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Foreword

I very much appreciated Drs. Liane Philpotts and Regina
Hooley asking me to write the Foreword to their excellent
book, Breast Tomosynthesis. They have had considerable experi-
ence using digital breast tomosynthesis (DBT) and have put
together a clear, concise text that covers all the important issues
surrounding tomosynthesis applied to the breast, the introduc-
tion of its use to clinical care, and the issues involved in replac-
ing two-dimensional (2D) mammography with DBT as the
next advance in breast cancer screening. This will be the go-to
work for those who want to improve their ability to detect more
cancers at a curable size and stage and further decrease deaths
from these cancers.

Mammography screening, which began in the United States
in the mid-1980s, has been one of the major medical advances
in women’s health in the last 50 years. Before the introduc-
tion of mammography screening, the breast cancer death rate
in the United States had remained unchanged dating back to
1940. However, in 1990, breast cancer deaths suddenly began to
decline, and as more women participate in screening, the death
rate continues to fall. There are now 35% fewer deaths each
year from breast cancer, in large part due to screening. Therapy
has improved, but in numerous observational analyses,'** the
decline in death rates among women who participate in screen-
ing is much greater than it is among those who do not.

In the United States, 40,000 women still die each year from
breast cancer. In a study that my colleagues and I conducted in
two of the Harvard teaching hospitals,” we found that more than
70% of the women who died from breast cancer were among
the 20% of women who were not participating in screening, and
it is likely that many of the 40,000 annual deaths from breast
cancer are among women who were not being screened. Mam-
mography has been an important tool in the fight against breast
cancer, but we know that it is far from perfect and that it does
not find every cancer early enough to permit a cure.

Although detractors of screening have claimed that mam-
mography is an old and outdated technology, this could not be
further from the truth. Once screening was shown to save lives,
radiologists did not rest, and there have been significant advances
in breast cancer detection over the decades. The plain film,
high-dose technique of the 1960s, used in the first randomized
controlled trial of screening, was replaced by xeroradiography,
leading to a major improvement in cancer detection at a lower
dose of radiation. In an effort to further reduce dose, film-screen
combinations were developed and improved over time. Digital
radiography was introduced for other organ systems under the
U.S Food and Drug Administration (FDA) 510K process, but
because of politics, digital mammography was delayed by the
FDA, which required companies to pursue a more arduous and
expensive premarket approval process. Full-field digital mam-
mography (FFDM) was only slightly better than film-screen
combinations in detecting cancers, but because of the logistical
advantages of digital, it has almost completely replaced film-
screen mammography. Although digital mammography did

not substantially improve cancer detection, the development of
digital detectors paved the way for a major advance in x-ray
mammography—DBT.

After becoming the Head of the Breast Imaging Division at
Massachusetts General Hospital (MGH) in 1978, I recognized
what was obvious to all radiologists reading mammograms—the
superimposition of normal tissue of the breast often blocked the
visibility of breast cancers. I was struck by the obvious improved
clarity with which lesions were seen on specimen radiographs
after they had been surgically removed from the breast. My goal
was to find ways to image cancers with similar clarity while they
were still in the breast.

I was trained in the era of linear and polycycloidal tomogra-
phy, when you could blur the planes above and below the plane
of interest by moving the x-ray tube and film holder in opposite
directions during a prolonged exposure. This worked well, for
example with renal imaging, but it required a full dose expo-
sure for each plane. In 1976 Bailar® had (incorrectly) written
that radiation from mammography would cause more cancers
than would be cured, so there was great concern about mam-
mography and any x-ray exposure to the breast. Conventional
tomography exposed the breast to far too much dose, so it was
not a viable approach to breast evaluation. Although Chang and
colleagues’” made an important observation that breast cancers
were enhanced on computed tomography (CT) scans following
the intravenous administration of iodinated contrast, CT was
still in its early development. CT required iodinated contrast,
its spatial resolution was insufficient, and the dose was too high.
Although a dedicated breast CT scanner had been built, the
approach was dropped.

In 1978, while reading a series of old papers, I came across
one by Miller and coworkers® that used the term zomosynthesis to
describe the process of collecting a few projection images from
multiple angles and utilizing them to synthesize an “infinite”
number of planes through the structure being imaged. I became
immediately convinced that tomosynthesis was the solution
that I was looking for and that it could be a major improvement
in finding breast cancers. Development was far more difhicult
than you might expect. It has been almost 50 years since I first
decided to apply tomosynthesis to breast cancer screening.

It was clear to me that tomosynthesis for breast evaluation
might allow us to detect cancers that were hidden by normal
breast tissue. Unfortunately, my MGH colleagues and I needed
digital images, and the kind of detector this required did not
become available for digital breast imaging until 1992.

In that year, Rick Moore, my research director at MGH,
Loren Niklason, PhD, who had become our division physicist
in 1992, and I joined the Digital Mammography Develop-
ment Group (later to become the International Digital Mam-
mography Development Group [DMDG]). DMDG had been
organized by Etta Pisano, MD, and consisted of Etta’s group;
my group at MGH; Stephen Feig, MD, from Thomas Jefferson
University; Martin Yaffe, PhD; and Donald Plewes, PhD, from
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Sunnybrook Hospital (Toronto, Canada), the Fisher Imaging
company, and General Electric (GE). The goal of the DMDG
was to aid companies in developing FFDM. I informed Rick
and Loren that I wanted to apply the concept of tomosynthesis
to the breast, and I gave them the article that I had on the topic.
'They advised me that GE had the detector that could do what I
wanted, so we partnered with GE in the DMDG to gain access
to their detector. Once we had the GE detector, we found that by
moving the x-ray tube by hand over phantoms and mastectomy
specimens, we could successfully perform tomosynthesis of the
breast. The physics had been worked out by Loren and two other
physicists, and we applied for and obtained a patent in 1999.

We also applied for and received a grant from the Depart-
ment of Defense and paid GE to build the first tomosynthesis
system that could image the entire breast. When no one stepped
up to name the new approach in a contest that I held at MGH,
I named it digital breast tomosynthesis because 1 felt that the
acronym DBT was easy to say and remember.

Although MGH licensed the technology to GE, I thought
that it was important to move it forward as quickly as possible
for the benefit of women, so we worked with any company
that was interested in our technology. Having convinced both
Hologic and Siemens of the importance of the technology, we
helped them develop their systems. It is both remarkable and
unfortunate how long it took to move this technology from a
prototype to a commercial device. However, DBT is now avail-
able, and this book provides excellent discussions of its benefits
and clear examples and explanations of its use.

It has been interesting to watch the introduction of DBT
into clinical practice. Although we developed DBT as a screen-
ing test, it has undergone a stepwise introduction to finally
reach that point. As Breast Tomosynthesis clearly shows and as
we recognized early in its development, DBT is the next step
in improving screening for breast cancer. DBT increases the
detection of small invasive cancers while reducing the recall
rate according to most of the published studies.”? The former
is not surprising because small cancers are the most likely to
be hidden on 2D mammography. However, usually when you
increase the sensitivity (detection rate) of a test, you have to
lower your thresholds for intervention and you find more of
everything, increasing the false positive rate. DBT is an excep-
tion to this, making it a win-win technology. It detects more
cancers (improved sensitivity) while reducing the recall rate
(improved specificity). In our practice, 25% of recalls from
screening with 2D mammography proved to be nothing more
than superimposed normal tissues, called summation shadows by
Sickles. DBT eliminates these summation shadows, which is
one of the main reasons recall rates have been diminishing.

One final point. There are legitimate questions about
the importance of finding ductal carcinoma in situ (DCIS).

Although the detection and removal of DCIS is probably the
reason the rate of invasive cancers is lower than expected, there
are real concerns about detecting too many lesions that might
never progress to invasive and lethal cancers. Mammography
has been faulted because it is the main reason these lesions are
now detected. However, DBT does not increase the detection of
DCIS. The reason is that most DCIS is found by detecting clus-
tered microcalcifications. Although Kopans and colleagues!®
showed several years ago that DBT characterizes calcifications
more clearly than does 2D mammography, their very high con-
trast means that DBT does not increase our ability to detect
them. They are found fairly easily using 2D mammography.
Consequently, although DBT detects more small (curable)
invasive cancers, it does not increase the detection of DCIS.

There is no question that having to review multiple planes
for each screening case increases the time it takes to interpret
screening studies, but DBT saves time by reducing recalls. In
my experience, once radiologists use DB, they are not inter-
ested in returning to only 2D mammography.

'The initial FDA approval for DBT required a full exposure
set of 2D screening images to accompany the DBT images.
Many years ago Rick Moore at MGH was the first to put the
planes back together to form a synthetic 2D “slab.” This has now
led to a full synthesis of the 2D mediolateral oblique and cra-
niocaudal images from the DBT acquisition images. Although
there is probably no risk from radiation to the breasts of women
ages 40 years and older, the use of synthetic 2D mammography
eliminates that extra dose, which was previously required.

Breast Tomosynthesis is an excellent guide for those seeking
to adopt and use DBT for the first time, as well as for the expe-
rienced radiologist. Virtually every aspect of its use is covered
in clear detail. I have no doubt that radiologists will embrace
this important advancement in the quest to improve women’s
health. I expect ultrasound to be added to the DBT systems
to permit the simultaneous acquisition of ultrasound and DBT,
which will facilitate the detection of the small percentage of
cancers that are not visible on DBT but can be found by ultra-
sound. We have looked at using DBT to inform on electrical
impedance measurements, as well as optical imaging. I expect
that DBT, with its quasi-3D information, will become the plat-
form on which other technologies are added to help us detect
more cancers at a time when cure is possible. Thanks to all the
contributors to this excellent book.

Daniel B. Kopans, MD, FACR

Professor of Radiology, Harvard Medical School

Senior Radiologist, Breast Imaging Division

Department of Radiology, Massachusetts General Hospital
Awvon Comprehensive Breast Evaluation Center

Boston, Massachusetts
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Preface

Tomosynthesis has revolutionized mammography. We are
grateful to all the individuals who had the incredible vision and
drive to develop this amazing mammography technology. Our
practice was fortunate enough to be involved with tomosynthe-
sis from an early stage—being one of the initial beta sites for
development and one of the first clinical sites after approval by
the U.S. Food and Drug Administration. Because we work with
many talented breast imaging colleagues, we had the special
opportunity to review challenging cases, ask each other ques-
tions, and learn together.

Tomosynthesis is truly a game changer, but at the same
time, it has dramatically altered the practice of breast imaging.
There is a learning curve when it comes to reading tomosyn-
thesis studies. In addition, many of the conventional mam-
mographic work-up techniques are no longer relevant. We
felt that our experiences with this new technology and the
knowledge that we gained as a result could prove quite valu-
able to other breast imaging specialist. That is why we wrote
this book.

Writing a textbook about a three-dimensional (3D) imag-
ing technology was, to say the least, a challenge! A textbook
can only use two-dimensional images. We have tried to cap-
ture single slice tomosynthesis images that best depict a variety
of findings. Additional 3D content, which better depicts the
tomosynthesis findings encountered in clinical practice, is avail-
able on the web-based version.

We are extremely grateful to our colleagues at Yale who share
our vision of the value of tomosynthesis. In particular, we would
like to thank those individuals who were instrumental in sup-
porting our early adoption of this new technology, specifically
Jim Brink, MD; TR Goodman, MD; Cheryl Granucci; and
Jacqueline Crenshaw. Our clinical work could not have been
achieved without our dedicated hard-working and professional
staff, including Sherry Delaventura, Fran Fanelli, Maria Gum-
kowski, Rhona Hall, Nicole Perez, Christine Puciato, Juliette
Buccilli, and all of the many skilled breast imaging technologists
of Yale-New Haven Hospital. Working together using tomo-
synthesis provides our patients with much better outcomes.

We are very thankful for the patience and support of our
team at Elsevier, who guided us through this process, particu-
larly Robin Carter, Janice Gaillard, Doug Turner, Nicole Beard,
Catherine Jackson, and a host of others. Importantly, this book
would not have been possible without the support and encour-
agement of our husbands and children, who thankfully spared
us the time to pursue our passion. Finally, we are indebted to
our patients who have entrusted our service to perform and
interpret their mammograms year after year and have given us a
precious gift—an invaluable source of information that we can
now share so many others may also benefit.

Liane E. Philpotts, MD
Regina J. Hooley, MD
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Introduction

CHAPTER

Liane E. Philpotts | Regina J. Hooley

We were fortunate that our breast imaging practice imple-
mented the first tomosynthesis unit in our state of Connecticut
during the summer of 2011. Soon thereafter we transitioned to
offering tomosynthesis to nearly all of our patients at the Yale
Smilow Cancer Hospital Breast Center and our surrounding
satellite offices. From the beginning, Yale offered tomosynthe-
sis to all of our screening and diagnostic patients regardless of
breast density or risk. Our patients also were fortunate because
we offered tomosynthesis at no extra charge. As a result we
learned quickly how tomosynthesis could revolutionize our
practice.

Such a seemingly simple transformation—from viewing
two-dimensional (2D) mammography images to being able
to view the tissue in thin layers—has had a dramatic effect on
interpretation accuracy. The results include improved screen-
ing outcomes, diagnostic performance, lesion characterization,
workflow, interventional procedures, and decreased health care
costs. At a time when performance outcomes are increasingly
scrutinized and often criticized, these changes are a welcome
and necessary advancement to mammography. Mammography
is the gold standard for screening for breast cancer, the second
most common cancer in women and a major source of anxiety
and financial resource allotment. However, despite the long-
standing success of conventional 2D mammography, there are
still many associated limitations.

Tomosynthesis overcomes many of these limitations in both
obvious and subtle ways. By gaining the dual benefit of better
cancer detection and reduction of false-positive findings, both
screening and diagnostic mammography performance metrics
are enhanced. Screening parameters, such as recall and cancer
detection rates, are improved. Fewer women are recalled unnec-
essarily and fewer cancers, particularly lethal invasive cancers,
are missed (Fig. 1.1). This greatly helps to shift the balance so
that the harms of screening are decreased and the benefits are
increased. These same benefits translate to diagnostic mam-
mography; in addition, a dramatic improvement in diagnostic
work-up patterns may be achieved. Because tomosynthesis
permits both characterization and localization of lesions, many
of the conventional diagnostic imaging views become unneces-
sary. This expedites work-ups, improves workflow, and reduces
patient anxiety. Furthermore, improved lesion characterization
leads to more precise biopsy recommendations, reduction of
unnecessary (false-positive) biopsies and increased positive pre-
dictive values for biopsy. Moreover, when the detailed informa-
tion from tomosynthesis studies is combined with information
from other breast imaging modalities, including ultrasound and
magnetic resonance imaging (MRI), the diagnostic accuracy is
compounded. As breast imagers we can take our level of inter-
pretation to a higher level.

In our current practice we use tomosynthesis in combination
with 2D mammography or a synthesized mammogram. In this
book we attempt to cover all of the practical aspects of tomo-
synthesis used in breast imaging and include a variety of con-
tributions and wonderful perspectives from wonderful breast
imaging colleagues from Yale and elsewhere. As an emerging
technology the scientific literature is limited. Tomosynthesis
technology and outcomes research are rapidly evolving, so cap-
turing the clinical essentials and basic understanding of tomo-
synthesis in breast imaging is our goal, with the understanding
that nuanced changes over time are inevitable. We expect that
our knowledge and use of tomosynthesis will grow and change
over time.

Many benefits of tomosynthesis are gleaned immediately,
whereas others take more time as the radiologist gains expe-
rience and expertise. Many prominent themes will be found
repeated throughout this book. Overlap of imaging findings
and interpretation tips necessitates repeating important points
among various chapters. Because we expect that readers will
review individual sections and not read it cover-to-cover at one
time, this repetition should reinforce important concepts.

In Chapter 2, an early pioneer in breast tomosynthesis
explains the development of tomosynthesis and discusses the
basic principles of this imaging modality. Developing the high-
resolution imaging system necessary for mammography while
maintaining a low radiation dose was a challenging feat. The
key individuals and steps involved with that development are
acknowledged. Understanding how tomosynthesis images
are acquired and processed permits a better understanding of
the variations in equipment and the inevitable developments
that should occur over time. Varying angles, image acquisition
methods (continuous or step-and-shoot), timing of acquisition,
and radiation dose are some of the differences among vendors.

Providing tomosynthesis mammography is a collaborative
effort between the radiologist, information technology (IT)
personnel, and the technologist. Chapter 3 reviews technologist
training and tips for performing a good-quality tomosynthesis
exam. A variety of artifacts unique to tomosynthesis are also
reviewed.

Implementing tomosynthesis into your practice may seem
like a daunting task, especially when one considers the necessi-
ties of equipment procuring and installation, I'T needs and sup-
port, training of staft, in combination with learning to interpret
this new modality that will increase radiologists’ interpretation
times. Tips for those who are just adopting this new technique
are discussed in Chapter 4. Advice spanning the spectrum
from equipment and workstation choices, space and resource
allotment, anticipation of workflow changes, marketing oppor-
tunities, referring physician and patient education, and other

1



CHAPTER 1  Introduction

FIG. 1.1 Bilateral 2D (A) and tomosynthesis slice (B) images of a spiculated architectural distortion (arrows) representing an in-
vasive ductal carcinoma. The malignant lesion is virtually impossible to appreciate on the 2D images, yet the tomosynthesis images
demonstrate the lesion well. Tomosynthesis increases detection of invasive carcinoma, particularly in areas of dense fibroglandular
tissue.

considerations in planning the transition are all discussed.
We recognize that tomosynthesis implementation may differ
slightly across practices, and this chapter includes perspectives
from Dr. Stamatis Destounis, from the Elizabeth Wende Breast
Center, at a large private practice, as well as our own large aca-
demic tertiary breast center. This provides invaluable insights
and many important perspectives regarding differing experi-
ences with tomosynthesis implementation.

Screening mammography is the fundamental breast imag-
ing test, offering the best opportunity to find early cancers at a
treatable stage. This vitally important function is vastly improved
with the use of tomosynthesis. Tools used to interpret screening

tomosynthesis exams are discussed in Chapter 5. Findings
requiring recall with tomosynthesis differ from those found
with 2D mammography. Asymmetries requiring 2D recall are
very often due to superimposed tissue and are more accurately
assessed as normal with tomosynthesis. In addition, calcifica-
tions may be approached differently, because subtle associated
mass lesions not discernible on 2D may now be visible.
Diagnostic mammography work-up patterns change with
tomosynthesis. Because mass margins and lesion location are
often well characterized within the thin tomosynthesis slices,
fewer problem-solving diagnostic views are needed for the
radiologist to make a confident and accurate final assessment.



Chapter 6 reviews common mammographic findings seen in
both asymptomatic and symptomatic patients, with a discus-
sion of various strategies that can be used with tomosynthesis
to increase efficiency and accuracy.

There is a learning curve to interpreting tomosynthesis exams,
and some may adjust quicker and easier than others. However,
very quickly, interpreting mammograms without tomosynthesis
seems uncomfortable and incomplete. Such teaching points are
covered in Chapter 7. Additional tips are found in every chap-
ter throughout the book, with pertinent ones marked as “Tomo
Tips!” Review of these should help to expedite the learning
curve.

Although a greater number of cancers are detected on tomo-
synthesis than with 2D mammography, a larger number of
benign lesions will also be found. Lesions that were normally
hidden in superimposed fibroglandular tissue will be unmasked.
Recognizing common benign findings is essential so that recall
rates and biopsies are not unnecessarily increased. With the
improved visualization of lesion shape and margins provided
by tomosynthesis, we can potentially accurately classify more
lesions as benign versus those that are suspicious. Such findings
are discussed in Chapter 8. The well-established “multiple-
bilateral rule” suggesting benign etiology is enhanced with
tomosynthesis given that many additional masses not seen well
on 2D imaging will be detected. Many benign masses, such as
fibroadenomas, cysts, and hamartomas, are much better charac-
terized on tomosynthesis, leading to a reduction in the need for
diagnostic follow-up.

Tomosynthesis will often reveal suspicious mammographic
findings more clearly than 2D images alone. Chapter 9 explores
the tomosynthesis features of the various common breast
malignancies. The initial diagnosis of multifocal, multicentric,
and synchronous bilateral cancer will increase with tomosyn-
thesis. Whereas malignant features often are obvious on tomo-
synthesis, they may also be quite subtle. The radiologists must
be familiar with the spectrum of malignant findings to diagnose
breast cancer and to best assess the remainder of the breast with
tomosynthesis, which may be particularly useful if staging MRI
is not performed.

Tomosynthesis will enhance detection of architectural dis-
tortion, which may present as a very obvious or very subtle
finding. Management of architectural distortion can be dif-
ficult, particularly if only initially seen on tomosynthesis and
not detected on ultrasound. Chapter 10 reviews the spectrum
of imaging and pathologic findings typically encountered
with architectural distortions discovered on tomosynthesis.
Although some of these architectural distortions ultimately
will be proven to be malignant, others may prove to be com-
plex radial sclerosing lesions. The management of complex
sclerosing lesions continues to evolve, because there is grow-
ing evidence that surgical excision may not always be neces-
sary. Although further research is needed, we have included
for guidance a management algorithm that our practice cur-
rently follows for architectural distortion initially seen only on
tomosynthesis.

A major benefit of tomosynthesis is improved lesion char-
acterization when combined with the information gleaned
from other breast imaging modalities. Ultrasound is routinely
used in the further assessment of all noncalcified and even
some calcified lesions. Expert use of targeted ultrasound after
tomosynthesis can enable lesion evaluations that are superior
to that with 2D assessment. Lesion localization is more precise,
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and lesion features are more defined. Chapter 11 reviews how
findings on tomosynthesis can be correlated with other imag-
ing techniques, such as ultrasound and MRI, or conversely, how
second-look tomosynthesis can aid in further assessing findings
seen on screening whole breast ultrasound or MRI. This syn-
thesizing of information results in the ability to refine biopsy
recommendations and improve the positive predictive value of
biopsy, resulting in the reduction of unnecessary biopsies for
multiple imaging findings.

Many women undergoing screening or diagnostic mam-
mography have undergone prior procedures, such as excisional
biopsies, reduction mammoplasties, and lumpectomies. Just as
tomosynthesis improves the detection of architectural distortion
due to malignancy and radial sclerosing lesions, surgical scars
can be exquisitely demonstrated by tomosynthesis. In Chapter
12, many of these common postoperative findings are reviewed.
Differentiation of scar versus malignancy is a common concern
among users of tomosynthesis. Careful history and marking of
surface scars are important because scars within the breast tissue
caused by remote surgeries are apparent that were never seen on
2D images. However, this improved visualization of scars with
tomosynthesis can greatly facilitate detection of recurrences
and differentiate common benign sequelae, such as fat necrosis,
from more suspicious changes.

Men are routinely referred for breast imaging, usually due
to symptoms and sometimes for high-risk screening. For the
vast majority of men presenting with a palpable lump, gyne-
comastia will be the cause. This entity can sometimes be chal-
lenging to differentiate from breast cancer on 2D imaging.
Tomosynthesis can help to better make this differentiation
and it often reduces the need for other tests, such as ultra-
sound. In Chapter 13, tomosynthesis imaging of gynecomastia
and other presenting benign and malignant findings in men
are reviewed.

Percutaneous breast biopsy is an essential breast imaging
tool. Just as there was a need to develop MRI breast biopsy
devices for suspicious MRI detected lesions with no mammog-
raphy or ultrasound correlate, tomosynthesis-guided biopsy
devices have been developed for clinical use, enabling efficient
and accurate evaluation for lesions seen only on tomosynthe-
sis. This exciting new technique, along with tomosynthesis-
guided wire localization, is reviewed in Chapter 14. Margarita
Zuley, Ernestine Thomas, and colleagues from the University
of Pittsburgh Medical Center were one of the first adopters of
tomosynthesis-guided biopsy and share their experience in this
chapter.

Any breast imaging textbook requires high-quality images
that serve as an essential teaching tool. A picture is worth a
thousand words! We hope to provide many excellent images
of a wide variety of lesions representing a spectrum of benign
and malignant findings. Tomosynthesis is not a static imag-
ing modality. Viewing and interpreting these exams involves
real-time review. Producing a 2D textbook about a three-
dimensional imaging process is challenging. We have strived
to capture optimal tomosynthesis still images to demonstrate
various findings discussed. Recognizing that full appreciation
of tomosynthesis exams is based in scrolling through a stack of
images, we have included an atlas of cases that include tomo-
synthesis movie files at the end of the book, with the mov-
ing images found in the electronic, online version. A video
icon indicates video content. Review of such cases is strongly
encouraged.
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We are living in a world of ever-increasing information and
demands for improved and immediate outcomes. The imperfect
and nebulous art of 2D mammography interpretation is some-
thing that is no longer sustainable. Tomosynthesis affords us
the essential ability to raise our field to a higher level. Although
studies investigating the cost effectiveness of tomosynthesis
are currently limited, there is no doubt that tomosynthesis will

ultimately reduce medical costs by decreasing many unneces-
sary follow-up tests and interventions. We need to adopt and
further improve tomosynthesis technology to preserve breast
cancer screening services that will benefit women and be valued
by all. This powerful improvement in mammographic imaging
is likely to have a profound effect on the whole practice of breast
imaging—for the better!



CHAPTER

Physics and Development of Breast

Tomosynthesis

Loren Niklason

Screening mammography has undergone many improve-
ments since widespread screening began in the 1980s. These
improvements have led to improved image quality, reduced
radiation dose, and more accurate examinations. In the early
2000s there was a major shift in imaging technology, with the
introduction of digital mammography. Although the transition
to digital mammography systems took nearly a decade, there
are now very few analog systems still in use. The transition to
digital mammography also enabled the use of advanced imag-
ing methods that were not practical with film mammography.
Tomosynthesis is one of these advanced imaging methods that
is rapidly being adopted for breast cancer screening in the
United States. The adoption rate is much faster than that seen
for digital mammography because the initial clinical results are
far more compelling than those seen with the introduction of
digital mammography.

