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Introduction
Breast pain and lump are the most common complaints seen in the general practice as well as at 

specialist breast centers [1]. A great majority of patients come with the complaint of breast lumps. 
Ultrasound and mammograms are the basic breast related investigations, followed by Fine Needle 
Aspiration Cytology (FNAC) or tissue biopsy [2,3]. Among the patients present with breast lumps 
only 5-10% come up with the diagnosis of cancer, the rest have negative biopsies (ie benign lesions) 
[4,5]. Those patients undergoing screening mammograms have recalls and biopsies for findings 
which then prove as benign. These negative biopsies account for patients stress and also economic 
burden on the system and patients [6]. 

Shear Wave Elastography (SWE) is a relatively new emerging technique being investigated for 
its utilization in characterizing the nature of the lesions by measuring tissue stiffness [7]. Assessment 
of the tissue architecture and the stiffness is one of the oldest modes of diagnosis in medical science, 
given the reason that the pathological manifestations alter both. This analysis is based on the concept 
that the cancers tend to be harder as compared to benign lesions. It used to be done manually 
during clinical examination, however recently the advancements in the conventional ultrasound 
system have added a tool which has potential to assess tissue stiffness and presenting its results 
in qualitative as well as in quantitative measurements. For quantitative assessment the results are 
presented in Kilopascals (KPA) with its mean, maximum, minimum and standard deviation, by 
measuring the velocity of shear wave propagation in the lesion [8]. The qualitative assessment is 
presented in the color scale ranging from blue, yellow, orange, red to dark red where blue suggests 
soft tissue elasticity (ie normal or benign) to dark red suggestive of stiff lesion (ie malignancy) [9]. 
Standing alone the qualitative and quantitative measurements have lacking of definite cut-offs to 
firmly define the nature of the lesion. 

There are studies available suggesting the role of shear wave elastography in characterizing the 
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Abstract

Objective: The study aimed to describe shear wave elastographic characteristics differentiating benign and 
malignant breast lumps and to establish a combined scoring system to make a diagnosis. 

Material & methods: All patients over 15 years of age presented with breast lumps were included. Shear 
wave elastography was done by using Aixpslorer Ultrasound System Multiwave version 8.2.0 (Supersonic 
Imagine S.A. Aix-en-Provence, France) with Superlinear TM (SL15-4* 50 mm Super Linear Array) probe. 
Qualitative assessment was done on color code (ie blue, yellow, orange, red and dark red) and presence of 
signal void dark area. Quantitative assessment was taken in Kilopascals (KPA), where KPA mean was taken 
from the darkest area. All patients underwent biopsy to confirm histopathology. Each parameter was individually 
correlated with histopathological diagnosis; broadly categorized into benign and malignant lesions. Finally the 
parameters were combined to see if combination further improves diagnostic accuracy. 

Results: A total of 109 patients with breast lumps were included. The dark red color code, presence of signal 
void area and the mean KPA >250 were independent predictors of malignant histopathology. The benign lesions 
showed low mean KPA and blue color code without any signal void area with exception of breast abscess. 
Combine score system has potential to accurately define nature of breast lumps, where score 1 defines benign 
and 3 defines malignant lesions, while in score 2 a great majority was malignant but a few benign lesions also 
fall into this category. 

Conclusion: Breast lumps undergoing shear wave elastography if scored 1 having blue to orange color 
code, KPA <200 and no signal void area can be safely avoided biopsy. However those scored 2 and 3 need to 
have histopathological diagnosis.
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lesions of breast [10], liver [11], thyroid [12] etc. All these studies 
suggest higher sensitivity and specificity of ultrasound system when it 
is complemented with shear wave. B-mode ultrasound has its scoring 
system in terms of Breast Imaging Reporting and Data System (BI-
RADS) to define the nature of the lesion [13,14]. However till date 
shear wave has been used to complement BI-RADS but there is no 
strong evidence to define characteristics of the benign and malignant 
lesions on elastography. 

Some studies suggest color code others have given numerical cut-
offs but there is lot of overlap and numerical readings were set low 
to define malignancy resulting in benign lesions again fall into the 
category of suspicious [9,15,16]. 

