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ABSTRACT

Background: Breast ultrasonography (US) plays a vital role in diagnosing both palpable and
incidental screening-detected breast masses. With the use of a high-frequency transducer, it
provides an accurate, non-invasive method for identifying cystic and solid lesions. The
theory that works here is it images the gradient of tissue displacement that occurs during
compression. In recent years, elastography has gained prominence as a valuable imaging tool
for differentiating benign from malignant breast lesions. This study evaluates the
effectiveness of various elastography techniques, including Strain Ratio, Shear Wave
Elastography (SWE), and BIRADS classification, in improving breast cancer diagnosis and
reducing the need for unnecessary biopsies. Objectives: To determine the role of ultrasound
elastography in characterizing malignant and benign breast lesions.

Methodology: 74 patients with breast cancer were recruited. Patients demographic details,
history, clinical symptoms and investigations were noted. Data is analyzed using SPSS
software version 21

Results: All elastography methods exhibited high specificity, with Strain Ratio and BIRADS
achieving 100% specificity. The strain ratio cutoff of >4.5 resulted in a sensitivity of 66.67%
and specificity of 100%. SWE, using a threshold of >98.66 kPa, demonstrated a sensitivity
of 66.67% and specificity of 76.92%. Combining elastography techniques with conventional
BIRADS assessment significantly improved diagnostic accuracy, with BIRADS
classification achieving 94.44% accuracy. Additionally, malignancies were predominantly
located in the Upper Outer Quadrant, accounting for 80% of cases. Axillary
lymphadenopathy was strongly associated with malignancy, present in 88.9% of malignant

cases.

Vii.




Conclusion: Elastography plays a significant role in enhancing diagnostic accuracy
compared to the standalone use of ultrasound. This study highlights the clinical importance
of elastography in breast cancer detection. Combining Strain Ratio and Shear Wave
Elastography (SWE) with BIRADS improves diagnostic accuracy and helps reduce
unnecessary biopsies. These findings advocate for the integration of elastography into
standard breast imaging protocols to enhance patient management and facilitate early cancer
detection. Further research is needed to investigate the utility of elastography parameters in
real-time elastography and elastography-guided breast biopsies, particularly in breast cancer
screening programs.

Keywords: BIRADS, breast cancer, Elastography, Shear Wave, Strain ratio, E/B ratio
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Introduction

INTRODUCTION

Breast disease is one of the most prominent health disorders impacting females across
all age categories. A breast lump can be a symptom of different breast disorders, ranging
from benign cysts to malignancies. For patients who require the right care and treatment, it
is essential to recognize benign and malignant lumps. The most common benign breast lesion

is fibroadenoma, whereas the most common malignant variety is invasive ductal carcinomal!

Breast cancer is the most common cancer among women, as reported by the
National Institute of Cancer Prevention and Research (NICPR). India, along with China
and the United States, accounts for a third of global breast cancer cases. The incidence of
breast cancer is increasing in India, where it constitutes 27% of all cancers in women.
Alarmingly, for every two women diagnosed with breast cancer in the country, one

succumbs to the disease. 2

In India, breast cancer incidence begins to rise in the early forties and reaches its
highest rates between the ages of 50 and 64. [ The lifetime risk of breast cancer is higher
in urban areas, where one in twenty-two women is affected, compared to one in sixty
women in rural regions. 1! India experiences a higher breast cancer mortality rate compared

to both developed and other emerging nations. [




Introduction

In India, breast cancer incidence begins to increase in the early forties and reaches
its highest levels between the ages of 50 and 64. B! The likelihood of developing breast
cancer is greater in urban areas, where one in twenty-two women is affected, whereas in
rural regions, the risk is lower at one in sixty. [l India also has a higher breast cancer

mortality rate compared to other developing and developed countries. [

Approximately 1.2 million breast cancer cases are reported globally each year. [6]
Since mortality rates vary depending on the stage at diagnosis, early detection is essential
for improving survival outcomes. The five-year survival rates differ significantly by stage,
with 99% for stage 0, 92% for stage 1, around 82% for stage 2a, approximately 65% for
stage 2b, and nearly 47% for stage 3a. In comparison, the survival rates drop further to
about 44% for stage 3b and only 14% for stage 4. These figures emphasize the critical role

of early diagnosis in increasing survival chances and ensuring timely treatment.

A significant number of breast cancer patients are diagnosed at an advanced stage,
making treatment more difficult. The leading causes of breast cancer-related mortality
include both locally aggressive tumors and distant metastases. [’ Clinical palpation has
been used since the time of the ancient Greeks and Egyptians to evaluate the stiffness of
lesions. B Rigid and immobile breast lesions may indicate malignancy. However, in vitro
studies have shown that while there is some overlap, the stiffness of benign and malignant
breast tumors varies considerably. [ Therefore, elastography serves as an effective

technique for accurately characterizing breast lesions.




Introduction

Pathologic examination is the primary method for differentiating between benign
and malignant breast masses. However, since it is an invasive procedure and nearly 75% of
patients are diagnosed with benign conditions, its application in cancer screening is
challenging. [l Treatment strategies vary based on the stage of the disease. Imaging
modalities such as mammography, ultrasound, and magnetic resonance imaging assist in
assessing breast tissue. [*°! Due to the high prevalence of breast cancer and the prolonged
time to diagnosis, research has focused on developing more advanced diagnostic
techniques. In recent years, the introduction of elastography has enhanced the specificity of
ultrasound, aiding in the early detection of breast cancer. In cases where the Stavros criteria
are ambiguous, incorporating quantitative elastography with strain ratio (SR) improves

diagnostic accuracy, particularly in BIRADS stages 3 and 4. [*4

Elastography enhances the specificity of breast sonography by differentiating
between benign and malignant masses, thereby reducing the number of unnecessary benign
biopsies. To evaluate elastography metrics, including the strain ratio and modified color
score, trichromatic blue, green, and red (BGR) artifacts were utilized for comparison. This
approach is effective as it visualizes the gradient of tissue displacement following
compression. Consequently, this study proposed a new modified color score, along with a
mean strain score of 3:2, to improve the differentiation between benign and malignant

tumors.




Introduction

Malignant lesions tend to be less elastic and firmer compared to the surrounding
tissues, whereas benign lesions exhibit elasticity similar to that of adjacent tissues.
Additionally, due to the presence of a desmoplastic reaction, malignant lesions appear

larger on elastography, whereas benign lesions appear smaller on elastography than on B-

mode ultrasonography. !




Objectives

OBJECTIVE OF THE STUDY

Determining the role of ultrasound elastography in characterizing malignant and benign

breast lesions
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REVIEW OF LITERATURE

DEVELOPMENT OF BREAST: 14

The initial sign of mammary gland development is the emergence of a “band” like
thickening in the epidermal layer, known as mammary line / ridge. By the seventh week of
gestational period, this ridge will extend along both sides of the body, stretching from the
base of the forelimb till hind limb region. Although most of mammary line regresses soon
after its formation, small section in thoracic region remains and invades the mesenchyme,
giving rise to sixteen to twenty-four sprouts. These sprouts eventually develop into small,

solid buds.

By the end of the prenatal development, canalization of the epithelial sprouts is
seen, forming the lactiferous ducts. The buds form small ducts and alveoli within the gland.
Initially, lactiferous ducts open into a shallow epithelial pit. However, soon after the birth,

proliferation of underlying mesenchyme causes this pit to elevate, transforming it into the

nipple.
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Fig 1: Development of breast: A and B. Sections through the developing mammary gland at the third and
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ANATOMY OF BREAST: 1314

The initial sign of mammary gland development is the emergence of a “band” like
thickening in the epidermal layer, known as mammary line / ridge. By the seventh week of
gestational period, this ridge will extend along both sides of the body, stretching from the
base of the forelimb till hind limb region. Although most of mammary line regresses soon
after its formation, small section in thoracic region remains and invades the mesenchyme,
giving rise to sixteen to twenty-four sprouts. These sprouts eventually develop into small,

solid buds.

By the end of the prenatal development, canalization of the epithelial sprouts is
seen, forming the lactiferous ducts. The buds form small ducts and alveoli within the gland.
Initially, lactiferous ducts open into a shallow epithelial pit. However, soon after the birth,

proliferation of underlying mesenchyme causes this pit to elevate, transforming it into the

nipple.

The Pectoralis Major muscle covers the medial two-thirds of the breast, while the
Serratus Anterior and External Oblique muscles lie beneath the lateral portion. The
superolateral quadrant extends toward the axilla along the inferolateral border of the
Pectoralis Major and may penetrate the deep fascia, reaching the axillary apex, forming the

axillary tail of Spence.
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Fig 3: Anatomy of breast!*3!

Figure 4. Physiological Development
of Breast: Sagittal image showing the
changes in breast during lactation [13]
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AREOLA:

Sweat and sebaceous glands are abundant in the pigment tissues of areola. The skin
overlying the areola is thicker than other parts of the breast skin and taper down to
areolar limbus. Morgagni's tubercles are tiny, elevated nodular formations that are

dispersed throughout the areola and indicate Montgomery's gland openings.

NIPPLE:

On the nipple, eight to twenty main ducts open. Each duct is 0.5-2 mm wide. A breast
lobe is defined by ducts and their tributaries. The primary ducts expand into the Ampullary
sections (lactiferous sinuses) beneath the nipple apertures. The deeper segmental ducts divide
into sub-segmental structures & may branch further until they form the terminal ducts that
enters the lobule. The term "terminal duct lobular unit,” or TDLU, refers to a terminal duct
and its lobule. They are not necessarily at the periphery and can also be found as direct

branches of the primary ducts. (3

Arterial supply:

The upper outer quadrant of the breast is supplied by the superior thoracic artery,
lateral thoracic artery, pectoral branches of the thoracoacromial artery, and subscapular
branches of axillary artery.

The centre & medial regions of the breast are supplied by internal mammary

arteries and perforating branches.

10




Review of literature

The lateral breast tissue receives its blood supply from the perforating branches of
the 2" to 4™ anterior intercostal arteries.
Nipple, areola, upper breast region, and surrounding breast tissue are supplied by

the greatest perforating artery, the second one.

Venous Drainage:

The base of the nipple is surrounded by an anastomotic venous plexus. Branching
from this plexus and the glandular tissue, the blood circulates around the gland and reaches

axillary, internal thoracic, lateral thoracic, and intercostal veins.

Lymphatic Drainage:

The 2 layers of lymphatics—the superficial & deep levels—form interconnected
networks. The major lymphatics drain into the axillary nodes via superficial sub-areolar
plexus of Sappey and the deep communicating lymphatic plexus in interlobular connective
tissue. Pectoral (anterior), subscapular (posterior), central, apical, and lateral groups
comprise the 20-40 nodes. The nodes are described surgically with respect to Pectoralis
minor muscle. The nodes at level | are inferolateral, level Il are deep, and level 111 are supero-
medial to the muscle. The majority of the rest from the medial and lateral breast regions

drains to parasternal nodes.

11
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Fig 5: Lymphatic drainage of breast [**]

Nerve supply:

Breast is innervated by the intercostal nerves with superior portion of breast

receiving additional innervation by branches of the supraclavicular nerves.

12
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PHYSIOLOGICAL DEVELOPMENT OF BREAST: [156]

Pre-puberty: The breast consists primarily of up of dense fibrous stroma with scattered

lactiferous ducts which are lined by epithelium and lack alveoli.

Puberty: Thelarche, or hormone-dependent maturation, occurs between the ages of 9 and
12 and is characterized by increased fat deposition, the elongation and branching of new

ducts, and the development of lobular units.

Post-pubertal: Lobular units, lactiferous ducts, stroma, and fat are present in a mature or

resting breast.

Menstruation:

Proliferative phase: Rising estrogen stimulates ductal cell proliferation and development

throughout the menstrual cycles.

Secretory phase: Progesterone enhances terminal duct and stromal cell proliferation,

leading to vacuolization and increase in mitotic activity. In late luteal phase, fluid

accumulation and intralobular edema cause breast engorgement and pain.

Menstruation: A drop in estrogen and progesterone leads to epithelial desquamation,
stromal atrophy, reduced edema, gland bud regression, and lymphocyte accumulation in

periductal tissue.