Although digital mammography involves a different method
for detecting mammography images, it is a two-dimensional
(2D) image and suffers from superimposed tissue that may
mask or mimic a breast cancer. Mammography sensitivity and
specificity are inversely related to breast density. The structures
that appear dense or white on a mammogram are composed
of fibrous or glandular tissue. This fibroglandular tissue has
nearly identical x-ray attenuation to that of breast cancer, and
as a result it may hide breast cancer or superimposed tissue may
appear suspicious for cancer. For this reason, as breast density
increases, the ability to detect cancer decreases and the number
of women recalled for additional testing increases. The limita-
tions of conventional mammography for women with dense
breasts have led many states to require women be notified if
they have dense breasts, allowing them to discuss with their
physicians supplemental screening methods.

Tomosynthesis is a three-dimensional (3D) imaging method
that allows visualization of the tissue in a series of images spaced at
1-mm intervals through the breast. Instead of a single-projection
image that is used for conventional digital mammography images,
a series of 9 to 25 images are taken as the x-ray source moves in
an arc above the breast (Fig. 2.1). These images are referred to as
projection images and are obtained at 1- to 3-degree increments as
the x-ray source moves in an arc above the breast. These images
are reconstructed using methods similar to computed tomogra-
phy (CT) reconstruction into a series of images with only struc-
tures in a small range of thickness in focus. In mammography the
breast is typically compressed to a thickness of 40 to 70 mm, and
this results in 40 to 70 tomosynthesis images for an average size
breast.

A clinical tomosynthesis image is shown in Fig. 2.2 and
demonstrates the marked reduction in complexity of the
background in the reconstructed tomosynthesis images

compared with the conventional mammogram. This reduction
in superimposed tissue allows the detection of breast cancer
that might otherwise be hidden by fibroglandular structures
above or below the cancer and better differentiation of normal
and abnormal breast structures; this results in a reduction of
women recalled for additional imaging who do not have breast
cancer.

Tomosynthesis systems are now available for imaging many
parts of the body; however, only in breast imaging has wide-
spread adoption occurred. This is likely due to some of the
specific needs for breast imaging and the specific strengths
of tomosynthesis imaging. Breast imaging requires extremely
high spatial resolution, and the images must be obtained at very
low dose. In addition, high contrast of small structures, such as
calcifications, spiculations, and lesion margins, is critical and
requires the use of low-energy x-rays. Tomosynthesis allows
the use of low-energy x-rays, low dose, and high resolution
needed for breast imaging while also reducing superimposed
structures.

Development of Tomosynthesis

The initial work on breast tomosynthesis was performed at
Massachusetts General Hospital (MGH), starting in 1995. Our
group started with phantom imaging, then specimen imaging,
and finally clinical imaging. Three medical physicists, including
Bradley Christian, Laura Niklason, and myself, did the initial
development work. The initial physics and specimen imaging
work was supported by a grant from the Department of Defense
Breast Cancer Research Program. Although our work was the
first on breast tomosynthesis, there had been a lot of previous
research on tomosynthesis for imaging other body parts.

The key technological breakthrough needed for the imple-
mentation of tomosynthesis was the development of a flat panel
digital detector. A group at General Electric Corporate Research
and Development provided the first detector that made breast
tomosynthesis possible. This detector had the high resolution
needed for mammography and the rapid image readout needed
for tomosynthesis. The team at General Electric included
Henri Rougeot, Beale Opshal-Ong, Cynthia Landberg, Don-
ald Castleberry, Jeffrey Eberhard, and many others. The detector
development was supported by a grant from Defense Advanced
Research Projects Agency.

The clinical evaluation of tomosynthesis was led by Dan-
iel Kopans at MGH. 'The first clinical unit was constructed by
General Electric to support this research. The research was again
funded by the Department of Defense Breast Cancer Research
Program, and their support provided the funding to transition
breast tomosynthesis into a clinical reality.
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After the initial clinical work, there was a lag in devel-
opment of tomosynthesis. General Electric, which had sup-
ported the early research, decided against commercialization
at that time. In 2005 Hologic, Inc., decided to develop a clini-
cal tomosynthesis unit, and I joined Hologic at that time.
Hologic presented data for the US Food and Drug Admin-
istration (FDA) approval to a panel in 2010 and received
approval in early 2011. Elizabeth Rafterty, MD, was the
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FIG. 2.1 Tomosynthesis image acquisition and reconstruction.
Projection images are acquired as the x-ray tube moves in an arc above the
breast. These images are reconstructed into the tomosynthesis images.

principal investigator for the FDA studies and presented the
data at the FDA panel meeting.

After just a few short years, tomosynthesis is now rap-
idly replacing conventional mammography for breast cancer
screening. Looking back, there are several people who deserve
special recognition for proving the clinical superiority of
tomosynthesis and driving the commercial development. First,
Elizabeth Rafferty, MD, from MGH led all of the Hologic
reader studies investigating the best methods for using tomo-
synthesis and provided the clinical leadership for each study.
In addition to publishing many of these results, she led the
training effort and has trained many of the radiologists cur-
rently using tomosynthesis. Her training of the early adopt-
ers led to the superior clinical results from a wide range of
practices, many of which have resulted in publications. Next,
Per Skaane from Oslo, Norway, took on the challenge of per-
forming the first large-scale, prospective screening trial of
tomosynthesis. His team imaged 25,000 women over 2 years
and doubled their workload by having each case read by four
different radiologists. This research demonstrated the clinical
efficacy of tomosynthesis for both the single reader method
used in North America and the double reader method used
in Europe. He also reported on the clinical performance of
synthetic mammograms combined with tomosynthesis. David
Gur from Magee Womens Hospital and the University of
Pittsburgh Medical Center was a leader in evaluating tomo-
synthesis from the beginning and, along with Margarita Zuley
and Jules Sumkin, provided much of the basic research dem-
onstrating the clinical utility of tomosynthesis. David Gur was
instrumental in working with Dr. Skaane and myself on study
design for the Oslo study and brought together the group of
13 institutions in the United States that published the land-
mark study in the Journal of the American Medical Association
evaluating tomosynthesis screening performance in 450,000
women.

Finally, on the commercial side, Jay Stein was the key person
behind several decisions that made tomosynthesis a commercial

FIG. 2.2 Clinical example showing (A) the conventional mammogram, (B) a tomosynthesis image from middle of the breast, and
(C) the synthetic mammogram. The tomosynthesis image demonstrates the reduction in anatomical or structured noise compared
with the conventional mammogram.



success. First, the decision to add tomosynthesis to conventional
mammography made clinical adoption much faster. Next, Jay
Stein worked with Chris Ruth to develop the first synthesized
mammograms. This development has been critical for wide-
spread commercial adoption.

System Design

The design of tomosynthesis systems varies greatly among dif-
ferent manufacturers. Differences in design may have significant
impact on clinical performance. In this section the key design
parameters and their impact on image quality will be discussed.
Acquisition Angle

Tomosynthesis projection images are acquired over an angular
range of 15 to 50 degrees. This angular range affects image qual-
ity in several ways. Wider angle acquisition reduces the amount
of superimposed tissue that may be present in the reconstructed
tomosynthesis images. If the tomosynthesis acquisition angle
was increased to slightly greater than 180 degrees, a true CT
image could be obtained, resulting in complete removal of
superimposed tissue. Thus tomosynthesis images acquired at
50 degrees may have reduced superimposed tissue compared
with those obtained at 15 degrees. However, there are benefits
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associated with narrow acquisition angles, including better
depiction of calcifications.

Number of Projection Images

'The number of projection images affects image artifacts. Cur-
rent systems use between 9 and 25 projection images, and
these images are then reconstructed into the tomosynthe-
sis images. Artifacts are inversely related to the number of
projection images. The artifacts from a limited number of
projections are seen for highly attenuating objects, such as
a highly attenuating calcification, and may be seen in planes
above and below the plane that actually includes the calci-
fication (Fig. 2.3). The number of artifacts seen is the same
as the number of projections; for example, if 10 projections
are obtained, there will be 10 out-of-plane artifacts of the
calcification, and each will have about 1/10 the contrast of
the actual calcification. This artifact is often referred to as
the s/inky artifact because the artifacts spread out the far-
ther the images are from the plane containing the calcifica-
tion and contract while scrolling toward the plane containing
the calcification. If the tomosynthesis acquisition included
25 projection images, each artifact would have much lower
contrast (1/25 of the original calcification) and in some cases
may not even be visible. Therefore increasing the number of

FIG. 2.3 Artifacts from limited number of projections. Image of a calcification at different planes (depth) in the breast.
Image (A) shows a tomosynthesis image with the calcification in focus; the other images show the artifacts from the calcification
at (B) 10 mm, (C) 20 mm, (D) 30 mm, and (E) 40 mm below the in-focus plane. Artifacts from a highly attenuating object may

persist through the entire breast.
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projections reduces the slinky artifact. There are also image-
processing methods to reduce this artifact. As always, there
are trade-offs that vendors must consider. In this case, more
projections require more time to acquire the images.

X-Ray Source Motion

There are two types of x-ray source motion used for acquiring
the projection images: continuous motion and step and expose.
For systems using continuous motion, the x-ray source moves at
a constant rate of speed and the x-rays are pulsed on and off at
specific angles. The motion of the tube during image acquisition
can lead to image blur. Vendors typically use very short pulses
on the order of 50 milliseconds or less to minimize this source
of image blur. This requires higher power x-ray sources to obtain
these short pulses.

Step and expose motion is performed by physically stopping
the x-ray source before each projection image is acquired and
then moving to the next angle position after the exposure is
complete. Motion from x-ray source motion can be eliminated
using this method. Stopping the x-ray source for each projec-
tion image results in increased time required for each projection
image acquisition. The vendors using this method acquire fewer
projection images to compensate for the longer time needed for
the acquisition of each projection image.

Acquisition Time

The total time required to acquire all tomosynthesis projec-
tion images varies widely, from 4 to 25 seconds. Imaging angle,
the number of projection images, and the type of tube motion
all affect the time required to acquire the projection images.
Shorter times will result in less patient motion during image

acquisition, and this may be a critical factor for visualization of
small lesions, calcifications, and lesion margins.

Radiation Dose

Radiation dose from tomosynthesis is approximately the same
as that from mammography. If both a conventional mammo-
gram and a tomosynthesis image are acquired—something
often referred to as combo imaging—then the dose for a screen-
ing exam would be 2 times that used for mammography alone.
It is important to put this dose in perspective. The radiation
dose from a mammogram is approximately equivalent to the
amount of radiation from 1 month of background radiation.
For comparison, a CT exam may be equivalent to several years
of background radiation. If combo mode is used, the radiation
dose is higher but still below the limits set by the FDA. The
FDA has determined the benefit from tomosynthesis combined
with mammography outweighs the increase in radiation dose.
One manufacturer has FDA approval for a synthetic mammo-
gram that is created from the tomosynthesis images so that it is
no longer necessary to also obtain a conventional mammogram.
If this method is used, the radiation dose for a tomosynthesis
screening exam is similar to that used for a conventional mam-
mogram. Synthetic mammograms are discussed in more detail
later.

Breast Compression

In conventional mammography the breast is compressed to
spread structures, improving the chances that a breast can-
cer will be visualized. Initially, tomosynthesis was primar-
ily used in the combo mode. In this mode the conventional

mammogram and tomosynthesis images are often acquired in
the same compression, and therefore the same compression
force is required as used for conventional mammography. As
institutions move to tomosynthesis with a synthetic mam-
mogram, some compression will still be needed to stabilize
the breast; however, it is likely that less force will be required,
resulting in less discomfort.

Imaging Views

A mammography screening exam includes two views of each
breast, including mediolateral oblique (MLO) and cranio-
caudal (CC) views. Tomosynthesis systems vary in the num-
ber of recommended views. One manufacturer recommends
tomosynthesis images in the MLO view and a 2D mammo-
gram in the CC view. Other manufacturers recommend that
tomosynthesis images be obtained in both the MLO and
CC views. Because tomosynthesis is a 3D image, it might
be assumed that a single view is all that is needed; however,
there are several reasons that this is not the case. First, tomo-
synthesis does not eliminate superimposed tissue like a CT
exam. For this reason, superimposed tissue in one view may
reduce visibility of a lesion that may be seen in another view.
Next, lesions are not isotropic and may have much higher
contrast in one view versus another. Finally, two views may
aid in deciding if a suspicious area is an actual lesion or
superimposed tissue.

Synthetic Mammograms

The combination of a 2D mammogram and tomosynthesis
offers a number of advantages. The 2D mammogram serves
several functions in a tomosynthesis screening exam. First,
it is used to compare with previous screening exams. Next, it
provides an overview image that acts as a guide for searching
through the large number of tomosynthesis images. Finally, it
allows easy visualization of groups of calcification. The down-
side of using both a mammogram and tomosynthesis is that
the radiation dose doubles compared with a mammogram
alone. One solution for this is to create a synthetic mammo-
gram from the tomosynthesis images. The synthetic mammo-
gram combines the information from all tomosynthesis images
into a single image. The algorithms used to create the synthetic
mammogram can preserve the detail of some features, such as
spiculations or calcifications, allowing these lesions to some-
times be better visualized on a synthetic mammogram than
they are on a conventional mammogram. A synthetic mammo-
gram, tomosynthesis slice, and conventional mammogram are
shown in Fig. 2.2. The synthetic mammogram is very similar in
appearance to the conventional mammogram. Because the syn-
thetic mammogram is created from the tomosynthesis images,
no additional radiation dose is needed beyond that used for the
tomosynthesis images, and the radiation dose for a screening
exam is similar to that used for conventional digital mammog-
raphy. One vendor has approval for the use of tomosynthesis
with a synthetic mammogram.

In this chapter, the physical basis for tomosynthesis imaging
has been provided. The following chapters will explain the clini-
cal implementation and use of tomosynthesis for breast cancer
screening.
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The introduction of tomosynthesis to an imaging facility is a
positive experience for mammography technologists. Tomosyn-
thesis improves the clinical workflow not only by allowing faster
patient throughput but also by improving diagnostic accuracy,
benefiting both the patients and breast imaging staff. Like most
consumer-driven technology, tomosynthesis units are very
user-friendly. Newly designed features that apply to both two-
dimensional (2D) and tomosynthesis image acquisition such as
fingerprint login, touch screen controls, flexible compression
paddles, and better designed exposure buttons enable the tech-
nologist to perform a better and more efficient mammography
exam.

Technologists, like physicians, require an initial 8 hours of for-
mal training before being certified to perform tomosynthesis
exams. Typically the technologists are trained during a session
with the manufacturer’s applications specialist. A technologist
who is trained and comfortable with the new tomosynthesis
equipment can then successfully train other technologists.
A useful tomosynthesis training tool for the technologist
includes creation of a tomosynthesis checklist designed simply
to list all the features of the tomosynthesis unit and to spe-
cifically differentiate applications that are unique to tomosyn-
thesis, thereby facilitating technologist adaptation to the new
equipment.

Radiation Exposure

Because tomosynthesis is based on x-ray technology, each
tomosynthesis acquisition exposes the patient to radiation.
In general the cumulative dose per tomosynthesis view is
approximately the same or slightly more than a conventional
2D view, although this is variable depending on the manufac-
turer. For example, the dose of a combined tomosynthesis and
2D mammogram obtained by a commonly used tomosynthe-
sis unit is approximately double the amount received during a
conventional 2D mammogram. Despite the increased dose, it
is important to understand that the dosage is still below Mam-
mography Quality Standards Act (MQSA) limits. As per the
American College of Radiology, 3 mGy is the upper limit
for radiation dose of a single mammography exposure. This
standard was established over 20 years ago for analog mam-
mography. Since the development of digital mammography,
the radiation dose for 2D mammography has decreased over
time and is dependent on the equipment manufacturer. As per
one vendor, the dose for 2D mammography is now approxi-
mately 1.2 mGy per average exposure, and for tomosynthesis,

the dose is approximately 1.45 mGy; therefore a combination
exam is approximately 2.65 mGy, less than the MQSA limit
of 3 mGy.

Most patients do not understand dosage when described
in units of mGy (radiation energy in a kilogram of matter)
or mSv (biological effect of radiation energy in a kilogram
of human tissue), so it can be useful to explain using com-
parisons with normal background radiation. Although a single
exposure tomosynthesis combined with 2D mammography is
slightly more than double the dose compared to conventional
2D mammography alone, the combined dose due to tomosyn-
thesis is equivalent to only about 2 months of annual back-
ground radiation in the United States. Stated another way, the
combined radiation dose of tomosynthesis is 50% less than the
difference in annual background radiation dose in women liv-
ing in the mountains of Colorado compared to the average
background radiation dose for women living elsewhere in the
United States.

Keep in mind that exact dosage for a tomosynthesis exam
also varies among manufacturers and equipment. Because the
tomosynthesis technique is different depending on the man-
ufacturer of the unit, the dose per exposure and per bilateral
exam is variable. For example, some manufacturers recommend
performing simultaneous combination 2D plus tomosynthesis
craniocaudal (CC) and mediolateral oblique (MLO) views for
a routine screening exam. Other manufacturers recommend
tomosynthesis only for the MLO views and 2D mammogra-
phy for the CC views or vice versa. In an attempt to lower the
dose of the tomosynthesis exam, some manufacturers offer or
are developing a synthesized tomosynthesis mammogram. The
synthesized mammogram acquires information from the tomo-
synthesis scan and reconstructs a 2D mammogram, eliminating
the need for the conventional 2D mammogram. In addition,
other manufacturers are hoping to develop an accurate tomo-
synthesis mammogram that would not require any additional
2D component. Technologists and radiologists should be aware
of the extra radiation dosage for tomosynthesis, depending on
the specific unit in use.

In addition to variations in dose and 2D/tomosynthesis
image combinations, tomosynthesis equipment specifications
also vary across different manufacturers. Detectors and filters,
pixel size, scan angles, image time, and reconstruction algo-
rithms are all vendor dependent, as shown in Table 3.1.

TOMO TIP | Bécause of differences in equipment specifications, the
number and type of views obtained for a complete tomosynthesis exam
may vary depending on the equipment manufacturer.
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Variables in Tomosynthesis Units
Depending on Manufacturer

TABLE 3.1

Number of

Detector Reconstruction Projections Pixels (mm)

50 x 50
70 x 70
85 x 85
100 x 100

[terative 9-25
Filtered back
projection

Amorphous
selenium

Crystalline
silicon

Cesium iodide
on amor-
phous silicon

Anode/Filter

Molybdenum/
rhodium
Rhodium/
rhodium
Tungsten/
aluminum
Tungsten/silver
Tungsten/
rhodium

Scan Time
4-25s

Scan Type Scan Angle

Continuous 15-50°

Step and shoot

Performing the Tomosynthesis Mammogram

Performing a mammogram with tomosynthesis is similar
to performing a conventional 2D digital mammogram with
a few differences. The compression paddles and tube posi-
tion are basically similar to conventional mammography
units, with slight manufacturer dependent variations. Patient
positioning is also similar. One important consideration is
the importance of positioning of the CC view. Many tech-
nologists have a tendency to slightly laterally exaggerate
the CC views, trying to include more of the tissue in the
lateral, especially upper outer quadrant. This, however, can
result in distortion of the tissues in the CC view (Fig. 3.1).
When interpreting tomosynthesis images, radiologists find
the CC view particularly useful, and consistency from year
to year is therefore very important. For optimal position-
ing, the breasts should be pulled straight and the nipples

centered.

TOMOTIP I Asithe CC view is more uniform from year to year compared
with the MLO view, which can be variable in compression and angle,
it is especially useful to make sure CC views are obtained with nipples
centered to permit accurate comparisons.

The tomosynthesis acquisition time is typically around 5 sec-
onds, but as noted in Table 3.1, some units may require a longer
exposure time. Depending on the manufacturer, tomosynthesis
may be performed as a single exam or in combination with the
2D mammogram. Some units only allow a single tomosyn-
thesis acquisition without a 2D component. Other units allow
conventional 2D only, tomosynthesis only, or a combination 2D/
tomosynthesis exam to be obtained in any single view during a

single compression. With the combined 2D plus tomosynthesis
image acquisition, the exposure time may be 4 seconds longer
than a conventional mammogram. Faster and more efficient
image processing helps balance the extra exposure time of the
tomosynthesis image acquisition. For example, one type of unit
allows the technologist to take an image and continue onto the
next image without waiting to accept or reject the previous.

During tomosynthesis, the tube rotates in an arc as the expo-
sures are acquired. The angle of the arc is variable across manu-
facturers, typically ranging from 11 to 50 degrees. The motion
across the arc may be continuous or a stepwise “stop and shoot”
scan. A notable difference compared with standard mammog-
raphy is the face guard on the tomosynthesis unit, which pro-
tects the patient’s head while the tube is making its acquisition
sweep. An important tip is to warn the patient that the tube will
move. Although the compression paddle and receptor in which
the breast is compressed is stationary, many patients may react
by pulling back if they are not expecting the machine to move.

For combination 2D plus tomosynthesis exams, the total
exposure time may be 10 seconds or more, with tomosynthesis
exposures usually preceding the 2D exposure. Therefore atten-
tion to the patient’s breath-holding technique is important
to eliminate motion artifact. It is usually not possible for a
woman to hold her breast during an entire 2D plus tomo-
synthesis combination acquisition. Technologists vary in their
approach to coaxing the patient through the exam. Some tech-
nologists allow the patient to breathe normally throughout the
entire exam. Others have the patient breathe normally during
the initial tomosynthesis exposure and then hold their breath
during the final 2D exposure. Both approaches are successful,
and which technique is used depends on both the technologist
and the specific patient.

Currently, the most common tomosynthesis technique used
in the United States is the combination 2D plus tomosynthesis
exam. For screening mammography, typically bilateral MLO and
CC combined 2D and tomosynthesis views are obtained. How-
ever, women with large breasts requiring tiling/multiple images
per view, as well as women with implants, are already receiving
additional radiation from the standard extra views, and perform-
ing tomosynthesis could increase radiation beyond the MQSA
limits. For these women, use of the synthesized 2D mammo-
gram instead of the additional full-field digital mammography
(FFDM) 2D view enables the patient to reap the benefits of
tomosynthesis at the same dose as the conventional mam-
mogram. On the other hand, a combination of FFDM and
synthesized 2D plus tomosynthesis could also be obtained.
For example, in women with implants, the standard CC and
MLOQ views can be obtained using the conventional FFDM 2D
technique, and the implant displacement CC and MLO views
could be obtained using tomosynthesis plus the synthesized
2D tomosynthesis views.

Additional Views

Because attention to radiation exposure is important, repeat
views for technical reasons should usually be done sparingly
and preferably after consulting with the interpreting radiolo-
gist to determine if they are absolutely necessary and if they
should be performed as 2D only, tomosynthesis only, or a com-
bination exposure. A major advantage of tomosynthesis is that
fewer technical repeats are required since common skin-related
artifacts such as deodorant and small skin folds can be easily

dismissed (Fig. 3.2). If a technical repeat image is required due
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FIG. 3.1 The nipple should be centered for optimal CC positioning. (A) Screening mammogram in a 76-year-old woman
with a history of remote right lumpectomy shows new asymmetries bilaterally on the CC 2D and tomosynthesis views (arrows). The
asymmetries appear to persist on tomosynthesis slice images and were not seen on the prior exam (B). Note the nipples on prior CC
view are centered, unlike the current CC views, which are slightly laterally exaggerated. (C) On (immediate) repeat 2D imaging with
nipples centered, the asymmetries are not reproduced and are confidently assessed as BI-RADS 2, benign.

to poor positioning, a 2D or tomosynthesis-only view is usually
sufficient.

With experience, it will become apparent to radiologists that
many of the conventional additional views necessary in diagnos-
tic mammography performed with 2D imaging are not necessary
with tomosynthesis. For example, the tomosynthesis slice num-
ber can help determine the location of a lesion. Therefore trian-
gulation, typically requiring a true lateral view for a lesion seen
only on the MLO view, is rarely needed. Margins are often well

characterized on tomosynthesis so that spot compression views
are often unnecessary. Many patients with masses recalled from a
screening mammogram can go directly to ultrasound. If an ultra-
sound correlate is found, then no additional views are needed,
averting the time, cost, and radiation of a diagnostic mammogram.

Tomosynthesis cannot be performed with magnification.
Therefore, conventional magnification views are still often
required during the diagnostic workup of microcalcifications

(see Chapter 6).
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It is important to note that high-quality ultrasound is still
necessary to further evaluate most soft-tissue lesions seen on
tomosynthesis. Careful attention to technique, lesion mar-
gin, and location are essential while performing the targeted
ultrasound, which can be performed by either an US-trained

Tomo MLO

FIG. 3.2 Skin fold obvious on tomosynthesis and not requiring a
technical repeat. Screening mammogram in a 42-year-old woman reveals
heterogeneous dense breast tissue. (A) A skin fold and asymmetry are seen
in the right posterior breast in the MLO view (arrows). (B) Because the exam
was performed in combination mode, tomosynthesis revealed the skin fold on
the first slice and a well-circumscribed mass located on a medial slice (arrows).
Technical repeat mammography views were unnecessary. Targeted ultrasound
(not shown) revealed a simple cyst.

mammography technologist or a dedicated ultrasound tech-
nologist. The benefits of a single technologist performing both
the ultrasound and any required mammographic views include
improved lesion detection and characterization, more efficient
workflow, and improved continuity of care for the patient.

Artifacts

Technologists should be familiar with technical artifacts
unique to tomosynthesis. Some common artifacts such as der-
mal calcifications and skin folds can be easily dismissed, while
other common artifacts, such as motion, appear differently on
tomosynthesis.

TOMO TIP | Artifacts seen on 2D that are easily dismissed without ad-
ditional work-up on tomosynthesis: skin lesions, dermal calcifications,
deodorant, zinc lotions, talc, hair, skin fold, nipple out of profile.

