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Foreword

The increasing usage of ultrasound elastography in many
clinical applications, especially in the breast, makes this
elegant and practical book particularly welcome. Seemingly
simple to perform and of undoubted incremental diagnostic
value for classifying breast masses, obtaining elastograms of
diagnostic value is difficult. Handling the transducer correct-
ly and optimizing setting up the scanner require training and
dedicated practice. Recognizing when adequate elastograms
have been obtained and the numerous potential artefacts,
both friendly and inimical, require dedicated study and
repetition. Richard Barr’s fluid writing style and his elegant
and germane diagrams form a powerful aid to the would-be
practitioner and will speed their learning process.

Dr. Barr’s achievements emanate from a wide clinical
practice, remarkable for his productivity from a non-aca-
demic radiology practice. Thus, the advice and recommen-

dations given are based on his practice and extensive clinical
experience. This is evidenced in the numerous case studies,
which are copiously illustrated. They supplement the intro-
duction to the principles of elastography and form a guide to
interpretation that will be immensely useful. Usefully, they
have been performed on a wide variety of scanners from
different vendors, so as to inform all users.

Overall this is an outstandingly practical book that breast
sonographers and sonologists will want to keep in their
scanning room and refer to frequently.

David Cosgrove, MA, MSc, FRCP, FRCR
Emeritus Professor of Clinical Ultrasound
Imperial and King’s Colleges

London, United Kingdom
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Preface

This book is designed primarily for sonographers and radi-
ologists involved in breast imaging. This is a comprehensive
review of breast elastography with emphasis on clinical
applications. The techniques needed to optimize each form
of elastography are discussed in detail with pitfalls clearly
called out. A review of all artifacts and how to avoid them is
included. Some artifacts provide significant clinical informa-
tion, and these are discussed in detail. The book is designed to
be useful both for the beginner as well as for the experienced
imager.

This book is a compilation of our experience with elasto-
graphy over 10 years, from proof of concept systems to
equipment now available for routine clinical use. An attempt
has been made to include all of the available techniques for
each clinical case to compare and contrast the different
techniques. Enough information is included for each tech-
nique so those with access to only one technique will be able
to optimize the clinical utility of their system. For those with
multiple techniques available on different equipment a dis-
cussion of the various techniques is available to help deter-
mine which patients are best suited for each technique. Strain
and shear wave imaging are complementary techniques. We
find the use of both techniques on each patient provides
increased confidence in the findings.

Clinical cases have been selected to demonstrate a wide
range of pathology. Within a given disease state cases have

been selected to demonstrate the range of elastography
findings for that pathology. Cases where elastography can
yield false-positive or false-negative results are highlighted
and discussed in detail, with tips on how to recognize which
findings may be inaccurate.

Our lab has used breast elastography for all of our breast
ultrasound cases for several years. We find it an invaluable
tool with which to characterize breast lesions. Since we have
used elastography our biopsy rate has decreased by over 50%,
whereas our positive biopsy rate has increased significantly.
Further clinical work is needed to determine how to incor-
porate ultrasound elastography into the Breast Imagng-
Reporting and Data System (BI-RADS). With a negative pre-
dictive value of approximately 99% with some techniques, it
may be possible to downgrade BI-RADS scores by more than
one level.

We wish to express our appreciation to the hundreds of
patients that participated in our research studies, which have
allowed this technology to reach routine clinical use. We also
wish to thank the engineers we have worked with in the
development of all these technologies for their help in opti-
mizing these techniques for clinical use. A special thanks to
the staff at Southwoods Imaging for their help in facilitating
our studies and for the excellent patient care they provide
that makes patients excited about participating in research
studies.
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Abbreviations | Terminology

ARFI: Acoustic Radiation Force Impulse

El: Elasticity Imaging, Siemens strain imaging using manual
displacement now eSie Touch

Elasticity score: a scoring system to characterize lesions on
strain elastography. Also known as the 5-point color scale,
Tsukuba score, or strain pattern.

ElaXto: Esaote’s strain imaging

eSie: eSie Touch, Siemens strain imaging using manual
displacement

Five-point color scale: a scoring system to characterize
lesions on strain elastography. Also known as Tsukuba
core, elasticity score, or strain pattern.

FLR: fat to lesion ratio, a method of semi-quantitating strain
results. It determines the relative stiffness of a lesion
compared to the stiffness of fat.

FOV: Field of View

Length ratio: the length of the lesion measured on strain
imaging compared to the length of the lesion on B-mode
imaging also known as E/B ratio

Manual displacement method: the use of the transducer
or patient breathing and/or heart beat to generate the
compression/release force needed to generate a strain
elastogram.

RTE: Real-Time Elastography, Hitachi’s strain imaging

ROI: Region of Interest

SE: Strain Elastography, generic term for all strain
elastography

SSI: SuperSonic Imagine

Strain ratio: lesion to fat ratio, the ratio of the stiffness of a
lesion to the stiffness of fat

SWE: Shear Wave Elastography, generic term for shear wave
imaging

Strain pattern: a scoring system to characterize lesions on
strain elastography. Also known as the 5-point color scale,
Tsukuba score, or elasticity score.

Tsukuba score: a scoring system to characterize lesions on
strain elastography. Also known as 5-point color scale,
elasticity score, or strain pattern.

VTi: Virtual Touch Imaging, Siemens strain imaging using
ARFI

VTiq: Virtual Touch Imaging quantification, Siemens shear
wave imaging

VTq: Virtual Touch Quantification, Siemens shear wave point
quantification

Vs: Shear Wave Velocity (expressed in meters per second
(m/s))

Width ratio: comparison of the size of a lesion measured on
strain imaging compared to the size measured on B-mode
imaging
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Introduction to Breast Elastography

1 Introduction to Breast Elastography

Ultrasound evaluation of the breast was initially used to deter-
mine if a lesion was cystic or solid.!2 With the criteria set forth
by Stavros et al,3 ultrasound has since had a more important
role in breast lesion characterization. These criteria have been
incorporated into the ultrasound Breast Imaging-Reporting and
Data System (BI-RADS) lexicon4 and can be used to distinguish
between benign and malignant breast lesions.

Elastography is a new ultrasound technique that can provide
additional information which was previously not available.
Elastography or elasticity imaging (EI) is an imaging modality
based on tissue stiffness, rather than anatomy. These images
show the relative difference in stiffness among tissue. For thou-
sands of years physicians have used palpation for diagnosis of
breast cancer,® realizing that stiffer masses on palpation were
more likely malignancies. Ultrasound elastography has the po-
tential to quantify the stiffness of a lesion, which was previously
judged only subjectively by physical exam.6-8 Krouskop et al
determined that in vivo there is significant elastographic con-
trast between cancerous and noncancerous breast lesions.? This
suggests that elastography should be an excellent technique for
characterizing breast lesions as benign or malignant.

There are two types of elastography: strain elastography (SE)
and shear wave elastography (SWE). Strain elastography produ-
ces an image based on the displacement of the tissue from a
compression/release force applied by an external force (trans-
ducer or acoustic radiation force impulse [ARFI]) or a patient
source (breathing and/or heartbeat). This allows for a qualita-
tive assessment of the lesion, that is, a relative assessment of
the stiffness compared with other tissues in the field of view.
The exact stiffness of the lesion is not obtained. SWE applies a
special “push pulse,” ARFI, which results in shear wave propaga-
tion that can be measured as a velocity. Because the velocity of
the shear wave through tissues is dependent on the “stiffness”
of the tissue, a quantitative value of the stiffness can be ob-
tained; that is, a measurement of lesion stiffness is obtained
and expressed as a numerical value. With the addition of elas-
tography we now have three ultrasound modes (> Table 1.1).

Early work in this field was complicated by the fact that B-
mode imaging was performed on a conventional ultrasound
machine, whereas the elastography imaging was performed on
a research elastography system. With the advent of real-time
dual display systems that presented both the conventional B-
mode image and the elastogram this technique became clini-
cally useful. Using the real-time dual display strain elastogra-
phy system, Hall et al'® demonstrated that there was potential
to use this technique to characterize breast lesions as benign or
malignant. It was also noted that on strain elastography benign
lesions appear smaller in size than the corresponding B-mode

Table 1.1 Comparison of different modes of medical ultrasonography

Mode What is measured: What is displayed:
B-mode Acoustic impedance ~ Anatomy

Doppler Motion Vascular flow
Elastography Mechanical properties Tissue stiffness

image, whereas malignancies appear larger in size than the cor-
responding B-mode image. They proposed using the ratio of the
elastography size of a lesion to the B-mode size of a lesion as a
diagnostic criterion for benign or malignant.

Although current modalities of breast imaging, including
magnetic resonance imaging (MRI), ultrasound, and mammaog-
raphy, have high sensitivities for detecting breast lesions, they
do not have high specificities.112 This has resulted in close
monitoring or unnecessary biopsies of many benign lesions. An
imaging modality with a high specificity for detecting malig-
nant lesions could significantly decrease the amount of un-
necessary biopsies.

Continued improvement in image quality, technique, and
image interpretation has occurred. This book discusses the
state-of-the art use of elastography of the breast at this time,
emphasizing the appropriate technique and interpretation
needed to obtain consistent, accurate results.

Initially introduced in 2003, elastography technology has
since improved with advances in diagnostic ultrasound sys-
tems. Some form of breast elastography is available on most
commercially available ultrasound systems today. Current elas-
tography systems provide images that can not only differentiate
between benign and malignant tissue but also evaluate histo-
logical information by depicting the distribution of tissue stiff-
ness. This may have the potential to evaluate the therapeutic ef-
fect of treatment with anticancer agents. Elastography allows
for diagnosis and evaluation of not only masses but also non-
mass lesions.

Systems with various methods that apply strain have recently
become available. They include not only systems with strain
elastography, which involve a manual compression/release
cycle or vibration, but also systems equipped with ARFI and
SWE technology. These methods share the concept of bringing
quantitative diagnostic capability (stiffness) into the field of ul-
trasonography, but differ in terms of theory, technique, and in-
terpretation. Moreover, there are various methods and terms
related to diagnostic assessment, such as the ratio of the lesion
length on elastography to the lesion length on B-mode imaging,
the E/B ratio (width ratio, length ratio), 5-point color scale
(elasticity score, Tsukuba score, strain pattern), strain ratio (le-
sion to fat ratio [LFR]), and shear wave measurements (kPa or
my/s), which often lead to confusion when one is learning elas-
tography techniques.

In this book the principles of elastography are presented in a
form easily understood by clinical sonographers and sonolo-
gists. More detailed principles of elastography can be found
elsewhere.!3 The techniques required to obtain optimal images
with the various methods are discussed with an emphasis on
avoiding pitfalls. The interpretation of the images using the var-
ious techniques is discussed as well as how they relate to each
other. A review of the literature and references to other sources
of information are provided.

Elastography should be performed in conjunction with the
conventional breast ultrasound. It is an additional imaging
mode, like color Doppler, to evaluate a breast lesion or nonmass
lesions. At this time elastography cannot be used as a screening
technique, but it is an excellent diagnostic technique with
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which to characterize a lesion as benign or malignant. Elastog-
raphy in some form is now available on most ultrasound
systems. Both SE and SWE are cleared by the Food and Drug Ad-
ministration (FDA) for determining if a lesion is soft or stiff.
Both SE and SWE have been shown to improve characterization
of breast abnormalities. The choice of which to use is a personal
preference and is often influenced by experience or equipment
availability. Both techniques, SE and SWE, can be performed on
an abnormality within a few minutes and can increase confi-
dence of the results if both techniques are used and are con-
cordant. If the results are not concordant it can be an alert that
the lesion is atypical, and additional evaluation may be neces-
sary to further characterize the lesion.

Elastography can also be helpful in characterizing isoechoic
lesions. If a palpable lesion is not identified on B-mode imaging,
the use of elastography can often identify the lesion based on
its stiffness. It is not uncommon to have an isoechoic “lesion,”
which is difficult to determine if the area in question is truly an
abnormality or a fat lobule.

It has been suggested that the main advantage of elastogra-
phy could be improved characterization of BI-RADS category 3
and BI-RADS category 4A lesions. Elastography could be used to
upgrade or downgrade these lesions by one BI-RADS score. As
elastography continues to improve and more clinical experience
is obtained a better understanding of how elastography could
be incorporated in the BI-RADS classification. Guidelines have
been recommended by several organizations.14-16

We have used elastography on all our diagnostic breast ultra-
sound cases for several years and as a research tool for over 10
years. In our experience we have significantly decreased our bi-
opsy rate while increasing our positive biopsy rate. We find
elastography helpful in all BI-RADS category lesions. The bull’s-
eye artifact (see Chapter 3) has been extremely helpful in in-
creasing confidence when a lesion is a benign complicated cyst
and short-term follow-up or biopsy is not required. However,
we recommend that a site confirm their technique and results

before canceling a biopsy. Correlation of elastography with
pathology has added an additional check for adequacy of our
image-guided biopsies.

There are many methods of displaying the elastography data.
Several color scales have been used. In this book we will use the
convention of black is stiff and white is soft for SE and red is
stiff and blue is soft for SWE. We use the color scale in SWE be-
cause it depicts the quantitative value of the stiffness; therefore,
any lesion that is stiff enough to color code above our cutoff
value is easy to identify. We use a gray scale in SE because we
believe we can identify the changes in relative stiffness more
accurately than with use of a color scale where a small change
in relative stiffness may be depicted as an abrupt color change.
We also believe we are able to measure a lesion more accurately
on the elastogram using the gray scale. On strain imaging the
mapping onto the gray scale or color scale is a postprocessing
function, and most systems allow changing the map on a frozen
image. Regardless of the map used the information in the elas-
togram is identical, only the display is changed. In this book we
will use the convention that SE refers to strain imaging using a
manual compression/release technique (not using an ARFI tech-
nique) unless stated. Tips and tricks are included and high-
lighted when appropriate.

Terminology in elastography has been confusing, with multi-
ple terms used to describe the same ideas or techniques. In this
book we use the terminology suggested by the World Federa-
tion for Ultrasound in Medicine and Biology (WFUMB) guide-
lines.16 Other terminology is included in parentheses.

Although several studies have been published evaluating
elastography for characterization of lesions as benign or malig-
nant, at the time of writing this book few studies have been
performed to evaluate elastography in specific breast patholo-
gies. Where available these are referenced in the case studies.
The case studies are the author’s experience with the use of
elastography in characterization of breast pathologies.
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2 Principles of Elastography

2.1 Overview

Elastography is a recently developed technique in ultrasound
that can provide clinically useful information about tissue stiff-
ness not previously available. Elastography, or elasticity imag-
ing, is an imaging modality based on tissue stiffness rather than
anatomy. Palpation has been used to assess stiffness to evaluate
for malignancies for over a thousand years.1? Ultrasound elas-
tography can be considered the imaging equivalent of clinical
palpation because it can quantify the stiffness of a lesion, which
was previously judged only subjectively by physical exam.

There are two types of elastography: strain elastography (SE)
and shear wave imaging (SWE).1® SE produces an image based
on how tissues respond to a displacement force from an exter-
nal (transducer or acoustic radiation force impulse [ARFI]) or
patient source (breathing and/or heartbeat). This allows for a
qualitative assessment of the lesion in terms of how stiff the tis-
sue is compared with surrounding tissues in the field of view
(FOV). In other words, with SE the “exact” stiffness is not
known, only how stiff one tissue is in comparison with other
types of tissue in the FOV. SWE uses ARFI imaging, or in lay
terms a “push pulse,” which acts as the compressing force. A
natural sequel to this push pulse is the production of shear
waves, which, when their velocities are measured, allow quan-
tification of stiffness.

2.2 Strain Elastography

SE determines the relative strain or elasticity of tissue within an
FOV.18 The more an object deforms when a force is applied the
higher the strain and the softer the lesion. To determine the
strain of a tissue or lesion one must evaluate how the lesion de-
forms when an external force is applied. For example, if we had
an almond in a bowl of gelatin (> Fig. 2.1a) and pushed down
on the gelatin (> Fig. 2.1b), the gelatin would deform, indicating
it has high strain and is therefore soft. However, the almond,
having low strain, would not deform and is therefore stiff.

SE is performed on standard ultrasound equipment using
specific software that evaluates the frame-to-frame differences
in deformation in tissue when a force (stress) is applied. The
force can be from patient movement (such as breathing, heart-
beat) or external compression with rhythmic motion of the ul-
trasound transducer or acoustic radiation force impulse (ARFI)
as the source of the movement.'8 In SE the absolute strain
(Young) modulus value (a numerical value quantifying the stiff-
ness) cannot be calculated because the amount of the force can-
not be accurately measured. The real-time SE image is displayed
with a scale based on the relative strain (or stiffness) of the tis-
sues within the FOV. Therefore, if the types of tissue in the FOV
are different, a different scale may be used for the display map.

» Fig. 2.2 demonstrates a simplified explanation of how the
mapping of SE data is performed on most systems. The boxes
on the left represent tissue identified on B-mode imaging be-
fore the addition of any force. The boxes in the middle represent
the size of the tissue on B-mode imaging after the compressive
force. The tissues that do not change shape are very stiff, where-
as those that are soft change size based on their relative

stiffness. The strain elastography algorithm evaluates the rela-
tive changes in size of the tissues and assigns a color (or shade
of gray) based on the distribution of the size changes. In our ex-
ample in > Fig. 2.2a, the tissue that does not change shape at all
is color coded black because it is the stiffest of all the tissue
being evaluated. The lower box changes the most and is there-
fore the softest and is color coded white. The tissue in between
these extremes is given a shade of gray corresponding to the
amount of change in the tissue; darker gray if stiffer and lighter
gray if softer. However, if we did not include the stiffest tissue
in » Fig. 2.2a, different color coding of the other tissues would

Fig. 2.1 (a,b) A simplistic model of the principal of strain elastography
is to consider an almond in gelatin. If we apply a stress such as
compressing the gelatin with a spoon, the gelatin changes shape
because it is soft (more strain), whereas the almond does not change
shape because it is stiff (less strain). The ultrasound strain system
compares the frame-to-frame changes of tissue when the tissue is
compressed|released. Tissues that deform the most are considered
soft, whereas those that deform the least are considered stiff.



Principles of Elastography

IEEN
1] 1
10 EED

da

N NN

b

Fig. 2.2 The color-coding of the pixels in the elastogram is based on the changes that occur with the compression/release cycle. In the diagrams the
boxes on the left depict different tissues within the field of view (FOV). When the compression is applied the boxes change shape based on their
stiffness (center vertical column). The box that changes shape the most is color coded white, whereas the box that changes the least is color coded
black. The boxes that change between these two extremes are color coded shades of gray based on the amount of change they experience (a). If the
FOV is different and the stiffest tissue in (b) is not included the color mapping changes with the second box now the stiffest and therefore being color
coded black. The dynamic range of the color coding is changed and the first and fourth tissues are now color coded with darker shades of gray.

occur as in » Fig. 2.2b. Note that the coloring of the first three
tissues has changed because the second tissue is now the stiff-
est and therefore coded black. Thus the “dynamic range” of
stiffness values changes depending on the tissues present in the
FOV.

Therefore if similar stiff tissues and soft tissues are included
in each image acquisition a relatively constant color display will
be obtained. In breast strain elastography, if a portion of the
pectoralis muscle and some fat are included in the FOV, a more
consistent color depiction of tissues between images will be ob-
tained. The fat will be the softest tissue coding white and the
pectoralis muscle will be the stiffest tissue (if a cancer is not
present) coding black. The color scale (or dynamic range of stiff-
ness values) will be fairly constant because the stiffness of fat
and muscle are very constant between patients and within a
patient. However, if a breast cancer is present within the FOV it
will be the stiffest tissue and be color coded black with most
other tissues being displayed as white or light gray.

The technique required to obtain the optimal images varies
with the algorithm used by the manufacturer of the system.!8
For SE the amount of external displacement needed varies de-
pending on the algorithm used. With some systems very little if
any manual compression/release is needed, with others a
rhythmic compression/release cycle is required. With experi-
ence and practice the optimum compression/release technique
for a specific system to obtain optimal image quality can be
learned. Applying too large a compression/release cycle will re-
sult in image noise, whereas not applying enough will result in
no image being obtained. Learning the “sweet spot” for the
equipment being used is critical for optimal images and is dis-
cussed in detail in Chapter 3.

The algorithm used in SE requires that the strain changes be
measured in a lesion that remains within the imaging plane.
The same slice of the lesion needs to remain in the imaging
plane during the entire compression/release cycle. Monitoring
of the B-mode image to confirm the lesion is displaced only in
depth (not in and out of plane) during scanning and moving on-
ly axially in the FOV will allow for optimal images. An organ
cannot be surveyed with the displacement SE technique; scan-
ning must be done in one stationary position.

Results can be displayed in gray scale or with various color
displays; preference is often determined by the user’s exposure
to elastography and preference in interpretation. The display
map preference is a postprocessing function, and on most
equipment the map can be changed when the image is frozen.
The default on many systems has the elastogram displayed over
the gray scale B-mode image. Most systems display in a dual
mode with a separate B-mode image also displayed. This helps
in determining the location of the elastographic findings. How-
ever, if a gray scale map is chosen the background B-mode
image in the elastogram should be turned off because the two
superimposed gray scale images are difficult to interpret. This
book uses a gray scale map with soft coded white and hard
coded black without a superimposed B-mode image unless oth-
erwise stated. It is important to remember that, even when us-
ing the color-coded SE a relative scale is displayed, which
should not be confused with SWE where an absolute stiffness
value is obtained and color coded on a per pixel basis. On SWE
a lesion will have the same color (assuming the same color scale
is used) regardless of the other tissues present in the FOV. On
SE the lesion may appear a different color if the other tissues in
the FOV are different.
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Fig. 2.3 Because strain imaging is qualitative the scale used to color code the image is relative to the tissues within the field of view. For example, fat
within an image with dense breast tissue will code as white because it is the softest tissue within the field of view (a, circle). However, if an image
contains only fat some of the fat will be coded dark because it is the stiffest tissue (stiffest of the fat in the image) in the field of view (b, circle).
Therefore a given tissue or mass may be color coded differently on various frames if the tissues within the field of view are different. To help minimize
the difference it is advisable to include a similar variety of tissues (fat, dense breast tissue, and pectoralis muscle) in all images. (Reprinted with
permission from Barr RG. Sonographic breast elastography: a primer. | Ultrasound Med 2012;31(5):773-783)

Because SE is a relative technique, a lesion may appear a dif-
ferent shade of gray (or color) depending on the other tissues in
the FOV. For example, in a patient with normal dense breast tis-
sue and fat, the fat will appear white (soft) because it is the
softest tissue in the FOV. However, if only fat is in the FOV some
of the fat will appear black (stiff) because it is the stiffest tissue
in the FOV (> Fig. 2.3). This can cause difficulty in interpreta-
tion. Therefore, a large FOV with multiple tissue types of vary-
ing stiffness is helpful in image interpretation. The color scale
can be relatively constant in SE by including fat as the softest
tissue and pectoralis muscle as the stiffest tissue. These tissues
do not vary in stiffness from patient to patient and therefore
can fix the dynamic range of stiffness if only benign tissue is
present. When a malignancy is present it will be stiffer than
pectoralis muscle and will reset the dynamic range so it is the
stiffest tissue.

A critical factor in generating a diagnostic elastogram is the
amount of pressure applied with the probe during scanning.'®
This is called precompression or preload. This is different than
the amount of displacement (compression/release) used in gen-
erating the elastogram. Scanning with a “heavy hand” com-
presses the tissues and changes their elastic properties. This
precompression markedly changes the image quality and can
significantly affect results (> Fig. 2.4).!9 This is confirmed with
SWE where the velocity of the shear wave (Vs) can change by a
factor of 10 with precompression (> Fig. 2.5). As precompres-
sion increases, the differences in shear wave speed between tis-
sues decrease, leading to less conspicuity between tissues on
the strain elastogram. If enough precompression is applied all
tissues will have similar stiffness, and the SE elastogram will be
mostly noise, whereas the SWE will have high shear wave
speeds thoughout the image.

» Fig. 2.5 is a diagram summarizing the Vs of the different tis-
sue types in breast at various amounts of precompression that
we used for the results and discussion that follow. The amount
of precompression is classified into 4 categories: Zone A, mini-
mal precompression 0-10%, Zone B, mild precompression 10-
25%, Zone C moderate precompression 25-40%, and Zone D
marked precompression > 40%.

2.2.1 How Can Precompression Affect
Strain Elastography Images?

In SE, images are based on the relative stiffness of the lesions
within an image. It is qualitative (how stiff relative to other tis-
sues in the FOV) but not quantitative (an absolute value). The
imaging scale used is relative and based on tissues within the
image plane. In the case where both soft tissues (fat, fibrogland-
ular tissue) and a very stiff lesion (malignancy) are present in
Zones A, B, and C, the difference in elasticity (Vs values meas-
ured in m/s) between the soft tissues and malignancies are ad-
equate to generate an accurate elastogram. However, in Zone D
the elasticity of both soft tissues and malignancies are similar;
hence the elastogram is not diagnostic and represents only
noise.

However, the results are different in the case where the area
of interest contains only “soft” tissues (fat, fibroglandular, soft
fibroadenoma, fibrocystic change). In Zone A the elasticity dif-
ferences between the tissues allows for a diagnostic elastogram.
In Zone B the elastogram is borderline for diagnostic value, with
some frames of good diagnostic quality and some with poor di-
agnostic value. This is due to precompression creating a smaller
difference of stiffness between tissues. Based on the author’s
experience this appears to depend on whether the frame was
taken in a compression or in a release phase of the cycle. This
may be due to the increased precompression on the compres-
sion phase of the cycle. In Zones C and D, the elasticity proper-
ties of the soft tissues are very similar due to the precompres-
sion, and the elastogram is mostly noise and is nondiagnostic.

A technique to apply a minimal amount of precompression
reproducibly has been described.!® In this technique a structure
in the far field is identified such as a rib or Cooper ligament.
The transducer is lifted slowly while the structure is watched.
As the probe is lifted the object will move deeper in the image.
The elastogram is obtained with the structure as deep in the
image as possible while adequate probe contact is maintained.
The use of ample coupling gel is helpful. Another method is to
make a standoff pad with coupling gel, making sure some cou-
pling gel is present between the transducer and the patient
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Fig. 2.4 When precompression (applying pressure with the transducer) is applied it can significantly affect the elastogram. When minimal
compression is applied optimal elastograms are obtained (a) as in this example of an epidermal cyst. When mild precompression is applied the frames
obtained on the release phase are often good however, those on the compression phase are of poor quality (b). This leads to a video clip were the
lesion is adequately visualized on a few frames. When a significant amount of precompression is applied the elastogram is only noise and is not
interpretable (c). A method to limit the amount of precompression is to identify a structure in the far field of the image (red arrows pointing out a rib
in this case). As the transducer is lifted the structure will move deeper in the image. When the structure is as deep in the far field as possible and
adequate contact with the transducer is maintained minimal precompression is applied and an optimal elastogram will be obtained. (Reprinted with
permission from Barr RG, Zhang Z. Effects of precompression on elasticity imaging of the breast: development of a clinically useful semiquantitative
method of precompression assessment. | Ultrasound Med 2012;31(6):895-902)

when obtaining the elastogram. Usually a small amount (10-  amount of displacement of tissues during the compression/
20%) of precompression is used to obtain B-mode images be-  release cycle. This is discussed in Chapter 3. Even when sig-
cause it improves B-mode image quality. The “quality factor” or  nificant precompression is applied leading to a poor elasto-
“compression bar” used in some equipment does not assess the ~ gram the quality factor or compression bar can suggest a
amount of precompression being applied. It only evaluates the  good elastogram.
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Fig. 2.5 The stiffness of tissues when precompression is applied can be measured with shear wave elastography. Shear wave velocity (Vs) increases
with increasing tissue stiffness. The Vs of various breast tissues and pathologies at varying amounts or precompression are presented in this figure. As
precompression is applied the difference of stiffness between tissues and pathology is decreased. Above 40% compression all tissues have the same
stiffness. At this amount of precompression strain elastograms will depict only noise, and shear wave elastograms will suggest all tissues are
malignant. Maintaining precompression in the 0 to 10% range optimal results will be obtained. Between 10 and 40% precompression strain
elastography (SE) images that do not contain a malignancy are of poor quality because the stiffness differences of all benign tissues are similar. If a
malignancy is present, an adequate elastogram will be obtained because there remains a large difference in stiffness between the malignancy and the
benign tissues. At above 25% precompression all tissues will have Vs suggestive of a malignancy on shear wave imaging. (Reprinted with permission
from Barr RG, Zhang Z. Effects of precompression on elasticity imaging of the breast: development of a clinically useful semiquantitative method of

precompression assessment. | Ultrasound Med 2012;31(6):895-902)

2.2.2 Strain Elastography Using
Acoustic Radiation Force Impulse

An ultrasound pulse can be reflected, absorbed (attenuated), or
create momentum transfer (pushes). The transfer of energy
causes tissue to move. Increased energy in the ultrasound beam
creates increased force and hence movement. The movement of
the tissue has two consequences for elastography: (1) the meas-
urement of the movement directly: strain elastography; or (2)
tissue movement generates a lateral transverse (shear) wave,
the speed of which through the tissue can be measured: shear
wave elastography (> Fig. 2.6).

ARFI is the use of a low-frequency ultrasound pulse that is
tailored to optimize the momentum transfer to tissue.20-22 An
SE image can be obtained by using ARFI to create the displace-
ment of tissue and analyzing the displacement changes with a
similar strain algorithm. The ARFI pulse replaces the patient
or probe movement to generate the stress on the tissues.
This technique may be less user dependent than the manual
compression technique. This push pulse generates both axial
displacement and shear waves. When the axial displacement is
measured the technique is similar to SE called Virtual Touch
Imaging (VTI, Siemens Medical Solutions USA, Inc., Mountain
View, CA). Note that this is different than SWE where the Vs
generated from the ARFI pulse is measured. The former is qual-
itative (gives only relative differences in tissue stiffness in the
FOV), whereas the latter is quantitative (provides a numerical
value of the stiffness). The ARFI push pulse power is limited by
guidelines of the amount of energy that can be input into the
body, thus limiting the depth of tissue displacement and there-
fore the depth of the SE elastogram. This is usually not a prob-
lem when a manual displacement technique is used because it
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Fig. 2.6 An ultrasound pulse can be reflected (a, blue arrows) or
absorbed (attenuated) (a, white arrow) or can transfer momentum
(pushes) to tissue. A low-frequency strong ultrasound pulse can be
used to optimize momentum transfer to tissue (b). This is called
acoustic radiation force impulse (ARFI). The movement of the tissue
can be measured directly (strain imaging), or a lateral transverse shear
wave can be generated and its speed through the tissue measured
(shear wave imaging).

can be adjusted to have appropriate displacement at any depth
in breast imaging.

There are several differences between SE and VTI. One impor-
tant difference is that radiation force in ARFI imaging is
maximized at the point of focus, whereas in SE, strain is more
uniform laterally in the image based on transducer compression
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and the amount of stress applied locally and changes with
depth. Therefore a strain ratio for VTI should not be used as a
semiquantitative method. A quantitative value of stiffness can-
not be obtained using VTL

If an ARFI push pulse is used to generate the tissue displace-
ment, no manual displacement (transducer compression/re-
lease) should be used. The probe should be held steady and the
patient asked to suspend respiration and remain motionless
during the acquisition. The algorithm used to generate the elas-
togram is similar to SE on the same system. The color-mapping
algorithm is slightly different than in the manual compression
technique, and some differences in the appearance of the elas-
togram between the two techniques can be seen. In general the
ARFI push pulse is limited in producing displacement deeper
than 4 to 5 cm with most breast imaging transducers.

2.3 Shear Wave Elastography

A second technique with which to determine the elastic proper-
ties of a tissue is SWE. In this technique an initial ultrasound
pulse (push pulse) or ARFI pulse is applied to the tissue that in-
duces a shear wave perpendicular to the ultrasound beam. This
is similar to dropping a stone (the push pulse) into a pond of
water. The ripples generated correspond to the shear waves.
Conventional B-mode ultrasound sampling techniques are used
to calculate the velocity of the shear wave generated through
the tissues by monitoring the tissue displacement caused by
the shear waves. This is diagramed in » Fig. 2.7. The strain mod-
ulus (Young’s modulus) can be estimated from the velocity of
the shear wave through the tissues. The velocities of the shear
waves are directly correlated with higher velocities represent-
ing stiffness and vice versa. The stiffness of a lesion can be
displayed as the Vs in m/s through the tissue, or derived and
displayed as the strain modulus in kilopascals (kPa). The strain
modulus (or Young’s modulus) is calculated by making some
assumptions (density of tissue is 1g/cm3 and Poisson ratio is
0.5) regarding the tissue and using the following equation:

(kPa) = 3Vs2

With SWE a quantitative measure of the lesion stiffness is ob-
tained either in point of interest (point quantification) or in a
larger FOV with pixel-by-pixel color coding of the Vs (shear
wave imaging). » Table 2.1 lists the conversion of the two scales
at various measurements. Most systems allow the user to select
which scale they prefer.

Two shear wave imaging systems are presently available for
breast applications. In the ACUSON S2000/S3000 ultrasound
system (Siemens, Mountain View, CA), a measurement in a
small region of interest (ROI) can be obtained (Virtual Touch
tissue quantification [VTq]) as well as a pixel by pixel evaluation
(shear wave imaging) of a larger FOV using a color map (Virtual
Touch IQ [VTIQ]). In VTIQ, after the initial push pulse, tracking
signal vectors are used to detect the tissue displacement as the
shear wave passes and thus reconstruct its velocity in a region
of interest, which can be displayed as a qualitative image of
elasticity or a quantitative image displayed as shear wave
speed. A single image is obtained, and a few seconds are re-
quired before imaging can be resumed. This use of tracking vec-
tors with focused transmit results in less noisy and more stable
shear wave signal detection.

Push pulse enters

e

Fig. 2.7 A simplified model of shear wave imaging using our almond in
gelatin example is presented in this figure. The acoustic radiation force
impulse (ARFI) (push) pulse (wide red arrow) is applied generating
shear waves (green waves). The shear waves travel through the tissues
and change speed depending on the stiffness of the tissue. Conven-
tional B-mode pulses are used to identify the shear waves and calculate
their speed.

Table 2.1 Conversion of shear wave velocity to the Young modulus
(kPa)

kPa m/s
180 7.7
150 7.1
125 6.5
100 5.8
90 5.5
80 5.2
70 4.8
60 4.5
50 4.1
40 3.7
30 3.2
25 2.9
20 2.6
15 2.2
10 1.8

In the Aixplorer (SuperSonic Imagine [SSI], Aux en Provence,
France), the effect of the push pulses is amplified by sending a
series of pulses successively focused at increasing depths faster
than the shear wave’s velocity, so that a mach cone front is
generated. A high imaging frame rate is achieved by transmit-
ting a plane wave that insonates the entire field of view in a
single burst. The result is that the shear wave velocity can be
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measured and displayed (in m/s or kPa) as a quantitative color
overlay image at a frame rate of around one frame per second.
However, to obtain accurate measurements the several frames
need to be obtained in a stationary position.

The principles of scanning using SE also pertain to SWE. Pre-
compression can change results, and it is recommended the
same technique to limit precompression already discussed be
used to acquire shear wave images.

2.3.1 How Can Precompression Affect
Shear Wave Elastography Images?

As one applies precompression, Vs in the tissue increases, re-
gardless if the tissue is “soft” or “hard” (> Fig. 2.5). In general,
for tissues present in breast, the rate of change in Vs with in-
creasing precompression is greater with soft tissues and less
with hard tissues. Thus the velocity of the shear wave (Vs) or
the Young modulus (kPa) increases in all tissue types as the

Fig. 2.8 Shear wave imaging can be performed
using a three-dimensional (3D) probe allowing
evaluation of an entire lesion with one data
collection. In this example of an invasive ductal
cancer the image in the upper right is the shear
wave elastogram from the imaging plane. The
image in the upper left is the image perpendic-
ular to the acquisition plane, whereas the lower
left image is the C plane (coronal image). The
bottom right image is the 3D depiction. In this
case the pixels with high shear wave velocity
(suggestive of a malignancy) are color coded red.

amount of precompression is applied. At 10% precompression
the shear wave velocity of most “soft” tissues approximately
doubles. With amounts of precompression in Zones A and B be-
nign lesion Vs will remain within the range suggestive of be-
nign lesions. However, in Zones C and D a benign lesion may
have Vs suggestive of a malignant lesion. This is discussed in
more detail in Chapter 4.

On some systems SWE can be performed in real time; how-
ever, optimal images are obtained by remaining in the same
plane for several seconds to make accurate measurements.
Shear wave propagation by an ARFI pulse is depth limited. If a
shear wave is not generated a value will not be obtained in the
point quantification method (represented by x.xx), and there is
no color coding of the area in the shear wave imaging method.
Repositioning the patient to make the lesion closer to the skin
surface can help in these cases. A 3D probe is now available that
allows for volumetric SWE elastograms (> Fig. 2.8).
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3 Strain Elastography

3.1 Overview

Strain elasticity imaging (SE) determines the strain or elasticity
of tissue. This corresponds to the stiffness or softness of a le-
sion; the higher the strain, the softer the lesion. To determine
the strain of a tissue or lesion one must evaluate how the lesion
deforms when an external force is applied. Each vendor has a
different requirement for the optimal external force. This force
can vary from minimal or no movement to moderate rhythmic
force generated by probe movement. Therefore the technique
for obtaining a good strain elastogram varies depending on the
vendor.

3.2 Technique/How to Perform an
Examination

The technique of measuring how a lesion changes when an ex-
ternal force is applied is strain elastography (SE), one type of
elasticity imaging as discussed in Chapter 2. If patient move-
ment such as breathing, heartbeat, or external compression
with rhythmic motion of the ultrasound transducer is used as
the source of the movement, this technique is called SE using
the manual compression method. In SE the absolute strain value
(stiffness) cannot be calculated because the amount of the push
cannot be accurately measured. The real-time elasticity image
is displayed with a scale based on the relative strain of the tis-
sues in the image displays strain distribution, indicating relative
stiffness as a two-dimensional (2D) overlay. The clinical impli-
cations of this are discussed in detail in the interpretation sec-
tion later in this chapter.

One can also use a low-frequency ultrasound pulse (a push
pulse) as the source of the displacement. This technique is
called acoustic radiation force impulse (ARFI) (see Chapter 2).2!
A strain image can be obtained by using ARFI and analyzing the
displacement changes with a similar strain algorithm. Note that
this is different from shear wave elastography (SWE), where
the velocities of the shear waves generated as a result of the
push pulse are measured.

Strain EI of the breast is performed with a conventional ul-
trasound unit and a standard ultrasound breast transducer.
Specific software analysis of frame-to-frame difference in
deformation in tissue with mild compression allows for the
display of the “softness” or “stiffness” of a lesion.

The technique required to obtain the optimal images varies
with the type of SE being used as well as the manufacturer of
the system. For SE the amount of external displacement (com-
pression/release cycle) needed varies depending on the algo-
rithm used. With some manufacturers very little if any manual
compression/release is needed, whereas with others a rhythmic
compression/release cycle is required. With experience and
practice one can optimize the compression used to obtain opti-
mal image quality.

The algorithm used in compression elastography requires
that the strain changes remain within the imaging plane. The
same slice of the lesion needs to remain in the imaging plane
during the compression/release cycle (> Fig. 3.1). Optimal

images can be obtained by monitoring the B-mode image to
confirm the lesion is displaced only in depth during scanning
and is otherwise not moving in the field of view (FOV). To avoid
having the lesion move in and out of plane we prefer to position
the patient so that an imaginary line through the transducer
face and lesion is perpendicular to the floor with the patient’s
breathing moving the lesion in the same plane (> Fig. 3.2a,b).
The transducer should not be angled either superiorly or inferi-
orly (> Fig. 3.2¢) nor to the right or the left (> Fig. 3.2d).

The lesion should appear similar on all frames of the SE clip.
If not, there is too much displacement of the lesion during scan-
ning or unacceptable precompression is being applied. With SE
one cannot survey the breast; scanning must be done in one
stationary position.

Most systems use a dual display; one with the B-mode image
and the other with the elastographic data. The elastographic
data can be superimposed over a B-mode image. In this case the
B-mode image is usually displayed in gray scale and the elasto-
gram in a color scale (> Fig. 3.3a). We choose to use a gray scale
map for image depiction with white as soft and black as hard
(» Fig. 3.3b). In this situation we do not display the B-mode
image superimposed on the elastogram. The use of two gray
scale maps interferes with interpretation. We use a gray scale in
SE because we believe we can identify the changes in relative
stiffness more accurately than with use of a color scale, where a
small change in relative stiffness may be depicted as an abrupt
color change. We also believe we are able to measure a lesion
more accurately on the elastogram using the gray scale. Color
maps can be used; preference is often determined by the user’s
exposure to elastography and interpretation. If color maps are
used be careful to document which scale you are using because
some have red as stiff and others blue as stiff. The color scale
should always be included with the image for accurate interpre-
tation. Because of the relative scale in SE we do not find color

Sy

Fig.3.1 When performing strain elastography it is important that the
same image plane through a lesion be maintained during data
acquisition. The gray plane corresponds to the ultrasound beam. An
optimal elastogram is obtained with in-plane movement of the lesion.
Out-of-plane movement may result in inaccurate elastography results.
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useful. However, in SWE, where an absolute value of stiffness is
obtained, color coding can be very useful in interpretation.

3.2.1 Performing an Examination

SE images are generated from the raw data of B-mode images.
Therefore it is important to obtain quality B-mode images be-
fore activating the strain mode. It is important to maintain the

Fig.3.2 Patient and transducer positioning is
important in obtaining optimal elastograms. The
patient should be positioned so that the imaging
plane is in the same plane as the patient’s
respiration movements. Proper positioning is
demonstrated in (a) and (b). Positioning the
transducer as in (c) and (d) is not recommended.
Placing the wrist of the scanning hand on the
patient will help stabilize the transducer and
improve the ability to apply fine movements (e).

transducer perpendicular to the skin (> Fig. 3.2). Find a scan-
ning window that allows for stable positioning of the trans-
ducer with the compression/release cycle.23 Placing the wrist of
the hand on the patient helps stabilize the transducer and al-
lows for more sensitive movements (> Fig. 3.2e).

You must use the appropriate amount of compression/release
cycle for the system you are using. The presently available sys-
tems use one of three types of compression/release: no manual

11
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compression, minimal compression or vibration, and moderate
compression. The amount of compression may vary with the
size of the breast or the depth of the lesion. With experience
and practice one can learn the optimal compression/release
needed for an optimal quality elastogram for a given system.!8
The B-mode image is useful to access the amount of tissue dis-
placement. » Table 3.1 lists the various available systems and
the techniques they require.

No Manual Compression Systems

Place the probe vertically on the skin without consciously ap-
plying any vibration/compression (> Fig. 3.2). Keep the probe
lightly touching the skin and try not to apply pressure. It is im-
portant to keep the transducer perpendicular with no pressure
(minimal precompression) and without movement on the skin
above a target. A technique to consistently apply minimal pre-
compression has been described!® and is discussed in detail in
Chapter 3.2.3.

Fig. 3.3 The strain elastography appearance of
normal glandular tissue and fat is presented using
the color scale with blue as stiff (a) and with the
gray scale map (b). Note that the image contains
fat, glandular tissue, and the pectoralis muscle.

This method gets the compression/decompression cycle from
vibration caused by involuntary muscle contraction in the hand
and vibration caused by muscle contraction, breathing, and
heartbeat of the patient. There is minimal tissue movement, so
extremely fine image display is possible. However, in some
cases with large breasts or deep lesions minimal compression/
release movement with the transducer or transducer vibration
may be required to obtain the optimal elastogram. In patients
with small breasts the motion may still be too great and having
the patient hold her breath may be helpful in obtaining optimal
elastograms.

Minimal Compression/Vibration Systems

Place the probe vertically on the skin and apply very mild vibra-
tion (compression/release cycle). Ensure that you do not push
too hard. The compression/release stroke should be no more
than 1 mm. Keep the probe lightly touching the skin, and apply
extremely fine vibration with a fast cycle, as if lifting up the
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Table 3.1 List of the available elastography systems for the various techniques

Technique Product name

No manual compression eSie Touch
Elastography

Minimal compression ElaXto

Real-time tissue elastography (RTE)

Elastography

Moderate compression Elastography

Real-time tissue elastography (RTE)

Elastography

skin with the probe. This method can be used for relatively
shallow lesions to moderately deep lesions, and it allows elas-
tography imaging of fine targets several millimeters in size such
as nonmass abnormalities. It is also possible to depict in detail
the distribution of soft areas (areas with significant strain), and
it provides a great deal of diagnostic information.2> The fre-
quency and degree of displacement of the compression/release
cycle can be varied to identify the optimal technique. For learn-
ing the technique it is recommended that the scanner vary the
degree of compression/release cycle as well as the frequency of
the compression/release cycle and observe the changes in the
elastogram. With the appropriate technique there should be
minimal changes in the appearance of the elastogram.

Moderate Displacement Systems

Place the probe vertically on the skin, and apply fairly moderate
compression/release (about 1-2mm) similar to the minimal
displacement technique except for applying more probe dis-
placement. This method was recommended on older systems,
but some newer systems now require much less motion. On the
systems that require no displacement, the use of this moderate
displacement technique will generate an elastogram composed
of noise. This technique requires more skill to avoid precom-
pression and thereby maintain scanning in the same location of
the lesion (out-of-plane movement of the lesion).

3.2.2 Degree of Displacement
Measuring Tools

Some devices have a display bar or number to confirm that you
are applying the appropriate amount of displacement (com-
pression/release cycle) to generate the elastogram (> Fig. 3.4).
When the appropriate amount of displacement is being applied,
the number display or the color bar has the maximum value. If
the displacement is either too great or too small the number
display or color bar shows a lower value. When learning how to
perform SE with the manual displacement method, it is helpful
to practice varying the amount of displacement and frequency
of displacement while watching the display bar or number. You
can identify the appropriate technique required by experiment-
ing with your displacement technique and using the color bar
or number to identify the optimal technique for your system.

Vendor

Siemens (Mountain View, CA)
Philips (Bothell, WA)

Esaote (Indianapolis, IN)
Hitachi Aloka (Wallingford, CT)
Toshiba (Minato, Tokyo, Japan)
GE (Fairfield, CT)

Hitachi Aloka (Wallingford, CT)

Zonare/Mindray (Shenzhen, China)

O
LL
~J
o

Fig. 3.4 Various numerical or visual scales are used to optimize the
amount of the compression/release cycle. Several of them are
presented in this image. When the appropriate amount of compres-
sion/release is applied the scales are maximized. If the compression/
release cycle is either too great or too small the scale will be
minimized.

When the appropriate technique is used the elastogram should
be similar on all frames. Some systems provide a visual scale on
the frequency and amount of displacement you are generating.
This real-time feedback bar or number only evaluates the
amount of lesion displacement (tissue deformation). Other fac-
tors are important in obtaining optimal images so a high quality
factor does not guarantee you will have optimal images.

3.2.3 Precompression

A critical factor in generating a diagnostic elastogram is the
amount of pressure you apply when scanning. This is called
precompression (> Fig. 3.5). This is different than the amount of
displacement (compression/release) you are applying. If you
scan with a “heavy hand” you compress the tissues and change
their elastic properties. For example, if you have a balloon filled
with air and lightly touch the balloon you create a moderate
displacement of the balloon. However, if you compress the bal-
loon between two heavy books and use the same amount of
pressure you will create a much smaller displacement because
the compression caused by the books increases the air pressure
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in the balloon. This precompression markedly changes the
image quality and can significantly affect results (see » Fig. 2.4).
This is confirmed with shear wave technology where the shear
wave velocity can change by a factor of 10 based on precom-
pression (> Fig. 3.6). In » Fig. 2.5 graphs the effects of precom-
pression for various tissues that occur in the breast. Note that as
precompression increases the differences in shear wave velocity
between tissue types decrease, leading to less conspicuity be-
tween tissues. If enough precompression is applied all tissues
are similar, and the elastogram changes are mostly noise. Chap-
ter 2 provides a detailed discussion of the effects of precom-
pression on both SE and SWE.

The following technique has been suggested to apply only a
minimal amount of precompression reproducibly.!’® In general
some amount of precompression is applied to obtain the B-
mode image because it improves B-mode image quality
(» Fig. 3.7). When obtaining the elastogram focus on an object
in the FOV (e.g., a rib). Lift the transducer, watching the object
in B-mode. As the transducer is lifted (decreasing the precom-
pression) the object moves deeper in the image. When the
object is as deep in the image as possible and adequate probe
contact is maintained, the elastogram is obtained. This techni-
que has been shown to be highly reproducible both intraopera-
tor and interoperator.’® This is a similar technique used for
color Doppler imaging because precompression can occlude
blood vessels. The use of a large amount of coupling gel is help-
ful. The “quality factor” or “compression bar” used in some
manufacturers’ equipment does not assess the amount of pre-
compression being applied.

Better-quality elastograms can be obtained if the patient
raises the ipsilateral hand above the head, the patient is posi-
tioned so the transducer is perpendicular to the floor
(» Fig. 3.2), lesion motion with respiration moves the lesion
within the imaging plane, and the patient refrains from talking
during data acquisition.

The center of the lesion does not have to be used to obtain
the elastogram. In fact it is better if a lesion position is chosen
where the lesion measures between 1 and 1.5 cm. This allows

Fig. 3.5 Precompression should not be applied to
the breast when obtaining an elastogram. (a)
Minimal precompression applied to the breast.
(b) Precompression applied to the breast. Note
the dimpling of the breast caused by the pressure
of the transducer.

for other tissues to be included in the FOV and accounts for size
changes that occur in cancers in elastography. A malignant le-
sion may appear more than three times the size of the B-mode
image. Therefore, if you have a 2 cm malignancy on B-mode it
may appear as 6¢cm on the elastogram, filling the entire FOV,
and may not be appreciated. The size changes are discussed in
detail in the interpretation section of this chapter.

Results can be displayed in gray scale or with various color
displays; preference is often determined by the user’s exposure
to elastography and preference in interpretation. If a color map
is used care must be taken because a standard has not been es-
tablished, and a color map using red as stiff or the opposite col-
or map with blue as stiff can be used. The color scale should al-
ways be included on the image for accurate interpretation. It is
important to remember that in SE a relative scale is displayed
and should not be confused with SWE where an absolute stiff-
ness value is obtained and color coded on a per pixel basis. In
SWE, all vendors use the standard of red as stiff and blue as soft.
Remember SE is a relative technique, and a lesion may appear a
different shade of gray or color depending on the other tissues
in the FOV (see » Fig. 2.2). For example, in a patient with nor-
mal glandular breast tissue and fat, the fat will appear soft be-
cause it is the softest tissue in the FOV. However, if only fat is in
the FOV, some of the fat will appear hard because it is the hard-
est tissue in the FOV (see » Fig. 2.3). This can cause difficulty in
interpretation. By including some fat, normal dense breast tis-
sue, pectoralis muscle, and the lesion in the elastogram FOV,
one can minimize these changes between images. This is dis-
cussed in detail in Chapter 2. Having a soft tissue (fat) and a
harder tissue (muscle) helps maintain a similar gray scale or
color display (dynamic range of mapping). A large FOV is helpful
in image interpretation because including more tissue will set a
scale that allows for better differentiation between tissues.

If an ARFI push pulse is used to generate the tissue displace-
ment (Virtual Touch Imaging [VTI], Siemens Ultrasound, Moun-
tain View, CA), then no manual displacement should be used.
The probe should be held steady, and the patient should remain
motionless, with no breathing or talking during the acquisition.
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Fig. 3.6 The effect on shear waves speed with the application of precompression on normal breast tissue is shown in this figure. The graphs display the
tissue displacement at various locations from the acoustic radiation force impulse (ARFI) pulse over time. The reference image was obtained with
minimal precompression, whereas the other graphs were obtained with increasing amounts of precompression. Note that as precompression is
applied the tissue displacement occurs sooner (increased shear wave velocity). (Reprinted with permission from Barr RG, Zhang Z. Effects of
precompression on elasticity imaging of the breast: development of a clinically useful semiquantitative method of precompression assessment. |

Ultrasound Med 2012;31(6):895-902)

Because of the acoustic power of the ARFI pulse, the system will
freeze for a few seconds for transducer cooling. During this pe-
riod the system will not respond to knob activation. The algo-
rithm used to generate the elastogram is similar to that for SE
on the same system. In general the ARFI push pulse is limited in
producing displacement deeper than 4 to 5cm with the breast
imaging transducer. If the lesion is deeper a satisfactory elasto-
gram may not be obtained. The image displays are similar to
those for SE images with the B-mode image on the left and the
VTI elastogram on the right. When using an ARFI pulse to gen-
erate a strain image a region of interest (ROI) box is placed at
the site of the lesion. The ARFI pulse is generated only within
the ROI box, therefore only the ROI box has strain data within it
on the elastogram (> Fig. 3.8).

3.2.4 Tips

e Keep the FOV large to include fat, normal breast tissue, pec-

toralis muscle if possible, and the lesion. This will maintain a
more constant color map (consistent dynamic range of strain
values) between images.

o If the lesion is large (> 2 cm) select an image plane not in the

maximum diameter of the lesion, where the lesion is between
1 and 1.5 cm, to obtain the elastogram.

e Use the B-mode image to determine the amount of tissue dis-

placement being applied.

e Maintain the transducer perpendicular to the skin and floor.
¢ Use the appropriate technique for your system.
¢ Use the B-mode image to confirm that the scan plane through

the lesion remains constant.
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Fig. 3.7 A technique to confirm that minimal precompression is applied has been proposed. A structure in the far field of the image is identified (i.e.,
rib or Cooper ligament). As the transducer is lifted the structure will move deeper in the image. When the structure is as deep in the far field as
possible and adequate contact with the transducer is maintained minimal precompression is applied and an optimal elastogram will be obtained. In
this pictogram the rib with minimal precompression was located at 4 cm depth. If precompression is applied such that the rib is at 3 cm depth this
would be considered a 25% precompression. (Reprinted with permission from Barr RG, Zhang Z. Effects of precompression on elasticity imaging of the
breast: development of a clinically useful semiquantitative method of precompression assessment. | Ultrasound Med 2012;31(6):895-902)

e Position the patient so the displacement motion is in the
plane of the transducer.

Do not apply precompression with the transducer.

e Compare the lesion stiffness to other tissues (fat, normal
breast tissue).

¢ Have the patient hold still and maintain uniform shallow
breathing with no talking during data acquisition.

¢ Turn off background B-mode on the elastography image if a
gray scale map is used for the elastogram.

e Remain in a stationary plane when acquiring data (do not
survey).

3.3 Interpretation/Clinical Results

Three methods of interpreting strain images have been proposed,
evaluating the size change between the B-mode image and the
elastogram (E/B-mode ratio), a 5-point color scale (Tsukuba

Fig. 3.8 Example of Virtual Touch Imaging (VTI,
Siemens Ultrasound) (strain image using acoustic
radiation force impulse [ARFI]). This is an example of
an invasive ductal carcinoma (arrows). As opposed to
strain elastography (SE) using the manual compres-
sion technique the field of view (FOV) has a maximum
allowable size. The FOV is placed to include the lesion.
A very light touch is used with the transducer on the
breast. The patient is asked to remain still and not to
talk, and the update button is pressed to activate the
ARFI pulse. The system will freeze for a few seconds,
and the VTl image will be displayed. The gray scale
map is used here with black as stiff and white as soft.
The lesion is significantly stiffer than the surrounding
breast tissue.

score, elasticity score), and the ratio of the lesion stiffness to fat
(strain ratio, lesion to fat ratio [LFR]). The relative stiffness (i.e.,
whether the lesion is stiff or soft compared with other breast
tissues) can also be helpful clinically in interpreting images.

3.3.1 Elastography Length: B-Mode
Length (E/B Ratio)

Using a real-time dual strain elastography system, Hall et al'®
demonstrated that there was potential to use this technique to
characterize breast lesions as benign or malignant. It was noted
on SE that benign lesions measure smaller in size than the cor-
responding B-mode image, whereas malignant lesions meas-
ured larger (> Fig. 3.9 and » Fig. 3.10). They proposed using the
ratio of the lesion size on elastography to the B-mode size (E/B
ratio) as a diagnostic criterion for benign or malignant. They
used an E/B ratio of>1.2 for a lesion to be malignant based on
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the Receiver Operating Characteristics (ROC) curve of a small
data set. With these criteria they found a sensitivity of 100%
and a specificity of 75.4%. Barr2* in a single-center unblinded
trial of 123 biopsy-proven cases using an E/B ratio of<1 as be-
nign and > 1 as malignant had a sensitivity of 100% and a specif-
icity of 95% in distinguishing benign from malignant breast
lesions. A large multicenter, unblinded trial evaluating 635 bi-
opsy-proven cases using Barr’s criteria had a sensitivity of 99%
and a specificity of 87% in characterizing breast lesions as be-
nign or malignant.2> In a single-center trial of 230 lesions a 99%
sensitivity, 91.5% specificity, Positive Predictive Value (PPV) of
90%, and a Negative Predictive Value (NPV) of 99.2% using the
E/B ratio.26

*'v

Fig.3.9 Strain elastogram of an invasive ductal
carcinoma. The image on the left of the dual
display is the conventional B-mode image. The
image on the right is the elastogram. A black and
white color scale is used, with black correspond-
ing to the stiffest tissue. In this example the
lesion measures 10.2 mm on the B-mode image
and measures 14.3 mm on the elastogram,
resulting in an E/B ratio of 1.4, suggestive of a
malignancy. A copy or shadow function is used to
“duplicate” the measurement on the B-mode
image onto the same location on the elastogram
(yellow lines). This function is helpful to confirm
the location of a lesion in the elastogram or vice
versa.