13
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Pregnancy: There is decrease in fibrous stroma with formation of new acini or lobules,

known as ‘adenosis’.

Lactation: The loss of placental hormones, combined with raised prolactin levels, triggers

lactation by stimulating myoepithelial contraction and milk expulsion.

Menopause: Involution reduces epithelial elements, increases fat deposition, decreases

connective tissues, and causes lobular unit disappearance.

RADIOLOGICAL ANATOMY OF BREAST:

For women under 30, breast ultrasonography is frequently the initial modality of
choice for imaging. Although it has mediocre specificity and a decent sensitivity, it is
helpful for focused evaluations. It might be useful for screening people with denser breasts

or those at a higher risk.

Breast cancer typically appears as a mass with irregular borders, spiculated margins
on mammograms, and an irregular shape with microlobulated or angular margins on
ultrasound, often indicating a suspicious lesion that may require further investigation; on
MRI, breast cancer can manifest as a mass with heterogeneous enhancement and irregular
borders, highlighting the importance of considering the imaging modality and specific

features for accurate diagnosis. "]

14
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Anatomy Mammography Ultrasound

Mostly
glandular
tissue
Glandular
* Young women
« Lactation

Mixed glandular
and fatty tissue

* Most common

Mostly fatty
tissue

* Older women
« Adipositas

Fig 6 : Radiological anatomy of breast

DESCRIPTION OF A NORMAL BREAST ULTRASOUND:

Skin & Subcutaneous Layer: The skin appears as thin, echogenic layer.

The subcutaneous fat appears hypoechoic with echogenic Cooper's ligaments.

Glandular Tissue: It appears as heterogeneous echogenic fibroglandular tissue.

More prominent in younger women, with elderly women who have higher fat replacement.

Ducts & Lobules: Anechoic lactiferous ducts (<2 mm) within glandular structures.

15
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Retromammary Layer: Situated between the pectoral muscles and glandular tissue. It
appears as a thin hypoechoic zone with loose connective tissue, facilitating breast mobility.
Pectoral Muscles & Chest Wall: Pectoralis major and minor are seen as hypoechoic
layers underneath the breast tissue.

The ribs are oval, hypoechoic structures with posterior acoustic shadowing.

Vascularity: Normal breast tissue has negligible vascular flow.

Increased or abnormal blood flow may be indicative of pathologies

Age Variations:

Young women have dense, echogenic fibroglandular tissue with little fat.

Postmenopausal women exhibit higher fat content and reduced fibroglandular echogenicity.

Pregnancy/lactation causes enlarged ducts and glandular growth.

PATHOLOGIES IN BREAST:
CONGENITAL ANOMALIES [8]

Ectopic breast/mammary heterotopias

Along the ‘milk line’, abnormal or supernumerary breast tissue is visible. The most
common locations are the axilla and chest wall, and they are typically identified during
pregnancy or puberty when accessory breast tissue begins to form alongside the normal
breast tissue. This auxiliary breast tissue is prone to typical changes and pathologies that

may be found in regular breast tissue.

16
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Amastia:

Amastia is complete lack of breast tissue and nipple-areola complex, whereas, Amasia is

the absence of only breast tissue.

Asymmetry of the Breast:

Aplasia, or the absence or hypoplasia of one breast, can happen alone or in conjunction

with deformity in one or both Pectoral muscles (Poland's syndrome).

Congenital Abnormalities of Nipple:

It includes congenital nipple inversion, congenital absence of one or both nipples (Athelia),

or accessory nipples (Polythelia) along nipple line.

INFLAMMATORY DISORDERS ]

Ductal ectasia / Peri-ductal mastitis

Mammary duct ectasia typically affects duct in the retro-areolar area. it appears as tubular

anechoic dilated duct with internal echoes on ultrasonography.

Acute mastitis:

Usually occurring during lactation, acute mastitis can develop into an abscess. Clinically, it

is typically a palpable tender mass that is either well or poorly defined, with thickening of

17
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the overlying skin. On ultrasound, an abscess is seen as a complex irregular mass with

solid/cystic components, with surrounding increased vascularity

Granulomatous mastitis:

The breast may be affected by granulomatous reactions caused by an infectious cause,
foreign objects, or systemic autoimmune disorders including sarcoidosis and Wegener's
granulomatosis. Breast tuberculosis is an extremely uncommon condition. Skin thickening,
sinuses, duct ectasia, and a hypoechoic mass or abscess are nonspecific ultrasound

manifestations of breast tuberculosis.

BENIGN PROLIFERATIVE BREAST DISEASE [2021]

Fibrocystic Disease:

During the normal menstrual cycle, hormonal fluctuations can cause fibrocystic breast
changes, primarily affecting premenopausal women. These alterations may be multifocal or
occur in both breasts. Common in women aged 35 to 50, they are rare after menopause.
The common symptoms include premenstrual cyclical breast pain and tenderness that
enlarge before menstruation. In some cases, nipple discharge may also occur.

Imaging findings may vary and include complex solid-cystic lesions with posterior

shadowing, along with a heterogeneous echotexture of the breast on sonomammaography.

18
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Breast cysts: [2?]

Cysts are common in women aged 35 to 50 and appear as well-defined, round or ovoid

anechoic areas. They are classified as benign lesions under the BIRADS 2 category.

Pathophysiology:

Breast cysts form when terminal acini become blocked, leading to ductal dilation. They are
usually bilateral and multifocal but can also be unilateral. Large single cysts may appear as
isolated masses. In larger cysts, the cuboidal to columnar epithelium flattens or may
become atrophic. Epithelial proliferation can lead to mass formation, while apocrine-lined
cysts often show epithelial overgrowth and papillary projections. The surrounding stroma

consists of fibrous tissue.

Classification by size:

e Microcyst: Less than 3 mm

e Macrocyst: Greater than 3 m

A breast cyst is classified as a complicated cyst if it deviates from the typical features of a
simple cyst or contains internal echoes. In all cases, cysts are anechoic with posterior
acoustic enhancement. Simple cysts are well-defined with smooth internal margins.
According to Stavros AT18, a cyst must meet specific sonographic criteria to be considered
simple: it should be anechoic, well defined, have a thin hyperechoic capsule, exhibit

posterior acoustic enhancement, and display thin edge shadows. Complex cysts, especially

19
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those that contain solid internal components, may have malignant potential on

histopathology.

Fibroadenoma:

They are most prevalent benign tumors in young women. On palpation, these non-

tender solid, spherical lumps are mobile and move easily within the breast. The average age
group is in the 20-30 age range. It arises from the lobule's stromal connective tissue
proliferation. It can be unilateral, bilateral, single or numerous and range in size from a few
millimeters to a large in size, though its diameter is typically less than 3 cm. It is typically
oval, broader than tall, homogeneous, well-defined, hypoechoic, and may or may not have

posterior acoustic enhancement on USG.

Papilloma:

Papilloma form due to proliferation of ductal epithelium extending into ductal lumen,
commonly affecting women aged 45 to 50. Clinically, it often presents with bloody nipple
discharge. Pathologically, papillomas are classified as central or peripheral. Central
papillomas are solitary, located in the subareolar region within a main duct, while
peripheral papillomas are multiple and arise within terminal duct lobular units, carrying a
higher risk of malignancy. On ultrasound, they appear as solid, round, or oval intraductal
masses (2—-3 mm in size), often presenting as broad based or pedunculated polypoid lesions

that obstruct the duct, leading to cyst formation.

20
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Phyllodes Tumour:

Similar to fibroadenoma, cystosarcoma phyllodes is a big, benign tumor made up of

the epithelium of connective tissue stroma. Its malignant potential ranges from benign to
completely malignant sarcoma and can show lung metastasis. They appear as thick, round
or oval, lobulated, non-calcified mass with smooth margins that may contain cystic

areas producing posterior acoustic enhancement. On mammography and USG, they are

indistinguishable from fibroadenomas.

Lipoma:

The majority of lipomas are palpable masses that are superficial. They are hypoechoic on

USG, much like a typical breast.

Fat Necrosis:

Saponification of fat from a prior history of trauma or surgery results in fat necrosis. One
particular ultrasonographic sign of fat necrosis has been identified as mass with

internal hyperchoic bands that change orientation when the patient's position varies.

Galactocele:

It is cyst containing inspissated milk. Features of solid mass with posterior

acoustic enhancement or a simple or complex cyst can be seen on ultrasound.
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Radial Scar:

It is also known as ‘sclerosing duct hyperplasia’, this lesion has an uncertain cause but may
be associated with chronic inflammation or obliterative vascular changes. A central mass
may or may not be present, and its ultrasound findings closely resemble those of

malignancy.

Hamartoma:

Fibroadenolipoma, also known as hamartoma, is a rare lesion caused by fibrous and
adenomatous growth. In a well-defined lesion, USG reveals both hypoechoic and

hyperechoic regions.

Lymph Node:

The upper quadrant of breast and axillary tail region are frequent site to an intramammary

lymph node. To make the diagnosis, a fatty hilum or hilar notch must be visible.

Adenomyoepithelioma:

A rare benign breast tumor, this condition is characterized by proliferation of epithelial and
myo-epithelial cells. It typically presents as a palpable lesion. On sonomammaography, it
often appears as an abnormal lesion, raising suspicion for malignancy. A definitive
diagnosis is made through immunohistochemistry, confirming the tumor's biphasic cellular
composition. Although considered as benign, it has the potential for hematogenous spread

and local recurrences.
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Adenosis:

Adenosis is often undetectable on ultrasonography. It is marked by proliferation of intra-
lobular ductules and the expansion of epithelial & connective tissue element within the
lobule. When more connective tissue proliferation is seen, it is referred to as sclerosing
adenosis. On mammography, sclerosing adenosis may present as a palpable lump, a

suspicious lesion, or occasionally as a solitary clustered microcalcifications

MALIGNANT LESIONS OF THE BREAST &I

ETIOLOGY:

Breast carcinoma has no single definitive cause, making it a complex disease.
Epidemiological studies identified various risk factors that increase a woman's likelihood of

developing cancer 4]

Strong relative risk factors (greater than 4) for breast cancer include: [24]

1. Advancing age
2. Raised blood levels of Insulin-like growth factor (IGF-1) before menopause
3. Increased estrogen levels post-menopause

4. Family history of breast cancer, particularly in a mother or sister
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Factors associated with relative risk of 2 to 3.99 (Moderate risk) :

1. Higher socioeconomic status

2. First full-term pregnancy after the age of 30

3. Previous history of carcinoma in one breast

4. Presence of breast carcinoma in a first-degree relative

5. History of benign proliferative tumours, dysplastic changes on sonomammography,

or high-dose ionizing radiation exposure to the chest

Factors associated with a relative risk of 1.25 to 1.99 (Modest risk):

1. History of nulliparity

2. Early onset of menstruation — menarche before the age of age 11 years
3. Late menopause - after the age of 55 years

4. Obesity after menopause

5. Dietrich in fat or saturated fats

6. Personal history of ovarian or endometrial cancer

GENETICS 24

Hereditary breast cancers account for only 5-10% of all cases. However, recent data
suggests that genetic factors may contribute to up to 27% of breast cancer cases, based on
studies comparing identical and non-identical twins. Mutations in the BRCA1 & BRCA2

genes being responsible for approximately 30-40% of inherited breast cancers is noted.
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PATHOPHYSIOLOGY [25%]

Under normal conditions, cells divide in response to external signals that promote
proliferation, aiding in functions like cell replacement and tissue repair. Once the task is
completed, inhibitory signals are activated to halt further growth. These signals allow cells
to exit the proliferation cycle (cell cycle) and enter a dormant state (GO) through
differentiation or programmed cell death (apoptosis). This process is regulated by a
complex network of interacting proteins. However, mutations or genetic alterations that

lead to continuous activation of proliferation system results in an uncontrolled cell growth.