Skin and Positioning Related Artifacts

Deodorant artifact and artifacts secondary to mineral-contain-
ing talc and zinc-containing lotions often mimic the appearance
of microcalcifications. With 2D mammography, repeat imaging
after wiping the skin with alcohol is often required. Likewise,
dermal calcifications can sometimes be difficult to distinguish
from suspicious microcalcifications within the breast. In these
cases, tangential views are often necessary to prove the calcifica-
tions are located within the skin.

Artifacts associated with the dermal surface are easily rec-
ognized with tomosynthesis because location of the skin can be
easily determined, appearing at either the beginning or the end
of the tomosynthesis stack (Fig. 3.3). Because moles and other
skin lesions are seen so well on tomosynthesis, mole markers
are not routinely required and may be distracting due to asso-
ciated tomosynthesis slinky artifact. Positioning artifacts such
as skin folds, hair, or a nipple out of profile can almost always
be easily dismissed as benign. For example, a nipple that is not

Tomo CC

FIG. 3.3 Dermal calcifications easily identified on tomosynthesis. Screening mammogram in a 52-year-old woman.

(A) Grouped heterogeneous calcifications are identified in the left medial breast seen on the 2D CC view. (B) These calcifications are
located on the first tomosynthesis slice indicating a dermal location. Note the nearby skin pores (arrows).



Tomo CC

FIG. 3.4 Shoulder artifact. Screening mammogram in a 68-year-old
woman. (A) Due to kyphosis, her left shoulder could not be optimally po-
sitioned and obscured the lateral posterior breast on the 2D image. (B) To-
mosynthesis slice view, after scrolling beneath the superior region, allows a
somewhat improved assessment of the underlying breast tissues. Note that
on tomosynthesis, the shoulder produces a “staircase or terracing” artifact
(arrow) caused by edges of sharp objects that are perpendicular to the scan
direction.

Tomo MLO slice 26
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in profile can easily be distinguished from a true breast mass
with tomosynthesis, and repeat views are often not required
since the nipple can easily be determined to be located at the
skin surface and not within the breast. All of these position-
ing artifacts will be out of the plane of view when scrolling
through the breast and therefore will not obscure visualization
of underlying tissue. In some women with severe physical lim-
itations, obstructing objects such as shoulders can markedly
affect the 2D image interpretation. The tomosynthesis images
may help salvage the study, as scrolling deep to the obstruction
permits at least partial visualization of the underlying breast
tissue (Fig. 3.4).

Slinky Artifact

The slinky artifact is associated with high attenuation objects
such as skin markers, metallic clips, or calcifications. When out
of plane of the tomosynthesis slice, these objects are blurred
in the direction of tube. This out-of-plane artifact increases
with the distance from the plane of the object, thus causing
a stretching, coil-like, or slinky effect in the vertical direction.
This artifact can be quite distracting in the presence of multiple
biopsy clips or coarse calcifications (Fig. 3.5). Metallic reduc-
tion software algorithms decrease the slinky artifacts associated
with biopsy clips, skin markers, BBs, and scar markers. This is
especially important in synthesized 2D imaging, as the slinky
artifact, present on all tomosynthesis images, will therefore be
present in the reconstructed 2D synthesized mammogram. Use
of the metal erase functionality will eliminate the artifact and
render the synthesized 2D image optimal (Fig. 3.6).

Despite the occurrence of slinky artifacts, placement of skin
markers, BBs, and scar markers may still be warranted at times.
Special markers, designed specifically for tomosynthesis, are
commercially available and can minimize these artifacts.

IQmo MLO slice 40

FIG. 3.5 Slinky artifact. Screening mammogram in a 70-year-old woman s/p remote lumpectomy. (A) Coarse suture calcifications
in the left central breast. (B and C) Scrolling through the MLO tomosynthesis views demonstrates blurring of the calcifications with
associated slinky artifact, which progressively increases with distance away from the calcified sutures.
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Synthesized MLO Synthesized CC .

FIG. 3.6 Metal erase software with reduction of the streaking artifact. Diagnostic mammogram performed with synthe-
sized 2D tomosynthesis in a 64-year-old woman with a history of left lumpectomy. (A) Multiple surgical clips are seen in the upper
outer quadrant, causing streaking artifact and limiting assessment of the tissue at the lumpectomy site on tomosynthesis. (B) After the
de-metal processing feature was applied, the artifact is eliminated and the image approximates the FFDM 2D image.

Tomo MLO Tomo CC

FIG. 3.7 Tomoynthesis motion artifact. Screening mammogram in a 57-year-old woman with dense tissue and multiple coarse
calcifications. (A) MLO and CC 2D views show no motion artifact, with the calcifications in sharp focus. (B) Tomosynthesis slice im-
ages show the slinky appearance of the calcifications to be in a straight linear orientation on the MLO view (arrows), but serpentine
on the CC view indicating motion on the CC tomosynthesis images (arrows), that was not present on the 2D CC image even though
the 2D and tomo images were obtained during a single compression.

Motion Artifact If motion occurred during the tomosynthesis exposure, the skin in
Motion artifact can sometimes be difficult to assess on tomosyn-  these regions will appear to bounce or wiggle. Motion should also
thesis. All tomosynthesis images have inherent blurring appear-  be suspected if a slinky artifact is not in a straight vertical direction
ance because out-of-plane objects are blurred due to of out of  and instead is curved or V shaped (Fig. 3.7). If motion is noted

plane signals. Gross motion may be determined by viewing the on the 2D component of the combination exam, the projection
projection images in cine mode, paying attention to the periphery ~ images should be checked for motion as well. Finally, motion
of the breast, specifically the skin of the axilla or the inframam- should also be considered if a mass or microcalcification is not as

mary fold on the MLO view or the cleavage area on the CC view.  sharp as expected when in plane on the tomosynthesis slice.



Additional Tomosynthesis Artifacts

It is important to recognize that there are a variety of other
artifacts occasionally encountered on tomosynthesis. Tomosyn-
thesis processing artifacts can result in variable appearances. For
example, tomosynthesis processing error due to failure of the
reconstruction algorithm can result in a horizontal linear arti-
fact through the image. Skin processing reconstruction errors
will make the superficial tissue and/or skin line difficult to visu-
alize, resulting in an image with the appearance of an exposure

problem (Fig. 3.8).
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Tomo MLO

FIG. 3.8 Skin processing error.
MLO views of a screening mammogram
in a 48-year-old woman. (A) The 2D
MLO appears normal. (B) The tomos-
ynthesis MLO reveals a hazy appear-
ance of the tomosynthesis view with
poor visualization of the skin and su-
perficial tissue. This is an exposure and
reconstruction problem. For very large
breasts that require more radiation
dose, the detector may be saturated
outside of the breast, making it difficult
for the reconstruction software to iden-
tify and depict the skin line.

FIG. 3.9 Dead pixel artifact. (A) Close-up 2D CC tomosyn-
thesis view shows a small black dot in the lateral breast (circle)
due to a dead pixel(s) located on the detector. (B) On tomosyn-
thesis, a very fine white slinky artifact is seen (arrows). Although
a dead pixel artifact is typically a white dot, occasionally it may
appear as a black dot. This artifact can be seen on all images
across different patients.

A dead pixel artifact will usually result in a small white dot
on the 2D and on the first tomosynthesis image, since the dead
pixel is located on the detector. Although typically a white dot,
occasionally the dead pixel will appear as a black dot. Because
the dead pixel is on the detector, this artifact will appear on
every 2D view in the same location. On the tomosynthesis
images, the dead pixel will appear as a very fine slinky artifact
(Fig. 3.9).

Grid artifacts are more commonly encountered on 2D
images. Some manufacturers use a retractable grid that slides
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FIG. 3.10 Artifact due to power supply to array
resembling grid lines. Screening mammogram in a 54-year-
old woman shows very subtle artifact and multiple very fine
striations in both the right breast 2D and tomosynthesis CC
views, giving the appearance of grid lines (arrows). As a grid is
not used for tomosynthesis imaging, it was apparent the artifact
was due to another etiology. At servicing, it was determined it
was caused by a failed high voltage power supply to the array.

FIG. 3.11 Barcode artifact seen on the MLO
views in two separate patients. This artifact is a
detector readout error creating white and black lines
near the edge of the detector. This is an uncommon
artifact and is more of a problem with the 2D im-
ages. If seen on tomosynthesis, the barcode artifact
would probably only be seen on 1 of 15 projection
images and have minor impact on reconstructed im-
ages.

into place for the 2D images only. An artifact that resembles
grid lines on tomosynthesis may be related to other issues, such
as failure in the power supply to the array (Fig. 3.10).

Rarely, a linear artifact resembling a barcode will appear near
the edge of the mammogram. The barcode artifact is a detector
readout error that is typically obvious on the 2D images. On tomo-
synthesis, the barcode artifact may only appear on the projection
images and have little effect on the reconstructed views (Fig. 3.11).

Tomosynthesis Quality Control

Tomosynthesis quality control (QC) involves calibration,
phantom, and biannual QC functions. It is necessary to check
with the specific manufacturer as to exactly what QC func-
tions are required and how to perform them. Most tomosyn-
thesis QC functions are similar to those performed for 2D
and are done simultaneously (Fig. 3.12). Geometry calibration
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Tomosynthesis

FIG. 3.12 Phantom QC. Mammography phantom 2D and tomosynthesis views. (A) 2D image shows the fibers, specks, and
masses. (B) Tomosynthesis slice 36 of 50 images best depicts the findings (white arrow, black arrow, and arrowhead, respectively).

is performed semiannually. Weekly calibration is performed,
similar to 2D and the mAs and kVp charted. Artifact evalu-
ation is done with rhodium, silver, and aluminum. Basic QC
functions for tomosynthesis involve detector flat-field calibra-
tion (five additional exposures for tomosynthesis gain cali-
bration with the aluminum filter), geometry calibration (one
exposure), artifact evaluation (one additional tomosynthesis
image), and phantom image (one additional tomosynthesis
image). The phantom image is acquired as a combination (2D
and tomosynthesis) exposure and charted separately. Masses,
specks, and fibers are assessed on the tomosynthesis slice that
best depicts the findings. It is essential that the calibration
phantom is clean, as dirt or dust would be included in calibra-
tion and result in artifacts.

Conclusion

Tomosynthesis is beneficial for the patients, technologists, and
interpreting radiologists. Fortunately for the technologists, the
new technology associated with tomosynthesis is very user-
friendly. Mammographic positioning is identical to 2D mam-
mography, and advances in “knobology” of the equipment
makes performing the mammogram straightforward. Common
artifacts frequently encountered on conventional 2D mammog-
raphy are easily recognized and dismissed on tomosynthesis.
Nevertheless, the technologist should also be familiar with arti-
facts unique to tomosynthesis. Because patients require fewer
images—fewer technical repeats and fewer diagnostic images—
there is greater efficiency and increased patient satisfaction.
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Introduction

The limitations of conventional digital mammography have
been well established. Conventional mammography creates
a two-dimensional (2D) image of a three-dimensional (3D)
structure, which may result in superimposition of normal tis-
sue and obscuration of lesions. This influences cancer detection
and leads to high screening recall rates and false-positive find-
ings. Conventional 2D mammography is particularly limited in
dense breast tissue, and cancer detection is as low as 48% in
women with extremely dense breast tissue.

Digital breast tomosynthesis is being increasingly adopted
in breast imaging centers around the world, largely due to
early clinical studies demonstrating this technology’s ability to
address many of the limitations of conventional mammogra-
phy. Due to improved diagnostic performance, it is expected
that tomosynthesis will eventually become the standard of care
in breast imaging facilities, and thus every facility will ulti-
mately be faced with the task of incorporating the technology
into practice. This presents a challenge, as to date there is lim-
ited guidance regarding how to best implement the technol-
ogy, nor are there standard guidelines for the clinical use of
tomosynthesis. In this chapter, we will discuss experience with
the adoption and implementation of the tomosynthesis tech-
nology into the clinical practice setting, with perspectives from
both a large private practice and a tertiary academic hospital
setting.

Tomosynthesis Equipment

As of this writing, three manufacturers have received US Food
and Drug Administration (FDA) approval for tomosynthesis
use in the United States: Hologic Selenia Dimensions (2011),
GE SenoClaire Digital Breast Tomosynthesis (2014), and
Siemens MAMMOMAT Inspiration with Tomosynthesis
option (2015). These units all differ in their features, notably
the angle of sweep, acquisition time, and receptor materials,
as has been discussed in Chapters 2 and 3. Thorough investi-
gation into the variations between manufacturers is advised
prior to purchase of equipment to determine which unit best
fits a facility’s needs.

Early Research With Tomosynthesis

For the early adopters, experience with tomosynthesis began
by participating in research. Through such participation and
using prototype machines, a few select sites were able to get
early experience with the technology prior and leading to FDA
approval for clinical use. At the current stage where tomosyn-
thesis has entered the commercial sphere, facilities will now
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benefit from the knowledge acquired from this early research.
The medical literature reporting on clinical experience with
tomosynthesis is growing exponentially. Published literature
can inform potential adopters of the benefits of the technology;
however, each site will need to determine the optimal work-
flow and protocol for adopting tomosynthesis into their own
practice.

Implementation Considerations

There are many important factors to consider when planning
the implementation of tomosynthesis into clinical practice. The
following will discuss some of the issues many practices have
encountered in the conversion process.

Preparation

Before implementing tomosynthesis, it is important to pre-
pare financially. Adoption of the technology can be expensive
and includes not only the cost of the unit(s) but also potential
facility renovations, changes to the picture archiving and com-
munication system (PACS), and information technology (IT)
requirements. The cost of a tomosynthesis unit is more expen-
sive than a 2D full-field digital mammography (FFDM) unit,
by as much as 50%. For many facilities, the issue of conversion
speed is a primary factor. Depending on budget considerations,
some practices may be able to convert all at once, while others
have to transition slowly, working in a hybrid setting of both
tomosynthesis and FFDM as additional units are procured over
time.

There are specific room size requirements to house a tomo-
synthesis unit, with a minimum of 12 x 12 feet required—
larger than that required for an FFDM unit. This may mean
that existing room space may need to be altered to install
tomosynthesis units, which increases overall implementation
costs.

It is important to recognize that the installation process
requires a period of time during which imaging of patients
will be limited. This downtime is approximately 3 days for
removal of the previous unit, installation of the new unit, and
physicist testing. In addition, once installed, FDA approval of
the unit for use of tomosynthesis must be granted, which can
take up to 10 business days. Until this approval is received,
only FFDM imaging is permitted. Even if only upgrading a
preexisting mammography unit to add tomosynthesis imaging
capabilities, approximately the same amount of downtime will
be required. These downtimes have to be considered, as they
may mean adjusting patient schedules during the crossover

period.
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/ALY R Comparison of File Size

Modality File Size Compressed File Size
FFDM 200 MB 65 MB
Tomosynthesis 2GB 200 MB

FFDM, Full-field digital mammography.

Information Technology, Picture Archiving,
and Communication System and Workstation
Requirements

IT support is critical for successful implementation of tomo-
synthesis. PACS storage requirements for tomosynthesis
images are substantial, and there are many aspects to consider
when investigating storage options based on the specific needs
of a facility. Moreover, workstations requirements are different
from those for 2D imaging.

Tomosynthesis datasets are large. A combination FFDM-
tomosynthesis exam consists of three components: 2D FFDM,
tomosynthesis source projection images, and reconstructed (1
mm) slice images (the number of which depends on breast
thickness). This file size is about 10 times the size of FFDM
(Table 4.1). Due to the larger file size, storage needs dramati-
cally increase and must be budgeted accordingly. For example,
in 1 year’s time, at the Elizabeth Wende Breast Care, LLC,
there were approximately 4 times as many 2D studies in com-
parison to tomosynthesis exams, yet tomosynthesis accounted
for 40% of the storage (4.1 TB vs. 2.7 TB). An additional issue
with large file size is how images will be stored. Storage with
4:1 loss-less compression is recommended such that images
can be adequately retrieved without loss of information. Large
image size is also important when considering transfer of
images. For off-site satellite locations or multiple sites, trans-
ferred to and from a centralized location, adequate bandwidth
is necessary. Adjustments may be needed to increase bandwidth
to accommodate the large file size of tomosynthesis images.
While increased image storage is an important consideration
with tomosynthesis, storage capacities and options have greatly
increased in recent years and are becoming less expensive over
time, such that most facilities should be able to accommodate
the increased demands without significant difficulties.

TOMO TIP | Tomosynthesis files are 10 times the size of FFDM images,
so prepare adequately for your increased storage needs.

Workflow must also be considered: How many prior exams
will generally be desired for comparison purposes? This choice
affects the radiologist’s hanging protocol as well as image
retrieval prior to patient appointments and becomes a more
significant consideration after multiple years of imaging with
tomosynthesis have accrued. It is strongly recommended that all
recent prior imaging, whether tomosynthesis or 2D, is available
to the interpreting radiologist for subsequent years’ compari-
sons. While it is not expected that all prior tomosynthesis stud-
ies will routinely be reviewed, they should be available if needed.
'The advantage of tomosynthesis to increase both sensitivity and
specificity of mammography may depend on appreciating subtle
changes compared to prior studies.

Implementation of Digital Breast Tomosynthesis Into Clinical Practice

'There are other factors to consider, such as having adequate
random access memory (RAM) to workstations. Some monitors
might be too old to adequately display tomosynthesis studies.
If the display speed is not sufficient, it will result in “jumping”
while scrolling through the tomosynthesis slices. Other consid-
erations entail having updated server hardware (this should be
discussed with the PACS vendor) and network considerations.
All these vary by site (size of facility and volume of studies), and
each facility has unique needs.

Ease of viewing of the tomosynthesis images is critically impor-
tant, such that interpretation time is minimalized and accuracy
is optimized. Proprietary workstations designed specifically for
tomosynthesis viewing provide optimal user-friendly functional-
ity. Initially, tomosynthesis studies could only be viewed on such
proprietary workstations, and they are more costly than standard
PACS mammography workstations. To not hinder workflow, an
adequate number of tomosynthesis reading stations are required
for a busy practice. This can add considerable costs to tomosyn-
thesis implementation. There are now several PACS vendors who
have well-designed tomosynthesis display and viewing capabili-
ties. Others are still not able to display tomosynthesis optimally,
in which case purchase of dedicated workstations will likely be
the only option until the specific PACS vendor is able to offer

suitable tomosynthesis display capabilities.

Hanging Protocols

The initiation of tomosynthesis in a practice requires the cre-
ation of new hanging protocols. It is important to have custom-
ized hanging protocols specific to radiologists’ preferences. Many
have found it helpful to maintain a hanging protocol similar to
their standard 2D review; however, that reading flow will usually
be altered for tomosynthesis. Many radiologists may prefer to
review the 2D images in full resolution—and then the tomosyn-
thesis images with the current 2D images or the stacked compar-
ison images side by side. If synthesized 2D images are utilized,
these can be inserted into the sequence at the preferred point. As
always, CAD images are reviewed at the end of the hanging pro-
tocol. Most proprietary or PACS workstations will permit tog-
gling between the 2D and tomosynthesis images with ease at any
point during the course of image review. Single click functions
and seamless toggling between 2D and tomosynthesis are of the
utmost importance. Many variations of hanging protocols can be
constructed, and the prime importance is finding a protocol that
permits efficiency and accurate reading of all images.

TOMOTIP | Optimizing the hanging protocol is important for tomosyn-
thesis reading efficiency and accuracy.

Radiologist and Technologist Considerations

As with any new modality, training is an important factor in the
implementation process. Radiologists, technologists, and physicists
are all required to undergo tomosynthesis-specific training. Radi-
ologists are required by the Mammography Quality Standards Act
(MQSA) to complete an 8-hour training session that includes test
cases. There are many training seminars offered through continu-
ing education courses, as well as through tomosynthesis vendors,
that meet this 8-hour requirement. Technologists are also required
to have 8 hours of training; this is most commonly obtained
through applications training provided by the vendors.
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Tomo CC
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Tomo CC (close up)

FIG. 4.1 Radial scar with DCIS. A 53-year-old patient presented for screening evaluation. An area of architectural distortion was identi-
fied in the left breast. The area was seen on the full-field digital mammography craniocaudal (CC) view (A), but best demonstrated (arrows)
on the CC tomosynthesis view (B and C). (D) On the 2D spot compression CC view, the area of architectural distortion was less apparent.
(E) Breast ultrasound identified an irregular hypoechoic mass. Ultrasound-guided core biopsy was performed, resulting in a diagnosis of
radial scar. The patient was recommended to undergo surgical excision, at which time associated ductal carcinoma in situ was diagnosed.

Once all are trained, there is a learning curve associated with
tomosynthesis. For radiologists, this primarily involves image
interpretation. Radiologists will generally see a decrease in
recall rates; however, some may experience a slight increase, at
least initially, while getting used to seeing more detail on tomo-
synthesis. This may in part be due to the detection of subtle,
“tomo-only” cancers and architectural distortions, as well as a
multitude of benign findings that may be newly seen. Follow-
up on the outcome of recalled lesions detected on tomosynthe-
sis cases is extremely valuable. At larger practices with multiple
breast imagers, sharing interesting cases and feedback among
the group are encouraged and will help expedite the learning
curve. Radiologists will need to find a new threshold for what
they dismiss and what they call back. Most users have seen an
increase in the detection of radial scars. Tomosynthesis is excep-
tional at depicting the architectural distortions caused by these
high-risk lesions. At the Elizabeth Wende Breast Care, the
detection rate of radial scars nearly tripled post-tomo imple-
mentation compared with pre-tomo implementation (Fig. 4.1).

The management of tomosynthesis-detected radial scars and
complex sclerosing lesions is challenging and still evolving.
Interpretation time of tomosynthesis studies is increased
compared to that of 2D exams, due to the considerable number
of images to be viewed. An average tomosynthesis mediolateral
oblique (MLO) or CC view consists of 60 1-mm slices. Vari-
able length of time for interpretation has been reported in the
literature, with the majority of facilities reporting times that are
approximately twice as long as FFDM alone. This may decrease
slightly with experience, but will always remain longer due to the
increased volume of images to review. It is important to recog-
nize, however, that the increased time required to read individual
cases is balanced by both the decreased number and markedly
abbreviated diagnostic work-ups associated with tomosynthesis.

Tomosynthesis Biopsy Capabilities

Another important concern for users new to tomosynthesis is
how to deal with tomo-only findings. For most, it will be inevi-
table that suspicious tomo-only findings, such as architectural
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Synthesized 2D

FIG. 4.2 Tomosynthesis imaging with synthesized mammography. A 46-year-old with dense breast tissue presented for screen-
ing mammography. Bilateral combination tomosynthesis was performed with synthesized mammography. An area of architectural distortion
(arrows) was noted in the left breast, best demonstrated on the craniocaudal (CC) view. (A) The area was identified on the full-field digital
mammography CC. The tomosynthesis slice (B) and corresponding synthesized mammography image (C and D) demonstrated the area
with improved conspicuity. Breast ultrasound (E) demonstrates a mass corresponding to the area of architectural distortion. Ultrasound-

guided core biopsy revealed invasive ductal carcinoma.

distortion, will be detected and require biopsy. Tomosynthe-
sis stereotactic biopsy equipment is commercially available and
designed specifically for those findings seen only on tomosyn-
thesis, although this equipment can also be used to sample any
suspicious lesion detected on mammography. Tomosynthesis
stereotactic biopsy is discussed in detail in Chapter 14. Purchase
of tomosynthesis stereotactic equipment will increase implemen-
tation costs. It is important to recognize that tomosynthesis-
directed biopsy has not been widely incorporated into practice
thus far, and many facilities have found other strategies to deal
with such findings, including carefully directed ultrasound, mag-
netic resonance imaging or tomo-guided needle localization.

Dose Considerations

When used in combination with 2D imaging, the radiation dose
with tomosynthesis imaging is approximately twice that of con-
ventional digital mammography, though this varies depending

on breast size and tissue composition. The radiation dose may
influence decisions regarding which patients are to receive
tomosynthesis, especially if resources are limited. For those
patients with implants or very large breasts who require extra
images beyond the standard views, tomosynthesis would further
increase the radiation dose and probably should be avoided.

'The clinical incorporation of the synthetic 2D mammogram,
which generates the required 2D image from the tomosynthesis
images alone, negates the need for the 2D FFDM acquisition,
thereby reducing the total dose to half, similar to FFDM alone.
With such imaging, all patients can benefit from tomosynthe-
sis, without the extra radiation dose. Several studies have dem-
onstrated that use of the reconstructed synthetic 2D views with
tomosynthesis performed comparably to combined 2D FFDM
plus tomosynthesis and thus is adequate for clinical use. Early
experience with synthetic 2D imaging has shown lesion detection
to be comparable to conventional 2D (Fig. 4.2).
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Synthetic view artifact

FIG. 4.3 Image artifact on synthesized mammography. This image
demonstrates the substantial image artifact that was seen when utilizing a
metallic BB.

There is a learning curve with the synthetic 2D view, how-
ever, as this has a different look compared with FFDM. Many
sites continue to image in combination mode until comfort
and confidence with the synthetic 2D images are established.
Computer-aided detection (CAD) is available for the synthe-
sized 2D images. For a facility that practices in a hybrid setting
of FFDM and tomosynthesis, it is important to apply consis-
tent care for all patients; thus if CAD is the standard of care, it
should be utilized uniformly for all patients.

An issue unique to tomosynthesis imaging is the substan-
tial streak artifacts that occur with the use of BBs or internal
metallic objects, which is not present in 2D FFDM imaging
(Fig. 4.3). De-metal software and use of tomosynthesis-specific
skin markers that are plastic-based help to considerably reduce
image artifact (Fig. 4.4).