Fig.3.10 Strain elastogram of a biopsy-proven
benign fibroadenoma (red arrows). The lesion is
well circumscribed with lobulations and taller
than wider in the B-mode image, classifying the
lesion as a Breast Imaging-Reporting and Data
System 4B (BI-RADS 4B) lesion. The lesion is
significantly smaller on the elastogram, sugges-
tive of a benign lesion.

Fig.3.11 The use of a “copy” or “shadow”
function can help in confirming the location of a
lesion noted on one image but not well seen on
the other. This function allows one to measure a
lesion and have the measurement placed in the
identical position in the other image. In this
example the yellow measurement was done on
the B-mode image. The yellow line was copied to
the elastogram, and a separate measurement of
the lesion was performed to obtain the E/B ratio
(green line).

The location of the elastogram within the lesion does not af-
fect results.!® Either the lesion length ratio or a lesion area ratio
can be used. Measuring the length measurements is usually
easier and faster to perform and can limit the time of the ex-
amination. The lesion is measured in the same position on both
the elastogram and the B-mode image. The use of a copy, shad-
ow, or mirror function in the measurement technique is help-
ful. These software keys allow one to measure the lesion on
either the B-mode image or the elastogram image in a dual
mode display and have the length measurement depicted on
the opposite image in the exact same position (> Fig. 3.11). This
allows one to determine if the ratio is greater or less than 1
visually. One can then correct the copied or mirrored image
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measurement to obtain the ratio. This method of interpretation
requires that the lesion be visualized well enough to get an ac-
curate measurement on both the B-mode image and the elasto-
gram image. Because cases of ductal carcinoma in situ (DCIS)
and invasive lobular carcinoma are often poorly visualized on
B-mode imaging, this technique should not be used unless they
are defined masses that can be measured with true distinguish-
able borders. Difficulty can occur when measuring the lesion
size on the elastogram when a fibroadenoma or fibrocystic le-
sion is present in dense breast tissue. The strain properties of
the fibrocystic change or fibroadenoma are similar to the back-
ground dense breast tissue. Therefore, one may visualize the
combination of the lesion and normal dense breast tissue as
one lesion, creating a false-positive.!8 This problem can be
avoided by comparing the stiffness of the lesion to surrounding
tissue; if it is similar to fibroglandular tissue it is most likely be-
nign (to be discussed in detail).

Using the color scale or lesion to fat ratio methods (discus-
sion follows) may help eliminate this problem. In the multicen-
ter trial2> this accounted for a large number of the false-posi-
tives decreasing the specificity. Strain images obtained using
the ARFI technique can be interpreted using this technique.

Shadowing, which can be seen with some cancers on B-mode,
is not seen on the accompanying elastogram. Therefore, the
inferior border of the cancer can often be identified on the

Fig.3.12 The B-mode image of this invasive
ductal carcinoma (IDC) has shadowing, which
prohibits identification of the posterior border of
the lesion. The strain elastogram clearly identifies
the posterior border of the lesion (a). If the
shadowing is marked the elastogram will dem-
onstrate a white/black artifact pattern in the area
of the shadowing, and the posterior border of the
lesion will not be identified (b). The yellow line
measures the lesion on B-mode while the green
line measures the lesion on SE. The E/B ratio in
this case is> 1, consistent wit this malignancy.

elastogram.!® As long as there is some B-mode signal identified
in the shadowing, the algorithm will be able to determine the
strain in those pixels. However, if the shadowing is extreme and
no returning signal is identified there is no correlation identi-
fied, and the pixels will be coded as white or blocks of alternat-
ing white and black (> Fig. 3.12).27

In addition to using the E/B ratio to determine if a lesion is
more likely benign or malignant, asking if the lesion is soft or
hard or visible on SE is clinically helpful in some situations. It is
sometimes difficult to determine if a lobular hypoechoic lesion
is a fat lobule on conventional ultrasound. If the lesion is a fat
lobule it will appear very soft on the elastogram and similar to
the other fat in the image (> Fig. 3.13). Lesions can be isoechoic
to background tissue on B-mode imaging and not recognized as
a lesion. These lesions may have different strain properties
compared with the background and can be clearly visualized on
SE. This is very common with complicated cysts (> Fig. 3.14).
Evaluation of the EI pattern can also define where to best biop-
sy a lesion (> Fig. 3.15), selecting the hardest location to target
the biopsy. The SE pattern can help characterize a complex
lesion (> Fig. 3.16).

Previous studies have demonstrated that the sensitivity of
this technique is quite high (>98%).24-26 » Fig. 3.17 is a box plot
of the results. In a large, multicenter trial there were 3 cancers
out of 222 that had a ratio of less than 1. In retrospect, one
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Fig.3.13 It is often difficult to determine if an
isoechoic lesion surrounded by dense breast
tissue is a fat lobule or an isoechoic mass.
Elastography can be used to determine if the
lesion is a fat lobule. As demonstrated in this case
of a fat lobule in dense breast tissue the fat lobule
is white (arrows), confirming it is softer than
fibroglandular tissue and is a fat lobule. (Re-
printed with permission from Barr RG. Sono-
graphic breast elastography: a primer. |
Ultrasound Med 2012;31(5):773-783)

Fig.3.14 Elastography can be used when a pal-
pable mass is present but is not identified on B-
mode imaging. In this example, a palpable mass
in a 42-year-old was not identified on mam-
mography or B-mode ultrasound (left image). By
placing the probe over the palpable abnormality
and activating strain elastography a bull’s-eye
artifact (red arrows on elastogram, right image) is
obtained, confirming the oval lesion centrally in
the B-mode image (red arrows B-mode) is an
isoechoic, complicated cyst.

Fig.3.15 Elastography can be helpful in determining the best location to perform a biopsy. In this example a mass lesion is identified on B-mode
imaging that has a “head” (red circle), a body, and a tail (green arrow). On the elastogram the body and tail of the lesion increase in size and are very
stiff. The head of the lesion is soft and blends into the background breast tissue. On biopsy the body and tail of the lesion were invasive ductal
carcinoma, whereas the head was a benign fibroadenoma. Careful evaluation of the elastogram should be undertaken because it is not uncommon for
two adjacent lesions to appear as one on the B-mode image but be clearly distinguishable on elastography. The reverse can also be true. It is common
for fibrocystic change or a fibroadenoma to be similar in stiffness to surrounding fibroglandular tissue and not be identified on the elastogram but be
clearly different on the B-mode image. (Reprinted with permission from Barr RG. Sonographic breast elastography: a primer. | Ultrasound Med 2012;31

(5):773-783)

lesion was measured incorrectly on B-mode. The second “le-
sion” may have been two adjacent lesions, one benign and one
malignant, confounding the measurements. The third increased
in size in anterior to posterior dimension but got smaller in
width. Because cases of DCIS and invasive lobular carcinoma are
often poorly visualized on B-mode, imaging with this technique

should not be used in them unless they are defined masses that
can be measured accurately. Another difficulty that occurs is
measuring the lesion size on the elastogram when a fibroade-
noma or fibrocystic lesion is present in dense breast tissue. The
strain properties of the fibrocystic change or fibroadenoma are
similar to the background dense breast tissue. Therefore one

19



20

Strain Elastography

3.0
2.5 :
= 2.0 = >
@ :
"‘_.-' "
2 1.57 - 4
B
Be —_— T

0.0

Benign Malignant

Fig.3.17 The box whisker plot of the results of a large multicenter trial
using the E/B ratio in characterization of breast masses. (Reprinted
with permission from Barr RG, Destounis S, Lackey LB Il, Svensson WE,
Balleyguier C, Smith C. Evaluation of breast lesions using sonographic
elasticity imaging: a multicenter trial. | Ultrasound Med 2012;31
(2):281-287)

may visualize the combination of the lesion and normal dense
breast tissue as one lesion, thus interpreting that the lesion ap-
pears larger and is therefore malignant (> Fig. 3.18). In the mul-
ticenter trial by Barr et al2> this accounted for a large number of
the false-positive results decreasing the specificity. This prob-
lem can be avoided by comparing the stiffness of the lesion to
surrounding tissue; if it is similar to fibroglandular tissue it is
most likely benign. Using the color scale or LFR methods may
help eliminate this problem. Strain images obtained using the
ARFI technique can be interpreted using this technique.
Another confounding factor is the presence of two lesions
adjacent to each other. These may appear as one lesion on the
B-mode image. Close inspection of the elastogram can distin-

Fig.3.16 A 75-year-old woman presented with
bloody discharge and an abnormal diagnostic
mammogram. On B-mode ultrasound (left
image) a complex lesion was identified. On the
elastogram (right image) the right portion of the
lesion (red arrow) was soft but without a bull’s-
eye artifact, suggestive of a very viscous fluid
such as blood, given the patient’s symptoms,
whereas the left portion of the lesion (yellow
arrow) was very stiff. The right portion of the
lesion was aspirated and was old hematoma,
whereas the right portion of the lesion was
biopsied with a 12-gauge core needle and was a
benign papillary lesion. (Reprinted with permis-
sion from Barr RG. Sonographic breast elastog-
raphy: a primer. | Ultrasound Med 2012;31
(5):773-783)

guish the two lesions (> Fig. 3.19). In these cases measurements
must be taken with care. If different results are obtained in dif-
ferent lesion positions, the possibility of the “lesion” being two
adjacent lesions should be considered. Always use the results of
the larger E/B ratio. If such a lesion is biopsied always try to bi-
opsy the portion of the lesion that has the larger E/B ratio.

The E/B ratio has been shown to correlate with tumor
grade.?8 » Fig. 3.20 shows the box plots for the E/B ratio for var-
ious tumor types and grades. For less aggressive tumors such as
DCIS or mucinous or colloid cancer the ratio is close to 1. For in-
vasive ductal cancers the ratio increases with grade and is stat-
istically significant. The clinical utility of this finding is unclear
at this time. Some reports suggest a greater specificity with a
cutoff value of 1.2; however, with this cutoff low-grade malig-
nancies such as DCIS or mucinous cancers can be misclassified
as benign, thus trading higher specificity for lower sensitivity.

3.3.2 5-Point Color Scale (Tsukuba
Score)

A 5-point color scale (Tsukuba score) has been proposed to clas-
sify lesions using SE (» Fig. 3.21).2930 This scale combines the
ratio changes and degree of stiffness of the lesion. In this diag-
nostic approach, a score from 1 to 5 is assigned based on the
color (balance of green and blue, with the scale set to blue as
hard) inside the target lesion and surrounding area on the elas-
togram, with a higher score indicating a higher diagnostic con-
fidence of malignancy. When a lesion is hard and the same size
on elastography as in the B-mode image, the lesion is given a
score of 4. If the lesion is hard and larger on elastography the
lesion is classified as 5 (> Fig. 3.22). It is recommended that le-
sions that are hard and equal in size to B-mode or larger on the
elastogram than B-mode are biopsied. If the lesion is soft, it is
classified as a score of 1. If the lesion has a mixed hard and soft
pattern, it is classified as a 2. If the lesion is hard but smaller on
elastogram it is given a score of 3. Scores of 1 to 3 are classified
as benign. This technique has been shown to have moderate to
substantial interobserver agreement and substantial to perfect
intraobserver agreement.3! There was no significant difference
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Fig.3.18 To use the E/B ratio method to characterize breast masses the lesion must be measured accurately on both the B-mode image and the
elastogram. A common situation that decreases the specificity of this technique is a hypoechoic benign lesion, such as fibrocystic change in this case
(red circle on B-mode, left image), with elastic properties similar to fibroglandular tissue (green circle on B-mode). Because the elastic properties of
the lesion and surrounding fibroglandular tissue are similar they appear as one density on the elastogram (green circle on elastogram, right image). If
care is not taken the combined density is used as the measurement on the elastogram, giving the false impression that the lesion has increased in size.
In this situation recognizing that the fibroglandular tissue is not identified separately on the elastogram will help in correct interpretation. The use of
the 5-point color scale, shear wave imaging, or the lesion to fat ratio may also be helpful.

Fig.3.19 It is not uncommon to have a lesion appear as a solitary mass on B-mode but appear as two lesions with different elastic properties on the
elastogram. In this example the mass in the B-mode image (left) appears as one lesion, but on the elastogram (right) the mass is identified to be two
adjacent lesions—a cyst identified by the bull’s-eye artifact (red arrow) and a stiff adjacent lesion. When this occurs it is not possible to measure the
lesion accurately for the E/B ratio. The use of the 5-point color scale, shear wave imaging, or the lesion to fat ratio can be helpful in interpretation.

(Reprinted with permission from Barr RG. Sonographic breast elastography: a primer. ] Ultrasound Med 2012;31(5):773-783)

in inter- and intraobserver agreements according to lesion size.
It is recommended that lesions that are hard and equal in size
or larger on the elastogram are biopsied, similar to the recom-
mendations of Barr and colleagues.2425 If another color scale is
used with this technique (such as red is stiff) the appropriate
changes of the color scale needs to be recognized when inter-
preting the image.

Using the color scale breast SE has been shown to objectively
evaluate tumor or tissue stiffness in addition to morphology
and vascularity.3° Itoh found a sensitivity of 86.5% and a specif-
icity of 89.8% using this technique with a cutoff point between
3 and 4. This technique has been shown to correlate well with
the ultrasound Breast Imaging-Reporting and Data System (BI-
RADS) score.3233 SE has also been shown to visualize nonmass
lesions or peritumoral ductal lesions.3? Multiple studies have
found similar results.34-38 This technique has also been used in
the evaluation of suspicious microcalcifications on mammogra-
phy with 97% sensitivity and 62% specificity in the differentia-
tion of benign and malignant microcalcifications.38 Several ar-
ticles suggest SE may be most helpful in BI-RADS 3 and BI-RADS
4 lesions by upgrading or downgrading them.3639

Several clinical studies have been reported on the use of the
5-point color score in evaluation of breast pathology. Raza et
al“0 reported a prospective clinical trial with a sensitivity of
92.7% and a specificity of 85.8%. Chang et al*! analyzed factors
that affect the accuracy of elasticity scores in a prospective
study, and they reported their findings on accuracy control of
strain elastography. They reported that the breast being thin at
the location of the lesion (the target lesion being located in a
shallow area) was the biggest factor affecting elastography
image quality. They also mentioned that the accuracy of elas-
tography differed depending on the depth of the lesion and that
accuracy control was necessary.

When making a diagnosis using this method it is important
to choose an ROI that includes various tissue types (fat, fibro-
glandular tissue, pectoralis muscle) where the lesion accounts
for no more than one fourth of the ROI during imaging. The rec-
ommendations for this technique are the same as for E/B ratio.
Limitations of this technique include that it is subjective and
cannot be used for large tumors or large irregular tumors be-
cause the assessment is affected by the area ratio of the tumor
and surrounding tissue.
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Fig.3.20 The E/B ratio has been reported related to tumor grade, with more aggressive tumors having a higher E/B ratio. This figure is a box whisker
plot of the E/B ratio for various types of tumors. Note that as the tumor grade increases the E/B ratio also tends to increase, although there is a wide
range of variability. (Used with permission from Grajo |RB, Barr RG. Strain elastography in the prediction of breast cancer tumor grade. ] Ultrasound
Med 2014;33(1):129-134)
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Fig.3.21 A 5-point color scale has been proposed as a method of characterizing breast masses as benign or malignant. In this example of the scale
stiff lesions are coded blue, and soft lesions are coded green and red. If a lesion is entirely soft it is given a score of 1. If the lesion has both soft and stiff
components it is given a score of 2. If the lesion is stiff but smaller than the lesion on B-mode imaging it is scored as 3. If the lesion is stiff and the same
size as on the B-mode image it is given a score of 4, and if it is stiff and larger than on the B-mode image it is given a score of 5. A score of 1, 2, or 3 is
suggestive of a benign lesion, whereas a score of 4 or 5 is suggestive of a malignant lesion. (Used with permission from Ueno EIA. Diagnosis of breast
cancer by elasticity imaging. Eizo Joho Medical 2004;36:2-6)

3.3.3 Strain Ratio (Lesion to Fat Ratio) was based on the knowledge that the properties of fat are fairly
constant, whereas the properties of other surrounding tissues

In an attempt to semiquantify the measurements, the ratio of  and lesions are variable. This diagnostic approach was advo-

lesion stiffness to fat has been suggested. This technique has  cated by Ueno et al#2 as a semiquantitative method of evaluat-
been called the lesion to fat ratio, strain ratio, or LFR. This ratio ing stiffness. It is the ratio of the strain in a mass to the strain in
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subcutaneous fat, and it can be thought of as a semiquantitative
method for numerically evaluating how many times stiffer a
target mass is compared with subcutaneous fat. The target ROI
for the tumor should not protrude from the interior of the tu-
mor in B-mode. The target ROI for subcutaneous fat should be a
circle of sufficient size and be limited to skin and fat that does
not contain breast tissue. The ROIs should be taken at the same
depth if possible to limit errors from compression, especially if
using the moderate displacement technique. When applying
the compression/release cycle tissues at different depths expe-
rience different amounts of compression that change the stiff-
ness of the tissue. Care should be taken not to use the very soft
signal sometimes seen adjacent to lesions because this is an ar-
tifact (see Artifacts later in chapter) and will artificially elevate
the lesion to fat ratio (strain ratio).

Because it is possible to evaluate the stiffness of one specific
part of a mass by setting the target ROI, not only is it possible to
measure very large tumors, it is also possible to evaluate the
stiffness of nonmass abnormalities. This stiffness of a tumor is
an approximation. It is easy to perform, and the results of
clinical studies using this diagnostic approach have already
been reported.

Initial studies#?-44 have found this technique valuable in de-
termining if a lesion was benign or malignant (> Fig. 3.23). Care
must be taken with these measurements because precompres-
sion can significantly change the strain value of fat.1® As pre-
compression is applied the stiffness of all tissues increases.

Fig.3.22 An example of a breast mass with a
score of 5 on the 5-point color scale. The lesion is
stiff (blue, arrows) and appears larger on the
elastogram than on the corresponding B-mode
image. The lesion was a grade 1 invasive ductal
cancer on surgical pathology.

Fig.3.23 Although strain imaging is qualitative,
an estimate of the stiffness (semiquantitative)
can be determined by comparing the relative
stiffness of the lesion to fat, the strain ratio. Fat
has a relatively constant stiffness between
patients. In this technique a region of interest
(ROI) is placed within the lesion (left circle in each
image) and an ROl is placed in fat (right circle in
each image). The system can then compare the
relative stiffness of the two ROIs and calculate a
strain ratio. In this example the strain ratio is 7.9.
A ratio of greater than 4.5 is suggestive of a
malignancy. On biopsy this lesion was an invasive
ductal carcinoma. (Used with permission from
Ueno EUT, Bando H, Tohno E, Waki K, Matsumura
T. New quantitative method in breast elastog-
raphy: lesion to fat ratio (LFR). Paper presented
at: Radiological Society of North America 93rd
Scientific Assembly and Annual Meeting; No-
vember 25-30, 2007; Chicago, IL)

However, the stiffness of fat changes more than that of normal
breast tissue and lesions. Therefore with precompression the
ratio of lesion to fat will decrease. Care must also be taken that
the FOV for the fat measurement contains only fat. The meas-
urement should be taken at the same depth in the image as the
degree of tissue compression varies with depth. This ratio is
based on the knowledge that the properties of fat are fairly con-
stant, whereas the properties of other surrounding tissues and
lesions are variable. Lesions with densities similar to fat there-
fore have smaller ratios.

In addition to performing a single measurement comparing
the lesion strain to fat strain ratio, one vendor offers parametric
imaging. In this technique an ROI is placed in an area of fat, and
the entire FOV is color-coded based on the ratio of each pixel
stiffness to the stiffness of fat (> Fig. 3.24). A color-coded semi-
quantitative image is obtained over a large FOV. The area with
the highest lesion to fat ratio can then be identified visually and
a point measurement obtained.

Thomas et al*> compared B-mode BI-RADS category score,
the 5-point color scale, and the lesion to fat ratio in 227 breast
lesions. Based on the ROC curve they selected a cutoff of 2.455
to distinguish benign from malignant lesions using the lesion to
fat ratio (strain ratio, LFR). The mean ratio for malignant lesions
was 5.1+ /- 4.2 while for benign 1.6+ /- 1 (p<0.001). They found
a sensitivity and specificity of 96% and 56% for B-mode imaging,
81% and 89% for the 5-point color scale, and 90% and 89% for
the lesion to fat ratio.
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Fig.3.24 In addition to performing a single measurement of the ratio of the lesion stiffness to fat stiffness (strain ratio or lesion to fat ratio),
parametric imaging can be performed. A region of interest (ROI) is placed to demarcate fat, and the entire image is color coded to the strain ratio. In
this example the green box is the ROI placed on fat for the reference. The image is then color coded, with red being higher strain ratios.

Zhi et al*> in a similar study compared the strain ratio and
the 5-point color scale in 559 breast lesions. They found the
strain ratio of benign lesions was 1.83 +/- 1.22, whereas malig-
nant lesions were 8.38 + /- 7.65. These were significantly differ-
ent (p <0.00001). Based on their ROC curves they selected a
cutoff point of 3.05. The area under the curve for the 5-point
color system was 0.885, whereas that of the strain ratio was
0.944 (P<0.05). In a different study of 408 lesions*2 a lesion to
fat strain ratio with a cutoff of 4.8 found a sensitivity of 76.6%
and a specificity of 76.8%.

Farrokh et al** reported sensitivity of 94.4% and specificity of
87.3% with a cutoff above 2.9 in a prospective study using strain
ratio (LFR). Alhabshi et al*6 reported that width ratio and strain
ratio were the most useful methods of lesion characterization,
with a cutoff value of 1.1 for width ratio and a cutoff value of
5.6 for strain ratio, in a study using B-mode, strain pattern
(elasticity score), width ratio, and strain ratio. Using an iU22
XMATRIX ultrasound system (Philips Healthcare, Bothell WA),
Stachs et al*’ demonstrated the LFR utility in 224 breast
masses in 215, reporting that the strain ratio was predomi-
nantly higher in malignant tumors (i.e., 3.04 + 0.9 (mean
standard deviation [SD]) for malignant tumors versus 1.91
0.75 for benign tumors.

The appropriate cutoff for this technique varies greatly be-
tween studies. Using quantitative ARFI we have been able to
change the speed of sound through fatty tissue by a factor of
10 with precompression.!® As precompression is applied the

*
+

stiffness of all tissues increases. However, the stiffness of fat
changes more than that of normal breast tissue and lesions;
therefore, with precompression the ratio of lesion to fat will de-
crease. Care must also be taken that the FOV for the fat meas-
urement contain only fat. The measurements should be taken at
the same depth in the image as the degree of compression
varies with depth. These factors were not controlled in the
studies and may account for the variability of the results. When
using this technique the appropriate cutoff should be deter-
mined in your lab with your technique and equipment.

3.3.4 Lesion Relative Stiffness (Is the
Lesion Hard or Soft?)

In addition to using the interpretation methods previously dis-
cussed to determine if a lesion is benign or malignant, the infor-
mation as to whether the lesion is soft or hard or visible on EI is
helpful in some clinical situations.

It is sometimes difficult to determine if a lobular hypoechoic
lesion is a fat lobule on conventional ultrasound. If the lesion is
a fat lobule it will appear very soft on the elastogram and simi-
lar to the other fat in the image (> Fig. 3.13). If a lesion is diffi-
cult to accurately measure to utilize the E/B ratio comparing the
elasticity of the lesion to dense breast tissue can be helpful. If
the elasticity is similar to dense breast tissue it is probably be-
nign, whereas if it is stiffer than dense breast tissue it is most
likely malignant.
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3.3.5 Limitations

Accuracy can differ between shallow sites and deep sites due to
problems associated with variable displacement at different
depths. Further improvement of applications and adjustments
to imaging methods are needed to overcome these problems. It
is possible to use all of the three interpretation techniques to
increase confidence in lesion characterization. If a lesion cannot
be measured accurately or is a nonmass lesion for the E/B ratio
to be accurately calculated, the other two techniques can be
used to characterize the lesion.

At present, reports related to strain ratio (lesion to fat ratio,
LFR) have used significantly different cutoff values. This is due
to different techniques and no consistent method of ROI posi-
tion in calculating the ratio. A prospective multicenter study
with well-defined acquisition parameters is needed to deter-
mine the appropriate cutoff value.

3.4 Artifacts

There are several artifacts that can be encountered with SE.
Some occur when technique is suboptimal, whereas some con-
tain diagnostic information.

3.4.1 Bull’s-Eye Artifact

A unique artifact, called the bull's-eye artifact, is identified
within cystic lesions in some systems (> Fig. 3.25). This artifact
is characterized by a white central signal within a black outer
signal and a bright spot posterior to the lesion.#® This artifact is

Fig.3.25 On some systems an artifact is identi-
fied with benign simple and complicated cysts.
This bull’s-eye artifact is characterized with the
lesion black (yellow arrows) with a bright central
spot (green arrow) and a bright spot behind the
cyst (red arrow). This artifact has been shown to
have a very high sensitivity and specificity for
characterization of benign cystic lesions. (Used
with permission from Barr RG, Lackey AE. The
utility of the “bull's-eye” artifact on breast
elasticity imaging in reducing breast lesion biopsy
rate. Ultrasound Q 2011;27(3):151-155)

Fig.3.26 If a cystic lesion has a solid component
(i.e., a complex cystic mass) the solid component
will appear as a stiff defect in the bull’s-eye
pattern. In this example of a benign papillary
lesion the solid component (red arrow) appears
as a stiff defect in the bull’s-eye pattern.
(Courtesy of Carmel Smith, Brisbane, Australia)

caused because the fluid is moving and there is de-correlation
between images. This artifact has been described in detail.*8
This artifact has a high predictive value for the lesion being a
benign simple or complicated cyst. If there is a solid component
in the cyst it will appear as a solid lesion within the pattern
(» Fig. 3.26). This artifact is not seen in mucinous or colloid can-
cers due to their high viscosity (> Fig. 3.27).

The bull's-eye cyst pattern can be seen with lesions that ap-
pear solid and suspicious on B-mode imaging. These lesions
have been shown to be complicated cysts.#8 These lesions can
be aspirated to confirm that the lesion resolves after aspiration.
If core biopsies are performed notifying the pathologist the le-
sion is a complicated cyst as opposed to a solid mass will lead
to better pathology imaging correlation. If the pathologist is
told the lesion is solid, the report may not mention that a cyst
wall is present, which may suggest that the suspected solid le-
sion is not in the specimen, leading to stress on the radiologist
and the patient. Note that this artifact is seen with Siemens and
Philips equipment and may not be seen in other manufacturers’
equipment. With other systems cysts may give a layering color
pattern blue/ green/ red (BGR artifact to be discussed).

This artifact can be used to decrease the number of biopsies
performed.*8 In one series 10% of complicated cysts appeared
solid on B-mode and were identified with this technique.*® If
core biopsies are performed, notifying the pathologist the le-
sion is a complicated cyst as opposed to a solid mass will lead
to better pathology/imaging correlation. The pathologist, when
told the lesion is solid, may not mention that a cyst wall is
present and suggest the suspected solid lesion is not in the
specimen, leading to a nonspecific diagnosis.
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3.4.2 Blue|/Green|Red (BGR) Artifact

Some systems have a different artifact that occurs in cysts
(» Fig. 3.28). There is a 3-color-layering pattern of blue, green,
red (BGR) identified in cystic lesions.182930 A detailed study
evaluating the sensitivity and specificity of this artifact has not
been performed.

3.4.3 Sliding Artifact

A white ring or group of wavelike artifacts around a lesion on
the elastogram indicates the lesion is moving in and out of the

Fig.3.27 The bull’s-eye artifact occurs because
of de-correlation of the fluid components of a
cystic lesion. If the material within the lesion is
very viscous such as a hematoma or mucin the
bull’s-eye artifact will not occur. This is an
example of a mucinous malignancy that does not
demonstrate the bull’s-eye pattern (dotted line).

Fig.3.28 In some systems the bull’s-eye pattern
is not observed for cystic lesions, but a blue,
breen, red (BGR) pattern is observed. This is an
example of this artifact in a simple cyst using the
color map of blue to indicate stiff (a) and on a
gray scale (b).

imaging plane while the elastogram is being obtained
(» Fig. 3.29). This has been named the sliding artifact.'® Having
the lesion remain within the imaging plane during the acquisi-
tion can eliminate the artifact. Repositioning the patient, using
less compression, or having the patient hold her breath may
help keep the lesion in the scanning plane. This artifact suggests
the lesion is freely moveable within the adjacent tissues and
is most likely benign. This artifact can be seen with fibroade-
nomas or lipomas. This has been proposed as a method to de-
termine if there is an invasive component to an intraductal
malignancy.*?
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3.4.4 Worm Pattern

If there is very little variability in the elastic properties of the
tissues within the FOV or when significant precompression is
applied, a pattern of varying signal is noted representing noise
(» Fig. 3.30). This has been named the worm pattern.!® There is
no clinical information in these images. This artifact can be
eliminated by the use of minimal precompression and including
various tissues within the FOV.

Fig.3.29 When a lesion is moving in and out of
the plane during the elastogram acquisition a
sliding artifact occurs. The artifact is character-
ized by a white ring or series of rings surrounding
the lesion on the elastogram. This example of the
sliding artifact is a lipoma. The artifact (red
arrows) signifies that the lesion is not attached to
adjacent tissue and is therefore unlikely to be a
malignancy. (Used with permission from Barr RG.
Sonographic breast elastography: a primer. |
Ultrasound Med 2012;31(5):773-783)

Fig.3.30 When there is very little variability of
the tissues within the strain elastogram field of
view, only noise is obtained. The pattern is one of
varying white and black areas within the entire
field of view as seen in this example. This artifact
can be seen when significant precompression is
used.

3.4.5 Shadowing Artifact

The returning B-mode signal is used to determine the degree of
tissue deformation required to generate the strain elastogram. In
cases where there is B-mode shadowing the returning signal is
decreased in areas of shadowing. If the shadowing is not severe a
strain elastogram is obtained in the area of shadowing
(» Fig. 3.12a). However, if the shadowing is severe and minimal or
no signal is returned an accurate strain value is not obtained, and
a pattern of white/black blotches is obtained (> Fig. 3.12b). This
artifact can also occur in areas of marked refractive shadowing.
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4 Shear Wave Elastography

4.1 Overview

A second technique to determine the elastic properties of a tis-
sue is shear wave velocity measurement.>20.21.22505152.,53 [ this
technique an initial ultrasound pulse (push pulse) applied to
the tissue induces a shear wave perpendicular to the ultrasound
beam. The velocity of the shear wave generated through the tis-
sues may be calculated using standard B-mode ultrasound sam-
pling techniques (> Fig. 4.1). From the velocity of the shear
wave through the tissues the strain (Young) modulus can be es-
timated. The velocity of the shear wave is proportional to the

o Shear Wave Imaging

Acoustic beam
of ARFI excitation
pulse

Detection

Shear waves

tissue stiffness. The stiffness of a lesion can be displayed as the
shear wave velocity (Vs in m/s) or the strain modulus (ex-
pressed in kPa).

With shear wave elastography (SWE) a quantitative measure
of the lesion stiffness is obtained either in a region of interest
(ROI), point quantification SWE (pSWE) or pixel-by-pixel using
a color map, 2-D SWE. Examples of a benign and malignant le-
sion are presented in » Fig. 4.2 and » Fig. 4.3.

Precompression can markedly change values.!® » Fig. 4.4 and

Fig. 4.5 demonstrate the effect of precompression on both a
benign and a malignant lesion. Note that with precompression

Fig.4.1 The shear wave velocity is calculated
using B-mode scanning to monitor the shear
wave movement through tissue. This diagram
depicts the process. (A) The acoustic radiation
force impulse (ARFI) that generates the shear
wave. (B) The area that is monitored by B-mode
imaging to monitor the tissue movement caused
by the shear wave. (C) The curves that are
identified by plotting the tissue displacement at a
given location over time. (D) The slope of the line
D by plotting the time of the maximum tissue
VSIS Ehla=l displacement at the different locations from the
ARFI pulse is the shear wave velocity.

Travel Time

Fig.4.2 Shear wave elastography images use a
color overlay on the B-mode image to provide the
shear wave velocity (Vs) in m/s (or estimated
Young modulus in kPa) for each pixel in the field
of view. Some systems also provide a B-mode
image in a dual display. In this case the elasto-
gram overlaid on B-mode image is the upper
image, whereas the B-mode image is the lower
image. The white square is the region of interest
(ROIl) where shear wave imaging was performed.
Opposed to strain imaging, the color coding here
corresponds to quantitative measurements that
can be used to characterize a breast lesion. In this
case of an invasive ductal carcinoma the Vs
values are elevated in the malignancy to a
maximum Vs of 6.3 m/s (118 kPa) and 2.2 m/s
(15kPa) suggestive of a malignancy. When an ROI
is placed over the area of interest the maximum,
minimum, mean, and standard deviation of the
pixels in the ROI is displayed.
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Fig.4.3 In this case of a benign fibroadenoma
the lesion color codes soft with a maximum Vs of
2.7m[s (22 kPa) suggestive of a benign lesion.

mood comp

Fig. 4.4 The effect of increased precompression can significantly change the shear wave elastography (SWE) results. In this figure the SWE of a simple
cyst is presented with increasing amounts of precompression. Note that rib (arrow) in the far field is located closer to the transducer as

precompression is added. With moderate precompression a benign lesion can have Vs values suggestive of a malignancy. (Reprinted with permission
from Barr RG, Zhang Z. Effects of precompression on elasticity imaging of the breast: development of a clinically useful semiquantitative method of

precompression assessment. | Ultrasound Med 2012;31(6):895-902)

even a benign lesion can have high Vs suggestive of a malignant
lesion. Precompression will also increase the Vs surrounding a
malignant lesion. The technique to apply only minimal precom-
pression described in Chapter 3 is recommended to limit this
effect.19

4.2 Technique/How to Perform an
Examination

In SWE an initial ultrasound pulse (push pulse, also referred to
as the acoustic radiation force impulse [ARFI]) is applied to the
tissue that induces a shear waves perpendicular to the ultra-
sound pulse. Shear waves are similar to dropping a stone in a
pond (analogous to a push pulse) and ripples will occur (analo-

gous to shear waves). Using ultrasound B-mode sampling tech-
niques, the velocity of the shear wave generated through the
tissues can be calculated. From the velocity of the shear wave in
the tissue, the Young modulus can be estimated using some as-
sumptions (see Chapter 2). The velocity of the shear waves is
proportional to the stiffness. The stiffness of a lesion can be dis-
played as the shear wave velocity (Vs) in m/s through the tissue,
the shear modulus, or the Young modulus in kilopascals (kPa).
Both systems allow you to obtain either measurement or con-
vert from one to the other on the system.

The principles of scanning technique using strain elastogra-
phy (SE) also pertain to SWE. Maintaining the same location of
the lesion with no movement is important to obtain accurate
results. After the ARFI pulse is applied data acquisition occurs
for a short period of time. During the data acquisition period
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Fig. 4.5 The same effects of precompression can be seen with a malignant lesion. This figure demonstrates the effect of increasing precompression on
an invasive ductal cancer. The arrow points to a ligament. Notice that as precompression is added the ligament is located closer to the transducer.
Note that as precompression is added a ring of high Vs is created at the lesion/normal tissue interface. (Reprinted with permission from Barr RG,
Zhang Z. Effects of precompression on elasticity imaging of the breast: development of a clinically useful semiquantitative method of precompression
assessment. | Ultrasound Med 2012;31(6):895-902)

the movement of the shear wave is monitored by B-mode imag-
ing. If there is tissue movement caused by movement of
the transducer or the patient the system will interpret this
non-shear wave movement in the calculation of Vs. For more
accurate measurements, patients must hold still and hold their
breath.

Precompression can change results, and we recommend
the same technique discussed in Chapter 3 be used to acquire
images using shear wave technology. As previously discussed
the shear wave speed of fat in the breast can be changed by a
factor of 10 with precompression, therefore it is important not
to compress the tissue with the transducer. SWE on one system
can be performed in real time; however, to obtain adequate
measurements and optimal images one must remain in the
same plane for several seconds. Shear wave generation is depth
limited, and, depending on tissue density, if a lesion is deeper
than 4 to 5cm a result may not be obtained. It may help to re-
position the patient and bring the ROI closer to the transducer.
If there is no shear wave generation, no color coding will occur
in this area. With SWE a quantitative measure of the lesion
stiffness can be obtained either in a small fixed ROI (point quan-
tification) or pixel by pixel in a field of view (FOV) using a color
map (shear wave imaging). The results are color coded, usually
with a convention of red as hard and blue as soft.

Two shear wave systems are presently available. In the S2000
and S3000 system (Siemens Ultrasound, Mountain View, CA),
either a measurement in a small ROI can be obtained (Virtual
Touch tissue quantification [VTq]) or a pixel-by-pixel evaluation

can be made of a larger FOV using a color map (Virtual Touch IQ
[VTIQ)). In VTIQ after the initial push pulse, tracking signal vec-
tors are used to detect the tissue displacement as the shear
wave passes and thus reconstruct its velocity in a region of in-
terest, which can be displayed as a quantitative image displayed
as shear wave velocity. With this technique a single image is ob-
tained. The tracking vectors with focused transmit results in
less noisy and more stable shear wave signal detection. This
system obtains one image and the system is frozen for a few
seconds do to the power output.

The second shear wave system, the Aixplorer (SuperSonic
Imagine [SSI], Aix en Provence, France) uses rapid sequence of
ARFI pulses that generates a mach wave and measures the sear
wave velocity over a wide FOV. The system operates in real-
time, but the probe needs to be held steady over a lesion for
several seconds to get an accurate shear wave measurement.
The system color codes the pixels within the FOV with the shear
wave velocities or kPa. Multiple ROIs can be placed in FOV to
measure the shear wave velocities at various locations.

With shear wave imaging the color scale can be changed. Red
always codes to the stiff tissues and blue to the soft tissues.
However, the stiffness where the color changes occur can be
changed. For breast tissues a scale with a maximum of 7.7 m/s
(180 kPa) is usually the default. With this scale, lesions coded
green, yellow, and red are stiff within the range of malignancies.
When evaluating tissue with only benign tissue, decreasing the
maximum value of the color scale (e.g. 3.7 m/s [40 kPa]) will al-
low for greater color differentiation of the stiffness of benign



Shear Wave Elastography

tissues. However, red will no longer code for a stiffness value
suggestive of a malignancy.

Three-dimensional (3D) shear wave imaging is available. No
studies with the use of 3D SWE have been published. It is un-
known if the volumetric data using the 3D technique will pro-
vide additional information or allow for breast screening.

4.2.1 Tips

e Keep the FOV slightly larger than the lesion to evaluate the
surrounding tissue.

e Maintain the transducer perpendicular to the skin.

¢ Hold the transducer still and ask patients to hold their breath
during measurements.

¢ Do not apply precompression with the transducer.

e When using real-time shear wave imaging allow several sec-
onds for the image to stabilize before taking a measurement.

4.3 Interpretation/Clinical Results
4.3.1 Shear Wave Imaging

With shear wave imaging the elasticity results are calculated as
either the velocity of the shear wave through the tissue (Vs ex-
pressed in m/s) or the Young modulus (expressed in kPa). The
results are color coded with red as stiff and blue as soft. Tissue
measurements in an ROI can be displayed in velocities (m/s) or
in pressure/elasticity (kPa). The measurement of stiffness
should be obtained from the area of highest stiffness within the
lesion or the surrounding tissue. This can be performed by plac-
ing a large ROI over the entire lesion or evaluating the color
map and placing a small ROI in the area of highest stiffness de-
termined by the color mapping. The latter is preferred. Multiple
measurements can be performed in the same image.

Examples of a benign and malignant lesion are presented in
» Fig. 4.2 and » Fig. 4.3. One system $2000/S3000 (Siemens Ul-
trasound, Mountain View, CA) provides a color-coded velocity
map as well as three other maps—a quality measure map, a
time map, and a displacement map. The quality map is dis-
cussed later in this chapter. The time map displays the “time to
maximum displacement,” which is another method of displac-
ing the shear wave velocity data. The displacement map dis-
plays the amount of tissue displacement caused by the ARFI
pulse. The time and displacement maps are useful for research
purposes and are not required to interpret the results in a
clinical setting. The velocity and quality maps are used in rou-
tine clinical practice to interpret the results.

The other system Aixplorer (SuperSonic Imagine [SSI], Aix en
Provence, France) provides both the B-mode image and the ve-
locity map. When placing an ROI on this system the ROI is
displayed on both the B-mode image and the elastogram. This
system incorporates the quality map onto the velocity map by
not color coding areas where an accurate shear wave velocity
cannot be calculated.

Measurements of the Vs are obtained by placing an ROI in
the area of concern. Most studies have used the Vs maximum
(max) as the criterion to determine if a lesion is benign or ma-

lignant. Both SWE systems provide the max, mean, and mini-
mum (min) pixel value within the ROI as well as the standard
deviation of the values within the ROl By visual inspection of
the color map the area of maximum Vs is usually easily identi-
fied. The ROI can then be placed in this area. The adjacent tissue
can also be measured. A measurement of fatty tissue is helpful
to confirm that precompression is not applied.

Shear waves will not propagate through simple cysts, and
they will not be color coded. The shear wave is detected by B-
mode echo signal. Therefore, when areas in the B-mode image
show extremely low signal, the echo signal is too low for suc-
cessful detection of the tissue displacement caused by the shear
wave. These areas are not color coded. This will also occur with
marked shadowing such as is seen with ribs, tumors with sig-
nificant shadowing, and areas with macrocalcification.!®

Chang et al>* in a study of 158 consecutive patients found the
mean elasticity values were significantly higher in malignant
masses (153 kPa+ /- 58) than in benign masses (46 kPa+ /- 43)
(P<0.0001). They determined an optimal cutoff value of 80 kPa,
which resulted in a sensitivity and specificity of 88.8% and
84.9%. The area under the receiver operating characteristics
(ROC) curve was 0.898 for conventional ultrasound; 0.932 for
SWE; and 0.982 for the combined data. In a study of 48 breast
lesions, Athanasiou et al®> found similar results with similar
stiffness values for benign lesions (45 + /- 41 kPa) and malignant
lesions (147 kPa+ /- 40) (P<0.001). Their results suggest the ad-
dition of SWE to conventional ultrasound could be used to de-
crease the number of biopsies performed in benign lesions.

In a small series Evans et al>6 found the sensitivity and spe-
cificity for SWE (97% and 83%) to be greater than those for B-
mode alone (87% and 78%). In their series they used a cutoff
value of 50 kPa. They also confirmed that the technique is
highly reproducible.

In a series of 161 masses including 43 malignancies, using a
shear wave speed cutoff of 3.6 m/s (38 kPa), a sensitivity of 91%
and a specificity of 80.6% were achieved.>”

Based on a recent large multicenter study (BE1), a cutoff val-
ue of 80 kPa (5.2m/s) was determined to distinguish benign
from malignant lesions.>8 This large multicenter trial demon-
strated that, when added to Breast Imaging-Reporting and Data
System (BI-RADS) classification in B-mode imaging, SWE in-
creased diagnostic accuracy.”® They found that the evaluation of
SWE signal homogeneity and lesion to fat ratios were the best
differentiators of benign and malignant lesions. The addition of
SWE increased the characterization of lesions over BI-RADS
alone, with a sensitivity and specificity of 93.1% and 59.4% in
BI-RADS and 92.1% and 7.4% with the addition of SWE. The au-
thors comment that the major value of the addition of SWE is
in BI-RADS 3 and 4a lesions where the SWE results are used to
upgrade or downgrade the lesion.>89 The SSI technique
(Aixplorer, SuperSonic Imagine [SSI], Aix-en-Provence, FR) has
been shown to be highly qualitatively reproducible based on
shape, homogeneity, and color distribution, with only 1.6% of
cases being very dissimilar.5 Lesion size measurements were
highly reproducible (>0.9). Interobserver reliability for maxi-
mum and mean elasticity values was also highly reproducible
(>0.8).50
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Fig.4.6 If the shear wave velocity cannot be
determined at a location the pixel is not color
coded (arrow). This can occur if the lesion is too
deep and the acoustic radiation force impulse
(ARFI) is attenuated and no longer strong enough
to generate a measureable shear wave, the tissue
does not support generation of shear waves (e.g.,
simple cysts), or there is significant noise in the
displacement results and an accurate shear wave
speed cannot be calculated. A unique feature of
breast cancers is that some do not allow for
adequate shear waves for accurate measure-
ment. In these cases the tumor will also not be
coded as in this figure.

Fig.4.7 The observation that some malignancies
code as soft in shear wave elastography but code
as hard in strain elastography has been reported.
It has been suggested that this may be due to
significant noise in the shear wave tissue dis-
placement, which is color coded as soft as
opposed to black (accurate shear wave speed
cannot be calculated). This figure shows a soft
(blue) cancer with some high signals surrounding
the lesion. When the shear wave displacements
are evaluated the area color coded as blue shows
high displacements with marked noise leading to
inaccurate shear wave speed estimation. In the
peritumoral location there is slight noise in the
tissue displacement curves, but an accurate
estimation of the shear wave speed can be
calculated. (Reprinted with permission from Barr
RG. Shear wave imaging of the breast: still on the
learning curve. | Ultrasound Med 2012;31
(3):347-350)
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See the box for a summary of the BE1 study rules.

Summary of BE1 Study Rules

1. Any of the features analyzed in SWE were able to globally
improve the diagnostic performance according to the areas
under the curve (AUGs) of the BI-RADS scoring system. This
means that SWE features have to be combined with the B-
mode features in order to complement the BI-RADS classifi-
cation and should not be used alone in comparison with the
BI-RADS classification.

2. The best performing SWE features were the “quantification”
of the maximum stiffness of the lesion (inside or on periph-
ery), as E max measurement (Q Box) or visual color assess-
ment (five-level color scale).

3. The publication came out with suggested aggressive and
conservative rules (i.e., using different stiffness thresholds)
to help assess the level of suspicion of the breast masses,
depending on their initial BI-RADS score. In the studied
population:

a) All BI-RADS 3 masses with high stiffness (E max>160 kPa
(7.3 m/s) or E color=red with SWE scale at 180 kPa
(7.7 m/s) could have been upgraded to biopsy. This
would have enabled the early management of 4 breast
cancers.

b) BI-RADS 4a masses with low stiffness could have been
downgraded to follow-up. This would have increased the
specificity and Positive Predictive Value (PPV) for biopsy
of the ultrasound diagnosis.

e Aggressive rule: low stiffness would be considered with
E max below 80 kPa (5.2 m/s) or E color light blue or
below with SWE scale set at 180 kPa (7.7 m/s).

e Conservative rule: low stiffness would be considered
with E max below 30 kPa (3.2 m/s) or E color dark blue
or below with SWE scale set at 180 kPa (7.7 m/s).

e The aggressive rule would have enabled a higher im-
provement in specificity; however, four cancers would
have been downgraded to follow-up. With the conser-
vative rule, all cancers would have remained in the
initial biopsy group, still with a significant increase in
specificity.

3D shear wave elastography is available on one system.51:62 This
allows for visualizing of the SWE findings over a volume. No
studies have been performed to determine if 3D has an advant-
age compared with two-dimensional (2D) SWE.

4.3.2 Point Quantification Shear Wave
Measurement

When using Virtual Touch quantification (VTq, Siemens Ultra-
sound, Mountain View, CA), where a single measurement is ob-
tained from a small fixed ROI, it is not possible to determine
where the area of highest stiffness is located on the B-mode
image. The ROI is placed on the B-mode image. The ARFI pulse
is then applied and a single numerical value obtained of the
shear wave velocity. Multiple measurements within the lesion

Fig. 4.8 One method of improving the accuracy of the color coding is
to provide a quality map that provides improved assessment of the
shear wave quality. This map uses a “stop light” pattern; green (go) for
high quality shear waves and yellow (caution) and red (stop). If the
shear wave quality is not adequate for accurate measurement. Future
improvements in the algorithms may allow for improved shear wave
assessment on the initial map having areas of poor quality shear waves
not color coded. The velocity map of a shear wave elastography image
from an invasive ductal cancer (red arrow) is presented in (a). The Vs is
suggested of a benign lesion. The quality map from the same case is
presented in (b). The area of the tumor is color coded yellow and red,
documenting that the shear waves results are not accurate and should
not be used in interpretation. Other vendors do not color code the
areas that have inadequate shear waves for analysis.

and surrounding tissue must be obtained to acquire optimal
measurements. The measurement within the tumor often re-
sults in “x.xx” signifying that adequate shear waves for evalua-
tion were not obtained.53 This corresponds to a poor quality
map (to be discussed) or no color coding on the shear wave
imaging systems. Bai et al54 reported that if a lesion is solid and
X.xX is obtained the lesion is most likely a malignancy. With this
assumption they obtained a sensitivity and specificity of 63.4%
and 100%.
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4.3.3 Quality Factor

In very hard lesions such as invasive cancers, the shear wave
may not propagate in an orderly fashion. No results are there-
fore obtained, and the area with no results is not color coded
(> Fig. 4.6). In these areas interpretation is not possible. How-
ever, in general the periphery of the tumor will be hard sur-
rounding the tumor and appear as hard halo surrounding the
lesion. Even if the entire mass is not coded as hard, heterogene-
ity of the SWE is part of the criteria for a suspicious lesion. Care
must be taken with precompression because this can also create
the same appearance in a benign lesion.!?

In a large number of malignant lesions, the area identified on
B-mode as the hypoechoic mass often does not code on SWE
because a shear wave is not identified or may code with a low
Vs. Bai et al found that 63% of breast malignancies have this
finding.54 Preliminary work in the evaluation of this phenom-
enon suggests that shear waves may not propagate as expected
in some malignant lesions (> Fig. 4.7).63 Evaluation of the shear
waves in these malignant lesions demonstrates significant noise
that may be incorrectly interpreted by the algorithm as a low
shear wave velocity.

The addition of a quality measure that evaluates the shear
waves generated and determines if they are adequate for an ac-
curate Vs (or kPa) measurement will help in eliminating possi-
ble false-negative cases (> Fig. 4.8).5> On the Siemens systems a
Quality Map has been added. The “traffic light” display aids in a
visual assessment of the shear wave quality. A region color-
coded green has high quality shear waves and an accurate esti-
mation of Vs is possible. In regions color-coded yellow or red
there is significant signal to noise (SNR) or there is minimal dis-
placement by the shear waves and an accurate assessment of
the Vs is not possible. On the SSI system the shear wave quality
is incorporated into the velocity map by not color coding the
areas with poor shear wave quality. This phenomenon of poor

Fig.4.9 Shear waves do not propagate in simple
fluid such as a simple cyst. In these cases the cyst
will not be color coded (arrow). Occasionally
there is some bleeding of color in the proximal
portion of the cyst. If the cyst is complicated, it
can support shear wave propagation and the cyst
will be color coded.

shear wave generation appears to be mostly a problem with
breast cancers. As more knowledge of this phenomenon is
learned better algorithms are being developed that will de-
crease the possibility of false-negative breast cancers on SWE.
The areas of poor shear waves will be marked (quality mape or
no color-coding) so that erroneous low Vs coding will be recog-
nized and not interpreted as a false negative.

In a recent study®® the addition of a quality measure (QM) in
shear wave imaging of the breast can limit false-negative find-
ings (sensitivity without QM 22/46 [48%, 95% CI 33-63%], with
QM 42/46 [91%, 95% CI 79-98%], P<0.0001).

4.3.4 Limitations

Shear waves will not propagate though fluids with low viscosity
and will not be color-coded. The shear wave is detected by
standard B-mode ultrasound. Therefore, when areas in the B-
mode image show extremely low signal (anechoic), the echo
signal is too low for successful shear wave detection. These
areas are not color coded. This will occur with marked shadow-
ing such as seen with ribs, tumors with significant shadowing,
and areas with macrocalcification.'8 The possibility of a false-
negative result with certain breast cancers can occur as already
discussed. Algorithms are being improved to limit this phenom-
enon; however, this miscoding, due to poor quality shear waves,
usually occurs in masses that are BI-RADS category 4 or 5 le-
sions, which should be worked-up appropriately based on their
BI-RADS category score.

4.4 Artifacts

There are several artifacts that you can encounter. Some of
these tell the operator the technique is suboptimal, and several
contain diagnostic information.
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Fig.4.10 If too much pressure is applied with the transducer
(precompression) the near field in shear wave elastography will appear
stiff (red) as in this case (arrow). This can be corrected by decreasing
the pressure being applied by the transducer.

4.4.1 No Color Coding (Lack of Shear
Wave Signal)

Shear waves will not propagate through simple cysts, and they
too will not be color coded (> Fig. 4.9). The shear wave is de-
tected by ultrasonic echo signal. Therefore, when areas in B-
mode image show extremely low signal, it indicates the echo
signal is too low for successful detection. These areas are not
color coded. This will occur in areas with marked shadowing,
such as ribs, tumor with significant shadowing, and areas with
calcification.8

The ARFI push pulse is attenuated as it travels through tissue
and reaches a point where adequate shear waves are not gener-
ated for a measurement of Vs. These areas are also not color-
coded. For most breast SWE systems this occurs greater than
4.5 cm depth.

In very hard lesions, such as invasive cancers, the shear wave
may not propagate. No results are therefore obtained, and the
area with no results is not color coded (> Fig. 4.6). This is dis-
cussed in detail earlier in the chapter.

4.4.2 Bang Artifact

If one uses precompression there will be a pattern of red in the
near field (> Fig. 4.10).1819 This can be corrected by using mini-
mal pressure from the transducer on the patient.
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5 Combination of Shear Wave and Strain Elastography

There is a trend for systems to offer both strain elastography
(SE) and shear wave elastography (SWE) for breast elastography
evaluation. The advantages and disadvantages of SE and SWE
are complementary. » Table 5.1 summarizes the advantages
and disadvantages of the two complementary techniques. There
may be situations where one technique will provide accurate
results, whereas the other has limitations. For example, an ad-
equate shear wave may not be measured in deep lesion due to
attenuation of the ARFI pulse, however an adequate SE can be

obtained. In cases where a benign lesion is adjacent to glandu-
lar tissue and the stain values are similar for both SE may be
difficult to interpret where the quantitative nature of SWE will
provide accurate results. Having the appropriate elastographic
tool for a given patient may increase the accuracy of elastogra-
phy in characterization of breast lesions.

The combination of SE and SWE can be helpful in increasing
confidence of a result if both are concordant. Both techniques
are measuring the stiffness of the tissue so similar results are

Table 5.1 Comparison of the properties of strain and shear wave elastography

Property Strain elastography
Imaging at depth ++++

Effect of precompression +++

Sensitivity (Is a lesion malignant?) 44+

Specificity (Is a lesion benign?) ++

Quantitative +

Cyst characterization ++++

HVs=1.24 m/s
Depth=2.1 cm
3=2.25 m/s

i Depth=1.9 cm
3:Vs=1.40 m/s
Depth=2.0 cm

Shear wave elastography
+

+++

++

++++

++++

++

Fig.5.1 The discrepancy between strain elastography (SE) and shear wave elastography (SWE) with some malignancies is not vendor specific. In this
case of an invasive ductal carcinoma in a 37-year-old presenting with a right breast mass, both SE systems (a, Siemens, Mountain View, CA) and (b,
Philips Ultrasound, Bothell, WA) have an E/B ratio of > 1 accurately predicting a malignancy. However both SWE systems (c, Siemens, Mountain View,
CA) and (d, SuperSonic Imagin, Aix-en-Provence, France) code the malignancy with a Vs suggestive of a benign lesion.
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Fig. 5.2 This illustration summarizes the results of published studies on strain elastography and shear wave elastography and lists the parameters for
each based on the Breast Imaging—Reporting and Data system (BI-RADS) classification probability of malignancy. (See Chapter 3 and 4 for discussion.)
(Used with permission from ACR, ACR, American College of Radiology Breast-Imaging Reporting and Data System (BI-RADS) Ultrasound. 4th ed. 1st

ed. Reston VA: American College of Radiology; 2003.)

expected. Discordant results require further evaluation of the
findings. If a reason for the discordant results is not apparent
the possibility of two adjacent lesions appearing as one on B-
mode should be considered. If a reason for the discordant re-
sults is not identified, the more suspicious finding should be
acted on.

