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Abstract

Breast cancer is the most common cancer among women all over the world. Similar trend is noted
in India. An estimated 1.6 lakh new cases were diagnosed in India and 2 million across the world
in the year 2018. Five-year survival of patients with breast cancer post-treatment in India is only
60 percent as compared to 89 percent in the United States of America. The high mortality rate in
our country is probably due to lack of awareness and delay in diagnosis and treatment. The aim of
this study is to compare the diagnostic performance of elastography with that of conventional
ultrasound for characterizing breast lump.

Material and Methods: A prospective study was conducted to evaluate 61 adult patients of both
sexes above the age of 15 years with history of clinically palpable breast lump. An informed
consent was taken from all the participants to perform ultrasound and elastography. The lesions
were assessed according to BI-RADS criteria on ultrasound and afterwards, in the same sitting,
elastography was performed by the same observer assigning the grades and strain score. Simple
descriptive analysis, mean, median, proportions and frequency distribution with 95% CI were used
in the study sample. Categorical data was analysed using percentage and chi square test. A p-value
of <0.05 was considered significant.

Results: Out of 61 cases, 56 cases were females and 5 cases were males. This indicated high
incidence of breast abnormality in females. 49 cases were found to be benign on elastography. 48
out of 49 cases were found to be benign on cytology. 12 cases were malignant on elastography; on
cytology correlation, 11 cases were malignant. 92% of sensitivity and 87% of specificity
respectively was seen for ultrasound. Sensitivity and specificity of elastography score was 97.9 %
and 87% and that of strain ratio was 92.3% and 97.9%. Combined sensitivity and specificity of
84.64% and 98.31% respectively was noted for cumulative analysis of elastography technique.
Conclusions: Our study concluded that elastography is useful in all breast lesions, when used
along with conventional grey scale ultrasound. This technique helps to downgrade or upgrade the
categorization of the ultrasound breast lesion, subsequently avoids unnecessary cytology or biopsy,
which in turn is beneficial as it is cost effective and time saving method and avoids psychological
stress or trauma to the individual.
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Introduction

Breast carcinoma is the most common cancer
among women worldwide with number
reaching up to 1.5 million in 2016 in India [1]
and accounts for 27% of all cancers in women
[2,3] and therefore, its a leading cause of
cancer deaths among women.

The incidence of breast cancer increases with
increasing age, and in individuals with early
menarche and late menopause. Nulliparity
and child birth in late age also increase risk
of breast cancer development. The level of
risk also increases with positive medical or
family history.

The most common presenting complaint in
case of carcinoma is breast lump. Other
presentations include nipple discharge,
nipple retraction, skin eczema etc [4].

Mammography and ultrasound are standard
modalities for breast screening and diagnosis.
They are highly sensitive in detecting breast
cancer, however, they have some limitations.
To overcome such limitations and obtain
more accurate results through diagnostic
procedure, ultrasound elastography was first
reported in 1991 by Cespedes and Ophir.

Elastography is a non-invasive technique
based on the principle of tissue stiffness in
disease conditions [5]. There are two
methods for assessing elasticity of the lesion,
that is strain elastography and shear wave
elastography [6]. In this study, we are using
strain elastography technique for tissue
evaluation. Strain is computed as the rate of
change of axial tissue displacement as a
function of depth, and therefore, it is a
semiquantitative technique in estimating
stiffness.

Material and Methods

Chouhan et al.

This is a prospective study conducted in
Department of Radiodiagnosis, in a tertiary
care teaching hospital in central part of India.
A total of 61 adult subjects of both sexes
participated in the study. An informed
consent was taken from all participants to
perform ultrasound and strain elastography.
Both procedures were conducted in the same
sitting and was performed by same observer.

Ultrasound examinations were performed
using a conventional ultrasound with real-
time elastography software using Versana
Premier GE ultrasound machine with a high
frequency 7.5-10 MHz linear array probe and
focus of minimum 3-4 cm depth. The
examination was done in fairly low lighting
with patients in supine position, by rolling the
patient on one side or other side and
ipsilateral hand behind the head. All the cases
having a lesion on B-mode ultrasound were
subsequently subjected to elastography. The
lesions were assessed according to BI-RADS
criteria on ultrasound.