Community Outreach

Marketing strategies and community education are key compo-
nents to the implementation or expansion of a tomosynthesis
program. Marketing to the community is important to ensure
that the public is aware the facility now offers tomosynthesis.
This can be done through press releases, patient brochures, and
websites. Reaching out to referring physicians and other health
care professionals in the community is also important. Radi-
ologists can provide lectures to local medical or breast cancer
groups, discussing the benefits of tomosynthesis. Such efforts
generally yield enthusiastic support from patients and clinicians
who are eager to embrace the benefits of tomosynthesis, includ-
ing the reduction of false-positive exams and the increase in
cancer detection.

Hybrid Conversion: Things to Consider

There are many facilities that cannot afford to convert
to tomosynthesis all at once. Table 4.2 demonstrates the
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FIG. 4.4 Spot markers for use with tomosynthesis imaging. This im-
age demonstrates markers designed specifically to reduce image artifact on
tomosynthesis.

Expansion of Tomosynthesis Program

llilee 2 (Elizabeth Wende Breast Care)

Screening Diagnostic
Year Number of Units Exams Exams
2011 1 332 46
2012 2 3,962 1,026
2013 5 9,552 3,807
2014 7 15,121 2,012
2015 11 27,119 9,077

evolution of the specific experience with tomosynthesis at
Elizabeth Wende Breast Care. The program has grown from
1 unit initially in 2011 to tomosynthesis imaging with 11
units at all facilities (out of a total of 15 mammography
units). When a facility transitions slowly and operates in a
hybrid setting, there are some factors to consider that are not
relevant with complete conversion. Most important is iden-
tifying which patients will receive tomosynthesis imaging.
Many facilities choose to perform tomosynthesis for screen-
ing patients because this centers on the key benefits of recall
reduction and increased cancer detection, as well as being
available to the greatest number of patients. But other facili-
ties choose to use it in the diagnostic setting, where there
will be fewer exams, and permit radiologist experience to be
gained in a more controlled environment. Yet others pref-
erentially target specific patient populations who will likely
benefit most, such as women with personal history of breast
cancer/postlumpectomy (Fig. 4.5), those with dense breast
tissue (Fig. 4.6), women at high risk for breast cancer, and
baseline screening patients.

If used in the screening environment, many diagnostic recalls
will be avoided, and those that are recalled will require fewer
or no additional views. Utilizing tomosynthesis in the diagnos-
tic imaging of patients has been shown to potentially reduce,
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Tomo CC

Tomo CC Tomo MLO

FIG. 4.5 Tomosynthesis imaging in a woman with a personal history of breast cancer. A 54-year-old patient with per-
sonal history of mammographically occult left breast invasive lobular carcinoma presented for mammographic evaluation. (A-D) A
new suspicious area in lateral aspect of the scar was identified on full-field digital mammography and tomosynthesis (arrows) imag-
ing. (E and F) Close-up views of the area on tomosynthesis demonstrate improved visualization of a mass (arrows). (G) Ultrasound
demonstrated an irregular mass corresponding to the mammographic finding, and ultrasound-guided core biopsy was performed
resulting in diagnosis of recurrent invasive lobular carcinoma.
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Synthesized 2D
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FIG. 4.6 Tomosynthesis imaging of a woman with dense breast tissue. (A to D) A 52-year-old patient with extremely dense
breast tissue presented for routine screening mammography. Architectural distortion (arrows) was noted in the left breast at mid/posterior
depth. This was best demonstrated on the CC tomosynthesis and synthesized mammography views. 2D spot compression view (E) was
performed along with a lateral tomosynthesis view (F), confirming the area of architectural distortion (arrows) better seen on tomosynthe-
sis. (G) Breast ultrasound was performed and a 9-mm irregular, hypoechoic mass with architectural distortion was seen. US-quided core
biopsy was performed, diagnosing a grade 2 invasive ductal carcinoma.

or even replace, most additional diagnostic mammographic
views (such as spot, lateral, and rolled views). Several studies
have shown similar or improved performance of tomosynthesis
compared with conventional diagnostic mammography views.
This benefits the patient, as it decreases both the dose and time
required for the exam.

In early experience at Yale with a single tomosynthesis unit
(and three additional FFDM units), an unexpected trend was
discovered. Technologists clearly favored the tomosynthesis
unit for several reasons, when used not only for screening but
for diagnostic exams as well. Their patients commonly noted
how much more comfortable the exam was (likely due to the
flexible paddle). For screening exams, there were fewer tech-
nical repeats. Diagnostic exams were expedited, as far fewer
additional diagnostic views were requested. This resulted in
preferential performance of the majority of exams on that
single tomosynthesis unit. The technologists preferred to wait
for the tomosynthesis room to become available if possible, as
the entire exam would still be quicker than immediately utiliz-
ing a conventional mammography unit. Over the first year, this

Exams Performed per Mammography

TABLE 4. . .
3 Unit: Yale Early Experience

2D Unit Increase

Pre-Tomo Tomo Unit Utilization
Screening 3,154 7,913 2.5x
exams
Diagnostic 1,537 3,594 2.5%
exams
Total exams 4,691 11,507 2.5x

resulted in 2.5 times the number of exams performed on the
single tomosynthesis unit than any of the FFDM units before
or after tomosynthesis implementation (Table 4.3).

In addition, at Yale a continuous decrease in the number of
diagnostic exams has been noted for each year since implement-
ing tomosynthesis. With tomosynthesis, not only are there fewer
recalls from screening mammography, a decrease in short-term
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imaging follow-up recommendations (BI-RADS 3) has been
noted, and many more patients are entering the screening pool
who previously were considered diagnostic (eg, lumpectomy
patients). Such improved throughput of patients and change
in exam volumes are important and may be an unanticipated
downstream effect of tomosynthesis use that should be taken
into consideration when purchasing equipment. There is the
potential that fewer tomosynthesis units than FFDM might
be adequate. The goal of most sites is to ultimately convert to
imaging all patients with tomosynthesis, and thus have a uni-
form workflow environment.

TOMO TIP | Improved throughput of patients and change in exam
volumes is an important downstream effect of tomosynthesis use, and
should be taken into consideration when budgeting for equipment.

Tomosynthesis is an exciting new technology in breast imaging
that has been shown to improve upon many of the limitations
inherent in 2D digital mammography technology. Research to
date has been consistent in demonstrating that tomosynthesis
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can reduce recall rates while increasing cancer detection. The
technology has been shown to be beneficial in many different
patient populations, speaking to the promise the technology
shows for eventually becoming the standard of care for breast
cancer screening.

As with any new modality, there are concerns that need to
be addressed when implementing tomosynthesis into clinical
practice. Addressing these implementation concerns can aid in
a successful transition. There is a learning curve for radiologists
and technologists. Longer interpretation times will be an ini-
tial concern for the radiologists, although this will improve over
time. Other members of the team will be involved in the imple-
mentation, as there are substantial PACS and I'T requirements.
An important aspect of successful implementation is outreach
to the community by informing and educating patients and
referring health care professionals of this technology. Contin-
ued research and collection of outcome data are vital, as breast
imagers around the country, and the world, continue to imple-
ment and learn more about the technology.
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CHAPTER

Tomosynthesis in Screening

Mammography

A successful screening program relies on the ability of radi-
ologists to detect potential malignancies while maintaining an
acceptably low recall rate. To do so requires rigorous adherence
to quality controls for both personnel and equipment, as war-
ranted by the US Food and Drug Administration (FDA) and
the Mammography Quality Standards Act. The controversy
that follows screening mammography has largely focused on
patient anxiety and increased health care costs due to the num-
ber of false alarms and the additional work-up these cases entail.

'The hallmark of tomosynthesis is the dual benefit of decreas-
ing false positives while increasing cancer detection in screen-
ing mammography. Tomosynthesis allows radiologists to scroll
through thin slices of breast tissue, reducing superimposed
tissue and the structured noise that limits conventional two-
dimensional (2D) mammography. This permits enhanced lesion
detection and facilitates lesion margin analysis of both benign
and malignant findings. In addition, overlapping tissue can be
confidently assessed as normal, and unnecessary recalls can be
obviated.

How to Read Screening Mammograms

With Tomosynthesis

Batch reading of analog screening was a cost-effective method
because labor and time to load and take down films on an alterna-
tor made it impractical to read screening cases online. Even for a
few years during the transition to digital mammography, in which
prior analog images were still needed for comparison, batch read-
ing was still the most practical approach. However, when a prac-
tice achieves a state in which the current and recent prior images
are all digital, reading online is feasible. Over time, due to tomo-
synthesis, practices may find that fewer patients are in the recall
or follow-up diagnostic pool, and the radiologist has more time
to read screening cases online. Thus, although individual tomo-
synthesis screening cases take more time to view and interpret,
overall the caseload and workflow are improved.

Tips for interpreting tomosynthesis images are discussed in
Chapter 7, but a few topics are worth repeating here. Read-
ing any mammogram requires the undivided attention of the
radiologist, but reading tomosynthesis cases requires even more
concentration. Reading a large number of screening tomosyn-
thesis exams consecutively can potentially be more tiring com-
pared with 2D mammography interpretation. Distractions are
common in busy practices, but attempts must be made to mini-
mize them. Taking breaks frequently during the day between
cases is also recommended to avoid excessive fatigue.

Much attention has been given to the increased time required
to interpret tomosynthesis exams. Given the larger number
of images and increased amount of information inherent in
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tomosynthesis screening, it is inevitable that the exams will take
longer to read.

However, radiologists quickly become accustomed to the
tomosynthesis hanging protocol, and conversely having only
2D images to interpret seems uncomfortably limited. In addi-
tion, it must be recognized that the increase in time required to
read tomosynthesis screening exams is balanced by the reduc-
tion in time required for diagnostic studies.

A common concern is whether review of previous tomo-
synthesis images is necessary when assessing subsequent years’
exams. Although individuals may have their own personal pro-
tocols, routine review of prior tomosynthesis exams is generally
not necessary. Comparing the prior 2D images usually suf-
fices; however, if questionable areas are noted on the current
exam, scrolling through the prior tomosynthesis slices is greatly
beneficial.

As with reading 2D mammograms, assessing subtle changes
over time is essential for detection of early malignancies.
Although many cancers will appear more obviously spicu-
lated or distorted on tomosynthesis images compared with 2D
images, not all malignancies will have this characteristic appear-
ance. Some cancers will still be identified only as a very subtle
focal asymmetry or mass. These findings require careful atten-
tion and recall for diagnostic evaluation.

The use of tomosynthesis in both the craniocaudal (CC) and
mediolateral oblique (MLO) projections is very important in
obtaining the full benefit of tomosynthesis. Although the MLO
view may capture more of the breast tissue than the CC view,
the CC view produces better compression and separation of tis-
sue that is more uniform from year to year, making the reader’s
assessment of changing tissue patterns more confident. There
is evidence that suspicious lesions are more frequently detected
on the CC than the MLO view, making the CC view essen-
tial to mammographic assessment. The CC view also allows
for more precise lesion localization information. The benefit of
performing screening tomosynthesis in the MLO view only is
the reduction of overall radiation exposure, although this may
be offset by the loss of potentially vital information provided by
the CC tomosynthesis view.

How Is Tomosynthesis Reducing Recall Rates?

The fifth edition of the American College of Radiology Breast
Imaging Reporting and Data System (ACR BI-RADS) Atlas
states that a recall rate of up to 12% is acceptable for screening
mammography. In 2013, results from the Oslo Tomosynthesis
Screening Trial were published comparing conventional digital
mammography alone with digital mammography plus tomo-
synthesis. In this single-institution prospective study of 12,631



screening exams, a 15% reduction in false-positive recalls was
seen with the use of tomosynthesis. In the United States in
2014, a multicenter retrospective study involving both academic
and community-based practices reviewed nearly half a million
screening exams and also found a 15% reduction in recall rates,
solidly corroborating the Oslo findings. Additional single-
institution studies have shown significant reductions in recall
rates (15% to 30%) since implementing tomosynthesis.
Although reduced recall rates are noted across all patients,
the rates are variable, depending on breast density and patient
age. More significant reductions are noted in younger women
and in those with dense tissue. In addition, in women under-
going baseline mammography, in which interpretation is more
challenging due to lack of comparisons, tomosynthesis sig-
nificantly reduces recall rates by up to 50%. For practices with
limited resources, such findings are important to consider in tri-
aging which patients preferentially receive tomosynthesis.

Technical Issues

In some situations, tomosynthesis imaging can prevent what oth-
erwise would require additional imaging for technical reasons.

CHAPTER 5  Tomosynthesis in Screening Mammography

On 2D mammography, artifacts from deodorant or radiopaque
lotions preclude adequate assessment of the tissues beneath.
Deodorant, talc, or skin lotion artifact can be readily identified
on the skin surface with tomosynthesis. Upon scrolling a few
slices beyond the dermal surface, the tissue deep to the skin will
be seen with clarity, and the need for additional tangential views
or repeat imaging is avoided (Fig. 5.1). Superimposed hair can
also produce an artifact that may simulate a mass. Hair arti-
fact may appear superimposed on the 2D image, but it does not
appear on the tomosynthesis slices because it is above and not
within the compression plates (Fig. 5.2).

Asymmetry

False positives in conventional 2D mammography are often the
result of superimposed tissue and frequently recalled as asym-
metries. With tomosynthesis, careful scrolling through areas
of suspected asymmetry often reveals layers of fibroglandular
tissue, overlapping at different planes, without evidence of an
underlying mass. By virtue of its ability to separate overlapping
tissue, tomosynthesis disperses deceptive 2D asymmetries and
can resolve these potential false-positive findings as normal

Tomo

FIG. 5.1 Deodorant and talc artifact. (A) Abundant deodorant artifact is noted in the left axillary region on the two-dimen-
sional image of a screening mammogram (arrow). (B) Tomosynthesis slice images just internal to the skin, eliminates the finding,
indicating the artifact was located in the skin and permits adequate assessment of the underlying tissues in the axillary area. (C) In
another case talc in the inferior right breast has the appearance of fine pleomorphic calcifications (arrows). (D) The finding is captured
on the peripheral tomosynthesis slice (arrows), indicating it is localized to the skin surface at the same level of multiple visible skin
pores. Subsequent tomosynthesis slices deep to the skin showed no abnormality (not shown).
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fibroglandular tissue or other benign entities, such as cross-
ing Cooper ligaments or tortuous vessels. Lower recall rates
are seen for all mammographic findings—asymmetries, calci-
fications, masses, and architectural distortion—with the most
marked decline in the recall of asymmetries (Fig. 5.3).

Calcifications

The detection of calcifications on tomosynthesis has been
controversial. Early prototype studies had data acquisition
times of as long as 20 seconds, which introduced the possi-
bility of motion artifacts potentially obscuring calcifications.
In addition, calcifications can be spread across multiple tissue
planes or exist in loose groups. This may limit the sensitivity

Hair

of tomosynthesis when viewed in 1-mm intervals because
the individual thin slices may not capture the entire group
of calcifications if the group occupies more than a few mm
of breast tissue. However, tomosynthesis units currently in
clinical use can acquire images in as little as 4 seconds. In
some cases, overlapping tissue can obscure fine calcifications
or small groups of calcifications, and thus tomosynthesis can
actually improve their detection and characterization. Impor-
tantly, tomosynthesis images are usually read in conjunction
with a 2D image, whether conventional or synthesized, and
this combined interpretation should permit identification of
all calcifications at least equal to if not better than 2D mam-
mography alone.

FIG. 5.2 Hair artifact. (A) Overlying hair is seen as an irregular shaped density (arrow) in the posterior medial left breast on this
two-dimensional craniocaudal view of a screening mammogram in a 66-year-old woman. (B) The tomosynthesis slices show no such
finding because the hair is usually located superior to the compression plate.

Tomo-superior

Tomo-middle Tomo-inferior

FIG. 5.3 Asymmetry. (A) Screening mammogram in a 72-year-old woman shows an irreqular asymmetry (circle) centrally on the
two-dimensional craniocaudal view. (B) Tomosynthesis slices in the superior, middle, and inferior regions demonstrate normal tissue
with no underlying mass (circles). No recall was necessary.



'The localization feature is fundamental to decreasing recalls
for many dermal calcifications or deodorant artifacts. A quick
glance at the localizer will definitively tell the radiologist where
the calcifications are located. If the calcifications are at end
slices of the dataset, then they are on the skin surface (Fig. 5.4).
Importantly, only those skin surfaces in contact with the recep-
tor or compression paddle will be visualized in those bookend
slices. Some dermal calcifications may also be captured tangen-
tially. A correlation between the MLO and CC tomosynthe-
sis image series usually permits the confident characterization
of most dermal calcifications. This ability to precisely localize
some calcifications to the skin surface permits definitive benign
assessments of these findings.
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Other examples of typically benign calcifications that can
be better characterized by tomosynthesis include vascular
calcifications, milk of calcium, and fat necrosis. As overlap-
ping tissue is cleared away, milk of calcium can be better
visualized layering dependently within benign microcysts,
averting recall for magnification views (Fig. 5.5). 2D views
of linear vascular calcifications may also be difficult to dis-
cern from suspicious ductal calcifications; however, with
tomosynthesis the vessel itself can appear and the reader can
confidently see the calcifications associated with the vessel
(Fig. 5.6). Fat necrosis may produce rim calcifications around
lucent fat-containing masses. This may be better appreciated
in the tomosynthesis slice images, in which the calcifications

FIG. 5.4 Skin calcifications. (A) Screening mammogram in an 80-year-old woman shows what appear to be heterogeneous
calcifications in a linear distribution in inferior central left breast on the two-dimensional images (ovals). (B) Three-dimensional
tomosynthesis images demonstrate the calcifications on the first slice of the study, correlating with the inferior skin surface. No recall

was necessary.
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Tomo MLO

FIG. 5.5 Calcifications within a cyst. (A) Screening mammogram in a 54-year-old woman with scattered fibroglandular tissue
demonstrates calcifications (arrows) in the retroareolar right breast on the 2D images. (B) Tomosynthesis images better demonstrate
the punctate calcifications (arrows) on the craniocaudal view that are seen dependently on the MLO view at the periphery of a cluster

of small masses (cysts).
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FIG. 5.6 Vascular calcifications. (A) Screening mammogram in a 57-year-old woman shows faint calcifications in a linear distri-
bution on the two-dimensional images (arrows). (B) Tomosynthesis image clearly depicts the calcifications along the walls of a vessel.



are noted to be associated peripherally with the fatty mass.
Postoperative dystrophic calcifications are further discussed

in Chapter 12.
Mass

'The ability of tomosynthesis to dispel superimposed tissue
can also improve the assessment of masses. For example,
surrounding tissue may obscure the normal fatty hilum of
a benign lymph node. However, with tomosynthesis these
hila can often be seen with such clarity so as to render a
recall unnecessary (Fig. 5.7). Other typically benign masses,
such as lipomas and hamartomas, can be seen with more fre-
quency and clarity on tomosynthesis imaging. In some cases
the glandular density within or surrounding a hamartoma
can appear irregular and raise concern. Tomosynthesis nicely
demonstrates the mixed fatty and fibroglandular tissue sur-
rounded by a pseudocapsule that cannot often be appreciated
on 2D images (Fig. 5.8).

Multiple, bilateral, circumscribed masses may also be
plainly visible after layers of breast tissue are scrolled away,
and a benign assessment can be confidently made. Multiple
cysts or fibroadenomas that were previously unrecognized
without tomosynthesis are not uncommonly encountered.
Such cases do not require recall unless a dominant or oth-
erwise suspicious mass is present among the other benign-
appearing masses. Overlapped, looped, or tortuous blood
vessels may simulate a mass on conventional 2D imaging.
The corkscrew nature of the looped vessel may be clearly seen
when scrolling through tomosynthesis images, and a recall
can be avoided (Fig. 5.9).

Just as dermal calcifications can be localized to the skin with
tomosynthesis, dermal masses can be definitively identified as
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superficial and not within the breast tissue when visualized on

the bookend images (Fig. 5.10).

How Is Tomosynthesis Increasing Cancer Detection?

An effective screening program must not only limit false
positives; it must identify true positives. With tomosynthesis,
large-scale studies have demonstrated increased rates of cancer
detection by approximately 30%, with the addition of tomo-
synthesis to conventional mammography. Furthermore, these
studies demonstrated increased detection of invasive cancer by
approximately 40% with tomosynthesis. Critics of mammogra-
phy often raise the argument of overdiagnosis. However, with
tomosynthesis the increase in cancer detection is predominantly
invasive cancers, those that have already grown beyond the duc-
tal system, and are more likely to potentially be more lethal.

So what is being recalled? How are more invasive cancers
being found? The same clarity that arises for benign cases after
superimposed tissue is resolved can also be seen with lesions
requiring a recall.

Architectural Distortion

The increased conspicuity provided by tomosynthesis can be
seen most dramatically for architectural distortion, whether as
a solitary finding or in association with a mass. In many cases
the delicate lines of a distortion can be hidden behind layers of
fibroglandular tissue on 2D imaging. However, after this tissue
is scrolled away, distortions can emerge. In some cases the dis-
tortion is only visible on tomosynthesis images and cannot be
discerned on 2D imaging (Fig. 5.11).

Similar to conventional imaging, it remains a challenge to
differentiate between distortions caused by benign etiologies,

FIG. 5.7 Benign lymph node. (A) Screening mammogram in a 50-year-old woman with heterogeneously dense breasts dem-
onstrates an oval mass (arrow) in the upper outer left breast on the 2D craniocaudal view. (B) Tomosynthesis image clearly demon-
strates the normal fatty hilum of a benign lymph node, is not appreciable on the 2D images.



FIG. 5.8 Hamartoma. (A) Two-dimensional medi-
olateral oblique and craniocaudal images of the right
breast show an irregular focal asymmetry in the upper
outer quadrant. (B) Tomosynthesis slice images show
the density to lie within a larger area of predominantly
fatty tissue surrounded by a thin linear pseudocapsule,
indicating the entire area is a hamartoma.

FIG. 5.9 Tortuous vessel. (A) Screening mam-
mogram in a 49-year-old demonstrates a possible
oval mass (oval) in superior right breast at posterior
depth on the two-dimensional mediolateral oblique
view. (B) Tomosynthesis image definitively depict a
tortuous vessel at this location. No recall was neces-
sary.
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FIG. 5.10 Skin findings, mole. (A) Screening mammogram shows a lobulated mass (arrows) adjacent to a vessel on the two-
dimensional right mediolateral oblique view. Tomosynthesis image shows the finding on the first slice of the set, indicating it is on the
lateral skin surface. (B) In another case a round mass is noted on the right craniocaudal view. Tomosynthesis image shows it on the
first slice, at the inferior skin surface and skin pores, consistent with a benign dermal lesion (circles).
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FIG. 5.11 Architectural distortion. (A) 46-year-old woman with heterogeneously dense breasts was recalled from screening
for architectural distortion in the left breast at the 11-0’clock position, (B) more clearly shown on tomosynthesis images (ovals). (C)
Subsequent ultrasound correlate was found. Ultrasound-guided core needle biopsy and excision indicated invasive ductal carcinoma,
T1cNO, ER/PR/Her2+.

such as radial scars, and those caused by cancers. However, there
is evidence that many architectural distortions detected only on
tomosynthesis imaging represent malignancy and emphasizes
the importance of identifying these findings. After a distortion
is detected with tomosynthesis, it can sometimes be discerned
on careful inspection of current and prior 2D images. In the
event that a distortion is detected on tomosynthesis screening,
these cases should be recalled for additional evaluation. The
management of architectural distortion is further discussed in
Chapter 10.

Masses

Careful inspection of margins is essential to determine whether
a mass is suspicious and requires further work-up. Just as tomo-
synthesis can clear a path to see distortions, it can help to resolve
the true margins of a mass. If the margins remain irregular or
indistinct after overlapping tissue is cleared, these masses should
be recalled. In many cases a spiculated margin may only be seen
on the tomosynthesis images, and it may be those spiculations
that draw the reader’s eye to the abnormality (Fig. 5.12).

In addition, if a lesion is seen initially in one projection,
the localization feature on tomosynthesis images can help to
pinpoint the finding on the orthogonal view. This can help to

target the reader to a specific area and to sometimes identify a
correlate. In this manner many asymmetries seen on only one
conventional view may be more accurately defined as masses by
using tomosynthesis.

Calcifications

Although many calcifications are readily visible on conventional
mammography, in some cases superimposed tissue may obscure
fine calcifications or result in underestimation of the true extent
of the calcifications. In addition, as the reader scrolls through
the layers of breast tissue around a suspected abnormality, intra-
lesional calcifications can emerge, which can heighten the read-
er’s suspicion and prompt a recall (Fig. 5.13).

Asymmetries

An asymmetry that does not resolve into normal fibroglandular
tissue while scrolling through tomosynthesis images is one that
should be considered for recall. With 2D screening, asymme-
tries have relatively low positive predictive values because many
are suboptimally characterized and simply represent superim-
posed tissue. With tomosynthesis there are fewer one-view
asymmetries because true lesions are better identified and
characterized on multiple projections. Developing asymmetries,
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FIG. 5.12 Mass margins. (A) A 61-year-old woman was recalled from
screening for a spiculated mass in the right breast. (B) The spiculations
on tomosynthesis imaging brought attention to the mass (circle) not pro-
spectively seen on the two-dimensional images. (C) Ultrasound showed a
hypoechoic, taller-than-wide mass. Ultrasound-core needle biopsy and ex-
cision indicated infiltrating and in situ ductal carcinoma, pT1bNO, ER/PR+.

FIG. 5.13 Intralesional calcifications. Screening mammogram in a 57-year-old with heterogeneously dense breasts shows
intralesional calcifications that are better seen within the spiculated mass on the tomosynthesis slice compared with the 2D image.
Final pathology was invasive ductal carcinoma, T1cNO, ER/PR/Her2+.
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Current 2D CC
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FIG. 5.14 Developing asymmetry. (A) Close-up of a screening mammogram in a 70-year-old woman shows a focal asymmetry
(arrows) posterolaterally in the CC view, which is noted to be developing compared with the prior 2 years' exams. (B) Tomosynthesis
slice views show a small mass with spiculated margins. (C) Ultrasound correlate is a vague, ill-defined hypoechoic mass (arrow).
Ultrasound-core needle biopsy and excision indicated well-differentiated invasive ductal carcinoma, with prominent tubular architec-

ture; ER+, PR+, Her2—, pT1b NO.

as has been the practice in 2D mammography, should always
be given careful consideration. Not all malignancies appear
obvious on tomosynthesis because some still present as subtle

findings (Fig. 5.14).