An example of discordant results is presented in » Fig. 5.1.
Both SWE systems demonstrate the lesion to have shear wave
velocity (Vs) values suggestive of a benign lesion; however, two
SE systems have an E/B ratio of > 1, suggestive of a malignant le-
sion. This is an example of poor shear wave generation with the
invasive ductal cancer leading to a false-negative finding. This
phenomenon is secondary to the properties of the breast can-
cer. With the addition of a quality measure and improved SWE
algorithms this problem will be overcome. With improved algo-
rithms that have improved assessment of shear wave quality,
these “soft” cancers will be accurately identified and not color
coded.

One study has compared the results of SE and SWE with the
addition of a quality measure.5> Both strain (sensitivity 53/55
[96%, 95% CI, 87-99.6%), specificity 94/107 [88%, 95% CI, 80—
93%]) and shear wave with quality measure (QM) (sensitivity
42/46 [91%, 95% Cl, 79-98%], specificity 82/94 [87%, 95% CI, 79—
93%]) elastography have high sensitivities and specificities in
characterization of breast masses as benign or malignant. Addi-
tional improvements in algorithms will continue to improve
the accuracy of both SE and SWE.

» Fig. 5.2 summarizes all of the literature on the various
techniques. The results are placed on a Breast Imaging-Re-
porting and Data System (BI-RADS) classification based on
the probability of a malignancy corresponding to those of the
BI-RADS classification. The first three lines are the 5-point
color scale (Tsubuka score, strain score) provided with differ-
ent color maps, red as hard, black as hard, blue as hard. It is
important to remember that the color map is a postprocess-
ing function, and there is no difference in the information
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contained with the various maps. Line 4 is the E/B ratio
where a ratio of>1has a>90% sensitivity of malignancy, an
E/B ratio of=1has a sensitivity of>2% and <90% probability
of malignancy, and an E/B ratio of<1has an approximately
0% probability of a malignancy. Line 5 is the strain ratio. The
literature using this technique has varied results; however,
all studies have an approximately 0% probability of malig-
nancy with a strain ratio of<2.8. All studies suggest a very
high probability of malignancy with a strain ratio of >4.5. A
strain ratio of >2.8 and <4.5 has varying results and is there-
fore given a correlation with BI-RADS categories 3 and 4. Line
5 is the Vs max of a lesion. All published studies have a Vs<

2.6 (20 kPa), representing an approximately 0% probability of
malignancy. All studies have a Vs of >5.2 m/s (80 kPa), repre-
senting a very high probability of malignancy. Some studies
have a cutoff value of 4.5m/s (60 kPa); therefore, a Vs max
of>4.5m/s (60 kPa) and <5.2m/s (80 kPa) is given a correla-
tion with BI-RADS 4. A limited number of studies have a low-
er Vs cutoff of 2.6 m/s; therefore, >2.5m/s (20 kPa) and <4.5
m/s (60 kPa) is given a BI-RADS 3 correlate. As protocols and
techniques become more standardized better correlation
with BI-RADS category scores based on probability of malig-
nancy will be possible.
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6 Clinical Cases: Benign Lesions

This chapter and chapters 7 and 8 provide representative cases
to demonstrate the spectrum of elastographic findings in both
benign and malignant pathologies. The cases have been selected
to highlight pitfalls, and they are followed by a discussion on how
to avoid them. When appropriate, technique tips are provided to
optimize the elastography images. For most cases both the strain
elastography (SE) and the shear wave elastography (SWE) images
of the same lesion are provided as well as images from multiple
vendors. If not otherwise specified, SE refers to strain imaging
using the manual displacement technique, not Virtual Touch
imaging (VTi, Siemens Ultrasound, Mountain View, CA, i.e., strain
imaging with acoustic radiation force impulse [ARFI]).

Based on our experience we have developed a set of rules on
how to characterize breast lesions as benign or malignant.6>
These values are described in the box below.

Strain Elastography (SE)

A gray-scale map is used for SE data without a B-mode image

superimposed. The B-mode image is displayed separately in a

dual-mode display.

o E/B ratio—<1 classified as benign; > 1 classified as malignant

¢ 5-point color scale—scores of 1, 2, and 3 classified as benign;
scores of 4 or 5 classified as malignant

e Strain ratio (lesion to fat ratio)—<4.5 classified as benign; >
4.5 classified as malignant

¢ Bull’s-eye artifact—diagnostic of a benign simple or compli-
cated cyst

Shear Wave Elastography (SWE)

e Vs: Vs maximum is used unless otherwise stated. A Vs of <4.5
m/s (<60 kPa) is classified as benign and a Vs>4.5m/s (>60
kPa) is classified as malignant. In our default color map red is
stiff and blue is soft. Unless otherwise stated a maximum value
on the color scale of 7.7m/s (180 kPa) is used. Therefore le-
sions suggestive of benign will be color coded blue, and those
suggestive of malignancy will be color coded yellow or red.

Other papers suggest other cutoff values. Some authors suggest
a cutoff value of an E/B ratio of 1.2.1° This cutoff does improve
specificity; however, low-grade malignancies such as ductal
carcinoma in situ (DCIS) or mucinous cancers may be misclassi-
fied. Many authors suggest a cutoff value of Vs=5.2m/s (80
kPa).>8 The results in our lab suggest a cutoff value of Vs=4.5m/
s (60 kPa).%> The difference may be secondary to effects of pre-
compression. We use the technique previously described in
Chapter 3 to maintain a<10% precompression. Other studies
did not control for precompression in a standard fashion.

Our routine breast ultrasound protocol includes both SE and
SWE imaging of all breast masses or nonmass lesions. If a palpa-
ble lesion is present and a B-mode lesion is not identified, both
SE and SWE are performed at the site of the palpable abnormal-
ity to exclude an isoechoic mass. Representative SE and
SWE images are taken throughout the lesion, particularly if the

lesion is heterogeneous. We obtain at least three SE and three
SWE images for each lesion. This protocol does not add much
additional scanning time because we obtain a B-mode image, a
color or power Doppler image, an SE image, and then an SWE
image for each lesion. For most cases it is obvious if the E/B ra-
tio is suggestive of a benign or malignant lesion, and we per-
form the measurements after the patient leaves on the Picture
Archiving and Communication System (PACS). Measurement of
the strain ratio (lesion to fat ratio) and shear wave velocity (Vs)
measurements on SWE must be made at the time of scanning;
retrospective measurements are not possible.

For biopsies we target the highest Vs portion of the lesion. If
the lesion (mass or nonmass lesion) has better conspicuity on
elastography we use elastographic guidance when performing
the biopsy.

6.1 Case 1: Cystic Lesion—Simple
Cyst
6.1.1 Clinical Presentation

A 59-year-old woman presented with a 1.5cm mass noted in
the right breast on a computed tomographic (CT) scan of the
chest performed for chest pain. An ultrasound was performed
for further evaluation. A mammogram was not performed.

6.1.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.1a) the lesion is a well-circum-
scribed mass with a thin wall. No wall thickening or nodularity
was identified. No internal echoes were noted. There is through
transmission that is dispersed over a wedge shape secondary to
the use of spatial compounding. The lesion measured
1711 mm (> Fig. 6.1b). These B-mode findings are diagnostic
of a benign simple cyst. On color Doppler (> Fig. 6.1c) some
blood flow in normal breast tissue is identified but no blood
flow is noted within the lesion or adjacent to the lesion. The le-
sion was classified as Breast Imaging-Reporting and Data Sys-
tem a (BI-RADS) category 2 lesion.

The strain elastogram is present in » Fig. 6.1d. The image on
the left is the conventional B-mode image, and the image on
the right is the elastogram. The elastogram is colored coded
with black as stiff and white as soft. On the strain elastogram
(» Fig. 6.1d) the characteristic bull's-eye artifact is identified,
confirming the lesion is a benign cystic lesion. On shear wave
imaging (> Fig. 6.1e) the majority of the cyst is not color coded.
There is some bleeding of shear wave color in the proximal por-
tion of the cyst.

6.1.3 Diagnosis

Simple cyst. The cyst was aspirated using a 25-gauge needle
under ultrasound guidance at the request of the patient. The
lesion completely resolved with aspiration. Cytology was not
performed.
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Fig.6.1 (a) B-mode image of a mass identified on computed tomography. The mass is anechoic, has a thin wall, through transmission, and no internal
echoic, thus meeting all criteria for a benign cyst. (b) The simple cyst noted in (a) measures 17 x 11 mm. (c) On power Doppler imaging the cyst does
not have internal or peripheral blood flow. (d) The strain elastogram of the lesion; the left image is the corresponding B-mode image and the image on
the right is the strain elastogram. There is a bull’s-eye artifact on the elastogram characterized by the central white area (red arrow), black surrounding
rim (green arrow) and a distal white spot (yellow arrow). (e) The shear wave elastogram of the lesion. The lower image is the corresponding B-mode
image, whereas the upper image is the shear wave elastogram. Note that the majority of the cyst does not color code. Simple cysts do not support
shear waves so none are detected and therefore not color coded. There is some “bleeding” of blue color in the anterior portion of the cyst that can
sometimes occur. (f) The strain elastogram of a different simple cyst using the Esaote system (Esaote North America, Inc., Indianapolis, IN). This system
does not produce the bull’s-eye artifact, but instead the blue, green, red (BGR) artifact. The three arrows point out the three colored layers.
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6.1.4 Discussion

Cysts meeting all the criteria for simple cysts (thin walled, an-
echoic, no internal blood flow, and through transmission) can
be confidently classified as BI-RADS category 2 lesions (benign).
In these cases elastography is not required to confirm the diag-
nosis. Occasionally, a solid homogeneous lesion may simulate a
benign cyst, particularly if the ultrasound settings are not prop-
erly set. In these cases strain elastography is helpful in deter-
mining if the lesion is cystic or solid.

In SE the bull's-eye artifact occurs when the contents are
freely movable. If a lesion is solid or has a very high viscosity
the artifact will not occur. If there is a solid component within
the cyst it will cause a stiff defect in the artifact (see Cases 6.6
and 6.7). The bull’s-eye artifact is characterized by (1) an outer
rim of black (stiff) signal, with (2) a centrally located white
(soft) area, and (3) a white (soft) area distal to the lesion. All
three components are required for a confident diagnosis that
the lesion is a benign cystic lesion.® The use of the bull's-eye
artifact has been shown to decrease the biopsy rate and in-
crease the positive biopsy rate.*® The bull’s-eye artifact occurs
with equipment from both Philips and Siemens. When using
the Philips equipment an elasticity imaging (EI) setting of 2 is
required to obtain the bull’'s-eye artifact. When an EI setting of
1 is used the central white area is not present. Because of the
possibility of a stiff lesion being just anterior to a soft lesion
that can simulate a cyst with EI setting 1, an EI setting of 2 is
suggested for use in evaluation of cystic lesions. Another
technique using this artifact is anechoic imaging (Al) avail-
able on Philips systems. Al codes the areas of freely moveable
fluid as yellow and areas with nonmoveable tissue as blue.
Equipment from other vendors identifies a blue, green, red
(BGR) tricolor pattern (> Fig. 6.1f). This artifact has not been
studied in detail to determine its sensitivity and specificity
for benign cystic lesions. The appearance or nonappearance
of the BGR sign in complex cystic lesions has not been
studied.

A simple cyst does not support shear wave generation and
therefore will not be color coded. Color coding will also not oc-
cur when adequate shear waves are not generated within the
tissue. This can occur if a lesion is deep (usually >4 cm) or if the
lesion is very stiff as in some cancers. However, if there is debris
in the cyst or if it has viscosity increased over simple fluid it
will generate a shear wave and will be color coded with low
(benign) Vs. In the presented case shear waves are not gener-
ated (color coded black) confirming the lesion is a simple be-
nign cyst. As in this case, there is often bleeding of color from
the adjacent soft tissue into the proximal portion of the cyst. If
a cyst is complicated, shear waves will be generated, and the le-
sion will be color coded blue (soft). The appearance of a compli-
cated cyst and fibroadenoma will be identical on shear wave
imaging. Both of these lesions will be color coding as soft le-
sions with a low Vs value (blue). Note that with strain imaging
the distinction between a cystic lesion and fibroadenoma can
be made.

Based on the proposed BI-RADS like elastography classifica-
tion system presented in Chapter 5, this would be considered to
have an approximately 0% change of malignancy.

6.2 Case 2: Cystic Lesion—Compli-
cated Cyst

6.2.1 Clinical Presentation

A 51-year-old woman presented with a palpable mass in her
left breast. Prior mammograms were classified as BI-RADS cate-
gory 1 with heterogeneously dense breasts. A mammogram
was not performed at the time of presentation.

6.2.2 Ultrasound Findings

B-mode ultrasound (> Fig. 6.2a) shows a 1.8 cm oval lobulated
cystic lesion with internal echoes that did not change on reposi-
tioning of the patient. On color Doppler imaging (> Fig. 6.2b)
there is some blood flow in surrounding tissue but no blood
flow within the lesion. The lesion was characterized as BI-RADS
category 3.

On strain elastography (> Fig. 6.2c) a bull’'s-eye artifact is
identified in the cystic area without internal echoes. The echoes
within the cyst are stiff and are color coded black. The shadow
or copy function was used here to correlate the finding on elas-
tography with the B-mode image. On VTI (strain imaging using
ARFI) (> Fig. 6.2d) the majority of the lesion color codes as soft
(white). When using VTI as opposed to manual displacement
strain imaging (e.g., eSie Touch, Siemens) the bull’s-eye artifact
may not occur. On shear wave imaging (> Fig. 6.2e) the color
coding at the lesion’s center is not consistent with coding for
simple fluid. The walls of the lesion color code softer than the
surrounding glandular tissue. The use of three-dimensional
(3D) SWE is helpful to confirm that there are not stiff areas
within or adjacent to the lesion. The 3D results can be displayed
as slices in a selected plane (> Fig. 6.2f).

6.2.3 Diagnosis

Complicated cyst. The lesion was aspirated with a 20-gauge
needle under ultrasound guidance. The lesion completely re-
solved on aspiration. Pathology was cyst contents with no evi-
dence of malignancy.

6.2.4 Discussion

Cystic lesions of the breast may be present in women of any
age but are most common between 30 and 50 years of age.
They may be detected incidentally on screening examinations
(mammography, ultrasound, or magnetic resonance imaging
[MRI]) or present as a palpable mass or nipple discharge.
Complex cysts accounted for 41% of BI-RADS category 3 le-
sions in the ACRIN 6666 study.®6 BI-RADS category 3 lesions
are common and although the recommendation is a short-
term interval follow-up, many lesions are aspirated or biop-
sied (17% in the ACRIN 6666 study) with a low positive biop-
sy rate.56 A technique that can improve confidence that a
BI-RADS category 3 lesion is benign (or even downgrade the
lesion to BI-RADS category 2) could decrease the need for bi-
opsy or short-term follow-up.
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Fig.6.2 (a) B-mode image of the palpable mass. The mass is lobular, well circumscribed, and contains multiple internal echoes. There is through
transmission. (b) Power Doppler image of the lesion demonstrates there is no internal blood flow but some peripheral blood flow. (c) Strain
elastogram of the lesion demonstrates a bull’s-eye artifact in a portion of the lesion (dotted line). The area with increased echoes along the wall
(arrow) is coded soft (white) on the elastogram. This implies the material is not freely moving but is soft. (d) The Virtual Touch Image (VTI, Siemens)
displays the complicated cyst as a soft lesion (white). VTl uses an acoustic radiation force impulse (ARFI) push pulse to generate the displacement used
to calculate a strain image. The bull’s-eye artifact does not always occur with VTI because a different algorithm is used. (e) Shear wave elastography
(SWE) of the lesion demonstrates the area with the bull’s-eye artifact is not color coded, consistent with simple fluid (dotted circle). The areas with
increased echoes along the wall are color coded blue, suggesting they are viscous enough to support shear wave propagation. The surrounding
glandular tissue has a Vs of 4.1 m/[s (49 kPa) consistent with dense glandular benign tissue. (f) Results of a three-dimensional (3D) shear wave
elastogram where the 3D volume is sliced as demonstrated in the upper left image, and each individual slice is displayed. Similar to the 2D strain
image a portion of the complicated cyst is not color coded, the periphery of the lesion is color coded blue, and the surrounding glandular tissue is
color coded teal, demonstrating the glandular tissue is stiffer than the viscous portion of the complicated cyst.
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Complicated cysts are usually well-defined cysts with low-
level internal echoes or intracystic debris. The debris may layer
and shift with changes in patient position. The homogeneous
internal echoes within some complicated cysts may produce an
appearance identical to that of a circumscribed solid mass.
Complicated cysts should be distinguished from complex cystic
lesions that have solid components within the cyst, thickened
walls, or thick septa. The elastographic appearance of complex
cystic lesions is discussed in Case 6.6.

The bull’s-eye artifact has been shown to have a very high
sensitivity and specificity for diagnosis of a lesion as benign
simple or complicated cysts.*8 The use of this artifact to down-
grade the BI-RADS category 3 cystic lesions needs further eval-
uation. The bull's-eye artifact occurs on Philips and Siemens ul-
trasound systems. In other systems the BGR artifact occurs. This
is discussed in Chapter 3. The BGR artifact has not been eval-
uated in detail to determine the sensitivity and specificity of
this artifact in characterization of benign cystic lesions.

In the present case the complicated cyst does not have a clas-
sic appearance on conventional ultrasound. The lesion does not
have a thin, well-defined wall and has the appearance of a com-
plicated cystic mass with a solid component. Until further re-
search is done to determine if downgrading a BI-RADS category
4A or higher lesion is evaluated, canceling a biopsy based on
the bull’'s-eye artifact is not recommended. However, it is im-
portant to alert the pathologist that the lesion may be a compli-
cated cyst and not a solid mass for improved imaging-pathol-
ogy correlation of the lesion. At this time it may be appropriate
to downgrade a BI-RADS category 3 lesion to a BI-RADS cate-
gory 2 if a bull’s-eye artifact is present. Downgrading a BI-RADS
category 4A lesion to short-term follow-up may also be appro-
priate. Limited work by the author suggests that downgrading a

Fig.6.3 (a) B-mode imaging of the asymmetric
density noted on mammography identifies a

1.2 cm well circumscribed cystic lesion with some
internal echoes. (b) Power Doppler imaging of
the lesion demonstrates more internal echoes
with in the lesion with the appearance of an acorn
cyst. There is some peripheral blood flow, but no
internal blood flow. (c) On the strain elastogram
the anechoic portion of the lesion has a bull’s-eye
artifact (dotted arrow), whereas the portion of
the lesion with internal echoes has a stiff
appearance (solid arrow). This implies that the
echogenic portion is not freely moveable. It does
not necessary mean that it is “solid.” Viscous
debris within the cyst can give the same
appearance as a solid mass. This appearance on
strain elastography raises the concern that the
lesion could be a complex cystic mass; however,
it does not confirm it. In this case the “solid”
component is coded black, meaning it is stiffer
than the surrounding tissue. In this case all of the
surrounding tissue is fat; therefore we can’t
determine if this lesion is stiff enough to be
suspicious for a malignancy. The lesion to fat ratio
(not done in this case) could be helpful in
characterizing the solid component as benign or
malignant. The use of shear wave imaging (not
performed in this case) would also help in
determining the stiffness of the solid component.

BI-RADS category 4A lesion to a BI-RADS category 2 lesion
when a bull’s-eye artifact is present may be appropriate (RG
Barr, personal observation, October, 1, 2013).

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this an elastography result with an approxi-
mately 0% chance of malignancy.

6.3 Case 3: Cystic Lesion—
Complicated Cyst

6.3.1 Clinical Presentation

The patient is a 72-year-old woman with the development of a
1 cm asymmetric density in the left breast on screening mam-
mography, new from the prior exam. The mammogram was
classified as BI-RADS category 0, and an ultrasound was advised
for further workup.

6.3.2 Ultrasound Findings

B-mode imaging (> Fig. 6.3a) shows a 1.2cm well circum-
scribed cystic lesion with some internal echoes. On power
Doppler imaging (> Fig. 6.3b) there is a small amount of pe-
ripheral blood flow. No internal blood flow was identified.
On power Doppler the internal echoes within the cyst are
better appreciated.

On strain imaging (> Fig. 6.3c) the bull’s-eye artifact is identi-
fied in the anechoic portion of the cystic lesion. The area with
echoes color codes stiffer than surrounding glandular tissue.
The E/B ratio of the stiff component is 0.9.
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Table 6.1 Elastographic appearance of cystic lesions

Simple cyst Benign complicated
cyst with freely mov-

ing debris

Strain elastography
(bull’s-eye)

Bull’s-eye artifact Bull’s-eye artifact

Strain elastography (BGR)  BGR artifact BGR artifact

Shear wave elastography  No color coding Color coded low Vs

Abbreviation: BGR, blue, green, red.

6.3.3 Diagnosis

Complicated cyst. The lesion was aspirated with a 20-gauge
needle. The lesion completely resolved after biopsy. Pathology
confirmed cyst contents and apocrine cells. The sample was
negative for malignancy.

6.3.4 Discussion

A discussion of complicated cyst occurrence and appearance on
conventional ultrasound is presented in Case 6.2. Some compli-
cated cysts may have thin septations, which may not be visual-
ized on B-mode imaging. The bull's-eye artifact occurs when
the fluid within the lesion is freely moveable. When the fluid is
confined, such as in a septated cyst, each “compartment” will
yield a bull’s-eye artifact. If the cyst has several compartments
a complicated pattern of overlapping bull’s-eye patterns will oc-
cur. This may lead to a pattern that is difficult to interpret.

The bull’'s-eye artifact will not occur if the fluid is very vis-
cous (thick). In these cases the strain elastogram will code the
lesion as a soft lesion. On shear wave imaging viscous lesions
will also code as soft, usually with a Vs of <3.2 m/s (<30 kPa).

In this case the echogenic component codes stiffer than sur-
rounding tissue. This implies that the echogenic portion is not
freely moveable. It does not necessarily mean that it is “solid.”
Viscous debris within the cyst can give the same appearance as
a solid mass. This appearance on SE raises the concern that the
lesion could be a complex cystic mass; however, it does not con-
firm it. In this case the “solid” component is coded black, mean-
ing it is stiffer than the surrounding tissue. In this case all of the
surrounding tissue is fat, therefore we cannot determine if this
lesion is stiff enough to be suspicious for a malignancy. The
strain ratio (not done in this case) could be helpful in character-
izing the solid component as benign or malignant. The use of
shear wave imaging (not performed in this case) would also
help in determining the stiffness of the solid component. The E/
B ratio can be used to characterize the solid component as be-
nign or malignant.

Elastography can be helpful in many cases in determining if a
cystic lesion is a complicated cyst or a complex cystic mass. If
the bull’s-eye artifact is seen throughout the lesion, the lesion is
a complicated cyst without solid components. However, if there
is a “defect” in the bull's-eye artifact one will not be able to

Benign complicated Benign complicated
cyst with attached de- cystic lesion

bris or high viscosity

component

Malignant compli-
cated cystic lesion

Bull’s-eye artifact with
defect in the solid
component

Bull’s-eye artifact with
the defect in the solid
component

Bull’s-eye artifact with
the defect in the solid
component

Color coded low Vs Color coded low Vs Color coded high Vs

determine if the “solid” component is viscous material (compli-
cated cyst), as in this case, or a true solid component (complex
cystic lesion). Even when using shear wave imaging both
viscous and a benign solid component will give the same elasto-
graphic appearance (color code blue, soft). However, if the le-
sion has a solid component that is malignant, it most likely will
color code yellow or red, confirming high suspicion for a malig-
nancy. The elastographic findings of cystic lesions are presented
in » Table 6.1.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this to have an approximately 0% chance of
malignancy.

6.4 Case 4: Cystic Lesion Isoechoic
Complicated Cyst

6.4.1 Clinical Presentation

A 36-year-old woman presented to her primary care physician
with a palpable mass in her right breast. She was referred for a
mammogram and ultrasound, both of which were negative (BI-
RADS category 1). She was referred to a surgeon who confirmed
a palpable mass and referred the patient for an ultrasound with
elastography.

6.4.2 Ultrasound Findings

On B-mode and color Doppler ultrasound no abnormality is
identified (BI-RADS category 1).

The transducer was placed over the palpable abnormality
and SE activated. A bull’s-eye artifact is identified at the site of
the palpable abnormality (> Fig. 6.4). When cursors are placed
on the bull's-eye lesion and the copy function is used, it be-
comes obvious that the lesion is an isoechoic, complicated cyst
on B-mode.

6.4.3 Diagnosis

Complicated cyst. The lesion was aspirated using a 20-gauge
needle under ultrasound guidance, obtaining slightly turbid
yellow fluid. The lesion and palpable abnormality completely



Clinical Cases: Benign Lesions

resolved after aspiration. The cytology of the aspirate was
negative.

6.4.4 Discussion

This case demonstrates that a lesion may be isoechoic to adja-
cent tissues in B-mode imaging and not appreciated on B-mode
imaging. However, it can clearly be identified on elastography
because the elastic properties of the two tissues are different. A
mass may appear as one lesion on B-mode imaging but appear
as two lesions on elastography for the same reason. The two ad-
jacent lesions may be isoechoic to each other but have different
elastic properties. An example would be a fibroadenoma adja-
cent to a malignancy. The opposite can also occur with a lesion
being isoelastic to surrounding tissue and not appreciated as a
separate “lesion” on elastography but clearly identified as two
tissue types on B-mode imaging. This often occurs with fibro-
cystic change within surrounding fibroglandular tissue. In this
case the two tissue types, hypoechoic fibrocystic change and
hyperechoic fibroglandular tissue, are easily distinguished on
B-mode imaging but will appear as one lesion with identical
stiffness on elastography.

It is not uncommon to identify bull’s-eye artifacts in a pa-
tient, and the complicated cyst is not appreciated on B-mode
imaging because the lesions are isoechoic. These lesions are
usually <1 cm in size.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this an approximately 0% chance of malig-
nancy.

6.5 Case 5: Cystic Lesion—Apoc-
rine Microcyst

6.5.1 Clinical Presentation

A 40-year-old woman presents with a new tubular, well cir-
cumscribed lesion in her left breast on screening mammogra-
phy. The lesion was classified as BI-RADS category 0, and an ul-
trasound was advised for further workup.

6.5.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.5a) a cystic lesion with septations
and nodular components is noted. No through transmission is

Fig.6.4 Elastogram of a palpable mass that does
not have an explanation on B-mode imaging
(left). The transducer was placed over the
palpable mass and strain elastography turned on.
A bull’s-eye artifact is identified (circle) corre-
sponding to an isoechoic area on the B-mode
image that was originally interpreted as a fat
lobule. The bull’s-eye artifact confirms that this is
an isoechoic, complicated cyst. The cyst was
aspirated with resolution of the palpable abnor-
mality.

identified. On power Doppler imaging (> Fig. 6.5b) there is sig-
nificant blood flow in the solid components of the cystic lesion.
This raises the question as to whether this is a complicated cyst
or a complex cystic mass. The lesion was classified as BI-RADS
category 4A.

On SE (> Fig. 6.5¢) bull’s-eye artifacts are noted in the two
larger septated cystic components in the peripheral portions
of the lesion. The central portion of the lesion that contained
the more solid components is similar in stiffness to the sur-
rounding breast tissue. The lesion was biopsied with a 12-
gauge vacuum-assisted needle under ultrasound guidance
(» Fig. 6.5d). After the procedure the lesion was completely
removed (> Fig. 6.5e).

6.5.3 Diagnosis

Apocrine microcysts. The lesion was completely removed with
a 12-gauge vacuum-assisted core biopsy needle under ultra-
sound guidance. The pathology was apocrine microcysts.

6.5.4 Discussion

Clustered microcysts have been defined as lesions consisting of
a cluster of tiny anechoic foci that individually are 2 to 3 mm
with thin (<0.5 mm) intervening septations and no discrete sol-
id components. These lesions have been reported to occur in
5.8% of breast ultrasounds and have a very low probability of
malignancy.6’

The bull's-eye artifact is discussed in detail in Chapter 3 and
in Case 6.1 of this chapter. In the case of clustered microcysts
each individual small cyst will have a bull’s-eye artifact pattern.
Because they are clustered the appearance can be hard to inter-
pret with overlapping bull’'s-eye artifacts. In this case the two
larger cysts occurring in the periphery of the lesion have well
visualized bull’'s-eye artifacts, whereas the small cysts located
in the central portion of the lesion have a light gray appearance.
On SWE (not performed in this case) the small cysts will code
as soft lesions (blue). The cystic component on shear wave
imaging may not color code if the fluid is simple but will color
code blue if there is some debris or increased viscosity in the
cystic component.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have an approximately 0%
chance of malignancy.
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6.6 Case 6: Cystic Lesion—
Complex Cystic Lesion

6.6.1 Clinical Presentation

An 85-year-old woman presents with a new palpable mass in
the left breast. Mammography confirms the presence of a 2 cm
relatively well circumscribed lesion. The mammogram was clas-
sified as BI-RADS category 0, and an ultrasound was advised for
further workup.

6.6.2 Ultrasound Findings

B-mode imaging (> Fig. 6.6a, b) demonstrates a 2.1cm oval
mass with some indistinct borders and some septated cystic
components. There is refractive shadowing noted as well as
through transmission. The “solid” components do not change
on repositioning of the patient. There is significant blood flow
in the solid components and in the periphery of the lesion on
color Doppler imaging (> Fig. 6.6c). The lesion was classified as
a BI-RADS category 4B lesion.

On SE (> Fig. 6.6d, e) there is a complex pattern of overlap-
ping bull’s-eye artifacts from the cystic components. The solid
components are stiff, confirming they are fixed and not mobile.
Because of the irregular shape and intervening cystic compo-

Fig.6.5 (a) On B-mode imaging the lesion has a
complex appearance with both cystic and solid
nodular components. There is no through trans-
mission identified. (b) On power Doppler evalu-
ation there is significant blood flow in the solid
nodular components of the lesion, suggesting
this is a complex cystic lesion and not a
complicated cyst. (c) On the elastogram the
peripheral cystic areas both have well identified
bull’s-eye artifacts (arrows). The central portion
of the lesion that has both cystic and solid
components is a light gray on the elastogram.
This is partially due to overlapping bull’s-eye
artifacts in the small cysts in this region. (d)
Image from the vacuum-assisted 12-gauge nee-
dle biopsy removal of the lesion. (e) B-mode
image of the area confirming complete removal
of the lesion at biopsy.

nents calculation of an E/B ratio or strain ratio is difficult. We
calculated an E/B ratio of 1 based on selecting one area of the
stiff component. With blood flow noted on power Doppler
within the “solid” components we know that the stiff area is a
solid lesion and not adherent debris or an area of increased vis-
cosity. This lesion is therefore a complex cystic lesion and not a
complicated cyst. On shear wave elastography (> Fig. 6.6f) the
cystic components have low Vs values (1.3-1.8 m/s; 5-10 kPa),
whereas the solid components have high Vs values of up to 6 m/
s. On a different shear wave system (> Fig. 6.6g) the solid com-
ponents have elevated Vs of up to 4.5m/s (60 kPa), and the
cystic components have Vs values of 1.2 to 1.8 m/s (4-10 kPa).

6.6.3 Diagnosis

Large duct papilloma. The cystic components were aspirated
with a 20-gauge needle under ultrasound guidance. The solid
components were then biopsied using 12-gauge vacuum-assist-
ed needle under ultrasound guidance. Pathology was a large
duct papilloma without atypia.

6.6.4 Discussion

Complex cystic lesions have mixed cystic and solid components,
a thick wall or thick septations, or an intracystic mass. These
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Fig. 6.6 (a) B-mode image of the palpable mass demonstrates a mass with some ill-defined borders, solid and cystic components, refractive
shadowing, and through transmission. (b) B-mode at another location demonstrates more cystic components with fine septations. The solid portion
of the lesion accounts for greater than 50% of the lesion. (c) Power Doppler imaging confirms the presence of blood flow in a portion of the solid
component and within the wall of the lesion. Some of the “solid”-appearing components on the B-mode images are more hypoechoic than the solid
component with blood flow (solid arrow) and may represent internal echoes from debris and not a solid component (dotted arrow). (d) Strain
elastogram confirms the presence of a bull’s-eye artifact (arrow) in the anechoic portions of the lesion. The remainder of the lesion color codes stiffer
than the surrounding tissue. (e) Strain elastogram in a different location has similar findings with multiple bull’s-eye artifacts noted (arrows). The solid
avascular areas noted on power Doppler do not have bull’s-eye artifacts, suggesting they are either very viscous or solid. (f) Shear wave imaging of the
lesion has high Vs in the solid components of the lesion (solid arrow) and low Vs in the cystic portions of the lesion (dotted arrow). (g) Real-time shear
wave imaging demonstrates similar findings with the solid components color coding teal. The cystic components code dark blue, suggesting they are
not simple fluid but have some debris within them.

47



48

Clinical Cases: Benign Lesions

lesions merit biopsy with a 23% malignant rate in the series
of Berg et al.58 Complex cysts are associated with a variety of
benign, atypical, and malignant diagnoses. Common benign
causes of complex cystic masses include fibrocystic changes, in-
traductal or intracystic papilloma without atypia, and fibroade-
noma. Atypical findings include atypical ductal hyperplasia,
lobular neoplasia, and atypical papilloma. Malignant findings
include DCIS, infiltrating ductal carcinoma, and infiltrating lob-
ular carcinoma.®? Because of the significant chance of malig-
nancy, image-guided or surgical biopsy is usually indicated.

At ultrasound breast cysts are categorized as simple, compli-
cated, or complex.468 By using the criteria adapted from Berg et
al,58 complex cystic breast masses can be categorized into four
classes on the basis of their ultrasound features: type 1 masses
have a thick outer wall, thick internal septa, or both; type 2
masses contain one or more intracystic masses; type 3 masses
contain mixed cystic and solid components and are at least 50%
cystic; and type 4 masses are predominantly (at least 50%) solid
with eccentric cystic foci.5® The method of biopsy for these le-
sions is described elsewhere.®9

It is important to determine if a lesion is a complicated cyst
or a complex cystic mass. If the internal echoes are movable on
B-mode imaging without stationary components the diagnosis
of a complicated cyst can be made. If blood flow is noted on col-
or or power Doppler within the “solid” component of the lesion
the diagnosis of a complex cystic lesion can be made. However,
there are many lesions that have characteristics between these
two presentations. Internal debris can be stationary, such as in
an acorn cyst, and solid components in a lesion may not have
perceivable blood flow on color or power Doppler.

SE can be extremely helpful in distinguishing these two cases.
When a solid component is present it will appear stiffer than
the adjacent components in the lesion. If the internal echoes
are freely moveable they will not affect the bull’s-eye artifact,
and a diagnosis of a complicated cyst can be made. If the viscos-
ity of the cystic component is very high, a bull’s-eye artifact will
not occur, but it will code as soft. If there is a solid component,
the E/B ratio or strain ratio can be used to determine if the le-
sion is benign or malignant.

However, with shear wave imaging both complicated cysts
and benign complex cystic lesions will color code as soft (blue).
If the solid component is a malignancy it will code as stiff
enough to suggest a malignancy. Therefore strain imaging is
helpful in characterizing a cystic lesion as a complicated cyst or
a complex cystic lesion, and, if a complex cystic lesion, whether
it is benign or malignant. Shear wave imaging is helpful in de-
termining if the lesion is benign or malignant. » Table 6.1 lists
the elastographic appearance of cystic lesions.

In the present case we have a mass with greater than 50% sol-
id components and a cystic area with septations, a type 4 lesion.
On power Doppler imaging blood flow is noted confirming this
lesion is a complex cystic lesion and not a complicated cyst.
Strain imaging demonstrates a bull’s-eye artifact in the cystic
component, whereas the solid component is stiff. In this case
the E/B ratio is 1 and should therefore be considered as possible
for malignancy. The shear wave imaging on both systems has
some increased peripheral Vs and should be considered a possi-
ble malignancy and requires biopsy.

Based on the proposed elastography classification system (sim-
ilar to the BI-RADS classification) presented in Chapter 5 we

would consider the elastography findings as having a greater than
95% chance of malignancy (2-95% on SE, and > 95% on SWE).

6.7 Case 7: Cystic Lesion—
Complex Cystic Lesion

6.7.1 Clinical Presentation

The patient is a 68-year-old woman who presents with a right
breast bloody discharge and palpable mass in the right breast. A
diagnostic mammogram demonstrates a 4 cm lobular mass. The
mammogram was classified as BI-RADS 0, and an ultrasound
was advised for further workup.

6.7.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.7a) a complex 4.5cm complex,
well-defined lobular mass is identified. A panoramic view
(» Fig. 6.7Db) of the lesion demonstrates two components—a me-
dial portion with a fluid-fluid level and a lateral portion with a
lobular mass within a cystic area. Medial to the lesion extend-
ing to the nipple is a tubular structure (> Fig. 6.7c). Power Dop-
pler evaluation (> Fig. 6.7d) demonstrates peripheral blood
flow extending into the solid component of the lesion. The le-
sion was classified as BI-RADS category 4B.

On strain imaging (> Fig. 6.7e) the medial portion of the
image is very soft, whereas the lateral portion of the mass is
stiffer than surrounding breast tissue. The lateral lesion has an
E/B ratio of 0.9, suggestive of a benign lesion. On the 5-point
color scale the lesion would have a score of 2. Shear wave imag-
ing is not available for this case.

6.7.3 Diagnosis

Large duct papilloma. The medial portion of the lesion was as-
pirated using a 20-gauge needle under ultrasound guidance
and had the appearance of old blood. The lateral portion of the
lesion was biopsied with a 12-gauge vacuum-assisted core nee-
dle under ultrasound guidance. On pathology the lateral solid
lesion was large duct papilloma, whereas the aspirated fluid
contained old blood products.

6.7.4 Discussion

A discussion of complex cystic lesion is presented in Case 6.2.

It is important to determine if a lesion is a complicated cyst
or a complex cystic mass. If the internal echoes are movable on
B-mode imaging without stationary components the diagnosis
of a complicated cyst can be made. If blood flow is noted on col-
or or power Doppler within the “solid” component of the lesion
the diagnosis of a complex cystic lesion can be made. However,
there are many lesions that have characteristics between these
two presentations. Internal debris can be stationary, such as in
an acorn cyst, and solid components in a lesion may not have
perceivable blood flow on color or power Doppler.

SE can be extremely helpful in distinguishing these two
cases. When a solid component is present it will appear stiffer
than the adjacent components in the lesion. If the internal
echoes are freely moveable they will not affect the bull’s-eye ar-
tifact, and a diagnosis of a complicated cyst can be made. If the
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Fig. 6.7 (a) B-mode image of a large complex lesion. The lesion has a dumbbell appearance with cystic and solid-appearing components in each
portion. (b) A panoramic B-mode image of the lesion demonstrates the lesion is well circumscribed, has through transmission on both components,
and appears to have a fluid-debris level in the medial component (arrow). (c) On B-mode imaging there is a ductal structure extending from the lesion
to the nipple (arrow). (d) On power Doppler imaging there is internal blood flow noted in the lateral component but not in the medical component
(not shown). (e) On strain elastography the lateral component codes stiffer (black) than surrounding tissue and has an E/B ratio of 0.9 (red arrow). The
medical component of the lesion color-codes softer (white) than surrounding tissue (green arrow). A bull’s-eye artifact is not identified. Close
inspection demonstrates the debris in the medial component color codes stiffer than the remainder of the component (blue arrow). In this case the
medial component was old blood products that have enough viscosity to not allow formation of the bull’s-eye artifact. The lateral component codes

stiff with an EI/B ratio of <1, suggesting it is a benign solid component.

viscosity of the cystic component is very high, a bull’'s-eye arti-
fact will not occur, but it will code as soft. If there is a solid
component the E/B ratio or strain ratio can be used to deter-
mine if the lesion is benign or malignant.

However, with shear wave imaging both complicated cysts
and benign complex cystic lesions will color code as soft (Vs<
4.5m/s [ >60 kPa)). If the solid component is a malignancy it
will code as stiff (Vs >4.5m/s [ >60 kPa]). Therefore strain imag-

ing is helpful in characterizing a cystic lesion as a complicated
cyst or a complex cystic lesion, and, if a complex cystic lesion,
whether it is benign or malignant. Shear wave imaging is help-
ful in determining if the lesion is benign or malignant.

In the presented case we have a lesion with both freely mov-
able debris in one portion of the lesion and a solid component
in the other. The solid component accounts for less than 50% of
the lesion so this would be classified as a type 3 complex cystic
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lesion. On strain imaging the solid component of the lesion co-
des as stiff with an E/B ratio of 0.9. The other portion codes
white (very soft). Because a bull's-eye artifact is not identified
the fluid is viscous enough to not allow the bull's-eye artifact.
Given that the patient presented with a bloody discharge the
soft component is suggestive of a hematoma.

Shear wave imaging is not available in this case. We would
expect that the solid component would code with a Vs sugges-
tive of a benign lesion given that diagnosis is benign. The cystic
component would color code as soft (Vs <3 [28 kPa]).

Both Cases 6.6 and 6.7 in this chapter have the same patho-
logical diagnosis of a large duct papilloma. In Case 6.6, the elas-
tographic features were suggestive of a malignant lesion,
whereas in Case 6.7, the elastographic features were suggestive
of a benign lesion. It is not known if the elastographic features
can determine the aggressiveness of the large duct papilloma
(i.e., whether elastography can identify which lesions are at
higher risk for conversion to a malignancy).

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5

we would consider this lesion to have an approximately 0%
chance of malignancy.

6.8 Case 8: Fibrocystic Change—
Lesion Blends in with Adjacent
Tissue on Elastography

6.8.1 Clinical Presentation

A 55-year-old woman presents with a new partially obscured
1.5cm mass in the left breast on screening mammography.
Mammogram was classified as BI-RADS 0, and an ultrasound
was recommended for further workup.

6.8.2 Ultrasound Findings

On B-mode ultrasound (> Fig. 6.8a,b) a heterogeneous, 1.5cm
well circumscribed hypoechoic, oval mass with internal septa-
tions is identified. Through transmission was noted. The lesion

Fig. 6.8 (a) B-mode image of the lesion corresponding to the mammographic abnormality. The mass is a heterogeneous, hypoechoic, well
circumscribed lesion with internal septations. There is refractive shadowing and some through transmission. (b) Another B-mode image of the lesion
demonstrating the heterogeneity of the mass with a question of small calcifications. (c) Power Doppler evaluation of the mass demonstrates significant
blood flow within the mass. (d) On strain elastography the lesion is also heterogeneous, and its borders are difficult to locate. To add in locating the lesion
on the elastogram, the copy or shadow function has been used. The lesion in the left B-mode image was measured and the copy function used. The system
places a dotted line in the exact on the elastogram as the measurement taken in the B-mode image. It is not uncommon for benign lesions to be poorly
visualized on strain elastography because their elastic properties (stiffness) are similar to those of glandular tissue. (Continued)
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has internal blood flow with a blood vessel entering perpendic-
ular to the capsule on color Doppler imaging (> Fig. 6.8c). The
lesion was classified as BI-RADS 4A.

On strain elastography (> Fig. 6.8d) the stiffness of the lesion is
heterogeneous, containing both softer and stiffer components.
The lesion is softer than the adjacent fibroglandular tissue. It is
difficult to determine an E/B ratio because the lesion borders are
difficult to determine on the elastogram. The use of the copy or
shadow function is helpful in these cases. The lesion can be meas-
ured on the B-mode image and the measurement copied onto
the elastogram. The lesion would have a score of 2 on the 5-point
color scale. On shear wave imaging (> Fig. 6.8e) it has a Vs of 1.2
to 2.2m/s (kPa values of 7 to 15). The quality map (> Fig. 6.8f)
confirms that good quality shear waves were generated. Findings
are similar on a second shear wave system (> Fig. 6.8g).

6.8.3 Diagnosis

Fibrocystic change and focal fibroadenomoid hyperplasia. The
lesion was biopsied using a 12-gauge vacuume-assisted core
biopsy needle. The pathology was fibrocystic change and focal
fibroadenomoid hyperplasia.

6.8.4 Discussion

Fibrocystic change is a generalized term used to describe a
variety of benign changes in the breast that affect both glan-
dular and connective tissue. Symptoms of this condition
are breast swelling or pain, as well as nodules, lumpiness, or

! Fig. 6.8 (Continued) (e) Shear wave elastogram
demonstrating that the stiffness of the lesion is
similar to adjacent breast tissue and has a Vs
(color-coded blue) predictive of a benign lesion.
(f) The corresponding quality map to the shear
wave image in (e) confirms that the shear waves
are adequate for accurate measurement

(green = high quality). (g) Similar findings are
obtained on a real-time shear wave system. The
lesion color codes with a Vs of<4.1 m/s (<50
kPa).

2180 kPa

nipple discharge. At least half of all women will be affected
by fibrocystic change at some point in their life. Women of
childbearing age are affected most commonly, but women of
all ages can develop fibrocystic changes. Most of these symp-
toms stop after menopause, unless hormone replacement
therapy is used.

Many fibrocystic changes are a reflection of the response
of breast tissue to monthly hormonal changes. Even though
these changes are very common and are not life threaten-
ing, some of the symptoms are similar to those of breast
cancer, so it is important to evaluate the cause of the symp-
toms to rule out the possibility of cancer. In addition, some
fibrocystic changes may indicate that a woman has an in-
creased risk of later developing breast cancer. A definitive
diagnosis will lead to a better understanding of breast can-
cer risk and the appropriate screening programs for a wom-
an to follow.

Fibrosis refers to the formation of fibrous tissue. Fibrous
tissue is the material that composes ligaments and scar tis-
sue. Fibrous breasts have areas that feel firm or hard to the
touch. No special treatment is required for this condition.
Fibrosis is not associated with an increased breast cancer
risk.

Mammography cannot reliably diagnose focal fibrocystic
change due to a wide variation of imaging findings. On mam-
mography focal fibrocystic change can mimic breast cancer
when it presents as a discrete mass or density.”0 In a study by
Shetty and Shah7! the sonographic findings of focal fibrocystic
change appeared as a solid mass in 47% and as cysts in 13%. In
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15%, heterogeneously echogenic tissue was seen, and in the re-
maining 25% of cases, there was no sonographically visible focal
change. In their study, 46.4% of the masses were classified as so-
nographically indeterminate, 1% as probably malignant, and
23% of masses were sonographically benign. A significant num-
ber of cases of focal fibrocystic change appear as solid masses.
The sonographic features are not specific enough to differenti-
ate between those that have a dominant component of focal
fibrosis, sclerosing adenosis, or apocrine metaplasia from fibro-
cystic change without a specific histologic subtype. Many of
these solid masses may appear indeterminate.’! Imaging find-
ings on MRI are also nonspecific, with a significant number of
cases having rapid enhancement and washout kinetics sugges-
tive of a malignancy.”®

In this case the patient presented with a mass on mammaog-
raphy that was a well-defined heterogeneous hypoechoic mass
on ultrasound. The lesion had significant internal blood flow on
power Doppler. On both SE and SWE the lesion is as soft as ad-
jacent benign breast tissue. As is often the case with fibrocystic
change the lesion is not well defined on strain elastography be-
cause the elastic properties (stiffness) of fibrocystic change are
similar to glandular breast tissue. This can lead to difficulty in
using the E/B ratio; however, these cases will usually color code
with a score of 2 on the 5-point color scale and have a strain
ratio of less than 4.5. It can be difficult to identify the lesion on
the elastogram; the use of the copy, mirror, or shadow function
is helpful to confirm the location of the lesion on the elasto-
gram. On SWE the lesion borders are less critical because a
quantitative measurement of the stiffness of the lesion can be
obtained.

It is appropriate in BI-RADS category 4A lesions such as these
that have concordant benign strain and shear wave findings to
recommend a short-term interval follow-up as opposed to
image-guided biopsy. Further study is needed to determine if
these lesions can be classified as BI-RADS 2 if the SE and SWE
findings are concordant and benign.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have an approximately 0%
chance of malignancy.

6.9 Case 9: Fibrocystic Change—
Fibroadenomoid Hyperplasia

6.9.1 Clinical Presentation

The patient is a 35-year-old woman with a strong family history
of breast cancer at an early age. The patient has had yearly
screening mammograms and ultrasound for 3 years. The pa-
tient’s screening mammogram was unchanged from prior stud-
ies, with heterogeneous dense breasts. The mammogram
was classified as BI-RADS 2. Screening ultrasound was also
performed.

6.9.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.9a) there is a new 0.7 cm irregular
hypoechoic lesion with internal septations in the right breast.

On power Doppler imaging (> Fig. 6.9b) there is some internal
blood flow. The lesion was classified as a BI-RADS category 4A.

On SE (» Fig. 6.9c) the lesion is stiffer than surrounding
breast tissue and has an E/B ratio of 0.61, suggestive of a benign
lesion. The strain ratio (lesion to fat ratio) is 2.7, also suggestive
of a benign lesion (> Fig. 6.9d). On the 5-point color scale this
lesion would have a score of 3. On VTI (> Fig. 6.9e) the lesion is
stiffer than surrounding tissue and smaller on the elastogram
than the B-mode image, consistent with the manual displace-
ment strain findings. On shear wave imaging the lesion color
codes soft with a Vs of 29m/s (25 kPa) on one system
(» Fig. 6.9f) and 2.6 m/s (20 kPa) on another (> Fig. 6.9g), both
suggestive of a benign lesion.

6.9.3 Diagnosis

Fibroadenomoid hyperplasia. The lesion was biopsied using a
12-gauge vacuume-assisted core biopsy needle. The pathology
was fibrocystic change and focal fibroadenomoid hyperplasia,
negative for atypia.

6.9.4 Discussion

Fibroadenomatoid hyperplasia is a well described but rare be-
nign breast lesion with composite features of fibroadenoma and
fibrocystic change. This condition was previously described as
sclerosing lobular hyperplasia, fibroadenomatosis, or fibroade-
nomatoid mastopathy.”2-74 It is characterized by a microfocal
proliferation of fibrous stroma containing hyperplastic epithe-
lial elements similar to those seen in fibroadenoma. No well cir-
cumscribed mass lesion and no apparent capsule are seen. It
may be a localized or diffuse process. The mean age of presenta-
tion is in the third decade, occurring in approximately 5 to 7%
of benign surgical biopsies.”?

The findings in this case are different than those in Case
6.8. The lesion in this case is stiffer than surrounding glan-
dular tissue and is therefore easily identified on the strain
elastogram. The E/B ratio and strain ratio (lesion to fat ratio)
are easily calculated. All of the strain findings are suggestive
of a benign lesion. In our lab we use an EI/B ratio of<1 as
suggestive of a benign lesion and an EI/B ratio of>1 as sug-
gestive of a malignant lesion. We use a strain ratio of<4.5 as
suggestive of a benign lesion and >4.5 as suggestive of a ma-
lignant lesion. The shear wave finds in both systems are also
suggestive of a benign lesion with Vs of<4.5 (<60 kPa).
These cutoff values were determined from the results of
several hundred biopsy-proven cases with a wide range of
pathology.

When both the strain and the shear wave finds are concord-
ant there is increased confidence in the characterization of the
mass. In this case the BI-RADS category 4A finds could have
been downgraded to a BI-RADS category 3 lesion. With future
study it may be possible to downgrade the lesion to BI-RADS
category 2 when both strain and shear wave findings are
concordant.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion as having an approximately 0%
chance of malignancy.
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Strain Ratio =2.74
+ROI 1=0.373 %
Y“ROI 2=0.136 %

Fig. 6.9 (a) B-mode image of a lesion identified on ultrasound screening. The lesion is a 7 mm irregular well circumscribed lesion with septations. (b)
On power Doppler imaging there is internal blood flow noted in the lesion. (c) On strain elastography the lesion is stiffer than surrounding tissue and
has an E/B ratio of 0.6, suggestive of a benign lesion. In this case the copy or shadow function was used to copy the measurement of B-mode onto the
elastogram. The B-mode copied measurement (yellow dotted line) was changed to correspond to the elastographic measurement (green dotted line),
and the system automatically calculated the E/B ratio. This case would have a score of 3 on the 5-point color scale. (d) The lesion to fat ratio was also
calculated. A region of interest (ROI) was placed to contain only surrounding fat and the second ROI placed in the lesion. The system calculated a strain
ratio of 2.7; that is, the lesion is 2.7 times stiffer than fat. This finding is also suggestive of a benign lesion. (Continued)
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Fig. 6.9 (Continued) (e) Using Virtual Touch Imaging (VTI, Siemens) (strain imaging using acoustic radiation force impulse [ARFI]) the lesion (arrows)
appears stiffer than surrounding tissue and smaller than on the corresponding B-mode image. (f) On shear wave imaging the lesion codes soft with a
Vs of 2.9m/s (25 kPa), also suggestive of a benign lesion. (g) Similar findings of a benign lesion are found with a second shear wave system.

6.10 Case 10: Fibrocystic Change—
Lesion Blends in with Adjacent
Tissue on Elastography

6.10.1 Clinical Presentation

A 53-year-old woman presented with a new palpable mass in
her right breast. A diagnostic mammogram was negative (BI-
RADS category 1). The patient was referred for a diagnostic
ultrasound.

6.10.2 Ultrasound Findings

A 1.9x0.4cm hypoechoic lobular lesion with some posterior
shadowing adjacent to dense glandular tissue is identified
on B-mode imaging (> Fig. 6.10a). There is a small amount of
blood flow adjacent to the lesion on color Doppler imaging
(» Fig. 6.10b). The lesion was classified as BI-RADS category 4A.

The lesion is minimally stiffer than the adjacent fatty tissue
but of similar stiffness to adjacent glandular tissue on strain

elastography (> Fig. 6.10c). Because the lesion is of similar stiff-
ness to the adjacent glandular tissue, the borders of the lesion
are not identified, and an E/B ratio cannot be accurately calcu-
lated. But because we know the lesion’s stiffness is similar to
the glandular tissue we can assume the lesion has a high proba-
bility of being benign. Note that on the elastogram there are
several bull's-eye artifacts, suggesting several cystic compo-
nents in the lesion (> Fig. 6.10d). On the 5-point color scale this
lesion would have a score of 2. A strain ratio (lesion to fat ratio)
was not performed. In cases such as these where there are both
cystic and solid components care must be taken in calculating
the strain ratio because the value will be inaccurate if both
cystic and solid components are included in the region of inter-
est (ROI). On shear wave imaging (> Fig. 6.10e,f) the lesion has a
low Vs of 1.2 m/s (7 kPa).

6.10.3 Diagnosis

Fibrocystic change. The lesion was biopsied using a 12-gauge
vacuume-assisted core biopsy needle. The pathology was fibro-
cystic change.
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Fig.6.10 (a) The palpable mass corresponded to a lobular hypoechoic lesion with some posterior shadowing on B-mode imaging. Note that the lesion
is surrounded by glandular tissue. (b) On color Doppler evaluation the lesion has some blood flow adjacent to the lesion but no internal blood flow. (c)
On strain elastography the lesion is not identified and blends in with the adjacent glandular tissue. This lesion has a score of 2 on the 5-point color
scale. The E/B ratio cannot be accurately calculated. By using the copy function to locate the lesion a strain ratio (lesion to fat ratio) can be calculated
(not performed in this case). (d) The strain elastogram in a different location demonstrates several bull’s-eye artifacts (arrows), suggesting there are
several small cystic areas within or adjacent to the lesion. (e) On shear wave imaging the lesion has a low Vs of 2.2 m/s (15 kPa), suggestive of a benign
lesion. (f) On a different shear wave system the lesion does not color code. This can be due to one of several factors: (1) the shadowing in the lesion
prevented the tracking B-mode pulses from getting an accurate returned signal to calculate the Vs, (2) patient or sonologist movement may have led
to poor shear waves and the system rejected the data and therefore did not color code the lesion. There is a surrounding ring of high Vs noted.

6.10.4 Discussion

Many breast lumps turn out to be caused by fibrosis or cysts,
benign changes in breast tissue that happen in many women at
some time in their lives. Fibrosis is the formation of scarlike (fi-
brous) tissue, and cysts are fluid-filled sacs. These changes are
called fibrocystic changes, and were previously called fibrocys-

tic disease. They are most often diagnosed based on symptom:s,
such as breast lumps, swelling, and tenderness or pain. These
symptoms tend to be worse just before a woman’s menstrual
period is about to begin. The patient’s breasts may feel lumpy
and, sometimes, a clear or slightly cloudy nipple discharge will
be noticed.
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These changes are most common in women of childbearing
age, but they can affect women of any age. They are the most
common benign condition of the breast. They may be found in
different parts of the breast and in both breasts at the same time.

Many different histologic changes can be found in fibrocystic
breast tissue. Most of these changes reflect the way the wom-
an’s breast tissue has responded to monthly hormone changes
and have little other importance.

