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Abstract

Background: Palpable breast masses are common and usually benign, but efficient evaluation
and prompt diagnosis are necessary to rule out malignancy. High frequency high resolution
ultrasonogram helps in its evaluation. With major advances in ultrasonographic technology,
ultrasound elastography can improve differentiation between benign and malignant breast
lumps. Knowledge of the specific ultrasonogram elastographic characteristics of breast lumps
can be offered as a viable alteration to biopsy and imperative for optimal patient management.
Objective: To determine the validity of ultrasound elastography strain ratio in differentiation of
benign and malignant breast lesions by detecting the sensitivity, specificity, positive predictive
value, negative predictive value and accuracy of ultrasound elastography in diagnosis of benign
and malignant breast lesions. Materials and Methods: This cross-sectional analytical study was
done in the department of Radiology & Imaging of Enam Medical College & Hospital during July
2016 to June 2017. A total number of 104 patients were included in this study. Data on clinical
presentation, ultrasonographic, sonoelastographic findings including histopathological report
were collected and documented in structured forms. Analysis was done using SPSS 20.0 version.
Results: The study was done on 104 women of 19—60 years of age with the mean age of 34.65+5.5
years. Out of sonographically diagnosed 80 benign lesions also having lower elastography
strain ratio (2.73+0.87), 75 (94%) were proved benign histopathalogically. With these criteria
for diagnosis of benign lesion, sensitivity was 94.9%, specificity 80%, positive predictive value
93.7%, negative predictive value 83.3% and accuracy 91.3%. Sonographically 24 lesions were
diagnosed as malignant also having higher elastography strain ratio (8.1£1.38), out of these
20 (83%) cases were proven malignant histopathalogically with sensitivity of 80%, specificity
94.9%, positive predictive value 83.3%, negative predictive value 93.7% and accuracy 91.3%.
Conclusion: Ultrasound elastographic findings of benign and malignant breast lesions correlated
well in most of the cases with the histopathological results. So combined use of ultrasound and
ultrasound elastography provide better diagnostic yield and thus allowed sparing of cumbersome
invasive diagnostic procedures.
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Introduction

The most common breast lump by age is fibroadenoma
in young women, cyst or fibrocystic changes in
middle-aged women and cancer in older women.'
Breast cancer is one of the most common cancer in
women, accounting for 21% of cancer diagnosed?
and causes high morbidity and second most common
cause of cancer-related mortality.* Recent research on
service screening programs suggests that participation
in modern, organized service screening may reduce
the risk of breast cancer by 40% or more.* Early and
sensitive diagnosis represents a better prognosis. But
noninvasive diagnosis of breast cancer remains a
major clinical problem and a large number of biopsies
performed for benign breast abnormalities.

There are many imaging modalities for detecting
breast lump. But mammography and sonography
are currently the most sensitive modalities. For early
detection of breast cancer, mammography is currently
the most widely used screening modality, but it
has a low negative predictive value. In patient with
palpable abnormalities of the breast, false-negative
rate for mammography has been reported to be 18%.°
Therefore, many masses referred for breast biopsy
on the basis of mammography findings are actually
benign.

In the absence of a lesion, biopsy is still performed for
clinically questionable palpable abnormalities because
of the reported false-negative rate of mammography.
As clinical breast examination is not absolute, many
surgeons liberally performed biopsies. But the biopsie
results for cancer is only 10% to 30%.% This means
that 70% to 90% of breast biopsies are performed for
benign diseases which induce unnecessary patient
discomfort and anxiety in addition to increase cost
to the patient. Moreover, increase in breast tissue
density reduces the diagnostic accuracy of breast
cancer in mammography, especially in younger
females.” Thus, as the proportion of glandular breast
tissue rises, other imaging methods are required.®
Gray-scale ultrasonography is a valuable adjunct to
mammography and other breast imaging methods,
affording highly sensitive assessment of breast
masses.” !! However, ultrasonography is strongly
subjective and poorly specific.'>”'* Therefore, there is
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a great need for development of additional reliable,
noninvasive, cost-effective method helping to
differentiate benign from malignant breast lesions, thus
reducing the number of unnecessary interventional
diagnostic procedures.