This study therefore aimed to understand shear wave 
elastographic description of the lesions without taking mammogram 
findings into account and B-mode ultrasound findings. Although 
B-mode ultrasound was used as the basic identification tool for the 
presence of the lump and a guide for application of shear wave. 
In this study we used color code, presence of punched out lesion 
(dark area-with no shear wave signals/signal void area) and the 
quantitative measurements (ie mean KPA) and correlated with the 
histopathological diagnosis. We also attempted to establish a combine 
score system to increase diagnostic yield. 

Methodology
Patients

This study included all female patients’ ≥15 years of age coming 
to the department of surgery with a breast lump and planned to have 
tru-cut or excisional biopsy. The study was conducted during a period 
from March 2014 to March 2016. Patients with known diagnosis of 
cancer were excluded. In patients having more than one lesion the 
lesion from which biopsy was taken was considered. All patients 
were scanned and biopsied by the same team of elastography and the 
surgery department. Histopathology was done by the same team of 
pathologists. All patients were informed of the scan and consent was 
taken. 

Elastographic methods and parameters

Shear wave elastography was performed by using SuperSonic 
Imagine, Aix-en-Provence, France (v8.20) with a linear-array probe 
(maximum frequency=12-14MHz). The site of the lesion was recorded 
as provided in Figure (1a). At each area of the lesion the probe was 
placed still for at least 10 seconds to allow supersonic to produce and 
display the image. At least five images were taken from each lesion. 
For these 10 seconds patients were asked to hold their breath. 

Based on the available literature mean of the stiffness showed the 
highest accuracy among all the features including mean, maximum, 
minimum and standard deviation, therefore mean of the ORI 
was taken as the final reading of the lesion [17]. The lesions were 
measured at different sites, only mean KPA of the lesion from the 
area of maximum stiffness was recorded (Figure 1b). The default 
maximum display setting was 180 KPA. The qualitative assessment 
was done by the color code. The homogenous blue was considered 
one color; however in tumors with heterogeneous pattern the darkest 
color was noted. In addition, presence of the signal void area was 
noted (Figure 1c). 

Statistical methods

Data was recorded in Statistical Package for Social Sciences 
(SPSS version 18.0, Chicago, Illinois, USA). The quantitative data 
was recorded as continuous variable, while color code and presence 
of signal void area as categorical variables. The histopathological 

Figure 1a: Breast diagram used for recording the site of the lump on 
shearwave elastography.

Figure1b: default setting of qualitative and quantitative assessment of 
breast lumps on SuperSonic Imagine, Aix-en-Provence, France (v8.20) with 
a linear-array probe (maximum frequency=12-14MHz).

Figure 1c: presence of signal void area within a breast tumour on shear 
wave elastography using Super Sonic Imagine, Aix-en-Provence, France 
(v8.20) with a linear-array probe (maximum frequency=12-14MHz).
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diagnosis was correlated with the mean KPA, color code and 
the presence of signal void area. Chi-square test was applied for 
categorical variables. Logistic regression analysis was carried out to 
see the independent predictors of the diagnosis. A p-value <0.05 was 
considered significant. 

Results
A total of 109 patients were included with breast lumps, there 

were four types of pathological diagnosis came up including benign 
lesion ie fibroadenoma, fibrocystic disease (including simple cysts), 
abscess and carcinoma breast. Median age of study patients was 40 
years (range 15-78), 64.2% (N=70) were ≤45 years and 35.8% (N=39) 
were >45 years of age. Median size of the masses on grey scale was 1.3 
cm (range 0.9-8.2 cm). There was no significant correlation between 
the size of the mass with the age of the patients (p>0.05). 

Quantitative characteristics of benign and malignant 
lesions

Fibroadenomas show low readings in KPA, while malignant 
lesions show highest reading. Fibrocystic lesions and the abscess show 
relatively high readings, however lower than the malignant lesions. A 
summary of the readings is presented in Table 1 and Figure 2.

