and negative predictive values (NPVs) and accuracies of
conventional US and SWE according to the Emax and Emean values. Next, we obtained the optimal Emax and Emean cutoff values for SWE.
Using these cutoff values, we analyzed the clinical effects of the additional use of SWE to conventional US based on the corrected
results.
Results: Of the 133 breast lesions, 32 were malignant and 101 were benign. In the differentiation of benign and malignant lesions,
conventional US resulted in sensitivity of 100 %, specificity of 43.0 %, PPV of 57.1 %, NPV of 36.7 %, and accuracy of 100 %. Regarding
SWE, the sensitivity, specificity, PPV, NPV, and accuracy values based on Emax were 84.4 %, 89.1 %, 71.1 %, 94.7 %, and 88.0 %, respectively,
and the corresponding values based on Emean were 84.8 %, 93.0 %, 91.0 %, 80.0 %, and 94.9 %, respectively. The optimal Emax and Emean

cutoff values were 81.3 and 60.7 kPa, respectively. However, there was no significant difference between Emax and Emean. The corrected
results related to the additional use of SWE to conventional US indicated 97.0 % sensitivity, 93.0 % specificity, 82.1 % PPV, 98.9 % NPV,
and 94.0 % accuracy (P < 0.0001).
Conclusion: The additional use of SWE to conventional US resulted in marked improvements in specificity, PPV, and accuracy and
slight diminutions in sensitivity and NPV for the differentiation benign and malignant breast lesions. Both Emax and Emean were
effective diagnostic parameters, and there was no significant difference between these two parameters.
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1. Background

Elastography has developed rapidly and has been used
to help differentiate between benign and malignant le-
sions based on their stiffness (1, 2). Malignant lesions of the
breast tend to be stiffer than benign lesions, thus elastog-
raphy imaging promises to be a highly specific method for
distinguishing benign and malignant breast lesions and
it also has the potential to reduce the number of benign
breast biopsies performed (3-5). However, strain elastog-
raphy with the color map has several limitations because
the acquired information is operator dependent and non-
quantitative (6, 7).

Shear wave elastography (SWE) has emerged as a
promising technique for overcoming these limitations.
SWE induces mechanical vibration of the tissue compo-
nents using an acoustic radiation force that is generated by
a focused ultrasound (US) beam. The displacement at the
focus of the beam generates a shear wave that relays infor-
mation associated with the local viscoelastic properties of

the tissue and thereby facilitates a quantitative approach
to determining elasticity values (8). An ultrafast US acqui-
sition sequence is subsequently used to capture the propa-
gation of the shear wave (9, 10). By setting the focus points
at the regions of interest (ROIs), various quantitative elas-
ticity values may be acquired.

Several studies have assessed SWE for the diagnosis of
breast lesions and have demonstrated the potential of this
technique as a diagnostic imaging modality that could
provide more objective information (8, 9, 11). However, ac-
curate clinical effects of the additional use of SWE to con-
ventional US have not been fully reported.

2. Objectives

The purpose of this study was to assess the clinical ef-
fects of the additional use of SWE according to maximum
elasticity (Emax) and mean elasticity (Emean) values which
are the most commonly used (8, 12, 13).
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3. Patients and Methods

3.1. Patient Selection and Data Collection

The present study was approved by the institutional
review board of Hallym university Sacred Heart hospital
(Anyang-si, Korea). All of the patients included in the
present study provided written informed consent.

Breast US and US-guided biopsies were performed on
134 consecutive patients who were admitted to Hallym uni-
versity Sacred Heart hospital between November 2014 and
March 2015. Of these patients, 19 refused to undergo the
SWE procedure; therefore, the final analysis was based on
data acquired from 115 patients (mean age: 51.4 years; age
range, 33 - 80 years) who exhibited 133 lesions as detected by
US. Histopathology results were obtained for all patients
based on US-guided core needle biopsy (14-gauge auto- or
semi-automated gun, Stericut, TSK, Laboratory) or surgical
excision samples. Histopathology results from the biop-
sies and surgeries served as the reference standards.