This case is similar to Case 6.8, where the elastographic fea-
tures of the lesion are similar to those of the surrounding glan-
dular tissue and the lesion is therefore poorly visualized on the
strain elastogram. It is difficult to measure the E/B ratio in these
cases. By using the copy or shadow function the lesion location
can be identified on the elastogram and the strain ratio (lesion
to fat ratio) calculated. A 5-point color score can also be given
and is usually a score of 2 as in this case. Knowing that the stiff-
ness of the lesion is similar to glandular tissue is suggestive of a
benign lesion. The added confidence of low Vs on shear wave
imaging as in this case increases confidence the lesion is benign.
Elastography could have been used to downgrade this lesion
from a BI-RADS category 4A to a BI-RADS category 3. Further
studies are need to determine if the lesion could be down-
graded to a BI-RADS category 2 lesion based on concordant
strain and shear wave benign findings.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have an approximately 0%
chance of malignancy.

6.11 Case 11: Fibrocystic Change—
Stromal Fibrosis

6.11.1 Clinical Presentation

A 41-year-old woman was noted to have a new asymmetric
density in her right breast on screening mammography. Spot
compression views confirmed the presence of the asymmetry.
The lesion was classified as BI-RADS category 0, and ultrasound
was advised for further workup.

6.11.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.11a) a 1.6 cm irregular, spiculated,
hypoechoic mass is identified. A single vessel entering the le-
sion perpendicular to the lesion is identified on power Doppler
imaging (> Fig. 6.11b). The lesion was classified as BI-RADS cat-
egory 4C.

On SE (> Fig. 6.11c) the lesion is stiffer than adjacent normal
breast tissue with an E/B mode ratio of 2.3. The lesion to
fat ratio was 6.2 (> Fig. 6.11d). This lesion has a score of 5 on
the 5-point color scale. On VTI (strain imaging using ARFI) sim-
ilar findings are obtained (> Fig. 6.11e), a stiff lesion that is larg-
er on the elastogram. On shear wave imaging (> Fig. 6.11f) the
lesion does not color code, with a Vs of 1.4 m/s (9 kPa) adjacent
to the lesion. The quality map (> Fig. 6.11g) confirms that shear
waves were of poor quality and should not be used in charac-
terizing the mass. On a 3D shear wave elastogram (> Fig. 6.11h)
no elevated Vs is noted.

6.11.3 Diagnosis

Focal columnar cell change and stromal fibrosis. There was no
evidence of epithelial atypia or neoplasm.

6.11.4 Discussion

Epithelial hyperplasia is a condition in which there is an in-
crease in the number of normal cells that line either the ducts
(ductal hyperplasia) or the lobules (lobular hyperplasia) of the
breast. This condition is also referred to as proliferative breast
disease. Epithelial hyperplasia can be diagnosed by core needle
biopsy or surgical biopsy.
When examined under a microscope, hyperplasia may be
classified as follows:
1. Usual type, meaning there is an increase in the number of
cells, but the cells look normal
2. Atypical, meaning there is an increase in the number of cells
and the cells are not quite normal appearing

On average, about 70% of biopsy specimens do not contain any
hyperplasia. About 26% have usual hyperplasia and only 4%
have atypical hyperplasia.

In this case all of the SE techniques suggest this lesion is
malignant. The shear wave imaging from one system does
not color code a portion of the lesion. The other areas code
soft (blue); however, the quality map is yellow (poor-quality
shear waves) throughout the lesion. In general when the le-
sion is solid and the quality map is poor quality (yellow or
red) the lesion, if not a simple cyst, has a high probability of
being malignant.

In general benign solid lesions propagate shear waves well
and usually have a high (green) quality map. Some cancers, for
reasons not yet fully understood, do not generate shear waves
that can be accurately measured. In some of these cases the le-
sion will not color code, whereas others may color code as soft
inaccurately. The quality map can help determine which of
these cancers codes incorrectly.

In this case, the area not color coded in the velocity map was
rejected by the initial algorithm, but some areas with poor
shear wave generation were color coded. The addition of the
second algorithm (the quality map) rejects additional poor
shear waves. Improved algorithms will allow for improved color
coding so these lesions are not color coded as opposed to coding
soft.5> Some benign lesions, particularly sclerotic lesions, also
have elastographic findings suggestive of a malignant lesion.
Other lesions that may have false-positive elastography findings
are fat necrosis and mastitis. These are discussed in Cases 23,
24,25, 26, 29, and 30 in detail.

Presently there are no studies evaluating the elastographic
findings in the spectrum of usual hyperplasia, atypical ductal
hyperplasia, and DCIS. In our experience, both usual hyperplasia
and atypical ductal hyperplasia have elastographic findings of
benign lesions. DCIS is discussed in Case 7.1 and 7.2.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have a>95% chance of malig-
nancy (>95% on SE; indeterminate on SWE due to poor-quality
shear waves).
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Distance Ratio=2.25
= D1=13.5 mm
-+ D2=6.0 mm

Strain Ratio =6.21
1+ ROI 1=0.149 %
*{ ROI 2=0.024 %

6.12 Case 12: Sclerosing Lesion—
Sclerosis Lobulitis

6.12.1 Clinical Presentation

The patient is a 36-year-old woman who had an abnormal area
of enhancement on an MRI scan for further workup of a palpab-
le mass in the right breast. The patient’s recent mammogram
was classified as BI-RAD 1 but was heterogeneously dense.

6.12.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.12a) an isoechoic lesion with ill-
defined borders is identified within glandular tissue. On color

== Fig.6.11 (a) B-mode imaging of the lesion noted
on screening mammography demonstrates the
lesion is irregular, hypoechoic with shadowing.
(b) On power Doppler imaging there is a single
vessel entering perpendicular to the lesion. (c)
The lesion is stiffer than surrounding tissue and
increased in size compared with the correspond-
{ ing B-mode image, with an E/B ratio of 2.3. The
findings are suspicious for a malignancy. (d) The
strain ratio (lesion to fat ratio) of the lesion is 6.2
suggestive of a malignant lesion. (Continued)

Doppler (> Fig. 6.12b) there is no flow within the lesion. The le-
sion was classified as a BI-RADS category 3 lesion.

On strain imaging (> Fig. 6.12¢) the lesion is stiffer than the
adjacent glandular tissue. A fat lobule can be excluded based
on this elastogram because the lesion is stiffer than other fat in
the image as well as adjacent glandular tissue. If the lesion
were a fat lobule it would have coded as soft as adjacent fat
(white). The E/B ratio is difficult to calculate because the lesion’s
stiffness appears similar to that of the adjacent glandular tissue
and cannot be accurately measured (> Fig. 6.12d). The strain ra-
tio (lesion to fat ratio) is 3.35 (> Fig. 6.12e). On the 5-point color
scale this lesion would be classified with a score of 3. On shear
wave imaging (> Fig. 6.12f) the lesion has a Vs of 2.4m/s
(18 kPa).
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Fig. 6.11 (Continued) (e) Using Virtual Touch Imaging (VTI, Siemens) (strain imaging using acoustic radiation force impulse [ARFI]) has similar findings
to strain imaging using manual displacement (c). (f) On shear wave imaging a portion of the lesion does not color code, implying adequate shear
waves were not generated. Other portions of the lesion have low Vs of 0.9 m/s (5 kPa). (g) The associated quality map codes yellow (poor quality) in
the portions of the lesion that code blue in the velocity map (f). Thus the findings of low Vs should not be used in evaluation of the lesion. The quality
map has greater sensitivity in evaluating the shear wave quality than the older algorithm that does not color code areas of poor shear waves. In this
case, the area not color coded in the velocity map was rejected by the initial algorithm, but some areas with poor shear wave generation were color
coded. The addition of the second algorithm (the quality map) rejects additional poor shear waves. (h) Three-dimensional shear wave elastography of
the lesion. With this system the entire lesion has a low Vs of 2.6 m/s (20 kPa).

6.12.3 Diagnosis

Sclerosing lobulitis. The lesion was biopsied with a 12-gauge
vacuum-assisted needle. The pathology was sclerosing lobulitis.

6.12.4 Discussion

Adenosis is an enlargement or excessive growth of lobular tis-
sues (the outer end of the ducts). Sclerosing adenosis is a form
of adenosis caused by distortion of the enlarged lobule by fi-

brous tissue. If a number of enlarged lobules are found near one
another, the collection of lobules may be detected by palpation;
otherwise, the condition is detected by mammography.
Whether detected by palpation or by mammography, these le-
sions can be mistaken for cancer, so core needle biopsy is
needed to determine whether cancer cells are present. In some
instances, a surgical biopsy is required for a definitive diagnosis.
Women with adenosis have about 1.5 to 2 times the risk of the
general population for developing breast cancer.
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Fig.6.12 (a) On B-mode imaging there is a
hypoechoic lesion (arrow) corresponding to the
area of abnormality on the mammogram. The
lesion is within an area of dense glandular tissue.
(b) On color Doppler imaging there is minimal
flow adjacent to the area of concern. (c) Strain
imaging identifies a stiff area compared to
adjacent fatty tissue. In this case the lesion is best
identified on the elastogram. The lesion was
measured on the elastogram (yellow dotted line)
and the copy function used to locate the lesion
on the B-mode image. Measuring the lesion on B-
mode is problematic; therefore the E/B ratio
cannot be accurately calculated. (d) The strain
ratio (lesion to fat ratio) can be calculated
measuring 3.3 suggestive of a benign lesion.

(e) On shear wave imaging the lesion and
surrounding area has a low Vs (blue) suggestive
of a benign lesion. (f) Shear wave imaging on a
different system also has similar benign findings.

Strain Ratio =3,
+ROI 1=0.124 %
":{ROI 2=0.037 %
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Fig.6.13 (a) The palpable mass is a 1.5 cm well circumscribed hypoechoic mass with refractive shadowing and through transmission. (b) On power
Doppler imaging the lesion has moderate internal blood flow. (c) On strain elastography the lesion (circle) is mostly soft with stiffness similar to

adjacent breast tissue. The lesion has a score of 2 on the 5-point color scale. The E/B ratio is less than 1, suggestive of a benign lesion. (d) On shear
wave imaging the lesion has a Vs of 2 m/s (13 kPa) concordant with strain imaging of a benign lesion. (e) Shear wave imaging on a different system has
similar benign findings with a Vs of 2m/s (12.1 kPa).

In this case the lesion is stiffer than the adjacent breast tissue,
but a closer look confirms that the stiff area on the strain elasto-
gram also includes the adjacent glandular tissue. Therefore the
lesion’s stiffness is similar to that of glandular tissue, and an ac-
curate E/B ratio cannot be caluclated, but it is probably benign.
We can use the strain ratio (lesion to fat ratio) or the 5-point
color scale, which in this case are both suggestive of a benign
lesion. On both shear wave systems there is a low Vs suggestive
of a benign lesion.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have an approximately 0%
chance of malignancy.

6.13 Case 13: Fibroadenoma—Soft
Fibroadenoma

6.13.1 Clinical Presentation

A 39-year-old woman presented with a palpable mass in the
left breast. Mammography was not performed. Ultrasound was
requested as the initial exam for workup.

6.13.2 Ultrasound Findings

B-mode imaging (> Fig. 6.13a) demonstrates a well-circum-
scribed 1.5 cm oval hypoechoic mass. There is moderate blood
flow within the lesion on color Doppler imaging (> Fig. 6.13b).
The lesion was classified as BI-RADS category 3.
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On SE (» Fig. 6.13c) the lesion is stiffer than surrounding
breast tissue and significantly smaller on the elastogram. On
the 5-point color scale this lesion has a score of 3. On shear
wave imaging (> Fig. 6.13d,e) the lesion has a Vs of 1.9m/s
(12 kPa) with the adjacent fat having a Vs of 0.7m/s (3.7
kPa). Both the strain and shear wave findings are suggestive
of a benign lesion.

6.13.3 Diagnosis

Fibroadenoma. The patient elected biopsy over a short-term
follow-up. The lesion was biopsied using a 12-gauge vacuum-
assisted core needle. The pathology was a fibroadenoma.

6.13.4 Discussion

Fibroadenomas are benign tumors made up of both glandular
breast tissue and stromal (connective) tissue. They are most
common in young women in their 20s and 30s, but they may
be found in women of any age. The use of birth control pills be-
fore 20 is linked to an increased risk of fibroadenomas. Some
fibroadenomas are too small to be palpated, but others can be
several centimeters in length. They tend to be oval or round
and have well defined distinct borders. They often feel like a
marble within the breast. They can move under the skin and
they are usually firm and not tender. Fibroadenomas can be
solitary or multiple.

Fibroadenomas can be diagnosed by fine-needle aspiration
(FNA) or core needle biopsy. Fibroadenomas may be simple,
being composed of homogeneous tissue. But some fibroadeno-
mas can contain other components (macrocysts, sclerosing ad-
enosis, calcifications, or apocrine changes). These are called
complex fibroadenomas. Women with fibroadenomas have
been reported to have a slightly increased risk of breast cancer
(about 1% to 2 times the risk of women with no breast
changes).

This case has the classical appearance of a fibroadenoma on
ultrasound. The lesion is well circumscribed, is hypoechoic, and
has refractive shadowing and through transmission. Lesions
with this appearance are classified as BI-RADS category 3 le-
sions requiring short-term interval follow-up. Many women
request biopsy to confirm the lesion is benign. If there are mul-
tiple bilateral well circumscribed cystic and solid lesions the
lesions can be classified as BI-RADS 2, not requiring short-term
interval follow-up. If there is a dominant lesion or a palpable le-
sion classification as BI-RADS category 2 should not be used.
Elastography can be helpful to either upgrade or downgrade BI-
RADS category 3 lesions. If the lesion has a benign appearance
on SE and/or SWE the possibility of downgrading to BI-RADS
category 2 has been suggested, but it is not yet suggested in the
BI-RADS lexicon. Informing a patient that elastography is sug-
gestive of a benign lesion may decrease the requests for biopsy
and decrease the patient’s concerns in waiting for a short-term
interval follow-up.

The appearance of a fibroadenoma can be variable on elastog-
raphy. A detailed study on the spectrum of fibroadenomas has
not been published. In our experience the fibroadenomas can
be very soft, as in this case, to very stiff, and in a small number
of cases <5% may have an E/B ratio and stiffness values sugges-
tive of a malignant lesion. It is not known if the elastographic

features can predict which fibroadenomas will continue to
grow and have aggressive features.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have an approximately 0%
chance of malignancy.

6.14 Case 14: Fibroadenoma—
Intermediate Stiffness
Fibroadenoma

6.14.1 Clinical Presentation

A 23-year-old woman presents with a new palpable mass in the
right breast. Mammography was not performed. Ultrasound
was requested as the initial imaging exam.

6.14.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.14a) a 2.5cm well circumscribed
oval, wider than taller, heterogeneously hypoechoic mass was
identified. The lesion has moderate blood flow on color Doppler
imaging (> Fig. 6.14b). The lesion was classified as BI-RADS cat-
egory 3.

The lesion has a similar stiffness to the adjacent breast tissue
on strain imaging (> Fig. 6.14c¢). The lesion is classified with a
score of 2 on the 5-point color scale. The lesion has an E/B ratio
of 0.94 (» Fig. 6.14d) and a strain ratio (lesion to fat ratio) of
13.1 (> Fig. 6.14e). On VTI the lesion is stiffer than adjacent
breast tissue with an E/B ratio of 0.9 (> Fig. 6.14f). On shear
wave imaging the lesion has a Vs of 3.3 m/s (> Fig. 6.14g) on
one system. On the other shear wave system (> Fig. 6.14h) the
lesion has some areas with a Vs of 2.9 m/s (26 kPa) and a stiffer
area with a Vs of 4.9 m/s (72 kPa). The adjacent fatty tissue has
Vs of 2.4m/s (18 kPa). On 3D SWE (> Fig. 6.14i) the lesion is
shown to have heterogeneous stiffness with Vs ranging from
2.6 to 4.5 m/s (kPa values of 20-60).

6.14.3 Diagnosis

Fibroadenoma. The patient elected a biopsy instead of a short-
term interval follow-up. The lesion was biopsied using a 12-
gauge vacuume-assisted core needle. The pathology was a fi-
broadenoma.

6.14.4 Discussion

Fibroadenomas arise in the terminal duct lobular unit of the
breast. They are the most common breast tumor in young
women. They also occur in a small number of postmenopausal
women. Their incidence declines with increasing age, and, in
general, they appear before the age of 30. Fibroadenomas are
partially hormone dependent and frequently regress after
menopause.

Approximately 90% of fibroadenomas are <3 cm in diameter.
The vast majority of the remaining 10% that are 4 cm or larger
occur mostly in women under 20 years of age. The tumor is
round or ovoid, elastic, and nodular, and has a smooth surface.
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“Strain Ratio =13.08
ROI 1=0.589 %

%ROI 2=0.045 %

Fig.6.14 (a) The palpable mass is a 2.5cm well
circumscribed oval, wider than taller, heteroge-
neous hypoechoic mass. There is refractive
shadowing and through transmission. (b) On
power Doppler imaging the lesion has moderate
internal blood flow. There are peripheral vessels
that are parallel to the lesion surface. (c) On strain
imaging using a color map with blue as hard
demonstrates there is a soft area in the proximal
portion of the lesion with the remainder of the
lesion having a stiffness similar to the back-
ground tissues. The lesion has a score of 2 on the
5-point color scale. (d) The same lesion evaluated
with strain elastography with a gray scale map.
The lesion has the same soft area in the proximal
portion of the lesion, and the remainder of the
lesion is stiffer than surrounding tissue. The E/B
ratio is 0.94 suggestive of a benign lesion. The
borders of the lesion are better defined with the
gray scale map as compared to the color map in
(b). The yellow lines measure the lesion on B-
mode and is copied to the elastogram. The green
line measures the lesion on the elastogram. (e)
The lesion has a strain ratio of 13.1 that is not
concordant with the E/B ratio or the 5-point color
scale. The fat measurement was taken in an area
with shadowing and is softer than other fat in the
image, suggesting it may be inaccurate. A repeat
measurement using the “grayer” fat just proximal
to this measurement has a strain value of 4 (not
shown) now concordant with the E/B ratio and 5-
point color scale. (f) On Virtual Touch imaging
(VTI, Siemens) (strain imaging using acoustic
radiation force impulse [ARFI]) the lesion appears
as stiffer than surrounding tissue and slightly
smaller, with an E/B ratio of 0.95. Note that the
proximal portion of the lesion is softer similar to
the strain images obtained with the manual
displacement technique. (Continued)

The cut surface usually appears as homogeneous, firm, and A growth rate of <16% per month in women under 50 years
gray-white or tan in color. The pericanalicular type (hard) hasa  of age, and a growth rate of < 13% per month in women over 50
whirly appearance with a complete capsule, whereas the intra-  years of age have been published as safe growth rates for con-
canalicular type (soft) has an incomplete capsule.”> tinued nonoperative treatment and clinical observation.”®
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Fig. 6.14 (Continued) (g) On shear wave imaging
the lesion has a Vs of 3.3 m/s (32 kPa) consistent
with the strain imaging findings of a benign
lesion. (h) Three-dimensional (3D) SWE has
similar findings as (g). (i) The same lesion using
3D shear wave elastography provides a better
assessment of the stiffness throughout the entire
lesion
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The conventional ultrasound in this case is similar to that in
Case 6.13. However, the elastographic features are very differ-
ent. The fibroadenoma in Case 6.13 was very soft, whereas in
this case the lesion is fairly stiff. In our experience there is a
wide range of elastographic findings in fibroadenomas from
very soft to very stiff. A small number (< 5%) of fibroadenomas
in our experience are stiff enough to be suggestive of malignant
lesions on SE and SWE. It is unknown if the elastographic fea-
tures are predictive of the histology of the lesions, or if it can
predict which fibroadenomas will be prone to grow rapidly.

The elastographic changes of a fibroadenoma can also change
over time, and the elastographic features may reflect the hor-
monal changes (see Case 6.34, this chapter).

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have a 2 to 95% chance of
malignancy (~ 0% on SE; 2-95% on SWE).

6.15 Case 15: Fibroadenoma—
Stiffer Fibroadenoma

6.15.1 Clinical Presentation

A 74-year-old presented woman with a remote history of inva-
sive ductal carcinoma in the left breast. The patient is status
postlumpectomy, chemotherapy, and radiation therapy. The pa-
tient now has a new mass in her left breast 3 cm inferior to her
surgical scar. On a diagnostic mammogram there was the inter-
val development of an 8 mm density. The mammogram was
classified as BI-RADS category 0, and an ultrasound was re-
quested for further workup.

6.15.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.15a) a 5.5 mm well circumscribed
oval hypoechoic lesion is identified. On color Doppler imaging
(not shown) there was no blood flow within the lesion. The le-
sion was classified as a BI-RADS category 3 lesion.

On strain imaging the lesion has an E/B ratio of 1.3
(» Fig. 6.15b) and a lesion to fat ratio of 7.7 (> Fig. 6.15c). On the
5-point color scale this would be classified with a score of 4. On
VTI imaging (> Fig. 6.15d) the lesion is stiffer than adjacent glan-
dular tissue and appears larger than on B-mode. All the SE find-
ings are suggestive of a malignant lesion. On shear wave imaging
the lesion has a Vs of 1.6 m/s (9 kPa) on one system (> Fig. 6.15¢e)
and a Vs of 1.9m/s (11.4 kPa) (> Fig. 6.15f) on another. Both
shear wave systems have findings suggestive of a benign lesion.

6.15.3 Diagnosis

Sclerosed fibroadenoma. Based on the strain elastography
finding the lesion was upgraded to a BI-RADS 4A, and biopsy
was recommended. The lesion was biopsied using a 12-gauge
vacuum-assisted core biopsy needle. The pathology was a
sclerosed fibroadenoma.

6.15.4 Discussion

Although fibroadenomas can be located anywhere in the breast,
there may be a predilection toward the upper outer quadrant.

On mammography fibroadenomas have a spectrum of features
from the well circumscribed discrete mass to the multilobulated
mass. They may contain popcorn calcification. Calcification may
also present as microcalcifications, which makes differentiation
from malignancy very difficult. The lesions are especially prone
to calcification in the postmenopausal woman, and the process
is part of involution of the breast as a function of age.

On ultrasound fibroadenomas are typically seen as a well
circumscribed, round to ovoid, or macrolobulated mass with
generally uniform hypoechogenicity. Intralesional sonographi-
cally detectable calcification may be seen in ~ 10% of cases.
Sometimes a thin echogenic rim or pseudocapsule may be
seen sonographically.

On MRI scan fibroadenomas usually have the following
findings:

1. T1—typically hypointense or isointense compared with adja-
cent breast tissue

2. T2—can be hypo- or hyperintense

3. T1 C+(Gd)—can be variable but a majority will show slow
initial contrast enhancement and a persistent delayed phase

(type I enhancement curve); nonenhancing internal septa-

tions may be seen

This case is the other part of the spectrum of elastographic find-
ings of fibroadenomas compared with Case 13. This fibroadeno-
ma has SE findings suggestive of a malignant lesion. The SWE
findings are suggestive of a benign lesion. The discordant find-
ings on SE and SWE should raise concerns about the lesion. The
elastographic findings in this case cannot be used to downgrade
the BI-RADS category score.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have a>95% chance of malig-
nancy (>95% on SE and ~ 0% on SWE).

6.16 Case 16: Fibroadenoma—
Stiffer Fibroadenoma

6.16.1 Clinical Presentation

A 28-year-old woman presented with a new palpable mass in
the right breast. Ultrasound was requested as the initial imag-
ing modality. Mammography was not performed.

6.16.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.16a) a 2.2 cm well circumscribed
hypoechoic lesion with some angular margins is identified.
There is moderate blood flow within the lesion on color Dop-
pler imaging (> Fig. 6.16b). The lesion was classified as BI-RADS
category 4A due to the angular margins.

On SE the lesion is stiffer than adjacent breast tissue and has
an E/B ratio of 0.63 (> Fig. 6.16c) and a lesion to fat ratio of 2.45
(» Fig. 6.16d). The lesion would have a score of 3 on the 5-point
color scale. On shear wave imaging (> Fig. 6.16e) the lesion has
a max Vs of 2.5m/s (18 kPa). On 3D SWE (> Fig. 6.16f) the lesion
did not color code, but the surrounding tissue all color codes
with a low Vs. All SE and SWE findings are suggestive of a
benign lesion.
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Fig.6.15 (a) The new density on the patient’s mammogram was a 5.5 mm oval hypoechoic mass on B-mode ultrasound. No blood flow was identified
in the lesion on color Doppler (not shown). (b) On strain imaging the lesion is stiffer than adjacent tissue and has an E/B ratio of 1.3, suggestive of a
malignant lesion. The lesion has a score of 5 on the 5-point color scale. The lesion measures 5.5 mm on B-mode (yellow line) and 7.2 mm on SE (green
line). (c) The lesion has a strain ratio (lesion to fat ratio) of 6.7 also suggestive of a malignant lesion. (d) On Virtual Touch Imaging (VTI, Siemens) (strain
imaging using acoustic radiation force impulse [ARFI]) the lesion is stiffer than the surrounding tissue and has an El/B ratio of > 1. (e) On shear wave
imaging the lesion has a Vs of 1.6 m/s (8 kPa) suggestive of a benign lesion, not concordant with the strain results. (f) Similar benign finding are
obtained with a different shear wave system (Vs of 1.9m/s; 11 kPa).
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Fig.6.16 (a) The palpable mass is a slightly lobulated well circumscribed hypoechoic lesion on B-mode imaging. (b) There is internal blood flow noted
on power Doppler imaging. (c) The lesion is stiffer than surrounding tissue with an E/B ratio of 0.6. The lesion has a score of 3 on the 5-point color
scale, both suggestive of a benign lesion. The lesion measures 21.7 mm (yellow line left image) on B-mode and 13.7 mm (yellow line on right image) in
SE. (d) On strain elastography the strain ratio (lesion to fat ratio) is 2.5, concordant with the other strain findings as suggestive of a benign lesion.
(e) On shear wave imaging the lesion has a Vs of 2.5 m/s (19 kPa) suggestive of a benign lesion and concordant with the strain findings. (f) On three-
dimensional (3D) shear wave imaging the lesion does not color code, and there is no increased Vs around the lesion. The lesion does not color code on
the 3D shear wave images, most likely secondary to the lesion depth. Note that there is no color coding in the adjacent tissues at about the mid depth
of the lesion.
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6.16.3 Diagnosis

Fibroadenoma. The lesion was biopsied using a 12-gauge vac-
uume-assisted needle. The pathology was fibroadenoma.

6.16.4 Discussion

The conventional ultrasound findings in this fibroadenoma are
slightly more suspicious, with the lesion being more round than
oval and slightly lobulated. The SE findings and the SWE find-
ings are concordant with a benign lesion. On the 3D strain im-
ages the lesion does not color code and therefore can be as-
sessed as benign or malignant. The 2D SWE findings are sugges-
tive of a benign lesion. The non-color coding on the 3D image
can be secondary to the lesion being at a depth where the ARFI
is attenuated and shear waves are not generated.

In this case the E/B ratio is 0.6, which is quite low. Although
it has been suggested that an increasing E/B ratio in malig-
nant lesions is suggestive of a higher tumor grade,?8 it is not
known if a lower E/B ratio in benign lesions is more predic-
tive of benignity. This case has conventional findings of a BI-
RADS category 4A lesion. Downgrading one BI-RADS category
based on elastographic findings would change the follow-up
to a BI-RADS category 3. With the concordant findings of a
benign lesion on SE and SWE and a very low E/B ratio consid-

eration of downgrading to a BI-RADS 2 lesion is an area of
active research.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have an approximately 0%
chance of malignancy.

6.17 Case 17: Fibroadenoma—
False-Positive Fibroadenoma

6.17.1 Clinical Presentation

The patient is a 50-year-old female who has had a stable 1.6 cm
lobular mass in her left breast, upper outer quadrant, which has
been stable for 5 years on mammography. The patient feels the
lump is increasing in size. Ultrasound is performed for further
evaluation.

6.17.2 Ultrasound Findings

On B-mode ultrasound (> Fig. 6.17a) a 1.9cm well circum-
scribed lobular hypoechoic mass is identified. The mass has
increased in size since an ultrasound 3 years prior, when it
measured 1.6 cm. The mass has moderate internal blood flow

Fig.6.17 (a) The palpable mass in the left breast,
which the patient believes is increasing in size, is
a lobular well circumscribed hypoechoic mass
with through transmission. (b) There is moderate
blood flow in the lesion on power Doppler. (c) On
strain imaging the lesion is stiffer than sur-
rounding tissue. The lesion measures 16.9 mm
(yellow line) on B-mode and 18.4 mm (green line)
on SE with an E/B ratio of 1.1. The lesion has a
score of 5 on the 4-point color scale, both
suggestive of a malignant lesion. (d) Strain
imaging in a different position demonstrates a
stiff area (yellow line) in the posterior portion of
the mass without a corresponding B-mode

| abnormality. (Continued)

1=18.4 mm
2=16.9 mm

+D=12.6 mm

67



68

Clinical Cases: Benign Lesions

on color Doppler (
RADS category 4B.

On strain imaging the lesion is stiffer than adjacent breast tis-
sue and has an E/B ratio of 1.1 (> Fig. 6.17c). There is a stiffer
area in the inferior portion of the lesion that appears as normal
breast tissue on B-mode imaging (> Fig. 6.17d). The lesion to fat
ratio is 8.5 (> Fig. 6.17e) on one image and 1.8 using a different
location (> Fig. 6.17f) as the reference. On VTI (> Fig. 6.17g) the
lesion is stiffer than surrounding breast tissue and appears larg-
er than on the B-mode imaging, with an E/B ratio of 1.2. The le-
sion has a score of 5 on the 5-point color scale. The SE findings
are more suggestive of a malignant lesion. On shear wave imag-
ing the lesion has a Vs of 2.7m/s (22 kPa) on one system
(» Fig. 6.17h) and a Vs of 3.8 m/s (42 kPa) (> Fig. 6.17i) on an-
other system, both suggestive of a benign lesion.

Fig. 6.17b). The lesion was classified as BI-

6.17.3 Diagnosis

Fibroadenoma. The lesion was biopsied under ultrasound
guidance with a 12-gauge vacuum-assisted needle. The lesion

Fig. 6.17 (Continued) (e) The strain ratio (lesion to
fat ratio) is 8.5, consistent with the other strain
findings suspicious for malignancy. (f) A repeat
strain ratio using adjacent fat that is not as “soft”
(white) is 1.8, now suggestive of a benign lesion.
(g) The lesion is stiffer than adjacent tissue on
Virtual Touch imaging (VTI, Siemens) (strain
imaging with acoustic radiation force impulse
[ARFI]) and appears larger than in the B-mode
imaging. (Continued)

Strain Ratio =8.46
+ROI 1=0.406 %
13ROI 2=0.048 %

Strain Ratio =1.84
+ROI 1=0.057 %
03ROl 2=0.031 %

was a fibroadenoma. The patient elected to have the lesion
removed surgically. The pathology at surgical resection was
fibroadenoma.

6.17.4 Discussion

This case has conventional findings that are not classic for a fi-
broadenoma. On SE the findings are suggestive of a malignant
lesion. In addition on strain there is the question of the lesion
having a component on the posterior portion of the lesion that
is not identified on B-mode imaging. On surgical resection of
the lesion there was no evidence of malignancy. Unfortunately
the pathology was not evaluated to determine the etiology of
the area of stiffness not identified on B-mode imaging.

The SE and SWE findings are discordant in this case. The SE
findings are suggestive of a malignant lesion, whereas the SWE
findings are suggestive of a benign lesion. A reason for the
discordant findings is not evident in this case. The lesion is
well identified on both B-mode imaging and SE. The lesion is
surrounded by fatty tissue; therefore the E/B ratio cannot be
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artificially elevated due to the lesion’s blending in with glan-
dular tissue on the elastogram. Also, if this were the case,
the strain ratio (lesion to fat ratio) is 8.5, suggesting the le-
sion is much stiffer than normal glandular tissue, which usu-
ally has a strain ratio of 1.5 to 2.5. The quality map was green
in this case, suggesting that the shear wave results are of
high quality.

Because we cannot identify a reason why there are discord-
ant findings on SE and SWE, the more suspicious findings
should be used to determine the workup. In this case the elasto-
graphic findings should increase the suspicion for malignancy.
Further investigation into why the elastographic findings are
discordant as in this case, with the lesion appearing signifi-
cantly stiffer on SE than on SWE, is needed. This constellation of
elastographic findings is sometimes identified in malignant le-
sions; however, in the vast majority of these cases the quality
map on SWE is of poor quality, confirming that the SWE data

Fig. 6.17 (Continued) (h) On shear wave imaging
the lesion has a Vs of 2.7 m/[s (21 kPa) consistent
with a benign lesion and not concordant with the
strain E/B ratio or the 5-point color scale. (i)
Similar results are obtained with a different shear
wave system.
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are not reliable and more weight should be given to the SE find-
ings (see Chapter 4.3.3).

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have a 95% chance of malig-
nancy (95% on SE and ~ 0% on SWE).

6.18 Case 18: Papillary Lesion-
Hyalinized Intraductal Papilloma

6.18.1 Clinical Presentation

A 64-year-old woman presented with an enlarging left retroar-
eolar mass on screening mammography. The mammogram was
classified as BI-RADS category 0, and ultrasound was advised
for further workup.
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6.18.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.18a) a 9mm well circumscribed
oval lesion with both cystic and solid components is identified.
The lesion has significant peripheral blood flow on color
Doppler imaging (> Fig. 6.18b). The lesion was classified as a
BI-RADS category 4B lesion.

On strain imaging (> Fig. 6.18c) the cystic component has
the bull's-eye artifact. The solid components appear stiffer
than surrounding breast tissue. The solid component of the
lesion has a lesion to fat ratio of 2.8 (» Fig. 6.18d). On the 5-
point color scale this lesion would have a score of 2. On shear
wave imaging the max Vs is 5m/s (75 kPa), and no signal is
identified in a portion of the cystic lesion (> Fig. 6.18e). The
quality map of this shear wave elastogram (> Fig. 6.18f) has
poor quality in the area of the cyst. On another shear wave
system (> Fig. 6.18g) the max Vs is 4.2 m/s (52 kPa), and the
cystic area does not color code, suggesting that it contains
simple fluid.

6.18.3 Diagnosis

Hyalinized intraductal papilloma. The lesion was biopsied
using a 12-gauge vacuum-assisted core biopsy under ultra-
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sound guidance. The pathology was a hyalinized intraductal
papilloma.

6.18.4 Discussion

Papillomas of the breast can be divided into solitary papillomas,
multiple papillomas, and juvenile papillomatosis. Solitary or
central papillomas arise in the large retroareolar ducts. Patho-
logically, a papilloma is a masslike projection that consists of
papillary fronds attached to the inner mammary duct wall by a
fibrovascular core that is covered with ductal epithelial and my-
oepithelial cells. Ductal epithelial cells may undergo apocrine
metaplasia, hyperplasia, or atypia.

Clinically, solitary papillomas commonly occur in perimeno-
pausal women. Patients commonly present with spontaneous
nipple discharge that may be bloody, serous, or clear. Women
with solitary papillomas have a slightly increased risk of devel-
oping breast carcinoma (1.5-2 times greater).”’

Central papillomas are usually solitary, but multiple central
papillomas have been reported.”® Central papillomas are
typically small and are often mammographically occult. Sonog-
raphy or ductography is usually necessary for visualization of
the lesion. A solitary papilloma occasionally appears on
mammography as a circumscribed retroareolar mass or as a

Fig.6.18 (a) The mass noted on mammography
is a 9 mm well circumscribed, mixed solid and
cystic lesion with through transmission on B-
mode imaging. (b) There is significant blood flow
in the periphery of the lesion on power Doppler
imaging. (c) On strain elastography there is a
bull’s-eye artifact in the cystic portion of the
lesion (arrow). The solid component is stiffer than
surrounding breast tissue (dotted arrow). The
lesion has an E/B ratio of 1. The lesion has a score
of 2 on the 5-point color scale. (d) The solid

“ component of the lesion has a strain ratio (lesion
to fat ratio) of 2.8 on strain imaging, suggestive
of a benign lesion. (Continued)

Strain Ratio =2.79

+ROI 1=0.067 %
H03{ROI 2=0.024 %
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solitary dilated retroareolar duct. These lesions rarely calcify.
On sonography, a papilloma is seen as an intraductal mass in
a dilated duct, an intracystic mass, or a solid mass with a
well-defined border.”” Ductography may show an intralumi-
nal filling defect or ductal dilatation due to partial or com-
plete ductal obstruction. Recently, MRI has been reported to
be a useful adjunct technique to detect intraductal papilloma
of the breast.”®

The characteristic ultrasound finding of a papilloma is a solid
mural nodule within a dilated duct. Other features include an
intracystic mass or a well circumscribed hypoechoic solid mass.
Ductal dilation may be the only finding in a small papilloma.
The vascular pedicle within the mural nodule can often be iden-
tified on color Doppler imaging. Ductography may show an in-
traluminal filling defect, ductal dilation, ductal wall irregularity,
and distortion. Atypical papillomas may have imaging features
similar to benign papillomas, and the diagnosis is usually based
on histopathology.

Differentiating benign from malignant papillary lesions can
be difficult. A nonparallel orientation, echogenic halo, posterior
acoustic enhancement, and associated microcalcifications are
reported to be more frequent in malignant lesions.8°

Fig. 6.18 (Continued) (e) On shear wave imaging
the central portion of the lesion is not color
coded (arrow), consistent with the strain elas-
tography findings of simple fluid. The other wall
of the lesion and solid components has a Vs
maximum of 5m/s (75 kPa), suggestive of a
malignant lesion and more suspicious than the
strain findings. (f) The quality map confirms that
the portion not color coded in the shear wave
image (e) has poor-quality shear waves. In the
areas with high Vs on the shear wave image the
shear wave quality is good. (g) On a different
shear wave system the cystic portion also does
not color code (arrow), consistent with strain and
the other shear wave system. The rim has areas
of stiffness measuring up to 4.2 m/s (52 kPa), less
suggestive of malignancy than the other shear
wave system.

Diam
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A classification based on the relationship between the mass
and the duct on sonography has been proposed; type I, intralu-
minal mass; type II, extraductal mass; type III, purely solid
mass; type IV, mixed. Type I was subdivided into intraductal
type, intracystic type, and solid type with an anechoic rim, de-
pending on the degree of expansion and filling of the duct by
the mass.8!

This lesion has the appearance of a complex cystic lesion on
conventional ultrasound. The SE demonstrates that the an-
echoic portion of the lesion is low-viscosity fluid because a
bull’s-eye artifact is present. The “solid” component of the mass
is stiffer than surrounding tissue with an E/B ratio and strain
ratio (lesion to fat ratio) suggestive of a benign lesion. Based on
the SE finding the lesion can be a complicated cyst with adher-
ent debris or high-viscosity fluid as the “solid” components or a
benign complex cystic lesion. The SWE findings are not con-
cordant with the SE findings because the “solid” component
has elevated Vs.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have a 2-95% chance of malig-
nancy (~ 0% on SE; 2-95% on SWE).

A
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6.19 Case 19: Papillary Lesion—
Intraductal Papilloma

6.19.1 Clinical Presentation

The patient is a 37-year-old woman who presents with a palpa-
ble right retroareolar mass and occasional white discharge.
Mammography was not performed.

6.19.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.19a) an isoechoic, well circum-
scribed, wider than taller lesion is identified. The lesion does
not have internal blood flow on color Doppler imaging
(» Fig. 6.19b). The lesion was classified as BI-RADS category 3
based on the conventional ultrasound findings.

On strain imaging (> Fig. 6.19¢) the lesion is more conspicu-
ous and stiffer than the surrounding breast tissue. The E/B ratio
is 0.95. The lesion has a score of 3 on the 5-point color scale
(» Fig. 6.19d). The strain ratio (lesion to fat ratio) is 3.8 (not
shown). On shear wave imaging the lesion has a maximum Vs

of 3.5m/s (38 kPa) on one system (> Fig. 6.19e) and a Vs of
2.1 m/s (14 kPa) on a different system (> Fig. 6.19f), both sug-
gestive of a benign lesion.

6.19.3 Diagnosis

Intraductal papilloma. The lesion was biopsied with a 12-gauge
vacuum-assisted needle under ultrasound guidance. The path-
ology was intraductal papilloma and mild stromal fibrosis.

6.19.4 Discussion

Classifying papillary lesions of the breast on core biopsy is chal-
lenging. Although traditionally all such lesions were surgically
excised, at present, conservative management of benign lesions
is being advocated; therefore, accurately classifying papillary le-
sions on core biopsy is all the more imperative. The change in
diagnoses from core biopsy to surgical excision according to sub-
specialist training in breast pathology and interobserver agree-
ment between specialized breast pathologists and nonbreast
pathologists in classifying these lesions has been studied.32

Fig.6.19 (a) At the site of the palpable abnor-
mality B-mode imaging identifies an isoechoic,
well circumscribed, wider than taller lesion. (b)
On power Doppler imaging the lesion does not
have blood flow. (c) On strain imaging the lesion
(yellow line) is stiffer than surrounding tissue with
an E/B ratio of 0.95. The lesion has increased
conspicuity on strain imaging compared to B-
mode imaging. The lesion has a score of 3 on the
5-point color scale. (d) The same image as in (c)
using a color map (blue is stiff). Choice of the
color map (colors or gray scale) is a personal
preference. We prefer the gray scale map—we
believe we can better define the lesion with a
gray scale because there are not marked color
changes in some areas with small changes in
stiffness. The lesion is marked with the yellow
line. (Continued)



Clinical Cases: Benign Lesions

This lesion does not contain a cystic component. The SE find-
ings of an E/B ratio of 0.95, a score of 3 on the 5-point scale, and
a strain ratio of 3.8 are all suggestive of a benign finding. The
SWE finding of Vs of 3.5m/s (38 kPa) are also suggestive of
a benign lesion. The SE and SWE findings are concordant. In
this case it is appropriate to consider downgrading the lesion to
BI-RADS 2.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have an approximately 0%
chance of malignancy.

6.20 Case 20: Papillary Lesion—
Intraductal Papillomatosis

6.20.1 Clinical Presentation

The patient is a 64-year-old woman who was diagnosed at an
outside facility with a 7mm lobular mass in the right breast
on ultrasound. The ultrasound was performed for increased

Fig. 6.19 (Continued) (e) On shear wave imaging
the lesion has increased stiffness to surrounding
breast tissue with a Vs of 3.5m/s (38 kPa),
suggestive of a benign lesion similar to the strain
elastography findings. (f) Shear wave imaging on
a different system also demonstrates the lesion
has a Vs suggestive of a benign lesion.

epth=0.7 cm

density on a screening mammogram. The lesion was classi-
fied as BI-RADS 4A at the outside facility, and biopsy was
recommended.

6.20.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.20a) a 0.9 cm well circumscribed
hypoechoic lesion with some angular margins is identified.
There was a question of microcalcifications within the mass.
On color Doppler imaging there is a small amount of internal
blood flow (> Fig. 6.20b). The lesion was classified as BI-RADS
category 4A.

On strain imaging (> Fig. 6.20c) the lesion is stiffer than
adjacent breast tissue with an E/B ratio of 0.96. The lesion
has a score of 3 on the 5-point color scale and a strain ratio
(lesion to fat ratio) of 3. On shear wave imaging
(» Fig. 6.20d) the Vs of the lesion is 3 m/s (27 kPa), with ad-
jacent fatty tissue having a Vs of 1.3 m/s (6 kPa). On a differ-
ent shear wave system (> Fig. 6.20e) the lesion had a Vs of
3.4m/s (33 kPa), with the adjacent fatty tissue having a Vs of
1.5m/s (8 kPa).
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+-Vs=3.36 m/s
> 1.1 cm

Fig.6.20 (a) On B-mode imaging the lesion is a
9mm well circumscribed, isoechoic, irregular
mass (arrows). (b) On color Doppler there is
some flow within the lesion. (c) On strain imaging
the lesion is stiffer than surrounding breast
tissue. The lesion measures 9.2 mm on B-mode
(yellow line) and 8.8 mm on elastography (green
line) with an E/B ratio of 0.96. On the 5-point
color scale the lesion has a score of 3. (d) On
shear wave imaging the lesion has a Vs max of
3m/s (27 kPa) compared with the background
fatty tissue with a Vs max of 1.3 m/s (7 kPa). The
shear wave findings are concordant with the
strain findings of a benign lesion. (e) Shear wave
imaging on a different system has similar results.
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6.20.3 Diagnosis

Intraductal papillomatosis, apocrine metaplasia, proliferative fi-
brocystic changes with typical duct epithelial hyperplasia, and
nodular stromal fibrosis. The lesion was biopsied using a 12-
gauge vacuume-assisted needle under ultrasound guidance. The
pathology was intraductal papillomatosis, apocrine metaplasia,
proliferative fibrocystic changes with typical duct epithelial hy-
perplasia, and nodular stromal fibrosis.

6.20.4 Discussion

Multiple or peripheral papillomas arise in the terminal ductal
lobular units. The basic histopathological features are similar to
those of central papillomas, but ductal epithelial cells are more
frequently associated with hyperplasia, atypia, DCIS, or invasive
carcinoma, as well as with sclerosing adenosis or a radial scar.
There is an increased risk of carcinoma in these patients that is
related to the presence of proliferative epithelial change. Clini-
cally, patients commonly present with palpable masses. Multi-
ple papillomas are usually found bilaterally, and recurrence
after surgical treatment is more common.”® Mammographic
findings of multiple papillomas are variable and include round,
oval, or slightly lobulated well circumscribed or spiculated
masses with or without calcifications, foci of microcalcifica-
tions, clusters of nodules, and asymmetric density. On sonogra-
phy, multiple papillomas are seen as round, oval, or lobulated
circumscribed solid masses or complex masses.33

This lesion has all benign characteristics on SE, an E/B ratio of
0.96, a score of 3 on the 5-point color scale, and a strain ratio
(lesion to fat ratio) of 3. The SWE findings are also suggestive of
a benign lesion with Vs of 3.4m/s (33 kPa) or less. The SE and
SWE findings are concordant. It is appropriate to consider
downgrading this lesion from BI-RADS category 4A to BI-RADS
category 3. Further studies are needed to determine if it is ap-
propriate to downgrade the lesion to BI-RADS category 2.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have an approximately 0%
chance of malignancy.

6.21 Case 21: Papillary Lesion—
Intraductal Papilloma

6.21.1 Clinical Presentation

The patient is a 60-year-old woman referred for ultrasound
evaluation of a new 1cm lesion on screening mammography.
The mammogram was classified as BI-RADS 0, and an ultra-
sound was advised for further workup.

6.21.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.21a) a 1.3 cm hypoechoic well
circumscribed lesion with some angular margins in the retro-

Fig.6.21 (a) The new mass identified on mam-
mography is a 1cm well circumscribed hypo-
echoic lesion with some lobulations. (b) On
power Doppler imaging there is some internal
blood flow noted. (c) On strain elastography the
lesion has similar stiffness as the surrounding
glandular tissue making it hard to calculate the E/
B ratio (yellow lines). The E/B ratio is estimated at
0.9. The lesion has a score of 2 or 3 on the 5-
point color scale. Because the lesion stiffness is
similar to glandular tissue the lesion is most likely
benign. (Continued)
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areolar region of the right breast is identified. There is a
small amount of blood flow in the lesion on color Doppler
imaging (> Fig. 6.21b). The lesion was calcified as BI-RADS
category 4A.

On SE (> Fig. 6.21c) the lesion is similar in stiffness to the sur-
rounding glandular breast tissue. The E/B ratio is 0.9. The lesion
has a score of 3 on the 5-point color scale. The strain ratio (le-
sion to fat ratio) is 2.4. On shear wave imaging (> Fig. 6.21d) the
lesion has a Vs of 3m/s (27 kPa); however, on the quality map
(» Fig. 6.21e) the majority of the lesion is coded yellow, indicat-
ing the shear waves generated were not adequate for Vs estima-
tion. On a different shear wave system (> Fig. 6.21f) the lesion
is not color coded, consistent with the poor-quality map in
> Fig. 6.21e. The Vs (<4.5m/s; 60 kPa) is not elevated in the
surrounding tissue.

6.21.3 Diagnosis

Intraductal papilloma. The lesion was biopsied with a 12-gauge
vacuum-assisted needle. The pathology was intraductal papillo-

Fig.6.21 (Continued) (d) On shear wave imaging
the lesion has a Vs of 3 m/s (27 kPa) concordant
with the strain findings of a benign lesion. (e) The
quality map has areas of yellow (poor quality) in
the central portion of the lesion. The shear wave
findings should be used with low confidence. (f)
Shear wave imaging of the lesion on a different
system has the lesion not color coded, consistent
with poor-quality shear waves as noted in the
other shear wave system (d.,e).

ma. The patient underwent a surgical excision of the lesion that
confirmed the diagnosis.

6.21.4 Discussion

Papillary lesions can be broadly categorized as benign or malig-
nant. Benign papillary lesions include a solitary intraductal
papilloma, multiple intraductal papillomas, and atypical ductal
hyperplasia within a papilloma. Malignant papillary lesions in-
clude DCIS arising in a papilloma, papillary DCIS, intracystic or
encapsulated papillary carcinoma, solid papillary carcinoma, in-
vasive papillary carcinoma arising in an intracystic papillary
carcinoma, and invasive papillary carcinoma.8*

Solitary papillomas arise from a large central duct, are more
common in perimenopausal women, and present with nipple
discharge. Multiple papillomas are usually peripheral lesions
arising from the terminal duct lobular unit. These are less com-
mon, occur in a younger age group, and present as a palpable
mass. Both can be associated with proliferative and high-risk le-
sions, such as radial scars, and with an increased risk of cancer.
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Patients with a solitary papilloma without atypia have a two-
fold greater risk of cancer, whereas those with multiple papillo-
mas have a threefold relative risk.8>86

The SE findings in this case are all suggestive of a benign etiol-
ogy. The E/I ratio is 0.9, the strain ratio is 2.4, and the lesion has
a score of 2 on the 5-point color scale. The SWE findings are in-
determinate, with the lesion having a poor-quality map on one
SWE system and not color coding on the other system. The find-
ings of poor-quality map and non-color coding in SWE are often
seen in malignant lesions. Therefore this author would consider
the findings to be nonconcordant; as a result,downgrading the
lesion from BI-RADS category 4A would be inappropriate.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have an approximately 0%
chance of malignancy on SE, but it is indeterminate on SWE.

6.22 Case 22: Phyllodes Tumor

(Case courtesy of Professor Alexander Mundinger, Osnabrunk,
Germany.)

6.22.1 Clinical Presentation

A 54-year-old woman presented with a palpable mass in the
right breast. The patient had a mammogram that confirmed the
presence of a large mass in the right breast. Ultrasound was
performed for additional characterization of the lesion.

6.22.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.22a, b) a 3.7 cm heterogeneous
well circumscribed lobular mass is identified. Skin thickening of
the breast was noted. On power Doppler (> Fig. 6.22¢) no blood
flow is identified within the lesion. The lesion was classified as
a BI-RADS 4B lesion.

On shear wave imaging (> Fig. 6.22d, e) the lesion color co-
des blue with a Vs of 3.5m/s (35 kPa). Strain imaging was not
performed.

6.22.3 Diagnosis

Phyllodes tumor. The lesion was biopsied under ultrasound
guidance with a pathology diagnosis of cystosarcoma phyllodes.
The patient had the lesion surgically resected. It was very cellu-
lar and a size of 17 cm.

6.22.4 Discussion

Phyllodes tumor is a rare fibroepithelial neoplasm accounting
for less than 1% of all breast tumors.8” It is believed the tumor is
underdiagnosed by pathologists and undertreated by sur-
geons.38 Phyllodes tumors are rare breast tumors that, like fi-
broadenomas, contain two types of breast tissue: stromal (con-
nective) tissue and glandular (lobular and ductal) tissue. They
are most common in women in their 30s and 40s but can be
found in women of any age. The patients usually present with a
painless mass, which can grow quickly and stretch the skin.

These tumors are often difficult to distinguish from fibroade-
nomas on imaging tests and on small sample biopsies. The cyto-
logical features differentiating fibroadenomas from phyllodes
tumors have been described.8? Phyllodes tumors are classified
as benign, malignant, or borderline. These tumors behave
differently. Phyllodes tumors are usually treated by surgical re-
moval. Recurrence is common if the lesion is not completely re-
moved. They do not respond to hormone therapy and are less
likely than most breast cancers to respond to radiation therapy
or the chemotherapy drugs normally used for breast cancer.
Less than 5% of phyllodes tumors metastasize. Those that meta-
stasize are often treated like sarcomas.?°

High-grade phyllodes tumors may contain sarcomatous ele-
ments such as chondrosarcoma, osteosarcoma, and leiomyosar-
coma. The margins of these lesions may become less defined.
Metastatic lesions may likewise exhibit sarcomatous elements,
even when the primary lesion did not.”> Prognosis is poor for
lesions containing sarcomatous elements because they tend to
follow the behavior of sarcomas.

On mammography, phyllodes tumors appear as lobulated,
round, or oval masses. They are usually noncalcified and well

Fig.6.22 (a) B-mode imaging demonstrates a
3.7 cm lobular well circumscribed heterogeneous
R mass identified as the palpable mass. (b) B-mode
j image at a different location demonstrates the
heterogeneity of the large lesion. (c) On power

! Doppler imaging no blood flow is identified
within the lesion. (Continued)
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Fig. 6.22 (Continued) (d) On shear wave imaging the lesion has a low Vs of 3.4 m/s (35 kPa), suggestive of a benign lesion. (e) Shear wave imaging with
demonstrating the placement of regions of interest (ROIs) to obtain measurements. The measurements include the mean value within the ROI, the
maximum value within the ROI, the minimum within the ROI as well as the standard deviation of the measurements within the ROI. Most papers use the
maximum value within the lesion to characterize the lesion. With the use of the color map the area with highest stiffness can be identified visually and

an ROI placed at this location. Multiple ROIs can be used.

circumscribed. On sonography, phyllodes tumors are usually
well defined, solid masses with heterogeneous internal echoes,
without posterior acoustic attenuation.®® Tumor size, irregular
shape, internal nonenhanced septations, slitlike changes in
enhanced images, and signal changes from T2-weighted to en-
hanced images on MRI have been reported to correlate signifi-
cantly with the histologic grade.92 No reports are present in the
literature on the elastographic appearance of phyllodes tumors.
In this case the tumor is soft with a Vs of 3.5 m/s (35 kPa). How-
ever, it is expected that some of these tumors, like fibroadeno-
mas, would have stiffness values significantly higher within the
range seen in malignant lesions. It is unknown if the stiffness
value of the tumor would predict the behavior or pathology of
the tumor.

Phyllodes tumors and fibroadenomas are the most com-
mon benign breast tumors. They arise from intralobular fi-
brous tissue as a unique lesion, and after a period of time
they differentiate in two directions: to fibroadenoma and to
phyllodes tumors. Fibroadenomas grow up to 2 to 3cm and
then stop growing, but phyllodes tumors grow continually,
sometimes to 40 cm. Both these lesions have epithelial and
stromal components. Clinically fibroadenomas are well cir-
cumscribed, hard, oval, movable lesions. They can be solitary,
multiple, unilateral, and bilateral. They are hormone-de-
pendent changes because they change their own consistency
during menstrual cycle and gravidity. The most commonly
used histologic classification consists of two types: pericana-
licular and intracanalicular. Phyllodes tumors represent
about 1% of all breast tumors. Starting as fibroadenomas in
an intralobular stromal component they show continuous
growth, and biologically they can be benign, borderline, or
malignant.?3

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have an approximately 0%
chance of malignancy.

6.23 Case 23: Mastitis—Mastitis
with Abscess Formation

6.23.1 Clinical Presentation

A 68-year-old woman presented with a new palpable mass in
the left breast. On diagnostic mammogram performed the same
day a 3 cm irregular mass was identified. The mammogram was
classified as BI-RADS category 0, and ultrasound was advised
for further workup.

6.23.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.23a) there is an irregular 4cm
complex-appearing mass corresponding to the palpable mass
and mammographic abnormality. The mass has well defined
borders and a hyperechoic rim. On color Doppler imaging
(» Fig. 6.23b) the lesion has adjacent blood flow but no internal
blood flow. The lesion was classified as BI-RADS category 4A.

On SE (> Fig. 6.23c) the mass is very soft with a thick stiff rim
around the lesion. The lesion has a score of 2 on the 5-point col-
or scale. The E/B ratio is> 1. The strain ratio (lesion to fat ratio)
of the central area is 1.2 and 5 in the rim. On shear wave imag-
ing (> Fig. 6.23d) the lesion has a similar appearance, with a soft
center (kPa 15) and a stiff rim (with a maximum kPa value of
63). The appearance is similar on a different shear wave imag-
ing system (> Fig. 6.23e).
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Fig. 6.23 (a) B-mode image of the palpable mass demonstrates a 4 cm irregular, heterogeneous mass corresponding to the mammographic abnormality.
(b) On power Doppler imaging there is peripheral blood flow but no internal blood flow. (c) On strain elastography the lesion has a very soft center with a
thick stiff rim. (d) On shear wave imaging the hypoechoic lesion has a low Vs of 2.2 m/s (15 kPa). The stiff rim noted on strain elastography has a Vs of
4.5m[s (62 kPa). (e) Shear wave imaging on another shear wave system has similar findings as (d), a soft central area with a stiff, thick rim.