Elastography mode was used on the machine.
Split screen image displays were on screen,
one of the screens showing grey scale images
and another screen showing grey scale
images with a chromatic scale box. This
chromatic scale was used to assign green
colour to soft tissue and blue colour to non-
compressed hard tissue. Slight light pressure
was applied by moving probe in superior and
inferior direction. While doing so, normal
breast tissue was included on the screen.
Optimal light pressure was applied on the
breast lesions; this was shown by green
signals on the screen. Appropriate images
were obtained, which were called elastogram,
and were saved for analysis. Elasticity
scoring (Tsukuba score) is a chromatic scale
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used to assign colour depending on nature of
tissue. Green colour corresponds to
compressible soft tissue and blue colour to
non- compressible hard tissue. The
categorization was given by Ueno et al[7].

Strain score - 1-3 score are considered benign
and 4-5 score is malignant.

Grade 1: Indicates equal strain for
hypoechoic lesion (i.e., the entire lesion was
displayed as green colour.)

Grade 2: Indicates mixed pattern of high and
low strain throughout the hypoechoic lesion
(i.e. mosaic pattern of green and blue within
the hypoechoic lesion).

Grade 3: Indicates high strain at the periphery
of the hypoechoic lesion, with low strain at
the centre of the lesion (i.e., the peripheral
part of lesion was green, and the central part
was blue).

Grade 4: Indicates no strain in the entire
hypoechoic lesion (i.e. the entire lesion was
blue, but its surrounding area was green in
colour)

Grade 5: Indicates no strain in the entire
hypoechoic lesion or in the surrounding area
(i.e., both the entire hypoechoic lesion and its
surrounding area were blue).

Strain ratio was calculated in all lesions by
placing region of interest (ROI) on the lesion
and another ROI was placed in adjacent soft
tissue at same height. With help of the
software, the ratio was displayed on a static
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image. Deniz Ozel et al[8] in his study
calculated cut-off value to be 3.1 with help of
ROC curve. This cut off value is used in our
study to differentiate benign lesions from
malignant.

The patients were referred to pathology
department for cytological correlation.
Assembled data was analysed by simple
descriptive analysis such as mean, median
proportions and frequency distribution and
95% CI were used in the study sample.
Categorical data was analysed using
percentage and chi square test. A p-value of
<0.05 was considered statistically significant.

Results

A total of 61 patients participated in our
study. Consent was obtained from all the
patients for doing ultrasound breast and
elastography, both were performed in the
same sitting. All the patients were considered
to study the sensitivity and specificity of
ultrasound, elastography score and strain
ratio in detection and assessment of breast
lesions and its role in differentiating benign
and malignant nature. All patients then
underwent fine needle aspiration cytology
(FNAC) and findings were confirmed.

The minimum age of presentation at our
hospital was 18 years and maximum age was
75 years. Maximum number of patients
belonged to the age group of 15-30 years. Out
of 61 patients, 26 (42.6%) belonged to 15-30
years age group and only 1 patient (1.6%)
belonged to >75 years age group. (Fig 1)
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Figure 1: Age distribution

Majority of patients reviewed were females (92%), and the rest were male patients (8%). The
median age was 37.22 years. (Fig 2)

Sex distribution

Male
8% = Female = Male

Female
92%

Figure 2: Sex distribution

Out of 48 benign cases, 25 cases belonged to 15-30 years of age group, 15 cases were in 31-40
years age group, 4 cases were in 41-50 years, 2 cases were in 61-70 years of age group and 1 case
was >75 years. Similarly, out of 13 malignant cases, 1 case was in 15-30 years of age group, no
cases were in 31-40 years of age, 4 cases were in 41-50 years age group, 4 cases in 41-50 years
age group, 2 cases in 51-60 years age group, 6 cases were in 61-75 years age group. (Figure 3)
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Figure 3: Age distribution of benign and malignant lesion