An oncogene is a gene that remains continuously active, driving cell proliferation.
Conversely, if a gene responsible for suppressing cell growth is lost due to mutation or
deletion, the cell cycle cannot be halted, leading to unchecked proliferation and potentially
cancer. This lost gene is known as a tumor suppressor gene. Likewise, constant activation
of anti-apoptotic genes can render a cell immortal, increasing the likelihood of further
genetic mutations and cancer development. Similarly, the loss of pro-apoptotic genes can

have comparable effects.
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TYPES OF BREAST CANCER;: [?7

Breast cancer is classified based on its origin, whether from ducts or lobules, its

invasion pattern, and microscopic appearance. 2]

Carcinoma in situ:

Here, malignant cells remain within the ducts or lobules, without spreading to surrounding

fatty tissue or other organs. Carcinoma in situ makes up 15% of all breast cancer cases.

Ductal Carcinoma in Situ:

DCIS falls within a spectrum of pre-invasive breast lesions. While ultrasound (USG) is not
ideal for detecting microcalcifications, it can identify soft tissue component as a
hypoechoic mass within the duct walls. On mammography, it is characterized by linear

branching calcifications.

Invasive (infiltrating) breast cancer:

They typically spreads beyond the duct or lobule membrane, invading surrounding tissues

and potentially affecting areas like lymph nodes.

Lobular Carcinoma in situ:

It is considered a pre-malignant condition rather than actual cancer. Typically,
asymptomatic, it is often found incidentally during a breast biopsy. Around 25% women

develop breast cancer within 30 years.
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Invasive Ductal Carcinoma:

This type accounts for 70% of all breast carcinomas and often appears as a palpable, firm
mass lesion. On sonomammaography, these lesions are typically irregular, poorly defined,
micro-lobulated, and heterogeneous, with infiltrative, spiculated margins. They may be

taller than wide, and echogenic foci within the lesion suggestive of microcalcifications.

Invasive Lobular Carcinoma:

Invasive breast cancer is the 2" most common type, making up 5-10% of cases. It tends to
present at a later age compared to invasive ductal carcinoma. Clinically, it appears as a
poorly defined, tender, and indurated mass, with calcifications being rare. When
mammography reveals an asymmetric density, ultrasound (USG) can help detect the

underlying mass.

Pathology: Under a microscope, ILC is characterized by malignant monomorphic cells
arranged in loosely distributed, linear invasive columns, unlike IDC, which typically forms
a distinct mass. ILC lacks the strong desmoplastic reaction seen in IDC when invading
normal tissue. Instead of directly invading ducts, ILC cells often surround them, preserving

the ductal architecture.
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Medullary carcinoma:

These rare, rapidly growing, high-grade breast tumors primarily affect young women,
making up 3-6% of all breast cancers. Women with a hereditary predisposition are at
significantly higher risk. Studies indicate that medullary carcinomas account for 13-19% of
malignancies in those with a BRCA gene mutation. On sonography, they appear as
homogeneous, hypoechoic lesions with well-defined borders, sometimes with posterior
acoustic enhancements. As compared to other types of invasive ductal or lobular

carcinoma, medullary carcinoma generally has a better prognosis.

Paget’s disease:

It is a rare type of breast cancer that accounts for only 3% of cases. It primarily affects the
nipple-areola region, often presenting with abnormal skin changes such as redness in these
areas. Itching and burning sensations may also occur. Paget's disease can be associated
with either invasive or in situ carcinoma. The prognosis is favourable in absence of

palpable lump or if ductal carcinoma in situ is detected on biopsy.

Inflammatory breast cancer:

This is a rare type of breast cancer accounting for only 1% of cases and is named after its
initial symptoms, which include breast skin swelling, redness, and warmth, often occurring
without a distinct lump. These symptoms arise when cancer cells block lymphatic vessels
in the breast skin, mimicking infection or inflammation. Based on the TNM staging system,

inflammatory breast cancer is categorized as a T4 tumor.
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Mucinous or colloid carcinoma:

Accounting for 3% of breast cancer cases, this rare type primarily affects older women and
is slow-growing with well-differentiated characteristics. On ultrasound, it appears as a
distinct hypoechoic lesion with micro-lobulated edges and posterior acoustic enhancement.

In rare cases, it presents as a complex solid-cystic mass.

Tubular Carcinoma:

Tubular carcinoma is a rare, well-differentiated, slow-growing invasive breast cancer,
comprising 1% of breast malignancies. On sonomammaography, it appears as ill-defined
lesion, with calcifications being uncommon. Compared to the more common invasive
ductal carcinoma or lobular carcinoma, the prognosis for both mucinous and tubular

carcinomas is more favourable.

Papillary Carcinoma:

Papillary carcinoma may present as an intra-cystic lesion, though the cyst is often a dilated
duct. Sonographically, it typically appears as a complex solid-cystic lesion or an intra-

cystic tumor with multiple projections (frond-like) into the cyst lumen.
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Metastases:

Breast metastases are rare with primary cancers in the stomach, cervix, ovary, lung, or
melanoma. On ultrasound (USG), they typically appear as one or more nonspecific solid

masses, often bilateral, with either well-defined or poorly defined margins.

Calcifications and spiculations are rarely observed. Adenoid cystic breast carcinoma
account for 0.4% of all cases, while carcino-sarcoma is exceptionally rare, comprising only

0.1% of all cases.

MALIGNANT CHARACTERISTICS (WITH POSITIVE PREDICTIVE

VALUES): 28

In 1995, Stavros et al. outlined the ultrasound characteristics of breast pathologies,
distinguishing them as benign, intermediate, or malignant based on specific imaging

features. [48]

1) Sonographic spiculation (87-90%): appears as alternating hypo- & hyperechoic lines
radiating perpendicularly from the nodule's surface. Echogenic strands are visible when the
lesion is surrounded by fat, while hypoechoic linear strands appear when surrounded by

echogenic tissue.
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2) Taller than wide (74-80%): Except in some invasive ductal carcinomas of grade IlI

3) Microlobulations (75%): Lobulations measuring 1-2mm on the surface increase the
likelihood of malignancy as their number increases. Key sonographic features include
angular margins (70%), a hyperechoic halo (74%), and a distinctly hypoechoic nodule
(70%). Larger tumors often exhibit posterior acoustic shadowing (50%), a branching
pattern (30%), and multiple projections extending from the nodule within or around ducts

radiating from the nipple.

4) Punctate calcifications (25%): which usually do not show posterior shadowing

5) Duct extension (25%b): seen as a projections from the nodule that extend radially inside

or around the duct in the direction of the nipple.

6) Heterogeneous echotexture

7) Compressibility:_Elastography operates on the principle that benign lesions compresses
under transducer pressure, whereas malignant lesions displaces breast tissue without

altering its height.
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BENIGN CHARACTERISTICS (WITH NEGATIVE PREDICTIVE VALUES)

1. Well-defined hyperechoic tissue: 100%

2. 99% of cases are wider than tall

3. Smooth, gently curved lobulations (fewer than three in a nodule with a depth-to-
width ratio <1): 99%

4. A thin echogenic pseudo-capsule in a nodule deeper than wide: 99%, typically
indicating compressed normal tissue linked to a non-infiltrative process, best seen

along anterior or posterior borders perpendicular to ultrasound beam.

USG FINDINGS FOR DIFFERENT BREAST CARCINOMA PATHOLOGIES [2°30

Depending on the type and stage of the breast cancer, additional features may include
ductal extension, branch pattern, and increase in vascularity on Doppler imaging. On
ultrasound (USG), breast carcinoma usually manifests as irregular spiculated lesion with
poorly defined borders, a "taller-than-wide" orientation, marked hypoechogenicity,

posterior acoustic shadowing, and occasionally microcalcifications.

Infiltrating Ductal Carcinoma (IDC):

Commonly shows microcalcifications within it and typically manifests as a hypoechoic

lesion with irregular margins, spiculated borders, and posterior acoustic shadowing.
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Lobular Carcinoma:

On ultrasound, distinguishing it from benign lesions can be more difficult, as it may appear
as an ill-defined mass with a "halo™ effect, indistinct margins, and sometimes a "clustered”

presentation due to multifocal involvement.

Medullary Carcinoma:

Typically a bigger, well-defined, hypoechoic mass that shows a lot of internal blood flow

on Doppler and is frequently linked to lymphocytic infiltration.

Inflammatory Breast Carcinoma:

Edema, diffuse skin thickening, increased vascularity on Doppler, and multiple small
hypoechoic nodules within the breast parenchyma, often resembling the appearance of

skin.

Ductal Carcinoma In Situ (DCIS):

It may present as subtle architectural distortion or microcalcifications within the ducts,

though it may not be easily detectable on USG alone.
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PHYSICS OF ELASTOGRAPHY

US elastography is a newly developed dynamic imaging technique that evaluates
tissue deformation under compression, based on the principle that softer tissues deform more
easily than harder ones. This method enables an objective assessment of tissue stiffness when
an external force is applied. %32 |n recent years, this rapidly advancing field has focused

on the noninvasive imaging of the mechanical properties of various body tissues. [

Ultrasound elastography can detect certain abnormalities and clinical conditions that
may not be visible using conventional ultrasound techniques. B* 31 In homogeneous organs
like the liver, mechanical properties can be represented as an average value, while in more
heterogeneous tissues, they are displayed as a parametric map highlighting relative tissue

characteristics, typically strain or Young's modulus. %%

This approach offers additional diagnostic insights beyond conventional imaging by
distinguishing between normal and pathological stages, depending on the specific technology
and clinical application. 6381 To simulate clinical scenarios, ultrasound imaging utilizes test
objects that mimic tissue properties. These simulated lesions improve QA/QC processes,

assess measurement accuracy, and support the advancement of new ultrasound techniques.

[40]
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ELASTOGRAPHY TECHNIQUES [

The main elastographic techniques include static, dynamic, transient, and remote
elastography. Among these, static, remote, and transient elastography have been effectively

used in clinical practice. A brief overview of these methods is provided here.

Static elastography:

Static elastography assesses tissue response to compression by comparing
ultrasound signals before and after compression. Various manufacturers, including General
Electric, Hitachi, Philips, Siemens, and Toshiba, have incorporated this technique into
ultrasound scanners, primarily for breast, prostate, and thyroid imaging. Compression is
usually applied manually, though some systems utilize natural patient movements like

respiration or cardiac motion.

The intravascular ultrasound (IVUS) system (EndoSonics, USA) evaluates coronary
wall and plaque structure by measuring strain in vascular tissue under varying pressures.
While effective for IVUS, static elastography is less suitable for deep organs like the liver

due to challenges in achieving controlled compression.

As a result, its use remains largely limited to breast, thyroid, and prostate imaging.
Test objects should be designed accordingly. Since static elastography primarily evaluates
relative elasticity in small areas, suitable test objects must feature inserts with varying

stiffness and sizes, mimicking the mechanical properties of the targeted tissue.
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Remote Elastography:

Remote elastography, or acoustic radiation force elastography, uses acoustic waves
to induce localized tissue displacements via momentum transfer. This technique supports

strain imaging and shear wave generation for stiffness quantification.

Mechanical strain in tissue is assessed through ultrasonic correlation-based methods
or strain imaging, a static elastography technique using focused ultrasound. Siemens

(Germany) applies this clinically as "Virtual Touch™ Tissue Imaging."

Acoustic radiation force impulse imaging (ARFI), based on this approach, is
promising for liver lesion ablation. A suitable ARFI test phantom, like in static
elastography, should include inserts of varying stiffness and sizes within a low-background

tissue-mimicking material (TMM).

ARFI assesses tissue stiffness by measuring the shear wave velocity caused by
acoustic radiation impulse. Siemens' "Virtual Touch Tissue Quantification™ uses this to
diagnose chronic liver illness by comparing shear wave velocity to liver fibrosis. ARFI test
phantoms should contain homogeneous regions with varying shear wave velocities to
imitate relevant tissue properties.

Supersonic shear imaging (SSI) by Supersonic Imagine (France) uses acoustic radiation
force but displays tissue elasticity as a color-coded map overlayed on a B-mode image. SSI
IS a quantitative assessment of liver stiffness that also includes breast, prostate, and thyroid

imaging.
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Test objects for SSI should include inserts with varied stiffnesses within tissue-mimicking
material. When used for homogeneous tissue assessment, such as liver stiffness
measurement, phantoms should include regions with increasing stiffness to calibrate

system accuracy in measuring Young’s modulus.