Qualitative characteristics of the benign and malignant 
lesions

Color code: Dark red color was significantly associated with 
malignant histopathology, none of the benign lesions adopted dark 
red color on elastography, however two cases of fibrocystic disease 
show red color on elastography (p<0.001). All benign lesions range 
from blue to orange color. Benign lesions showed more or less 
homogenous pattern with exception of fibrocystic disease in peri-
menopausal women where there was relatively more heterogeneous 
pattern (Table 1). 

Signal void area within the lesion

Presence of signal void area within the lesion was highly 
significantly associated with the malignant histopathology (p<0.001). 
A summary is given in Table 1. 

Combined score system for shear wave elastography 
interpretation

Logistic regression analysis suggests that all the variables 
including dark red color code, signal void area and the mean KPA 
>250 are independent predictors of malignant histopathology. For 
combined analysis the patients were grouped into three categories 

Table 1: Summary of the quantitative and qualitative parameters of the breast lumps on shear wave elastpgraphy.

Quantitative measurements of breast lesions in correlation with histopathological diagnosis

Histopathological diagnosis (N) Minimum mean KPA Maximum Mean KPA Median KPA

Fibroadnoma (37) 26.30 151.40 63.0

Fibrocystic disease (35) 28.30 248.30 127.0

Abscess (5) 70.70 155.30 155.0

Carcinoma breast (32) 203.0 300.0 260.0

Quantitative characteristics of breast lesions in correlation with histopathological diagnosis

Histopathological diagnosis (N) Blue (N=37) Yellow/green (N=26) Orange (N=12) Red (N=5) Dark red (N=29)

Fibroadnoma (37) 33 4 0 0 0

Fibrocystic disease (35) 2 17 12 2 0

Abscess (5) 0 5 0 0 0

Carcinoma breast (32) 0 0 0 3 29

Pattern of presence of signal void area within the lesion in correlation with histopathology

Histopathological diagnosis (N) Signal void area present Signal void area abscent

Fibroadnoma (37) 0 37

Fibrocystic disease (35) 0 35

Abscess (5) 5 0

Carcinoma breast (32) 27 5

Figure 2: Box plot presents the pattern of quantitative measurements of 
breast lesion in correlation with the histopathological diagnosis by using 
SuperSonic Imagine, Aix-en-Provence, France (v8.20) with a linear-array 
probe (maximum frequency=12-14MHz).
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Discussion
Shear wave elastography findings have potential to characterize 

the nature of breast lesions. However, grouped categories in the form 
of scale show high accuracy to differentiate benign from malignant 
lesions. 

Elastography is a technique to measure elasticity of the tissue, 
where pathological processes tend to alter tissue architecture 
resulting in change in stiffness. Malignant lesions tend to be harder as 
compared to surrounding normal tissues. The tissue mapping system 
used by elastography helps in making a diagnosis. This technique 
is currently in use to assess liver fibrosis in cases of chronic liver 
disease [11,18], where it has largely replaced biopsy. This technique 
has remarkable acceptance on the part of patients due to noninvasive 
nature. For breast, shear wave elastography was introduced at some 
point in last decade. A number of studies were conducted to analyse 
the role of shear wave elastography in the diagnosis of breast masses. 
The studies showed that the elastography is highly reproducible 
mode of investigation [19]. A large multicenter trial “BE1” including 
939 breast lumps showed that addition of shear wave elastography 
significantly improved diagnostic accuracy of ultrasound [20]. The 
study also showed that shear wave was superior to ultrasound in 
assessing BI-RADs category 3 and 4. 