Recently, sonoelastography which estimates tissue
strain has been used as an adjunct to the conventional
ultrasound B-mode examination for diagnosis of
breast lesions. It improves the diagnostic reliability
of sonography, increases specificity and allows better
differentiation between benign and malignant focal
lesions. Therefore, the number of false-positive
findings in breast lesion diagnosis has been reduced
by using ultrasound elastography.!>!8

Elastography is the technique of imaging the hardness
of soft tissue. Strain images display the relative
stiffness of lesions compared with the stiffness of
surrounding tissue. Stiffer areas deform less easily
than do their surroundings whereas softer areas deform
more easily than do their surroundings. Malignant
masses are typically less compressible and benign
masses deform easily.” The interpretation criteria
in elastography consist of the qualitative parameter
elasticity score (ES) and the quantitative parameter
strain ratio (SR). Calculation of the SR value is based
on determining the average strain measured in a lesion
and comparing it to the average strain of a similar area
of fatty tissue in the adjacent breast tissue. The strain
ratio (SR) reflects the relative stiffness of the lesion.
Probability of malignancy increases as the strain ratio
(SR) value increases.”’ Tissue elasticity imaging is
performed with a conventional ultrasound probe and
does not require additional equipment.

The current prospective study aimed to evaluate the
diagnostic yield of ultrasound elastography using strain
ratio (SR) for differentiating breast lesions as benign
or malignant in comparison with histopathological
examination.

Materials and Methods

This cross-sectional analytical study was carried in
the department of radiology and imaging department
of Enam Medical College & Hospital during July
2016 to June 2017. This study was carried out on
purposively selected 104 patients ranging from
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19-60 years having breast lump with the mean age of
34.65+5.5 years.

After taking consent from all, patients underwent
that
ultrasonography and ultrasound elastography. Using

radiological ~ workup included B-mode
B-mode imaging, morphological characteristics of

lesions were determined.

All elasticity images were obtained with a system that
consisted of a digital US scanner. The US probe was a
7.5-MHz linear electronic probe. The top of the region
of interest (ROI) included subcutaneous fat and the
bottom included the pectoral muscles and lateral
borders were set >5 mm from the lesion’s boundary.
The strain index, defined as the fat to mass strain ratio
(SR) that indicated mass stiffness, was evaluated.
One ROI was placed in the focal lesion and the
reference ROI was placed in the surrounding normal
tissue, preferably in the same depth as the lesion. The
strain ratio (SR) was automatically calculated by the
elastography software. The likelihood of malignancy
was established based on Ultrasound Elastographic
criteria (higher strain ratio). Finally ultrasound
elastographic findings that is the strain ratio of breast
lesions were correlated with histopathological reports.

The results were statistically analyzed using SPSS
software statistical computer package version 20.0
for quantitative data. For the validity of the study
outcome sensitivity, specificity, positive and negative
predictive values and accuracy were calculated out
after confirmation of the diagnosis histopathalogically.

Results

A total 104 cases were selected who were clinically
suspected of having breast lump. Mean age of the
patients was 34.65+5.5 years ranging from 19 to 60
years.

All the cases complained of lump in the breast, 67%
cases complained for mastalgia, 12% presented with
nipple discharge, 14% cases with nipple retraction,
11% presented with skin changes, and 24% presented
with palpable axillary lymph node (Table I).
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Table I: Distribution of respondents according to
clinical features (n= 104)

Clinical features Number  Percentage
Lump 104 100
Mastalgia 70 67
Nipple discharge 13 12
Nipple retraction 15 14
Skin change 12 11
Palpable lymph node 25 24

Some subjects had more than one complaints.

Sonographically, benign lesions were diagnosed in 80
cases. Common sonological criterias were well-defined
margin in 65 (81%) cases, 50 (63%) cases were
hypoechoic in echotexture. Oval and round shape was
present in 66 (83%) cases and homogeneous internal
echo was seen in 60 (75%) cases. Sixty seven (84%)
cases showed bilateral edge shadow and 70 (88%) cases
showed compressibility. And 65 (81%) cases showed
no architectural disruption (Table II and Fig 1).

Sonographically malignant masses were diagnosed
in 24 cases having following common criteria — ill-
defined margin in 20 (83%) cases, irregular shape
in 19 (79%) cases. Twenty one (88%) cases had
more hypo to anechoic echogenicity. Heterogeneous
internal echoes were seen in 18 (75%) cases. Bilateral
edge shadow and compressibility were seen only in
22 (92%) cases. Twenty three (96%) cases showed
architectural disruption (Table III and Fig 2).