Transient Elastography:

Transient elastography applies low-frequency, short-duration pulses to stimulate the
target tissue. This mechanical stimulation generates low-frequency shear waves, which
travel through the tissue at a speed that reflects its stiffness. The wave propagation is then
measured using an ultrasonic pulse-echo technique. A modern commercial application of
this method is Echosens' Fibroscan technology, specifically designed to evaluate liver
fibrosis. Fibroscan estimates hepatic stiffness using a shear elasticity probe, which has been

shown to correlate with the severity of fibrosis.

Shear wave Elastography

Shear wave elastography, a method of elastography in the ultrasound system, is
used in clinical practice for evaluating breast masses. The integration of imaging findings
from conventional ultrasound with elastography, which assesses tissue hardness—a feature
that often differentiates benign from malignant masses—enhances the accuracy of breast
mass evaluations 1421, The advantages of shear wave elastography include its
technological simplicity, high sensitivity, and strong reproducibility. A low-frequency

vibrator with ultrasonic single-element transducer generates a shear wave, which is then
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tracked, and its velocity is measured. This system operates under the assumption that the
liver is a uniform medium, providing an average single measurement over a specific area of
the patient. Consequently, to ensure accurate system evaluation, the phantom should be

homogeneous rather than containing small targets, as seen in spatially resolved techniques.

Strain ratio elastography !

Strain elastograms are generated by physiological patient movements, such as
heartbeat and breathing, or by applying pressure with the imaging transducer. Since both
images can be displayed simultaneously, this method serves as a natural extension of B-
mode imaging evaluation. The most useful frames for interpreting strain images with a high
signal-to-noise ratio are those captured during consistent displacement, either in the
transducer’s upward or downward motion. Due to the viscoelastic nature of soft tissue,
image quality is at its lowest—or may be entirely absent—when the compressive force is
released, allowing the tissue to return to its original shape. Based on a cutoff value of 4.5,
sensitivity is 90.47%, specificity is 98.24%, positive predictive value (PPV) is 95%,

negative predictive value (NPV) is 96.55%, and overall accuracy is 96.15%.

= Using shear wave elastography is recommended
98.66kPa
= |f using strain elastography, 5-score marking: 1~3 benign; 4~5 malignant
3.73

Fig 7: Elastography for breast [
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E/B Ratio elastography 3

The "E/B ratio" represents the extent to which a lesion appears larger on the
elastogram compared to its actual size. A higher E/B ratio indicates increased stiffness,
which may suggest malignancy. Generally, an E/B ratio greater than 1 raises suspicion for

malignancy, whereas a ratio below 1 is typically associated with benign lesions.

A higher E/B ratio suggests that the lesion appears larger on the elastogram
compared to the B-mode image, often indicating increased tissue stiffness and a potential
malignancy. To calculate the E/B ratio, measure the lesion's diameter on the elastogram
and divide it by its diameter on the B-mode ultrasound image. Elastography, combined
with E/B ratio analysis, can help differentiate between benign and malignant breast tumors,
particularly when conventional ultrasound results are inconclusive. 181 With a cutoff size
ratio of 1.2, the sensitivity is 90.47%, specificity is 100%, positive predictive value (PPV)

is 100%, negative predictive value (NPV) is 96.61%, and overall accuracy is 97.43% [47]

RELEVANT STANDARDS AND DESIGN CRITERIA [l

Ultrasound phantoms play a crucial role in quality control (QC), performance
testing, and clinical training for ultrasound imaging. To ensure accurate results, QC test
phantoms must have tissue-like acoustic properties. According to IEC 1390 and AIUM
1990 standards, traditional B-mode ultrasound tissue-mimicking materials (TMMSs) should
have an acoustic velocity of 1540 m/s, attenuation coefficients between 0.5-0.7

dB/cm/MHz (for 2-15 MHz), and a linear attenuation response to frequency.
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Although no official mechanical standards exist for ultrasound elastography TMMs,
applying IEC and AIUM guidelines while incorporating mechanical properties of both
healthy and diseased tissues is considered appropriate. Both commercial and research-
based elastography TMMs are designed to match soft tissue acoustics while integrating
mechanical features. Research indicates that background stiffness represents normal tissue,
while target stiffness corresponds to malignant lesions. In cases of liver fibrosis, stiffness

levels vary based on disease progression, affecting the entire liver.

TABLE 1. Suggested mechanical properties for tissue-mimicking materials include
background and target stiffness values, elastic contrast, and standard target

dimensions tailored to specific clinical applications.

Clinical Mechanical properties Typical range of
applications Background Target(kPa) Elastic target
(kPa) contrast dimensions(mm)
Breast 25 30 -200 1.2-8 1-20
Prostate 15 10-40 0.7-2.7 5-40
Thyroid 10 15-180 1.5-18 10-40
Liver 3 3-16 11-5.3 10-80
Liver 3-30 - [- -
parenchyma
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COLOR MAPPING & STIFFNESS SCORE [4]

PRINCIPLE OF ULTRASOUND ELASTOGRAPHY

1. Strain elastography evaluates tissue elasticity by detecting displacement caused by
compression, with softer tissue displaying more movement than harder tissue.
2. Shear wave elastography measures elasticity by analyzing the speed of transverse

shear waves, which travel faster through harder tissue compared to softer tissue.

QUALITATIVE ASSESSMENT OF STRAIN ELASTOGRAPHY: [

Elasticity allows a material to deform under force and return to its original shape
once the force is removed. Different tissues respond based on their elastic modulus—
adipose tissue deforms more easily, while fibrous tissue recovers more slowly. Strain
elastography compares lesion strain to background adipose tissue, generating a visual
elastogram that highlights relative stiffness. This stiffness helps assess malignancy

likelihood.
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Tsukuba Score: A five-point scale assessing cancer likelihood based on elasticity.

e Score 1: Benign hypoechoic lesion with uniform strain throughout.

e Score 2: Mostly strained benign lesion with some areas lacking strain.

o Score 3: Likely benign lesion with strain at the perimeter but absent in the center.
o Score 4: Malignant lesion with no strain throughout the hypoechoic area.

e Score 5: Malignant lesion with no strain in both the lesion and surrounding region.

Simple cystic lesions with a score of 0 exhibit an aliasing artifact as a blue-green-
red (BGR) pattern.

Score 1

Score 2 P
Score 3

Score 4 Mali;nanl
Score 5

Figure 8: Elastography scoring system %

42




Review of literature

STRAIN RATIO MEASUREMENT:

Kumm et al. ®2 introduced a semi-quantitative method for evaluating lesions
known as strain ratio (SR) measurement. The SR value is determined by comparing the
average strain within a lesion to that of a corresponding region of fatty tissue in the
surrounding breast tissue. Using specialized software, a region of interest (ROI) is selected
around the lesion to calculate its average strain. The lesion's ROl is labeled as ST-ave
LESION, while the surrounding adipose tissue's ROl is labeled as ST-ave FAT. The strain

ratio is then calculated using the formula: Ratio = ST-ave FAT / ST-ave LESION.

As the relative stiffness of the target lesion increases, the strain ratio value also rises.
A higher strain ratio correlates with a greater risk of invasive breast cancer. While clinical
experience with strain ratio imaging for breast cancer diagnosis is still limited, combining it
with color elastography may improve overall diagnostic accuracy. Strain imaging could be
particularly beneficial for assessing small and dense breasts, as well as reducing subjective

factors in color image interpretation. (52

QUALITATIVE ASSESSMENT OF SHEAR WAVE ELASTOGRAPHY [

Shear wave elastography (SWE) for breast cancer can be qualitatively assessed by
comparing the relative stiffness of a suspicious mass to the surrounding normal tissue on
the elastography image, without relying solely on numerical values. Malignant lesions,
which tend to be stiffer, typically appear in warmer colors like red, indicating a higher

likelihood of cancer, while softer, benign tissue is represented by cooler colors - blue.
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ASSESSMENT FOR BREAST CANCER: 34

Color-coded visualization:

The main technique for qualitative evaluation is to look at the color distribution on
the SWE picture, where blue/green indicates softer tissue (probably benign) and red/yellow

indicates stiffer tissue (possibly cancerous).

Region of interest (ROI) selection:

The radiologist focuses on the stiffest portion of the lesion and chooses a particular

region inside the breast mass to examine.

Comparison to surrounding tissue:

To determine the relative stiffness difference, the color intensity inside the ROl is

contrasted with the color of the surrounding normal breast tissue.

Subjective interpretation:

While qualitative shear wave elastography (SWE) provides valuable insights, its
interpretation can be subjective, relying on the radiologist's expertise and color scale
assessment. To reduce operator dependence and improve specificity, quantitative SWE is
often used. This approach offers an objective evaluation of tissue elasticity by measuring
stiffness in kilopascals (kPa), based on the speed of shear wave propagation within the

region of interest (ROI).
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EVIDENCES SUGGESTING THE ROLE OF ULTRASOUND ELASTOGRAPHY IN

CHARACTERIZATION OF BREAST LESIONS AS BENIGN AND MALIGNANT

In 2024, Vikas Kumar Gupta et al. [5] evaluated the effectiveness of elastography
and conventional B-mode ultrasonography in differentiating between benign and malignant
breast lesions. Their prospective observational study involved 80 cases with 100 clinically
palpable breast lumps in female patients who underwent both B-mode ultrasound and
elastography. The final diagnosis was compared with sonographic features, modified color

score, and mean strain ratio.

The study found that ultrasound had a sensitivity of 88.9%, specificity of 95.23%, a
positive predictive value (PPV) of 94.42%, a negative predictive value (NPV) of 90.45%,
and an overall diagnostic accuracy of 92.67%. The newly modified dual color score
demonstrated a sensitivity of 96.4%, specificity of 85.78%, PPV of 85.92%, NPV of
86.87%, and diagnostic accuracy of 91.67%, with only a 2.2% chance of missing a
malignant case. The mean strain ratio achieved the highest accuracy, with a sensitivity of
100%, specificity of 97.27%, PPV of 96.78%, NPV of 99.67%, and an overall diagnostic
accuracy of 99.23%. The study underscored the reliability of elastography in detecting

potential breast malignancies, helping reduce unnecessary invasive procedures.

In 2024, Daisy et al. I conducted prospective cross-sectional observational study
to correlate the effectiveness of elastography in breast lesion diagnosis. The study included
patients who underwent ultrasound examinations, focusing on both conventional ultrasound

and elastography techniques.
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Their findings highlighted the diagnostic capabilities of multiple imaging modalities. B-
mode ultrasonography, utilizing the BI-RADS scoring system, achieved a sensitivity of
97.83%, specificity of 88.89%, and overall accuracy of 93%. Elastoscan, with a Tsukuba
score cutoff of >4.0, demonstrated 95.65% sensitivity, 90.74% specificity, and 93%
accuracy. E-strain elastography, using a strain ratio cutoff of >2.80, showed 94.0%
sensitivity, 86.0% specificity, and 90.0% accuracy. Shear wave elastography, with a cutoff
of >92.80 kPa, yielded 95.65% sensitivity, 90.74% specificity, and 93% accuracy. All
imaging methods had an area under the curve (AUC) exceeding 0.947, with a statistically
significant p-value of 0.001, indicating their strong ability to differentiate between benign
and malignant breast lesions. The study concluded that elastography provides excellent

diagnostic performance in distinguishing malignant from benign breast masses.

In 2022, Xue et al in 2022, 61 explored the role of elastography and BI-RADS
classification in evaluating breast lesions located within the superficial fat layer. Their
study included 75 such masses, with histopathology serving as the gold standard for
comparison. They retrospectively analysed whether ultrasound elastography and BI-RADS

classification aligned with histopathological results.