Using Synthesized (Two-Dimensional) Mammograms

FDA approval for tomosynthesis units in the United States
requires its use in combination with 2D mammography. This
is a reasonable requirement because comparing exams is dif-
ficult on tomosynthesis images alone. 2D images are use-
ful to compare one breast to another or from one exam to
another. They are also important in the detection and evalu-
ation of calcifications. The 2D image supplies the dig picture
necessary to make those assessments. However, obtaining
2D and tomosynthesis images together increases the total
radiation dose. Keeping radiation doses as low as possible
in screening mammography is desirable. The synthesized
2D mammogram software constructs a 2D image from the
tomosynthesis data, thereby yielding the necessary 2D image
while reducing the radiation dose back to levels similar to

2D alone.

Synthesized mammograms have a different /oo% than reg-
ular 2D digital mammograms. There is less contrast, making
variations in tissue density and some masses more difficult
to perceive. However, calcifications tend to have increased
conspicuity, facilitating the perception and assessment in this
finding which can be challenging on the tomosynthesis slice
images alone. Architectural distortion is also enhanced with
synthesized 2D imaging (Fig. 5.15). Patients with implants
or large breasts are especially good candidates for synthe-
sized 2D imaging because they already receive extra radiation
from the additional exposures required to adequately image
all tissues. Adding tomosynthesis to 2D mammography in
such patients would further increase their radiation dose,
whereas using synthesized 2D images permits these patients
to receive the benefits of tomosynthesis without the addi-
tional radiation dose.

Challenges to Tomosynthesis Screening

Although there are many advantages to using tomosynthe-
sis for screening, there are some challenges as well. Other
than the increased interpretation time previously discussed,
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Synthesized 2D

FIG. 5.15 Synthesized 2D mammograms. (A) Screening mammogram in a 54 year-old woman shows grouped calcifications in
the left breast on the 2D and synthesized 2D images. The grouped pleomorphic calcifications are depicted clearly on the synthesized
2D image, better delineated from the surrounding tissue. Stereotactic biopsy revealed DCIS. (B) Screening mammogram in a 60-year-
old woman shows architectural distortion in the upper right breast from a prior benign surgical biopsy. The radiating lines of the scar
are better appreciated on the synthesized 2D images compared with the 2D image.

there is also a learning curve associated with tomosynthesis
interpretation. Some radiologists may adapt to using the new
technology quicker and easier than others will. Developing
confidence in the modality involves reading many diverse
cases. For practices recently adopting tomosynthesis or with
limited resources, preferential use in screening over diagnos-
tic mammography is recommended to maximize the number
of cases that can be performed and interpreted. Following up
on the outcome of recalled cases, with sonographic correla-
tion when appropriate, is of great benefit.

The assessment of architectural distortion on screen-
ing tomosynthesis deserves special mention. Chapter 10 is
devoted to this particular challenge in tomosynthesis; here are
some highlights that bear repeating. Areas of true architec-
tural distortion, due to prior surgery, may be found that were
not apparent or were very subtle on 2D mammography. Care-
ful documentation of patient history and annotation of scars
on intake sheets or electronic reporting systems by the tech-
nologist is critically important. Given that architectural dis-
tortion detection is enhanced with tomosynthesis, there can

be a tendency to overcall this finding when reading screen-
ing tomosynthesis exams. Pseudo-distortions can be questioned
when intersecting or radiating lines are noted in adjacent tissue
planes when scrolling through tissue, leading to an increase
in false-positive recalls for this finding. However, architec-
tural distortion must be given careful consideration due to
its relatively high rate of malignancy. Using the basic rules of
tomosynthesis interpretation—specifically, focused scrolling
through the area on the predominant projection, localizing to a
focused area, and assessment of that corresponding area on the
orthogonal view—will usually help to either resolve or confirm
the possibility of a true lesion.

As with conventional mammography interpretation,
variations in individual radiologists’ recall rates are simi-
larly observed with tomosynthesis interpretation. Different
radiologists have different thresholds for assessing a case as
abnormal, resulting in variations in screening recall rates,
cancer detection rates, and positive predictive values. Almost
all radiologists experience some reduction in recall rates with
tomosynthesis, but rates are variable. This may be due to the
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individual’s inherent confidence level, experience, and #rust
of tomosynthesis, and these recall rates may be observed
to vary over time with experience. For example, some radi-
ologists may still be uncomfortable not recalling a patient
when a finding is prominent on the 2D image, even though
it appears to resolve and not be localizable on the tomosyn-
thesis images. Asymmetries may still be recalled despite the
use of tomosynthesis. Particularly in dense tissues, assess-
ing an area as normal remains challenging. As mentioned,
close follow-up and review of recalled cases are instrumen-
tal in developing confidence and accuracy in tomosynthesis
interpretation.

Computer-Aided Detection: To Use or Not To Use?

The value of computer-aided detection (CAD) in 2D mam-
mography has been a source of debate since its inception.
Although double reading of mammograms is not common in
the United States, CAD can be a useful mechanism to reduce
false-negative interpretation due to perception errors. However,
its performance in 2D mammography is limited, with many
false-positive marks due to superimposed tissue. Nonetheless,
for some calcifications and mass lesions that might otherwise
have been missed, CAD can improve the sensitivity of 2D
mammography. However, it can also lead to more false-positive
recalls and can even degrade some users’ performance due to
overdependence on the system.

The use of CAD in tomosynthesis has not been well
studied because CAD systems specific for tomosynthesis
are relatively new. With increasing demands on concentra-
tion required by radiologists when reading tomosynthesis
cases, CAD may prove to be useful by reducing the rate of
missed cancers due to fatigue and distraction. The marking
of calcifications either on the 2D or synthetic 2D images or
on individual tomosynthesis slices may be helpful as in 2D
interpretation. With more areas on which to perform visual
sweeps in tomosynthesis, the possibility of overlooking cal-
cifications is relevant. The utility of marking mass lesions on
tomosynthesis is more questionable. Flagging the 2D image
has limited use, and markings on individual slices would
generate a multiplicity of false positive and/or true marks,
requiring a great deal of additional time and attention by the
radiologist, likely limiting any potential benefit. Thus, there
is much more to learn and consider as new technologies and
strategies are developed in order to improve the tomosynthe-
sis interpretation process so that the possibility of overlook-
ing malignant lesions is minimized.

Downstream Effects of Tomosynthesis in

Screening Mammography

The reduction of recalls in tomosynthesis screening will also
result in a downstream effect of ultimately decreasing the diag-
nostic mammography patient pool. Moreover, superior diagnos-
tic assessment translates into more definitive categorization of
patients. Practices will likely see their positive predictive values

for biopsy improve and more patients classified as BI-RADS
1 and 2 (negative/benign), with fewer patients requiring close
mammographic follow-up. Certain populations needing closer
attention but not specific follow-up, such as post lumpectomy
patients, may be appropriately delegated to routine screening
mammography.

As a result many more patients may be in the screening pool
than before. Notably, given that routine CC and MLO tomo-
synthesis views are often adequate for thorough assessment of
the breast tissue, a diagnostic exam begins to closely resemble
a screening protocol. This results in speedier assessment of
patients and greater throughput, which translates ultimately to
cost savings.

Tomosynthesis Screening in Women With

Dense Tissue

'The reduced sensitivity of 2D mammography in women with
dense breast tissue is well known. Attention to this limitation
and interest in providing improved or supplemental imaging for
women with dense tissue has raised the question of whether
tomosynthesis provides sufficiently more accuracy in dense
tissue. As mentioned above, tomosynthesis has been shown to
be more useful in reducing recall rates in women with dense
tissue than in women with fatty breast tissue. In addition, tomo-
synthesis increases the cancer detection rate over 2D mammog-
raphy, largely due to uncovering cancers in areas of overlapping
dense tissue that would otherwise be obscured. Despite this,
detection of malignancy in dense tissue remains challenging,
even with tomosynthesis.

There is evidence that the use of supplemental sonography
screening can increase cancer detection in women with dense
tissue; however, the additional cancer yield on such supplemen-
tal exams performed after tomosynthesis is less compared with
after 2D mammography. There is no question that tomosynthe-
sis increases the accuracy of mammography in women with dense
tissue. Whether it will completely negate the need for other
supplemental tests, such as breast sonography, remains to be
determined.

Tomosynthesis has emerged as a superior form of screen-
ing mammography by virtue of its ability to increase cancer
detection while decreasing recall rates. Both of these advan-
tages are largely due to the reduction of masking effects of
superimposed tissue. This allows true findings to be better
visualized and characterized, and potential false-positive
findings may be confidently assessed as benign. Reading
screening tomosynthesis cases differs from reading 2D cases
and involves a learning curve. The impact that tomosynthe-
sis can have on screening depends on comprehensive under-
standing and use of this technology. Tomosynthesis has the
potential to shift the benefits and harms of mammographic
screening, such that many more women can benefit and both
health care costs and lives will be saved.
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Tomosynthesis will alter the clinical practice of diagnostic
mammography. The standard diagnostic work-up of noncal-
cification lesions can be markedly abbreviated because fewer
diagnostic views are required for lesion confirmation, charac-
terization, and localization. Many patients, particularly those
with masses, can proceed directly from routine tomosynthesis
views to ultrasound, avoiding additional diagnostic mammo-
graphic views altogether. Although the value of tomosynthesis
in the work-up of calcifications has not been well established,
early clinical experience has shown tomosynthesis to be help-
ful in evaluating some types of calcifications. This is especially
true for benign calcifications, such as early vascular, dermal, and
dystrophic calcifications, in which tomosynthesis can reveal
pathognomonic benign features that may be difficult to per-
ceive on conventional two-dimensional (2D) mammographic
views.

As in screening mammography, the improved visualization
of lesion characteristics aids in achieving both greater sensitiv-
ity and specificity in the diagnostic setting. Both benign and
malignant lesions can be assessed more accurately and with
greater diagnostic confidence. For example, the subtle pseudo-
capsule of a hamartoma, which may be obscured by overlying
dense breast tissue on 2D mammography, can be unveiled on
tomosynthesis slices. Similarly, the spiculated margin or asso-
ciated architectural distortion of a mass surrounded by dense
breast tissue is often dramatically displayed on tomosynthe-
sis, confirming a high probability of malignancy in a lesion
that may otherwise be perceived as indeterminate. The exqui-
site sensitivity of tomosynthesis for fine detail can also reveal
features within and surrounding breast cancers that could not
be appreciated with conventional 2D mammography alone.
For example, some breast cancers are shown to contain intra-
lesional fat, which should not be misinterpreted as a sign of

benignity.

Changes in Diagnostic Environment and Outcomes

Abbreviated Diagnostic Work-Up

In the conventional 2D diagnostic mammography environ-
ment, spot compression views are an essential diagnostic tool.
By dispersing fibroglandular tissue within an area of interest,
spot compression views are particularly useful in differentiat-
ing a mammographic density created by tissue overlap from a
true lesion. Spot compression views help to characterize a true
lesion by improving visualization of features, including mass
margins. By reducing the masking effect of overlying breast
tissue, tomosynthesis imaging precludes the need for many of
the additional diagnostic views traditionally used in diagnostic

mammography. Lesion features can often be assessed without
obtaining spot compression or rolled, tangential, and other
views (Fig. 6.1).

After implementing tomosynthesis, the number of diag-
nostic views required to reach a final assessment in screening
recalls should be significantly reduced. Patients recalled from
tomosynthesis screening typically require fewer additional
views and more commonly proceed directly to ultrasound for an
ultrasound-only work-up. This is particularly true for patients
recalled for masses, in which standard craniocaudal (CC) and
mediolateral oblique (MLO) tomosynthesis views often clearly
reveal mass margins without the need for additional views.
Despite the abbreviated diagnostic work-up, specificity can be
maintained or even increased.

Among patients imaged in the diagnostic environment for
reasons other than a screening recall, such as a clinical symptom
or a Breast Imaging Reporting and Data System (BI-RADS)
3 follow-up, the number of additional views performed should
also decrease. Diagnostic studies beginning with routine tomo-
synthesis MLO and CC views require fewer additional views,
with the number of both spot compression views and even mag-
nification views substantially reduced (Table 6.1).

Improved Accuracy and Shift in Use of BI-RADS
Assessment Categories

'The improved visualization of lesion features, such as mass
shape and margins, facilitates a more accurate diagnostic
assessment of the probability of malignancy. Cancers appear-
ing mostly circumscribed or obscured on 2D images may be
shown to have spiculated margins on tomosynthesis slices.
Even small focal asymmetries may be revealed to represent
suspicious masses on tomosynthesis (Fig. 6.2). The fine detail
visible with tomosynthesis reduces the likelihood that a can-
cer would be missed or misinterpreted as a probably benign or
benign finding.

Breast cancers are often more conspicuous on routine tomo-
synthesis CC and MLO views compared with 2D spot compres-
sion views, and some cancers are seen only on tomosynthesis.
Indeed, in some cases, a 2D spot compression view may result
in a false negative final interpretation. A cancer initially seen on
tomosynthesis can appear to disperse on 2D spot compression,
suggesting that the questioned lesion represented tissue overlap.
In these cases, tomosynthesis shows the suspicious lesion more
reliably than additional 2D views do and appropriately leads the
work-up toward further evaluation and biopsy (Fig. 6.3).

Multiple authors have shown that diagnostic evaluation
with routine tomosynthesis views could achieve equivalent or
superior sensitivity and specificity compared with conventional
2D supplemental views. When combined with tomosynthesis,
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FIG. 6.1 Screening recall for mass requiring only ultrasound work-up (A) Annual screening right mammogram in a
43-year-old woman shows a new developing asymmetry (circle) in the right outer breast, seen only on the CC view. (B) Tomosynthesis
reveals a circumscribed oval mass (arrows) at the 10-0'clock position in right breast. By demonstrating the features, including size,
shape, and margins, as well as the precise location of this mass, additional diagnostic views are unnecessary, enabling the patient to
proceed directly to ultrasound. (C) Ultrasound shows a simple cyst corresponding to the mammographic finding.

routine MLO and CC views may be sufficient in the diagnos-
tic evaluation of the majority of abnormal findings, thereby
replacing the conventional diagnostic work-up. Zuley et al.
demonstrated that tomosynthesis CC and MLO views could
not only replace supplemental diagnostic views but could actu-
ally improve diagnostic accuracy compared with a conventional
diagnostic work-up of noncalcified abnormal lesions recalled
from screening mammography. In this study there was a signifi-
cant reduction of false-positive cases placed in the BI-RADS 4
and 5 categories, and a greater number of cancers placed in the
BI-RADS 5 category when using tomosynthesis.

With more benign lesions placed in the BI-RADS 1 and 2
categories and more cancers placed in the BI-RADS 4 and 5 cat-
egories, a steady decline in BI-RADS 3 assessments, as well as an

TABLE 6.1 Agidltlona_l Views Typically Required at
Diagnostic Mammography

2D Mammography Plus

2D Mammography Tomosynthesis

Spot compression
Magnification

True lateral

Exaggerated craniocaudal
Rolled craniocaudal

Step oblique

Tangential

Spot compression
Magnification (for
calcifications)
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Tomo MLO

Tomo CC

FIG. 6.2 Focal asymmetry with suspicious features revealed on tomosynthesis (A) On a screening mammogram in an
69-year-old woman, a round spiculated mass (arrows) resembles fibroglandular tissue on the standard two-dimensional view but is
better seen on tomosynthesis, particularly on the craniocaudal view. Additional spot compression views were not necessary. (B) Tar-
geted ultrasound demonstrates a corresponding oval hypoechoic mass with indistinct margins. Ultrasound-guided core needle biopsy
and surgical excision showed invasive ductal carcinoma, grade 2, ER/PR+, Her—, 0/2 SLN.
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2BYSpot compression

FIG. 6.3 Invasive ductal cancer best seen on tomosynthesis (A) Baseline screening mammogram in a 40-year-old woman
shows a focal asymmetry (arrows) in the left superior lateral breast. The underlying mass and spiculated margins are well seen on tomos-
ynthesis. On 2D spot compression the spiculations are not obvious and the underlying mass resembles fibroglandular tissue. (B) Targeted
ultrasound demonstrates a corresponding irregular, taller-than-wide hypoechoic mass with angular and indistinct margins. Ultrasound-
guided core needle biopsy and surgical excision revealed well-differentiated invasive ductal carcinoma, ER/PR+, Her2—, 0/1 SLN.

increase in the positive predictive value for biopsies (PPV3), may
be seen with tomosynthesis. This improved accuracy in the assess-
ment of benign and malignant lesions reflects both a higher sensi-
tivity and specificity. For cases still assessed as BI-RADS 3 using
tomosynthesis, the mammographic work-up at a 6-month follow-
up may be abbreviated because fewer views are likely to suffice.

Diagnostic Work-Up Patterns

Noncalcification Lesions: Masses, Architectural
Distortions, and Asymmetries: When Are Additional
Views Necessary?

A mass, architectural distortion, or asymmetry may be obvious
on both the 2D mammogram and tomosynthesis, may be subtle
on the 2D mammogram but seen well on tomosynthesis, or may
be difficult to perceive and characterize even on tomosynthesis.
When the lesion is obvious, the diagnostic work-up can usu-
ally begin with targeted ultrasound. In such cases the routine
views with tomosynthesis provide sufficient information regard-
ing lesion location and features such that spot compression and

90-degree true lateral views are unnecessary (Fig. 6.4). When
skipping the true lateral view and going straight to targeted
ultrasound, it is important to remember that lesions located far
medially or laterally will be located more superiorly or inferiorly,
respectively, than depicted on the MLO view. When an ultra-
sound correlate is seen, the lesion can be determined to be benign,
probably benign, or suspicious and is managed accordingly.

If a lesion is subtle on both 2D and tomosynthesis, a
diagnostic work-up is helpful prior to targeted ultrasound.
Unlike a conventional diagnostic work-up in which spot
compression is often performed in two views, a single tomo-
synthesis spot compression view usually suffices to distin-
guish between tissue overlap versus a true lesion and, when
a true lesion is present, to provide adequate margin detail.
Occasionally a very subtle lesion will require tomosynthe-
sis spot compression in two views. For such subtle lesions a
small spot compression paddle may be helpful to optimize
visualization.

If there is uncertainty that a sonographic finding defini-
tively correlates with the mammographic finding, a metallic
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FIG. 6.4 Intraductal papillomas well seen on 2D mammography (A) Screening mammogram in a 58-year-old woman with

two new asymmetries (arrows) in the right retroareolar breast, seen only on the mediolateral oblique view. The more posterior asym-
metry did not persist on tomosynthesis. (B) Spot compression tomosynthesis view again demonstrates only the anterior asymmetry
(arrow) and does not add any additional information. (C) Targeted ultrasound reveals a corresponding intraductal mass (arrow).
Ultrasound-guided core needle biopsy revealed benign papilloma, confirmed with surgical excision.

marker (BB) can be placed on the skin overlying the lesion
during the ultrasound examination, and tomosynthesis spot
compression views can be obtained. If the sonographic and
mammographic findings are the same, the BB should be in
the vicinity of the mammographic finding. Because the BB
is placed on the skin and not directly on the lesion and the
patient is positioned differently during mammography and
ultrasound, the BB may not be directly overlying the mam-
mographic finding. Caution must be exercised to ensure that
the two lesions match not only in terms of location but also
in terms of size, appearance, and level of suspicion. For sus-
picious ultrasound lesions that proceed to biopsy, placement
of a biopsy clip and post-biopsy mammography with tomo-
synthesis are paramount to confirm correspondence of the
biopsied ultrasound lesion with the original tomosynthesis
finding.

When performing spot compression views with tomosyn-
thesis, the question often arises whether to acquire only tomo-
synthesis or a combination of 2D imaging and tomosynthesis.
When a lesion is best seen on tomosynthesis, a tomosynthesis-
only spot compression view may suffice. However, a combination

spot compression view using both 2D imaging and tomosyn-
thesis is often beneficial because the 2D component allows
better identification of nearby landmarks, ensuring that the
appropriate region of the breast is included in the spot com-
pression window. This may be particularly helpful in patients
with large breasts. To reduce patient radiation exposure, synthe-
sized 2D spot compression allows similar assessment of nearby
landmarks and can replace the traditional 2D component of
the combination spot compression. Importantly, a cancer may
be visible only on tomosynthesis, and 2D spot compression
views alone without tomosynthesis can be misleading. A suspi-
cious finding seen on tomosynthesis should not be dismissed as
benign if not reproduced on 2D spot compression views alone

(Fig. 6.5).

TOMO TIP [ If & subtle suspicious finding is seen on tomosynthesis and
requires further evaluation, spot compression views with tomosynthesis
are advised because some malignancies will not be reproduced on 2D
spot compression alone.
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FIG. 6.5 Invasive ductal carcinoma not visualized on 2D spot compression (A) 2D MLO and CC views demonstrate pos-
sible subtle architectural distortion (arrows) in left superior lateral breast. (B) The architectural distortion is not reproduced on 2D
spot compression views. (C) Close-up tomosynthesis slices of the standard MLO and CC projections confirm focal architectural distor-
tion with associated microcalcifications (circles). (D) Targeted ultrasound demonstrates a corresponding irregular hypoechoic mass.
Ultrasound-guided core needle biopsy revealed well-differentiated invasive ductal carcinoma with tubulolobular features and grade 2

ductal carcinoma in situ, ER/PR(+), Her2(=), 0/2 SNL.

Single-View—-Only Lesions

On 2D mammography, findings requiring additional evalua-
tion may occasionally be seen in only one view. In these cases a
number of additional diagnostic views are helpful in the diag-
nostic work-up. For example, when a possible lesion is initially
seen only in the CC view, rolled CC views can be obtained to
determine whether the lesion is located in the superior or infe-
rior breast, thereby localizing it to a specific quadrant. Simi-
larly, to triangulate a lesion initially seen only in the MLO
view, true lateral or step oblique views can be performed to
localize the lesion in the three-dimensional (3D) space. Pre-
cise lesion localization is important to exclude the possibility
of summation artifact and to accurately direct targeted ultra-
sound. With the ability to localize a lesion within single, thin
sections of breast tissue, tomosynthesis can eliminate the need
for additional diagnostic work-up of lesions initially seen in
only one view.

In the case of a lesion seen only in the CC view, scrolling
through the breast from superior to inferior will identify the
tomosynthesis slice(s) containing the lesion and pinpoint its
location within the superoinferior dimension (Fig. 6.6). By
knowing the location of the slice in the CC plane, the reader
can determine the location of the lesion. Likewise, in the case
of a lesion seen only in the MLO view, scrolling through the
thickness of the breast from lateral to medial will identify the
slice(s) where the lesion is best visualized. Thus even lesions
seen in only one of the routine views can typically be localized
in 3D space and accurately targeted by ultrasound without the
need for additional views.

Two-Dimensional Screening Recall: Should the Study
Be Repeated With Tomosynthesis?

'The diagnostic work-up will differ depending on whether the

patient originally underwent a 2D screening mammogram
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FIG. 6.6 Fibroadenoma only seen on CC view (A) Two-dimensional left MLO and CC views show subtle suggestion of a mass
(arrow) in the lateral left breast in the CC view (arrow), with no corresponding finding in the MLO view. (B) Tomosynthesis confirms a
circumscribed mass in the lateral left breast on the CC view. No corresponding finding is seen in the MLO view even on tomosynthesis
(not shown). However, the position of the CC tomosynthesis slice on the adjacent sliding scale (circle) shows the mass to be located
in the mid-portion of the superior-inferior dimension. (C) Targeted ultrasound to the location indicated on tomosynthesis shows a
corresponding oval circumscribed hypoechoic mass at the 2-0'clock position, likely representing a fibroadenoma; it was assessed as
BI-RADS 3 and stable on follow-up.
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versus a tomosynthesis screening study. When a mass or
architectural distortion is well seen on a 2D screening mam-
mogram, full MLO and CC tomosynthesis views may be suf-
ficient to assess lesion margins and helpful to evaluate the
remainder of the breast for any 2D occult lesions. Asymme-
tries recalled from a 2D screening mammogram can often be
clarified by obtaining full combination 2D mammography
and tomosynthesis in the same view(s) the asymmetry was
initially seen. If the finding persists, further evaluation can be
performed with ultrasound, obviating the need for spot com-
pression views. Suspicious calcifications recalled from a 2D
mammogram usually require standard magnification views. In
these cases tomosynthesis can be helpful if an associated mass
is suspected.

Second-Look Tomosynthesis

Second Look After Two-Dimensional Mammography
or Ultrasound

When a suspicious lesion is initially identified with 2D mam-
mography and/or ultrasound, tomosynthesis may help to evalu-
ate the extent of disease. For example, tomosynthesis can reveal
a larger region of involvement than initially suspected, such
as a region of subtle architectural distortion associated with
a suspicious mass. In other cases tomosynthesis may demon-
strate multifocal or multicentric disease, which is occult on 2D
mammography. For these reasons, patients with highly suspi-
cious lesions or newly diagnosed breast cancer who have so far
only undergone 2D mammographic imaging may benefit from
tomosynthesis to help to define the extent of disease prior to
surgery.