6.23.3 Diagnosis

Mastitis with abscess formation. The lesion was biopsied using
a 12-gauge vacuum-assisted needle. The pathology was chronic
and acute mastitis with abscess formation.

6.23.4 Discussion

Mastitis is inflammation of the breast that may be either infec-
tious or noninfectious in origin. Infectious mastitis is most
commonly acute, occurs during lactation, and may progress to

tissue necrosis and abscess formation. Patients with acute puer-
peral mastitis have localized edema and erythema of the breast
with pain, tenderness, warmth, fever, and leukocytosis. A puru-
lent nipple discharge may be present.%*

Acute mastitis may also occur in nonlactating patients
(nonpuerperal mastitis). These patients often have underly-
ing duct ectasia or breast cysts. The inflammation in these
patients may be chemical rather than infectious due to rup-
ture of ectatic ducts or cysts. Secondary bacterial infection
may supersede.%*
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Ultrasound findings include edema, skin thickening, and an
ill-defined mass. Hypoechoic areas representing an abscess cav-
ity can be seen. Color Doppler may demonstrate regional in-
creased blood flow.

The elastographic findings in mastitis are very soft areas
representing abscess cavities and stiff areas representing the in-
flammation and edema. Mastitis can have an elastographic ap-
pearance suggestive of a malignancy. Mastitis and fat necrosis
are often false-positives for malignancy on elastography. It is
rare that cancers have a very soft central area on elastography
because liquefied necrosis is an uncommon finding in breast
cancer. Mastitis should be a major consideration when elastog-
raphy identifies a stiff lesion that appears larger on the elasto-
gram and has a soft central area.

In this case the conventional imaging demonstrates an irreg-
ular mass with hypoechoic areas and some adjacent blood flow.
The region around the mass is slightly hyperechoic. These find-
ings are nonspecific and can be seen in malignant lesions as
well as in mastitis. In the appropriate clinical setting of a lactat-
ing patient with other clinical signs of mastitis these findings
are sufficient to assume a diagnosis of mastitis and treat the pa-
tient and follow up clinically. However, in the postmenopausal
patient presented here, malignancy must be considered. The
elastographic features in this case with a soft central area and
thick stiff surrounding rim are more characteristic of mastitis

than a malignancy.!® In this case aspiration of the soft central
area to confirm pus is the appropriate next diagnostic step. Core
biopsy is not required if pus is aspirated on FNA.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we assign the lesion a >95% chance of malignancy (>95% on SE;
2 to 95% on SWE). However, we consider this soft center and
stiff rim as a special case suggestive of mastitis.

6.24 Case 24: Mastitis—Mastitis
with Abscess Formation

6.24.1 Clinical Presentation

A 43-year-old woman presents with a painful palpable breast
mass. The patient had a mammogram at an outside facility that
demonstrated a 2 cm left breast mass corresponding to the pal-
pable abnormality. The mammogram was classified as BI-RADS
category 0, and ultrasound was advised for further workup.

6.24.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.24a) there is an irregular mass
that has an ill-defined hyperechoic rim. On color Doppler imag-

Fig.6.24 (a) On B-mode imaging there is an
irregular 2.5 cm hypoechoic mass. There is a
vague hyperechoic rim around the lesion. (b) On
color Doppler imaging there is a small amount of
peripheral blood flow. (c) On the B-mode image
the lesion measures 24.1 mm (yellow line left
images) and 34.2 mm (yellow line right images)
on SE with an E/B ratio of 1.4, suggestive of a
malignant lesion. There is a small softer area
within the lesion (arrow). (d) The strain ratio of
the periphery of the lesion is 10.7, suggestive of a
malignant lesion. (continued) (e) The strain ratio
of the softer central area is 2, which is
significantly different than the rim of the lesion
(d). (f) On shear wave imaging there are similar
findings of a softer central area with a Vs of

0.8 m/s (8.5 kPa) and a stiff outer rim with a Vs of
4.5m/s (60 kPa). (Continued)

Distance Ratio
=1.42

04-D1=34.2 mm
3:D2=24.1 mm

Strain Ratio =10.68
+ROI 1=0.235 %
03:ROI 2=0.022 %
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Strain Ratio =2.00
+ROI 1=0.260 %
HD3¢ROI 2=0.130 %

+Q-Box™
Mean ©60.1kPa

Min 36.8kPa
Max 78.6kPa
SD 9.6kPa
Diam 3.0mm

XQ-Box™
Mean 8.5kPa
Min 3.9kPa
Max 13.3kPa
SD 1.7kPa
Diam 3.0mm

Fig. 6.24 (Continued) (e) The strain ratio of the softer central area is 2, which is significantly different than the rim of the lesion (d). (f) On shear wave
imaging there are similar findings of a softer central area with a Vs of 0.8 m/s (8.5 kPa) and a stiff outer rim with a Vs of 4.5m/s (60 kPa).
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ing (> Fig. 6.24b) there is a small amount of adjacent blood
flow. The lesion was classified as BI-RADS category 4C.

On SE (> Fig. 6.24c) the lesion is stiffer than surrounding tis-
sue with an E/B ratio of 1.4 suggestive of a malignant lesion.
There is a small softer area (white) within the lesion. To semi-
quantify the stiffness of the two areas within the lesion the ra-
tios of the areas to fat were calculated. The outer stiffer area has
a lesion to fat ratio of 10.7 (> Fig. 6.24d), whereas the softer
area has a lesion to fat ratio of 2 (> Fig. 6.24e). On shear wave
imaging (> Fig. 6.24f) the lesion has a similar appearance with
the outer stiffer area having a Vs of 4.5m/s (60 kPa), whereas
the center soft area has a Vs of 0.8 m/s (8.5 kPa).

6.24.3 Diagnosis

Mastitis with abscess formation. The soft portion of the lesion
was aspirated using a 20-gauge needle under ultrasound, and
5mL of frank pus were obtained. The patient was placed on
antibiotics and the palpable mass resolved. The pathology of
the lesion was moderate chronic active inflammation, focal
fibrosis, and abscess formation.

6.24.4 Discussion

The pathophysiology and B-mode finding of mastitis are dis-
cussed in Case 6.23.

In this case an irregular hypoechoic mass with angular mar-
gins and a hyperechoic rim are demonstrated on B-mode imag-
ing. There is peripheral blood flow noted on color Doppler. The
appearance on conventional ultrasound is a BI-RADS category
4C lesion. When harmonic imaging is used there is significant
shadowing from the lesion (B-mode image with elastogram,
» Fig. 6.24c). The lesion is larger on elastography than on
B-mode imaging and has a central soft area (white), although
not as prominent as seen in Case 6.23. The strain ratio (lesion to
fat ratio) confirms that the rim is 10 times stiffer than fat,
whereas the central area is only 2 times stiffer than fat. The
findings are confirmed with shear wave imaging. Note that the
stiffest areas of the lesion or surrounding tissue have stiffness
values more suggestive of a malignancy than a benign lesion.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would assign this lesion a > 95% chance of malignancy. How-
ever, this pattern of a soft center and surrounding stiff rim is
considered a special case, and mastitis should be considered.

6.25 Case 25: Mastitis—Mastitis
without Abscess Formation

6.25.1 Clinical Presentation

A 45-year-old woman presented to her doctor with a palpable
breast mass. An ultrasound obtained at an outside facility diag-
nosed a 3 mm simple cyst as the palpable abnormality (BI-RADS
category 2). The referring doctor believed the mass was much
larger, and the patient was sent for a second-look ultrasound
with elastography.

6.25.2 Ultrasound Findings

Second-look B-mode ultrasound (> Fig. 6.25a) confirms the
presence of the 3 mm cyst at the site of the palpable abnormal-
ity. The study was classified as BI-RADS category 3.

On SE (> Fig. 6.25b) there is a 1.5 cm stiff area in the area of
the palpable mass that is not well seen on B-mode imaging. In
this image with harmonics turned on there is shadowing
without a definite mass. The area of shadowing corresponds to
the stiff are on SE. An elastogram of the cyst (> Fig. 6.25c¢)
demonstrates a bull’s-eye artifact confirming the diagnosis of
a benign cyst. On color Doppler (> Fig. 6.25d) there is general-
ized increased blood flow in the area. Because the lesion is
identified only on SE, a biopsy was performed under SE guid-
ance (> Fig. 6.25e). Shear wave imaging was not performed in
this case.

6.25.3 Diagnosis

Mastitis without abscess formation. The specimen from the 12-
gauge vacuum-assisted strain ultrasound-guided biopsy was
mastitis without abscess formation on pathology.

6.25.4 Discussion

As illustrated by this case, some lesions that are not visual-
ized on B-mode imaging can be identified with elastography.
Mastitis without abscess formation may present with inflam-
mation only, which may not be readily apparent on B-mode
imaging. This inflammatory change is readily apparent on
elastography because it significantly increases the stiffness
value of the tissue. In cases where the elastogram demon-
strates the lesion significantly better than B-mode imaging,
elastography can be used in ultrasound-guided FNA or core
biopsy of the lesion.

In this case a benign finding is present at the site of the clin-
ically identified abnormality (palpable mass). However, the
finding of a 3 mm cyst does not account for the clinical abnor-
mality, and additional workup is required. Both strain and shear
wave imaging were able to locate the “mass” felt on palpation
and characterize the lesion and provide image guidance for
biopsy of the lesion.

A probability of malignancy based on the proposed elastogra-
phy classification system (similar to the BI-RADS classification)
presented in Chapter 5 is not possible because an E/B ratio,
strain ratio, and shear wave imaging were not able to be accu-
rately calculated or not performed.

6.26 Case 26: Mastitis—Chronic
Granulomatous Mastitis
(Case courtesy of Dr. Chandler Lulla, RIA Clinic, Mumbai, India.)

6.26.1 Clinical Presentation

A 34-year-old woman presents with recurring breast granu-
lomatous mastitis and discharging sinuses.
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6.26.2 Ultrasound Findings

B-mode imaging (> Fig. 6.26a) demonstrates a 2.2cm ill-de-

fined heterogeneous mass. On color Doppler imaging
(» Fig. 6.26b) there is increased blood flow surrounding the le-
sion. The lesion was classified as BI-RADS category 4C.

On SE (> Fig. 6.26¢) the lesion is stiffer than surrounding tis-
sues and is larger than on B-mode imaging. On strain imaging
(» Fig. 6.26d) using a color map with red as hard the lesion and
surrounding tissue are stiffer than surrounding tissue.

6.26.3 Diagnosis

Chronic granulomatous mastitis (tuberculosis).

6.26.4 Discussion

Granulomatous inflammatory lesions of the breast can be a rare
secondary complication of many conditions such as tuberculo-

Fig.6.25 (a) B-mode imaging over the palpable
abnormality in a 45-year-old woman. The 3 mm
cyst is much smaller than the palpated mass.
There is some subtle increased echogenicity
around the cyst. (b) On strain elastography there
is a larger stiff area adjacent to the cyst. With
harmonic imaging on the B-mode image there is
shadowing from the area of increased echoge-
nicity. The size of the stiff lesion on strain
elastography is similar to the size of the palpable
abnormality. (c) A strain image in a slightly
different location confirms the presence of a cyst
with the bull’s-eye artifact (arrow). (d) On power
Doppler imaging there is significant diffuse
increased blood flow in the area of the elasto-
graphic abnormality. (e) Because the lesion is
seen well only on strain elastography, the area
was biopsied under elastographic guidance. Solid
arrows point to the needle positioned with the
stylet deployed and the stiff abnormality (dotted
arrow) within the trough of the needle.

sis and other infections, sarcoidosis, and Wegener granuloma-
tosis. Patients present with a palpable mass, nipple retraction,
pain, inflammation of the overlying skin, nipple discharge, fis-
tula, or enlarged lymph nodes. Peau d'orange skin changes
rarely occur.

On B-mode ultrasound granulomatous mastitis is usually
either a heterogeneous hypoechoic mass or an ill-defined hy-
poechoic mass. Multifocal abscess and enlarged lymph nodes
can be seen. The imaging findings are often suspicious for
malignancy.9>

As opposed to the other cases of acute mastitis presented, this
case of chronic mastitis has the additional finding of skin involve-
ment. No soft areas suggestive of abscess formation are identi-
fied. The granulomatous process with chronic mastitis in general
is stiffer than the inflammatory process seen in acute mastitis.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a >95% chance of malignancy.
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6.27 Case 27: Surgical Scar—
Benign Surgical Scar

6.27.1 Clinical Presentation

The patient is a 71-year-old woman with a history of invasive
ductal cancer with lumpectomy 1 year prior. A 3 x2 cm mass is
present at the site of surgery. No old post-lumpectomy films
are available for comparison. The patient believes the scar has
been changing recently. The mammogram was classified as a
BI-RADS category 0, and an ultrasound was advised for further
workup.

6.27.2 Ultrasound Findings

The B-mode image (> Fig. 6.27a) at the site of the abnormality
demonstrates a 2.9 x 3 cm markedly hypoechoic irregular mass
with marked shadowing consistent with a surgical scar. This is
at the site of the patient’s prior lumpectomy. On power Doppler
(» Fig. 6.27b) there is some blood flow in the proximal portion
of the surgical scar. The lesion was classified as BI-RADS cate-
gory 3.

On the strain elastogram (> Fig. 6.27¢) the scar is of mixed
stiffness but appears stiffer than the surrounding fatty tissue.
There is no increased stiffness at the site of the increase vascu-
larity on color Doppler. Note the artifact in the mid to posterior

Fig.6.26 (a) On B-mode imaging there is a

2.2 cm ill-defined heterogeneous lesion. Corre-
sponding to the area of chronic mastitis. (b) On
color Doppler imaging there is increased blood
flow surrounding the abnormality. (c) On strain
elastography the area is stiff compared with the
surrounding tissue. The lesion is larger on the
elastogram than the B-mode image. (d) Strain
imaging using a color map with red as stiff. Again
demonstrating the lesion is stiffer than adjacent
tissue.

portion of the scar. This artifact is caused by the lack of B-mode
signal due to the marked shadowing. The E/B mode ratio is 1.4;
however, the right side (on image) of the elastogram may not
correspond to the true lesion because the conspicuity on the
elastogram is poor. With the use of VTI (strain imaging with AR-
FI) at a slightly different location the lesion appears smaller
on the elastogram (> Fig. 6.27d). The artifact from B-mode
shadowing is again noted. Note that the artifact as a different
appearance (more black) than the artifact on the strain imaging
using the manual displacement technique. This is due to differ-
ences in the algorithm between the manual displacement and
VTI techniques. An area of increased stiffness was noted during
evaluation of a different location of the scar (> Fig. 6.27e). Note
that in this image the scar is soft but the slightly hyperechoic
area adjacent to the scar is stiff. The surrounding fatty tissue is
very soft (white). On shear wave imaging (> Fig. 6.27f) a por-
tion of the proximal scar is soft (blue) with a Vs of 1.8 m/s (10
kPa), whereas the area of increased stiffness on strain has a Vs
of 2.4m/s (17 kPa). The majority of the scar is not color coded
because shear waves are not detected within the area of shad-
owing. This may be because the monitoring B-mode signals are
too weak to evaluate the displacement caused by the shear
wave, or a shear wave is not generated. On 3D shear wave imag-
ing (> Fig. 6.27g) the portions of the lesion that have adequate
shear waves within the lesion are coded soft (1.8 m/s), whereas
the central portion of the scar is not color coded.
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6.27.3 Diagnosis

Dense fibrocollagenous scar with remote focal hemorrhage,
negative for malignancy. Vacuum-assisted ultrasound-guided
biopsies were taken of the area with increased vascularity
(proximal portion of lesion) as well as the area of stiffness next
to the scar. Pathology confirmed surgical scar. Both specimens
showed no evidence of malignancy.

6.27.4 Discussion

This case is typical of surgical scars. The surgical scar is rela-
tively soft with shear wave velocities of 1.8 to 2.9 m/s (10-25
kPa). This result is unexpected because the lesions are often
perceived as very stiff on manual palpation. Surgical scars often
have intense shadowing, which leads to artifacts on strain
imaging and non-color coding on shear wave imaging. It is im-
portant to evaluate the surrounding tissue for areas of relative
stiffness. Areas of increased stiffness are of concern for residual
or recurrent tumor. On shear wave imaging these areas will
have Vs suggestive of a malignancy. If residual tumor or recur-
rence occurs within the area of dense shadowing it will not be

Fig.6.27 (a) B-mode image of the palpable mass
at the site of prior lumpectomy measuring
2.9x3 cm markedly hypoechoic irregular mass
with marked shadowing. (b) On power Doppler
imaging there is blood flow present in the
proximal portion of the lesion felt to be the
patient surgical scar. (c) On strain elastogram the
scar (yellow line) is of mixed stiffness and appears
stiffer than the surrounding fatty tissue. There is
no increased stiffness in the area of increased
blood flow on power Doppler imaging. Note the
artifact (arrows) in the mid and posterior portion
of the scar. This artifact is caused by the lack of B-
mode signal due to the marked shadowing. The
E/B ratio is 1.4. (d) On Virtual Touch imaging
(VTI, Siemens) (strain imaging using acoustic
radiation force impulse [ARFI]) at a slightly
different location demonstrates the elastogram

. lesion to be smaller than the B-mode image.

. Note the artifact from shadowing (arrows), which
has a different appearance than on strain imaging
using manual displacement. (e) A strain image
using manual displacement method demon-
strates a very stiff area (yellow line) adjacent to
the surgical scar. On the corresponding B-mode
image the area is hyperechoic. (Continued)

identified on either SE or SWE. However, most recurrences oc-
cur at the margins of the scar and should be able to be identi-
fied with elastography. Minimal published results are available
for surgical scars.

In this case the proximal area of increased blood flow is
concerning for recurrence, although elastography demon-
strated these areas as soft on both strain and shear wave
imaging, correctly predicting a benign pathology. The area of
relative stiffness adjacent to the scar is identified on both
strain and shear wave imaging. On strain the area is stiffer
than the scar and adjacent tissues, but we can’t assess if it is
stiff enough to be suggestive of a malignancy. However, on
shear wave imaging a quantitative measure suggestive of a
benign pathology is obtained that correlates with the biopsy
pathology. The area of increased stiffness was denser breast
tissue that is stiffer than the adjacent fatty tissue and in this
case stiffer than the scar tissue. Thus the area is the stiffest
tissue in the strain imaging FOV and is therefore colored
blacker. However, with the quantitative measurement on
shear wave imaging the tissue is soft enough to be suggestive
of benign tissue.
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Fig. 6.27 (Continued) (f) On shear wave imaging the field of view (FOV) box cannot cover the entire surgical scar. The FOV box can be placed at
different locations to evaluate the entire scar. It is helpful to always include some normal breast tissue in the FOV for reference. The portions of the
lesion that color code are soft with low Vs values. Other areas do not code secondary to the marked shadowing. B-mode tracking pulses in the areas of
marked shadowing cannot identify the tissue movement of the shear wave due to the lack of signal. (g) Three-dimensional shear wave image of the
scar allows for visualization of the shear wave results through the whole lesion.

Because it is important to evaluate all the tissue surround-
ing the surgical scar the use of 3D elastography is helpful in
confirming that all surrounding tissue is evaluated. Unfortu-
nately, in most surgical scars the intense shadowing will not
allow accurate evaluation of tissues within or distal to the
shadowing.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a>95% chance of malignancy. (>95% on
SE and ~ 0 on SWE).

6.28 Case 28: Surgical Scar—
Surgical Scar with Recurrence

6.28.1 Clinical Presentation

A 52-year-old woman with a history of invasive ductal cancer
presents for routine yearly screening mammography. The pa-
tient is status postsurgical resection 5 years prior and has had
chemotherapy and radiation. The patient believes the surgical
scar is changing. The mammogram was interpreted as BI-RADS
category 3.

6.28.2 Ultrasound Findings

On B-mode image (> Fig. 6.28a) at the site where the patient
believes the scar is changing the surgical scar is identified as an
irregular hypoechoic mass. Adjacent to the scar is a 2 cm irregu-
lar hypoechoic mass without shadowing. A better evaluation of
the smaller lesion is presented in » Fig. 6.28b. On power Dop-
pler (> Fig. 6.28b) the scar does not have visualized blood flow;

however, the smaller lesion has significant internal blood flow.
The ultrasound was classified as BI-RADS category 4B.

On SE (> Fig. 6.28c,d) the larger surgical scar is relatively soft,
whereas the adjacent vascular nodule is very stiff and is larger
on the elastogram, with an E/B mode ratio of 1.2 highly sugges-
tive of recurrent neoplasm. SWE is not available for this case.

6.28.3 Diagnosis

Invasive ductal carcinoma, surgical scar. Patient underwent a
vacuume-assisted biopsy with a 12-gauge needle of the smaller
stiff nodule and the adjacent larger lesion. The larger lesion was
a benign surgical scar, whereas the adjacent smaller lesion was
invasive ductal cancer.

6.28.4 Discussion

Surgical scars are relatively soft opposed to the finding on clin-
ical palpation where they “feel” very stiff. However, residual or
recurrent tumors are very stiff and can be identified attached to
or adjacent to the surgical scar by their relative stiffness. When
evaluating a surgical scar imaging of the entire surgical scar and
surrounding tissue should be performed. In this case the pa-
tient was able to locate the recurrence by the change in the sur-
gical scar allowing for targeting of the elastographic evaluation.
Because most scars have significant shadowing recurrences
within the areas of shadowing, including distal to the scar, can-
not be evaluated with elastography. Because no studies have
been published the accuracy of elastography on detection of re-
currence is not available.

Shear wave imaging is not available for this case. For areas of
residual or recurrent tumor Vs values of greater than 4.5m/s
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(60 kPa) would be expected. The use of 3D shear wave is helpful
to screen the scar and surrounding tissue for areas of increased
stiffness suspicious for recurrent tumor.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion would have a>95% chance of malignancy.

6.29 Case 29: Fat Necrosis
6.29.1 Clinical Presentation

The patient is a 58-year-old woman with a recent (3 months)
lumpectomy for invasive ductal cancer in her left breast. The
patient believes the surgical scar is increasing in size. On mam-
mography a surgical scar is noted, but no previous postoperati-
ve films are available for comparison. The mammogram was
classified as BI-RADS category 0, and an ultrasound was advised
for further workup.

6.29.2 Ultrasound Findings

On B-mode image (> Fig. 6.29a) there is a heterogeneous
lesion that is mostly hyperechoic with one adjacent hypo-

Fig.6.28 (a) B-mode image of a 52-year-old
woman at the site of a lumpectomy scar
demonstrates a 2 cm irregular hypoechoic mass
with some through transmission adjacent to the
surgical scar (not included in image). (b) Power
Doppler image of the nodule demonstrates a

i1 significant amount of internal blood flow. The
relationship of the nodule to the patient’s
surgical scar (arrows) is demonstrated in this
image. (c) On strain imaging the nodule (upper
yellow line) is very stiff with an E/B ratio of 1.2,
suggestive of a recurrence or new malignancy.
The surgical scar (lower yellow line) is soft on
elastography. (d) Strain imaging in another
location confirms the stiffness of the nodule
(dotted line) adjacent to the soft surgical scar.

echoic area. The lesion borders are indistinct. There is
some internal blood flow noted on color Doppler imaging
(> Fig. 6.29b). The lesion was classified as BI-RADS category
4B.

On SE (> Fig. 6.29c¢) the lesion is stiffer than surrounding tis-
sue, with an E/B ratio of 0.9. However, it is difficult to determine
the exact size of the lesion on B-mode imaging due to indistinct
borders. The measurement was made based on the refractive
shadowing artifacts on the B-mode image. Strain imaging on a
different system using a color scale with red as soft and blue as
hard (> Fig. 6.29d) has similar findings. The lesion has a score of
2 on the 5-point color scale. The strain ratio (lesion to fat ratio)
was 1.2 (> Fig. 6.29e); that is, the lesion is 1.2 times stiffer
than fat. The SE findings are concordant, suggestive of a be-
nign lesion.

On shear wave imaging (> Fig. 6.29f) the lesion has a Vs of
7.6 m/s (175 kPa) compared to a Vs of adjacent normal tissue of
1.7 m/s (9 kPa). On a different shear wave system (> Fig. 6.29g)
the lesion again has a central area of higher stiffness of Vs of
6.6 m/s (128 kPa), with the remainder of the lesion having a
stiffness of Vs 4.8 m/s (70 kPa). The SWE findings on both ma-
chines are suggestive of a malignancy.
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6.29.3 Diagnosis

Organizing fat necrosis. A vacuum-assisted 12-gauge core biop-
sy of the lesion was performed. The pathology was focal reac-
tive fibrosis and organizing fat necrosis.

6.29.4 Discussion

Fat necrosis can be seen after surgery, radiation therapy, or
trauma. Pathologically, hemorrhage within fat evolves into
cystic degeneration that can be associated with calcifications
and eventually continues toward fibrosis and scar formation.
Patients with fat necrosis are usually asymptomatic but can
present with a palpable mass that can be tender. These lesions
can often be diagnosed by classic mammographic classic ap-
pearance of oil cysts and dystrophic calcifications.

On sonography the appearance of fat necrosis varies accord-
ing to the chronicity of the process. The appearance can range
from a solid mass, complex mass with mural nodules or echo-
genic bands, to an isoechoic or anechoic mass with or without
shadowing or posterior acoustic enhancement. Increased echo-

Fig.6.29 (a) The B-mode image of a 58-year-old
with a recent lumpectomy for invasive ductal
carcinoma (IDC) demonstrates a heterogeneous
lesion that is mostly hyperechoic with an adjacent
hypoechoic area. (b) There is some internal blood
flow within the lesion on color Doppler evalua-
tion. (c) On strain elastography the lesion is stiffer
than surrounding tissue. The lesion measures
19.2mm (yellow line) on B-mode and 17.2 mm
on SE (green line ) with an E/B ratio of 0.9,
suggestive of a benign lesion. The lesion (or least
a portion of the lesion) is more conspicuous on
the elastogram. (d) The same lesion in (c) using a
color map with blue as stiff. On this system,
which requires a mild displacement technique, a
scale is provided that allows monitoring of the
frequency and amount of tissue displacement
while acquiring the elastogram. (Continued)

genicity of the subcutaneous fat and hyperechoic lesion almost
always indicates a benign finding. However, varying degrees of
fibrosis may give the appearance of a malignancy.9

Fat necrosis is one lesion that can be false-positive on both SE
and SWE.18 A detailed study of fat necrosis appearance on elas-
tography has not been performed. The appearance on elastog-
raphy is variable with some cases being very soft and others
being very stiff as in this case. The elastic properties of fat
necrosis may vary depending on the chronicity of the lesion.
When there is acute inflammation associated with the fat ne-
crosis, the stiffness should increase similar to that seen in
mastitis.

In this case the strain findings (E/B ratio and strain ratio) are
suggestive of a benign lesion. On the 5-point color scale the le-
sion would be classified with a score of 2, given there are both
soft and stiff regions in the lesion, although the stiff compo-
nents dominate. On both shear wave systems the lesion codes
as being very stiff, well within the malignant range. The quality
measure of the shear wave image was good (green). Whenever
SE and SWE give discordant results an explanation based on
principals of those techniques should be sought. If one cannot
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Fig. 6.29 (Continued) (e) The strain ratio (lesion to fat ratio) is calculated at 1.2, suggestive of a benign lesion. (f) On shear wave imaging the lesion has
a high Vs of 7.6 m/s (175 kPa), suggestive of a malignant lesion. (g) Shear wave imaging on a different system has similar results to that in (f).

be identified, the more suspicious findings should be used in
characterizing the lesion. Both fat necrosis and mastitis can
give false-positive elastography results, and if other imaging
modalities or the clinical presentation are diagnostic of one
of those lesions the elastography results should not overrule
that diagnosis.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion would have a>95% chance of malignancy (~ 0% on SE
and >95% on SWE).

6.30 Case 30: Fat Necrosis—
False-Positive Fat Necrosis

6.30.1 Clinical Presentation

A 68-year-old woman with a history of lumpectomy for an in-
vasive ductal carcinoma presents with a change in the surgical

scar. The mammogram demonstrates dystrophic calcification
suggestive of fat necrosis. The mammogram was classified as
BI-RADS category 3.

6.30.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.30a) the lesion is a complex heter-
ogeneous dumbbell-shaped lesion with shadowing. On color
Doppler imaging (> Fig. 6.30b) there is some peripheral blood
flow but no adjacent internal blood flow. The lesion was classi-
fied as BI-RADS category 4A.

The strain elastogram (> Fig. 6.30c) taken in a different plane
demonstrates the lesion to have an E/B ratio of 1.8, suggestive
of a malignant lesion. Note that there is marked shadowing on
the B-mode image. There is artifact in the elastogram (circle in
» Fig. 6.30d) caused by a lack of returning ultrasound signal for
the algorithm to determine changes due to the compression/de-
compression cycle (de-correlation). Shear wave imaging is not
available in this case.
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Fig.6.30 (a) B-mode image demonstrates a complex heterogeneous lesion with shadowing. (b) There is some color Doppler flow noted adjacent to
the lesion, but no flow within the lesion. (c) On strain elastography the lesion is stiffer than the adjacent breast tissue, and the lesion has an E/B mode
ratio of 1.8, suggestive of a malignant lesion. (d) Note the artifact (circle) caused by the shadowing from the mass. If the B-mode signal is minimal due
to shadowing this artifact is produced. (e) In a different patient with fat necrosis, the strain elastogram demonstrates that the fat necrosis (yellow
lines) is mostly very soft. This shows the varied appearance of fat necrosis as compared to the first patient, where the fat necrosis is very stiff. (f) In the
same patient as in (e), the shear wave elastogram also codes the area of fat necrosis as soft with a Vs of 2.6 m/s (20 kPa).
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6.30.3 Diagnosis

Fat necrosis. The lesion was biopsied with a 12-gauge vacuum-
assisted core needle. Pathology was organizing fat necrosis with
dystrophic calcifications and no evidence of malignancy.

6.30.4 Discussion

The pathophysiology and B-mode findings of fat necrosis are
discussed in Case 6.29. In this case the lesion has an E/B mode
ratio suggestive of a malignant lesion. The dense shadowing in
this case causes a de-correlation artifact. The algorithm evalu-
ates the frame-to-frame changes in tissue signal during the
compression/decompression cycle. If no returning ultrasound
signal occurs when there is marked shadowing, the algorithm
can not calculate a stiffness value in this area, and a mixed pat-
tern of black and white blotches code this area.

In this case the mammographic findings were highly sugges-
tive of fat necrosis. Because fat necrosis is often false-positive
on both stain and shear wave imaging, the elastography results
in this case should not increase the BI-RADS score given on
mammography.

Fat necrosis can have a varied appearance on elastography.
The difference in appearances may be related to the chronicity
of the condition. In a different patient with fat necrosis, the
strain elastogram (> Fig. 6.30e,f) codes the lesion as very soft
with an appearance similar to a hematoma. On shear wave
imaging this lesion has a stiffness of Vs of 2.6 m/s (20 kPa). The
two cases presented here demonstrate the two extremes that
can be seen in fat necrosis with shear wave imaging.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion would have a>95% chance of malignancy.

6.31 Case 31: Hematoma
6.31.1 Clinical Presentation

A 69-year-old woman presents with a new palpable right breast
mass. Previous mammograms were negative (BI-RADS category
1). No history of trauma.

6.31.2 Ultrasound Findings

A well-circumscribed hypoechoic mass with through transmis-
sion and some internal echoes is identified on B-mode image
(» Fig. 6.31a) corresponding to the palpable mass. The lesion is
taller than wider. On color Doppler evaluation of the mass
(» Fig. 6.31b) there are some peripheral vessels but no internal
blood flow. The lesion was classified as BI-RADS category 4A.

On strain elastography (> Fig. 6.31¢,d) the lesion has a fine
stiff rim and is soft centrally. The lesion is smaller on the elasto-
gram (E/B ratio of 0.9). A bull’s-eye artifact is not identified. On
VTi (strain imaging with ARFI) (> Fig. 6.31e) the lesion has a
similar appearance to strain elastography with a soft (white)
center and a stiffer rim.

On shear wave imaging the central area of the lesion is
coded very soft or is not coded in this case (> Fig. 6.31f).
There is an area of increased stiffness surrounding the central

softer area with the Vs of 2.8 m/s (24 kPa) within the range
of benign lesions. On SWE the lesion has poor shear wave ge-
neration centrally in the area that is not color coded on the
quality map (> Fig. 6.31g). Elsewhere the lesion is soft with
Vs values of less than 2.8 m/s. On another shear wave system
the majority of the lesion is not color coded with slight in-
crease in stiffness with Vs of 4.1 m/s (50 kPa) adjacent to the
lesion (> Fig. 6.31h).

6.31.3 Diagnosis

Hematoma. The lesion was aspirated with a 20-gauge needle
and resolved after aspiration. The aspirated material was old-
appearing blood. On pathology the aspirated material was old
blood without evidence of malignancy.

6.31.4 Discussion

Hematomas are typical after surgery, image-guided biopsy, or
trauma, but they can occur spontaneously, particularly if the
patient is on anticoagulant therapy. The age of the blood prod-
ucts determines the imaging appearance of the lesion. A hyper-
acute hematoma may appear as a simple cyst on B-mode imag-
ing, which rapidly becomes a complicated cyst. Eventually all
hematomas will have the appearance of a complicated cyst with
internal debris and a thick echogenic wall. They are avascular,
and any vascularity in the lesion should raise the question of an
associated lesion and a malignancy should be excluded. Mural
nodularity and septa are common.%

In general the bull's-eye artifact or BGR appearance is not
seen with hematomas. Even when the hematoma is anechoic
there is enough viscosity in the lesion to prevent the occurrence
of these strain artifacts. If the hematoma is chronic and the flu-
id within the lesion is mostly serous with or without some free-
floating debris the lesion may have the cyst artifact appearance.
As in this case the usual appearance on SE is a soft (white) le-
sion with a stiff (black) fine wall.

On shear wave imaging the hematoma will usually allow for
generation of shear waves regardless of chronicity. The lesion
will usually color code as soft (blue). As seen in > Fig. 6.31f in
the areas that are not color coded the quality measure is poor.
The poor generation of shear waves may be due to multiple in-
terfaces within the hematoma, allowing for reflection of the
shear waves leading to decreased signal to noise and rejection
of color coding of the area.

If there is a stiff area within or adjacent to the soft hematoma,
the possibility of a second lesion should be considered. In this
situation a malignancy should be excluded.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5 the
lesion would have an approximately 0% chance of malignancy.

6.32 Case 32: Hematoma—False-
Positive on E[B Ratio
6.32.1 Clinical Presentation

The patient is a 77-year-old woman with a thickening in her
right breast. A diagnostic mammogram identifies a 6 cm right
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Fig.6.31 (a) On B-mode imaging the palpable mass is a well circumscribed, taller than wider, complex cystic lesion. There is through transmission.
The echoes in the posterior portion of the lesion do not change on repositioning of the patient. The E/B ratio is 0.9, suggestive of a benign lesion. (b)
On power Doppler imaging there is some peripheral blood flow but no internal blood flow. (c) Strain elastography demonstrates a soft (white) lesion
(solid arrow) with a thin surrounding black rim (dotted arrow). A bull’s-eye artifact is not identified. (d) Strain elastography at a different position again
confirms the lesion is soft (white) with a rim of stiffness. No bull’s-eye artifact is identified. (e) Using Virtual Touch Imaging (VTI, Siemens) (strain
imaging using acoustic radiation force impulse [ARFI]) we get similar findings to strain imaging with manual displacement, a soft (white) center with a
circumferential stiff rim. (Continued)
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breast mass corresponding to the thickening new from her pri-
or mammogram 3 years prior. The mammogram was classified
as BI-RADS category 0, and an ultrasound was advised for fur-
ther workup.

6.32.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.32a) there is a well circumscribed
7 cm hypoechoic lesion with through transmission. Refractive
shadowing is noted at the periphery of the lesion. Color Dop-
pler imaging (> Fig. 6.32b) demonstrates a small amount of ad-
jacent blood flow but no internal or peripheral blood flow. The
lesion was classified as BI-RADS category 3.

On strain elastography (> Fig. 6.32c) there is a thin stiff
(black) rim with a softer (white) center. The lesion to fat ratio is
1.07, suggestive of a benign lesion (> Fig. 6.32d). The E/B ratio is
1.11 (» Fig. 6.32e). On shear wave imaging (> Fig. 6.32f) the le-
sion is soft with a Vs of 3.2 m/s (30 kPa).

6.32.3 Diagnosis

Hematoma. The lesion was aspirated with a 20-gauge needle.
The fluid was visually old blood that was confirmed on pathol-
ogy. There was no evidence for malignancy.

Fig. 6.31 (Continued) (f) On shear wave imaging a
portion of the center of the lesion does not color
code (arrow). Otherwise the center codes with
low Vs of 1.2m/s (7 kPa) with the rim of higher
Vs of 2.8 m/[s (24 kPa). (g) The quality map
confirms that there are poor-quality shear waves
generated in the central portion of the mass. This
is most likely representative of simple fluid given
the B-mode findings. (h) Shear wave imaging on
a different system does not code a larger area of
S the central portion of the lesion (arrow). The
stiffer rim is noted with teal color coding.

6.32.4 Discussion

This case is similar to Case 6.31, except that regions of the le-
sion wall are not well defined. On strain imaging the lesion has
the classic appearance of a hematoma with a soft center (white)
with a fine stiff (black) rim seen only on anterior and lateral
margins in this case. The lack of the stiff rim in the other areas
may be secondary to the lesion being more acute and a well
formed wall has not yet occurred. The bull’s-eye or BGR pat-
terns do not occur because the contents are too viscous to allow
the conditions needed to have the artifact. The lesion to fat ratio
is 1.07, demonstrating that the lesion is minimally stiffer than
fat and benign. In this case the E/B ratio is 1.1, suggestive of a
malignant lesion. However, the markedly soft appearance of the
lesion should suggest this is a false-positive finding. The false-
positive finding in this case may be due to the wall of the lesion
not being well defined. On the 5-point color scale this lesion
would be classified as a 1 (benign). When a lesion has a score of
1 or 2 on the 5-point color scale the E/B ratio can be difficult to
measure, and the lesion should be considered benign.

This lesion is too large for the FOV available for shear wave
imaging. In this situation shear wave imaging can be performed
in a selected region. The FOV should be placed to include some
surrounding tissue to evaluate for a stiff ring around the lesion.
Repeat measurements with the FOV moved to all areas of the
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Fig.6.32 (a) At the site of the mammographic
abnormality there is a well circumscribed 7 cm
hypoechoic mass with through transmission. (b)
On power Doppler imaging there is some blood
| flow in adjacent tissue but no peripheral or
internal blood flow. (c) On strain elastography the
central portion of the mass is soft (white) with a
stiff rim around the lesion. A bull’s-eye artifact is
not identified. (Continued)

lesion should be performed to exclude a stiffer area within or
adjacent to the lesion.

Shear wave imaging is limited by depth because the ARFI
push pulse is attenuated as it transverses through tissue. In
general shear wave imaging in the breast is limited to 4 to 5cm
depth. In this case a shear wave measurement at the posterior
border of the lesion could not be obtained. As a general rule SE
is not limited in depth for breast elastography because one can
adjust the amount of compression/release to be appropriate for
the depth of the lesion. This may lead to a poor elastogram in
other areas. For example, on systems that use the minimal mo-
tion technique the patient can be asked to breathe more deeply
to increase the compression/release motion if it is not sufficient
for an optimal strain elastogram.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have an ~ 0% chance of malignancy.

6.33 Case 33: Pregnancy Changes
—Pregnancy-Related Changes

6.33.1 Clinical Presentation

A 29-year-old patient, 32 weeks pregnant, presents with an en-
larging palpable mass in the left breast over a month. Mam-
mography was not performed.

6.33.2 Ultrasound Findings

Over the palpable mass a heterogeneous hypoechoic mass is
identified with relatively well defined borders (> Fig. 6.33a).
There is increased blood flow in both the lesion and the sur-
rounding tissues on color Doppler (> Fig. 6.33b). The lesion was
classified as BI-RADS category 3.

On SE (> Fig. 6.33c) the lesion blends in with surrounding tis-
sues or may be slightly stiffer in some areas. The stiffness of the
lesion is therefore similar to adjacent benign tissue. The lesion
has a score of 2 on the 5-point color scale. On SWE
(» Fig. 6.33d) the lesion is soft with a Vs of 1.9m/s (12 kPa),
whereas background tissue has a Vs of 2.1 m/s (14 kPa).

6.33.3 Diagnosis

Pregnancy-related changes. Because both the SE and SWE fea-
tures were benign, biopsy was not performed. The mass re-
solved completely after delivery. The mass was felt to represent
pregnancy changes.

6.33.4 Discussion

During pregnancy the ductal-lobular-alveolar system under-
goes considerable hypertrophy, and prominent lobules are
formed under hormonal stimulation. Ultrasound of the breast
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Fig. 6.32 (Continued) (d) Measuring the strain ratio (lesion to fat ratio) the central portion is 1.1. The rim is too small to obtain an accurate strain ratio.
(e) The lesion measures 27.3 mm on B-mode (yellow line) and 30.4 mm on SE (green line). The E/B ratio is 1.1, suggestive of a malignant lesion, in
contradiction to the overall appearance, which is soft. This lesion would have a score of 1 or 2 on the 5-point color scale. (f) Due to the large size of the
lesion shear wave imaging has to be performed in segments. In this representative sample the lesion as well and the rim have a low Vs of 3.2 m/s (30 kPa).

during pregnancy is characterized by diffuse, inhomogeneous,
hypoechogenicity due to lobular hyperplasia and duct dilation.
Palpable masses that occur during pregnancy include breast
cancer, mastitis with or without abscess formation, lactating
adenoma, galactocele, lobular hyperplasia, and fibroadenoma.?’
Ultrasound is the first choice for examination of pregnancy-
related breast lesions. Mammography is limited during preg-
nancy secondary to increased breast density and tenderness,
limiting compression. Any suspicious lesions found on ultra-
sound are usually recommended for ultrasound-guided biopsy.
In a study with a small number of patients, all lesions classified
as BI-RADS 2 or BI-RADS 3 were found to be benign on biopsy.%”
Galactoceles can have a varying appearance from that of a simple
anechoic cyst, a lobulated, fat-fluid level mass, or masses with
internal heterogeneous echoes. In these lesions the Bull’'s-eye ar-
tifact is helpful in characterizing the lesion as a benign cystic le-
sion. However, if the viscosity of the fluid within the galactocele
is high a bull's-eye artifact may not be identified, and lesions
will code as soft on both strain and shear wave imaging. Well
circumscribed solid lesions that can be detected during preg-
nancy include lactating adenomas and fibroadenomas. Elastog-
raphy can help characterize these lesions for appropriate follow-
up. An elastogram suggestive of a benign etiology can increase
confidence of watching the lesion, whereas an elastogram sug-
gestive of a malignancy increases suspicion leading to a biopsy.

Mastitis with or without abscess can have a varied appear-
ance on B-mode imaging. Increased vascularity is usually
present but can also be seen with malignant lesions. On elastog-
raphy the inflamed breast from mastitis is stiff and can lead to
a false-negative diagnosis. The area of increased stiffness is usu-
ally larger than the B-mode findings. If an abscess is present
this codes very soft on both SE and SWE. A soft necrotic center
is rare in breast cancer. The appearance of a very soft central
area with a very stiff thick rim should raise the suspicion of
mastitis with abscess.

Breast cancers in pregnancy will have elastographic features
similar to those in the nonpregnant patient, which are de-
scribed in detail in Chapter 7. Abnormal SE or SWE features
should increase suspicion of a malignancy even if the B-mode
characteristics are less suspicious.

In this case the lesion cannot be measured accurately in the
strain elastogram so that an accurate E/B ratio cannot be ob-
tained for lesion characterization. The use of the 5-point color
scale can be used if the FOV is selected to include fat and pec-
toralis muscle to accurately set the relative color scale used in
strain imaging. The strain ratio (lesion to fat ratio) can also be
used to help characterize the lesion. In these situations where
the B-mode properties of the lesion are very dissimilar from ad-
jacent normal tissue (hypoechoic to background tissue) and the
elastic properties are similar (lesion is not clearly identified on
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Fig.6.33 (a) The enlarging palpable mass on B-mode imaging is a partially well circumscribed, heterogeneous hypoechoic lesion with septations. The
posterior portion of the lesion is less well defined. (b) On power Doppler imaging there is marked increased blood flow within the lesion as well as in
the surrounding tissue. (c) On strain elastography the lesion is of slightly higher stiffness than surrounding tissue. The borders of the lesion are not well
defined. An accurate E/B ratio can therefore not be obtained. (d) On shear wave imaging the lesion has a similar low Vs of 1.9 to 2.1 m/s (11-14 kPa),
suggestive of a benign lesion.

elastography) shear wave imaging is helpful in increasing confi-
dence that the lesion is benign.

In this case, the abnormality that resolved after delivery most
likely represented lobular changes of pregnancy (although this
was not biopsied). These changes are usually hypoechoic and
have an irregular appearance and may be characterized as BI-
RADS 3 or BI-RADS 4A. The addition of elastography can be
helpful in determining if the lesion can be watched (downgrade
of BI-RADS score) when the elastogram is suggestive of a benign
lesion or if a biopsy is required when the elastogram is sugges-
tive of a malignancy (upgrade of BI-RADS score). The elasto-
graphic findings of a benign lesion on both strain and shear
wave imaging in this case increased confidence to monitor the
lesion and not perform a biopsy.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter
5 the lesion would have an approximately 0% chance of
malignancy.

6.34 Case 34: Pregnancy Changes
—Lactating Fibroadenoma

6.34.1 Clinical Presentation

A 25-year-old patient who is 20 weeks present presents with a
palpable mass in the left breast. The mass has been increasing

in size during the pregnancy. Ultrasound was requested as the
initial imaging modality.

6.34.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.34a) an 8.6 cm well circumscribed,
slightly hypoechoic, wider than taller lesion is identified. On
color Doppler (> Fig. 6.34b) there is a large peripheral vessel
and internal blood flow noted. The lesion was classified as BI-
RADS category 3.

SE (> Fig. 6.34c) was performed at the periphery of the lesion
secondary to the large size of the lesion. The lesion is stiffer
than adjacent glandular tissue and appears to be smaller on the
elastogram than on the B-mode image. The strain ratio (lesion
to fat ratio) was 4. On shear wave imaging (> Fig. 6.34d) the le-
sion has a Vs of 2.2 m/s (15 kPa).

The patient returned 1 year later (7 months postpartum) for
follow-up. At that time the lesion had decreased to 5.6cm in
maximum length on B-mode imaging (> Fig. 6.34e). The lesion
now had areas that were hyperechoic (> Fig. 6.34f) and a mac-
rocalcification (> Fig. 6.34h). On strain imaging (> Fig. 6.34g)
the lesion is now softer than the surrounding breast tissue.
Strain imaging in a different location (> Fig. 6.34h) demon-
strates the lesion to fat ratio is 2.4. The macrocalcification is
noted at this level and codes extremely stiff on the elastogram.
SWE (> Fig. 6.34i) at the site of the macrocalcification demon-
strates the macrocalcification is extremely stiff with Vs of
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Fig. 6.34 (a) The large palpable mass is found to be an 8.6 cm well circumscribed relatively homogeneous mass on panoramic B-mode imaging. (b) On
color Doppler imaging there is some internal blood flow and a large vessel parallel to the lesion surface. (c) Due to the large size of the lesion obtaining
strain elastography can be problematic. In order to have adequate color scale dynamic range, a portion of the lesion and portions of the surrounding
breast tissue are required. If a strain elastogram is performed with only the lesion in the field of view (FOV), no useful information is obtained. In this
case all the tissues within the FOV will be similar, and the determination of the relative stiffness of the lesion cannot be assessed. In this case the E/B
ratio cannot be calculated. Assignment of a score on the 5-point color scale is difficult, but because the mass appears smaller on the elastogram a
score of 3 would be assigned. However, the mass is stiffer than the adjacent breast tissue. A strain ratio (lesion to fat ratio) can be obtained and is 4.
(d) As in strain imaging the lesion is too large for adequate evaluation with one shear wave imaging FOV. The FOV has to be placed serially over

different portions of the mass. In shear wave imaging the inclusion of adjacent breast tissue is not as critical as in strain imaging because a quantitative

measurement is obtained. (Continued)

9.7m/s (>180 kPa). Distal to the calcification no color coding
occurs because the ARFI push pulse is attenuated by the calcifi-
cation and/or the intense shadowing does not allow for the B-
mode tracking pulses to monitor the tissue displacement of the
shear wave. Another location in the lesion (> Fig. 6.34j) has Vs
of 1.6 m/s (9 kPa). Shear wave imaging on a different system at
a different location demonstrates Vs of 1.5 m/s (7 kPa).

6.34.3 Diagnosis

Lactating fibroadenoma. The lesion was biopsied using a 12-
gauge vacuume-assisted core needle under ultrasound guidance
at time of initial presentation. The pathology was a lactating
fibroadenoma.

6.34.4 Discussion

Lactating fibroadenoma is a benign condition representing the
most prevalent breast lesion in pregnant women and during
puerperium, usually appearing during the third trimester of
gestation and regressing spontaneously after delivery. Lactating
fibroadenomas are benign stromal alterations and felt to be
tubular adenomas with lactational changes.%8 Necrosis and

hemorrhage are not prominent features, occurring in only 5% of
cases. Lactating fibroadenomas are not thought to carry an in-
creased risk of breast carcinoma.?

The physiological changes occurring in the breast during
pregnancy and lactation make the detection and management
of breast abnormalities challenging. Routine ultrasound or
mammography screening in asymptomatic pregnant women is
not indicated. However, ultrasound should be performed for a
pregnant or lactating patient with a palpable mass, presence of
bloody nipple discharge, persistent axillary adenopathy, suspi-
cious abscess or inflammatory disease, and pagetoid alterations
of the nipple. Ultrasound can identify simple or complicated
cysts, galactoceles, lymph nodes, as well as solid masses in the
breast.

Our patient presented with a large palpable mass. The ultra-
sound findings of a well circumscribed mass with internal
blood flow can be identified in both benign and malignant le-
sions. The appearance of a lactating adenoma can be identical
to a fibroadenoma. The major clinical problem of a mass identi-
fied in a pregnant or lactating woman is characterizing the
mass as benign or malignant. There are limited studies on the
use of elastography to characterize lesions in pregnancy as be-
nign or malignant, but there is no reason to expect elasto-
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Fig. 6.34 (Continued) (e) The patient returned for follow-up after delivery. The mass has decreased in size to 5.6 cm and become more heterogeneous.
(f) An additional B-mode image demonstrating the heterogeneity of the lesion. (g) On strain elastography the mass is now softer than adjacent tissue,
significantly different than in the initial presentation. (h) The strain ratio (lesion to fat ratio) is now 2.4 measuring the stiffest portion of the mass. Note
that a very stiff area is present on the elastogram (arrow) that corresponds to a macrocalcification and should not be used to calculate the strain ratio.
(i) On shear wave imaging the calcification codes very stiff with aVs of 9.7 m/s (>180 kPa) as one would expect. Distal to the calcification no color
coding is present due to the marked shadowing. The lesion has a Vs of 1.6 m/s (9 kPa). (j) Shear wave imaging on a different system at a different
location again demonstrates the lesion has a Vs of<1.5m/s (3.9-7.1 kPa).
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graphic findings would change during pregnancy. There have
been too few studies of elastography performed during preg-
nancy to change the workup of these lesions. However, elasto-
graphic changes suggestive of a malignancy should warrant an
image-guided biopsy of the lesion.

In this case the follow-up study after delivery demonstrates
the lesion has decreased significantly in size and become more
heterogeneous, contains macrocalifications, and has become
softer on elastographic studies. To our knowledge there is
no other literature on the involutional changes of a lactating
fibroadenoma in the literature.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter
5 the lesion would have an approximately 0% chance of
malignancy.

6.35 Case 35: Gynecomastia
6.35.1 Clinical Presentation

The patient is a 90-year-old man presenting with a painful pal-
pable mass in this right breast.
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6.35.2 Ultrasound Findings

On B-mode imaging a 2.3 x 0.7 cm hypoechoic, irregular mass is
identified corresponding to the palpable abnormality
(» Fig. 6.35a). There was moderate blood flow in the lesion on
color Doppler (> Fig. 6.35b). The lesion was classified as BI-
RADS category 3.

Elastography (> Fig. 6.35¢,d) shows the lesion to be of similar
stiffness to background tissue. The use of the copy, mirror, or
shadow function is helpful in confirming the location of the
lesion on the elastogram in this case. Although the E/B
ratio cannot accurately be determined the stiffness of the
lesion is similar to background benign tissue and therefore
also has a high probability of being benign. If the lesion were a

- Vs=3.70 m/s
Depth=0.5 cm

X Vs=1.76 m/s
Depth=0.7 cm

Fig.6.35 (a) The palpable mass is a hypoechoic irregular mass on B-mode imaging. (b) There is significant blood flow within the lesion on power
Doppler imaging. (c) The lesion (yellow line) has similar stiffness to the surrounding breast tissue on strain elastography. (d) On Virtual Touch imaging
(VTi, Siemens) (strain imaging using acoustic radiation force impulse [ARFI]) the lesion is slightly stiffer than the surrounding breast tissue. (e) On shear
wave imaging the mass has a slightly higher Vs of 3.7 m/s (40 kPa) than the surrounding tissue, which has a Vs of 1.8 m/s (10 kPa). (f) On shear wave
imaging the mass has a slightly higher Vs of 3.7 m/s (40 kPa) than the surrounding tissue, which has a Vs of 1.8 m/s (10 kPa).
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malignancy it would display significantly stiffer (black) than the
background tissue. The lesion would have a score of 2 on the 5-
point color scale. The strain ratio (lesion to fat ratio) was not
calculated in this case. On SWE (> Fig. 6.35e,f) the lesion has a
Vs of 3.7 m/s (40 kPa), which is faster than the Vs of background
tissue of 1.8 m/s but still in the range of normal breast tissue.

6.35.3 Diagnosis

Gynecomastia. The lesion was biopsied with a 12-gauge vac-
uum-assisted core biopsy. The pathology was gynecomastia.

6.35.4 Discussion

Gynecomastia is one of the most common diseases of the male
breast. It is a benign proliferation (hypertrophy) of the ductal
and glandular elements in the male breast.?® The diagnosis of
gynecomastia can usually be made based on clinical findings.
However, when the clinical suspicion of gynecomastia is less
certain imaging is often performed. The imaging findings of gy-
necomastia have been categorized into four patterns: (1) nodu-
lar—discrete round or oval hypoechoic area in the retroareolar
region, (2) poorly defined—vague hypoechoic area in the retro-
areolar region, (3) flame shaped—irregular hypoechoic area
with extensions into the surrounding tissue, and (4) increased
anteroposterior depth at the nipple, defined as>1cm depth of
breast parenchyma at the nipple (which may be isoechoic,
hypoechoic, or hyperechoic).9

Carcinoma of the male breast is unusual with a frequency
equaling only about 0.9% of the occurrence of female breast
cancer and 0.2% of all malignancies in men.'° Causes of
gynecomastia include hormones, increased serum estrogen,
decreased testosterone production, androgen receptor defects,
chronic kidney disease, chronic liver disease, human immuno-
deficiency virus treatment, and chronic illness.'®! The peak
incidence is in the fifth and sixth decades. Gynecomastia is not
always readily differentiated from carcinoma by conventional
imaging.%® An eccentric location of the lesion should raise suspi-
cion because this is more pronounced in carcinoma. A B-mode
appearance of an irregular mass with microlobulated margins
should raise the concern of a malignancy. Evaluation of the axil-
la can be helpful as axillary nodal involvement of cancer is seen
in 47% of patients with a malignant lesion.1%2 The pattern of cal-
cifications if present is generally not as diagnostic in men as in
women because the calcifications in male breast cancer often
appear benign.'03

No studies have been published on the accuracy of elastogra-
phy in the diagnosis of gynecomastia versus male breast carci-
noma. In our experience gynecomastia has a similar appearance
to benign glandular tissue in the female patient. On SE the le-
sion has a similar stiffness to surrounding tissue as seen in
» Fig. 6.35¢, d. On SWE gynecomastia has a Vs value similar to
glandular breast tissue in the female patient. The findings in
male breast carcinoma are felt to be similar to those in the fe-
male patient; however, a large study has not been reported to
confirm that the same cutoff values for both SE and SWE will be
similar to those of the female patient.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have an ~ 0% probability of malignancy.

6.36 Case 36: Lipoma
6.36.1 Clinical Presentation

A 49-year-old woman presents with a palpable mass in her
right breast. On mammography the area of the palpable mass is
only fat density. The mammogram was classified as BI-RADS
category 2. The referring doctor ordered a diagnostic ultra-
sound for further evaluation.

6.36.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.36a) a well circumscribed
1.5cm lesion is identified. The lesion has slightly increased
echogenicity over surrounding fat and some through trans-
mission. No blood flow is noted in the lesion on color Dop-
pler imaging (> Fig. 6.36b). The lesion was classified as BI-
RADS category 2.