3.2. Image Acquisition, US and Elastography

Conventional US examinations were conducted using
a 5 - 12 MHz linear transducer on an HDI 5000 sonography
unit or an IU-22 (Phillips Healthcare, Andover, MA, USA) by
two experienced radiologists with 4 - 6 years of experience
in breast imaging.

The US features of each lesion were evaluated accord-
ing to the fourth edition of the breast imaging reporting
and data system (BI-RADS) prior to biopsy or surgery, and
the lesions were graded as follows: category 0, assessment
incomplete; category 1, negative; category 2, benign find-
ing; category 3, probably benign; category 4A, low suspi-
cion of malignancy; category 4B, intermediate suspicion
of malignancy; category 4C, moderate suspicion of ma-
lignancy; category 5, highly suspicious of malignancy, ap-
propriate action should be taken; and category 6, known
biopsy-proven malignancy, treatment pending (14).

Following conventional US, SWE was performed on the
targeted lesions by the same radiologists who performed
the initial conventional US. The Aixplorer® system (Super
Sonic Imagine, Aix en Provence, France) was used and the
SWE images were obtained by applying a 15- to 4- MHz lin-
ear transducer lightly to the skin above the targeted lesion
with a generous quantity of gel. The probe was kept still
without compression for a few seconds to capture elastog-
raphy images of adequate quality. The conventional US
and SWE images were displayed in split-screen mode, and
the SWE image was superimposed onto the corresponding
B-mode grey-scale US image. The tissue elasticity of each
pixel in the SWE image was acquired using a color-coded
map that represented Young’s moduli (kPa), over a range

(range, 0 - 180 kPa) from dark blue (soft) to red (stiff). The
elasticity image was refreshed in real time.

The quantitative elasticity values were determined by
locating lesions to the centers of an ROI box with default
areas of 2.5 × 1.5 cm and maximal areas of 3.0 × 2.5 cm
(8). The radiologists placed a 2 mm sized, round quantifi-
cation ROI onto the previously generated color maps. The
ROI was positioned on the stiffest portion of each lesion, in-
cluding the immediately adjacent stiff tissue or halo (12).
During this process, several values related to SWE evalu-
ation were automatically calculated and displayed on a
screen. Among the several values, Emax and Emean values of
all analyzed lesions were recorded for subsequent analy-
ses. Emax and Emean were automatically calculated by soft-
ware and each lesion was assessed at least twice and the av-
erage value was recorded. The acquisition of the SWE im-
ages required approximately 2 - 3 min/case.

As an important factor influencing image quality of
SWE (7, 15, 16), we recorded lesion depth (vertical diameter
from the skin to the center of the breast mass) and distance
from the nipple (measured from the nipple to the margin
closest to the nipple) and divided them into three groups
as superficial, mid, and deep. And we compared the differ-
ence of Emax and Emean according to lesion depth.

3.3. Statistical Analysis

The McNemar test was used to calculate the sensitivi-
ties, specificities, positive predictive values (PPVs), negative
predictive values (NPVs), and accuracies of conventional US
and SWE based on the applications of Emax and Emean val-
ues for subsequent comparison of the diagnostic accura-
cies. The optimal Emax and Emean cutoff values that yielded
the maximal sums of the sensitivities and specificities were
calculated. Additionally, the area under the receiver oper-
ating characteristic (ROC) curve (Az value) was calculated
using each cutoff value to evaluate the diagnostic perfor-
mances of Emax and Emean values. Statistically significant
differences between Az values are reported with 95% con-
fidence intervals. Following the individual ROC analysis of
each examination, the optimal cutoff values determined in
the present study were used to analyze and compare the
diagnostic performances of conventional US in addition
to SWE and conventional US alone. The two sample t-test
was used to compare the difference of average Emax and
Emean according to lesion depth in SWE. The Stata software
(release version 9.0; Stata corporation, college station, TX,
USA) was used for all statistical analyses. The values of P
< 0.05 were considered to indicate a statistically signifi-
cant difference. Intra-observer variability was calculated
using Kappa statistics. Agreement was defined based on
the Fleiss classification as follows: 0.40, poor; 0.40 - 0.59,
moderate; 0.60 - 0.75, good; and 0.75, excellent (17, 18).
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4. Results

Of the 133 lesions identified in the 115 patients who were
evaluated in the present study, 32 lesions were classified as
malignant and 101 were diagnosed as benign. The mean
size of the 133 lesions was 14.2 mm with a range of 4 to 28
mm. The subtypes of the malignant and benign lesions are
listed in Figure 1.