Out of 61 patients, 48 (79%) were cytologically benign in nature and 13 (21%) were cytologically
malignant. (Figure 4)

Number of benign and malignant lesions

® Malignant
® Benign

79%
79%

Figure 4: Number of benign and malignant lesions

Elasticity score: An elastogram is a visual colour coded representation of tissue deformation under
compression. A five-point scoring system is called Tsukuba score. Elasticity score of 1-3 were
noted in all benign cases except 2 cases. And score of >4 was noted in 1 benign case and all
malignant cases. (Table 1)

Table 1: Distribution of cases according to Elastography score

Elasticity score Gradel | Grade II | Grade IIT | Grade IV | Grade V
No. of cases 10 29 10 5 7
No. of benign cases (FNAC) 10 28 9 1 0
No of malignant cases (FNAC) | 0 1 1 4 7

Mean elasticity score of benign lesions: 1.9
Mean elasticity score of malignant lesions: 4.5

Chouhan et al.
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Strain score (E/B Ratio): This is a semi-quantitative method to quantify the relative stiffness
between the lesion and adjacent tissue. A strain ratio of more than 3 indicates high possibility of
malignancy. All benign lesions (48) in our study had strain ratio <3 except 1. Among 13 malignant
cases, | had strain ratio< 3 and 12 cases had strain ratio >3. (Table 2)

Table 2: Distribution of cases according to Strain Ratio

Strain ratio <3 >3.1
No of cases 48 13
No. of benign 47 1
No. of malignant 1 12
Mean strain ratio of benign lesion: 1.51

Mean strain ratio malignant lesion: 4.73

Among the total 61 cases, on the basis of ultrasound BI-RADS categories, 18 (29.5%) cases
showed features of malignant lesion. On cytology correlation, 12 cases out of 18 cases were found
to be malignant. BI-RADS categories I, II and III were taken as benign and BI-RADS categories
IVa, IVb, IVc and V were taken as malignant. On the basis of this categorisation, 43 cases showed
benign features. Further correlation with cytology showed that out of 61 cases, 42 were benign and
1 case was malignant. Therefore, for 61 cases, the sensitivity and specificity of ultrasound was
92% and 87% respectively, with an accuracy rate of 88% (CI 95%). (Table 3)

Table 3: Comparison of USG with FNAC

Parameter FNAC (Malignant) FNAC (Benign)

USG (Malignant) 12 6 18
USG (Benign) 1 42 43
Total 13 48 61
Sensitivity 92%; specificity 87%; PPV 50.1%; NPV 98.8%; Accuracy 88%

Out of 61 cases on basis of elastography score (Tsukuba score), 13 (21.3%) had features of
malignancy. FNAC was done in all these 13 cases, 12 cases were found to be malignant. Based on
elastography (Tsukuba score), 48 (78.6%) cases showed benign features and on cytology
correlation, 47 cases exhibited benign features and 1 case revealed malignant features. The
sensitivity and specificity between elastography score and FNAC findings was 92.3% and 97.9%
respectively, with an accuracy rate of 97.2% (CI 95%). (Table 4).

Table 4: Comparison of Elastography score with FNAC

Parameter FNAC (Malignant) FNAC (Benign)

Elastography (Malignant) 12 1 13
Elastography (Benign) 1 47 48
Total 13 48 61

Sensitivity 92.3%; specificity 97.9%; PPV 85.8%; NPV 98.9%; Accuracy 97.2%

Out of total 61 cases, on the basis of strain ratio, 13 cases showed score of >3 corresponding to
malignant lesions. On cytology correlation of these 13 cases, 12 cases were found to be malignant.
On the basis of strain ratio, a total of 48 cases showed score of <3 corresponding to benign lesion
and on cytology correlation of these 48 cases, 47 were found to be benign and 1 case was
malignant. The sensitivity and specificity between strain ratio and FNAC was 92.3 % and 97.9%
respectively, with accuracy rate of 96% (CI 95%). (Table 5)
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Table 5: Comparison of Strain Ratio with FNAC