On SE (> Fig. 6.36¢) the lesion is coded very soft (white).
When a lesion codes similar to fat stiffness on SE, calculation of
the E/B ratio is not required. The lesion would have a score of 1
on the 5-point color scale. The strain ratio (lesion to fat ratio)
was not calculated in this case but would have been expected to
be approximately 1. On shear wave imaging (> Fig. 6.36d) the
lesion has a Vs of<9m/s (2.4 kPa), whereas that of adjacent
fatty breast tissue has a Vs of <9 m/s (2.7 kPa).

6.36.3 Diagnosis

Lipoma. The lesion had fat density on mammography, conven-
tional ultrasound imaging consistent with a lipoma, and
elastography features of a lipoma so the lesion was classified as
BI-RADS 2 and felt to be a benign lipoma.

6.36.4 Discussion

Lipomas are benign overgrowths of adipose tissue. Many pa-
tients with breast lipomas have lipomas elsewhere in the body.
Most lipomas arise within the subcutaneous fat layer but can
occur in any location containing fat. Lipomas usually present as
nontender, soft, mobile, palpable masses. If the lesion is tender
fat necrosis should be considered.

Lipomas are well defined lesions with a thin capsule. The fat
within lipomas is indistinguishable grossly from normal fat lo-
bules that occur in the breast. Lipomas typically have one of
three sonographic appearances: (1) completely isoechoic to
normal fat lobules, (2) mildly hyperechoic to fat lobules, and (3)
isoechoic to fat lobules but having numerous thin, internal
echogenic septa that course parallel to the skin line. The diagno-
sis of lipoma has been suggested by confirming the softness of
the lesion using palpation. The compressibility can be dem-
onstrated by deforming the lipoma in the anteroposterior di-
mension with the ultrasound transducer. Lipomas can usually
compress about 30%.94

The key to diagnosis of a lipoma is its softness. This can be as-
sessed by clinical palpation or by compression with the ultra-
sound transducer. Elastography can provide a more quantitative
method of characterizing a lesion as a lipoma. Although SE is
qualitative it can be used to confirm that a lesion is fat contain-
ing because fat is always the softest tissue in the breast. On
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strain imaging a lipoma will always code as the softest tissue  “stiffer” than the surrounding fat because the dynamic range of
and be similar to adjacent fat lobules. However, it is important  color coding is set to display differences between very soft tis-

Fig.6.36 (a) On B-mode imaging the palpable
mass corresponds to an isoechoic well circum-
scribed mass (white line). (b) On color Doppler
imaging no blood flow is identified within the
lesion. (c) On the strain elastogram the lesion
(circle) is very soft (white) and softer than the
underlying glandular tissue. (d) On shear wave
imaging the lesion has a Vs of <1 m/s (2.4 kPa),
consistent with fatty tissue similar to the adjacent
fatty tissue with a Vs of <1 m/s (2.7 kPa). (e) In a
different patient with a lipoma, the lipoma
appears stiffer than the adjacent breast tissue.
Note that only fatty tissue is included in the field
of view. Therefore the relative stiffness of the
lipoma is greater than the adjacent fatty tissue,
but it is still soft because the dynamic range of
the color scale is set very low at the soft end of
stiffness. The dynamic range of the color scale is
set so that the lipoma is the stiffest tissue, and
the fatty breast tissue is the softest tissue. If we
would have included glandular tissue or the
pectoralis muscle the lipoma would code signifi-
cantly whiter.

to remember that accurate color coding requires a variety of tis-  sues (i.e., all the tissues in the FOV are very soft).

sue types in the FOV. If an elastogram is obtained with only the On shear wave imaging the lesion will code very soft with
lipoma and adjacent fat in the FOV the lipoma may code Vs values similar to the adjacent fat. In general fat has a Vs of
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approximately 1 to 1.4 m/s (3-8 kPa). This method is quantita-
tive and therefore can confirm that the lesion is fatty and be-
nign. Care must be taken not to apply precompression when
performing elastography because this can significantly increase
the Vs of fat.1?

Occasionally lipomas may contain small amounts of lobular
or glandular tissue (adenolipomas), proliferating capillaries (an-
giolipomas), or a spindle cell type. If the nonadipose tissue is
macroscopic in these variants, it may lead to stiffer areas within
the soft lipoma.

Remember that for appropriate color coding the FOV must
contain tissues of varying stiffness. In a different patient with
a lipoma, the lipoma appears stiffer than the adjacent breast
tissue (> Fig. 6.36e). Note that only fatty tissue is included in
the FOV. Therefore the relative stiffness of the lipoma is great-
er than the adjacent fatty tissue, but it is still soft because the
dynamic range of the color scale is set very low at the soft end
of stiffness. The dynamic range of the color scale is set so that
the lipoma is the stiffest tissue and the fatty breast tissue is
the softest tissue. If we would have included glandular tissue
or the pectoralis muscle the lipoma would code significantly
whiter.

[ -

+- D=10.7 mm
»* D=10.6 mm

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion has a 0% probability of malignancy.

6.37 Case 37: Epidermal Inclusion
Cyst/Sebaceous Cyst

6.37.1 Clinical Presentation

The patient is a 56-year-old woman who presents with a new
palpable lump in the left breast at 8 o’clock. The patient has a
history of right mastectomy for invasive ductal cancer. On
mammography no abnormality is identified; however, the
breast is extremely dense. The mammogram was classified as
BI-RADS category 0, and an ultrasound was advised for further
workup.

6.37.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.37a) a well circumscribed 1.2 cm
lesion is identified at the site of the palpable abnormality. The

Fig.6.37 (a) On B-mode imaging the palpable
mass is a well circumscribed anechoic lesion with
a thick wall, refractive shadowing, and decreased
through transmission. (b) On color Doppler
imaging there is a question of a minimal amount
of blood flow in the proximal wall of the lesion.
(c) On strain elastography the lesion (yellow nad
green arrows) is very stiff with a small soft area in
the center. The E/B ratio is 0.99, suggestive of a
benign lesion, but borderline. (d) On shear wave
imaging the lesion has a Vs of 3.9 m/s (45 kPa) in
the proximal portion of the lesion and a Vs of
2.6 m/s (20 kPa) in the anechoic portion of the
lesion. Both are suggestive of a benign lesion and
concordant with the strain results. (e) B-mode
image of a different case not discussed in the text
demonstrates the lesion positioning at the
junction of the dermis and subcutaneous fat
interface. In this case the opening to the skin
surface is clearly identified (arrow).
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lesion is at the interface between the dermis and the subcuta-
neous fat. The lesion has a thick wall with some internal echoes,
mostly in the proximal portion of the lesion. The lesion has
refractive shadowing on the sides and attenuates sound with-
out overt posterior shadowing. On color Doppler imaging
(» Fig. 6.37b) there is a question of a small amount of blood
flow in the proximal portion of the lesions with echoes. The
lesion was classified as BI-RADS category 3.

Strain imaging (> Fig. 6.37c) demonstrates the lesion to be
stiff and have an E/B ratio of 0.99 suggestive of a benign lesion.
Centrally in the elastogram of the lesion there is a small soft
area. On SWE (> Fig. 6.37d) the lesion codes soft (blue) with a
slightly increased Vs of 3.9 m/s (45 kPa) in the proximal portion
of the lesion compared with a Vs of 2.6 m/s (20 kPa) in the
anechoic portion of the lesion.

6.37.3 Diagnosis

Epidermal inclusion cyst. The findings were highly suggestive
of an epidermal inclusion cyst or a sebaceous cyst. The patient
was referred for surgical removal. The pathology on surgical re-
moval was an epidermal inclusion cyst.

6.37.4 Discussion

For this discussion we include both epidermal inclusion
cysts and sebaceous cysts because they are indistinguishable
clinically and on imaging studies, although they have histo-
pathological differences. Epidermal inclusion cysts arise
from the hair follicle, have a wall lined by true epidermis,
and contain keratinous material. Development of a squa-
mous cell malignancy within an epidermal inclusion cyst is
rare.!%4 They may arise spontaneously or result from a prior
trauma (including breast core biopsy).19> These lesions can
present either with a superficial palpable mass, sometimes
with a whitish discharge, or as a well circumscribed lesion
noted on mammography. The lesion may present as a painful
lesion.

On B-mode ultrasound epidermal inclusion cysts appear as
well circumscribed lesions. If the lesion has associated in-
flammation the wall may appear ill defined. The internal
echotexture of epidermal inclusion cysts varies, ranging from
cystic to more hypoechoic and heterogeneous.’% A more
complex or solid appearance is associated with variable
amounts of internal keratinous debris and granulation tissue.
Epidermal inclusion cysts that contain lamellated keratinous
material have a characteristic internal whorled or onion-ring
appearance.'% The presence of a tiny visible opening to the
skin is a helpful sign in diagnosis (> Fig. 6.37e). A whitish dis-
charge from the opening with decompression of the cyst can
occur.

As with the B-mode findings, the elastographic findings
can be variable with the lesion appearing uniformly soft or
uniformly stiff and any combination in between. Although no
studies have been performed the soft lesions most likely have
more fluid contents or may be infected with the soft area repre-
senting pus. Stiffer lesions may be representative of a mass with
greater keratin content. In general the B-mode findings are
more suggestive of the diagnosis, particularly if the tiny linear
opening to the skin is identified. However, if the lesion has a

very stiff component (Vs>4.5m/s; 60 kPa), there is concern
about a superficial breast cancer.

These lesions occur at the junction of the dermal-subcutane-
ous fat interface and are therefore located close to the trans-
ducer. To adequately visualize the lesion a standoff pad or use
of a thick layer of coupling gel is helpful.

On SE the lesion may appear as stiff (black) as in this case or
as a heterogeneous pattern with soft (white) and stiff (black)
areas. If the lesion has a fluid component it will appear soft
(white). Rarely a bull’s-eye artifact can be seen if there is a sig-
nificant fluid component.

On shear wave imaging the lesion will color code as soft (Vs <
4.5m/s; <60 kPa). The color coding may be uniform or hetero-
geneous. In some cases color coding may not occur.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion has an approximately 0% probability of malignancy.

6.38 Case 38: Epidermal Inclusion
Cyst/Sebaceous Cyst

6.38.1 Clinical Presentation

The patient is a 70-year-old woman who was found to have a
new 15mm high-density nodule with possible microcalcifica-
tions in her left breast on routine screening mammography. A
diagnostic mammogram, with spot compression views of the
area, was performed with the lesion persisting. The diagnostic
mammogram was classified as BI-RADS category 0, and an ul-
trasound was advised for further workup.

6.38.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.38a) a lobular, taller than wider,
well circumscribed hypoechoic lesion is identified. There are a
few low-level internal echoes present and some through trans-
mission. The lesion is half within the dermis and half within
the subcutaneous fat. The lesion does have some internal color
Doppler signal (> Fig. 6.38b). The lesion was classified as BI-
RADS category 3.

On SE (> Fig. 6.38c) the lesion is stiffer than the surrounding
breast tissue and has an E/B ratio of 1.4. The lesion has a score
of 5 on the 5-point color scale. The strain ratio is 8.2. On SWE
(» Fig. 6.38d) the lesion is stiffer with a Vs of 2.5m/s (kPa 19)
than the surrounding fatty tissue (Vs 1.1 m/s; <10 kPa).

6.38.3 Diagnosis

Epidermal inclusion cyst. Based on the ultrasound finding the
lesion was felt to be an epidermal inclusion cyst or sebaceous
cyst. The patient was advised to return if the lesion increased in
size, otherwise to return to routine screening mammography.

6.38.4 Discussion

For this discussion we include both epidermal inclusion cysts
and sebaceous cysts because they are indistinguishable clini-
cally and on imaging studies, although they have histopatholog-
ical differences.
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The presentation and characteristics of epidermal inclusion
cysts are discussed in Case 6.37.

On strain imaging this case is a relatively homogeneous le-
sion stiffer than adjacent fat. In this case only skin and subcuta-
neous fat are present in the elastographic FOV. Thus we do not
know exactly how stiff the lesion is because the color coding
dynamic range is very small. We can determine only that the le-
sion is stiffer than the dermis and subcutaneous fat. The E/B ra-
tio in this case is 1.2, suggestive of a malignancy. The lesion is
also taller than wider and has a lobular contour with a few an-
gular margins. This raises the question as to whether this could
be a superficial breast cancer. However, the shear wave imaging
quantifies the stiffness of the lesion at Vs of 2.5m/s (19 kPa),
suggesting a benign lesion. When conflicting results occur, the
most suspicious findings should outweight the less suspicious
findings unless a reason for the suspicious finding is identified
(e.g., precompression increasing the stiffness of the lesion).

Because of the variable contents of epidermal inclusion cysts
or sebaceous cysts their elastographic findings can be quite var-
iable. In another patient (> Fig. 6.38e) on SE the lesion has two
soft areas on the medial portion of the lesion. Note that the two
white areas have an appearance of a bull’s-eye artifact but the
more superior white area does not have the surrounding black
rim. The white regions represent softer components that can be
liquefied material, including pus.

Fig.6.38 (a) The mass noted on screening
mammography is found to be located at the
dermis-subcutaneous fat junction. The lesion is
hypoechoic, taller than wider, and has some
internal echoes. There is a question of a small
opening to the skin surface. Note that coupling
gel is used to create a standoff pad to improve
imaging quality. (b) On power Doppler imaging
there is some internal blood flow within the
lesion. (c) On strain elastography the lesion is
stiffer than surrounding tissue and has an E/B
ratio of 1.2. Note that with the use of the
coupling gel standoff pad an adequate strain
elastogram can be obtained to the skin surface.
(d) On shear wave imaging the lesion has an
increased Vs of 2.5m/s (19 kPa) compared with
the background tissue Vs of 1.1 m/s (7 kPa). (e)
The strain findings in a different case not
discussed in the text of epidermal inclusion cyst
to demonstrate the marked variability of these
lesions on strain imaging. In this case the lesion
has two soft (white) areas located slightly
eccentric in the lesion (arrows). Note the
appearance of the two soft areas is suggestive of
a bull’s-eye artifact, but there is not a black ring
surrounding the upper white spot (upper arrow).

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a>95% probability of malignancy (>95%
on SE and ~ 0% on SWE).

6.39 Case 39: Seroma
6.39.1 Clinical Presentation

A 42-year-old woman, status postbilateral breast reductions 1
year prior to presentation, presents with a palpable mass in her
right breast. A well circumscribed 2.5 cm mass was identified
on diagnostic mammogram. The lesion was classified as BI-
RADS category 0. The patient was referred for diagnostic
ultrasound.

6.39.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.39a) a well circumscribed complex
cystic lesion measuring 2.5 cm is identified at the dermal-sub-
cutaneous fat junction. There is peripheral blood flow noted on
color Doppler (> Fig. 6.39b) but no internal blood flow noted.
The lesion was classified as BI-RADS category 3.

On SE (> Fig. 6.39¢) a bull’'s-eye artifact is identified; how-
ever, the distal white area is not present because the debris in
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the posterior portion of the cyst is depicted as stiff (black) in
the posterior portion of the lesion on the elastogram. Shear
wave imaging is not available for this case.

6.39.3 Diagnosis

Seroma. The lesion was aspirated with a 20-gauge needle under
ultrasound guidance. The lesion completely resolved after aspi-
ration. Pathology was consistent with a benign seroma.

6.39.4 Discussion

Seroma formation is the most frequent postoperative complica-
tion seen after mastectomy and axillary surgery with an inci-
dence of 3 to 85%.197 Seroma after breast surgery is defined as a
serous fluid collection that develops under the skin flaps or in
the dead space following mastectomy and/or axillary dissec-
tion. On imaging most seromas appear identical to complicated
cysts. The amount of internal debris and wall thickening can
vary significantly.

The elastographic findings will be similar to those described
for complicated cysts in Cases 6.2 through 6.7. The elasto-
graphic findings will vary depending on the amount of debris,
nonmobile components, and wall thickening. If the lesion has
minimal internal debris the lesion will have the classic bull’s-
eye appearance or BGR pattern on SE. On shear wave imaging
these types of seromas will not color code. If the seroma has a
significant amount of internal debris that is freely mobile it
may still have the bull’s-eye or BGR pattern on SE and will color
code with a low Vs on SWE. If the fluid within the seroma is
very viscous (uncommon) a bull’s-eye or BGR pattern will not
be identified on SE. This type of seroma will color code with a
low Vs on SWE. If there is a “solid” component within the sero-
ma, the solid (nonmobile) area will code as stiff on SE. The stiff-
ness of the solid component will be quantitatively coded with
SWE.

The ultrasound and elastographic appearance of a seroma
will be identical to that of a complicated cyst. The clinical his-
tory or breast surgery in the location of the lesion will raise
the question of the lesion representing a seroma. On both SE

Fig.6.39 (a) B-mode image demonstrates a well
circumscribed complex cystic lesion measuring
2.5cm at the dermal-subcutaneous fat junction.
(b) There is some adjacent blood flow on power
Doppler imaging but no internal blood flow. (c)
On the strain elastogram a bull’s-eye appearance
is identified without the distal white spot. The
echogenic material in the posterior portion of the
lesion is stiff and overlaps the location where the
distal white spot should occur (arrow). Because
the posterior portion of the lesion is stiff the
internal echoes within the lesion are not freely
mobile.

and SWE a seroma will code with findings suggestive of a
benign lesion.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have an ~ 0% probability of malignancy.

6.40 Case 40: Skin Lesion—Neuro-
fibroma

6.40.1 Clinical Presentation

A 58-year-old woman with a history of neurofibromatosis
type 1, dense breast tissue, and a strong family history of
breast cancer presents for automated whole breast screening
ultrasound.

6.40.2 Ultrasound Findings

The coronal view of the automated whole breast ultrasound
(» Fig. 6.40a) demonstrates multiple hypoechoic lesions within
the skin. Hand-held B-mode imaging (> Fig. 6.40b) of one lesion
demonstrates a well circumscribed 7 mm lesion within the skin
over the breast. No blood flow is identified within the lesion on
color Doppler imaging (> Fig. 6.40c). The lesions were classified
as BI-RADS category 2.

On SE (> Fig. 6.40d) the lesion is stiffer than the adjacent skin
and underlying fatty breast tissue. The lesion appears smaller
on SE. On one vendor’s shear wave system (> Fig. 6.40e) the le-
sion has a low Vs of 1.5 m/s, suggestive of a benign lesion. Note
the high Vs (red color coding) within the coupling gel. On an-
other vendor’s shear wave system (> Fig. 6.40f) the lesion has a
low Vs of 1.7 m/s (8.9 kPa), whereas the fatty breast tissue has a
Vs of 1.5m/s (6 kPa). Note that in this system the coupling gel is
color coded blue (a low Vs).

6.40.3 Diagnosis

Neurofibroma. The lesion is a neurofibroma, a dermatologic
manifestation of the patient’s history of neurofibromatosis.
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H' D=6.9 mm

Fig.6.40 (a) Coronal view from an automated
whole breast scanner of the superficial portion of
the patient’s breast demonstrates several hypo-
echoic skin lesions scattered throughout the
breast. (b) B-mode image of one of the skin
lesions confirms the lesions to be well circum-
scribed hypoechoic lesions. Note the liberal use
of coupling gel forming a standoff pad to allow
for adequate imaging of the skin. (c) The
representative lesion does not have blood flow on
power Doppler imaging. (d) On strain imaging
the lesion (yellow lines) is stiffer than the
surrounding dermis and is smaller than in the B-
mode image (E/B ratio of 0.7). Again note that
with the use of a standoff pad made by ample
coupling gel (arrows) good-quality elastograms
can be obtained. (e) On shear wave imaging the
lesion has a similar low Vs compared with
surrounding tissue. The area of increased Vs (red
linear structure) at the gel-skin interface is due to
the bang effect and is difficult to eliminate. (f)
Shear wave imaging on a different system with
similar findings of a low Vs 1.7 m/s (8.9 kPa),
whereas the Vs of the fatty breast tissue is 1.5 m/
s (6.1 kPa).

6.40.4 Discussion

This example of neurofibromas as a dermatologic manifestation
of neurofibromatosis is used as an example of evaluations of
skin lesions using elastography. When a lesion is within the first
few millimeters of the transducer it is difficult to obtain good
images secondary to the focal zone of most ultrasound probes
not tuned for optimal imaging in this area and artifacts from
the skin transducer interface. Most SE systems will not allow
placement of the FOV box within the first few millimeters of
the probe-tissue interface. Therefore, to obtain better B-mode
images as well as elastographic images requires the use of a

standoff pad or scanning through a thick (approximately 3 mm)
application of coupling gel. In this case scanning was performed
through a thick application of coupling gel. In shear wave imag-
ing an artifact of high Vs in the gel due to reflections of the ARFI
push pulse from the gel-skin interface can occur as seen in
(» Fig. 6.40e) in this case.

Superficial lesions are often encountered in breast imaging.
With rare exceptions lesions that arise within the dermis are
considered benign and undergo routine surveillance. Lesions
that arise within the subcutaneous fat or the hypodermal layer
are usually benign; however, they can occasionally represent
superficial breast cancers arising from superficial terminal duct
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lobular units.!'% Therefore, to avoid misclassifying superficial
cancers as skin lesions, it is important to recognize that a lesion
originates within the subcutaneous fat rather than in the dermis.

Common dermal lesions include calcifications, epidermal in-
clusion cysts, and sebaceous cysts. Epidermal inclusion cysts
and sebaceous cysts are not distinguishable on the basis of
imaging or clinical features.!% Lesions that can occur in the sub-
cutaneous fat layer include lipomas, angiolipomas, fat necrosis,
hemangioma, lymph node, breast cancer, peripheral papilloma,
fibroadenoma, and adenosis. The elastographic features of epi-
dermal inclusion cysts and the elastographic findings of lesions
in the subcutaneous fat layer are similar to those found else-
where in the breast and are discussed in Cases 6.37 and 6.38.

Elastography has been used to identify abscess cavities in
skin lesions that may not be identified on B-mode imaging.108
With the use of high-frequency transducers elastography has
been demonstrated to help characterize skin lesions as benign
or malignant.109

In our presented case of a neurofiboma the lesion is stiffer
than underlying fatty breast tissue and dermal tissue. In the
case of skin lesions we usually cannot include deeper tissues
such as the pectoralis muscle to help set the dynamic range of
the strain color scale; therefore the skin lesion will color code
as the stiffest tissue in the FOV. As in this case the lesion will

appear smaller in the elastogram, confirming it is a benign le-
sion. Little work has been done on breast skin lesions, but initial
work on other skin lesions suggests elastography can help char-
acterize skin lesions as benign or malignant.109

To obtain adequate elastograms in the near field it is neces-
sary to create a standoff pad with coupling gel of several milli-
meters. Without a standoff pad the first few millimeters of the
image will not produce a good elastogram. It is easier to use this
technique with the no manual displacement technique. Mild or
moderate displacement techniques require a firmer standoff
pad that will not be displaced with the compression/release
cycle.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have an ~ 0% probability of malignancy.

6.41 Case 41: Skin Lesion—Benign
Skin Edema

6.41.1 Clinical Presentation

The patient is an 82-year-old woman presenting with an
enlarged edematous left breast. The patient has a history of

Fig.6.41 (a) Dual display of the patient’s right
and left breast comparing the skin thickness in a
similar location of the breast. A red bar (or line)
marks the skin thickness in both images. The skin
thickness measures 2 mm in the normal breast
and 8 mm in the abnormal breast. No focal lesion
is identified. Edema is also noted in the fascial
planes in the abnormal breast. Note the use of a
standoff pad made by coupling gel to allow for
good quality images of the skin. (b) B-mode
image of the abnormal breast demonstrating the
marked uniform skin thickening (red bar) and the
edema in the fascial planes. (c) On power
Doppler imaging there is generalized increased
blood flow in the abnormal breast. (Continued)
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Fig. 6.41 (Continued) (d) On strain imaging the skin is stiffer than the underlying fatty breast tissue. A standoff pad of coupling gel was used but
cropped off the image. The strain ratio was 3.8. Because a focal lesion is not identified an E/B ratio or score on the 5-point color scale cannot be
assessed. (e) On shear wave imaging the thickened skin codes soft with a Vs of 2.9 m/s (25 kPa). No focal abnormality is noted within the thickened
skin. (f) Shear wave imaging on a different system provides the same results, a low Vs of the skin without focal abnormality.

congestive heart failure and mild renal insufficiency. A mam-
mogram demonstrated diffuse skin thickening and increased
density in the left breast compared with the right.

6.41.2 Ultrasound Findings

The skin thickness in the right breast is 2 mm, whereas it meas-
ures between 6 and 8 mm in the left breast (> Fig. 6.41a, b).
There is diffuse edema within the fascial planes on the left.
Power Doppler imaging (> Fig. 6.41c) demonstrates some blood
flow within the edematous area.

On strain imaging the dermis is stiffer than the underlying
breast tissue (> Fig. 6.41d) with a strain ratio (lesion to fat ratio)
of 3.8. Because there is no “mass” an E/B ratio or assessment for
the 5-point color scale cannot be made. Shear wave imaging
(» Fig. 6.41e, f) demonstrates the thickened skin has low Vs of
2.9m/s (25 kPa).

6.41.3 Diagnosis

Benign skin thickening. The patient underwent a skin biopsy,
which demonstrated edema and lymphatic enlargement but no
evidence of malignancy
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6.41.4 Discussion

Skin thickening can have many causes, and its imaging appear-
ance is nonspecific. Skin thickening can be focal or diffuse, uni-
lateral or bilateral. Skin thickening can be seen in both benign
and malignant lesions. Benign causes include aseptic mastitis,
bacterial mastitis, nonspecific inflammation, vascular obstruc-
tion (congestive heart failure, superior vena cava syndrome,
and anasarca), psoriasis, lymphatic obstruction, and systemic
disease (scleroderma, dermatomyositis, congenital absence of
the lymphatics). Skin thickening can be due to inflammatory
cancer. Thickened skin usually accompanies inflammatory
breast carcinoma, a highly aggressive manifestation of breast
cancer with poor prognosis. In inflammatory breast cancer, tu-
mor invades the dermal lymphatics. The thickened skin accen-
tuates the pores and has the classic appearance that suggests
the skin of an orange (peau d’orange). Skin thickening can also
be seen in noninflammatory breast cancers that have been
ignored by the patient and have spread to the skin. Diffuse skin
thickening associated with noninflammatory cancer is a late
change indicating advanced disease.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have an ~ 0% probability of malignancy.

6.42 Case 42: Radial Scar

(Case courtesy of Dr. Fredrick Schaefer from KSH, Kiel,
Germany.)

6.42.1 Clinical Presentation

The patient is a 76-year-old woman who has a new mass iden-
tified in her left breast on mammography. Ultrasound was
advised for further workup.

6.42.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.42a,b) there is a 6 mm taller than
wider hypoechoic mass with indistinct borders. On power Dop-
pler imaging (> Fig. 6.42c) there is a small amount of blood flow
noted within the lesion.

SE is not available in this case. On shear wave imaging
(» Fig. 6.42d-f) the lesion has a high Vs of 7m/s (147 kPa). The
lesion was classified as BI-RADS category 5. The lesion was re-
moved surgically.

6.42.3 Diagnosis

Radial scar. The lesion was surgically removed. On pathological
evaluation the lesion was a radial scar without evidence of asso-
ciated atypia or malignancy.

6.42.4 Discussion

Radial scar, also known as complex sclerosing lesion, is a benign
lesion characterized by a fibroelastotic core with entrapped

ducts and surrounding radiating ducts and lobules. The exact
pathogenesis of radial scar is unknown. It has been postulated
that these lesions arise as a result of unknown injury, leading to
fibrosis and retraction of surrounding breast tissue, thus im-
parting a stellate configuration. Accumulating evidence indi-
cates that they are associated with atypia and/or malignancy
and may be an independent risk factor for the development of
carcinoma in either breast.10

Radial scars of the breast are common benign lesions, which
are often radiographic occult. On mammography radial scar is
identified as an area of architectural distortion. The mammo-
graphic features of a radial scar have been thoroughly described
and are best summarized by Tabar and Dean.!!! Calcifications
are common'!? and found in areas of adenosis or epithelial
hyperplasia. Lesions may be multifocal and bilateral, and clus-
tering of scars may occur.'’® Although epithelial atypia is not a
diagnostic feature, these lesions are not infrequently associated
with atypical hyperplasia (ductal or lobular) and in situ or inva-
sive carcinoma.!10

The sonographic features of radial scars have been reported
as irregular hypoechoic masses with ill-defined borders and
posterior acoustical shadowing.114

The radial scar or complex sclerosing lesion of the breast rep-
resents a management dilemma on diagnosis at breast core
needle biopsy because the risk of associated malignancy is iden-
tified only upon surgical excision. Radial scar or complex
sclerosing lesion diagnosed at core needle biopsy still warrants
surgical excision because of the significant percentage (9%) of
cases with associated malignancy.11>

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a probability of >95% of malignancy.

6.43 Case 43: Atypical Ductal
Hyperplasia
6.43.1 Clinical Presentation

The patient is a 61-year-old woman who presents with a new
palpable mass in the left breast. The patient’s recent screening
mammogram was classified as BI-RADS category 1 with scat-
tered fibroglandular tissue.

6.43.2 Ultrasound Findings

On B-mode imaging (> Fig. 6.43a) a 1.2 cm lobular hypoechoic
mass is identified. The lesion has a small amount of peripheral
blood flow (> Fig. 6.43b). The lesion was classified as BI-RADS
category 3.

On SE (> Fig. 6.43c) the lesion is stiffer than surrounding tis-
sue, with an E/B ratio of 0.7 suggestive of a benign lesion. The
lesion has a score of 3 on the 5-point color scale. The lesion has
a strain ratio (lesion to fat ratio) of 3.8, also suggestive of a be-
nign lesion (> Fig. 6.43d). On VTi (> Fig. 6.43e) the lesion is
slightly stiffer than surrounding breast tissue. On shear wave
imaging (> Fig. 6.43f) the lesion has a Vs of 2.4m/s (17 kPa),
whereas the adjacent fatty tissue has a Vs of 1.9 m/s (12 kPa).
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Fig.6.42 (a) B-mode imaging of the palpable mass demonstrates a 6 mm ill defined hypoechoic mass (arrows). (b) B-mode image in a different
location confirms the presence of the ill defined hypoechoic mass. There is a question of a small adjacent calcification in this image (arrows). (c) On
power Doppler imaging there is a small amount of blood flow noted within the lesion. (d) On shear wave imaging there is a high Vs of 7 m/s (147 kPa)
within the lesion. The area of stiffness on the shear wave elastogram is larger in size than the abnormality on B-mode imaging. The Vs of the adjacent
fatty tissue is 4.6 m/s (61 kPa), which is elevated for normal fatty tissue, suggesting there may have been some precompression applied when
obtaining this image. (e) A repeat shear wave image now has a lower Vs of the fatty tissue than in (c), suggesting that precompression was applied in
the previous image. The lesion still has a similar high Vs surrounding the lesion. (f) Repeat shear wave elastogram confirms the finding in (d).
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Fig.6.43 (a) The new palpable mass is a lobular hypoechoic slightly heterogeneous 1.2 cm mass on B-mode imaging. (b) The lesion does not have
blood flow noted on power Doppler imaging. (c) On strain elastography the lesion is stiffer than surrounding tissue. The lesion measures 9.8 mm
(yellow line) and 6.9 mm (green line) on elastography with an E/B ratio of 0.7, suggestive of a benign lesion. (d) The strain ratio (lesion to fat ratio) is
3.8, again suggestive of a benign lesion. (e) On Virtual Touch imaging (VTi, Siemens) (strain imaging using acoustic radiation force impulse [ARFI]) the
lesion is ill defined and has a slightly higher stiffness than surrounding tissue. (f) On shear wave imaging the lesion is soft with a Vs of 2.4 m/[s (17 kPa),
with adjacent fatty tissue having a Vs of 1.9 m/s (12 kPa).

111



112

Clinical Cases: Benign Lesions

6.43.3 Diagnosis

Atypical ductal hyperplasia. The lesion was biopsied under
ultrasound guidance using a 12-gauge vacuume-assisted core-
biopsy needle. The pathology was atypical ductal hyperplasia.

6.43.4 Discussion

Atypical ductal hyperplasia (ADH) is a lesion with significant
malignant potential. ADH is a premalignant lesion with a mod-
erately increased risk (four to five times that of age-matched
control subjects) of having invasive carcinoma develop.!16 It is
defined histopathologically as a ductal proliferation with some
but not all of the features of DCIS. Because of the potential for
undersampling of DCIS or invasive cancers associated with
neighboring ADH on core biopsy, excisional biopsy is advised. A
recent study!!? reported upgrading on surgical resection to
DCIS or invasive carcinoma in 20% of cases diagnosed with ADH
by core biopsy.

Only small studies have been performed on the use of elas-
tography to evaluate ADH. It is unclear if elastography will be

useful in distinguishing which lesions may be upgraded at sur-
gery. In a series of 18 ADH lesions''® no difference was found in
the 5-point color scale or lesion to fat ratio between ADH le-
sions that were not upgraded at surgery and those that were
upgraded at surgery. For biopsy, elastography can be used to
select the stiffest portion of the lesion. Although there is no
proof this will improve the detection of cancerous lesions that
would otherwise be classified as ADH, it is a reasonable
assumption.

In this case the conventional ultrasound findings are of a BI-
RADS category 4B lesion. The E/B ratio and the strain ratio
(lesion to fat ratio) are predictive of a benign lesion. On SWE
the lesion has a stiffness value well within the benign range. It
is not known whether using serial follow-up elastography of
ADH lesions will be able to predict the conversion to a can-
cerous lesion.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have an ~ 0% probability of malignancy.
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7 Clinical Cases: Malignant Lesions

7.1 Case 1: Ductal Carcinoma in
Situ
7.1.1 Clinical Presentation

A 67-year-old woman with a history of invasive ductal carcino-
ma of her right breast presents for yearly routine mammogra-
phy. The patient is 5 years from lumpectomy, chemotherapy, and
radiation therapy. New suspicious calcifications without a mass
were identified in her left breast on mammogram. The mammo-
gram was classified as Breast Imaging-Reporting and Data Sys-
tem (BI-RADS) category 4C. The breast was small in size, and a
stereotactic biopsy was felt to be difficult to perform. Ultrasound
was recommended for further evaluation and to determine if ul-
trasound-guided biopsy of the calcifications could be performed.

7.1.2 Ultrasound Findings

On B-mode imaging (> Fig. 7.1a) an 8 mm isoechoic, ill-defined
mass is associated with the microcalcifications. On color Dop-

pler (> Fig. 7.1b) there is moderate blood flow associated with
the mass. The lesion was classified as BI-RADS category 4B on
ultrasound

On strain elastography (SE) (> Fig. 7.1c) the mass is stiffer
than surrounding glandular tissue and has an elastogram/B-
mode (E/B) ratio of 1.2 (> Fig. 7.1d). The lesion has a score of 5
on the 5-point color scale. The strain ratio (lesion to fat ratio) is
6.1 (> Fig. 7.1e). On shear wave elastography (SWE) (> Fig. 7.1f)
the lesion has a maximum shear wave velocity (Vs) of 4.22 m/s
(54 kPa). The adjacent normal breast tissue has a Vs of 2m/s
(12 kPa).

7.1.3 Diagnosis

Ductal carcinoma in situ. The patient underwent an ultra-
sound-guided vacuum-assisted core biopsy of the mass. The
pathology was ductal carcinoma in situ. The patient had a
lumpectomy with a histology of ductal carcinoma in situ; inter-
mediate grade Estrogen Receptor (ES) (+) 75% Progesterone Re-
ceptor (PR) (-). No evidence of invasive cancer was identified.

Fig.7.1 (a) In the area of the suspicious calcifi-
cations on mammography there is an 8 mm
vague hypoechoic lesion (arrows) with some

| associated calcifications. (b) On power Doppler
imaging there is generalized increased blood flow
in the area with some blood flow within the
lesion. (c) On strain elastography the lesion
(arrows) is stiffer than adjacent tissue with an E/B
ratio of 1.2. This lesion has a score of 5 on the 5-
point color scale. (d) The lesion measures 6.4 mm
on B-mode (yellow line) and 7.6 mm on SE (green
line) with an E/B ratio of 1.2. (Continued)
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Fig. 7.1 (Continued) (e) The lesion has a strain ratio (lesion to fat ratio) of 6.1 on strain imaging, suggestive of a malignant lesion. (f) On shear wave
imaging the lesion has a maximum Vs of 4.2m/s (52 kPa), which is close to the cutoff value for a malignant lesion.

7.1.4 Discussion

Ductal carcinoma in situ (DCIS) is the most common type of
noninvasive breast cancer. Ductal carcinoma refers to the devel-
opment of cancer cells within the milk ducts of the breast. The
cells are confined to the duct and have not extended to any
surrounding tissue. DCIS is noninvasive breast cancer that en-
compasses a wide spectrum of diseases ranging from low-grade
lesions that are not life threatening to high-grade lesions that
may harbor foci of invasive breast cancer. DCIS is classified ac-
cording to architectural pattern (solid, cribriform, papillary, and
micropapillary), tumor grade (high, intermediate, and low
grade), and the presence or absence of comedo histology.

DCIS rarely produces symptoms or a palpable mass and is
mostly found on screening mammography.!19 DCIS has become
one of the most commonly diagnosed breast conditions, now
accounting for 20% of breast cancers and precancers that are de-
tected through screening mammography.’20 DCIS is usually
identified on mammography as microcalcifications.

Surgical excision removing all of the abnormal duct elements
is a common treatment. Radiation after surgery further reduces
the risk that the DCIS will recur. Biomarkers can identify which
women diagnosed with DCIS are at high or low risk of subse-
quent invasive cancer.'21.122 Hormonal therapy is recommended
for some women with estrogen-receptor-positive DCIS to help
prevent invasive breast cancer.

Unless treated, approximately 60% of low-grade DCIS lesions
will become invasive at 40 years follow-up.'?3 High-grade DCIS
lesions that have been inadequately resected and not given ra-
diotherapy have a 50% risk of becoming invasive breast cancer
in 7 years. Approximately half of low-grade DCIS detected at
screening will represent overdiagnosis, but overdiagnosis of
high-grade DCIS is rare.123

Although DCIS is detected through microcalcifications at
mammography, those without calcifications cannot be detected
by mammography, and 6 to 23% of cases of DCIS are felt to re-
main undetected.124-126 Jzumori et al'?? examined 150 cases
with DCIS using ultrasound and retrospectively classified them
into a cystic or solid mass, ill-defined hypoechoic mass, micro-
lobulated mass, duct dilatation, and calcification. Among these,
in 37 (79%) of 47 cases with ultrasound findings alone, a cystic

or solid mass was observed. Most were ovoid in shape, and the
margins were circumscribed or microlobulated, making it diffi-
cult to differentiate from benign lesions. Moreover, approxi-
mately half of these cases had heterogeneous internal echoes.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion would have a>95% probability of malignancy. (>95%
on SE; 2-95% on SWE).

7.2 Case 2: Ductal Carcinoma in
Situ—Fibroadenoma with Foci of
DCIS

7.2.1 Clinical Presentation

A 43-year-old woman presents with a new mass containing
suspicious calcifications on screening mammogram. The lesion
was classified as BI-RADS category 0, and an ultrasound was re-
quested for further workup.

7.2.2 Ultrasound Findings

On B-mode (> Fig. 7.2a) the mass noted on mammography is a
lobular well circumscribed mass with several echogenic foci
within the mass representing the calcifications noted on mam-
mography. The lesion has significant blood flow on power Dop-
pler (> Fig. 7.2b). The lesion was classified as BI-RADS category 3.

On strain imaging (> Fig. 7.2c) the lesion is stiffer than the
surrounding glandular tissue. The mass is larger on SE than on
B-mode imaging with an E/B ratio of 1.2. The lesion has a score
of 2 on the 5-point color scale. On shear wave imaging
(» Fig. 7.2d) the elasticity of the lesion is heterogeneous with
scattered foci of a high Vs up to 4.5m/s (60 kPa). The back-
ground Vs of the lesion is 2.8 m/s (24 kPa). The background
breast tissue has a Vs of 2.3 m/s (17 kPa).

7.2.3 Diagnosis

Fibroadenoma with foci of DCIS. The lesion was biopsied using
a 12-gauge vacuum-assisted core needle under ultrasound



Clinical Cases: Malignant Lesions

guidance. The areas of increased Vs were targeted on the biop-
sy. The pathology demonstrated a fibroadenoma with foci of
DCIS. The patient underwent a lumpectomy with the pathology
an intermediate-grade DCIS, multifocal, cribriform, and solid
patterns, arising in fibroadenoma.

7.2.4 Discussion

Fibroadenoma may be associated with fibrocystic changes, pro-
liferative epithelial changes, and, extremely rarely, with nonin-
vasive and invasive cancer. The incidence of carcinoma within
fibroadenoma is reported between 0.1 and 0.3% in a screened
population, with a peak age of occurrence between 42 and 44
years.128-131 The biological behavior of carcinoma occurring
within fibroadenoma does not differ from that of breast carci-
noma not related to fibroadenoma.30-132 Preoperative clinical
criteria and radiological criteria are usually insufficient to sug-
gest that malignant change has occurred in a fibroadenoma, es-
pecially in cases with DCIS.133

Fig.7.2 (a) The palpable mass is a lobular 1.6 cm
well defined lobular lesion with some punctate
areas of hyperechogenicity suggestive of micro-
calcifications. (b) The lesion has marked in-
creased blood flow on power Doppler imaging.
(c) On strain imaging the lesion is stiffer than
surrounding tissue and has an E/B ratio of 1.2,
suggestive of a malignant lesion. This lesion has a
score of 5 on the 5-point color scale. The strain
ratio (lesion to fat ratio) was not calculated in this
case. (d) On shear wave imaging the lesion has a
Vs of 4.5m/s, suggestive of a malignancy. The
shear wave imaging color coding demonstrates
the lesion has components of varying stiffness
(3.5-4.5ms; 38-60 kPa)

+Vs=4_33 m/s

Depth=0.7 cm
3¢{Vs=2.33 m/s
Depth=1.0 cm

In this case the stiffness within the lesion is heterogeneous,
ranging from 2.3 m/s (17 kPa) to 4.5m/s (60 kPa). On pathol-
ogy the lesion was a benign fibroadenoma with scattered foci
of DCIS. Although direct comparison of the imaging to pathol-
ogy was not performed, the areas of increased stiffness most
likely represent the areas of DCIS. It is important to use the
elastographic finding to guide an image-guided core biopsy.
Although no studies have been performed, targeting the areas
with the highest stiffness values could allow for more accu-
rate pathological correlation of core biopsies with surgical
specimens.

The maximum Vs in this case was 4.5 m/s (60 kPa), which is a
borderline value for the cutoff value for benign and malignant.
On SE the E/B ratio was 1.2. The maximum stiffness value and
the E/B ratio have been suggested to correlate with the tumor
grade. The higher the Vs or E/B ratio the greater the probability
of a higher-grade tumor.2® Low-grade lesions such as DCIS or
mucinous carcinoma can have an E/B ratio of 1; therefore, we
always biopsy lesions with an E/B ratio of 1 or greater.
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Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a probability of > 95% of malignancy.

7.3 Case 3: Invasive Ductal Carci-
noma—Borders Ill Defined, Grade 1

7.3.1 Clinical Presentation

A 47-year-old woman with a recent negative mammogram but
a density 4 breast presents with a BI-RADS category 4C lesion
on a screening automated whole breast ultrasound. The mam-
mogram was classified as BI-RADS category 2, the automated
whole breast ultrasound was classified as BI-RADS category O,
and a handheld ultrasound was advised for further workup.

7.3.2 Ultrasound Findings

A selected image (> Fig. 7.3a) from an automated whole breast
ultrasound demonstrates a 1.5cm irregular, hypoechoic mass.
On handheld B-mode ultrasound (> Fig. 7.3b) the lesion is again
noted with irregular borders, marked hypoechogenicity, and
shadowing. On color Doppler imaging (> Fig. 7.3c) the lesion
has significant blood flow. The lesion was classified as BI-RADS
category 5.

On SE (» Fig. 7.3d) the lesion is much stiffer than the sur-
rounding breast tissue. It is difficult to calculate an accurate E/B
ratio because the borders of the lesion are not defined on B-
mode. The lesion has a lesion to fat ratio of 10.5 (> Fig. 7.3e). On
Virtual Touch imaging (VTi, Siemens Ultrasound, Mountain
View, CA) the lesion is much stiffer than the surrounding breast
tissue. The lesion appears of similar size to the B-mode image.
On shear wave imaging (> Fig. 7.3f) the lesion has a max Vs of
9.7 m/s (> 180 kPa).

7.3.3 Diagnosis

Invasive ductal carcinoma, grade 1. The lesion was biopsied
under ultrasound guidance using a 12-gauge vacuum-assisted
core needle. The pathology was an invasive ductal carcinoma,
well differentiated, grade 1. The patient had a lumpectomy
where the maximum size of the tumor on surgical resection
was 2.5 cm. The patient was node negative.

7.3.4 Discussion

The morphology of breast cancer is heterogeneous because
breast cancer is not one disease. The histopathological features
of a breast cancer are needed for appropriate management.
Breast cancer can be classified into types including lobular, tub-
ular, medullary, mucinous, and no special type (NST).134 Tumor
staging is the most useful means for predicting survival. The
TNM staging system is the mainstay for prognostication of
breast cancer. Histologic grading is usually performed using the
Scarff, Bloom, and Richardson (SBR) system. This system is a
composite of degrees of glandular formation, nuclear pleomor-
phism, and mitotic activity. Each of these parameters is as-
signed a numerical score from 1 to 3 based on specific criteria.
Scores from each category are then summed; a score of 3 to 5 is

equivalent to grade 1, a score of 6 or 7 is equivalent to grade 2,
and a score of 8 or 9 is equivalent to grade 3.

This patient had a screening mammogram interpreted as BI-
RADS category 2 with breast density 4. The patient had an au-
tomated whole breast screening ultrasound that detected a
1.5cm irregular spiculated hypoechoic mass (> Fig. 7.3a). The
examination was classified as a BI-RADS 0, and a whole breast
ultrasound was requested. At this time a standard of interpreta-
tion of automated whole breast scanning has not been imple-
mented. At our institution, automated whole breast scans are
interpreted similar to screening mammography where an ab-
normality is read as a BI-RADS 0, and a handheld ultrasound
is requested for further workup. At the handheld examination
the lesion can be better evaluated with transducer position
changes, color or power Doppler, and elastography. A BI-RADS
category score of 2 to 5 can then be issued and appropriate fol-
low-up then advised.

In this case the handheld ultrasound confirmed the presence
of a 1.5 cm irregular, hypoechoic mass (> Fig. 7.3b) with signifi-
cant blood flow (> Fig. 7.3c). The SE images confirm that the le-
sion is much stiffer than adjacent breast tissue (> Fig. 7.3d) with
a strain ratio of 10.5 (> Fig. 7.3e). An accurate E/B ratio cannot
be determined because the lesion borders are difficult to assess
on B-mode. Note that the posterior margin of the mass is well
defined in the elastogram compared with the B-mode image
where there is significant shadowing. On VTi (strain imaging
with acoustic radiation force impulse [ARFI]) the lesion is stiffer
than surrounding tissue and appears to have an E/B ratio of ap-
proximately 1. Note that the surrounding glandular tissue is
white (> Fig. 7.3f, arrows). Therefore the dynamic range of stiff-
ness values set by the machine is quite large with the malig-
nancy being very stiff, setting the upper portion of the scale.
Therefore the glandular tissue is relatively “whiter” than if a
malignancy were not present. Because of this scaling process SE
images with a cancer often appear black and white with very
few gray coding areas.

The lesion has a very high Vs of 9.7m/s on shear wave
imaging (> Fig. 7.3g). In this case the blue portion of the tu-
mor had poor-quality shear waves in this area on the quality
map. However, the area with high Vs had good-quality shear
waves. Because of the poor shear wave generation in many
breast malignancies the central portion of the tumor is either
not color coded or has a poor-quality map in this region.
However ,the peripheral portions of the tumor will have a
high Vs, thus often giving the appearance of a “ring” of high
Vs surrounding the lesion.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
we would consider this lesion to have a>95% probability of
malignancy.

7.4 Case 4: Invasive Ductal
Carcinoma—Grade 2

7.4.1 Clinical Presentation

An 82-year-old woman with bilateral palpable breast
masses presented for a diagnostic mammogram. A 1cm
new mass was identified in the retroaureolar region of
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Fig. 7.3 (a) Selected image from an automated whole breast ultrasound demonstrating a 1.5 cm irregular mass with a hyperechoic rim. (b) Handheld
ultrasound of the lesion in (a) confirms the presence of a 1.5 cm irregular hypoechoic mass with a hyperechoic rim and shadowing (Harmonic imaging
used). (c) There is moderate blood flow adjacent to the lesion on power Doppler imaging. (d) On strain elastography the lymph node is stiffer than
surrounding tissue and has an E/B ratio of 1.1 suggestive of a malignancy. (e) On shear wave imaging the lesion has a Vs of >7.7 m/s (>180 kPa),
highly suggestive of a malignancy. (f) The quality map confirms adequate shear waves are generated for an accurate Vs measurement to use for

interpretation. (g) On shear wave elastography the lesion has heterogeneous stiffness with a maximum Vs of 9.7 m/s, suggestive of a malignant lesion.

the left breast. The lesion was classified as BI-RADS 7.4.2 Ultrasound Findings
category 0 and ultrasound recommended for further

evaluation. On B-mode ultrasound (> Fig. 7.4a) a 1.5cm irregular, hypoe-
choic, heterogeneous mass is identified. On color Doppler imag-
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ing (> Fig. 7.4b) there is some peripheral blood flow. The lesion
was classified as BI-RADS category 4C.

On strain imaging (> Fig. 7.4c) the lesion is stiffer than sur-
rounding breast tissue and has an E/B ratio of 1.2. The lesion
has a lesion to fat ratio of 5.8 (> Fig. 7.4d). On the 5-point color
scale this lesion would be given a score of 5. Similar finding are
identified on VTi (» Fig. 7.4e). On shear wave imaging
(» Fig. 7.4f) the lesion has a max Vs of 4.7m/s (68 kPa). On
shear wave imaging on a different system (> Fig. 7.4g) the
lesion has a max Vs of 5.7 m/s (96 kPa).

7.4.3 Diagnosis

Invasive ductal carcinoma, grade 2. The lesion was biopsied us-
ing a 12-gauge vacuum-assisted core needle under ultrasound
guidance. The pathology was an Invasive Moderately Differenti-
ated Ductal Cancer, grade 2 with mucinous features with associ-
ated low grade Ductal Carcinoma-in-situ.

7.4.4 Discussion

This case has concordant findings on SE and SWE. The lesion is
stiffer than surrounding breast tissue on SE with an E/I ratio of

Fig.7.4 (a) B-mode image demonstrates an
irregular hypoechoic mass with a question of
some internal punctate calcifications. (b) There is
a small amount of blood flow adjacent to the
lesion on power Doppler imaging. (c) On strain
elastography (SE) imaging the lesion is stiffer
than adjacent tissue. The lesion measures

13.6 mm (yellow line) and 16.1 mm (green line)
with an E/B ratio of 1.2 and a score of 5 on the 5-
point color scale, both suggestive of a malignant
lesion. (d) The strain ratio (lesion to fat ratio) on
SE is 5.8, also suggestive of a malignant lesion.
(Continued)
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1.2, a strain ratio (lesion to fat ratio) of 5.8, a score of 5 on the
5-point color scale. Similar finding are found with VTi (strain
imaging with ARFI). Both shear wave systems demonstrate a Vs
of>4.5m/s (>60 kPa) suggestive of a malignancy. As is a com-
mon feature of shear wave elastography the central portion of
the malignancy is color-coded softer than the periphery. On the
quality map this area has poor quality shear wave. However the
ring of higher Vs surrounding the lesion is the major finding to
suggest this is a malignancy. The ring may be due to neoplastic
tissue that allows for good shear wave generation or may be
due to reflections from the soft to hard interface between the
malignancy and adjacent sort tissue (RG Barr, personal commu-
nication 1 October 2013). Further studies are needed to clarify
the exact cause of the ring.

This case was classified as a BI-RADS 4C on conventional
ultrasound and merits biopsy based on those findings. The ad-
dition of elastography is helpful to determine the stiffest por-
tion of the mass to guide biopsy. Although not yet proven it is
expected that better correlation with pathology finds will occur
when elastography is used to guide biopsies.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a>95% probability of malignancy.
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Fig. 7.4 (Continued) (e) On Virtual Touch imaging (VTi, Siemens) (strain imaging using acoustic radiation force impulse [ARFI]) the lesion is very stiff
with a similar appearance to SE using the manual displacement technique (c). (f) On shear wave elastography (SWE) the stiffness of the lesion is
heterogeneous with the maximum Vs of 4.7 m/s (68 kPa), suggestive of a malignancy. (g) SWE obtained on a different system demonstrates the
central portion of the lesion to have a lower Vs, but there is a ring of high Vs in the periphery of the lesion, also suggestive of a malignancy.

7.5 Case 5: Invasive Ductal
Carcinoma—Grade 1

7.5.1 Clinical Presentation

A 50-year-old woman with bilateral breast implants was found
to have a new mass in her left breast on screening mammaogra-
phy. The lesion was classified as BI-RADS category 0, and an
ultrasound was recommended for further evaluation.

7.5.2 Ultrasound Findings

On B-mode imaging (> Fig. 7.5a) a 1.7 cm lobular, wider than
taller, hypoechoic mass is identified. On color Doppler imaging
(» Fig. 7.5b) there is marked blood flow within the lesion. The
lesion was classified as BI-RADS category 4A.

On SE (> Fig. 7.5c) the lesion is stiffer than the surrounding
breast tissue and has an E/B ratio of 1.2. The lesion to fat ratio
was 14.9 (» Fig. 7.5d). Similar findings are identified on VTi
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Fig. 7.5 (a) On B-mode imaging the lesion has a lobular border with the posterior portion of the lesion not well defined. (b) On color Doppler imaging
the lesion (green line) has a moderate amount of internal blood flow. (c) On strain elastography the lesion is stiffer than adjacent tissue. The lesion
measures 16.9 mm (yellow line) on B-mode image and 19.9 mm (green line) on SE with an E/B ratio of 1.2. The lesion has a score of 5 on the 5-point
color scale, both suggestive of a malignant lesion. (d) The strain ratio (lesion to fat ratio) is 14.9, suggestive of a malignant lesion. (e) On Virtual Touch
imaging (VTi, Siemens) the lesion is stiffer than the adjacent breast tissue and has an E/B ratio of 1.2, suggestive of a malignant lesion. (f) On shear
wave elastography (SWE) the lesion has a Vs of 8.1 m/s (> 180 kPa), highly suggestive of a malignant lesion. (g) SWE on a different shear wave system

has similar findings, with a Vs of 7.8 m/s (188 kPa).

(» Fig. 7.5e). On shear wave imaging (> Fig. 7.5f) the max Vs is
8.1m/s (>180 kPa). On a different shear wave system
(» Fig. 7.5g) the lesion has a uniformly high Vs with a max Vs
of >9m/s (228 kPa).

7.5.3 Diagnosis

Invasive ductal carcinoma, grade 1. The lesion was biopsied
with a 12-gauge vacuum-assisted core needle under ultrasound
guidance. The pathology was an invasive ductal carcinoma,
grade 1.

7.5.4 Discussion

There is an emerging molecular classification of breast
cancer. Breast cancer is now considered as consisting of at
least five different molecular subtypes, which are each
characterized by distinct gene expression profiles.135-137
The patients with varying subtypes have different clinical
outcomes, and each responds differently to treatment. Breast
cancer subtypes defined by gene profile are listed in

Table 7.1.135138-142 Apother emerging molecular subtype
is Luminal C, which corresponds to the histopathological
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Table 7.1 Breast cancer subtypes defined by gene profile

Subtype % of cancers Distant disease-free survival Overall survival Gene profile

Luminal A 51-61 75 90 ER+, PR+, HER2-

Luminal B 14-16 47 40 ER+, and/or PR+, HER2 +

HER2 7-9 34 31 ER-, PR-, HER2 +

Basal 11-20 18 0 ER-, PR-, HER2- Cytokeratin 5/6 and EGRF +
Unclassified 2-6 NA NA - for all markers

subtype of infiltrating lobular carcinoma. The molecular
subtypes based on gene expression profiling dictate prog-
nosis.

This case of an invasive ductal carcinoma has all of the pos-
itive features of elastography. On SE the lesion is stiffer than
adjacent tissue and has an E/B ratio of 1.2, a strain ratio (le-
sion to fat ratio) of 14.9, a score of 5 on the 5-point color
scale. The VTi (strain imaging with ARFI) are similar. The le-
sion has high Vs through the lesion with a good-quality map
throughout the lesion. The Vs is 8 m/s (> 180 kPa). All find-
ings are concordant and highly suspicious for a malignancy.
Note is made that the E/B ratio is slightly above 1, but
the stiffness based on the strain ratio (lesion to fat ratio) (SE)
and the Vs (SWE) suggests a markedly stiff lesion. The corre-
lation between the E/B ratio and the strain ratio has not been
evaluated.