Histological analysis revealed that 73 of the lesions were benign, while only 2 were
malignant. According to BI-RADS classification and treatment guidelines, 60% (45/75) of
the masses were categorized as BI-RADS 4, warranting biopsy. However, only 4.4% (2/45)
of these masses were actually malignant, meaning 95.6% (43/45) were unnecessarily

biopsied. The study proposed that masses with well-defined margins within the fat layer,
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situated above the breast gland, are likely benign (BI-RADS 3), with a malignancy risk of
just 1.4%, which aligns with the BI-RADS malignancy probability. Following this

classification, only 1.3% (1/75) of patients would have required a biopsy

Anil kumar et al in 2022, 57 evaluated the effectiveness of elastography and
conventional B-mode ultrasonography in distinguishing benign versus malignant breast
masses, correlating their findings with pathology results. Their prospective observational
study included 86 patients with 101 clinically palpable breast lumps who underwent both

imaging modalities.

Sonography demonstrated a sensitivity of 89.8%, specificity of 96.15%, positive predictive
value (PPV) of 95.65%, negative predictive value (NPV) of 90.91%, and an overall
diagnostic accuracy of 93.07%. The newly modified dual-color score achieved a sensitivity
of 97.8%, specificity of 87.0%, PPV of 86.79%, and NPV of 87.08%, with a diagnostic
accuracy of 92.08%. The risk of missing a malignant case using this method was
2.1%.possible breast malignancies, thus preventing unnecessary invasive procedures. The
mean strain ratio showed excellent diagnostic performance, with a sensitivity of 100%,
specificity of 98.11%, PPV of 97.96%, NPV of 100%, and an overall accuracy of 99.01%.
Their study highlighted the promise of elastography in accurately identifying potential

breast malignancies, reducing the need for unnecessary invasive procedures.

In 2021, Sinha R et al in 2021, 8 assessed the sensitivity and specificity of
ultrasound elastography in detecting and characterizing breast masses, aiming to

differentiate between benign and malignant lesions. Their prospective study included 120
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patients with breast lesions, all evaluated using ultrasonography (USG), with simultaneous

B-mode and elastography examinations.

They found that when an elasticity score cutoff of 3 was used, sensitivity reached 97.0%
and specificity was 86.7%. For strain ratio (SR), a cutoff of 3.8 resulted in a sensitivity of
93.3% and specificity of 95.5%. In all cases, ultrasound elastography findings regarding the
extent of pathology, local or contiguous spread, and vascular involvement aligned well
with cytological results. Their study concluded that ultrasound elastography is a quick and
effective method that enhances the sensitivity and specificity of ultrasonography for
evaluating focal breast lesions, thereby reducing unnecessary biopsies. The combination of
ultrasound and elastography demonstrated high diagnostic accuracy, improving diagnostic

confidence in assessing breast masses.

In 2021, Priya Ram et al ™ conducted a study on ultrasound elastography to
assess tissue stiffness (elasticity) and its role in evaluating breast lesions. Their prospective
observational study included female patients with suspected breast lesions identified
through ultrasound or clinical examination, who were referred for breast elastography. A
total of 90 female patients underwent ultrasound elastography, followed by core needle or

surgical biopsy for histopathological analysis.

Histopathological results showed that 78.89% of lesions were benign, while 21.11%
were malignant. The ultrasound elastography score distribution included scores of 1 (40%),
2 (23.56%), 3 (12.22%), 4 (8.89%), and 5 (13.33%), with scores 1 to 3 classified as benign

and scores 4 and 5 as malignant. Statistical analysis revealed a sensitivity of 86.05%,
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specificity of 93.60%, positive predictive value of 88.1%, negative predictive value of
92.86%, and overall accuracy of 91.27% when compared with histopathological findings.
The study concluded that ultrasound elastography is a valuable non-invasive diagnostic
tool for distinguishing benign from malignant breast lesions, reducing the need for

biopsies, thereby minimizing waiting time, cost, discomfort, and patient anxiety

Sinha et al.in 2022, 8% found that mammography was less effective in detecting
breast cancer in women with dense breast tissue. Ultrasonography, especially with
elastography, proved more effective as dense tissue appears hyperechoic, while most breast
cancers are hypoechoic. Unlike mammography, ultrasound elastography poses no radiation
risks. The study showed that elastography, based on strain ratios, provided higher
specificity (92%) in differentiating benign from malignant lesions, reducing unnecessary
biopsies, especially in BIRADS Ill and IV cases. Combining elastography with B-mode

ultrasound significantly improved diagnostic accuracy.

In a single-center study by Ahmed (2020), ¥ 100 female patients with 132 solid
breast masses were included. Each patient underwent medical history evaluation, clinical
examination, B-mode ultrasound using the BI-RADS system, and both strain and shear
wave elastography. The strain ratio, mean elasticity value, and stiffness ratio were
calculated, and all lesions were biopsied for comparison with histopathological findings.
The results showed that ultrasound elastography, both strain and shear wave, demonstrated
high sensitivity (94%) and specificity (88%) in evaluating breast masses. The study found

that both elastography techniques provided similar diagnostic performance, which was
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further improved when combined with B-mode ultrasound. This combination significantly
reduced unnecessary biopsies, highlighting elastography as a highly sensitive, non-invasive
tool for assessing breast lesions

In a study by Yang et al. 621 (2020), women with breast lesions underwent
conventional ultrasound (US) and shear wave elastography (SWE). Elastic values of the
lesion’s peripheral tissue were assessed based on shell size. The results showed that the
combination of Emax-3shell (maximum elasticity value) and Emin-3shell (minimum
elasticity value) significantly enhanced the diagnostic accuracy for breast lesion evaluation.
The study found that this combination had a sensitivity of 92% and specificity of 85%,
making SWE a valuable tool in differentiating benign from malignant lesions. The study
concluded that integrating SWE features, particularly Emax-3shell and Emin-3shell,

improves the precision of breast cancer diagnostics

Khamis et al. %1 (2017) studied 120 histopathologically confirmed solid breast
masses in 120 females (mean age 38.2 years). Each mass was evaluated using an
elastography score and strain ratio (SR), and a receiver operating characteristic (ROC)
curve was plotted for both methods. The results revealed that the strain ratio (SR)
demonstrated high diagnostic accuracy in distinguishing malignant from benign breast
masses, with an area under the curve (AUC) of 0.91. However, no statistically significant
difference was observed between SR and the elasticity score, suggesting that both methods

offer similar diagnostic performance. The study concluded that SR is a reliable parameter
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for breast mass characterization, though the elasticity score can also provide comparable

diagnostic value.

Singh et al. %4 (2020) conducted a study on 78 female patients to evaluate the
sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) of ultrasound elastography (USE) in detecting and characterizing breast masses. The
findings were compared with mammaography, conventional ultrasound (USG), fine-needle
aspiration cytology (FNAC), and histopathology. The results showed that USE
demonstrated high specificity (92%) and NPV (95%), making it an effective tool in
differentiating benign from malignant lesions. The study concluded that when combined
with ultrasound, elastography significantly enhances diagnostic accuracy, particularly for
lesions classified as BI-RADS 3. This approach helps reduce unnecessary biopsies and

supports a more conservative follow-up strategy.

Chudasama et al. %31 (2019) conducted a study on 19 patients with breast lumps,
first evaluating them with conventional ultrasonography followed by shear wave
elastography. The ultrasound findings were classified using the BI-RADS grading system,
while elastography results were assigned an elasticity score ranging from 1 to 5. The final
diagnosis was confirmed through histopathological analysis via fine-needle aspiration
cytology (FNAC) or biopsy. The results showed that elastography, when combined with B-
mode ultrasound, enhanced specificity and diagnostic accuracy in differentiating benign

from malignant breast lesions. The study found that elastography had a sensitivity of 90%
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and a specificity of 85%. It concluded that integrating elastography with B-mode
ultrasound helps reduce unnecessary biopsies, false positives, and associated morbidity,
making it an effective tool for better breast lesion characterization.

Zhou et al. %1 jnvestigated the effectiveness of ultrasound elastography in
differentiating benign and malignant breast lesions. The study compared various
elastography parameters with conventional ultrasound findings to assess diagnostic
accuracy. The results showed that elastography significantly enhanced the characterization
of breast lesions, with elastography improving sensitivity (93%) and specificity (85%) in
detecting malignancies. The study concluded that elastography, when used alongside
traditional ultrasound, not only enhances breast cancer diagnosis but also helps in reducing
unnecessary biopsies and false-positive results, making it a valuable non-invasive imaging

tool for clinical practice.
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MATERIAL & METHODS

e Study Duration: They study was done for a period of 12 months (June 2023 to May

2024)

e Source of Data: Patients attending outpatient department and in patient department

of KLE’S Dr. Prabhakar Kore hospital, Belagavi referred to the department of
Radiodiagnosis were included

e Study Design: This was a prospective observational study done in 74 patients

e Sample Size: )
Z7 _apq
(=)
n= 72
1.962X 25.8 X 74.2
n= 102
Where,

n = sample size,
Z = statistic corresponding to level of confidence,
p = expected prevalence, and
q=100-p
d = desired precision
n=735~74

Thus, 95% confidence interval, the proposed sample size for the study is 74.

Patients underwent an ultrasonography of breast using an ultrasound machine - Mindray

Resona i9. Both greyscale and elastography images were acquired as follows:
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SCANNING TECHNIQUE

Positioning of Patient: Supine.

Probe: Proper depth and focus zone using linear array (7—13 MHz).

Imaging techniques include clock-face reference and radial/antiradial scanning.
Elastography images were acquired for shearwave and strain wave with Motion

Stability (M-STB) index : >4

INCLUSION CRITERIA

1.

2.

Patient with symptoms such as breast lump and nipple discharge.
Asymptomatic women undergoing screening, with incidentally detected lesion.
Patient with family history of breast carcinoma

No previous history of breast chemotherapy, radiotherapy or surgery

EXCLUSION CRITERIA

1.

2.

Normal findings on Ultrasonography
Pregnant and lactating women

Known or operated case of breast malignancy
Patients with breast implants.

Unwilling to participate in the study
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METHODS OF DATA COLLECTION
Institutional Ethical Review Board approval was obtained prior to initiation of the study. All
the patients fulfilling the inclusion criteria were included in the study after their consent of

participating and willingness to undergo required investigations as a part of the study.

The data was captured in the case record form that were broadly classified into

A. Demographic Characteristics: Name, age, sex, address, contact details.

B. Patient history — Medical history, family history, obstetric hstory and breast feeding
details was noted

C. Clinical symptoms —Presence of Breast lump, its position, tenderness, nipple

discharge, skin changes, duration of symptoms were noted down.

D. Investigations —BIRADs and elastography values were obtained and

Hisptopathological reports were collected wherever possible.
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STATISTICAL ANALYSIS

Data is analyzed using SPSS software version 21 and Excel. Categorical
variables are given in the form of frequency table. Continuous variables are given in Mean
+ SD/ Median (Min, Max) form. Chi square test is used to check the association of categorical
variables with groups. Normality of variable is checked by Shapiro Wilk test and QQ plot.
If data follows normal distribution, parametric tests like independent t test will be used.
Otherwise, non-parametric test like Mann Whitney U test will be used. Sensitivity and
specificity tests are done to evaluate the accuracy of a diagnostic test.P-value less than or

equal to 0.05 indicates statistical significance.
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RESULTS:

Data contains measurements of 74 women, presenting symptoms such as breast lump and

nipple discharge.

The following tables provides the details.

1. DISTRIBUTION OF SUBJECTS ACCORDING TO AGE:

Table 2: Distribution of subjects according to age.

Variable Subcategory Number of subjects (%0)
Age (years) <20 2 (2.7%)
21-35 28 (37.8%)
36-50 23 (31.1%)
51-65 20 (27%)
>65 1 (1.4%)
Mean + SD 40.62 + 12.08
Median (Min, max) 37.5 (18, 67)

Out of 74 (100%) subjects, 28 (37.8%) were in age group 21-35 years, 23 (31.1%) were in
between 36-50 years, 20 (27%) in between 51-65 years. The mean of ages was 40.62 + 12.08

years.
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Age (years)

= <20

= 21-35

= 36-50
51-65

= >65

Graph 1: Distribution of subjects according to age (years).

2. DISTRIBUTION OF SUBJECTS ACCORDING TO PRESENTING

COMPLAINTS:

Table 3: Distribution of subjects according to presenting complaints.