On conventional US, the sensitivity, specificity, PPV, NPV,
and accuracy were 100.0%, 43.0%, 57.1%, 36.7% and 100%,
respectively. On SWE, using either Emax or Emean, there
were substantial differences compared with conventional
US. The sensitivity, specificity, PPV, NPV, and accuracy were
84.4%, 89.1%, 71.1%, 94.7%, and 88.0%, respectively, based on
Emax and the corresponding values on Emean were 84.8%,
93.0%, 91.0%, 80.0%, and 94.9%, respectively (Table 1). Us-
ing either Emax or Emean, SWE exhibited lower sensitivity
but higher specificity, accuracy and PPV relative to conven-
tional US (P < 0.0001).

Optimal Emax and Emean cutoff values obtained dur-
ing SWE, i.e., those that yielded the maximal sums of the
sensitivities and specificities, were 81.3 (sensitivity, 84.8%;
specificity, 89.1%) and 60.7 kPa (sensitivity, 84.4%; specificity,
93.0%), respectively. There was no significant difference be-
tween the use of optimal Emax and Emean cutoff values to
differentiate between the benign and malignant lesions (P
= 0.1797).

The ROC curves for Emax and Emean are displayed in Fig-
ure 2. Az values were 0.8884 (standard error, 0.0434; 95%
confidence interval, 0.80293 - 0.97306) for Emax and 0.8908
(standard error, 0.0423; 95% confidence interval, 0.80805
- 0397382) for Emean. These results indicated that Emax and
Emean elasticity values were equivalently beneficial for dif-
ferentiating between benign and malignant lesions (P =
0.5028).

The diagnostic performances related to the additional
use of SWE to conventional US compared to that of conven-
tional US alone were investigated using the optimal cutoff
values determined in the present study. Table 2 provides
the corrected results when Emax and Emean cutoff values
were applied to lesions categorized as 3 or 4A. Correcting
the data resulted in significant improvements in the speci-
ficity, accuracy and PPV (P < 0.0001) and slight diminu-
tions of the sensitivity and NPV.

Of 32 malignant lesions, eight were superficial, 18 were
mid and six were deep location and of 101 benign lesions,
25 were superficial, 62 were mid and 14 were deep location.
Mean of Emax showed statistically significant difference be-
tween malignant and benign lesions only in deep located
lesions (P = 0.019). The intraobserver agreements of two ra-
diologists were excellent with regard to elastography (K =
0.8689).

5. Discussion

Several reports have demonstrated the diagnostic ac-
curacy of SWE (2, 8, 12, 19, 20). However, radiologists usually
use this technique in addition to conventional US. Thus, we
investigated the corrected results of the additional use of
SWE to conventional US compared with those of conven-
tional US alone. Moreover, we analyzed the differences be-
tween Emax and Emean, which are the most commonly used
parameters.

The current study revealed that the additional use of
SWE to conventional US was clinically useful and markedly
improved the specificity, PPV and accuracy. However, this
approach also resulted in slight diminutions of sensitivity
and NPV.

Sensitivity and NPV of conventional US in this study
were both 100%. A large number of studies have demon-
strated that breast US is already highly sensitive (21-24).
However, the specificity of US is relatively low, and a high
rate of benign biopsies based on US has also been reported
(20, 25-27). In the present study, the additional use of
SWE to conventional US reduced the rate of benign le-
sion biopsy by 46.0% to 85.7%. This result is similar to
those others have reported (8, 28, 29). In BI-RADS cate-
gory 3 cases, biopsies are frequently performed at the re-
quest of the clinician or patient. Additionally, certain cat-
egory 3 or 4A breast lesions exhibit overlapping benign
and malignant features that may induce false-negative re-
sults. Histopathology indicated that 100% of category 3
lesions and 97% of category 4A lesions were benign. This
high negative biopsy rate indicated that the decision to
perform a biopsy is most often required for category 3 and
4A breast lesions. It has been hypothesized that use of
Emax and Emean cutoff values to reassess lesions that are in-
correctly assessed as category 3 or 4A based on conven-
tional US would reduce the numbers of false-negative and
false-positive cases. In the present study, application of
Emax and Emean cutoff values to category 3 and 4A lesions
resulted in improvements in specificity and accuracy (Ta-
ble 1). Therefore, the current results indicate that the use
of quantitative SWE with cutoff values, in combination
with conventional US, may facilitate the differentiation of
breast lesions, particularly those categorized as 3 or 4A
based on conventional US alone. Both Emax and Emean val-
ues were effective diagnostic parameters.