The lesion was a BI-RADS category 4A lesion on conventional
ultrasound. The elastographic findings are significantly more
suspicious.

Based on the proposed elastography classification sys-
tem (similar to the BI-RADS classification) presented in
Chapter 5 this lesion would have a>95% probability of
malignancy.

7.6 Case 6: Invasive Ductal
Carcinoma—Grade 2

7.6.1 Clinical Presentation

An 82-year-old woman presents with a palpable mass. Mam-
mography was not performed.

7.6.2 Ultrasound Findings

On B-mode ultrasound (> Fig. 7.6a) an irregular 3.5 cm hypoe-
choic mass is identified. On color Doppler imaging (> Fig. 7.6b)
there is some peripheral blood flow. The lesion was classified as
BI-RADS category 4C.

On strain imaging (> Fig. 7.6¢) the lesion is stiffer than the
surrounding breast tissue and has an E/B ratio of 1.04. The le-
sion to fat ratio is 12.3 (» Fig. 7.6d). Similar findings are
found with VTi (> Fig. 7.6e). On shear wave imaging
(» Fig. 7.6f) the max Vs is 4.6 m/s (65 kPa). On three-dimen-
sional (3D) shear wave imaging (> Fig. 7.6g) there is in-
creased Vs in the proximal portion of the lesion with a Vs of
7.7m/s (180 kPa).

7.6.3 Diagnosis

Invasive ductal carcinoma, grade 3 with extensive tumor necrosis.

7.6.4 Discussion

On B-mode imaging the lesion borders are ill defined but are
better identified on SE. Shadowing also interferes with the de-
termination of the posterior border of the lesion. The posterior
border of the lesion is well defined on SE. The strain elasto-
graphic findings of an E/B ratio of 1.04, strain ratio of 12.3, score
of 5 on the 5-point color scale, and similar VTi (strain with AR-
FI) findings are all suggestive of a malignant lesion. The shear
wave images are also suggestive of a malignancy with a Vs of >
4.5m/s. The use of 3D elastography is helpful to evaluate the
entire lesion to determine the site of the highest Vs. This case is
one where the center of the cancer color codes blue, which is
most likely an artifact of the algorithm. With improved algo-
rithms this “blue” area will not be color coded, confirming that
the shear waves in this region were of poor quality and should
not be used in interpretation.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a >95% probability of malignancy.

7.7 Case 7: Invasive Ductal
Carcinoma—SE and SWE Not
Concordant, Grade 3

7.7.1 Clinical Presentation

A 59-year-old woman presents with a palpable mass near right
axilla.

7.7.2 Ultrasound Findings

On B-mode imaging (> Fig. 7.7a) there is a 1cm oval, hypoe-
choic lesion with ill-defined borders. On color Doppler imaging
(» Fig. 7.7b) there is a small amount of blood flow in the lesion.
The lesion was classified as BI-RADS category 4A.

On SE (> Fig. 7.7c) the lesion is stiffer than the surrounding
fatty breast tissue and has an E/B ratio of 3.5. On shear wave
imaging (> Fig. 7.7d) the lesion has a Vs of 2.5m/s (19 kPa). On
the quality map (> Fig. 7.7e) there is some yellow in the lesion,
although the majority of the lesion has green (good shear wave
quality). On a different shear wave system (> Fig. 7.7f) the
lesion has a max Vs of 2 m/s (13 kPa).
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7.7.3 Diagnosis

Poorly differentiated ductal carcinoma. The lesion was biopsied
with a 12-gauge vacuum-assisted needle under ultrasound
guidance. The pathology was poorly differentiated ductal
carcinoma.

“Strain Ratio =12.3
+ROI 1=0.567 %

3ROl 2=0.046 %

Fig.7.6 (a) On B-mode imaging the lesion is an irregular hypoechoic
lesion with some shadowing. (b) On color Doppler imaging there is a
small amount of peripheral blood flow. (c) On strain elastography (SE)
the lesion is stiffer than the adjacent breast tissue. The lesion measures
19.0 mm (yellow line) on B-mode and 19.7 mm (green line) on SE with
an E/B ratio of 1 and a score of 4 on the 5-point color scale, both
suggestive of a malignancy. (d) The strain ratio (lesion to fat ratio) is
12.3, highly suggestive of a malignant lesion. (e) On Virtual Touch
imaging (VTi, Siemens) (strain imaging with acoustic radiation force
impulse [ARFI]) the lesion is stiffer than the adjacent breast tissue and
has an E/B ratio of 1.4. (f) On shear wave elastography (SWE) the lesion
has heterogeneous increased stiffness with a maximum Vs of 4.6 m/s
(65 kPa). (g) On three-dimensional (3D) SWE the lesion has an
increased Vs surrounding the lesion, suggestive of a malignant lesion.
The use of 3D SWE allows for complete evaluation of a lesion with one
data acquisition (larger lesions may require more than one acquisition).

7.7.4 Discussion

This case was classified as a BI-RADS category 4A lesion but
may have been classified as a BI-RADS 3 lesion by some re-
viewers. The SE findings are suggestive of a malignancy. If the
lesion was classified as BI-RADS category 3 lesion the SE finding
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would upgrade this lesion to a BI-RADS category 4A lesion and
merits a biopsy.

The lesion has a markedly evaluated E/I ratio of 3.5 suggestive
of a high-grade malignancy despite the <10% probability of a
malignancy on the conventional ultrasound findings.

In this case the SE and SWE findings are not concordant.
The SWE findings are not suggestive of a malignancy in both
systems; however, the quality map demonstrates poor-qual-
ity shear waves throughout the field of view (FOV). This le-
sion was close to the skin surface, and a coupling gel standoff
pad was made to obtain the images. Poor transmission of

Fig.7.7 (a) B-mode imaging demonstrates a

10 mm hypoechoic lesion with an indistinct
border and the question of a small echogenic
halo. (b) On color Doppler imaging the lesion has
a small amount of internal blood flow. (c) On
strain elastography the lesion is stiffer than the
surrounding breast tissue, with an E/B ratio of 3.5
and a score of 5 on the 5-point color scale. (d) On
shear wave elastography (SWE) the lesion has a
Vs within the benign range. (e) The correspond-
ing quality map of image (d) demonstrates that
all of the shear waves are of poor quality and
should not be used in interpretation. (f) SWE with
another system also has a Vs within the benign
range. With newer improved algorithms the
lesion would not color code incorporating the
quality map into one image.

the ARFI pulse through the gel may be one reason for the
poor-quality shear waves. Good-quality shear waves have
been obtained in many cases using this technique. Another
possible case is that this high-grade malignancy has caused
changes in the surrounding tissue that interfere with good
shear wave propagation.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion would have a >95% probability of malignancy. (>95%
on SE and ~ 0% on SWE).
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7.8 Case 8: Invasive Ductal
Carcinoma—SE and SWE Not
Concordant, Grade 3

7.8.1 Clinical Presentation

A 72-year-old woman with a history of left breast cancer 5
years prior, status postlumpectomy, chemotherapy, and radia-
tion therapy presents with a new 1cm mass on the screening
right mammogram. The mammogram was classified as BI-RADS
0, and ultrasound was requested for further workup.

7.8.2 Ultrasound Findings

On B-mode imaging (> Fig. 7.8a) an 0.8 cm, taller than wider,
hypoechoic lesion with indistinct borders is identified in the
1:00 position 6 cm from the nipple. No blood flow is noted in
the lesion on color Doppler imaging (> Fig. 7.8b). The lesion
was classified as BI-RADS category 4B.

On strain imaging (> Fig. 7.8c) the lesion is stiffer than the
surrounding breast tissue with an E/B ratio of 1.8. The strain ra-
tio (lesion to fat ratio) was 6.5, and the lesion had a score of 5
on the 5-point color scale. Similar findings are identified on VTi
(» Fig. 7.8d). All of the SE image findings are suggestive of a ma-
lignancy. On shear wave imaging (> Fig. 7.8e) the lesion has a
Vs of 4.3 m/s (58 kPa) on one system and similar findings on a
different shear wave system (> Fig. 7.8f).

A second 9 mm lesion was identified in the 11:00 position of
the right breast 5cm from the nipple, which had an E/B ratio
of 1.6, a score of 5 on the 5-pont color scale, and a strain ratio
(lesion to fat ratio) of 5.9 (> Fig. 7.8g). On SWE (> Fig. 7.8h) the
Vs was 4.7 m/s (65 kPa).

7.8.3 Diagnosis

1:00: Invasive ductal carcinoma, grade 2 with DCIS; 11:00:
DCIS, solid papillary type. Right breast 1:00: invasive, moder-
ately differentiated ductal carcinoma and DCIS, intermediate
grade, cribriform and papillary type. Right breast 11:00: low

Fig.7.8 (a) On B-mode imaging the lesion is an
8 mm hypoechoic lesion with an internal septa-
tion and ill-defined borders. (b) On power
Doppler imaging no blood flow is identified
within the lesion. (c) On strain elastography the
lesion is stiffer than the surrounding tissue and
has an E/B ratio of 1.8, a score of 5 on the 5-point
color scale, and a strain ratio (lesion to fat ratio)
of 6.5, all suggestive of a malignant lesion. (d) On
Virtual Touch imaging (VTi, Siemens) (strain
imaging using acoustic radiation force impulse
[ARFI]) the lesion is stiffer than the adjacent
tissue, with an E/B ratio of 1.2. (e) On shear wave
elastography (SWE) the lesion has a Vs of 4.3 that
is borderline for a malignant lesion. (Continued)

+Vs=4.33 m/s
Depth=1.7 c
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Fig. 7.8 (Continued) (f) On another SWE system the lesion does not color code centrally but has a ring of increased Vs of 4.5m/s (60 kPa), also
borderline for a malignant lesion. (g) The second lesion in this case was a 9 mm lesion that had a strain ratio of 5.9, consistent with a malignant lesion.
(h) The second lesion was stiff on SWE with a Vs of 4.7 m/s (65 kPa), suggestive of a malignant lesion.

grade DCIS, solid/papillary type with small focus of stromal
microinvasion.

7.8.4 Discussion

The lesion in the 1:00 position of the right breast had findings
suggestive of a malignancy on SE imaging but borderline
findings in SWE. In cases of discordance the more suggestive
findings should be used to classify the lesion unless there is a
confident cause of the discordance. This lesion had an E/I ratio
1.8, a score of 5 on the 5-point color scale, and a strain ratio (le-
sion to fat ratio) of 6.5, all suggestive of a malignancy; however,
the SWE findings are borderline with a “ring” of higher Vs
surrounding the lesion but not to the level suggestive of a
malignancy.

It is of note that the second lesion in this case that was DCIS
gave concordant findings of a malignancy. Our experience is
that DCIS rarely gives the blue or soft cancer finding on SWE.
The finding of artificial softness in some invasive cancers
(which are very stiff) is secondary to some unique histology of
invasive ductal cancers. The finding of a paradoxically soft mass
on SWE, to the author, is not identified in other neoplasms (RG
Barr, personal observation, October 1, 2013).

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a probability of > 95% malignancy. (>95%
on SE; 2-95% on SWE).

7.9 Case 9: Invasive Ductal
Carcinoma—No Color Coding on
SWE, Grade 2

7.9.1 Clinical Presentation

A 60-year-old woman presented with a palpable mass in her
right breast. The patient had had a remote lumpectomy in a dif-

ferent quadrant of her right breast. A diagnostic mammogram
and ultrasound at an outside institution did not identify an ab-
normality to account for the mass. Magnetic resonance imaging
(MRI) was performed for further workup. On MRI a lobular
mass>2 cm with washout characteristics was identified at the
site of the palpable abnormality. A second-look ultrasound with
elastography was requested to determine if it could guide a
biopsy.

7.9.2 Ultrasound Findings

On B-mode imaging (> Fig. 7.9a) a>3cm ill-defined area
with shadowing and irregular borders is identified. No flow is
identified in the lesion or adjacent to the lesion (> Fig. 7.9b).
The lesion was classified as BI-RADS category 4C given the MRI
results.

On strain imaging (> Fig. 7.9¢) the lesion is stiffer than the
surrounding breast tissue. The lesion is more defined on SE
than on B-mode. It is not possible to calculate an accurate E/B
ratio or a score on the 5-point color scale because the lesion
borders are not identified on B-mode imaging. The strain ratio
(lesion to fat ratio) is 5.2. On shear wave imaging (> Fig. 7.9d,f)
both systems do not color code the mass. The quality map
(» Fig. 7.9e) is yellow and red, confirming that adequate shear
waves were not present in the lesion. In the area of increased
Vs in the periphery the quality map is green (good quality).

7.9.3 Diagnosis

Invasive ductal carcinoma, grade 2. The patient had a surgical
resection of the lesion. The lesion was an invasive ductal carci-
noma, grade 2.

7.9.4 Discussion

The lesion in this case is difficult to identify on ultrasound. The
initial diagnostic mammogram and diagnostic ultrasound could
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Fig. 7.9 (a) On B-mode imaging there is an ill-defined hypoechoic mass. (b) On color Doppler imaging there is a small amount of adjacent blood flow.
(c) On strain elastography the lesion (yellow line) is better defined than in the corresponding B-mode image. The lesion is stiffer than the adjacent
breast tissue. The posterior border of the lesion is now identified; the posterior border on B-mode imaging is poorly visualized due to shadowing.

(d) On shear wave elastography (SWE) the lesion does not color code, but there is an increased Vs anterior to the lesion. (e) The quality map of image
(d) confirms that the shear waves within the lesion and adjacent to the lesion are of poor quality and should not be used in interpretation. (f) Similar

findings to (e) are identified on another SWE system.
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not account for the palpable mass. A 2cm mass was identified
on MRI. A second-look ultrasound was requested to determine if
the lesion could be biopsied under ultrasound. On the B-mode
image an area of ill-defined hypoechogenicity is identified at the
site of the MRI abnormality. However, with SE the mass is clearly
defined, but it is difficult to calculate an E/B ratio or assign a
score on the 5-point scale because the lesion size is not known
on B-mode imaging. However, a strain ratio can be calculated,
which was 5.2, suggestive of a malignancy. On SWE the lesion
has a poor-quality map on one system and is not color coded in
the other system (also due to poor-quality shear waves). There-
fore, an assessment based on SWE cannot be made. However, in
general when a solid mass does not generate adequate shear
waves (and is not too deep) the lesion is most likely a malig-
nancy. The use of SE allowed for identification of the lesion so
that an ultrasound-guided biopsy could be performed.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion has a probability of > 95% of malignancy.

Distance Ratio=1.61
c 4+ D1=7.4 mm
i D2=4.6 mm

Strain Ratio =6.32
4+ ROI 1=0.240 %
X ROI 2=0.038 %

7.10 Case 10: Invasive Ductal
Carcinoma—Grade 2 with
High-Grade DCIS

7.10.1 Clinical Presentation

A 61-year-old woman presents with an abnormal screening
mammogram. The mammogram was classified as BI-RADS cat-
egory 0, and ultrasound was recommended for further workup.

7.10.2 Ultrasound Findings

A 4mm angular hypoechoic lesion with an echogenic halo is
identified on B-mode imaging (> Fig. 7.10a). There is an echo-
genic halo around the lesion and architectural distortion with
ligaments being pulled to the lesion. There is significant blood
flow in the lesion on color Doppler (> Fig. 7.10b). The lesion
was classified as BI-RADS category 4C.

Fig.7.10 (a) On B-mode imaging there is a taller
than wider, 4 mm hypoechoic lesion with an
echogenic halo and retraction of tissue to the
lesion. (b) On power Doppler imaging there is
significant blood flow within the lesion. (c) On
strain elastography (SE) the lesion is stiffer than
the adjacent tissue. The lesion measures 4.6 mm
(yellow line) on B-mode and 7.4 mm (green line)
on SE with an E/B ratio of 1.6 and a score of 5 on
§ the 5-point color scale, both suggestive of a
malignancy. (d) The strain ratio (lesion to fat
ratio) is 6.3, consistent with other SE findings
suggestive of a malignancy. (Continued)
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Fig. 7.10 (Continued) (e) On Virtual Touch imaging (VTi, Siemens) (strain imaging with acoustic radiation force impulse [ARFI]) the lesion is significantly
stiffer than the surrounding tissue, with an E/B ratio of 1.8 suggestive of a malignancy and concordant with the manual displacement technique (c, d).
(f) On shear wave elastography (SWE) the lesion has a Vs of 7 m/s (168 kPa) consistent with the SE finding, consistent with a malignancy. (g) On three-
dimensional SWE the lesion has a ring of high Vs, suggestive of a malignant lesion.

On strain imaging (> Fig. 7.10c) the lesion is significantly
stiffer than the surrounding breast tissue with an E/B ratio of
1.6. The lesion to fat ratio is 6.3 (» Fig. 7.10d). On VTi
(strain imaging using ARFI) the marked increased lesion
stiffness compared with surrounding breast tissue and the in-
creased size of the lesion on elastography are appreciated
(» Fig. 7.10e). On shear wave imaging (> Fig. 7.10f) the lesion
has a Vs of 7m/s (140 kPa). The lesion size based on the abnor-
mal Vs is also larger than on B-mode. On 3D SWE (> Fig. 7.10g)
the increased Vs is noted around the lesion.

7.10.3 Diagnosis

Invasive ductal carcinoma, grade 2 with a minor component of
high-grade DCIS. ER +, PR+, Her 2-. The lesion was biopsied us-
ing a 12-gauge vacuum-assisted needle under ultrasound guid-
ance. The pathology was an invasive ductal carcinoma, grade 2
with a minor component of high-grade DCIS; ER(+), PR(+), Her

2(-).
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7.10.4 Discussion

This case has concordant findings with both SE and SWE find-
ings suggestive of a malignancy. On SE imaging the lesion has
an E/B ratio of 1.6, a score of 5 on the 5-point color scale, and
a strain ratio (lesion to fat ratio) of 6.3. On the VTi (strain
imaging with ARFI) the lesion is very black compared with
the background tissue, including the glandular tissue. This
appearance is seen with stiff tumors on SE because the dy-
namic range of the coding scale is large, with the stiff tumor
marking the upper setting and fat the lower setting. As can
be seen in the diagram of Vs of various breast tissues in

Fig. 2.5 the stiffness of the glandular tissue is close to that
of the fatty tissue and very much softer than a breast malig-
nancy, leading to this “black and white” image with very lit-
tle mid- to dark-gray coding.

In cases where there is an echogenic halo the measurement
on the B-mode image should be taken only of the hypoechoic
mass because that is how all published papers have determined
the cutoff value. It is not known if the increased size on the
elastogram is due to breast cancer that is not identified on the

B-mode image or an influence on the surrounding tissue
(body’s defense mechanism against the cancer). Investigations
are under way to determine the exact cause of the increased
size of malignant lesions on elastography. It is felt unlikely that
this effect is due only to desmoplastic reaction because that
does not explain why benign lesions appear smaller on elastog-
raphy. There is no “antidesmoplastic” reaction to account for
the benign findings.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a > 95% probability of malignancy.

7.11 Case 11: Invasive Ductal
Carcinoma—Grade 3 with Central
Necrosis

7.11.1 Clinical Presentation

The patient is a 60-year-old woman presenting with focal pain
in the right breast and a palpable mass. A mammogram was

Fig.7.11 (a) On B-mode imaging the lesion is a
1 cm hypoechoic lesion with ill-defined borders,
has a questionable hypoechoic rim, and is taller
- than wider. The lesion displaces the pectoralis

= muscle but did not appear to invade the muscle.
(b) No blood flow is identified within the lesion
on power Doppler imaging. (c) On strain elas-
tography (SE) imaging the lesion (yellow line) has
a soft central area (arrow) with a thin rim of
increased stiffness. The E/B ratio is 1 and the
lesion has a score of 2 on the 5-point color scale.
(d) SE image using a blue is stiff color scale with
findings similar to (c). (Continued)
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Fig. 7.11 (Continued) (e) On Virtual Touch imaging (VTi, Siemens) (strain imaging with acoustic radiation force impulse [ARFI]) the lesion has similar
findings to the manual displacement technique with a soft center and a thin stiff rim. (f) On shear wave elastography (SWE) the lesion is centrally soft
(Vs of 2.2 m[s; 15 kPa) with the rim having borderline stiffness of malignancy of 4.4 m/s (57 kPa). (g) SWE on a different system has similar findings of
a soft central area with a stiff rim similar to (f). (h) Similar SWE findings are obtained using three-dimensional SWE.

performed and interpreted as normal with scattered fibro-
glandular densities and unchanged from prior exams. Because
of the palpable abnormality the mammogram was classified as
BI-RADS category 0, and ultrasound was advised for further
workup.

7.11.2 Ultrasound Findings

There is a 1x1cm hypoechoic lesion with slightly ill defined
borders in the right breast 7:00 position, 8 cm from the nipple
(» Fig. 7.11a). There is a question of a hyperechoic rim. The pec-
toralis muscle was slightly displaced secondary to the mass, but
there did not appear to be invasion of the muscle. The lesion
corresponds to the patient’s area of pain. Color Doppler evalua-
tion (> Fig. 7.11b) does not demonstrate blood flow within the
lesion or adjacent to the lesion. The lesion was classified as BI-
RADS category 4B.

On SE (> Fig. 7.11c) the lesion is softer than the surrounding
tissue with a thin rim of stiff tissue. In this case the lesion
was measured (yellow line) and was “shadowed” onto the
elastogram to confirm the position of the lesion. The use of a
copy or shadow function is helpful in correlating findings be-
tween the B-mode image and the elastogram. This lesion would
have a score of 2 on the 5-point color scale (> Fig. 7.11d). Using
VTi (ARFI to generate stress and analysis as strain) demon-
strates a pattern similar to the manual compression strain
(» Fig. 7.11e).

With SWE (> Fig. 7.11f, g) the lesion color codes blue (soft).
Using regions of interest (ROIs) an exact measurement of the
shear wave velocity (expressed either in m/s or kPa) can be ob-
tained. In this case the lesion has a mean kPa value of 9 (Vs
1.7 m/s), whereas the adjacent breast tissue has kPa values be-
tween 20 and 47 (Vs 2.6-3.9m/s). A 3D SWE image is provided
in » Fig. 7.11h.
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7.11.3 Diagnosis

Invasive ductal carcinoma, grade 3 with prominent perineural
invasion. The lesion was biopsied with a 12-gauge vacuum-
assisted core biopsy under ultrasound guidance. Pathology
demonstrated invasive poorly differentiated ductal carcinoma.
The patient underwent a lumpectomy yielding the same diag-
nosis with prominent perineural invasion.

7.11.4 Discussion

This case has an interesting finding of a soft central area on both
SE and SWE. In the previous cases of “blue” or “soft” cancer on
SWE presented here, the SE images always had a stiff central
area despite the SWE images suggesting a soft center (with a
poor-quality map in most cases). The confidence of a soft cen-
tral area is significantly increased when the finding is concord-
ant with SE and SWE. The appearance here is similar to the
cases of mastitis presented in Cases 6.23 and 6.24. In our expe-
rience of elastography in over 400 cases of breast cancer the
finding of a soft center is rare. This case and Case 7.12 are the
only cases of breast malignancy we have identified with a soft
central area. In this case the soft center was due to necrotic

tumor. Most breast cancers have avascular fibrotic centers and
not soft necrotic centers.

When a soft central area is identified within a lesion, con-
firmed on both SE and SWE with good quality, a lesion other
than breast cancer should be considered. Other possibilities in-
clude mastitis (see Cases 6.23 and 6.24), and nonbreast adeno-
carcinoma (see Case 8.5), and fat necrosis (see Cases 6.23 and
6.24) should be considered. As discussed in detail in Case 8.6, if
we see an adenocarcinoma with a soft necrotic center and it is a
triple negative cancer additional markers are requested to de-
termine if the lesion is not of breast origin.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have an ~ 0% probability of malignancy.

7.12 Case 12: Invasive Ductal
Carcinoma—Grade 3

7.12.1 Clinical Presentation

An 84-year-old woman presents with a new palpable mass
since the last screening mammogram (BI-RADS category 2).

Fig.7.12 (a) On B-mode imaging the lesion is a
2.7 cm oval hypoechoic mass that has an ill-
defined medial border. (b) The lesion has
significant blood flow on power Doppler imaging.
(c) On strain elastography (SE) the lesion has a
softer central area (arrow) with a thick, stiffer rim.
The lesion measures 23.9 mm (yellow line) and
24.7mm (green line) and the E/B ratio is 1 with a
score of 2 on the 5-point color-scale. (d) On both
B-mode imaging and SE there is a question of a
second lesion on the medial portion of the lesion
(smaller dotted line). On SE the medial portion is
softer (arrow) than the thick rim on the lateral
portion of the lesion. (Continued)
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New mammography was not performed, and an ultrasound
was requested.

7.12.2 Ultrasound Findings

B-mode imaging (> Fig. 7.12a) shows a 2.7 cm oval hypoechoic
mass that is wider than taller and has an ill-defined medial bor-
der. There is marked blood flow in the lesion on power Doppler
imaging (> Fig. 7.12b). The lesion was classified as BI-RADS cat-
egory 4A.

On strain imaging (> Fig. 7.12¢) the lesion is stiffer than the
surrounding breast tissue and has an E/B ratio of 1.03. In anoth-
er position (> Fig. 7.12d) there is a question of a second adja-
cent lesion on the medial border, which is also stiffer than the
surrounding breast tissue. There is also a soft area centrally
within the mass. The lesion would have a score of 5 on the 5-
point color scale. On shear wave imaging (> Fig. 7.12e) the max
Vs is>7.5m/s (>180 kPa). On a different shear wave system
(» Fig. 7.12f) the increased Vs is noted in the proximal portion
of the lesion.

Fig. 7.12 (Continued) (e) On shear wave elastog-
raphy (SWE) the lesion has a Vs of >7.7 m/s (180
kPa). The medial portion of the lesion noted
above is softer or does not color code. (f) On a
different SWE system the lesion is color coded
blue, but there is a ring of higher stiffness with a
Vs of 7.7m/s (180 kPa).

7.12.3 Diagnosis

Invasive ductal carcinoma, grade 3. The lesion was biopsied
using a 12-gauge vacuum-assisted needle under ultrasound
guidance. The biopsy of the lesion on the medial border
was dark brown on visual inspection, whereas that of the
lateral portion of the mass was yellow-white. The pathol-
ogy was invasive poorly differentiated ductal carcinoma,
with prominent focal necrosis and lyphoplasmacytic in-
flammation.

7.12.4 Discussion

This case of invasive ductal carcinoma has a soft central area of
liquefactive necrosis that is discussed in detail in Case 7.11.

The appearance of this lesion can be seen in a fibroadenoma,
both in conventional imaging and in elastography. Some
reviewers may have classified this mass as a BI-RADS category
3 lesion. The classification of BI-RADS 4A was given due to the
border irregularity on the medical portion of the lesion. On SE
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the area with border irregularity appears stiffer than the re-
mainder of the lesion.

The elastographic finding in this case increases confidence
that a biopsy is the appropriate follow-up for this lesion.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion would have a >95% probability of malignancy.

7.13 Case 13: Invasive Ductal
Carcinoma—No Color Coding on
SWE, Grade 2

7.13.1 Clinical Presentation

A 72-year-old woman was found to have a new 10 mm irregular
mass in the right breast on screening mammography. The lesion
was confirmed on spot compression views. No associated mi-

Distance Ratio=2.40
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crocalcifications were identified. The mammogram was classi-
fied as BI-RADS category 0, and an ultrasound was advised for
further workup.

7.13.2 Ultrasound Findings

On B-mode imaging (> Fig. 7.13a) a 1 cm hypoechoic lesion that
is taller than wider with indistinct borders and shadowing is
identified. On color Doppler imaging (> Fig. 7.13b) there is
some blood flow within the lesion. The lesion was classified as
BI-RADS category 4C.

On strain elastography (> Fig. 7.13c) the lesion is much
stiffer than the adjacent glandular tissue and has an E/B ratio
of 2.4. The lesion has a strain ratio (lesion to fat ratio) of 4.3
(» Fig. 7.13d). The lesion has a score of 5 on the 5-point
color scale. On shear wave imaging (> Fig. 7.13e) the lesion
does not color code, and there is no ring of high Vs around
the lesion.

Fig.7.13 (a) On B-mode imaging there is a taller
than wider hypoechoic lesion measuring 1cm
with indistinct borders. (b) The lesion has some
proximal blood flow on power Doppler imaging.
(c) On strain elastography the lesion is stiffer than
the adjacent tissue. The lesion measures 4.5 mm
(yellow line) on B-mode and 10.8 mm (green line)
on SE with an E/B ratio of 2.4 and a score of 5 on
the 5-point color scale, both suggestive of a
malignant lesion. (d) The strain ratio (lesion to fat
ratio) is 4.3, borderline for a malignancy.
(Continued)
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Fig. 7.13 (Continued) (e) On shear wave elastography the lesion does
not color code. Because the lesion is solid this finding is suspicious for a
malignancy. There is a ring of increased stiffness adjacent to the lesion
(arrow), also suggestive of a malignancy.

7.13.3 Diagnosis

Invasive ductal carcinoma, grade 2. The lesion was biopsied
under ultrasound guidance using a 12-gauge vacuum-assisted
needle. The diagnosis on pathology was an invasive, moderately
differentiated ductal carcinoma. The lesion was ER (+, >90%),
PR (+, >90%), Her-2 (-).

7.13.4 Discussion

This lesion has suspicious findings for malignancy on all of the
SE measures; the E/I ratio is 2.4, the lesion has a score of 5 on
the 5-point color scale, and the strain ratio (lesion to fat ratio) is
4.3. On SWE the lesion does not color code secondary to poor-
quality shear waves. This is the appearance of previous “soft” or
“blue” cancers seen with older SWE algorithms. In cases where
there is no color coding of the lesion the lesion can either be a
simple cyst with simple fluid that does not support shear wave
propagation or a solid lesion with a high probability of being a
malignant lesion.5>

Often refractive shadowing from ligaments will have an ap-
pearance similar to this lesion. The appearance may give con-
cern of a lesion similar to this. The refractive artifact can
often be eliminated by angling the probe to correct for the

critical angle of the ultrasound beam to the ligament. Elas-
tography can also be helpful in this situation. If the lesion is
an artifact it will code soft, whereas if it is a solid lesion it
will usually code stiffer than adjacent tissue and code very
stiff if a malignancy.

Based on the proposed elastography classification sys-
tem (similar to the BI-RADS classification) presented
in Chapter 5 this lesion would have a>95% probability of
malignancy.

7.14 Case 14: Invasive Ductal
Carcinoma—Grade 3 with
Extensive Necrosis

7.14.1 Clinical Presentation

An 83-year-old woman presents with a new mass identified
on screening mammography. The mammogram was classified
as BI-RADS category 0, and ultrasound was recommended for
further workup.

7.14.2 Ultrasound Findings

On B-mode imaging (> Fig. 7.14a) a 3.5 cm irregular, heteroge-
neous mass is identified. There is marked color Doppler flow in
the lesion (> Fig. 7.14b). The lesion was classified as a BI-RADS
category 4C lesion.

On strain imaging (> Fig. 7.14c) the lesion is significantly
stiffer than the surrounding breast tissue. Determining an accu-
rate E/B ratio is difficult because the lesion is difficult to meas-
ure on B-mode. On the 5-point color scale this would be given a
score of 4 or 5. The strain ratio (lesion to fat ratio) is 13.5
(» Fig. 7.14d). On VTi (strain imaging using ARFI) the lesion is
stiffer than the adjacent breast tissue with a similar finding to
SE (> Fig. 7.14e). On shear wave imaging the lesion has a Vs of
7.6m/s (180 kPa) on one system (> Fig. 7.14f) and a Vs of
7.5m/s (170 kPa) on another system (> Fig. 7.14g).

7.14.3 Diagnosis

Invasive ductal carcinoma, grade 3 with extensive necrosis. The
lesion was biopsied with a 12-gauge vacuum-assisted needle
under ultrasound guidance. The lesion was an invasive ductal
carcinoma, poorly differentiated with extensive tumor necrosis
on pathology.

7.14.4 Discussion

This lesion appears as a very heterogeneous mass on B-
mode imaging. It is difficult to determine if the lesion is one
large abnormal mass or a lesion that is infiltrating adjacent
tissue with areas of normal tissue maintained. However, on
both SE and SWE the lesion is stiff throughout, suggesting
there are no intervening components of nonneoplastic
breast tissue. Both the SE and the SWE findings are sugges-
tive of a malignancy.

This case demonstrates the differences that are sometimes
identified between the two shear wave systems. One system
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has more color coding of red within the lesion, whereas the
other has more color coding of red in the periphery of the le-
sion. This difference has not been studied but may be due to the
differences in the two methods of SWE. One system uses a ser-
ies of ARFI pulses to generate a single image (not real-time
imaging) while the other uses a series of ARFI pulses to gener-
ate a mach wave in which real-time SWE can be performed. In
the latter case reflections of the mach wave off the interface
between soft and very stiff tissue may account for the more
prominent “ring” of high Vs and less red color coding centrally.
The same findings are found less often in the former techni-
que. When interpreting SWE findings the color coding of the
lesion as well as surrounding tissue should be evaluated. Both
systems provide the ability to characterize a lesion as benign
or malignant.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a > 95% probability of malignancy.

Fig.7.14 (a) On B-mode imaging there is an
irregular, heterogeneous 3.5 cm mass (lines). (b)
On power Doppler imaging there is a significant
amount of internal blood flow. (c) On strain
elastography the lesion (lines) is stiffer than the
surrounding tissue. The E/B ratio is difficult to
calculate because the lesion margins are not well
appreciated on B-mode imaging. The lesion
would have a score of 4 or 5 on the 5-point color
scale. (d) The lesion has a strain ratio (lesion to fat
ratio) of 13.5, highly suggestive of a malignancy.
(e) On Virtual Touch imaging (VTi, Siemens)
(strain imaging with acoustic radiation force
impulse [ARFI]) the lesion is stiffer than the
adjacent tissue and appears similar in size to the
lesion on B-mode imaging. (f) On shear wave
elastography (SWE) the lesion has a Vs of 7.6 m/s
(180 kPa), highly suspicious for malignancy. (g)
SWE on a different system has a Vs of 7.6 m/s
(170 kPa), similar to the findings in (f). The
findings using this system are more prominent in
the lesion-normal tissue interface. (Continued)

7.15 Case 15: Invasive Lobular
Carcinoma

7.15.1 Clinical Presentation

The patient is a 90-year-old woman with a 1.5 cm speculated
mass with suspicious calcifications on screening mammogra-
phy. The mammogram was classified as BI-RADS category 5,
and ultrasound-guided biopsy was recommended.

7.15.2 Ultrasound Findings

On B-mode imaging (> Fig. 7.15a) a 1.5cm markedly hypoe-
choic lesion with shadowing is identified. The lesion has specu-
lated margins. On power Doppler imaging (> Fig. 7.15b) no
blood flow is identified in the mass or surrounding tissue. The
lesion was classified as BI-RADS category 5.

On strain imaging (> Fig. 7.15c) the lesion is much stiffer than
the surrounding breast tissue. The E/B ratio is 1.3. The lesion to
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Fig. 7.14 (Continued) (e) On Virtual Touch imaging (VTi, Siemens) (strain imaging with acoustic radiation force impulse [ARFI]) the lesion is stiffer than
the adjacent tissue and appears similar in size to the lesion on B-mode imaging. (f) On shear wave elastography (SWE) the lesion has a Vs of 7.6 m/s
(180 kPa), highly suspicious for malignancy. (g) SWE on a different system has a Vs of 7.6 m/s (170 kPa), similar to the findings in (f). The findings
using this system are more prominent in the lesion-normal tissue interface.

fat ratio is 16 (> Fig. 7.15d). The strain findings are highly sug-
gestive of a malignancy. On shear wave imaging (> Fig. 7.15e)
the lesion has a Vs of 9.7 m/s (>180 kPa) compared with the
background tissue, which has a Vs of 2.1 m/s (14 kPa). On a dif-
ferent shear wave system (> Fig. 7.15f) the tissue surrounding
the lesion has a Vs of 4.8 m/s (79 kPa). Both shear wave systems
are suggestive of a malignancy.

7.15.3 Diagnosis

Invasive lobular carcinoma, grade 1 with lobular carcinoma in
situ. The lesion was biopsied using a 12-gauge vacuum-assisted
needle. The pathology was invasive lobular carcinoma, grade 1
with lobular carcinoma in situ.

7.15.4 Discussion

Invasive lobular carciinoma (ILC) accounts for 6 to 9% of breast
cancers.!43144 [LC spreads as sheets of a single-cell layer along

Cooper ligaments often referred to as Indian filing. Because of
this infiltrative growth pattern, ILC is more difficult to detect at
clinical examination and with mammography than invasive
ductal carcinoma.!45-147 [LC is therefore usually large at diagno-
sis and often multifocal.’#3148 Lymph node metastasis is less
common with ILC than with invasive ductal carcinoma for le-
sions of equal size, however,147 so the stage at diagnosis for ILC
is overall similar to that for invasive ductal carcinoma despite
the larger size at diagnosis.'4°

The most common clinical findings of ILC are palpable thick-
ening and skin or nipple retraction.!>° The clinical examination
findings are often more prominent than are the imaging
findings. The mammogram often underestimates tumor size
relative to the physical examination findings.43 ILC also has a
propensity for metastatic spread to the peritoneum, retroperi-
toneum, and gynecologic organs'51.152; therefore, consider the
diagnosis of ILC in women presenting with ascites, hydroneph-
rosis, or pelvic masses.!48
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The most frequent mammographic manifestation of ILC is ar-
chitectural distortion with or without a central mass!>3 or a fo-
cal asymmetry.14? Calcifications are a very uncommon feature
of ILC.149153 Mammography often greatly underestimates the
size of ILC as seen at histologic examination.'¥” When ILC is
large, the affected breast may appear to be decreasing in size
on the mammogram; this has been termed the shrinking
breast.’>* The decreased size of the breast on mammography
is probably due to the sheets of tumor cells causing de-
creased compressibility of the breast so that the breast tissue
does not spread out as well during mammographic compres-
sion. The shrinking breast is a mammographic and not a clin-
ical finding of ILC. The physical size of the breast at clinical
inspection is not different.

On ultrasound, the numerous sheets of tumor cells will fre-
quently cause architectural distortion and posterior acoustic
shadowing and, as at mammography, often without a discrete
mass. It may occasionally be difficult to distinguish the mild
posterior acoustic shadowing that may be seen with fibrocystic
changes from that of ILC. The appearance of the shadowing can
be more prominent when harmonic imaging is used. In the case
of a benign fibrocystic change, application of firm pressure with
a transducer will often remove the mild shadowing. Survey
scanning by using compound imaging reduces shadowing,
which may be the primary ultrasound finding of ILC.148

Fig.7.15 (a) The mass identified on screening
mammography is a 1.5 cm speculated irregular
hypoechoic mass with a hyperechoic halo. (b) On
color Doppler imaging there is no significant
blood flow within or adjacent to the lesion. (c) On
strain imaging the lesion is stiffer than the
surrounding tissue. The mass measures 14.3 mm
(yellow line) on B-mode and 18.5 mm (green line)
on SE with an E/B ratio of 1.3. On the 5-point
color scale the lesion is a score of 5. Note that the
posterior aspect of the lesion is well defined on
elastography. In this case the shadowing is not
intense enough to completely prohibit signals in
the area of shadowing to be identified. (d) The
strain ratio (lesion to fat ratio) of the mass is 16.4,
highly suggestive of a malignancy. (Continued)

Management of a lesion manifesting as architectural distor-
tion without a central mass is controversial because the differ-
ential diagnosis includes radial sclerosing lesion (radial scar).
Surgical excision is often recommended rather than core biop-
sy because 7 to 30% of radial sclerosing lesions may be associ-
ated with small foci of invasive ductal carconima or DCIS.110
However, 29% of lesions suspected of being radial sclerosing
lesions at imaging are actually carcinomas at biopsy.!>> Core
biopsy prior to excision is therefore often helpful in surgical
planning.

ILC is more frequently associated with positive margins at ex-
cision'%6 and is more frequently treated with mastectomy.!4”
This is likely due to the large size of ILC at diagnosis and the
underestimation of the disease extent at conventional imaging.
Ultrasound or MRI may be useful for assessing the extent of the
disease.!46.157 [n 39% of women with ILC, MRI depicts more ex-
tensive disease than is suspected with conventional imaging.1>”
On MRI scans, ILC may manifest as an enhancing solitary mass
with irregular margins, multiple enhancing lesions, or only en-
hancing septa.’>8 It is unknown if the elastographic size of the
lesion will correlate more accurately with the pathological size
of the cancer.

In this case all of the SE and SWE findings are concordant and
highly suggestive of a malignancy. Given the BI-RADS category
5 findings on conventional ultrasound the elastographic results
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do not add significantly to this case. With the high probability
of malignancy of BI-RADS category 5 lesions on conventional
ultrasound it is unlikely that any elastographic finding would
downgrade the lesion away from biopsy.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion has a probability of > 95% of being malignant.

7.16 Case 16: Invasive Lobular
Carcinoma

7.16.1 Clinical Presentation

A 78-year-old woman with a remote history of breast bilateral
implants presents with a new mass on screening mammogra-
phy in the right breast. The lesion was classified as BI-RADS 0,
and ultrasound was advised for further workup.

7.16.2 Ultrasound Findings

On B-mode (> Fig. 7.16a) imaging a 4.2 mm lesion is identified
adjacent to the breast implant. The lesion had moderate inter-
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Fig.7.15 (Continued) (e) On shear wave imaging
the mass has a maximum Vs of 9.7 m/s (>180
kPa) highly suggestive of a malignancy. (f) On a
different shear wave system the lesion has a
lower Vs with a ring of higher Vs. This is a case
where the newer algorithm would reject the
shear waves in the mass due to significant noise.
With the new algorithm the mass would not be
color coded.

nal blood flow on color Doppler imaging (
sion was classified as BI-RADS category 4A.

On SE (> Fig. 7.16¢) the lesion is stiffer than the surrounding
breast tissue and has an E/B ratio of 1.1. The lesion has a score
of 5 on the 5-point color scale. The strain ratio (lesion to fat ra-
tio) is 6.4 (> Fig. 7.16d). On shear wave imaging the lesion has a
max Vs of 6.1 m/s (115 kPa) on one system (> Fig. 7.16e) and a
max Vs of 7.1 m/s (153 kPa) on a different system (> Fig. 7.16f).
A second similar lesion was identified (not shown).

Fig. 7.16b). The le-

7.16.3 Diagnosis

Invasive lobular carcinoma. Because the lesion was adjacent to
the breast implant a 25-gauge needle was advanced under the
lesion with ultrasound guidance, and 3 mL of buffered lidocaine
was injected to increase the distance of the lesion from the
implant (> Fig. 7.16g). The lesion was then biopsied with a
25-gauge needle under constant ultrasound guidance using a
fine-needle aspiration (FNA) technique. The second lesion was
biopsied in the same fashion. The pathology of both FNAs was
ILC. The patient went to surgery where the implant and masses
were removed. On pathology the ILC was growing along the
implant.
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7.16.4 Discussion

The SE findings in this case are all suggestive of malignancy:
an E/I ratio of 1.1, a strain ratio (lesion to fat ratio) of 6.4, and
a score of 5 on the 5-point color scale. The SWE findings are
also suggestive of a malignancy with Vs>7m/s. Both SWE
systems have a high Vs throughout the lesion, confirming
that adequate shear waves are generated throughout this ma-
lignancy. It is interesting that the E/I ratio is only slightly
greater than 1 but the stain ratio is significantly elevated at
6.4. The relationship of the E/I ratio to lesion stiffness is not
known, although the E/I ratio appears to correlate with lesion
grade.?8

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion would have a >95% probability of malignancy.

7.17 Case 17: Invasive Papillary
Carcinoma

7.17.1 Clinical Presentation

The patient is a 77-year-old woman with a mass increasing in
size on screening mammography. The lesion was classified as
BI-RADS 0, and an ultrasound was recommended for further
workup.

Fig.7.16 (a) On B-mode imaging the mass
identified on mammography is a 4.2 mm well
circumscribed isoechoic mass just superior to the
breast implant. Not shown here is a second
similar lesion approximately 3 cm from this
lesion. (b) On color Doppler imaging the mass as
significant internal vascularity. (c) On strain
imaging the lesion is stiffer than surrounding
tissue. The lesion measures 4.2 mm (yellow line)
on B-mode and 4.5 mm (green line) on SE with an
E/B ratio of 1.1. The lesion has a score of 5 on the
5-point color scale, both suggestive of a malig-
nancy. (d) On strain imaging the strain ratio
(lesion to fat ratio) is 6.44, also suggestive of a
malignancy. (Continued)
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7.17.2 Ultrasound Findings

A 2.5cm well circumscribed complex cystic and solid lesion is
identified on B-mode imaging (> Fig. 7.17a). Through transmis-
sion is noted. The appearance of the lesion did not change on
repositioning of the patient. On color Doppler imaging there
is some peripheral blood flow but no blood flow within the
echogenic portions of the lesion (> Fig. 7.17b). The lesion was
classified as BI-RADS category 4B.

On strain imaging (> Fig. 7.17c) the fluid component of the
lesion is soft without a bull’s-eye artifact, suggesting the fluid is
viscous. The echogenic portion of the lesion is stiffer (black)
than the surrounding breast tissue, with a strain ratio (lesion to
fat ratio) of 4.5. The lesion would have a score of 5 on the 5-
point color scale. On shear wave imaging (> Fig. 7.17d) the an-
echoic portion codes very soft, with a Vs value of 1.2m/s (7
kPa). The solid component codes stiffer than surrounding breast
tissue, with a value of Vs of 4 m/s (48 kPa).

7.17.3 Diagnosis

Invasive intraductal papillary carcinoma, grade 1 and DCIS. The
lesion was biopsied with a 12-gauge vacuum-assisted needle
under ultrasound guidance. The pathology was invasive ductal
carcinoma, gradel. The patient underwent a lumpectomy
with the same diagnosis, predominantly intraductal papillary
carcinoma.
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7.17.4 Discussion

Papillary carcinoma accounts for about 1% of breast cancers!#4
and often manifests as an intraductal or intracystic mass.!>?
Women with papillary carcinoma often present with nipple
discharge or a palpable central mass. The mammographic ap-
pearance is typically a round, relatively circumscribed, equal- or
high-density mass.169 On ultrasound scans, papillary carcinoma
often manifests as a cyst with an intracystic mass or a more
complex cystic mass.

Intracystic carcinomas account for less than 1% of breast can-
cers and are usually papillary carcinomas. Aspiration of these
lesions often yields bloody fluid. Traditionally, these lesions
have been surgically excised due to the concern that the mass
will resolve with aspiration, hampering the ability to accurately
excise the lesion.

The clinical and imaging findings of papillary carcinoma can
be similar to those of benign intraductal papillomas, which like-
wise frequently manifest with nipple discharge and are most
common in the central breast.

Fig. 7.16 (Continued) (e) On shear wave imaging
the lesion has a high Vs of 6.1 m/s (115 kPa). The
area of increased stiffness extends to the breast
implant. (f) Shear wave imaging on a different
system has similar findings, with the mass having
a Vs of m/s (153 kPa). (g) The mass was biopsied
using a 22-gauge needle with a fine-needle
aspiration technique. Initially 5 mL of buffered
lidocaine was placed under the lesion to raise the
lesion from the implant (arrow). Continued
visualization of the needle was maintained during
the procedure to document that the implant was
not punctured.
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Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion would have a 2 to 95% probability of malignancy.

7.18 Case 18: Mucinous
Carcinoma

7.18.1 Clinical Presentation

An 82-year-old woman presents with a new 2 cm well circum-
scribed lesion on screening mammography. The lesion was clas-
sified as BI-RADS category 0, and ultrasound was requested for
further evaluation.

7.18.2 Ultrasound Findings

On B-mode ultrasound (> Fig. 7.18a) the lesion is a 2.3 cm hy-
poechoic, well-circumscribed lobular mass. Color Doppler imag-
ing (» Fig. 7.18b) demonstrates a small amount of blood flow in
the lesion. The lesion was classified as BI-RADS category 4A.
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Fig.7.17 (a) The mass noted on mammography is a complex cystic and solid mass on B-mode imaging. The lesion is well circumscribed with thick
septation and an area of thickened wall. There is some through transmission. (b) On power Doppler imaging there is a small amount of peripheral flow
but no flow within the lesion. (c) On strain imaging the lesion has a stiff rim and the “solid” component (line) is also stiff. The anechoic portion of the
lesion is soft without a bull’s-eye artifact. This suggests the “fluid” within the lesion is viscous or semisolid. (d) On shear wave imaging the anechoic
portion of the lesion codes with a low Vs of 1.2m/s (7 kPa), whereas the wall and solid components code with a higher Vs of 4 m/s (48 kPa). The
findings are similar to the strain findings.

On strain imaging (> Fig. 7.18c) the lesion is stiffer than
the surrounding glandular tissue, and the lesion has an E/B
ratio of 1.4 (» Fig. 7.18d). The strain ratio (lesion to fat ratio)
is 5.7. The lesion has a score of 5 on the 5-point color scale.
On shear wave imaging (> Fig. 7.18e) the lesion has a Vs of
6.2m/s (115 kPa). On a different shear wave imaging system
(» Fig. 7.18f) the central portion of the lesion has a Vs of
1.8 m/s (10 kPa), but the proximal portion of the lesion has a
Vs of 4.9m/s (73 kPa).

7.18.3 Diagnosis

Mucinous carcinoma. The lesion was biopsied with a 12-gauge
vacuum-assisted core needle under ultrasound guidance. The
pathology was a well differentiated mucinous carcinoma.

7.18.4 Discussion

Mucinous carcinoma accounts for about 2% of breast cancers.!44
Its prevalence is age related. A prevalence of as much as 7% is
found among women 75 years or older, whereas the prevalence
is only 1% in women younger than 35 years.161.162 Mucin is a
dominant feature at histologic examination. Mucinous carcino-
ma can be divided into pure mucinous carcinoma and mixed
mucinous carcinoma, depending on the mucinous content of
the carcinoma. Pure and mixed carcinomas have different prog-
noses. Pure mucinous carcinoma is reported to be associated
with a better prognosis!®3 and a lower incidence of axillary
lymph node metastasis.!64

These cancers tend to manifest as soft masses because of the
large amount of mucin within the lesion. Because of the pre-

dominance of mucin, this carcinoma typically manifests as a
low-density, relatively well defined or microlobulated oval or
lobular mass at mammography.'48.161 The margins of the lesion
are usually ill defined rather than sharply defined. On ultra-
sound scans, mucinous carcinomas are often heterogeneous in
echogenicity and may have mixed solid and cystic compo-
nents.!6! Posterior acoustic enhancement is common; posterior
acoustic shadowing is very uncommon. On MRI scans, muci-
nous carcinomas are one of the few cancers that have very
high signal intensity on T2-weighted images,165 due to the fluid
nature of mucin.

Because mucinous cancers are softer than other breast
cancers there is a concern that the elastographic features
may be different than for other malignancies. Also given that
the lesion may contain a large amount of semisolid mucin
would the lesion produce a bull’s-eye artifact? In our experi-
ence mucinous cancers are stiff enough to produce elasto-
graphic features similar to other breast malignancies. The E/
B ratio is often 1 or close to 1. This is one reason we prefer
to use an E/B ratio of>1 as our cutoff for distinction between
benign and malignant. DCIS is the other malignant lesion
that may have an E/B close to 1. One study found an E/B ratio
of 1.2 provides increased specificity; however, this study
did not include mucinous cancers or many cases of DCIS.10
The mucin is very viscous and does not produce a bull’s-eye
artifact.48

This case has all SE and SWE findings suggestive of malig-
nancy. The SE and SWE findings are concordant.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion would have a >95% probability of malignancy.
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Fig.7.18 (a) The lesion noted on the screening mammogram is a 2.3 cm lobular, well circumscribed, isoechoic, slightly heterogeneous mass on B-
mode imaging (dotted line). (b) Color Doppler imaging demonstrates a small amount of blood flow with the lesion. (c) On strain imaging the lesion is
stiffer than the surrounding tissue. (d) The lesion measures 15.4 mm (yellow line) on B-mode imaging and 21.6 mm (green line) on SE. The lesion has
an E/B ratio of 1.4 on strain imaging. The lesion has a score of 5 on the 5-point color scale. (e) The lesion has a high Vs on shear wave imaging with a
maximum Vs of 6.2 m/s (115 kPa), highly suggestive of a malignancy. (f) On a different shear wave system the lesion has a ring of high Vs (4.9 m/s; 73
kPa), although the central portion of the lesion has a lower Vs of 1.8 m/s (10 kPa).
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7.19 Case 19: Mucinous
Carcinoma—Mucinous Carcinoma
with Adjacent Invasive Ductal
Carcinoma, Grade 2

7.19.1 Clinical Presentation

A 56-year-old woman presents with a palpable mass in the
right breast. On mammography a new 2cm lobular mass is
identified. The lesion is classified as BI-RADS category 0, and an
ultrasound is recommended for further evaluation.

7.19.2 Ultrasound Findings

On B-mode imaging (> Fig. 7.19a) a 2.2 cm hypoechoic, irregu-
lar mass is identified. On color Doppler imaging (> Fig. 7.19b)
no internal blood flow is identified. The lesion was classified as
BI-RADS category 4C.

On strain imaging (> Fig. 7.19c¢) the lesion is stiffer than the
surrounding fatty breast tissue and the E/B ratio is 1.3. The le-
sion has a strain ratio (lesion to fat ratio) of 5.5. The lesion has a
score of 5 on the 5-point color scale. On further scanning a sec-
ond 0.5cm lesion is identified approximately 1cm from the
larger lesion (> Fig. 7.19d). This satellite lesion has an E/B ratio
of 1.2, strain ratio (lesion to fat ratio) of 5.2 and a score of 5 on
the 5-point color scale (> Fig. 7.19e). On shear wave imaging
(» Fig. 7.19f) the larger lesion has a Vs of 6.5m/s (125 kPa),
whereas the smaller lesion has a Vs of 4.5 m/s (60 kPa).
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7.19.3 Diagnosis

Large lesion—colloid (mucinous) carcinoma; satellite lesion—in-
vasive ductal carcinoma, grade 2. Both lesions were biopsied
under ultrasound guidance with a 12-gauge vacuum-assisted
core needle. The pathology of the larger lesion was colloid carci-
noma, moderately differentiated, whereas the smaller lesion
was invasive, moderately differentiated ductal carcinoma.

7.19.4 Discussion

The pathophysiology of mucinous (colloid) cancer is presented
in Case 7.18.

The large lesion that was identified on mammography has all
the SE and SWE features of a malignancy. The second lesion was
not identified on the diagnostic mammogram. The satellite le-
sion also has SE and SWE features of a malignancy similar to
those of the large lesion. On the stress elastogram there is a
bridge of soft, normal-appearing breast tissue, raising the ques-
tion that there are two separate lesions, although extension of
the larger lesion is still possible. Both lesions were biopsied giv-
en the normal tissue between the lesions.

Although mucinous (colloid) cancers are felt to be softer than
invasive ductal carcinoma, in this case the mucinous cancer has
stiffer elastographic characteristics compared with invasive
ductal carcinoma. This may be due to the size difference be-
tween the two lesions. On SWE the entire central portion of the
lesion has a high Vs. It is possible that if there is a portion of the
lesion that is mostly mucin the Vs may be lower in that portion
of the lesion.

Fig.7.19 (a) The palpable mass is an irregular
heterogeneous well defined mass on B-mode
imaging. There is a question of a surrounding
echogenic halo, particularly in the distal portion
of the mass. (b) There is questionable small
amount of blood flow in the lesion on power
Doppler. (c) On strain imaging the lesion is stiffer
than the surrounding tissue. The leasion meas-
ures 13.9 mm (yellow line left images) on B-mode
and 17.9 mm (yellow line right image) with an E/
B ratio of 1.3. The lesion has a score of 5 on the 5-
point color scale. (Continued)
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Fig. 7.19 (Continued) (d) Imaging in a different plane demonstrates a cluster of adjacent hypoechoic lesions. (e) On strain imaging the smaller satellite
lesion (arrow) is also stiffer than the surrounding tissue and has an E/B ratio of 1.3. The satellite lesion has a score of 5 on the 5-point color scale. There
is an approximately 1cm area of normal-appearing breast tissue between the two lesions. (f) On shear wave imaging the larger lesion has a
significantly high Vs of 6.5m/s (125 kPa), whereas the smaller lesion (arrow) has a Vs of 4.5m/s (60 kPa).

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
both lesions have a >95% probability of malignancy.

7.20 Case 20: Inflammatory Breast
Carcinoma

(Case courtesy of Professor Alexander Mundinger, Osnabrunk,
Germany.)