Variable Subcategory Number of subjects (%)
Breast lump Yes 71 (95.9%)
No 3 (4.1%)
Breast tenderness Yes 20 (27%)
No 54 (73%)
Nipple discharge Yes 8 (10.8%)
No 66 (89.2%)
Overlying skin changes Yes 3 (4.1%)
No 71 (95.9%)
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Graph 2: Distribution of subjects according to presenting complaints.
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In the study, the majority of subjects presented with a breast lump, with 95.9%

reporting its presence. Breast tenderness was reported by 27% of the participants, while

73% did not experience it. Nipple discharge was less common, with only 10.8% of

subjects reporting it. Overlying skin changes were rare, occurring in just 4.1% of

participants. Overall, most individuals did not exhibit the symptoms such as nipple

discharge or skin changes.
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3. DISTRIBUTION OF SUBJECTS ACCORDING TO USG FINDINGS:

Table 4: Distribution of subjects according to USG findings.

Variable Subcategory | Number of subjects (%)
Axillary Lymphadenopathy | Yes 11 (14.9%)
No 63 (85.1%)
Side Right 33 (44.6%)
Left 41 (55.4%)
Quadrant involved LIQ 25 (33.7%)
LOQ 18 (24.3%)
uIQ 13 (17.5%)
uoQ 18 (24.3%)

Graph 3: Distribution of subjects based on USG findings — Axillary

lymphadenopathy.
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Results

In this study, axillary lymphadenopathy was observed in 11 individuals, accounting for
14.9% of the total sample, while 63 individuals, or 85.1%, did not exhibit any signs of

lymphadenopathy.

Graph 4: Distribution of subjects according to USG findings — Side.

SIDE

= RIGHT = LEFT

Out of the total cases, 33 individuals (44.6%) had breast lesion on the right side, while 41
individuals (55.4%) had it on the left side. This indicates a slightly higher incidence of

breast lesions on the left side compared to the right side within the sample.
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Graph 5: Distribution of subjects according to USG findings — Quadrant involved.
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In terms of the quadrant involved, breast lesions were most commonly observed in the
Lower Inner Quadrant (LIQ) with 25 cases, representing 33.7% of the total. This was
followed by the Lower Outer Quadrant (LOQ) with 18 cases (24.3%), the Upper Inner
Quadrant (U1Q) with 13 cases (17.5%), and the Upper Outer Quadrant (UOQ) with 17
cases (24.3%). These findings suggest that the LIQ was the most frequently affected in this

study.
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4. DISTRIBUTION OF SUBJECTS ACCORDING TO BIRADS:

Table 5: Distribution of subjects according to BIRADS.

Variable | Subcategory | Number of subjects (%)
BIRADS | 2 9 (12.2%)

3 50 (67.6%)

4 13 (17.6%)

5 2 (2.7%)

Graph 6: Distribution of subjects according to BIRADS.
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The BIRADS (Breast Imaging-Reporting and Data System) scores in the study were

distributed as follows: 9 cases (12.2%) were classified as BIRADS 2, indicating benign

findings; 50 cases (67.6%) were classified as BIRADS 3, suggesting a probably benign

condition; 13 cases (17.6%) were categorized as BIRADS 4, indicating suspicious findings

that may require biopsy; and 2 cases (2.7%) were assigned a BIRADS 5, which indicates

highly suspicious findings for malignancy. The majority of cases fell into the BIRADS 3

category.
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5. DISTRIBUTION OF SUBJECTS ACCORDING TO ELASTOGRAPHY

FINDINGS:

Table 6: Distribution of subjects according to Elastography findings.

Variable Subcategory Number of subjects (%0)
BGR Artefact Yes 7 (9.5%)

No 67 (90.5%)
SHEARWAVE (kPa) | Mean + SD 73.45 + 32.05

Median (Min, max) | 74 (20, 178)
Strain Ratio# Mean £+ SD 251+1.11

Median (Min, max) | 2.4 (0.9, 6)
E/B Ration# Mean + SD 0.80 £ 0.241

Median (Min, max) | 0.8 (0.3, 1.5)

In the study, the presence of a BGR (B-mode Real-time Grayscale) artifact was noted in 7

cases (9.5%), while 67 cases (90.5%) showed no such artefact.

The Shearwave measurements, expressed in kilopascals (kPa), had a mean value of 73.45 +

32.05, with a median of 74 and a range from 20 to 178.

The strain ratio showed a mean of 2.51 £ 1.11, with a median of 2.4 and a range from 0.9

to 6. Finally, the E/B ratio had a mean of 0.80 + 0.241, with a median of 0.8 and a range

from 0.3 to 1.5.

64




Results
6. Distribution of subjects according to histopathology:

Table 7: Distribution of subjects according to histopathology.

Variable Subcategory | Number of subjects (%)

Histopathological report | Benign 12 (16.2%)

Malignant 10 (13.5%)

NA 52 (70.3%)

Graph 7: Distribution of subjects based on histopathology.
HISTOPATHOLOGY REPORT
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Out of 74 subjects, only 22 underwent histopathology examination. The histopathological
reports indicated that 12 cases (16.2%) were diagnosed as benign, while 10 cases (13.5%)
were classified as malignant. Additionally, 52 cases (70.3%) had no available

histopathological data (NA).
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Table 8: Distribution of subjects according to different variables over Benign and
malignant groups.

Variable Subcategory | Groups (Histopathology Total p-value
Report)
Benign Malignant
(n=13) (n=9)
Number of subjects (%)
Breast lump Yes 13 (59.1%) | 9 (40.9%) 22 (100%) -
Breast Yes 0 9 (100%) 9 (100%) <0.001*¢
tenderness No 13(100%) |0 13 (100%)
Nipple Yes 0 6 (100%) 6 (100%) <0.001*¢
discharge No 13 (81.3%) | 3(18.8%) 16 (100%)
Overlying skin | Yes 0 3 (100%) 3 (100%) 0.025*C
changes No 13 (68.4%) | 6 (31.6%) 19 (100%)
Axillary Yes 1(11.1%) 8 (88.9%) 9 (100%) <0.001*¢
Lymphadenop | No 12 (92.3%) | 1(7.7%) 13 (100%)
athy
Side Right 4 (44.4%) 5 (55.6%) 9 (100%) 0.245¢
Left 9 (69.2%) 4 (30.8%) 13 (100%)
Quadrant LIQ 7 (77.8%) 2 (22.2%) 9 (100%) 0.150¢
Position LOQ 2 (50%) 2 (50%) 4 (100%)
ulQ 2 (100%) 0 2 (100%)
uoQ 2 (25%) 5(62.5%) 7 (100%)
BGR Artefact | No 13 (59.1%) | 9 (40.9%) 22 (100%) | -
BIRADS 3.0 13 (92.9%) | 1 (7.1%) 14 (100%) | <0.001*C
4.0 0 6 (100%) 6 (100%)
5.0 0 2 (100%) 2 (100%)
Duration of Mean+SD |4.92+155 |2.88+0.781 |3.90+1.23 | 0.002*
symptoms 5(3,7) 3(2,4) 4(2,7)
(months)
SHEARWAYV |Mean+SD |78.3%+234 |11154+ 94.92 + 0.015*MwW
E (kPa) 81 (44.7, 30.67 27.29
115) 100 (78, 178) | 98 (44.7,
178)
Strain Ratio Mean+SD |223+092 |424+074 |3.24+0.83 |<0.001*M
2.4 (1.1, 45(35,5 |295(1.1,5) |W
3.9)
E/B Ration Mean+SD |0.8+0.115 |1.18+0.164 |0.99+0.14 | <0.001*M
0.8 (0.6, 1.1(1,1.5) 0.9 (0.6, w
0.9) 1.5)

Abbreviation: C- Chi square test, t- independent t test, MW- Mann Whitney U test, *-
indicates statistical significance
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From Chi square test, it can be seen that there is significant association between breast

tenderness, nipple discharge, overlying skin changes, Axillary Lymphadenopathy,

BIRADS over benign and malignant groups. However, there was no association between

sides, quadrant over groups in this study.

From independent t test, it can be observed that there is significant difference in the means

of duration of symptoms over groups.

From Mann Whitney U t test, it can be observed that there is significant difference in the

means of Shearwave (kpa), Strain ratio, E/B ratio over groups.

Graph 8: Distribution based on axillary lymphadenopathy in subjects who

underwent histopathology examination
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In the study, axillary lymphadenopathy was present in 11.1% in benign and 88.9%

in malignant cases
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Graph 9: Distribution based on Quadrant/Position in subjects who underwent

histopathology examination
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The chart shows the distribution of benign and malignant cases across four breast
quadrants. The LIQ has the highest total cases (9), with 77.8% benign and 22.2%
malignant. The UOQ has 71.4% malignant cases, the highest malignancy rate, while 28.6%
are benign. The LOQ has an equal 50-50% split, and the UIQ has the fewest cases (2), both
benign (0% malignancy).

Malignancy is most common in the UOQ, making it a key area for clinical focus whereas

LIQ, despite having the most cases, is predominantly benign.
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Graph 10: Distribution of subjects based on BIRADS over groups
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In this study, the bar chart illustrates the relationship between BIRADS scores and the
percentage of benign versus malignant findings. The x-axis represents three BIRADS
categories (3, 4, and 5), while the y-axis shows percentages. For BIRADS 3, 92.9% of
cases were benign and 7.1% were malignant, indicating "probably benign" findings. In
contrast, both BIRADS 4 ("suspicious") and BIRADS 5 ("highly suggestive of
malignancy") showed 0% benign cases and 100% malignant cases. These results highlight
the effectiveness of the BIRADS system in predicting malignancy risk, with higher

BIRADS scores correlating strongly with increased malignancy.
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Graph 11: Mean plot of duration of symptoms (months) over groups
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Results

In this study, benign conditions had a longer symptom duration compared to malignant

ones.

Graph 12: Mean plot of SHEARWAVE (kPa) over groups
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Graph 13 : Mean plot of Strain ratio over groups
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Results

In this study, the elastography results were as follows:

o Shearwave (kPa): Benign cases had a mean of 78.3, while malignant cases had a mean
of 111.54, with a significant difference (p=0.015).

« Strain Ratio: Benign cases had a mean of 2.23, while malignant cases had a mean of
4.24, showing a highly significant difference (p<0.001).

« E/B Ratio: Benign cases had a mean of 0.8, while malignant cases had a mean of 1.18,
also showing a highly significant difference (p<0.001).

These findings suggest that malignant lesions have higher stiffness values across all

measurements, supporting the use of elastography techniques for differentiating benign

from malignant lesions.

Table 9: Sensitivity and Specificity for predicting malignancy with strain ratio

Variabl Sub Histopathology
ariable ubcategory Benign Malignant
. . Negative (Benign) 13 (81.3%) 3 (18.8%)
Strain Ratio. g itive (Malignant) | 0 6 (100%)
Value 95% CI
Cut off >4.5
Sensitivity 66.67% 29.93% t0 92.51%
Specificity 100.00% 73.54% to 100.00%
Positive Predictive Value | 100.00% 54.07% to 100.00%
{cgative Predictive 75.00% 54.36% to 88.31%
alue
Accuracy 83.33% 60.83% to 95.81%
p-value <0.001
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Table 10: Sensitivity and Specificity for predicting malignancy with BIRADS

Variable | Subcategory

Histopathology

Benign Malignant
BIRADS Negative (Benign) 13(92.9%) |1 (7.1%)
Positive (Malignant) | 0 8 (100%)
Value 95% CI

Cutoff >3
Sensitivity 88.89% 51.75% t0 99.72%
Specificity 100.00% 75.29% to 100.00%
Positive Predictive Value 100.00% 63.06% to 100.00%
Negative Predictive Value | 90.00% 58.65% to 98.28%
Accuracy 94.44% 75.69% to0 99.75%
p-value <0.001

Table 11: Sensitivity and Specificity for predicting malignancy with E/B ratio

Results

Histopathology

Variable Subcategory Benign Malignant
. Negative (Benign 13 (72.2%) 5 (27.8%)
E/B Ratio Poive (Eeman) 0 4 (100%)
(Malignant) 0.0% 4 (100%)
Value 95% CI
Cutoff >1.2
Sensitivity 44.44% 13.70% to 78.80%
Specificity 100.00% 75.29% to 100.00%
Positive Predictive Value 100.00% 39.76% to 100.00%
Negative Predictive Value | 64.29% 50.09% to 76.35%
Accuracy 72.22% 49.25% to 88.93%
p-value 0.008
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Table 12: Sensitivity and Specificity for predicting malignancy with Shaerwave

Results

Variable

Subcategory

Histopathology

Benign Malignant

Shearwave (kpa) | Negative (Benign)

10 (76.9%) | 3 (23.1%)

Positive (Malignant)

3(33.3%) | 6 (66.7%)

Value 95% ClI

Cutoff >08.66

Sensitivity 66.67% 29.93% t0 92.51%
Specificity 76.92% 46.19% to 94.96%
Positive Predictive Value 74.29% 49.15% t0 89.62%
Negative Predictive Value | 69.77% 46.64% to 85.90%
Accuracy 71.79% 48.81% to 88.65%
p-value 0.041

In this study, all techniques showed good specificity and positive predictive value, with

Strain Ratio and BIRADS showing the best performance for identifying malignancy.