Eighty cases diagnosed as benign masses with
morphological sonographic criteria showed lower
strain ratio (mean SR 2.73+0.87) in ultrasound
elastography whereas  sonographically diagnosed
24 cases of malignant masses showed higher strain
ratio (mean SR 8.1+1.38). Strain ratio of malignant
lesions was significantly (p<0.0001) higher than that
of benign lesions when cut-off value 4.4 was used
(Table 1V and Fig 3 and 4).

Using strain ratio < 4.4, 80 cases were diagnosed as
benign masses after histopathological correlation 75
cases were found as benign and 5 cases were found
as malignant. Using strain ratio > 4.4, 24 cases were
diagnosed as malignant masses after histopathological
correlation 20 cases were found as malignant and 4
cases were found as benign (Table V).
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Table II: Distribution of respondents according to morphological sonographic features of benign masses (n= 80)

Morphological sonographic criteria

Margin

Well defined
111 defined
Echogenicity
Hypoechoic
Isoechoic
Hyperechoic

More hypoechoic to anechoic

Shape

Oval and round
Irregular

Internal echoes
Homogeneous
Heterogeneous
Architectural disruption
Present

Absent

Bilateral edge shadow
Present

Absent
Compressibility
Absent

Present

Number

65
15

50
5
20
5

66
14

60
20

15
65

67
13

10
70

Percentage

81
19

63
6
25
6

&3
17

75
25

19
81

&4
16

12
38

Table III: Distribution of respondents according to morphological sonographic features of malignant masses (n=24)

Morphological sonographic criteria

Margin
Well-defined
I1l-defined
Echogenicity
Hypoechoic

Morehypoechoic to anechoic

Shape

Oval and round
Irregular

Internal echoes
Heterogeneous
Homogeneous
Bilateral edge shadow
Absent

Present

Architectural disruption
Absent

Present
Compressibility
Present

Absent
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Number

4
20

Percentage

17
83

12
88

21
79

75

25

92

96

92
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Table I'V: Strain elastographic ultrasound findings (strain ratio)

Types of lesions Mean SR p value
Sonographically benign lesions (n=80) 2.73+0.87 <0.0001
Sonographically malignant lesions ( n=24) 8.1£1.38 '

Table V: Correlation of strain ratio (SR) of breast lesions with histopathological findings

Strain ratio Histopathologically positive Histopathologically negative
< 4.4 (benign)

(n=80) 75 5

> 4.4 (malignant)

(n=24) 20 4
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Fig 3. USG of benign breast lesion Fig 4. USG of malignant breast lesion

The sonoelastographic criteria used for diagnosing true negative in 20 cases, false positive in 5 cases and
benign masses was lower strain ratio (mean SR false negative in 4 cases giving a sensitivity of 94.9%,
2.73+0.87). After histopathological correlation with  specificity of 80%, positive predictive value of 93.7%
this criteria it was found to be true positive in 75 cases, and negative predictive value of 83.3%. Overall
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diagnostic accuracy of the test was 91.3%.

The sonoelastographic criteria used for diagnosing
malignant masses was higher strain ratio (mean SR
8.1+1.38). After histopathological correlation with
this criteria it was found to be true positive in 20
cases, true negative in 75 cases, false positive in 4
cases and false negative in 5 cases giving a sensitivity
of 80%, specificity of 94.9%, positive predictive value
of 83.3% and negative predictive value of 93.7%.
Overall diagnostic accuracy of the test was 91.3%

Discussion

Breast masses have become common in women.
Although breast imaging is most routinely thought
of as a screening and diagnostic tool to detect and
manage breast cancer, benign breast lesions are
vastly more common than malignant lesions and
often require accurate diagnosis to rule out cancer.
Breast sonography has become an indispensable
tool in the evaluation of breast lesions. However,
ultrasonography is strongly subjective and there is
an overlap between the sonographic appearances
of benign and malignant lesions. So for diagnosis
of suspicious breast lesions, biopsies are done in
a large proportion of benign lesions. Therefore, a
noninvasive and reliable method identifying low-
risk lesions, and reducing unnecessary interventional
diagnostic procedures, would be valuable. Ultrasound
elastography with measuring the mass/fat ratio
(strain ratio) can be used to differentiate benign from
malignant solid breast lesions.