7.20.1 Clinical Presentation

This 57-year-old patient presented with a palpable, nonmobile
mass in the left breast. The mass was identified on a diagnostic
mammogram.

7.20.2 Ultrasound Findings

On B-mode imaging (> Fig. 7.20a) there is a 12.5 mm mass that
is taller than wider, irregular, and extending into the adjacent
skin.

On shear wave imaging (> Fig. 7.20b,c) the mass and the sur-
rounding skin have a markedly elevated Vs of>7.7m/s (180
kPa). Strain imaging was not performed in this case.

7.20.3 Diagnosis

Inflammatory breast cancer.

7.20.4 Discussion

Inflammatory breast cancer is a rare and very aggressive dis-
ease in which cancer cells block lymph vessels in the skin of the
breast. This type of breast cancer is called inflammatory
because the breast often looks swollen and red, or inflamed. In
addition to the swelling and redness the skin has a pitted ap-
pearance similar to the skin of an orange (peau d’orange). The
symptoms are caused by the buildup of fluid in the skin due to
blocked lymph vessels in the skin. Other symptoms of inflam-
matory breast cancer include a rapid increase in the size of the
breast and a sensation of heaviness, burning, or tenderness. In-
flammatory breast cancer accounts for 1 to 5% of all breast can-
cers diagnosed in the United States. Most inflammatory breast
cancers are invasive ductal carcinomas.

Inflammatory breast cancer progresses rapidly, often in a
matter of weeks or months. Inflammatory breast cancer is
either stage III or IV at diagnosis, depending on whether cancer
cells have spread only to nearby lymph nodes or to other tissues
as well.
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Compared with other types of breast cancer, inflammatory
breast cancer tends to be diagnosed at younger ages (median
age of 57 years, compared with a median age of 62 years for
other types of breast cancer). It is more common and diagnosed
at younger ages in African American women than in white
women. The median age at diagnosis in African American wom-
en is 54 years, compared with a median age of 58 years in white
women. Inflammatory breast tumors are frequently hormone
receptor negative, which means that hormone therapies that
interfere with the growth of cancer cells fueled by estrogen may
not be effective against these tumors.166

Minimum criteria for a diagnosis of inflammatory breast
cancer include the following:

(1) A rapid onset of erythema (redness), edema (swelling),
and a peau dorange appearance and/or abnormal breast

Fig.7.20 (a) On B-mode imaging there is an irregular hypoechoic
mass that extends into the skin with associated skin thickening. (b) On
shear wave imaging the mass and adjacent skin have an increased Vs,
consistent with malignancy. (c) A repeat shear wave image confirms
the high Vs in both the mass and the adjacent skin.

warmth, with or without a lump that can be felt; (2) the afore-
mentioned symptoms have been present for less than 6
months; (3) the erythema covers at least a third of the breast;
and (4) initial biopsy samples from the affected breast show in-
vasive carcinoma.67.168

This case demonstrates a breast mass that invades the skin.
The elastographic features on SWE are highly suggestive of a
malignancy that has extended into the skin. This case of inva-
sive ductal carcinoma with skin involvement has a very high Vs
of the skin compared with the case of skin thickening due to a
benign cause presented in Case 6.41.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion has a > 95% probability of malignancy.
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8 Clinical Cases of Other Lesions

8.1 Case 1: Lymph Nodes—Benign
Intramammary Lymph Node

8.1.1 Clinical Presentation

A 79-year-old woman presents with a 1 cm well circumscribed
new mass in the right upper outer breast on mammography.
The mammogram was classified as Breast Imaging-Reporting
and Data System (BI-RADS) 0, and an ultrasound was advised
for further workup.

8.1.2 Ultrasound Findings

On B-mode ultrasound (> Fig. 8.1a) a 10 mm oval well circum-
scribed hypoechoic lesion with a central area of increased echo-
genicity is identified. On color Doppler (> Fig. 8.1b) there is
significant blood flow with some vessels appearing to enter
the cortex and not at the hilum. The lesion was classified as
BI-RADS category 4A.

On strain elastography (SE) (> Fig. 8.1c) the cortex of the le-
sion is stiffer than surrounding tissue and the central area is
soft (white). The lesion is smaller on elastography. The strain
ratio (lesion to fat ratio), using the cortex as lesion is 3.8
(» Fig. 8.1d). On shear wave elastography (SWE) (> Fig. 8.1e)
the lesion has a Vs of 1.7 m/s (9 kPa).

8.1.3 Diagnosis

Benign intramammary lymph node. The lesion was biopsied
with an 18-gauge core needle under ultrasound guidance. The
pathology was a benign intramammary lymph node.

8.1.4 Discussion

Normal and abnormal axillary lymph nodes are commonly
identified on mammography. Normal axillary lymph nodes are
frequently identified and are typically small and oval with a
lucent center due to hilar fat. Abnormal lymph nodes are char-
acterized by high density, absence of hilar fat, and a round,
irregular, ill-defined shape with or without intranodal calcifi-
cations on the Medial Lateral Oblique (MLO) view.169170 The
spectrum of calcifications within lymph nodes comprises mi-
crocalcifications, punctate or amorphous calcifications, and
coarse calcifications.

Ultrasonography of the axillary region is an imaging method
that can be used when an abnormal lymph node is detected on
a negative mammogram. On ultrasound, a normal lymph node
has a thin hypoechogenic cortex in the periphery and an echo-
genic hilum. Abnormal nodes tend to become more rounded.
Eccentric enlargement with focal thickening of the cortex is a
strong indicator of malignant transformation. Indentation of
the hilum, and especially obliteration of the hilum, is highly
suggestive of malignancy.!”!

Peripheral flow and transcapsular vessels seen on color Dop-
pler favor malignancy compared with central flow in normal
axillary lymph nodes. For an accurate diagnosis, needle aspira-
tion or biopsy should be performed under ultrasound guidance.

Enlargement of lymph nodes can be due to a variety of benign
and malignant causes. The most common malignant cause of
abnormal axillary lymph nodes is breast cancer; however, when
lymph nodes enlarge because of metastatic breast cancer, the
primary tumor within the breast is usually visualized mammo-
graphically. Occult breast cancer presenting as axillary metasta-
sis is uncommon, accounting for less than 1% of all patients with
primary breast cancer at diagnosis.172173

In addition to metastatic breast cancer, another malignant
cause of lymph node enlargement with a negative mammo-
gram is metastases from other primary tumors (e.g., lymphoma,
malignant melanoma, or lung or ovarian carcinomas). Benign
causes of abnormal axillary lymph nodes include systemic in-
flammatory processes (sarcoidosis), infectious diseases (bacte-
rial lymphadenitis, tuberculosis), collagen vascular diseases,
and several miscellaneous causes (silicone implants, tattooing).

This lymph node has the elastographic features of a benign
lymph node. The fatty hilum is soft, and the cortex of the lymph
node is stiffer than surrounding tissue. The lymph node has an
E/B ratio of<1, and the strain ratio (lesion to fat ratio) of the
cortex is usually less than 4. On SWE the lymph node usually
has a Vs of <3.2m/s (30 kPa). The elastographic features of an
abnormal lymph node include an E/B ratio of > 1, a strain ratio
of >4.5, and a focal area of stiffness (stiffer than the normal
lymph node cortex).

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion has an ~ 0% probability of malignancy.

8.2 Case 2: Lymph Nodes—Benign
Axillary Lymph Node

8.2.1 Clinical Presentation

An 84-year-old woman with a history of breast cancer with
mastectomy now presents with a left axillary mass on physical
exam. Mammography was not performed.

8.2.2 Ultrasound Findings

B-mode imaging (> Fig. 8.2a) shows a normal-appearing 1.8 cm
lymph node. On color Doppler (> Fig. 8.2b) no blood flow is
identified. The lesion was classified as BI-RADS 3.

On strain imaging (> Fig. 8.2c¢) the cortex of the lesion is
stiffer than surrounding tissue, with the hilum of the lymph
node soft and of similar stiffness to the adjacent fat. The elasto-
gram/B-mode (E/B) ratio is 0.95, and the strain ratio is 3.8. On
shear wave imaging (> Fig. 8.2d) the lymph node has uniform
stiffness with a Vs of 2.6 m/s (20 kPa).

8.2.3 Diagnosis

Mature lymphocytes consistent with lymph node origin. The le-
sion was biopsied with a 20-gauge needle using a fine-needle
aspiration (FNA) technique. The pathology was mature lympho-
cytes consistent with lymph node origin.
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Fig.8.1 (a) The mass identified on mammogra-
phy is a well circumscribed, hypoechoic mass
with a central area that is hyperechoic. (b) On
color Doppler imaging there is significant blood
flow in the lesion with a large feeding vessel and
draining vein. (c) On strain elastography the mass
has a soft central area with a thick rim that is
stiffer than surrounding breast tissue. The lesion
is smaller on elastography than in B-mode
imaging. The lesion would be classified with a
score of 2 or 3 in the 5-point color scale. (d) The
strain ratio (lesion to fat ratio) is 3.8 on strain
imaging, suggestive of a benign lesion. (e) On
shear wave imaging the lesion has a Vs of 1.7 m/s
(9 kPa), suggestive of a benign lesion.
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Fig. 8.2 (a) On B-mode imaging the mass is a 1.8 cm lesion with the appearance of a lymph node. The cortex of the lymph node is relatively uniform in
size, and the central echogenic fat is maintained. (b) On power Doppler no blood flow is identified in the lesion. (c) On strain imaging the cortex of the
lymph node is stiffer than the adjacent breast tissues, whereas the central fatty hilum (arrow) is soft as expected. The lesion (dotted line) is similar in
size on the B-mode image and elastogram. (d) On shear wave imaging the lymph node has a low Vs of 2.6 m/s (20 kPa) consistent with a benign
lesion.

8.2.4 Discussion

Inflammation of lymph nodes by bacterial or granulamotous
infections such as tuberculosis is known as lymphadenitis.
The most common causes of axillary lymphadenitis are bac-
terial agents that are located in the normal flora of the skin.
Focal lymphadenitis is prominent in streptococcal infection,
tuberculosis, nontuberculous mycobacterial infection, tulare-
mia, plague, and cat-scratch disease. Multifocal lymphadeni-
tis is common in infectious mononucleosis, cytomegalovirus
infection, toxoplasmosis, brucellosis, secondary syphilis, and
disseminated histoplasmosis.17%.17! Tuberculous lymphadeni-
tis (or tuberculous adenitis) is a chronic specific granuloma-
tous inflammation with caseation necrosis of the lymph no-
des. On physical examination, tenderness, redness, swelling,
fluctuation, or abscess formation are detected as a result of
bacterial lymphadenitis, whereas tuberculosis lymphadenitis
may result in cold abscesses, which develop so slowly
that there are no signs of inflammation unless it becomes
complicated.

In this case a larger than normal (1.8 cm) axillary lymph node
is identified. No other conventional sonographic abnormality is
identified. On SE the hilar fat is identified as soft central tissue.
The cortex is stiffer than adjacent tissue with an E/B ratio of
0.95. The strain ratio of the cortex is 3.8. On SWE the lymph
node has a Vs of 2.5 m/s (19 kPa). The SE findings are benign as
are the SWE findings.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion has an ~ 0% probability of malignancy.

8.3 Case 3: Lymph Nodes—Meta-
static Adenocarcinoma to Axillary
Lymph Node

8.3.1 Clinical Presentation

A 63-year-old woman with a history of left invasive ductal
breast cancer presents with a new palpable mass in her left
breast. On mammography a 1.5 cm irregular, hypoechoic mass
is identified, and a lobular mass is also identified in the axilla.
The mammogram was classified as BI-RADS 0, and an ultra-
sound was advised for further workup.

8.3.2 Ultrasound Findings

On B-mode imaging (> Fig. 8.3a) there is a lobular mass in the
axilla. The normal lymph node appearance is not identified.
The mass has marked increased blood flow on power Doppler
imaging (> Fig. 8.3b) and color Doppler imaging (> Fig. 8.3c)
with blood vessels noted entering the cortex of the lymph node.
The breast mass is not presented here.

On SE (> Fig. 8.3d) the abnormal lymph node is stiffer than
adjacent tissue with an E/B ratio of 1.1 and a strain ratio of 4.7.
The lesion has a score of 5 on the 5-point color scale. On SWE
(» Fig. 8.3e) the lymph node has a Vs of>7.7m/s (>180 kPa),
highly suggestive of a malignancy. The quality map (> Fig. 8.3f)
of the lesion confirms good-quality shear waves

8.3.3 Diagnosis

Metastatic adenocarcinoma to axillary lymph nodes. The breast
mass and the abnormal lymph nodes were biopsied with a 12-
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gauge vacuum-assisted needle. The breast mass was an invasive
ductal carcinoma, grade 3, and the lymph node was replaced
with metastatic disease.

8.3.4 Discussion

Nori et al'7# evaluated axillary lymph nodes for hilar and corti-
cal thickening and ratio between the sinus diameter and the to-
tal longitudinal diameter. Lymph nodes with hilar diameters
equal to or greater than 50% of the longitudinal diameter were

Fig. 8.3 (a) B-mode image of the axilla demon-
strated several well circumscribed masses. The
lesions did not have a normal lymph node
appearance with absence of the central fat. (b)
The power Doppler image demonstrates a large
amount of internal blood flow. Some blood
vessels enter through the cortex of the lymph
node. (c) The color Doppler image demonstrates
similar findings as (b). (d) On strain elastography
the lymph node is stiffer than surrounding tissue
and has an elastogram/B-mode (E/B) ratio of 1.1,
suggestive of a malignancy. (e) On shear wave

8 imaging the lesion has a Vs of>7.7m/s (>180
kPa), highly suggestive of a malignancy. (f) The
quality map confirms adequate shear waves are
generated for accurate interpretation.

considered normal. Of the 102 patients evaluated, 77 (75.7%)
had normal axillary nodes according to the ultrasound criteria
adopted. Negativity was confirmed by histology in 56 cases
(72.7%, true-negative); 21 (27.3%, false-negative) were found to
be positive, in contrast with the sonographic appearance. The
false-negative cases were due to lymph node micrometastasis
that probably did not cause morphological alterations percepti-
ble at ultrasound. The remaining 25 patients (24.5%) had axil-
lary lymph nodes classified as suspicious. In 13 cases of (52%,
true-positive) there was agreement with histology, whereas in
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12 cases (48%, false-positive) the ultrasound suspicion was not
confirmed at surgery. The most important sonographic altera-
tion was the gradual reduction in hilar echogenicity (seen in
100% metastatic nodes); conversely, hilar denting or irregular-
ities, as well as dimensional criteria, proved to be poorly specific.

In this case the B-mode findings of the lymph nodes are
highly suspicious. There is lack of the normal hilar fat, the
lymph nodes are rounded, and blood flow is noted entering the
cortex of the lymph nodes. The SE findings are abnormal, with
an E/B ratio of 1.1, no hilar softness, and a strain ratio (lesion to
fat ratio) of 4.7. The SWE findings are also abnormal with a Vs>
7.7m/s (> 180 kPa).

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion has a >95% probability of malignancy.

8.4 Case 4: Lymph Nodes—Meta-
static Adenocarcinoma to Axillary
Lymph Node

8.4.1 Clinical Presentation

A 74-year-old woman with a history of left breast cancer, status
postmastectomy, chemotherapy, and radiation therapy 12 years
prior presented with a painful left axillary mass. Mammogra-
phy was not performed.

w03tROI 2=0.036 %

Fig. 8.4 (a) B-mode image of the painful axillary
mass identifies a 2 cm irregular hypoechoic mass.
(b) On power Doppler imaging there is marked
blood flow within the mass. (c) On strain
elastography the mass is much stiffer than the

S adjacent tissues. The lesion measures 21.0 mm
(yellow line) on B-mode and 26.9 mm (green line)
on SE with an elastogram/B-mode (E/B) ratio of
1.3. The lesion has a score of 3 on the 5-point
color scale. (d) The strain ratio (lesion to fat ratio)
is 29.1. All of the strain measurements are
suggestive of a malignancy. (Continued)

“Strain Ratio =29.11

+ROI 1=1.048 %

8.4.2 Ultrasound Findings

On B-mode imaging (> Fig. 8.4a) a 2cm irregular hypoechoic
mass is identified. There is significant blood flow on color Dop-
pler imaging (> Fig. 8.4b). The lesion was classified as BI-RADS
category 4C.

On strain imaging (> Fig. 8.4c) the mass is stiffer than the ad-
jacent tissue, and the E/B ratio is 1.3. The lesion to fat ratio is
29.1 (» Fig. 8.4d). Similar findings are identified on Virtual
Touch imaging (VTi, Siemens) (> Fig. 8.4e). On shear wave imag-
ing the mass is markedly stiff with a Vs of >7.7m/s (180 kPa).
Similar findings are seen with a different shear wave system
(» Fig. 8.4g).

8.4.3 Diagnosis

Invasive ductal carcinoma. The lesion was biopsied with
an 18-gauge Tru-cut needle under ultrasound guidance. The
pathology was a lymph node replaced with invasive poorly dif-
ferentiated adenocarcinoma, consistent with breast origin.

8.4.4 Discussion

In this case advanced metastatic disease to the axillary lymph
node is present. The lymph node does not have the appearance
of a lymph node but an irregular mass. The SE findings of E/I
ratio of 1.3, loss of hilar softness, and strain ratio (lesion to fat
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ratio) of 29.1 are all highly suggestive of malignancy. The shear
wave imaging findings with Vs of >6.5 m/s (125 kPa) are highly
suspicious for malignancy.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion has a > 95% probability of malignancy.

Fig. 8.4h is from a different patient and demonstrates the
opposite end of the spectrum of metastatic disease to the
lymph nodes. This patient presented with a 2.5 cm BI-RADS 5
mass that was subsequently biopsied and was an invasive
ductal cancer. In this case there is a focal area of persistent
stiffness in the cortex of the lymph node (circle). This
persisted on multiple views. This area was biopsied under
elastographic guidance and was a focus of metastatic disease.
Any area of stiffness greater than the adjacent cortex of a
lymph node or deformity of the cortex seen only on elastog-

Fig. 8.4 (Continued) (e) On Virtual Touch imaging
(VTi, Siemens) (strain imaging using acoustic
radiation force impulse [ARFI]) demonstrates a
mass with an E/B ratio>1 and significantly stiffer
than surrounding tissue. (f) On shear wave
imaging the mass has a Vs of >7.7m/s (>180
kPa), highly suggestive of a malignancy. (g) On a
different shear wave system similar findings
suggestive of a malignancy are obtained with a
Vs of Vs>7.7m/[s (191 kPa). (h) Strain elastogram
from a different patient demonstrates a stiff area
(red circle) that was persistent. The exam is from
a patient with a 2.5 cm BI-RADS category 5 mass.
The persistent stiff area was biopsied under
ultrasound guidance and was confirmed to be a
focal metastatic lesion.

raphy should be considered a possible metastatic foci and
biopsied.

8.5 Case 5: Lymphoma
8.5.1 Clinical Presentation

An 85-year-old woman with a history of non-Hodgkin lym-
phoma presents with bilateral breast masses on screening
mammogram. The mammogram was classified as BI-RADS 0,
and ultrasound was recommended for further workup.

8.5.2 Ultrasound Findings

On B-mode imaging (> Fig. 8.5a) a 1.8 cm well circumscribed
lobular hypoechoic lesion is identified. The lesion had internal
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blood flow on power Doppler imaging (> Fig. 8.5b). The second
lesion in the other breast had identical imaging characteristics.
The lesions were classified as BI-RADS category 4A.

On strain imaging (> Fig. 8.5¢) the lesion is soft and similar in
stiffness to adjacent fatty tissue. The E/B ratio was less than 1.
The lesion to fat ratio was not performed. On the 5-point
color scale this lesion has a score of 2. On shear wave imag-
ing (> Fig. 8.5d,e) the lesion is soft, with a Vs of 2.8 m/s (23
kPa). The lesion in the other breast had identical elasto-
graphic features.

8.5.3 Diagnosis

Lymphoma. Both lesions were biopsied with a vacuum-assisted
12-gauge core needle. Both lesions were diffuse large B cell
lymphoma similar to the patient’s previous diagnosis.

8.5.4 Discussion

Breast cancer accounted for 230,000 of the cancer diagnoses in
2011.175 Although most metastases to the breast are from con-
tralateral breast carcinomas, approximately 0.4 to 1.3% of breast
cancers are metastases from extramammary cancers.!76177 Of
these, the most common primary cancers, in decreasing order,

Fig. 8.5 (a) The B-mode image of one of the two
palpable masses demonstrates a hypoechoic well
circumscribed lesion. The second lesion in the
contralateral breast had a similar appearance (not
presented). (b) The power Doppler image of the
lesion demonstrates significant internal blood
flow. The lesion in the contralateral breast had
similar findings (not presented). (c) On strain
elastography the mass (yellow line) is of mixed
soft and stiff signal. The lesion has a score of 2 on
the 5-point color scale. The elastogram/B-mode
(E/B) ratio is hard to calculate but is<1. Both
methods of analysis are suggestive of a benign
lesion. The lesion in the contralateral breast had
similar findings (not presented). (d) On shear
wave elastography the lesion has a higher Vs than
surrounding fatty tissue measuring 2.7 m/s (23
kPa), also suggestive of a benign lesion. Findings
in the lesion in the contralateral breast were
similar (not presented). (e) Shear wave imaging
on a different system has a similar appearance
with a Vs maximum of 2.7 m/s (23 kPa). Similar
results were obtained from the lesion in the
contralateral breast (not presented).

are leukemia/lymphomas, malignant melanomas, lung cancers,
renal cell carcinomas, and ovarian tumors.176.177

Diffuse B-cell non-Hodgkin lymphoma is the most common
type of lymphoma found in the breast; it is still a rare diagnosis,
encompassing approximately 0.15% of all malignant breast can-
cers.!78-180 [ 3 series of 106 cases of lymphomas of the breast,
Talwalkar et al'”8 reported that diffuse large B-cell lymphoma
was the most common type of lymphoma overall, but that fol-
licular lymphoma was the most prevalent nonprimary lympho-
ma of the breast. The differentiation from primary breast cancer
and metastatic disease of the breast is a very important clinical
distinction because it changes outcome and treatment. Our pa-
tient had a previous history of lymphoma, which in addition to
the radiographic findings increased the clinical suspicion for
nonprimary breast cancer.

Metastatic lymphomas to the breast most often present on
mammogram as a noncalcified mass with indistinct margins.
Most often they do not present with skin edema or skin
thickening.’®! On ultrasound, Zack et al described a case of
metastatic lymphoma as a well circumscribed mass with a
hyperechogenic border and hypoechoic center.'® Yang et al,
in a case of 32 lymphomas metastatic to the breast, found
that most masses on ultrasound were lobular (52%) and with
indistinct margins (72%).180
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The differentiation of metastatic cancer to the breast from
primary breast cancer is often complicated. Although Yang et al
and Ha et al have reported that most metastatic lymphomas of
the breast were irregular, hypoechoic, and hypervascular with
indistinct margins,'8%181 jt has also been reported that breast
lymphomas can appear hyperechoic.!82183 This unpredictability
leads to the fact that conventional radiographic findings do not
always help to differentiate primary and metastatic lesions. In
fact, several studies have shown that on mammography and
conventional ultrasound the two are indistinguishable from
one another.!77.184 Sonoelastography has recently been used to
diagnose malignant breast cancers. Primary breast cancer is
routinely stiffer than the surrounding tissue on sonoelastogra-
phy?2>.263058: this was not the case for lymphoma metastatic to
the breast.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
this lesion (and the contralateral lesion) has an ~ 0% probability
of malignancy.

Fig. 8.6 (a) B-mode image of the mass noted on
mammography identifies an irreqular mass with a
thick echogenic halo (arrows). The lesion does
not distort the surrounding breast tissue. (b) The
lesion has significant blood flow in both the
central portion of the mass as well as the
echogenic halo on color Doppler evaluation. (c)
On strain elastography the lesion has a soft
central area and a thick stiff rim. The appearance
of the central portion of the lesion has the
appearance of a bull’s-eye artifact (arrow). The
lesion is larger on elastography with an elasto-
gram/B-mode (E/B) ratio of 1.2. The lesion would
have a score of 2 on the 5-point color scale. (d)
The lesion measures 12.9 mm (yellow line) on B-
mode and 15.8 mm (green line) on SE with an E/B
ratio of 1.2. (Continued)

8.6 Case 6: Adenocarcinoma
Metastatic (Nonbreast)—
Adenocarcinoma of Lung Origin

8.6.1 Clinical Presentation

A 55-year-old woman diagnosed with a history of lung adeno-
carcinoma presented for follow-up computed tomography (CT).
A 6 mm mass was identified in her breast. On a follow-up CT 2
months later the mass had increased to 10 mm. A mammogram
confirmed a 14 mm high-density, round mass with indistinct
borders.'> The mammogram was classified as BI-RADS cate-
gory 0, and ultrasound was advised for further workup.

8.6.2 Ultrasound Findings

B-mode imaging (> Fig. 8.6a) identifies a 14 mm hypoechoic
mass with a thick echogenic rim. There was moderate blood
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--ROI 1=0.144 %
3{ROI 2=0.014 %

flow in the lesion on color Doppler (
classified as BI-RADS category 5.

On strain elastography (> Fig. 8.6c) the elasticity imaging/B-
mode (EI/B-mode) ratio was 1.2 (> Fig. 8.6d), suggestive of a
malignancy. The thick rind was stiff with a strain ratio of 10
(» Fig. 8.6e). The center of the lesion was very soft. On shear
wave imaging (> Fig. 8.6f) the thick echogenic rim had a stiff-
ness of 175 kPa (7.5 m/s), whereas the central area had a stiff-
ness of 21 kPa (2.7 m/s).

Fig. 8.6b). The lesion was

8.6.3 Diagnosis

Adenocarcinoma, lung primary. Moderately to poorly differenti-
ated adenocarcinoma with lymphatic invasion. The lesion was
triple negative. Immunohistochemical strains were consistent
with a primary lung cancer.

8.6.4 Discussion

Breast cancer is the most common cancer of women in the
United States; in 2011 there were approximately 230,000 new

Fig. 8.6 (Continued) (e) The strain ratio of the
lesion rim is very stiff with a strain ratio (lesion to
fat ratio) of 10.3. The central portion of the lesion
has a strain ratio of 1. (f) On shear wave imaging
the rim of the lesion has a Vs maximum of
7.5m/s (165 kPa), whereas the central portion
has a Vs of 2.7m/s (21 kPa).

cases of breast cancer and 40,000 deaths from breast cancer.17>
However, cancer that metastasizes to the breast is uncommon.
Most of these are metastases from contralateral breast carcino-
ma,'”¢ and, according to the literature, only 0.4 to 1.3% of all
breast cancer cases are metastatic from extramammary
sites.176.177 In these instances, the cancer is most often secon-
dary to leukemia/lymphoma, malignant melanoma, lung can-
cers, renal cell carcinoma, and ovarian tumors.176.177.186 Eyen
though most of these cancers can be readily found in both gen-
ders, the overwhelming majority of patients who presented
with metastasis to the breast from an extramammary primary
cancer were women,!76.177.187

Diagnosis of metastatic cancer to the breast versus a primary
breast cancer can be complicated. Many studies and case re-
ports have identified that on mammography and ultrasound
these masses will be indistinguishable from a primary breast
cancer.177.184186 Ope study, which looked only at metastatic dis-
ease to the breast, reported that, of 11 masses found on ultra-
sound, 9 of them (81.8%) had an ill-defined margin. At the same
time, 4 (36.3%) showed an echogenic boundary around the
mass. In total, metastatic disease to the breast was reported to
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be most often unilateral lesions (80%) with multiple masses
(86.7%).188 In one case report of pulmonary adenocarcinoma
metastatic to the breast, mammography demonstrated an
asymmetrical lesion without calcifications in the upper outer
quadrant of the breast.134 In a report of two patients with ad-
enocarcinoma of the lung that had metastasized to the breast,
CT scanning demonstrated solitary lesions in the contralateral
breast in both patients.186

Our patient’s mass was similar to the aforementioned extra-
mammary metastatic cancers in that it was unilateral with an
irregular and echogenic border on ultrasound. On mammogram
it was also similar to other extramammary metastatic tumors
in that it presented as a single mass with an indistinct margin.
Although the conventional imaging findings are similar, the
elastographic findings for lymphoma are significantly different
from other metastatic lesions to the breast. Lymphoma is a soft
lesion and codes soft (benign appearing),'8> whereas other
metastatic lesions are hard. Elastography can identify a soft ne-
crotic center as in our case. This is a rare occurrence in primary
breast cancer!® but can be seen in nonbreast adenocarcinoma
metastatic to the breast as noted in our case.

The outer rim of our patient’s lesion had a stiffness value of
97 kPa, suggestive of a malignancy. With SWE of the breast the
central portion of the mass may not propagate shear wave and
either not provide a number or appear soft.63 A quality measure
of the shear wave is helpful to determine if an adequate shear
wave was present. In this case the central area of the mass had
a low kPa and a high-quality factor suggesting the central area
is soft and consistent with the strain findings. Central necrosis
demonstrated by a very soft center on SE or SWE is an unusual
finding in primary breast cancer (Barr RG, personal observation,
6/1/2013). This finding can be seen in breast abscesses where
the soft abscess is surrounded by a thick hard wall.18

Pathologically, the mass itself or a FNA of the mass is often
enough to diagnose a metastasis to the breast based on cytology
and architectural findings alone. Sneige et al'® reported a ser-
ies of 20 FNAs of extramammary metastatic disease to the
breast, of which the results of 11 FNAs alone were sufficient to

diagnose metastatic disease. Another 8 out of 20 could have
been confused with primary breast cancer, but a clinical history
of previous cancer prompted further evaluation by electron mi-
croscope and immunohistochemistry. One adenocarcinoma of
the lung was misdiagnosed as a primary breast cancer due to
lack of clinical history and microscopic appearance that re-
sembled primary breast adenocarcinoma.!8?® One study of 32
FNAs of extramammary metastatic disease to the breast
showed that 81% of the cases had a known history of primary
cancer. Two of these cases were lung adenocarcinoma that was
undistinguishable on histology, but due to the clinical history of
previous cancer further workup was performed to make the
correct diagnosis.!”8 Cytology and clinical history are often suf-
ficient for pathologists to diagnose a mass as primary or meta-
static in nature. Adenocarcinoma of the lung, however, has been
noted to appear similar to primary breast cancer and can be
misdiagnosed as such.178189

In addition to the normal histological examination, immuno-
histochemistry has become important in the diagnosis of this
rare occurrence of extramammary metastatic disease to the
breast. Specifically, Thyroid Transcription Factor 1 (TTF-1) is
positive in 75 to 80% of lung adenocarcinomas and always ne-
gative in primary breast adenocarcinomas.!90191 Napsin A is ex-
pressed in 84.5% of primary lung adenocarcinomas but not in
adenocarcinoma of other primary sites. Additionally, breast
cancers are one of the few cancers that routinely express estro-
gen receptors.'92 Our patient’s core biopsy failed to identify any
estrogen receptors, which is consistent with extramammary
metastatic disease. The lesion might have been interpreted as a
triple negative breast adenocarcinoma had clinical history and
radiographic suspicion not been present. This raises the ques-
tion of whether or not some tumors interpreted as triple nega-
tive breast cancers might actually be metastatic adenocarcino-
ma of a nonbreast primary.

Based on the proposed elastography classification system
(similar to the BI-RADS classification) presented in Chapter 5
the lesion has a>95% probability of malignancy.
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9 Future Perspective and Conclusions

9.1 Present Status

Some form of elastography is now available on most ultrasound
systems. Elastography is an area of active research not only for
the breast but for other organs as well. There are several techni-
ques available for breast elastography, as summarized in » Ta-
ble 3.1. These can be grouped into two main categories, strain
elastography (SE) and shear wave elastography (SWE). Within
these two main groups there are several techniques used to
generate elastograms. There have been minimal studies com-
paring the various techniques. All these techniques have high
sensitivity and specificity for characterization of breast masses
as benign or malignant. Although the techniques are easy to
perform, they require attention to details to obtain optimal im-
ages for interpretation. Each of the techniques has advantages
and disadvantages (> Table 5.1). These techniques are now ma-
turing, but continued work on standardizing elastography tech-
niques is required. Further comparative studies are needed to
determine which technique or combination of techniques is
most appropriate for various clinical problems.

No comparative studies have been performed to suggest one
method is better than another. Although a meta-analysis or di-
rect study comparing the various SE interpretation techniques
has not been reported, most papers using E/B ratio have a sen-
sitivity of>98% and specificity of >85%. These are higher than
the reports using the 5-point color scale or the strain ratio
(lesion to fat ratio). We do not know if this is a function of the
interpretation technique or the variability of the acquisition
technique (equipment specific). There are presently two techni-
ques used to generate SWE in the breast. No direct comparative
studies have been performed. Our observation is that there are
subtle differences between the two techniques with interpreta-
tion of one system having a more prominent “ring” of high Vs
surrounding the lesion as the more diagnostic feature.

Although most studies are reported as using a “light touch,”
very few studies have controlled the amount of precompression
with a consistent method. This may lead to the differences of
cutoff values in SWE. On SE precompression does not affect the
E/B ratio but leads to poor-quality elastograms. Precompression
can significantly affect the strain ratio (lesion to fat ratio) on SE.

The bull’s-eye artifact seen with SE has been shown to be ex-
tremely helpful in characterization of cystic lesions.*® We have
been able to eliminate a large number of breast biopsies using
this technique. The ability to characterize a lesion as a benign
complicated cyst with almost perfect accuracy has led to
decreased biopsy and need for short-term follow-up. The in-
creased confidence has also led to less patient anxiety and de-
creased requests for biopsy or surgical removal of these lesions.
Further confirmation of the accuracy of this artifact in charac-
terizing a lesion as a benign complicated cyst will hopefully
lead to addition of this artifact as a special case in the ultra-
sound Breast Imaging-Reporting and Data System (BI-RADS).

Guidelines for elastography in the breast have been pre-
sented.!>16 The guidelines all recommend the use of elastogra-
phy in characterization of breast lesions as benign or malignant.
The guidelines do not recommend one method over another.
The guidelines suggest that elastography may be used to

upgrade or downgrade the BI-RADS category score but do not
provide detailed specific guidance on when this should be used.

Additional studies are needed to determine cutoff values
for the various techniques and interpretation methods. The
studies need to have better control of technique, especially
controlling the amount of precompression. Based on the stud-
ies published to date, guidance in interpretation based on the
probability of malignancy can be provided. » Fig. 5.2 presents
these data on a scale similar to BI-RADS probablity scale based
on the probability of malignancy for each technique. There is
moderate variability in published results for some techniques.
A conservative approach was used to develop this table. As
more standardized methodology is used it is expected the
table will be revised.

9.2 Areas for Further Research

9.2.1 Elastography-Pathology
Correlation

There are several elastography findings that are unique to the
breast. The size change observed in SE in both benign (smaller)
and malignant lesions (larger) appears to occur only in breast.
Desmoplastic reaction has been suggested as a possible cause
for malignancies appearing larger on SE. However, this does not
explain why benign lesions appear smaller. The size changes
noted in the breast are not identified in phantom studies. It is
not know if surgical specimens have similar size changes
studied in vitro as noted in vivo. Further correlative studies
with surgical pathology are needed to determine if the actual
size of a malignant tumor is better defined by the elastographic
size as opposed to the B-mode size. More detailed elastography
pathology correlative studies are needed to determine the exact
nature of the stiffness identified on both SE and SWE surround-
ing malignancies. These studies would be helpful in determin-
ing if the elastographic size should be used in surgical planning.
We know that B-mode ultrasound and mammography often
underestimate the size of malignancies compared to surgical
pathology.

9.2.2 Tumor Grade Assessment

Preliminary work has demonstrated that the elastogram/B-
mode (E/B) ratio is predictive of tumor grade. Low-grade
malignancies such as ductal carcinoma in situ (DCIS) and mu-
cinous or colloid cancers have E/B ratios of near 1. Invasive
ductal cancers have higher E/B ratios, and the ratio appears to
have some correlation with tumor grade.?8 Similar results have
been found with SWE. Evans et al'®3 reported that breast can-
cers with higher mean stiffness values at SWE had poorer
prognostic features. They found that high histologic grade,
large invasive size, lymph node involvement, tumor type, and
vascular invasion all showed statistically significant positive
association with high stiffness values. Further investigations
are needed to determine if this information will prove clini-
cally useful.
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9.2.3 Poor Shear Wave Propagation in
Cancers

Preliminary work suggests that shear wave generation or prop-
agation is problematic in breast malignancies. This does not
appear to occur in other organs. This can lead to false-negative
results. This phenomenon occurs with both SWE systems and is
most likely a fundamental problem of breast pathology and not
with ultrasound SWE. This phenomenon leads to non-color
coding of the malignancy or a poor-quality measure. Initial
SWE algorithms did not fully account for this problem. Now
that this phenomenon is known the addition of a quality meas-
ure or improved algorithms not color coding areas of poor-qual-
ity shear waves are being developed to solve this problem and
limit the number of false-negative results.55 The result is that in
many breast cancers the shear wave velocity (Vs) cannot be de-
termined. In some cancers the high Vs in the periphery of the
lesion will allow for a true-positive result. But many breast can-
cers will not have elevated Vs in or around the lesion, with the
areas of malignancy not color coded or having a poor-quality
measure. In most cases if the lesion is solid and it does not color
code the lesion has a high probability of being a malignancy.5>
In all of these cases SE documents these breast malignancies as
true-positives. The combination of SE and SWE results will in-
crease the diagnostic confidence in these cases.

9.2.4 Improved Understanding for
Specific Pathologies

There have been very few studies of the elastographic features
of individual pathologies. This book has presented the range of
elastographic features for individual pathologies, mostly based
on our experience, given the lack of published results. For ex-
ample, fibroadenomas can have a wide range of elastographic
findings from very soft to very stiff, from an E/B ratio of<1 to>
1. We do not know if elastographic data will provide clinically
useful information on a given pathology. Do stiff fibroadenomas
with an E/B ratio>1have a higher probability of continued or
rapid growth? Can this be used to select patients who could
benefit from surgical removal? Can elastography be used to
monitor large-duct papillomas and predict if they are progress-
ing to atypia or malignancy? Some work as been done on using
elastographic data to characterize malignancies. The E/B ratio
and Vs max have been shown to correlate with tumor grade on
preliminary studies.

9.2.5 Correlation between Semiquanti-
tative and Quantitative Measurements

Very few studies have been performed where several measure-
ments using different techniques are performed in the same
patient. Is there a correlation between the Vs max and the elas-
ticity/imaging (E/I) ratio? How do the E/I ratio and strain ratio
(lesion to fat ratio) relate to each other? Our limited results sug-
gest that the E/I ratio and strain ratio may not be significantly
correlated. The E/I ratio measures a phenomenon that we do
not understand but relates to the tumor interaction with adja-
cent tissue elasticity, whereas the strain ratio is a measure of
stiffness. It appears a lesion can have low malignant strain ratio

but have a large malignant E/B ratio. The strain ratio is more
likely to correlate with the Vs max on SWE.

9.3 Future Developments

Elastography is still early in its development. Improvements in
existing techniques as well as new techniques are certain to be
developed. Elastography is an area of very active research not
only for the breast but also for many other organs.!94

9.3.1 Three-Dimensional Screening

The present two-dimensional (2D) technology limits elastogra-
phy for breast cancer screening. Screening with SE will most
likely be problematic for some time due to its relative nature.
Both 2D SE and 2D SWE are limited in screening due to the long
amount of time needed to screen the breasts with these techni-
ques. Both techniques cannot be used in a scanning mode. At
each location where an elastogram is obtained the probe must
be stationary for at least several seconds.

The development of a three-dimensional (3D) shear wave
technique would allow for breast screening in a reasonable
amount of time. Works in progress of both SE (> Fig. 9.1) and
SWE (> Fig. 9.2) have been reported. The present 3D probes
scan a relatively small area, and evaluating both breasts for
screening takes a prohibitive amount of time. The development
of a 3D SWE probe that can evaluate a larger field of view (FOV)
is needed to allow for routine screening with SWE.

The development of 3D elastography may help to improve le-
sion characterization and allow for evaluation of larger areas of
breast tissue in a time-efficient manner. Evaluation with elas-
tography in the coronal plane with the use of an opacity feature
is presently being investigated. With only one acquisition the
tumor volume can be interrogated for spiculation, extent of in-
vasion, desmosplastic reaction, and Vs values throughout the
volume. This may lead to improved presurgical planning and
assessment of effectiveness of chemotherapy.

9.3.2 Added to BI-RADS

Addition of elastography to the BI-RADS lexicon is expected
in the future. Given the excellent results of elastography in
initial studies the addition of this technique to the BI-RADS
ultrasound lexicon will most likely occur. The addition of
elastography to the BI-RADS classification may be the ability
to upgrade or downgrade BI-RADS category 3 or BI-RADS cat-
egory 4A lesions, selecting patients more appropriate for bi-
opsy. Further work is needed to determine if elastography
will be able to downgrade BI-RADS 4B, 4C, or 5 lesions. With
sensitivities of >98% in several large studies using the E/B ra-
tio in SE, lesions with an E/B ratio should be considered BI-
RADS category 5 regardless of the conventional ultrasound
findings. Using this technique the Positive Predictive Value
(PPV) is 99%. Thus an E/I ratio value of<1 has a<2% probabil-
ity of malignancy, suggesting the lesions with this finding fall
into a maximum BI-RADS category 3 regardless of the BI-
RADS category score on conventional ultrasound. Further
studies need to be performed to determine if this is an appro-
priate approach.
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9.3.3 Standardization of Protocols

There are significant differences in results with strain ratio. This
is partially due to some studies using subcutaneous fat as a
reference, whereas others use fat at a similar depth to the lesion
and still others use both fat and glandular tissue as the refer-
ence. Precompression will also affect the strain ratio because the
stiffness of fat will be affected more than that of other lesions,
leading to a lower strain ratio. There is also no convention as to
where the regions of interest (ROIs) should be placed—whether
they should include the entire lesion or the region with greatest
stiffness. There is often artifactual soft signal adjacent to lesions
that should not be used to calculate the strain ratio because this
will artificially elevate the strain ratio (see Case 6.17).

Fig.9.1 The three-dimensional (3D) strain elas-
togram of an invasive ductal cancer obtained on a
Hitachi system (Hitachi Aloka America, Wall-
ingford, CT) displayed as a 3D rendering. In
addition to 3D rendering, imaging can be
presented as slices that can be displayed in any
plane. (Courtesy of Hitachi Aloka Medical, press
release dated February 7, 2011)

Fig.9.2 The three-dimensional images from an
invasive ductal cancer obtained with a SuperSonic
Imagine system (Bethel, WA). The axis can be
moved to visualize a two-dimensional image
from any plane. The data can also be displayed as
multiple slices through the field of view slices in
any plane. (Courtesy of Supersonic Imagine, press
release dated March 8, 2011)

The cutoff value for SWE varies from a maximum value of
Vs of 4.1 m/s (50 kPa) to 5.2m/s (80 kPa) in various studies.
Precompression was not controlled in these studies, although
they were performed with “a light touch.” The effect of pre-
compression can easily account for an elevated cutoff value of
this range. Further studies that are well controlled for pre-
compression are needed. A ring of high Vs surrounding a
lesion has also been suggested as a diagnostic feature of ma-
lignancy. Care must be taken because precompression will
cause the ring to form, even in benign lesions. This ring may
be due to interaction of the acoustic radiation force impulse
(ARFI) with the boundary effects when an interface of soft to
hard tissue is present.19>
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9.3.4 Reporting

No guidelines have been developed for the reporting of SE or
SWE results. We document all the elastographic parameters ob-
tained on the images and store the images in our Picture Ar-
chiving and Communication System (PACS). We usually report
the elastographic findings within the report as suggestive of be-
nign or suggestive of a malignant lesion. If the elastographic
findings change management from the BI-RADS score resulting
from conventional ultrasound the report includes a more de-
tailed discussion of the elastographic findings.

We use » Fig. 5.2 to guide our interpretations. Until there is
more standardization of protocols it is unlikely that a standard
universal guideline for reporting will be agreed upon.

9.3.5 New Technology

There is a trend for both SE and SWE to be available on one ul-
trasound system. This allows a “toolbox” of elastography tech-
niques. The elastographic examination can then be tailored to
the needs of the patient. The ability to use multiple techniques
will also increase diagnostic confidence if their results are con-
cordant. Cases with nonconcordant results should raise suspi-
cion of an unsuspected finding, such as two lesions adjacent to
each other.

On SWE one system now provides four different maps that
display the shear wave data. These include the velocity map,
quality map, time map, and displacement map. For routine clin-
ical use we evaluate the velocity map and the quality map.
These two maps provide the information needed to accurately
interpret the SWE results. The time and displacement maps are
currently used for research and can be confusing to the novice.
In general the quality map is most helpful when the shear wave
velocities are low, suggestive of a benign lesion. In this case a
high (good, green) quality map will increase the probability
that the lesion is truly benign. If the quality map is poor on a le-
sion with low Vs the possibility of a false-negative result could
be considered.®> The other SWE vendor has incorporated the
quality map with the velocity map, not color coding the image
where the shear wave quality is poor. The algorithms on early
systems did not adequately evaluate the shear wave quality for
breast applications due to unexpected shear wave propagation
in breast cancers. Newer algorithms are correcting this prob-
lem, and continued improvement in accuracy can be expected
as these are developed.

New elastographic techniques are in development. With
increasing precompression a ring of high Vs occurs at interfa-
ces between soft and stiff tissues.!9> This may be secondary
to reflection of the ARFI pulse at the interface. This appears
to occur at lower levels of precompression in malignant
lesions than in benign lesions. The possibility of a graded
compression technique may lead to another method of char-
acterizing breast masses and lead to improved definition of
lesion borders.

9.4 Conclusions

Elastography, both SE and SWE, has high sensitivities and spe-
cificities in characterization of breast masses. The incorporation
of elastography into the standard ultrasound breast exam is

occurring. International guidelines have been published for the
use of elastography, both SE and SWE, in characterization of
breast pathology. Despite guidelines additional studies are
under way to standardize the techniques, interpretation, and
reporting of elastographic results. Within the next few years
breast elastography will be more standardized.

Both SE and SWE have been shown to have high reproducibil-
ity, sensitivity, and specificity for characterization of breast
lesions. Each has its advantages and disadvantages. The use of
both techniques can increase diagnostic confidence when re-
sults are concordant.

Elastographic systems and the applications themselves con-
tinue to evolve, and new tools and new evidence will likely
emerge. We anticipate that the direction of development, imag-
ing methods, and diagnostic approaches will change and
fragment in the future. It appears that elastography has already
become an essential medical tool in the field of breast imaging.
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- mastitis without 82, 83
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F) 7,7

- in shear wave elastography 28
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breast) lesions 153,153, 154

ADH (atypical ductal hyperplasia) 109,
111

apocrine microcysts 45, 46
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pulse
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- bang 35,35
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- bull'seye 25,25, 26,44
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- shadowing 17-18, 27,86

- sliding 26,27
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B-mode images
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- in shear wave elastography 28

bang artifacts 35, 35
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des 146, 147
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- characterizing 39
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—— complicated cyst 41,42-43,43,44
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—— simple cyst 39, 40, 44
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103, 104
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- fibroadenomas 17, 19

—- false-positive 67, 67, 68-69

— in shear wave elastography 29

- intermediate stiffness 61, 62-63

—- lactating 96, 97-98
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stiffer 64, 65-66

with foci of DCIS 114, 115

- fibrocystic change 50, 50, 51, 54, 55

—- fibroadenomoid hyperplasia 52,
53-54

—- stromal fibrosis 56, 57-58

- gynecomastia 98, 99

- hematoma 91, 92-95

- lipoma 100, 101
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—- without abscess formation 82, 83
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—— intraductal papilloma 72,72, 73,
75,75,76
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- radial scar 109, 110
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- surgical scars

—— benign 84, 85-86

-- with recurrence 86, 87
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benign surgical scars 84, 85-86
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- molecular classification of 121

Breast Imaging-Reporting and Data
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Breast Imaging-Reporting and Data
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- elastographic appearance of 44
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- complex 20, 46, 47,48, 49

—— as bull's eye artifacts 25

- complicated cysts 41,42-43,43,44
—— as bull's eye artifacts 25
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- simple cysts 39, 40, 44

—- as blue/green/red artifacts 26

—— as bull’s eye artifacts 25
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—— elastographic appearance of 44
shear wave elastography of 29
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DCIS, see ductal carcinoma in situ

disconcordant findings

- between strain and shear wave elas-
tography 32,36

- implications of 159

- with grade 3 invasive ductal carcino-
ma 121, 123-124,124, 125

displacement measuring tools 13,13

ductal carcinoma in situ (DCIS) 113,
113,114

- firbroadenoma with foci of 114, 115

- high-grade, with grade 2 invasive
ductal carcinoma 127,127, 128

E

E/Bratio 16, 17-22,37

edema, skin 107,107, 108

elasticity imaging (EI), see elastography

elastography 1, 3,156

- See also strain elastography, shear
wave elastography

- future developments in 157

- future research on 156

- present status of 156

- principles of 3

elastography length: B-mode length,
see E/B ratio

elastography-pathology correla-
tions 156

epidermal inclusion cyst 102, 102-103,
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extensive necrosis 134, 135-136

F

false-positive

- fat necrosis 89, 90

- fibroadenoma 67, 67, 68-69

- hematoma 91, 94-95

fat necrosis 87, 88-89, 89, 90

fibroadenomas 17, 19

false-positive 67,67, 68-69

in shear wave elastography 29

- intermediate stiffness 61, 62-63

- lactating 96, 97-98
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stiffer 64, 65-66

- with foci of DCIS 114, 115

fibroadenomoid hyperplasia 52, 53-54

fibrocystic change 50, 50, 51, 54, 55

- E/Bratio with 21
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- stromal fibrosis 56, 57-58

fibrosis, stromal 56, 57-58

field of view (FOV) 5
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- with high-grade DCIS 127,127, 128

- with mucinous carcinoma 143, 143,
144

grade 3 invasive ductal carcinoma 131,
131,132

- SE and SWE not concordant 121,
123-124,124, 125

- with central necrosis 129, 129, 130

- with extensive necrosis 134, 135-
136

gynecomastia 98, 99
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IDC, see invasive ductal carcinoma

ILC (invasive lobular carcinoma) 135,
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145
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75,76
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breast cancers as 144
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- grade 1 119, 120

grade 1, borders ill defined 116, 117

grade 2 116, 118-119,121, 122

grade 2, no color coding on

SWE 125, 126, 133,133, 134

- grade 2, with high-grade DCIS 127,
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grade 2, with mucinous carcino-

ma 143,143, 144

- grade 3 131,131,132

- grade 3, SE and SWE not concord-

ant 121, 123-124,124, 125

grade 3, with central necrosis 129,
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- grade 3, with extensive ne-

crosis 134, 135-136

mucinous carcinoma with adja-

cent 143,143, 144

on three-dimensional elastogra-

phy 158

shear wave elastography of 30

with strain and shear wave elastog-

raphy 36

invasive lobular carcinoma (ILC) 135,
137-138, 138, 139-140

invasive papillary carcinoma 139, 141

isoechoic complicated cysts 44, 45

isoechoic lesions, with E/B ratio 19

L

lactating fibroadenoma 96, 97-98

lesion to fat ratio (LFR) 22, 23-24

lesions 146

- See also specific types

- adenocarcinoma metastatic (non-
breast) 153,153, 154

- lymph nodes

—- benign axillary 146, 148

—— benign intramammary 146, 147

-- metastic adenocarcinoma to axil-
lary 148, 149-150, 150, 151

- lymphoma 151, 152

LFR (lesion to fat ratio) 22,23-24

lipoma 27,100, 101

Luminal A subtype (breast cancer) 121

Luminal B subtype (breast cancer) 121

Luminal C subtype (breast cancer) 121

lung adenocarcinoma 153, 154

lymph nodes

- benign axillary 146, 148

- benign intramammary 146, 147

- metastic adenocarcinoma to axil-
lary 148, 149-150, 150, 151

lymphoma 151, 152

M

magnetic resonance imaging (MRI), of
papillomas 71
malignant lesions 113
- ductal carcinoma in situ 113,113,
114
- firbroadenoma with foci of 114,
115
—- high-grade, with grade 2 invasive
ductal carcinoma 127,127, 128
- inflammatory breast carcinoma 144,
145
- invasive ductal carcinoma
—- grade 1 119, 120
—- grade 1, borders ill defined 116,
117
—— grade 2 116, 118-119, 121, 122
—- grade 2, no color coding on
SWE 125, 126, 133,133, 134

—— grade 2, with high-grade DCIS 127,
127,128
—— grade 2, with mucinous carcino-
ma 143,143, 144
—— grade 3 131,131,132
—— grade 3, SE and SWE not concord-
ant 121, 123-124,124, 125
—- grade 3, with central necrosis 129,
129, 130
—— grade 3, with extensive ne-
crosis 134, 135-136
-- on three-dimensional elastogra-
phy 158
—— shear wave elastography of 30
—— with strain and shear wave elastog-
raphy 36
- invasive lobular carcinoma 135,
137-138, 138, 139-140
- invasive papillary carcinoma 139,
141
- mucinous carcinoma 140, 142-143,
143, 144
mammography, tumor size underesti-
mated by 136
mastitis
- chronic granulomatous mastitis 82,
84
- with abscess formation 78, 79-80,
80, 81
- without abscess formation 82, 83
men, breast diseases of 100
menstruation 55
metastic adenocarcinoma to axillary
lymph nodes 148, 149-150, 150, 151
metastic spread, of invasive lobular car-
cinoma 136
microcysts, apocrine 45, 46
minimal compression systems (of
strain elastography) 12, 13
moderate compression systems (of
strain elastography) 13,13
molecular classification, of breast can-
cer 121
MR, see magnetic resonance imaging
mucinous carcinoma 140, 142
- with adjacent invasive ductal carci-
noma, grade 2 143,143, 144

N

necrosis

- central 129,129, 130

- extensive 134, 135-136

- fat 87, 88-89, 89, 90

neurofibroma 105, 106

no manual compression systems (of
strain elastography) 12, 13

P

papillary lesions
- benign 20

- hyanlinized intraductal papillo-
ma 69, 70-71

- intraductal papilloma 72,72, 73, 75,
75,76

- intraductal papillomatosis 73, 74

papilloma

- hyanlinized intraductal 69, 70-71

- intraductal 72,72,73,75,75,76

papillomatosis, intraductal 73, 74

phyllodes tumor 77,77, 78

point qualification shear wave meas-
urement 33

precompression

- as bang artifacts 35, 35

- in shear wave elastography 7,9, 15,
29-30

- in strain elastography 5, 6,13, 14-16

- technique to minimize 16

pregnancy changes

- lactating fibroadenoma 96, 97-98

- pregnancy-related changes 94, 96

Q

quantitative measurements 157

R

radial scars 109, 110

relative stiffness, measuring 24
relative strain, measuring 3
reporting, guidelines for 159

S

scars, see surgical scars
- radial 109, 110
sclerosing lesions, sclerosis lobuli-
tis 57,59
sclerosis lobulitis 57, 59
SE, see strain elastography
sebaceous cyst 102,102-103, 104
semiquantitative measurements 157
seroma 104, 105
shadowing 18,27
- of surgical scars 86
- with E/B ratio 17-18
shear wave elastography (SWE) 8, 8,9,
28, 28,29
and precompression 7,9
- artifacts encountered with 34, 34, 35
characterizing lesions with 39
combined with strain elastogra-
phy 36,36, 37
- future research on 157
- interpretation of clinical results 31,
32-33
limitations of 34
quality of 34
- technique for 29
shear wave imaging 31

shear wave propagation 157
simple cysts 39, 40, 44

- as blue/green/red artifacts 26
- as bull's eye artifacts 25

- as no color coding artifacts 34
- elastographic appearance of 44
- shear wave elastography of 29
skin edema 107,107, 108

skin lesions 107,107, 108

sliding artifacts 26, 27

soft fibroadenoma 60, 60
standardization, of elastography 158
stiffer fibroadenoma 64, 65-66
strain elastography (SE) 3,3, 10

- and acoustic radiation force im-
pulse 7,7

and precompression 5, 6
artifacts encountered with 25
characterizing lesions with 39
- combined with shear wave elastog-
raphy 36, 36, 37
interpretation of clinical results 16,
20

limitations of 25

- technique for 10,10, 11,13
strain ratio 22,37

stromal fibrosis 56, 57-58
surgical scars

- benign 84, 85-86

- with recurrence 86, 87

SWE, see shear wave elastography

T

three-dimensional (3-D) elastography,
future developments of 157, 158

Tsukuba score 20, 37

tumor grades

- assessed with E/B ratio 22

- research on assessment of 156

u

ultrasonography 1
Unclassified subtype (breast can-
cer) 121

Vv

velocity, and precompression 15

vibration compression systems (of
strain elastography) 12, 13

Virtual Touch Imaging (VTI) 16

W

worm patterns 27, 27

Y

Young’s modulus, conversion to 8
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