Parameter FNAC (Malignant) FNAC (Benign)

Strain Ratio (Malignant) 12 1 13
Strain Ratio (Benign) 1 47 48
Total 13 48 61
Sensitivity 92.3%; specificity 97.9%; PPV 92.3%; NPV 97.9%; Accuracy 96%

The sensitivity and specificity correlation between ultrasound, elastography score and strain ratio
with FNAC is shown in Table 6.

Table 6: Correlation of Ultrasound and Elastography with FNAC

Modalities Sensitivity | Specificity | PPV | NPV | Accuracy
Ultrasound 92% 87% 50.1% | 98.8% | 88%
Elastography score | 92.3% 97.9% 85.8% | 98.9% | 97.2%
Strain Ratio 92.3% 97.9% 92.3% | 97.9% | 96%

On cumulative analysis of elastography technique, combined sensitivity and specificity was noted
to be 84.64% and 98.31% respectively.

A 70-year female presented with lump for 2 weeks associated with pain.
BI-RADS 5
Elastography score 5
Strain ratio: 5.8/0.9

Chouhan et al. International Journal of Pharmaceutical and Clinical Research

663



International Journal of Pharmaceutical and Clinical Research

e-ISSN: 0975-1556, p-ISSN: 2820-2643

A 35-year female presented with lump in right breast for 1 year
BI-RADS 2
Elastography score 1* (BGR pattern)
FNAC fibrocystic diseases

Discussion

Ours was a prospective study for assessment
of elastography in characterizing and
differentiating benign from malignant breast
lesions. Majority of the patients were females
accounting for 92% and 8% of patients were
males (Table- 5.2, Figure-5.2). The median
age of patients presenting with complain of
breast lump was 37.2 years and 79% of
lesions were benign (Table 5.4, Figure 5.4)
which reflects that breast lesions were more
common and predominantly occurred in
young females. These findings were similar
to the study done by Olu-Eddo A.N. El al [9].

This study showed specificity of 87% with
ultrasound, whereas on elastography,
specificity increased to 97.9%. Elastography
showed sensitivity of 92.3% which was better
than ultrasound showing sensitivity of 92%.
These results were similar to study done by
Navarro B [10], his study showed sensitivity
of 69.5% and specificity of 83.1% for breast
elastography. Another study done by Cho N
also showed similar results [10]. Therefore,
ultrasound when used in conjunction with

Chouhan et al.

elastography has ability to improve
diagnostic accuracy (Table 6). On cumulative
analysis of elastography score and strain
ratio, the combined specificity rises to
98.31%. Hence, this technique helps in early
identification of malignant lesions and
reducing false positive results.

BI-RADS protocol was followed as category
1, 2, and 3 as benign lesions and BI-RADS
4a, 4b, 4c and 5 as suspicious and malignant
lesions on ultrasound. In our study of 61
cases, 10 cases were categorized as BI-RADS
grade 3. Out of 10, 9 of them turned out to be
benign, whereas 1 was malignant on
cytology. This particular case showed
elastography score of grade IV. These results
are similar to other studies [9-13] which
showed that elastography has a beneficial
role in evaluation of low suspicion lesions by
early detection of malignant potential.

Cho N et al (2012) evaluated 13 suspicious
cystic lesions mimicking as solid mass on
ultrasound and elastography, subsequently all
lesions showed BGR artifact and were found

International Journal of Pharmaceutical and Clinical Research

664



International Journal of Pharmaceutical and Clinical Research

to be fibrocystic disease on histology [11]. In
our study, 3 lesions showed BGR pattern and
3 out of 4 lesions were found out to be
fibrocystic disease on cytological correlation.
Elastography examination of BI-RADS 4a
lesions showed characteristics of benign
lesions and help in down grading the lesion
to BI-RADS 3 or even BI-RADS 2 [14]. In
this study, 6 lesions were categorized BI-
RADS 4a, all the lesions showed benign
elastography score and strain ratio of <3. On
FNAC correlation, subsequently all lesions
were found to be benign, thus increasing the
confidence in technique and its diagnostic
performance.