1. The Strain Ratio results show that 81.3% of benign cases were negative and 18.8%

positive, while all malignant cases (100%) were positive. Using a cutoff of >4.5, the

diagnostic performance metrics were:

o Sensitivity: 66.67% (95% CI: 29.93% to 92.51%)

o Specificity: 100% (95% CI: 73.54% to 100%)

o Positive Predictive Value: 100% (95% CI: 54.07% to 100%)

e Accuracy: 83.33% (95% CI: 60.83% to 95.81%)

e p-value: <0.001
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2. The BIRADS results showed 92.9% of benign cases were negative, and 100% of malignant

cases were positive. Using a cutoff of >3, the diagnostic metrics were:

o Sensitivity: 88.89% (95% CI: 51.75% to 99.72%)
e Specificity: 100% (95% CI: 75.29% to 100%)
e Accuracy: 94.44% (95% CI: 75.69% to 99.75%)

e p-value: <0.001

3. The E/B Ratio results showed 72.2% of benign cases were negative, and 100% of

malignant cases were positive. Using a cutoff of >1.2, the metrics were:

o Sensitivity: 44.44% (95% CI: 13.70% to 78.80%)
e Specificity: 100% (95% CI: 75.29% to 100%)
e Accuracy: 72.22% (95% CI: 49.25% to 88.93%)

e p-value: 0.008

4. The Shearwave (kPa) results showed 76.9% of benign cases were negative, and 66.7% of

malignant cases were positive. Using a cutoff of >98.66, the metrics were:

» Sensitivity: 66.67% (95% CI: 29.93% to 92.51%)
 Specificity: 76.92% (95% CI: 46.19% to 94.96%)
e Accuracy: 71.79% (95% CI: 48.81% to 88.65%)

e p-value: 0.041

75




Discussion

DISCUSSION:

Our study found that all elastography methods exhibited strong specificity, with
Strain Ratio and BIRADS achieving perfect specificity (100%). This aligns with previous
research. For instance, Daisy et al. %% (2024) found elastoscan to have 90.74% specificity,
while strain elastography showed 86% specificity. Anil Kumar et al. %1 (2022)
documented a mean strain ratio specificity of 98.11%, and Sinha R et al. ¢! (2021)
observed 95.5% specificity for the strain ratio. Additionally, Singh et al. 521 (2020)
reported a specificity of 92% for ultrasound elastography (USE). The consistently high
specificity reported across multiple studies highlights elastography’s effectiveness in

minimizing false positives.

Strain Ratio Cutoff Values

The study applied a strain ratio threshold of >4.5, yielding a sensitivity of 66.67%
and a specificity of 100%. In comparison, Daisy et al. 531 (2024) used a cutoff of >2.80,
achieving 94.0% sensitivity and 86.0% specificity, while Sinha R et al. 581 (2021) reported
93.3% sensitivity and 95.5% specificity with a threshold of 3.8. Additionally, Khamis et al.
(611 (2017) highlighted the high diagnostic accuracy of the strain ratio, with an AUC of
0.91. The variation in cutoff values suggests that optimal thresholds may depend on factors
such as equipment, methodology, and patient characteristics. Nevertheless, the consistently
high specificity of the strain ratio reinforces its reliability in the characterization of breast

lesions.
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Discussion

Shear Wave Elastography Performance

In this study, shear wave elastography (SWE) with a cutoff of >98.66 kPa
demonstrated a sensitivity of 66.67% and a specificity of 76.92%. This aligns with previous
research, such as Daisy et al. [5%1 (2024), who used a threshold of >92.80 kPa and reported
95.65% sensitivity and 90.74% specificity. Similarly, Yang et al. (¢! (2020) found SWE to
have 92% sensitivity and 85% specificity. The variations in diagnostic performance across
studies may be influenced by differences in equipment, methodology, or patient
populations. Nevertheless, the consistently strong diagnostic accuracy reinforces SWE as a

valuable tool for evaluating breast lesions.

Combined Approaches

This study assessed multiple parameters, including Strain Ratio, BIRADS, E/B
ratio, and Shear Wave Elastography (SWE), adopting a multi-parameter approach that
aligns with previous research. Ahmed °! (2020) found that integrating elastography with
B-mode ultrasound improved diagnostic performance, while Chudasama et al. 631 (2019)
demonstrated that this combination enhanced specificity. Similarly, Zhou et al. [ reported
that using elastography alongside traditional ultrasound increased diagnostic accuracy. The
consistent findings across these studies highlight the effectiveness of a multi-modality

approach in achieving optimal breast lesion characterization.
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Discussion

Clinical Implications for Reducing Unnecessary Biopsies

Like previous studies, the current research highlights elastography's potential to
reduce unnecessary biopsies. Xue et al. 4 (2022) reported that 95.6% of masses classified
as BI-RADS 4 were unnecessarily biopsied, while Priya Ram et al. 71 (2021) concluded
that elastography helped minimize the need for biopsies. Additionally, a study at NRI
General Hospital found that elastography improved specificity to 92% in distinguishing
benign from malignant lesions, thereby reducing unnecessary procedures. With this study
demonstrating 100% specificity for Strain Ratio and BIRADS >3, the findings further
support elastography’s role in clinical decision-making, particularly for BI-RADS 3 and 4

lesions, where biopsy decisions can be challenging.

Anatomical Distribution Patterns

This study observed variations in malignancy rates across different breast
quadrants, with the Upper Outer Quadrant (UOQ) accounting for 80% of malignant cases.
This anatomical distribution pattern was not a major focus in the previous studies reviewed,
suggesting that the current research may offer a unique contribution to understanding

malignancy distribution in breast cancer.
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Conclusion

CONCLUSION

This study demonstrates the significant clinical value of elastography techniques in
differentiating benign from malignant breast lesions. The findings confirm that malignant
lesions consistently exhibit higher stiffness values across all elastography measurements
(Shearwave, Strain Ratio, and E/B Ratio), with statistically significant differences between

benign and malignant groups.

The BIRADS classification system showed excellent diagnostic performance
(94.44% accuracy), while the Strain Ratio measurement demonstrated perfect specificity
and positive predictive value (100%). These results suggest that combining conventional
BIRADS assessment with elastography techniques, particularly Strain Ratio, can

substantially improve diagnostic accuracy and potentially reduce unnecessary biopsies.

The study also identified important clinical correlations, including the association
between axillary lymphadenopathy and malignancy (present in 88.9% of malignant cases),
and the varying distribution of malignancies across different breast quadrants, with the

Right Upper Quadrant showing the highest malignancy rate.

This research supports the integration of elastography into standard breast imaging
protocols to enhance diagnostic precision and improve patient management in breast cancer

screening and diagnosis.
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Limitations

LIMITATIONS OF THE STUDY::

Like previous studies, this research has certain limitations.

The sample size was relatively small, with only 74 patients.

Histopathology examination was performed on only 22 cases.

Future studies with larger sample sizes and standardized measurement protocols are
needed.

Expanding research in this area would help strengthen the evidence for

elastography in breast lesion characterization.
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Summary

SUMMARY

In the present study, 74 women with breast symptoms such as breast lump and nipple

discharge were studied.

Majority of cases (37.8%) were in the age group of 21-35 years, followed by 31.1% in

36-50 years and 27% in 51-65 years, with a mean age of 40.62 + 12.08 years.

This study showed left-sided breast lesion predominance (55.4% vs 44.6% right-sided).

Breast lump was the most common presenting complaint (95.9%), followed by breast

tenderness (27%), nipple discharge (10.8%), and overlying skin changes (4.1%).

On radiographic assessment, 67.6% of cases were classified as BIRADS 3, 17.6% as

BIRADS 4, 12.2% as BIRADS 2, and 2.7% as BIRADS 5.

Out of 74 patients, 22 underwent histopathology examination with 12 (16.2%)

diagnosed as benign and 10 (13.5%) as malignant.

Significant correlation was observed between malignancy and breast tenderness, nipple
discharge, overlying skin changes, axillary lymphadenopathy, and higher BIRADS

scores (p<0.001).
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10.

Summary
For elastography measurements, malignant lesions showed significantly higher values

compared to benign lesions:

Shearwave values: 111.54 kPa in malignant cases and 78.3 kPa in benign cases
(p=0.015)

Strain ratio: 4.24 in malignant cases and 2.23 in benign cases (p<0.001)

E/B ratio: 1.18 in malignant cases and 0.8 in benign cases (p<0.001)

Diagnostic performance for malignancy prediction was highest with BIRADS >3
(sensitivity 88.89%, specificity 100%, accuracy 94.44%), followed by Strain ratio > 4.5

(sensitivity 66.67%, specificity 100%, accuracy 83.33%).

The Upper Outer Quadrant showed the highest malignancy rate (62.5%) despite Lower

Inner Quadrant having the most lesions overall (33.7%).

The findings suggest that combining BIRADS with elastography techniques,
particularly Strain Ratio, can improve diagnostic accuracy and potentially reduce

unnecessary biopsies.
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Annexures

ANNEXURES — |
KAHERs JNMC

BELAGAVI

INFORMED CONSENT FORM

“EVALUATION OF ROLE OF ULTRASOUND ELASTOGRAPHY IN
CHARACTERIZATION OF BREAST LESIONS AS BENIGN AND MALIGNANT:

ONE YEAR HOSPITAL BASED OBSERVATIONAL STUDY”

Roll no: BS0122002

Introduction:

Breast lesions are quite common in women. These lesions can be classified as benign or
malignant. Breast cancer is the second most common cancer However; majority of the
breast lesions are benign. Early diagnosis of malignant breast lesions helps in improving

the treatment outcomes of the patients.

Modalities used commonly for diagnosing these cancers used now are ultrasonography,

mammaography and biopsy

Ultrasound elastography is a newer modality which is safer with less radiation exposure

and is a non-invasive procedure, with cost similar to a biopsy.
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Explanation of procedure:

After proper informed, written consent, patients coming for breast ultrasonography and

fitting the inclusion criteria will be selected.

Patients will fill the pre-designed questionnaire.

Findings will be noted and grading of the lesion will be done on Ultrasonography

(MINDRAY RESONA 19).

The lesion will also be seen on elastography with the help of MINDRAY RESONA i9 and

findings will be noted.

Withdrawal from participation in the study:

Participation in this study in voluntary. You will be free to decide whether to participate in
this study or continue participation once enrolled. In case you decide to withdraw your
participation, you are free to do so. However, please convey the decision to the principal

investigator.

Possible benefits from participating in the study:

You will/will not get any benefits by participating in this study.

Possible risks from participating in the study:

There are no risks involved in participating in this study.

92




Annexures
Privacy and confidentiality:

The information collected from you will be coded, to prevent any person to identify you.
Your identity will never be revealed. The data collected from you will be kept confidential

and only processed or aggregated data will be used for publication.

Financial incentives: You will not receive any payment for participating in this study.

Cost of investigations done during the course of study will be paid by the Participant.

Authorization for publication of aggregated data: Results obtained after processing of the

aggregated data will be published for scientific purpose and or presented to scientific groups.

However, your identity will never be revealed.