By default setting shear wave elastography gives qualitative and 
quantitative details of the lesion by measuring speed of propagation 
of the shear waves through the tissue. There is a define range of 
colors and the default numbers to give a clue and supplement BI-
RADs system. However in our study we did not considered BI-
RADs system and grey scale B-mode ultrasound was only used to 
locate and measure the size of the lesion. This was done in order to 
provide evidence for the utilization of the shear wave technology as 
a mode of investigation in breast lumps. The quantitative readings 
were much higher in malignant lesion than the default setting, where 
180 are perceived as the cut-off. In our study some of the benign 
lesions especially those with fibrocystic histopathology showed much 
higher mean KPA. Previously reported retrospective study showed 
that using cut-off value of 50 KPA 8% of lesions fell into the category 
of suspicious lesions which were labeled as benign on conventional 
radiology [21]. The study suggested sensitivity of shear wave in 
diagnosing lobular carcinomas superior to other modalities [21]. 
The study used a cut-off of 50 which is much lower than the default 

Figure 3a: Infiltrating ductal carcinoma in right breast, score 3 on shear 
wave elastography.

Figure 3b: Breast abscess in right breast, score 1 on shear wave 
elastography.

Figure 3c: Infiltrating ductal carcinoma in right breast, score 2 on shearwave 
elastography. 

based on their characteristics on quantitative and qualitative findings          
(Table 2). Based on the scoring system our results showed that score 1 
were all benign lesions, within score 2 a great majority were malignant 
a few were benign and all score 3 were malignant (Table 3). Shear 
wave elastography images of the breast lesions are given in Figure 3.

Table 2: Breast Shear wave Elastography Scoring system.

Category 1 2 3

Color code Blue, yellow, orange Red, Dark 
red Dark red

Mean KPA 
range <200 >200 >250

Punched out 
lesion status

Absent (breast abscess 
is an exception) Present May be present

Interpretation Benign Most likely 
malignant

Highly suspicious of 
malignancy

Table 3: Breast Shear wave Elastography Scoring system based pattern of 
diagnosis.

Score 
category

Histopathology

Fibroadenoma Fibrocystic 
disease Abscess Carcinoma 

breast
1 100% (37) 94.3(33) 100(5) 0
2 0 5.7 (2) 0 31.2(10)
3 0 0 0 68.8(22)
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reading that probably has given a chance to lobular carcinoma to fall 
under the category of the suspicious lesion. The interesting finding 
we observed was the high elasticity of the peri-tumoral tissue. In our 
study most of the malignant lesions showed signal void area in the 
tumour while the surround area was very stiff. This finding was also 
reported in previous studies [22]. Lee et al reported signal void area 
in 43% of cancers in their study [23] while in our data 83% (N=27 
out of 32 showed signal void area. The abscesses also showed signal 
void area. The signal void area in the malignant lesion was produced 
by very stiff central tissue while in the abscess it was the cavity. The 
difference between the pattern of the signal void area of cancer and 
abscess was the color scheme and the quantitative measurement 
of the surrounding area. The abscesses showed color ranging from 
blue to orange while the malignant lesions showed red and dark red 
surrounding area. 

The color scheme to differentiate benign and malignant breast 
lesions has been studied previously [24-26]. In our study we used 
default color scheme where blue was benign and red was malignant. 
Our results are comparable in defining malignant lesions based on 
the color. However some of the fibrocystic lesions present with red 
color and their quantitative reading was higher. There is limited 
literature available to comment on shear wave elastographic features 
of fibrocystic disease. 

Combination of the parameters always shows superiority than 
the single parameter. Therefore we attempted to combine all the 
independent parameters to accurately make a note of diagnosis. This 
type of scoring system for shear wave has not been reported before. 
This system has shown high accuracy in making a diagnosis of benign 
lesions and malignant lesions by categorizing them in score and 1 and 
3. However there was a little overlap of some fibrocystic disease in 
score 2. Although majority of score 2 lesions were malignant. Based 
on these results we can safely avoid biopsy in score 1 cases. 

We are aware of the limitation of small sample size in the study, so 
we consider this as a pilot study for construction of the score system; 
our unit is on way to prospectively validate this system. 

Conclusion
Shear wave elastography appears highly reliable mode of imaging 

in breast lesion. Individual parameters including quantitative 
measurement and qualitative characteristics including color scheme 
and the presence of signal void area show significant correlation with 
the histopathological diagnosis. The combine score has potential to 
clearly differentiate benign from malignant lesions. Where score 1 
labeled lesions can be safely spared from biopsy. Further prospective 
validation studies are required to confirm the results.
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