Regarding the assessment of elasticity, SWE provides
several parameters. Maximum (Emax), mean (Emean) and
minimum (Emin) stiffness represent the general stiffness
of the mass. Moreover, elasticity ratio (Eratio) indicates
the relative stiffness of the mass to that of fat tissue and
standard deviation (SD) indicates the internal heterogene-
ity of the mass. All of these parameters can help to im-
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Ultrasound-Guided Biopsy 
Was Performed on 134 
Consecutive Patients 

115 Patients with 133 

Lesions Were Included

32 Lesions Were 
Malignant

22 Invasive Ductal Cancer

6 Ductal Carcinoma in Situ

1, Each Other Malignant 

Lesion
(Invasive Lobular        

Carcinoma, Mucinous 

Carcinoma, Ductal 

Carcinoma, Microinvasive 

Carcinoma) 

101 Lesions Were Benign

51 Fibroadenoma

14 Fibrocystic Change

11 Fiboradenomatous  

Mastopathy

5 Intraductal Papilloma

4 Fibrosis

4 Sclerosing Adenosis

3 Stromal Sclerosis

2 Atypical Ductal 

Hyperplasia

2 Mammary Duct Ectasia

5, Other Benign Lesions

19 Patients Refused 

Elastography

Figure 1. Flowchart of participants and the number of benign and malignant lesions and their subtypes

Table 1. Statistical Analysis of Conventional US and SWE

Imaging
Modality

Performance Measure P Value

Sensitivity, % (95%
CI)

Specificity, % (95%
CI)

PPV, % (95% CI) NPV, % (95% CI) Accuracy, % (95% CI)

Conventional
US

100 (1.0000 - 1.0000) 43.0 (0.3330 - 0.5270) 57.1 (0.4873 - 0.6555) 36.7 (0.2671 - 0.4662) 100.0 (1.0000 -
1.0000)

< 0.0001

SWE

Emax 84.4 (0.7179 - 0.9696) 89.1 (0.8303 - 0.9518) 71.1 (0.5663 - 0.8547) 94.7 (0.9025 - 0.9923) 88.0 (0.8244 - 0.9350) < 0.0001

Emean 84.8 (0.7262 - 0.9708) 93.0 (0.8800 - 0.9800) 91.0 (0.8611 - 0.9585) 80.0 (0.6675 - 0.9325) 94.9 (0.9054 - 0.9925) < 0.0001

Abbreviations: US, ultrasound; SWE, shear wave elastography; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value; Emax, maximum
elasticity value; and Emean, mean elasticity value.
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Table 2. Statistical Analysis of Conventional US and Additional Use of SWE with Conventional US Using the Optical Cutoff Values

Imaging
Modality

Performance Measure P Value

Sensitivity, % (95%
CI)

Specificity (%) (95%
CI)

PPV, % (95% CI) NPV, % (95% CI) Accuracy, % (95% CI)

Conventional
US

100 (1.0000 - 1.0000) 43.6 (0.3330 - 0.5270) 52.1 (0.4873 - 0.6555) 36.0 (0.2671 - 0.4662) 100 (1.0000 - 1.0000)

< 0.0001
SWE + Con-
ventional
US

97.0 (0.8798 - 0.9994) 93.0 (0.8395 - 0.9876) 82.1 (0.7251 - 0.8994) 98.9 (0.9119 - 0.9968) 94.0 (0.8353 - 0.9844)

Abbreviations: US, ultrasound; SWE, shear wave elastography; PPV, positive predictive value; NPV, negative predictive value; and SWE + conventional US, additional use
of shear wave elastography to conventional ultrasound.