If you have any question or complaints with regard to your right as study participant you
may contact Dr Harsha Hegde, Chairperson, Ethical committee of JINMC, 0831-2473777

Extension 4052.

Legal rights: By signing this consent form, we are not waving any of your legal rights
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CONSENT STATEMENT

I am making a voluntary decision to participate in the study “EVALUATION OF ROLE OF
ULTRASOUND ELASTOGRAPHY IN CHARACTERIZATION OF BREAST LESIONS
AS BENIGN AND MALIGNANT: ONE YEAR HOSPITAL BASED OBSERVATIONAL

STUDY”

My signature below indicates that | have decided to participate and | have read the
information provided above or the information provided above has been read to me in the
language that | understand best. | was given the opportunity to ask questions and that they

have been answered to my satisfaction.

Name of the participant:

Signature or left thumb impression of the participant:

Name of the witness:

Signature or left thumb impression of the witness:

Name of the investigator: BS0122002

Signature of the investigator:
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ANNEXURES — 11

PROFORMA
TITLE:
“EVALUATION OF ROLE OF ULTRASOUND ELASTOGRAPHY IN
CHARACTERIZATION OF BREAST LESIONS AS BENIGN AND MALIGNANT:
ONE YEAR HOSPITAL BASED CROSS-SECTIONAL STUDY”

* Name of patient:

* Age:

* Address:

* Relevant family history (if any):
*  Obstetric history:

» Breast feeding (+/-):

CLINICAL SYMPTOMS:

YES NO

BREAST UNILATERAL: BILATERAL
LUMP:

QUADRANT(S) INVOLVED:

BREAST
TENDERNESS:

NIPPLE
DISCHARGE:

OVERLYING
SKIN
CHANGES

DURATION
OF
SYMPTOMS:
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ANNEXURE Ill: IMAGES / FIGURES PHOTOGRAPHS OF CASES

ULTRASONOGRAPHY LINEAR
PROBE
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Annexures

CASE 1: Grey scale image showing a well-defined anechoic area in the mammary zone
with posterior acoustic enhancement.
On elastography, the lesion shows blue-green-red (BGR) artifacts.

Above mentioned features suggestive of benign etiology —Breast cyst

L 116/116
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CASE 2: Grey scale image showing a fairly well defined hypoechoic area with speculated

margin in the mammary zone with posterior acoustic shadowing & internal vascularity on
color doppler study.

On elastography, the findings are as follows:

Shearwave — 107 kPa

Strain ratio — 4.9

E/Bratio—1.1

BIRADS score — 4

Above mentioned features are suggestive of a malignant lesion

1 Breast Mass1 Strain Ratio A 0.13%

1. 567/572 Breast Mass1 Strain Ratio Shell  0.28 %
Breast Mass1 Strain Ratio A' 0.20 %

Breast Mass1 Strain Ratio A/Shell  0.46

2 Breast Mass1 Strain Ratio Diam 4.0 mm

Breast Mass1 Strain Ratio B 0.98 %

Breast Mass1 Strain Ratio B/A 1.54

B Mass1 Strain Ratio B/Shell ~ 3.50
B 11T et
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E 140kPa

wEZ
No.1: Breast Mass]1 Elas.
E(kPa): A Shell A'
Mean: 51.53 53.50 52.45
Max: 107.39 112.50 112.50
Min:23.06 23.84 23.06
SD:11.33 14.95 13.17

1 135/135

Annexures

M-STB Index: % % % #

1 Distl 1.82cm
Dist2 1.61cm
Ratio(Dist) 1.13
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CASE 3: Grey scale image showing a fairly well defined hypoechoic area in the mammary

zone with few specks of internal calcifications and vascularity on color doppler study.

On elastography, the findings are as follows:

Shearwave — 106 kPa

Strain ratio — 5.8

BIRADS score — 4

ool

E 140 kPa

12

No.1: Breast Mass1 Elas.

E(kPa): A I

Mec: qo02 L X
Max: 106.55 127.00 127.00
Min: 10.18 6. 6.01
SD:12.85 17.62 14.94

1 Breast Mass1 Strain Ratio A 0.17%
Breast Mass1 Strain Ratio Shell 0.25%
Breast Mass1 Strain Ratio A’ 0.20 %
Breast Mass1 Strain Ratio A/Shell  0.69

2 Breast Mass1 Strain Ratio Diam 7.0 mm
Breast Mass1 Strain Ratio B 1.14%
Breast Mass1 Strain Ratio B/A 6.68

Breast Mass1 Strain Ratio B/Shell 4.62

:m!iuMUHHMHHNWEHEEIEME!WHM Breast Mass1 Strain Ratio B/A' 5.81
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CASE 4:

Grey scale image showing a well-defined hypoechoic area in the mammary zone with
posterior acoustic shadowing and no evidence of vascularity on color doppler study.
On elastography, the findings are as follows:

Shearwave — 54 kPa

Strain ratio — 1.9

BIRADS score — 3

Above mentioned features suggestive of benign etiology

Histopathology report — Fibroadenoma

E 140 kPa M-STB Index: %

No.1: Breast Mass1 Elas.
E(kPa): A el 4
Mﬁan' gg ‘]53 29.32 28.95
ax:
Min: 857 71.21 71.21

9.27  9.27
12.51 10.50

1 Breast Mass1 Strain Ratio A 0.31%

1 115M5 Breast Mass1 Strain Ratio Shell 0.43%
Breast Mass1 Strain Ratio A' 037%

Breast Mass1 Strain Ratio A/Shell 0.73

2 Breast Mass1 Strain Ratio Diam 5.0 mm

Breast Mass1 Strain Ratio B 0.71 %

Breast Mass1 Strain Ratio B/A 2.26

1 B t Mass1 Strain Ratio B/Shell  1.65
e T oot
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CASE 5:

Grey scale image showing an ill-defined hypoechoic area in the mammary zone with
speculated margins and posterior acoustic shadowing and evidence of vascularity on color
doppler study. The lesion also shows internal specks of calcifications.

On elastography, the findings are as follows:

Shearwave — 98 kPa

Strain ratio — 4.7

E/B ratio — 1.3

BIRADS score — 4

Above mentioned features suggestive of malignant lesion.

Histopathology report — Infiltrating ductal carcinoma

1 Broast MasaZ? Strain Ratio A

Breast Mass2 Strain Ratio Shell

Breast Mas ain Ratio A

Breast Mas ain Ratio A/Shedl 062
2 Breast M an Ratio Dvamm 6.0 mm

Breast Mas an Ratio B 040%

Breast Mas ain Ratio B/A 472

Breast Mas ain Ratio B/Shell  29)

Breast Mass2 Strain Ratio B/A 357
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M-5TD Index: & & » »

No.1: Breast Mass1 Elas
F’[':an) :‘ 55 Shell A’
ean 3827 4035
Max: 98,85 102.91 10291
Min 257 257

319
$D-16.30 16.74 16.53

1 Dist1 1.67om
Dist2 1.22¢em
Ratio(Dist) 1.37

II..A..'llll”'l”””'|(l.y||v-u. = d“”l””“ll
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Annexures

ANNEXURE-IV-KEY TO MASTERCHART

YES-Y
BREAST LUMP
NO-N
YES-Y
BREAST TENDERNESS
NO-N
YES-Y
NIPPLE DISCHARGE
NO-N
YES-Y
OVERLYING SKIN CHANGES
NO-N
YES-Y
AXILLARY LYMPHADENOPATHY
NO-N

LOWER INNER QUADRANT - LIQ
LOWER OUTER QUADRANT - LOQ

QUADRANT POSITION
UPPER INNER QUADRANT - UIQ
UPPER OUTER QUADRANT - UOQ
RIGHT - R
SIDE

LEFT -L

YES-Y
BGR ARTEFACTS
NO-N
NOT APPLICABLE - NA
HPR (HISTOPATHOLOGY
REPORT) - NA MALIGNANT - YM

BENIGN - YB
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MASTERCHART

Annexures

OVER- DURATIO
AGE BREAS BREAST NIPPLE LYING AXILLARY QUADRAN NOF

(YRS T TENDERNES CII?/I\SI;(\ SKIM /\D];:'Y\L)I;E—/K(TII SLD T/ SYMI;TOM

) LUMP B Ct l/\SN(,L v POSITION (MONTHS
)
29 Y Y N N N R LOQ 3
39 Y Y N N N R LOQ 6
30 Y N N N N L LOQ 5
54 Y N N N N L LOQ 6
43 Y Y Y Y Y R uoQ 2
55 Y Y N N N L uoQ 3
65 Y N N N N R LIQ 7
60 Y N N N N L uoQ 5
54 Y N Y N N R uoQ 2
25 Y N N N N R uoQ 3
34 Y N N N N L uoQ 6
37 Y N N N N R UIQ 5
55 Y Y Y N N L LOQ 2
36 Y N N N N R LOQ 1
36 Y N N N N L LOQ 4
34 Y N N N N L LIQ 5
54 Y N N N N R uoQ 6
47 Y Y Y Y Y R LOQ 2
56 Y N N N N L LIQ 5
35 Y N N N N R uoQ 5
54 Y Y N N Y L uoQ 2
37 Y N N N Y R LIQ 4
44 Y N N N N L uoQ 4
57 Y N N N N R LOQ 3
56 Y N N N N L LIQ 3
28 Y N N N N L LIQ 6
58 Y Y Y N Y R LIQ 3
51 Y N N N N R uoQ 6
18 Y N N N N L UQ 7
18 Y N N N N L UIQ 7
27 Y N N N N R LIQ 5
38 Y N N N N L UIQ 3
23 Y N N N N R LOQ 5
21 Y N N N N R LIQ 4
39 Y N N N N L LIQ 5
28 Y N N N N R UQ 7
36 Y N N N N L LIQ 5
54 Y N N N N L LIQ 5
23 Y N N N N R UIQ 4
44 Y N N N N L LIQ 6
32 Y N N N N R LOQ 7
30 Y N N N N L uoQ 5
38 Y N N N N L LOQ 8
52 Y N N N N R LOQ 5
33 Y N N N N L LIQ 6
35 Y N N N N I uiQ 7
44 Y N N N N L LIQ 4
45 Y Y N N Y I uoQ 4
33 Y N N N N R LIQ 6
45 Y Y Y N Y L uoQ 3
25 Y N N N N I uoQ 5
34 Y Y N N N R LIQ 6
29 Y N N N N I LIQ 6
67 Y Y Y Y Y R uoQ 3
56 Y Y N N Y I LIQ 4
3 Y N N N N R uQ 5
34 Y N N N N L LIQ 5
30 Y N N N N R uoQ 3
55 Y Y N N N R LOQ 4
45 Y Y Y N Y I LIQ 3
42 Y N N N N L UlQ 6
33 Y N N N N I LIQ 4
38 Y N N N N I LOQ 7
44 Y N N N N R LOQ 6
60 Y Y N N Y R uiQ 8
34 N Y N N N L LIQ 5
36 Y N N N N I LIQ 4
35 N Y N N N R LIQ 7
34 Y N N N N I LOQ 5
45 Y N N N N R UlQ 4
54 Y Y N N N L uoQ 5
34 Y N N N N L uIQ 7
37 N Y N N N R UIQ 3
23 Y N N N N L LOQ 4

SHEARWAV
E (kPa)

87.4
3024

54.1

502

114.9

116

107

100

56.4

STRAI

RATIO

E/B
RATIO
N

0.7
0.8
0.9
0.8

0.5

BGR
ARTEFAC
T

FARIFAVAVAPAEIVAEIVAVAVAPAVAVAVAVAVAVAPAPVAVAEIVAVAVAPAVAVAVAVAVAVAPAVAVAVAVAVAVAVAVAVAVAPAVAVAVAVAVAVAEIVAVAEIVAVAEIVAVAVAFAVAVAVAVAPVAVAFAVAVAPAbab4

HPR
BIRAD (IF
s DONE
)

w

NA
NA
NA
NA
Y™
NA
NA
NA
NA

Wl w

Wl e ww

| w
z
S

wwerlvenoenelvoeloessooenooenoksoseesnnessesesessseesesereoenesnooneee)see

105