In assessing malignant masses, tumor size is an impor-
tant consideration for clinical staging and surgical planning.
Tomosynthesis may allow for a more accurate measurement
of tumor size compared with 2D mammography. The spic-
ules extending radially from spiculated cancers are revealed
in exquisite detail, often appearing much longer on 3D slices
compared with 2D views. In a study of 62 women with 73
breast cancers, Fornvik et al. showed that 3D mammography
and ultrasound measurements correlate better with pathol-
ogy (R =0.86 and 0.85, respectively) than 2D mammography
size (R = 0.71). Importantly, however, the spicules may not
always contain proliferating tumor cells but rather be sec-
ondary to a fibrotic desmoplastic reaction. As such, tumor
measurement on tomosynthesis should include the core of
the mass with some average length spicules but generally not
the longer spicules. In some cases, magnetic resonance imag-
ing (MRI) may be a better predictor of pathologic tumor
size based on enhancement (Fig. 6.7). However, MRI con-
trast enhancement is similarly not specific and may represent
either tumor involvement or benign fibrosis. Histologic sam-
pling is necessary to determine the extent of disease when
suspicious areas of enhancement extend beyond a known
primary cancer. Further studies are needed to define if and
how much of associated spicules should be included when
assessing tumor size.

Second Look After Magnetic Resonance Imaging

In the setting of a suspicious MRI-detected lesion, targeted
ultrasound is often the next best second-look modality. A
sonographic correlate is identified in approximately half of

cases, being more likely to be seen for malignant lesions and/
or for those presenting as a mass, rather than benign lesions
and/or nonmass enhancement on MRI. It must be empha-
sized that, although malignancies are more likely to have a
sonographic correlate, the absence of an ultrasound finding
does not imply benignity. In this scenario an MRI-guided
core needle biopsy or preoperative localization should be per-
formed for histologic evaluation. However, with the advent
of tomosynthesis, it may be possible to identify a mammo-
graphic correlate on tomosynthesis sections. A second-look
tomosynthesis study may be helpful in patients with a suspi-
cious MRI-detected lesion who have no sonographic cor-
relate, particularly if initial imaging consisted only of 2D
mammography.

Tomosynthesis-Detected Lesions With No Ultrasound
Correlate

Most suspicious masses seen on tomosynthesis have an
ultrasound correlate, allowing ultrasound-guided biopsy to
be performed for histologic diagnosis. However, a suspicious
architectural distortion or focal asymmetry will occasion-
ally not have an ultrasound correlate, making the diag-
nostic work-up problematic if the lesion can only be seen
with tomosynthesis. In these cases tissue sampling can be
achieved with tomosynthesis-guided core needle biopsy or
wire localization, which are both discussed in detail in Chap-
ter 14. In some cases, MRI may be helpful. If a correspond-
ing enhancing lesion is identified on MRI, tissue sampling
with MRI-guided core needle biopsy can be performed (Fig.
6.8). It must be noted that, despite the high negative predic-
tive value of MRI, there are currently little data to support
imaging surveillance in lieu of tissue sampling of suspicious
findings seen on tomosynthesis, which do not have an MRI
correlate, particularly a worrisome architectural distortion.
Until further data are available, histologic sampling of suspi-
cious lesions seen only on tomosynthesis remains standard
practice.

Lesion Assessment—Tomosynthesis-Specific
Features

Benign and Malignant Masses

Tomosynthesis aids in the assessment of both benign and malig-
nant masses. Typically, benign features may be obscured on 2D
imaging but are frequently unveiled on tomosynthesis slices. For
example, demonstration of a fatty hilum within a circumscribed
mass confirms an intramammary lymph node. Visualization of a
pseudocapsule surrounding a fat-containing mass supports the
impression of a hamartoma. Identification of fat within a mass
at the site of prior surgery or trauma increases the likelihood of
benign fat necrosis. Confirmation of typically benign features
increases diagnostic confidence in a benign assessment and
improves the specificity of diagnostic mammography, reducing
the number of benign follow-up examinations and biopsies and
leading to a higher positive predictive value for biopsy (PPV3) for
truly suspicious findings.

An essential note of caution is that tomosynthesis can
sometimes reveal fat within cancers (Fig. 6.9). Histopatho-
logic review of these cases suggests that cancers may engulf
fat as they grow, resulting in the demonstration of intral-
esional fat on tomosynthesis slices. When overlapping breast
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FIG. 6.7 Invasive ductal cancer with very prominent spicules on tomosynthesis (A) A 54-year-old woman with focal
irregular asymmetry (circle) in the left superior medial breast on screening mammography, initially best seen on two-dimensional MLO
view. (B) Tomosynthesis reveals a mass with extensive spicules (arrows) extending across the entire anteroposterior extent of the
breast. (C) Targeted ultrasound demonstrates a 0.8-cm mass with straightening of the nearby Cooper ligaments (arrows), mirror-
ing the mammographic image. Ultrasound-guided core needle biopsy showed a grade 2 IDC. (D) Magnetic resonance imaging was
performed to assess the tumor size preoperatively. A post-contrast, fat suppressed, and subtracted T1-weighted image shows a cor-
responding enhancing mass (arrow) without the associated long spicules seen mammographically. Surgical pathology showed grade
2 IDC, ER/PR+, Her2—, 0/3 SLN. Final pathologic tumor size was 1.2 cm and best correlated with MRI.

tissue is removed on tomosynthesis slices, cancers often
appear less dense and may indeed contain lucent areas. For
this reason it must be emphasized that low density is not a
reliable feature of benignity, and the assessment of margins
remains critical in evaluating the probability of malignancy.
Correlation with clinical and biopsy history is also neces-
sary because surgical and posttraumatic scars often con-
tain fat. In the absence of a history of trauma or surgery a
spiculated, fat-containing mass remains a highly suspicious

finding.

TOMO TIP [ Some cancers may appear less dense than expected on
tomosynthesis. Although intralesional fat may not be the most prominent
feature, it is a relatively common finding.

Architectural Distortion

'The differential diagnosis of architectural distortion without
a dominant central mass includes both benign and malignant
etiologies. Malignant histologies most commonly presenting
as architectural distortion include low- and intermediate-
grade invasive ductal carcinoma, particularly tubular carci-
noma, as well as invasive lobular carcinoma. Excluding known
postsurgical scars, the most common benign etiology pre-
senting with architectural distortion is radial scar or complex
sclerosing lesion, the latter term generally reserved for lesions
greater than 1 cm. Less commonly, sclerosing adenosis may
produce architectural distortion (Fig. 6.10). Because scleros-
ing adenosis is a common incidental finding, caution must
be taken before accepting this histology as concordant with
the mammographic finding of distortion. However, when the

47



CHAPTER 6 Tomosynthesis in Diagnostic Mammography

Tomo Tomo

FIG. 6.8 Bilateral multicentric ductal carcinoma in situ not seen on two-dimensional mammography or ultrasound
(A) Screening mammogram in a 60-year-old woman demonstrates scattered fibroglandular tissue with no suspicious findings and no
change in comparison to her previous mammograms (not shown). (B) Tomosynthesis mediolateral oblique views demonstrate bilater-
al architectural distortions (circles). (C) Spot compression craniocaudal and tomosynthesis views confirm the architectural distortions
located at approximately the 12-o0'clock position bilaterally (circles). (D) No corresponding mass was seen on targeted ultrasound,
and magnetic resonance imaging (MRI) was performed. T1-weighted, fat-suppressed, contrast-enhanced sagittal views demonstrate
an area of nonmass enhancement in the right breast (arrowhead) and two abnormal areas of nonmass enhancement in the left breast
(arrows). MRI-guided core needle biopsy yielded ductal carcinoma in situ (DCIS), grade 2, ER/PR— at all three sites. The patient under-
went a bilateral mastectomy, which revealed a 5.7-cm area of DCIS in the left breast and a 2.5-cm area of DCIS in the right breast.
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FIG. 6.9 Fat-containing infiltrating ductal carcinoma (A) Right MLO tomosynthesis view reveals three suspicious masses (ar-
rows) seen in a 55-year-old woman on screening mammography. (B) Tomosynthesis slice through most anterior suspicious mass at
the apex of breast on MLO view shows lucency (arrow), indicating a substantial amount of fat contained within cancer. (C) Surgical
pathology showed grade 2 infiltrating ductal carcinoma with tubulolobular features, ER/PR+, Her2+, 1/11 SLN. Fat cells engulfed by
growing tumor (arrows) correspond to intralesional fat seen on tomosynthesis.

lesion has been adequately sampled and pathology shows exu-
berant sclerosing adenosis as the dominant histologic finding,
it may be concordant. Discussion of the imaging-pathologic
correlation with the interpreting pathologist in such cases
is advisable. Architectural distortion is reviewed in detail in
Chapter 10.

Focal Asymmetry

Focal asymmetry caused by tissue overlap can often be read-
ily shown to represent benign breast tissue on tomosynthe-
sis slices. Although an obvious lesion may not be present on
tomosynthesis slices, an asymmetry may still represent a signifi-
cant finding when it is a new or developing finding compared
with prior studies or if it is palpable (Fig. 6.11). In such cases,
ultrasound is critical in the diagnostic evaluation. In particular,
invasive lobular carcinoma can present with mammographically
subtle findings, such as a developing asymmetry. Ultrasound
reveals suspicious findings, most commonly a shadowing mass,
in the majority of these cases. In some cases of focal asymme-
try, tomosynthesis can reveal associated architectural distortion
not appreciated on 2D views. This finding increases the level of
suspicion and should be further evaluated with ultrasound and
biopsy.

Microcalcifications

Although spot compression can be obtained with tomosyn-
thesis, magnification views can only be obtained with 2D

techniques. When calcifications are recalled from screening
mammography, magnification views are usually required. How-
ever, there are cases of benign calcifications in which tomosyn-
thesis obviates the need for magnification views. One example
is dermal calcifications lacking a typically benign appearance.
If dermal calcifications are suspected, tomosynthesis views can
easily determine the location in the skin without the need for
dermal markers and tangential views. Tomosynthesis precludes
the necessity of performing tangential views or “skin studies.”
It must be remembered that approximately five slices are added
to the breast thickness on the side of the compression paddle
(ie, medial on the MLO and superiorly on the CC) to ensure
that the entire breast volume is reconstructed. Therefore, loca-
tion within the dermis is easily determined by identifying the
calcifications within the peripheral slices on either side of the
breast. Similarly, the visualization of an associated vessel con-
firms the diagnosis of early vascular calcifications. The demon-
stration of a fat-containing mass with curvilinear calcifications
may identify them as rim calcifications within the wall of an
oil cyst. In these scenarios no further work-up is needed. With
the exception of typically benign findings such as these, the
standard work-up for calcifications remains 2D magnification
views.

True lateral magnification views are often still required to
clearly identify layering calcifications typical of benign milk
of calcium. The morphology of indeterminate calcifications
is still traditionally assessed with the aid of the increased
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Right retroareolar > Left retroareolar

FIG. 6.10 Bilateral benign architectural distortion (A) Baseline screening mammogram in a 44-year-old woman demonstrates
bilateral architectural distortion, seen better on the craniocaudal views. (B) The bilateral architectural distortion is even more conspicuous
on tomosynthesis. (C) Ultrasound (US) reveals diffuse irregular shadowing regions bilaterally, most prominent in the retroareolar regions.
US-guided core needle biopsy revealed bilateral exuberant sclerosing adenosis and ductal hyperplasia, which was considered concordant after
careful imaging-pathology correlation with the interpreting pathologist. The lesions were stable on subsequent imaging follow-up.
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FIG. 6.11 Poorly differentiated invasive ductal carcinoma presenting as developing asymmetry (A) Two-dimensional
screening mammogram in a 55-year-old woman shows a new asymmetry (arrow) seen only in the MLO view. (B) The lesion was
determined to be located in the lateral breast based on the location of the finding on the mediolateral oblique tomosynthesis slice
(not shown). The lesion (arrow) was identified on a laterally exaggerated craniocaudal (laterally) tomosynthesis image. (C) Ultrasound
shows an irregular, taller-than-wide mass with microlobulated margins. Ultrasound-guided core needle biopsy and surgical excision
showed poorly differentiated invasive ductal carcinoma, ER/PR+, Her-2—, 0/3 SLN.

geometric sharpness of magnification views. However, tomo-
synthesis may have a role in this setting. Microcalcifications
are often more difficult to perceive as grouped on tomosyn-
thesis images because the individual calcifications compris-
ing the grouping are usually not located within the same slice
(Fig. 6.12). However, once a microcalcification grouping is
identified on 2D images, tomosynthesis slices may reveal
the morphology of individual calcifications in greater detail,
aiding in the assessment of their probability of malignancy.
Occasionally, subtle grouped microcalcifications may be
seen on a single view, and tomosynthesis may help to deter-
mine the location in the orthogonal view, thereby accurately
directing the magnification views to the region of interest

(Fig. 6.13).

Evaluation of the Symptomatic Patient

Palpable Abnormalities

In the conventional diagnostic environment, the work-up
of a palpable mass includes spot compression views and/
or tangential views of the palpable finding. By minimizing
the masking effect of overlying breast tissue, tomosynthesis
reduces the need for additional views. In many cases, patients
presenting with palpable findings can proceed directly to

ultrasound after routine 2D plus tomosynthesis MLO and
CC views. Importantly, tomosynthesis does not replace
ultrasound. A negative 2D plus tomosynthesis mammogram
does not preclude the presence of malignancy. Although
tomosynthesis improves the sensitivity of mammography,
some cancers may still remain mammographically occult.
Furthermore, posteriorly or peripherally located lesions may
be excluded from the mammographic views even when the
radiopaque skin marker placed on the palpable abnormality
is included (Fig. 6.14). Finally, ultrasound can often demon-
strate dermal lesions better, reassuring patients who present
with palpable epidermal inclusion cysts or sebaceous cysts.
For all of these reasons, ultrasound remains essential in the
diagnostic evaluation of a palpable mass.

Conversely, tomosynthesis yields a more definitive diag-
nosis than ultrasound in certain clinical scenarios. In patients
in whom a fat-containing lesion is suspected, tomosynthesis
can confirm a benign lipoma, hamartoma, or fat necrosis. For
example, symptomatic patients with prior mastectomy with
or without reconstruction are typically imaged with ultra-
sound as the first-line diagnostic modality. Ultrasound may
demonstrate a solid mass of mixed echogenicity with a dif-
ferential diagnosis of fat necrosis versus recurrent carcinoma.
In these cases, tomosynthesis can resolve the dilemma by
demonstrating a radiolucent mass typical of fat necrosis, thus
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FIG. 6.12 Grouped calcifications better seen on 2D mammography (A) A 41-year-old woman presents for baseline screen-
ing mammogram. Fine grouped calcifications (circles) are seen better on 2D images compared with tomosynthesis sections, which
show only a few of the calcifications within the cluster on any one slice. (B) These calcifications (circle) demonstrated layering in the
ML (90-degree lateral) magnification view consistent with milk of calcium.
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FIG. 6.13 Benign calcifications initially seen on only one view (A) Screening mammogram in a 53-year-old woman reveals
a small group of subtle new amorphous calcifications (circles) in the right medial breast, seen only on the CC view. The calcifications
are seen better on tomosynthesis. (B) Although the calcifications were only initially seen on the CC view, the location on the medi-
olateral oblique view could be determined by noting the location of the CC tomosynthesis slice containing the calcifications, using the
tool bar locator. In this case, the calcifications were noted to lie in an inferiorly located slab (arrow). (C) Magnification CC and ML
(90-degree lateral) views confirm a subtle group of amorphous calcifications (circles), BI-RADS 3.

TOMO TIP [ In this case, tomosynthesis was useful in the work-up of new, subtle, grouped calcifications because the calcifica-
tions were initially better seen on tomosynthesis compared with standard 2D images and also allowed for efficient localization of
the calcification on the orthogonal view.
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FIG. 6.14 Palpable fibroadenoma seen on tomosynthesis and ultrasound. (A) A 34-year-old woman presents with palpa-
ble mass in the right breast, denoted by a triangular radiopaque skin marker. Two-dimensional mediolateral oblique and craniocaudal
views reveal dense breast tissue and no suspicious findings. (B) Tomosynthesis views demonstrate suggestion of partially visualized
mass (long arrows) located posteriorly to skin marker (short arrows). (C) Ultrasound reveals an oval circumscribed hypoechoic mass,
likely representing a fibroadenoma, corresponding to the palpable abnormality, BI-RADS 3, stable on follow-up.

eliminating the need for unnecessary follow-up or biopsy
(Fig. 6.15). Although this appearance may be appreciated
on 2D images in some cases, it is often more definitively
revealed on tomosynthesis slices.

Nipple Discharge

Tomosynthesis also facilitates the diagnostic work-up of nip-
ple discharge. On routine 2D views the retroareolar region
can be particularly challenging to evaluate due to an abun-
dance of overlapping structures. Therefore, the work-up of
nipple discharge is often supplemented with spot compres-
sion or magnification views. Tomosynthesis reduces the need
for additional diagnostic views by improving visualization

of the subareolar breast tissue. However, ultrasound should
always be performed to image the interior of large ducts and
search for intraductal lesions, such as papilloma or ductal
carcinoma in situ (DCIS), which may explain the patient’s
nipple discharge. If ultrasound and tomosynthesis fail to
reveal an underlying abnormality, ductography may still be
required.

Breast Pain

In patients presenting with breast pain, routine 2D plus
tomosynthesis views are generally sufficient. Because most
breast pain, particularly in premenopausal women, is caused
by hormonal changes, the mammographic evaluation is often
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FIG. 6.15 Palpable fat necrosis (A) A 42-year-old woman with history of right mastectomy and deep inferior epigastric artery
perforator flap reconstruction presents with palpable mass in medial reconstructed breast. Targeted ultrasound demonstrates a
corresponding irreqular mixed echogenic mass with indistinct margins. (B) Because the ultrasound findings were inconclusive,
mammography was performed. 2D images reveal predominately fatty tissue and an asymmetry in the region of palpable concern,
whereas tomosynthesis confirms the presence of a lucent mass consistent with fat necrosis, BI-RADS 2.

negative. Ultrasound completes the work-up by revealing
common causes of focal breast pain, such as cysts, as well
as relatively uncommon causes, such as superficial thrombo-
phlebitis or Mondor disease.

With its improved sensitivity and specificity in the
screening population, it may be expected that 2D plus
tomosynthesis imaging would confer the same benefits on
symptomatic patients. Nevertheless, further investigation
is needed to define the advantages of tomosynthesis in this
population.

Tomosynthesis improves the work-up of patients presenting for
diagnostic mammography. Advantages include greater accuracy
of diagnosis, stemming from both increased sensitivity and speci-
ficity, as well as improved efficiency with a marked reduction of
additional mammographic views, benefiting both the patient
and the breast imaging facility. Future studies and technologic
advances will likely further establish tomosynthesis, together with
ultrasound, as the primary tools used in the diagnostic setting.
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Tomosynthesis Interpretation

Interpreting tomosynthesis screening exams differs from inter-
preting two-dimensional (2D) digital images. Just as switching
from film-screen image interpretation using a view box with a
magnifying glass to manipulating digital images on computer
monitors, tomosynthesis similarly requires developing a differ-
ent pattern of observation and assessment. Much more infor-
mation is packed into a tomosynthesis exam compared with
2D full-field digital mammography, requiring more to observe
and mentally assimilate by the radiologist. This process involves
assessment of numerous individual images and requires scroll-
ing back and forth multiple times to fully assess all parts of
the breast and sometimes additionally through focal areas (tar-
geted scrolling) in order to best evaluate potentially concerning
abnormalities.

Increased time required to read tomosynthesis exams
compared to 2D mammography has been shown by several
studies. Batch reading of screening exams has been the most
cost-effective method to read 2D analog exams mostly due
to the labor and time required to load and take down analog
films on an alternator, making it impractical to read screen-
ing cases online (ie, giving patients immediate results before
leaving the breast imaging facility as is the usual practice fol-
lowing a diagnostic exam). Even in the early years during the
transition from analog to digital mammography, batch reading
was still very practical because prior analog images were still
needed for comparison purposes. However, once a practice has
achieved a state whereby the current and recent priors are all
digital, reading online becomes feasible. With tomosynthesis
mammography there are reduced screening recalls and fewer
diagnostic mammograms requiring short interval follow-ups
(Breast Imaging Reporting and Data System 3 [BI-RADS 3]).
In addition, diagnostic work-ups with tomosynthesis are also
greatly abbreviated, requiring fewer mammographic images.
All of these factors combine so that over time breast imaging
practices may find that radiologists actually have more time
and can read screening cases online. Thus, although individual
tomosynthesis exams may take a little more time to view and
interpret, overall the caseload and workflow are improved and
more efficient for both radiologists and patients.

Just as with the apprehension associated with the transi-
tion from film to digital mammography, once the process of
reading tomosynthesis exams becomes familiar, the increased
time and effort may be normalized to the point that inter-
preting cases without tomosynthesis views seems far too
abbreviated and incomplete. While nothing can compare
with the confidence associated with firsthand tomosynthesis
interpretive experience, there are some tips that may expedite
this process.
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Tips and Pitfalls

Liane E. Philpotts | Regina J. Hooley

Interpretation Tips

Tomosynthesis Case Review

Reading any mammogram requires complete undivided atten-
tion, but reading tomosynthesis cases requires the brain to take
in and process more information than it is used to. Reading
a large number of consecutive screening tomosynthesis exams
can potentially be more tiring than reading a similar number
of 2D cases. Every mammogram belongs to a patient who has
made time out of her daily life to come for the exam, as well
as endured potentially uncomfortable positioning and radiation
exposure. Women choose mammography because they want to
have the best chance of detecting breast cancer early. Distrac-
tions are common in busy practices, but attempts must be made
to minimize such diversions because important findings may
otherwise be missed. When proceeding through the hanging
protocol of any particular mammogram, try to avoid interrup-
tions. Potentially concerning areas on the mammogram that the
brain may be processing, consciously or subconsciously, will be
lost if your attention is drawn away from the images. Ask your
staff or colleagues to try not to interrupt you in the middle of
a case. If interrupted, szart over. Otherwise you'll risk missing
something. While many mammograms may be read on any
particular day, each mammogram is connected to a different
individual and each one deserves the utmost careful consider-
ation by the radiologist. If you are fatigued, step away and take
a break.

Ease of viewing tomosynthesis exams is extremely impor-
tant. Analogous to driving a car, it is best if you can keep your
eyes on the images, and not look down at buttons, keyboards,
and so on (Fig. 7.1). Having a well-designed keypad and
hanging protocol that permits simple single button advance-
ment of images and toggling between 2D and tomosynthe-
sis not only makes the viewing process quicker and more
streamlined, it also prevents losing track of findings being
mentally processed. A hanging protocol can be developed
such that a single button can advance through all images
of a screening exam—including 2D, full resolution images,
3D with priors, and computer-aided detection—eliminat-
ing the need to take one’s eyes off the monitor. Propriety
workstations have such optimized keypads, but some picture
archiving and communication system (PACS) vendors also
supply these features. It is strongly recommended to estab-
lish such an optimal workstation configuration, ultimately
saving time and potentially reducing errors.

Tomosynthesis interpretation obviously involves scrolling!
Each mammographic view has many thin slices to analyze—
the exact number depends on the breast thickness. To fully




FIG. 7.1 Tomosynthesis workstation setup. Comfortable viewing
of tomosynthesis exams is key. Being able to review images and advance
through the hanging protocol without having to look down at a keyboard is
important to increase speed and reduce errors. Reduce excess arm and wrist
movement, for example, by scrolling through images by depressing the mouse
scroll wheel.

assess all slices within a particular view and not miss any part
of the breast, it is necessary to scroll back and forth through the
image multiple times. Develop a routine and consistent pro-
cess of inspecting each section of the breast such that no part
is missed. At a minimum, one must scroll through a normal-
sized breast three times (eg, upper or outer, middle, and lower
or inner). While the tomosynthesis slice images can be reviewed
in automatic cine mode, it is better to be in control—similar to
driving—such that when a potential lesion catches your eye, you
can hover over it (targeted scrolling) to more closely evaluate
the region. For many radiologists, the most simple and ergo-
nomic method of scrolling is by depressing the scroll wheel on
the mouse and slowly moving the entire mouse forward and
backward. This requires no wrist or finger movement and only
minimal elbow and shoulder motion. Make sure your work-
space is not cluttered or cramped and you have ample space for
excursion of the mouse.

An important tip with tomosynthesis interpretation is not to
mentally assess too many findings simultaneously. For instance,
calcifications should be assessed on the full resolution views,
while soft tissues and architecture should be assessed separately
particularly when scrolling through the tomosynthesis slices.
Do not try to do both at once. Also, because there are more
images on a tomosynthesis exam compared to conventional 2D
mammography, one should be more cautious to avoid missing
a lesion due to “satisfaction of search” (Fig. 7.2). If an obvious
finding such as a cyst is seen, consciously disregard it at first and
look at other areas before going back to more carefully assess
the most obvious finding.

TOMO TIP | When analyzing multiple findings on tomosynthesis, do
not try to evaluate them all at once. Each finding should be analyzed on
its own, requiring scrolling through the tomosynthesis images multiple
times.
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When carefully looking for calcifications or scrolling through
the stack of images in a tomosynthesis exam, focusing on the
“close-up” imaging findings is easy to do. It is, however, very
important to take an “arm’s length” view, either at the beginning
or end (or both) of the hanging protocol, comparing one breast
to the other and each view to prior exams, to assess for more
subtle findings such as developing asymmetries. Often such
findings can be small and subtle, but even large areas can easily
be overlooked when so much of the focus is on the improved
detailed imaging tomosynthesis provides (Fig. 7.3). As with
reading 2D mammograms, assessing for subtle changes over
time is essential for detection of early malignancies. A develop-
ing asymmetry is one that appears as a focal area of tissue that is
new, larger, or denser compared to prior exams. These findings
are usually initially recognized on 2D mammography, and then
further scrutinized on the tomosynthesis images. This finding
should always be given careful consideration, particularly in
postmenopausal women. While most cancers will appear more
spiculated or distorted on tomosynthesis images than on 2D,
some cancers will present only as a new subtle focal irregular
asymmetry or mass even on tomosynthesis and still require
recall for a diagnostic work-up. (Fig. 7.4). A negative ultrasound
can reassure that a developing asymmetry likely represents an
island of normal glandular tissue, and in these cases, routine
imaging is usually appropriate, whereas a focal corresponding
sonographic finding will help dictate further management such
as short-term follow-up or biopsy.