0.00                      0.25                         0.50                         0.75                       1.00

1 - Specificity

1.00

0.75

0.50

0.25

0.00

Se
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ti
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kPa Mean ROC Area: 0.8908
kPa Mean ROC Area: 0.8884
kPa Mean vs kPa Max: p > 0.5

Figure 2. Receiver operating characteristic (ROC) curves for mean and maximum
elasticity values. The area under the ROC curve is 0.8908 [standard error (SE), 0.0423;
95% confidence interval (CI), 0.80805 - 0.97382] for mean elasticity and 0.8884 (SE,
0.0434; 95% CI, 0.80293 - 0.97306) for max elasticity. These results indicated that the
mean and maximum elasticity values were of equivalent benefit for differentiating
benign and malignant lesions (P = 0.5028).

prove the diagnostic accuracy of US. However, results re-
garding the identities of the most useful parameters vary
across individual studies. Evans et al. reported that Emean

is more useful than Emax and SD (13). Berg et al. reported
optimal diagnostic performance with Emax (12) and some
studies have reported that SD alone exhibits excellent per-
formance (11). In SWE, the parameters are obtained from
a fixed ROI, which is generally the stiffest area, and SD
does not reflect the heterogeneity of the entire lesion (19).
Therefore, based on the combination of these studies, we
focused on Emax and Emean.

The present study determined an optimal Emean cutoff
value of 60.7 kPa. This value was lower than that reported
by Chang et al. (8) (80.17 kPa) but similar to the values re-
ported in other studies (9, 13). Similarly, the optimal cut-
off value for Emax determined in the present study (81.3 kPa)
was consistent with the findings of previous studies (9, 12).

There was one false negative case in this study (Figure
3). This case involved a 5 mm sized invasive ductal carci-
noma (IDC). Although it has been reported that the size
of a breast mass does not influence the diagnostic per-
formance of elastography (30), smaller malignant masses

tend to be early stage breast cancers that are composed
of softer tissues than larger invasive masses, and this pat-
tern may lead to false negative SWE resulted based on Emax

(15). Additional studies of the application of elastography
to small sized, early stage breast cancer on elastography
are anticipated in the future.

The present study showed statistical difference of aver-
age Emax only in deep location. Several investigators indi-
cated that the elasticity of deep located lesions could be af-
fected by the chest wall (15, 16). However, Emean showed no
statistical significant difference according to lesion depth.
This is probably due to the small sized study group in deep
location. Further evaluation might be necessary with a
large study group about lesion depth.

There are several limitations to the present study. No-
tably, this study was a small, single-center study with a rel-
atively low number of observers and patients with cancer.
Therefore, a larger sample of patients with cancer is re-
quired to adequately assess the use of SWE for the diag-
noses of soft tumors. Additionally, the present study was
performed by radiologists who had only recently been in-
troduced to the center and were thus, relatively inexperi-
enced. This issue may have influenced the performance
of the diagnostic imaging techniques. Therefore, with in-
creased experience in elastography, an improved under-
standing of its value in the assessment of breast lesions
may be obtained.

In conclusion, application of SWE appears to increase
the diagnostic accuracy of conventional US in the diagno-
sis of breast lesions. Furthermore, for category 3 or 4A le-
sions as assessed based on conventional US, use of SWE may
reduce the rate of benign biopsies. Additionally, both Emax

and Emean values were effective diagnostic parameters and
there was no significant difference between these two pa-
rameters.
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Figure 3. Conventional ultrasound (US) and shear wave elastography (SWE) of the breast of a 46-year-old female patient. A, conventional US imaging determined a true-positive
result. An irregular, taller-than-wide orientated, hypoechoic lesion was identified and classified as category 4C on ultrasound, according to the breast imaging reporting and
data system. B, SWE determined a false-negative result. The lesion exhibited a mean elasticity of 7.8 kPa and a maximum of 17.3 kPa. This lesion was diagnosed as invasive ductal
carcinoma.
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