5 lesions were categorized as BI-RADS 4b, 4
out of 5 lesions had strain ratio of >3.1 and
these 4 lesions later proved to be malignant
on cytology. There were 6 BI-RADS 4c
lesions and 3 BI- RADS 5 lesions, of these
lesions, elastography score showed grade 4
and 5, and strain ratio of >3.1. All the lesions
were found to be malignant on cytology.
Based on clinical presentation and BI-RADS
imaging, 61 lesions underwent FNAC,
resulting in 21% positive biopsy rate (13/61).
Elastography score grade 1 and 2 accounts
for 32/61 (52.4%) lesions which were benign
and therefore, these many biopsies would
have been avoided while at the same time not
missing suspicious malignant lesions. Thus,
refining the potential of elastography may
decrease the number of invasive diagnostic
procedures. The mean elasticity score
analysis showed significant high value for
malignant lesions (4.5) as compared to
benign lesions (1.9) with a p-value of <0.001,
sensitivity of 92.3%, specificity of 97.9%,
PPV of 85.8%, NPV of 98.9% and diagnostic
accuracy of 97.2%. This is in accordance
with results reported by Schnitt SJ et al [15]
who showed that when cut-off of elasticity
score of 3 and 4 were used, elastography had
sensitivity of 86.5%, specificity of 89.8% and
diagnostic accuracy of 88.3 %. Singh M et al
[16] also reported similar results with
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sensitivity of 85.7%, specificity of 96.49%
and accuracy of 93.5%. This was also found
to be in concordance with the study
conducted by Sohn Y-M [17]. Gheonea et a/
[18] study showed sensitivity of 86.7% and a
specificity of 92.9% for elasticity score.
Thomas A et al [19] study also showed
sensitivity and specificity of 81% and 89%
for elastography.

Based on strain ratio analysis considering the
cut-off value of >3.1, this study showed
sensitivity of 92.3%, specificity of 97.9%,
PPV of 92.3%, NPV of 97.9% and accuracy
0f 96%. Mean strain ratio value for malignant
lesions was 4.73 which was significantly
higher than benign lesion worth value of 1.5.
Similar results were observed by Esinger F et
al [20] in which the cut-off was 3.67, and
showed sensitivity of 93.3% and a specificity
0f92.9% for strain ratio. Ioana A.G. et al [18]
in Romania noted that one of the lesions
(3.57%) with grade 4 elastography score and
one lesion (3.57%) with grade 5 elastography
score turned out to be benign after FNAC and
histopathology.

In the same study, one of the lesions (3.57%)
with grade 1 elastography score and 3 lesions
(10.72%) with grade 3 elastography score
were found to be malignant. Likewise, study
done by Singh M [16] found that 2 lesions
with elastography score of grades 4 turned
out to be benign. In this study, there was one
lesion with grade 3 elastography score which
was found out to be malignant and one lesion
with grade 4 elastography score turned out to
be benign.

Conclusion

Ultrasound Elastography is a newer, simple,
effective, non-invasive method that can be
used as a compliment along with ultrasound
examination  of  breast.  Ultrasound
elastography was found to have high
sensitivity and specificity in differentiating
benign and malignant lesions of breast.
Therefore, it reduces the need for
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unnecessary cytology or biopsy in benign
breast lesions. This technique increases the

diagnostic ~ confidence in  diagnosing
malignant lesions.
Under ultrasound guided-biopsy,

elastography demonstrates the stiffest part of
the lesion and sample can be collected from
that focus for biopsy/cytology for better
yield. While performing Ultrasound
Elastography, elasticity score and strain ratio
are dependent variables and for a more
confident diagnosis, both techniques should
be used.
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