TOMO TIP [ Look for areas of developing asymmetries on the 2D im-
ages. Assessment of the big picture is necessary to detect subtle mam-
mographic changes over time. Once a finding is questioned, scrutinize it
more carefully by scrolling through the area on the tomosynthesis images
to determine if it is real or simply superimposed tissue.

A common concern among new adopters of tomosynthesis
is whether review of previous tomosynthesis images is necessary
when comparing the current study to the prior year’s exams.
While individuals will develop their own personal protocols
and preferences over time, generally routine review of prior
tomosynthesis exams is not always necessary. Comparison of
the prior 2D images usually suffices; however, if questionable
areas are noted on the current exam, scrolling through the prior
tomosynthesis images is greatly beneficial to either establish
stability or recognize the finding as new or changing.

'The source projection images should be available for review
on the workstation. These are similar to a maximum inten-
sity projection image in magnetic resonance imaging (IMRI)
and can provide a quick overview of the composition and
arrangement of the breast tissue (Fig. 7.5). Most radiologists
do not routinely review projection images. However, if there
is a question of motion on a particular case, reviewing the
projection images may show jumping of the images due to
the patient’s breathing or other movement during the tomo-
synthesis image acquisition. Additionally, if there is an area
of questionable findings on the tomosynthesis slice images,
review of the projection images—particularly by rotating back
and forth—may sometimes help determine if a focal area rep-
resents normal fibroglandular tissue or a more concerning

finding.
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FIG. 7.2 Avoid satisfaction of search. (A) A 69-year-old woman with heterogeneously dense breasts presents with a palpable
finding in the lateral left breast (indicated by triangular skin marker). (B) A mass with spiculated margins corresponding to the palpa-
ble lump (arrows) is depicted well on the tomosynthesis slice images. However, an even larger irregular mass with spiculated margins
(circles) is seen in the right breast 12-o0'clock region. (C) Ultrasound reveals corresponding hypoechoic irreqgular masses bilaterally.
Core biopsy of both masses showed invasive ductal carcinoma. Final surgical excision of the right breast mass showed Stage 2A,
poorly differentiated triple negative carcinoma and Stage 1A ER/PR+, Her2 equivocal cancer of the left breast. Obvious findings in one
breast should never preclude careful assessment of all areas of both breasts.
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FIG. 7.3 Arm's length view. Screening mammograms of a 45-year-old woman. (A) 2D images demonstrate an asymmetry in the
medial right breast (circle) more prominent compared to priors and an enlarged right axillary node (arrow).
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FIG. 7.3, cont’d (B) Closeup views of prior and current right CC tomosynthesis slice images demonstrate a medial low-density
mass with spiculations extending at least 2 cm. The lesion was not seen 1 year prior and was not recognized as a developing density.
() Ultrasound shows a corresponding irregular, hypoechoic mass, with satellite nodule and an enlarged node in the axilla. Biopsy
revealed poorly differentiated IDC, lymphovascular invasion, and a positive axillary node. Recognizing developing densities is chal-
lenging and is best appreciated by taking an arm’s length view of the images.



CHAPTER 7 Tomosynthesis Interpretation Tips and Pitfalls

Current 2D [ CC Tomo spot

FIG. 7.4 Carcinoma presenting as a developing asymmetry. A 61-year-old woman was recalled from a screening tomosyn-
thesis mammogram. (A) A developing asymmetry (arrow) was noted centrally on the CC view in 2D images, more prominent than
the previous mammogram. (B) The tomosynthesis spot slice image also showed a focal asymmetry but without spiculated margins
(arrow), which located the lesion on the upper breast. (C) No definite mass could be seen on the ML (90-degree lateral) tomosyn-
thesis views. (D) Ultrasound, however, showed a corresponding irregular taller-than-wide hypoechoic mass at the 12-o0'clock region.
Ultrasound-guided biopsy showed moderately differentiated invasive ductal carcinoma.
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FIG. 7.5 Source projection images. Examples of source projection images in four different patients with varying density patterns:
(A) predominantly fatty, (B) scattered fibroglandular, (C) heterogeneously dense, and (D) extremely dense. Such images yield a
transparent view of the breast that can be helpful in assessing motion, tissue patterns, and focal findings. Source projection images
are a proprietary image set that can be viewed in cine mode and contain the data used to create the tomosynthesis slice images. Typi-
cally there is a consistent number of source projection images acquired, regardless of the view or breast thickness.

Localization Tips

One key tomosynthesis tool is the localization feature. As the
radiologist scrolls through the breast image, a localizer tab also
moves indicating position within the breast. Additionally, the
individual slices are numbered for ease of reviewing or reproduc-
ing findings (Fig. 7.6). For example, when scrolling through a
craniocaudal (CC) view, the localizer tab moves from the inferior
aspect to superior aspect and vice versa. If the radiologist were to
stop at any point on the CC view, a look at the localizer tab will
indicate that the potential finding lies in the inferior or superior
breast, allowing a more targeted inspection of the mediolateral

oblique (MLO) view. Assessing the orthogonal location of a

lesion initially discovered on the MLO view is slightly more chal-
lenging than those initially seen on the CC view as the images
proceed from lower outer through to upper inner quadrant, not
strictly lateral to medial, as in a true 90-degree view. Further-
more, the angle of projection, while commonly 45 degrees, varies
between patients and even within the same patient from year to
year. Geometry and projection angle must be kept in mind to
be able to mentally map findings in the MLO view to the cor-
rect portion of the breast. A visual reminder of MLO positioning
demonstrates how some of the lower outer breast projects above
the nipple on the early slices in the stack (ie, near the receptor)
and tissue in the upper inner breast can project below the nipple
on the slices near the compression paddle (Fig. 7.7).




Slice: 35/70 Slab: 1 (1 mm)

FIG. 7.6 Localizer tab. A localizer bar displayed with the tomosynthe-
sis images on the workstation indicates where any particular slice occurs
in the complete stack, which permits knowing the location of a finding
in the breast (in this case, slice 35 out of 70, or midway through the
breast).

'The accurate use of localization is a critical skill in tomosyn-
thesis interpretation. Assessing potential lesions in both projec-
tions is much more comprehensive than on 2D mammography
alone. The careful targeted scrolling through a new focal area in
both projections helps determine whether a true lesion likely
exists and requires further evaluation or is not real, therefore
precluding recall. The greatest benefit in reducing unnecessary
recalls is in the careful assessment of images in both projections
and trusting the tomosynthesis images. Areas of focal density
may stand out on the 2D images, yet the tomosynthesis slices
show it is simply superimposed tissue with no focal correlate
in the other projection. Radiologists have varying changes in
their recall rates with tomosynthesis, depending on how well
they integrate the information in the tomosynthesis images
or whether they are still swayed by findings in 2D (Fig. 7.8).
Review of diagnostic results of recalled tomosynthesis screening
cases is strongly encouraged so that one can better gauge what
represents true findings. This exercise can also help the radiolo-
gist achieve an appropriate threshold for recall.

'The use of tomosynthesis in both the CC and MLO projec-
tions is important in order to reap the full benefit of tomosyn-
thesis. While the MLO view may capture more of the breast
tissue than the CC view, the CC view produces better separa-
tion of tissue and is more uniform from year to year, enabling
a more accurate assessment of changing tissue patterns. The
CC view also contributes more to precise lesion localization.
'There is evidence that a greater proportion of suspicious lesions
are detected on the CC than the MLO view, making the CC
view essential to tomosynthesis assessment. The benefit of per-
forming tomosynthesis only in the MLO view is the reduction
in overall radiation exposure; however, there is a risk of losing
important diagnostic information.
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FIG. 7.7 Schematic drawing showing orientation of the MLO.
Tomosynthesis slices from the receptor to compression paddle can be
seen to include areas of the breast that project above or below the nip-
ple, depending on the slice position. For example, some tissue in the
upper inner quadrant can appear below the nipple level on the MLO
view, and some tissue in the lower outer quadrant can appear above the

nipple.

Assessing Focal Findings

If there is a focal finding, can it be found in the orthogonal
view? Often it can (Fig. 7.9). One-view asymmetries are far less
common with tomosynthesis. The main reason why tomosyn-
thesis has markedly reduced the screening recall rate is due to
the reduction of the rate of recall of asymmetries. Many asym-
metries seen on 2D mammography are not true lesions. 2D
mammography is limited because it can be difficult to difteren-
tiate a true subtle or small mass from normal overlapping breast
tissue without performing additional diagnostic views. On the
other hand, with tomosynthesis, many asymmetries can be dis-
missed as benign on the routine views. Moreover, many findings
that would be considered asymmetries on 2D mammography
can often be identified on both tomosynthesis views and clas-
sified as a focal asymmetry or a mass. These findings can also
be better characterized by assessing shape and margins on the
tomosynthesis slices (Fig. 7.10). For these reasons, the frequency
of recalled asymmetries is decreased with tomosynthesis.

The main determinant of a benign or malignant mass is
shape and margin assessment. Most benign masses will have
an oval or round shape and circumscribed margins. Conversely,
most malignant lesions will be seen to have irregular shape and
indistinct or spiculated margins. Tomosynthesis can distinguish
margins better than 2D mammography. Obscured margins are
less common with tomosynthesis, and most malignancies are
not truly circumscribed. Margin assessment is a very important
interpretive step because it helps to confidently characterize a
lesion even before the patient proceeds to ultrasound.

To accurately correlate a subtle finding seen on tomosyn-
thesis and ultrasound, placement of a BB on the skin surface
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FIG. 7.8 Unnecessary recall. Tomosynthesis screening mammogram in a 65-year-old woman. (A) An asymmetry is noted in the
central left breast on the MLO view only (arrow). No corresponding mass was seen on the CC view. (B) The MLO tomosynthesis
slice at the most prominent part maps the density to the central portion on the breast. Close inspection of the 2D and tomosynthesis
CC view did not reveal a corresponding mass. This finding is consistent with overlapping fibroglandular tissue, and recall was not

necessary.

overlying the sonographic finding and repeating the tomosyn-
thesis views can be very helpful to confirm both lesions are the
same (Fig. 7.11). This is particularly helpful for architectural
distortions surrounded by dense tissue, such as radial scars, as
well as small or subtle invasive ductal and lobular cancers.

For many cases, the use of tomosynthesis reduces the need
for additional diagnostic imaging, resulting in a reduction in
both radiation exposure and costs. The accurate assessment of
the size and shape of a mass may preclude spot views and/or
ultrasound, which are routinely necessary with 2D imaging
(Fig. 7.12). This represents another example of how tomosyn-
thesis improves workflow.

TOMOTIP | Steps in Assessment of Tomo Images

Review the CC and MLO projections carefully. If a finding is initially seen
in one view, can it be identified in the other?

Is it likely real, or just convergent normal tissues?

If real, is it new or possibly stable?

Where is it located? Are the findings at similar locations in both images
such that they may be the same?

Are the tomo features benign or suspicious?

Pitfalls

Pseudolesions

With 2D mammography, focal asymmetries often gener-
ate recall, particularly if a finding is seen on both CC and

MLO views, which then require work-up to determine if a
true underlying finding exists. With 2D mammography, this
usually means additional diagnostic imaging including spot
compression, lateral, or rolled CC views. With tomosynthe-
sis, assessing such areas involves both scrolling through the
tomosynthesis slices to ascertain whether a focal lesion exists
and determining its approximate location on the orthogonal
images. Frequently tomosynthesis may show that the focal
asymmetry is a composite of Cooper’s ligaments, vessels, and/
or glandular tissue. Therefore, if no focal area seems appar-
ent or localizable, then a recall may be avoided. Radiologists
new to tomosynthesis may still recall a patient for a prominent
2D finding, even though the tomosynthesis imaging suggests
no focal suspicious abnormality. However, this defeats the full
benefits of tomosynthesis, and this practice can be avoided
with reader experience.

In the case of an asymmetry initially seen on only one
tomosynthesis view, the orthogonal view should be carefully
examined for any suspicious corresponding findings. Lesions
seen on one view only may in fact be “pseudolesions,” pro-
duced by dense tissue interspersed with fat or other normal
tissue elements. Pseudolesions can often be resolved by care-
ful examination of the corresponding area in the orthogonal
view. In contrast to 2D mammography, tomosynthesis pro-
vides the added benefit of being able to localize true lesions
to a more precise quadrant or clock position based on its
slice location, even when seen in only one projection. Beware
that success in identifying a focal lesion in both projections
is dependent on the density of the breast tissue. Even with
tomosynthesis, findings in areas of dense tissue may not
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FIG. 7.9 Tomosynthesis permits better char-
acterization of asymmetries. (A) A 55-year-old
woman was recalled from a screening mammogram
that showed a focal asymmetry (arrow) reported as be-
ing seen in the CC view only. (B) Careful review of to-
mosynthesis images actually shows it to be a mass with
associated architectural distortion (arrows), localized to
the upper, slightly inner, breast. (C) Careful review of
the MLO tomosynthesis images permits identification of
the subtle lesion (arrows) in that view. (D) On recall,
ultrasound shows a definite mass with associated exten-
sion in the surrounding tissue and a nearby small satel-
lite lesion. Biopsy revealed poorly differentiated invasive
ductal carcinoma, ER/PR—, Her2+.
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FIG. 7.10 One-view 2D findings seen in both views on tomosynthesis. (A) Screening mammogram in a 64-year-old
woman shows a focal asymmetry in the right breast (arrow) evident on the 2D CC view only. (B) On tomosynthesis, 2D asymmetry
corresponds to a mass (arrows) in both the CC and MLO views, permitting more complete assessment of the features and location.
Ultrasound (not shown) showed a benign lymph node. (C) A 42-year-old woman presented for screening mammography. A small
asymmetry (arrow) was seen in the right breast on the 2D MLO view only. (D) The close-up tomosynthesis images show the small
benign-appearing oval low density mass (arrows) clearly in both projections, BI-RADS 2.
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FIG. 7.11 Spot compression view after BB placement can help correlate ultrasound findings. A 53-year-old woman
underwent screening mammography. Prior exams were unavailable. A small mass was noted in the left breast upper outer quadrant,
best seen on tomosynthesis (not shown). (A) An ultrasound was performed, which showed a 1.2-cm solid mass with circumscribed
margins in the left breast 2:00 region, likely representing a fibroadenoma. (B) A BB was placed on the overlying skin (arrowheads),
and tomo spot views were obtained showing the lesion (arrows), correlated with the mammographic finding. Because there were no
remote comparison studies, a BI-RADS 3 final assessment was given and the mass was stable at a 6-month follow-up ultrasound.
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Tomo prior Tomo current

FIG. 7.12 Tomosynthesis reduces additional imaging and follow-up. Screening mammogram in a 49-year-old woman with
dense breast tissue and a family history of breast cancer. (A) Left breast MLO 2D views from 1 year prior and current do not permit
complete assessment of a large mass proven to be PASH (pseudoangiomatous stromal hyperplasia) on a previous biopsy. (B) Ultra-
sound performed 2 years prior shows the corresponding oval, hypoechoic, wider than tall mass. (C) The circumscribed margins and
size (arrows) can be well seen on prior and current tomosynthesis images, which allow confident assessments of the mass as stable;

repeat ultrasound was unnecessary.
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FIG. 7.13 Pseudoarchitectural distortion. A 64-year-old woman referred for further evaluation of a possible architectural
distortion (circles) seen on tomosynthesis mammogram performed at an outside facility. From the localizer bars (arrows), the lesion
would be located in the upper outer part of the breast on the ML view (slice 18 of 51) and the upper inner area on the CC view (slice
33 of 57), and therefore clearly not representing the same lesion. Repeat tomosynthesis imaging was performed and no architectural
distortion was reproduced. Whole breast ultrasound was also normal. BI-RADS 2.

always be thoroughly assessed. Ultrasound is often necessary
to determine if the finding represents a true mass or simply
normal tissues.

As mentioned previously, it is important to determine
whether a finding represents the same area in both views.
Incorrect interpretation of tomosynthesis findings can result
in patients being recalled for areas of concern on the CC
and MLO views that cannot realistically represent the same
lesion (Fig 7.13). With 2D mammography, if an asymmetry
is noted at a similar distance from the nipple in both views, it
could possibly represent the same finding and require recall.
With the ability to scroll and localizing using tomosynthesis,
a more sophisticated assessment can be made. For example,
if an area of concern in the CC view localizes to the lower
outer breast, but that on the MLO view is in the upper inner,
they cannot represent the same lesion, suggesting both find-
ings may not be real.

Fat-Containing Lesions

It is critical to recognize that malignant lesions seen on
tomosynthesis often contain fat. Historically, conventional
teaching based on 2D mammography states that fat-con-
taining lesions in the breast are benign, representing lymph
nodes, lipomas, fat necrosis, galactoceles, and so on. How-
ever, fat is a frequent finding in many malignancies identified
on tomosynthesis. In fact, some malignant lesions presenting
as spiculated mass or architectural distortions can be very
low density (Fig. 7.14). Malignancies can engulf surrounding
tissue in the breast, leading to areas of fat entrapped within
the mass. All nonencapsulated, fat-containing masses or

distortions must be viewed with some suspicion, and further
evaluation should be considered.

Tomo-Occult Cancers

A danger in working up suspected tomosynthesis findings is
that some cancers may “spot away.” Spot compression views are
used commonly to work-up questioned findings with 2D mam-
mography, yet it is known that some subtle malignant lesions
may spot away. Similarly with tomosynthesis, some malignan-
cies may not be reproduced on spot imaging (Fig. 7.15). If spot
compression views are performed for work-up of a tomosynthe-
sis finding, 2D spots alone are of limited use and combination
(2D/3D) tomosynthesis spots are recommended. These views
may be helpful if they confirm the presence of a lesion by fur-
ther displacing adjacent tissue and enhancing lesion details, but
if they do not reproduce a finding such as a subtle architectural
distortion, one should not assume the original tomosynthesis
finding is not real. Beware of spot views! Repeat full tomosynthe-
sis views, in the original view, rolled CC views, or a true lateral
view, may be preferable over spot tomosynthesis views. These
may better determine if a true suspicious finding exists.

In some cases, a cancer may be overlooked on tomosyn-
thesis but seen in retrospect. Some malignancies may be very
subtle and difficult to detect, even when known to be pres-
ent while others may be missed due to interpretation errors.
Breast cancer presenting as subtle architectural distortions or
spiculated masses is often associated with the straightening of
tissue and Cooper’s ligaments, with thin white lines visualized
on tomosynthesis being the only clue to an underlying malig-

nancy (Fig. 7.16).
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FIG. 7.14 Malignancies can contain fat and be low density on tomosynthesis. Four examples of subtle invasive cancers

(circles) seen on tomosynthesis.

Another important consideration is that although tomo-
synthesis is superior to 2D mammographic imaging in
detecting cancers, not all malignancies are detectable by
tomosynthesis. Some may be very difficult to recognize, pre-
senting as low-density focal asymmetries or distortions that
cannot be readily differentiated from normal glandular tis-
sue. And some, buried within dense tissue, will remain occult
(Fig. 7.17). Supplemental screening ultrasound may still

have a role in detecting important invasive cancers in women
with dense tissue.

TOMO TIP | Not all carcinomas appear spiculated on tomosynthesis.
Nonspecific developing asymmetries, especially in postmenopausal wom-
en, need to be carefully assessed.
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FIG. 7.15 Cancers can spot away even with
tomosynthesis. (A) A screening mammogram
in a 62-year-old woman questioned a subtle area
of architectural distortion (AD) in the left breast
(circle), seen best on the tomosynthesis CC slice
image. (B) Diagnostic mammogram with combina-
tion (2D + 3D) spot views failed to reproduce an
abnormality. Ultrasound was performed but was
negative. The AD was thought to not be real, and
the patient was returned to screening. (C) Mammo-
gram performed 1 year later again showed AD (cir-
cles), now found in both MLO and CC tomosynthesis
projections, and persisting on diagnostic spot views.




FIG. 7.15, cont’d (D) Again, ultrasound was negative. (E) The patient underwent MRI that showed a corresponding focal
enhancing area (arrow) with washout kinetics. MR biopsy was performed revealing moderately differentiated infiltrating ductal car-

cinoma, ER/PR+, Her2—.

FIG. 7.16 Straightening of glandular tissue and Cooper's ligaments may be the best clue to detect a subtle
malignancy. Screening mammogram in a 38-year-old woman with a strong family history of breast cancer. (A) A subtle architectural
distortion is present in the left upper central breast (circles), seen only on tomosynthesis. Note that straightening of the glandular
tissue and Cooper's ligaments is the best clue that a true lesion exists. (B) Targeted ultrasound reveals a corresponding irregular hy-
poechoic mass with an antiparallel orientation. Ultrasound -guided CNB revealed an infiltrating ductal cancer, grade 2, ER/PR/Her(-).
(C) Post-biopsy 2D mammogram shows the biopsy marker in the correct location.
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FIG. 7.17 Tomosynthesis occult cancer. (A) A 51-year-old woman had a normal tomosynthesis screening mammogram (right
breast 2D images shown). (B) Screening ultrasound performed 1 month later revealed an irreqular hypoechoic 1 ¢cm mass in the up-
per outer quadrant. Ultrasound-guided biopsy revealed invasive ductal carcinoma, well-differentiated, ER/PR+, Her2—, 0 SLN. (C)
Post-biopsy tomosynthesis spot views in MLO and CC show biopsy marker in an area of dense tissue with subtle spiculation (arrow),

not obvious prospectively, even on tomosynthesis.

Interpretation of tomosynthesis exams requires learning new
skills and adopting new patterns of image review. Initial trepi-
dation felt by some radiologists quickly leads to satisfaction and
new confidence. Improved visualization of breast tissues prevents
many false-positive screening recalls while missing fewer can-
cers. Learning to trust the tomosynthesis images requires expe-
rience. Skilled use of tomosynthesis involves careful assessment

and correlation of potential findings in all views and accurate
localization of lesions. Information provided by tomosynthesis
can result in improved lesion characterization, with increased
specificity and sensitivity. Increased diagnostic accuracy pro-
vided by tomosynthesis will result in continued reduction of
false-positive screening recalls, diagnostic follow-ups, and biop-
sies. Once comfortable with reading tomosynthesis exams, radi-
ologists will find there is no going back to 2D mammography
alone.




CHAPTER

Introduction

Benign findings in the breast are common. Most findings
recalled from screening and even the majority of lesions that
undergo biopsy are ultimately found to be benign. Findings that
require additional imaging assessment and biopsy are stressful
for patients and add costs to the health care system. These cases
contribute to what is termed false positives—recalls or biopsies
yielding clinically insignificant information—and are a com-
monly used metric to argue against mammographic screening.
Of course, it is only retrospective analysis that defines these
as false positives. Better prospective imaging to distinguish
between benign and malignant lesions could reduce false-posi-
tive work-ups and patient anxiety.

Even after a thorough diagnostic evaluation including spot
compression and/or magnification views, the complete assess-
ment of a lesion with two-dimensional (2D) mammography can
still remain limited. Overlapping tissue and obscured margins
may limit the accuracy of the assessment. Although ultrasound
is almost always used in conjunction with mammography for
evaluation of masses or densities, it is the combined informa-
tion from both modalities that ultimately leads to a recommen-
dation to dismiss, follow, or biopsy a lesion. If any findings are
concerning, a recommendation for tissue sampling will com-
monly be made. With improved visualization of lesion shape
and margins provided by tomosynthesis, along with a better
assessment of multiplicity of lesions and distribution of find-
ings, one can potentially designate more lesions as benign versus
those that are suspicious enough to require additional attention,
reducing unnecessary imaging follow-ups or biopsies. Tomo-
synthesis provides the opportunity to reduce false positives and
increase the positive predictive value of biopsy.

However, tomosynthesis can also present a challenge in that
many more lesions previously undetected on 2D mammography
may become more apparent. A benign mass potentially present
for many years may be obvious on tomosynthesis, though not
detected on prior 2D mammograms. Knowing how to manage
a multitude of additional findings can be difficult at first. Close
scrutiny of prior mammograms and breast ultrasound images
may indeed suggest stability. Even if the margins were not dis-
cernable on prior mammograms, it may be possible that the tis-
sue pattern suggests stability and therefore the new/y seen finding
on tomosynthesis can be safely followed. Certainly, increasing
recalls for such additional benign findings is not desired. Analo-
gous to ditzels or UBOs (unidentified bright objects) on mag-
netic resonance imaging (MRI) or small benign-appearing oval
masses on screening ultrasound, many such benign-appearing
lesions ultimately have to be disregarded. Learning over time to
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dismiss these benign findings seen only on tomosynthesis takes
confidence and experience to achieve.

Many findings can be assessed thoroughly enough with the
routine craniocaudal (CC) and mediolateral oblique (MLO)
screening tomosynthesis views such that they do not require
recall, including skin lesions or dermal calcifications, looped
vessels, or other clearly benign findings on screening tomosyn-
thesis exams. Such cases are discussed in Chapter 5. This chap-
ter concentrates on additional benign findings, some of which
may still require recall for more thorough assessment, and dis-
cusses their imaging characterization and management.

What Constitutes a Benign Appearance?