The current study was performed to explore the
accuracy of strain ultrasound elastography using
strain ratio in differentiation of benign and malignant
breast lesions with histopathological correlation. One
hundred four women with breast lumps attending the
department of Radiology & Imaging, EMCH were
enrolled in the study. Strain ratio of breast lesions
were measured with Ultrasound elastography and
were correlated with histopathological findings.

In our study sonological criteria for diagnosis of benign
and malignant lesions were also comparable to those of
other studies. Rahbar et al*' found that the features most
likely to predict a benign diagnosis in solid masses were
round or oval shape, had a circumscribed margin, and had
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a width-to-anteroposterior ratio greater than 1.4. These
results were also in conformity with the results obtained
by Singh et al*2, Stavros et al'! and other studies.?*** The
typical features of malignancy include irregular shape,
irregular contour, hypoechogenicity, a surrounding
echogenic rim and posterior acoustic shadowing.!*
According to Pande et al* shape, margins, vascularity,
surrounding tissue character, sound transmission
through the lump are more significant in the diagnosis
of benign and malignant lumps.

We have shown that the mass/fat ratio using ultrasound
elastography (strain ratio) can be used to differentiate
benign from malignant solid breast lesions and the
most useful and reproducible measure was the mass/
fat elasticity ratio. Breast fat tissue shows minimal
elastographic variability, and the elasticity values are
very low, supporting the use of fat tissue stiffness as
a comparator.’”?® The mass/fat elasticity ratio (strain
ratio) is not influenced by compression because breast
fat tissue and the lesion are subjected to the same
pressure.

In this study the quantitative ultrasound elastographic
criteria strain ratio (SR) was used for differentiating
benign and malignant lesions and the study showed
strain ratio of malignant lesions was significantly
(p<0.0001) higher than that of benign lesions when
cut-off value was 4.4. In the current study benign
masses had lower strain ratio (mean SR 2.73+0.87).
After histopathological correlation with this criteria it
was found to be true positive in 75 cases, true negative
in 20 cases, false positive in five cases and false
negative in four cases giving a sensitivity of 94.9%,
specificity 80%, positive predictive value 93.7% and
negative predictive value 83.3%. Overall diagnostic
accuracy of the test was 91.3%. The sonoelastographic
criteria used for diagnosing malignant masses
was higher strain ratio (mean SR 8.1+1.38). After
histopathological correlation with these criteria it was
found to be true positive in 20 cases, true negative in
75 cases, false positive in 04 cases and false negative
in 05 cases giving a sensitivity of 80%, specificity
of 94.9%, positive predictive value of 83.3% and
negative predictive value of 93.7%. Overall diagnostic
accuracy of the test was 91.3%.

In support of the obtained results Mansour &
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Omar?® found ultrasound elastography, using both
qualitative and quantitative methods, can improve
the specificity and accuracy in the diagnosis of breast
lesions. Fischer et al** documented that strain ratio
calculation contributes to the sonoelastography with
high sensitivity and allows significant differentiation
between benign and malignant breast lesions.

Alhabshi et al*! found the sensitivity and specificity of
combined ultrasound elastography and conventional
US were significantly higher and the assessment with
strain ratio in UE were the most useful parameters in
differentiating between benign and malignant breast
lesions.

Zhang et al* evaluated ultrasound elastography in
differentiating breast tumors and found that it could
improve the specificity and accuracy of breast cancer.

Zhao et al** and Sayed et al** found the mean strain
ratios were significantly higher in malignant than
benign lesions and concluded that the strain ratio
could be more objective to differentiate the masses
when those masses were difficult to be judged by using
5-point scoring system in sonoelastographic images.
Some other studies also showed that compression
strain elastography could improve characterization of
breast lesions as benign or malignant.®> 4

According to our study evaluation of strain ratio
of breast lesions in ultrasound elastography has
significant sensitivity, specificity, positive predictive
value and negative predictive value and accuracy in
differentiation between benign and malignant breast
lesions. Our study was also comparable to other
similar studies. So we can conclude that ultrasound
elastographic strain ratio of breast lesions provides
quantitative elasticity information that can facilitate
characterization of breast lesions and allowing
sparing of invasive diagnostic procedures. Therefore,
ultrasound elastography can be used as a sole
diagnostic test with high accuracy and can improve
the diagnostic yield of other tests when used in
combination.
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