Like in all aspects of breast imaging, when a finding is encoun-
tered on tomosynthesis, Breast Imaging Reporting and Data
System (BI-RADS) descriptors help to guide interpretation
toward a benign, probably benign, or suspicious assessment.
Oval shape and circumscribed margins are typical characteristics
of benign masses. In many cases, screening mammography with
tomosynthesis provides sufficient information on shape and
margins that can be used in place of common diagnostic views.
Benign masses often have circumscribed margins. Although
a small percentage of malignant masses are characterized as cir-
cumscribed on 2D imaging, tomosynthesis may depict subtle
irregular or spiculated margins that were previously unrecog-
nized. The complete assessment of margins of a mass requires
evaluation of all tomosynthesis slices in which the mass is
visualized. A circumscribed margin on a single 1-mm thick
tomosynthesis image does not necessarily mean that the mass
is circumscribed in its entirety and may lead to an inaccurate
assessment. There will still be a small percentage of cancers that
remain circumscribed-appearing, even on tomosynthesis. Use of
all information, such as interval growth, dominant lesion, age
of patient, and ultrasound appearance, needs to be taken into
account before determining management. Nevertheless, the vast
majority of lesions with circumscribed margins will be benign,
and tomosynthesis will provide a better differentiation of benign
and malignant masses compared with 2D imaging alone.
Multiplicity of bilateral similar findings is indicative of
benign processes on 2D mammography and screening breast
ultrasound. Multiple circumscribed masses can be regarded as
likely representing cysts, fibroadenomas, or other benign etiol-
ogy, and recall is unnecessary. Although tomosynthesis can ini-
tially present a challenge when additional masses are detected
that were not seen on 2D imaging, it can also help in some cases
to demonstrate multiplicity and bilaterality of findings that sug-
gest benign etiology. Of course, in the case of multiple bilateral



findings, any lesion that is dominant or different in terms of
shape, margin, or density should be considered for recall unless
it has been demonstrated to be stable or previously shown to
represent a benign finding, such as a cyst.

Asymmetries

'The majority of mammographic asymmetries represent overlap-
ping parenchymal tissue. After implementing tomosynthesis,
asymmetries account for a smaller percentage of recalled abnor-
malities at screening mammography. Most asymmetries seen on
2D mammography can be dismissed after reviewing tomosynthe-
sis images. Tomosynthesis most frequently shows that an asym-
metry represents overlapping parenchymal tissue and may also
reveal a benign cause of the asymmetry, such as a looped vessel or
skin lesion. There are some asymmetries, particularly focal asym-
metries, that may remain questionable on routine tomosynthesis
images, especially if the asymmetry is new or more prominent
than prior exams. Sometimes the 2D component is sufficiently
concerning that even if tomosynthesis views do not demonstrate
a definitive finding, a recall is still generated. Particularly in areas
of dense tissue, even tomosynthesis cannot always definitively
resolve whether or not a focal mass exists.

Cases of one-view asymmetries are far less common with
tomosynthesis than with 2D mammography. Appropriate use
of scrolling through the tomosynthesis images can usually
determine if a true lesion exists or if the finding is more likely
superimposed tissue. If real, one should be able to determine
where in the breast it is located. Such findings can usually be
located upon review of the corresponding area on the orthogo-
nal tomosynthesis view and can help to further determine if the
finding simply represents tissue, especially if the area is seen to
be stable, versus a focal asymmetry or mass. Areas of questioned
asymmetries in denser areas will be more difficult to assess and
frequently require ultrasound for further assessment.
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Diagnostic work-up for a patient recalled from screen-
ing may include spot compression views. Importantly, spot
compression views can be performed as combination images
(with both 2D and tomosynthesis image acquisition), as
tomosynthesis-only images, or as conventional 2D image
only. When performing spot compression views with tomo-
synthesis, the 2D component is helpful to assess if the appro-
priate location was “spotted” and if the asymmetry persists.
These combined spot compression views are especially useful
when first learning tomosynthesis interpretation because the
familiar 2D images are obtained along with the tomosyn-
thesis views. If available, synthesized mammography can be
used to reduce the total radiation exposure. A word of warn-
ing: malignant lesions can efface. This has been observed
with 2D mammography but can also happen with tomosyn-
thesis. Spot compression views are helpful when they show
a definitive lesion, allowing for better feature and location
characterization; however, uncertainty can remain even with
a “negative” spot compression view. Ultrasound may be used
in the majority of diagnostic evaluations, even when a poten-
tially suspicious finding appears to efface on spot compres-
sion views.

Ultrasound should be performed in most cases of a suspected
asymmetry. If the tissue is not dense and the general location
of the asymmetry is defined, this can be performed as a tar-
geted exam. If the tissue is dense and/or the finding cannot be
as precisely located, more extensive or even whole breast scan-
ning may be necessary. If ultrasound is negative, the finding can
usually be confidently assessed as benign and the patient can
return to routine screening. The decision to designate a finding
BI-RADS 3 (probably benign, for which short-term imaging
follow-up is performed) is dependent on the level of confidence
after fully assessing the area with tomosynthesis mammography
and ultrasound imaging (Fig. 8.1). In the authors’ practice, use

FIG. 8.1 Asymmetry representing normal tissue. A 41-year-old woman presented for baseline screening mammogram. (A) Right
2D mediolateral oblique view demonstrates no suspicious finding. (B) An asymmetry (oval) is seen in the medial right breast on cranio-
caudal view only on 2D image. (C) At the time of recall, a single-combination, 2D-tomosynthesis, spot compression view was performed
that redemonstrates the asymmetry on tomosynthesis (oval). Tomosynthesis images localized the finding in question to the upper inner
breast, and targeted ultrasound was performed. No sonographic correlate was identified. The asymmetry was thought to represent fibro-
glandular tissue, and the finding was stable on a follow-up mammogram of the right breast in 6 months.
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of tomosynthesis in diagnostic mammography has resulted in
the percentage of asymmetries designated BI-RADS 3, prob-
ably benign lesions, to be substantially reduced.

Masses

Benign masses are commonly encountered on tomosynthesis in
both the screening and diagnostic settings. Although tomosyn-
thesis has been shown to reduce overall screening recall rates,
some studies have shown a shift in the type of finding recalled.
Although relatively more masses are recalled, this is offset by a
decrease in the number of asymmetries recalled with tomosynthe-
sis exams. By far the most common benign masses encountered
are cysts, fibroadenomas, and lymph nodes.

In many instances, these findings may be confidently dis-
missed as BI-RADS 2 findings on screening exams based on
clearly benign features, multiplicity, and/or stability. Some find-
ings may still require recall for complete assessment. Of the
recalled findings, many may be first evaluated with ultrasound
because standard tomosynthesis views provide adequate infor-
mation about lesion location and morphology compared with

2D mammography alone (Fig. 8.2).

TOMO TIP [ Close inspection of prior 2D imaging may reveal that
“new"” masses seen on tomosynthesis were actually present previously.

C Lt.Breast 9:00-10:00

FIG. 8.2 Benign cyst. A 47-year-old woman was recalled for a mass in her left breast on her first tomosynthesis screening mam-
mogram. Prior 2D-only mammograms had been negative. (A) Mediolateral oblique and (B) craniocaudal views in 2D mammo-
gram and tomosynthesis show an oval, circumscribed mass (ovals) in the medial left breast best seen on the tomosynthesis images.
(C) Targeted ultrasound demonstrates a simple cyst at the 9-0'clock position, corresponding to the mass on mammography. BI-RADS 2

(return to routine screening mammography) was recommended.
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FIG. 8.3 Multiple bilateral cysts. A 58-year-old woman presented for screening. (A) 2D MLO views demonstrate extremely
dense tissue. (B) Selected tomosynthesis images reveal multiple bilateral circumscribed masses (ovals), which are not well delineated
on 2D imaging alone. These benign-appearing masses on tomosynthesis were confirmed to be multiple benign cysts by ultrasound
performed for dense breast screening ultrasound (not shown), BI-RADS 2.

Cysts

Cysts are commonly encountered in mammography in both
the screening and diagnostic settings. Cysts are typically
round or oval and have sharply defined margins. A solitary
cyst may be encountered, but more commonly, cysts are mul-
tiple and the diagnosis is more easily established. Tomosyn-
thesis accentuates the visibility of cysts. This is especially
true in women with dense tissue (Fig. 8.3). If available, close
review of prior images may demonstrate the characteristic
waxing and waning pattern of these benign entities and pre-
vent recall.

Cysts are a very common finding and may be seen at any age
but peak in frequency during the perimenopausal years. Exog-
enous hormonal therapy can perpetuate fibrocystic changes in
some women that might otherwise have subsided with meno-
pause. Nevertheless, a new circumscribed mass in an older
woman has to be viewed with suspicion. Careful assessment
of the margins must always be performed, and ultrasound can
be used for diagnostic evaluation. Beware—some malignant
masses, such as medullary or mucinous cancers, metastases, and
high-grade invasive cancers, can mimic cysts on mammogra-
phy; however, ultrasound will generally show a corresponding
solid mass.

If a solitary, growing, dominant, or otherwise concerning
mass is recalled, ultrasound is necessary to complement tomo-
synthesis and to further characterize the cystic or solid nature
of the mass (Fig. 8.4). In cases of benign simple cysts, ultra-
sound will reveal an anechoic, oval, or round structure with
sharply defined, thin walls, with posterior acoustic enhance-
ment. Complicated cysts are common, particularly in the set-
ting of multiple bilateral cysts. They appear similar to simple

cysts except, rather than being anechoic, they have internal
echoes. Clustered small cysts are also a common occurrence.
Occasionally, calcifications seen on the 2D image will be seen
to be within a cyst on tomosynthesis. When the calcifications
demonstrate the typical layering “teacup” appearance within
the cyst, further imaging evaluation is unnecessary.

Fibroadenomas

Fibroadenomas are benign fibroepithelial tumors of the
breast. They are the most common benign solid tumors of
the breast in women of all ages and can be solitary or mul-
tiple and bilateral. Fibroadenomas may be indistinguishable
from cysts on tomosynthesis, most frequently demonstrating
an oval shape and circumscribed margins (Fig. 8.5). Some
fibroadenomas may have been considered to be part of the
patient’s parenchymal pattern on 2D mammography. When
“newly” discovered on tomosynthesis, some of these fibro-
adenomas can be shown to be stable after careful review
of patients’ prior mammograms and ultrasound images.
Detailed characterization of such common benign masses
afforded by tomosynthesis imaging may preclude additional
diagnostic work-up, ultrasound, and short interval follow-up
in many patients (Fig. 8.6).

Phyllodes Tumor

Phyllodes tumors are rare masses that may be indistinguish-
able from fibroadenomas on tomosynthesis and sonography.
Phyllodes tumors are classified as low, intermediate, and
high grade. Even on core biopsy, fibroadenomas and phyl-
lodes tumors may be difficult to differentiate pathologi-
cally and may require surgical excision for definite diagnosis
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FIG. 8.4 Cyst presenting as dominant mass. Baseline screening mammogram performed in a woman at age 40 demonstrates
heterogeneously dense breast tissue. Mediolateral oblique (A) and craniocaudal (B) views in 2D imaging and tomosynthesis reveal
a large mass (circles) in the left breast at the 3-0'clock position, best seen on tomosynthesis images. The patient was recalled for
ultrasound, and no additional mammographic views were required. (C) Ultrasound demonstrates a simple cyst corresponding to the
mass in question on screening mammography. BI-RADS 2.
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FIG. 8.5 Benign mass. Baseline mammogram in a 40-year-old woman. (A) Mediolateral oblique and (B) craniocaudal views in 2D imag-
ing and tomosynthesis demonstrate a mass in the left breast at the 12-0'clock position (circled). (C) Targeted ultrasound images demonstrate
a corresponding hypoechoic mass (circles). The mass was unchanged at 1-year follow-up and presumably represents a fibroadenoma.
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2 years later

FIG. 8.6 Stable fibroadenoma. (A) A 43-year-old woman was found to have a benign-appearing, oval, circumscribed mass in
the left breast seen on mediolateral oblique and craniocaudal tomosynthesis images (circles) and (B) ultrasound. (C) An ultrasound
1 year later was stable. (D) On annual mammography, 2 years later, the mass (circles) is seen to be completely unchanged on
tomosynthesis images, precluding the need to repeat ultrasound. Benign mass shape, size, and margins can be better assessed on
tomosynthesis imaging, reducing the need for extended follow-up.



Lt Breast Rad 3:00 3 CFN

CHAPTER 8  Benign Findings

Tomo

FIG. 8.7 Phyllodes tumor. A 54-year-old woman presented for screening mammography. Tomosynthesis images in mediolateral
oblique (A) and craniocaudal (B) projection show a 5.4-cm mass in the left breast at the 3-o'clock position, which was new since the
prior mammogram performed 16 months earlier. (C) Targeted ultrasound reveals a corresponding circumscribed, oval, hypoechoic
mass. The patient ultimately had the mass surgically excised, yielding a benign phyllodes tumor.

(Fig. 8.7). The ultrasound appearance of a phyllodes
tumor may be more heterogeneous than a fibroadenoma,
with anechoic cystic (leaflike) spaces in a predominantly
hypoechoic, lobulated mass. Marked growth or change in
appearance of a lesion previously thought to represent a
fibroadenoma, even if previously biopsied, should prompt
consideration of a phyllodes tumor because these masses

typically grow rapidly.

Fat-Containing Lesions

Traditional teaching is that most fat-containing lesions are
considered benign. However, with the improved detail of
tomosynthesis, many cancers will be seen to have fat within
them on tomosynthesis images. Fat appears lucent or low
density on mammography. Cancers may engulf the fatty tis-
sue and therefore contain areas of low density. This appear-
ance should not be confused with a benign fat-containing

mass. To be classified as benign, fat-containing lesions should
be encapsulated or pseudo-encapsulated. Other fat-contain-
ing lesions should be cautiously assessed with diagnostic
evaluation.

TOMOTIP | Tolbe classified as benign, fat-containing lesions should be
encapsulated or pseudo-encapsulated because many malignant lesions
are seen to have fat within them on tomosynthesis.

Lymph Nodes

Benign lymph nodes are commonly seen on mammography.
Lymph nodes may be located within the breast (intramam-
mary) or in the axilla. Normal lymph nodes are reniform or
oval in shape and exhibit characteristic low central density on
mammography due to the fatty hilum. The pathognomonic
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FIG. 8.8 Benign lymph node. (A) A small lobulated mass (circle) is seen in the left breast on the two-dimensional MLO view.
Tomo-synthesis in the MLO projection (B) demonstrates low density within this mass (circle), consistent with a fatty hilum of a benign

lymph node. BI-RADS2.

reniform shape and fatty notch may be better visualized on
tomosynthesis compared with 2D mammography (Fig. 8.8).
Similar to cysts, intramammary lymph nodes are frequently
obscured by superimposed tissue and therefore may only be
visible on tomosynthesis. Such findings are so common, but
fortunately, because tomosynthesis can clearly depict the reni-
form shape, circumscribed margins, and central hilar fat, most
newly seen lymph nodes can be easily dismissed as benign.

For dominant, new, or growing lesions presumed to be lymph
nodes, additional imaging may be required. Ultrasound is most
frequently used for further assessment. For an intramammary
or axillary lymph node to be classified as a benign finding, it
should have a thin, uniform hypoechoic cortex with minimal
vascularity and a fatty (echogenic) hilum. Suspicious lymph
nodes may demonstrate a diffuse or focally thickened cortex, as
well as increased peripheral vascularity and/or a small or absent
fatty hilum. Upon identification of such nodes, the remainder
of the breast should be carefully examined for any suspicious
breast masses that could be the primary source of malignant
adenopathy. Ultrasound-guided biopsy can provide additional
information about the etiology of suspicious lymphadenopathy
if a suspicious associated mass is not found or to help to docu-
ment disease extent.

Lipomas and Hamartomas

Tomosynthesis nicely illustrates the encapsulated appear-
ance of lipomas. These masses may have been considered
to be part of a patient’s parenchymal pattern on 2D mam-
mography alone rather than a discrete mass. The improved
detection of lipomas and hamartomas with tomosynthesis
is particularly helpful when these benign masses correspond
to a palpable lump. Likewise, if a lipoma or hamartoma is

initially detected by ultrasound, because these may be occult
by 2D mammography, tomosynthesis can more clearly depict
the corresponding mammographic correlate (Fig. 8.9).

Hamartomas, or fibroadenolipomas, are a pseudo-encap-
sulated collection of normal breast tissue components. They
may present on 2D mamography as an asymmetry because the
fine pseudocapsule at the periphery cannot always be easily
visualized. Sometimes such lesions, when large, actually cause
displacement of the adjacent surrounding tissue, resulting in
asymmetric tissue that may be questioned on 2D mammog-
raphy, only to result in no discrete mammographic or sono-
graphic finding found after further work-up. In such a case
tomosynthesis may reveal previously unsuspected hamartomas
(Fig. 8.10). Correctly recognizing tissue findings as hamartomas
thus precludes unnecessary work-up or follow-up.

Galactocele and Lactational Changes

A galactocele is a benign milk-filled cyst that is seen in women
around the time of lactation. The classic presentation is a breast-
feeding woman with a palpable mass. Mammography typically
demonstrates a fat-fluid level within a mass on the true lateral view.
'The fat-fluid level will be more likely to be appreciated on tomosyn-
thesis than 2D imaging when it lies within dense tissue (Fig. 8.11).

Lactational changes on tomosynthesis are similar to those
on 2D mammography with a characteristic diffuse increase in
breast parenchymal density and breast enlargement.

Other Benign Lesions

Duct Ectasia

'The retroareolar region has enhanced visualization on tomo-
synthesis compared with 2D mammography. Unilateral or
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FIG. 8.9 Lipoma. (A) A 58-year-old woman presents for screening breast ultrasound, which demonstrates a benign-appearing
isoechoic mass in the right breast at the 6-0'clock position. (B) A corresponding fat-containing mass with a thin capsule (circles) is
best seen on tomosynthesis images of her preceding screening mammogram, consistent with benign lipoma. BI-RADS 2.

FIG. 8.10 Hamartoma. A 42-year-old woman presents for screening. Me-
diolateral oblique (left) and craniocaudal (right) tomosynthesis views nicely
demonstrate a hamartoma in the upper outer left breast within extremely
dense tissue. The characteristic pseudocapsule is well seen on tomosynthesis,
and the mass demonstrates the classic breast within a breast appearance.
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FIG. 8.11 Galactocele. A 37-year-old woman, 3 months postpartum and recently breast-feeding, presents with a palpa-
ble lump in her right breast. Mediolateral oblique views in two-dimensional (2D) imaging (A) and tomosynthesis (B) and
craniocaudal views in 2D imaging (C) and tomosynthesis (D) demonstrate extremely dense breast tissue. A mass is seen in
the right breast at the 4-o'clock position, corresponding to the area of palpable concern. Tomosynthesis images more clearly
demonstrate lucency within the mass (circle). (E) Ultrasound demonstrates a fat-fluid level within the mass, compatible with a
galactocele. The patient opted for ultrasound-guided aspiration, which yielded milky fluid and complete resolution of the mass.

new duct ectasia in symptomatic or asymptomatic patients
should be evaluated with targeted ultrasound for any asso-
ciated masses or intraductal lesions. In the absence of other
associated signs of malignancy, such as clear or bloody nipple
discharge, suspicious mass, suspicious calcifications, or archi-
tectural distortion, duct ectasia is usually due to benign causes

(Fig. 8.12).

Abscess

Abscesses can be indistinguishable from a solid breast mass on
2D mammography or tomosynthesis. They may demonstrate
indistinct or spiculated margins, contain air, and have associated
skin and trabecular thickening. Although patients frequently
have symptoms that clinically suggest infection, an ultrasound
is usually recommended for additional evaluation to exclude a
suspicious solid mass, define the extent of the fluid collection,
and to potentially plan for ultrasound-guided abscess drainage
(Fig. 8.13).

Seromas and Hematomas

Seromas and hematomas are frequently observed at lumpec-
tomy sites. These fluid-filled masses tend to contract with
time, although seromas can remain stable for years. These
lesions rarely present imaging difficulties when stable and at
the expected surgical site. However, some seromas and hema-
tomas can be worrisome for the patient, particularly if present-
ing as a new palpable mass. Although most cases are managed
clinically, imaging is sometimes requested to differentiate
a postoperative fluid collection from a palpable malignancy.
Tomosynthesis can demonstrate these lesions with better defi-
nition than 2D imaging. Given that seromas and hematomas
are frequently within an area of postoperative change, a vari-
able amount of tissue distortion, increased density, and spicu-
lation can be expected. Sonographic evaluation, in conjunction
with tomosynthesis, is helpful to exclude a solid mass. Addi-
tional discussion of postoperative collections can be found in

Chapter 12.
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FIG. 8.12 Duct ectasia. A 45-year-old woman with heterogeneously dense breast tissue presented for routine screening.
(A) Tomosynthesis views demonstrate multiple dilated ducts and associated intraductal densities bilaterally, which were not appreci-
ated on two-dimensional imaging. Screening ultrasound performed concurrently demonstrates multiple dilated ducts containing echo-
genic debris without associated internal vascularity. In this asymptomatic patient, continued routine screening was recommended.

Tomo MLO : Tomo CC

FIG. 8.13 Breast abscess. A 64-year-old female smoker presented with left breast pain and a history of left breast infection 1
year prior. A mass with indistinct margins is seen in the left retroareolar region on tomosynthesis (ovals) in mediolateral oblique
(A) and craniocaudal (B) projections. (C) Targeted ultrasound demonstrates a fluid collection of mixed echogenicity. The patient
underwent ultrasound-guided aspiration, which showed gram-positive cocci in pairs on Gram stain.
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FIG. 8.14 Excisional biopsy scar. Tomosynthesis images in mediolateral oblique (A) and craniocaudal (B) projection demon-
strate architectural distortion in the upper-outer left breast on the patient’s first screening mammogram performed with tomosyn-
thesis. The patient was given a Breast Imaging Reporting and Data System (BI-RADS) of 0. When the patient returned for diagnostic
mammography, she reported that she had a remote history of a benign excisional biopsy. A faint scar was noted on the left breast
after she reported this history. 2D mediolateral oblique (C) and craniocaudal (D) views were stable compared with prior exams.

BI-RADS 2.

Architectural Distortion

Architectural distortion is commonly encountered on tomo-
synthesis, more so than on 2D mammography alone. Most
architectural distortions detected on tomosynthesis are sec-
ondary to postsurgical scarring related to excisional biopsy,
reduction mammoplasty, or lumpectomy and can be dis-
missed as benign. Because architectural distortion can also
be due to malignancy, thorough correlation and assessment
are necessary. It is important to obtain a history of any prior
breast biopsies or surgeries at the time of mammography
and to have the technologist note any scars (Fig. 8.14). Scar
markers are generally not required on the breast when per-
forming tomosynthesis if the location of scars is noted on
the patient history form. Scar markers can cause ghosting
artifacts on out-of-plane tomosynthesis slices, which can be
distracting. Further discussion of postoperative scars can be
found in Chapter 12.

Other benign causes of architectural distortion on
tomosynthesis also include radial scars or complex scleros-
ing lesions. Architectural distortions are better visualized
with tomosynthesis compared with 2D mammography, and
increased detection of these distortions may present chal-
lenges, particularly if only seen on tomosynthesis and not
identified on targeted ultrasound. Although many of these
lesions are benign, an association of radial sclerosing lesions
with malignancy has been reported in the past, which makes
management more complicated. A complete discussion of
benign and malignant architectural distortion is presented

in Chapter 10.

Calcifications

Tomosynthesis is a useful tool in the evaluation of many
breast calcifications. Skin calcifications or simulated calci-
fications due to deodorant artifact are easily localized to the
skin with tomosynthesis. Other benign calcifications may be

more confidently assessed with tomosynthesis as well. Tomo-
synthesis may help characterize calcifications secondary to
fat necrosis earlier than on 2D mammography alone. Tomo-
synthesis images may depict a central, round, low-density
structure representing the oil cyst. Associated calcifications
will be seen outlining this low-density area, suggesting that
they are due to fat necrosis or a developing oil cyst (Fig.
8.15). This can be especially helpful for patients with a his-
tory of prior surgery or trauma to the breast because these
patients are most prone to developing calcifications related
to fat necrosis. In the correct setting, these calcifications may
be assessed as BI-RADS 2 or 3.

Linear calcifications may be secretory or vascular in etiol-
ogy. Although the smooth rodlike calcifications characteris-
tic of secretory calcifications are relatively easy to diagnose
on 2D mammography, early vascular calcifications may be
better characterized on tomosynthesis when the underly-
ing vessel is seen in association with the calcifications in
question.

Characterizing Benign Findings by Multimodality

Work-Up

Many patients undergo screening breast ultrasound due to
dense breast tissue on mammograms. At the time of ultra-
sound, a mass may be discovered that was not previously
noted mammographically. Close scrutiny of the tomo-
synthesis images in the area of sonographic concern may
reveal a mammographic correlate that in retrospect is stable,
thereby eliminating the need for possible biopsy or follow-
up. Likewise, in a patient with findings on MRI, it is fre-
quently helpful to include a diagnostic mammogram with
tomosynthesis along with ultrasound as part of the second-
look evaluation. Such evaluations are further discussed in

Chapter 11.
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FIG. 8.15 Evolving fat necrosis. (A) Craniocaudal (CC) views in 2D imaging (left) and tomosynthesis (right) demonstrate fat
necrosis in the lumpectomy bed (circle) in this woman with a history of invasive lobular carcinoma 3 years prior. (B) Three subsequent
annual tomosynthesis images in CC projection demonstrate increasing calcifications in the lumpectomy bed, compatible with evolving
fat necrosis.

Benign findings, including asymmetries, masses, calcifications,
and architectural distortion, are often better visualized and
more frequently encountered on tomosynthesis. Asymmetries,
especially one-view asymmetries, can frequently be attributed
to superimposed breast tissue with the use of tomosynthesis.
Benign masses, such as intramammary nodes or cysts with
layering milk of calcium, may show a classic benign appear-
ance, best characterized on tomosynthesis views. In other cases,

such as postoperative scars, a correlation with patient history
is essential. Some patients who ultimately have benign find-
ings on mammography may still require recall for diagnostic
evaluation. In these cases ultrasound is useful for further char-
acterization either alone or in conjunction with tomosynthesis.
With experience, the radiologist will become more comfort-
able in assessing benign findings by tomosynthesis, resulting in
decreased recall rates and use of fewer mammographic views in
the diagnostic setting while maintaining sensitivity and cancer
detection.
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The ultimate goal of any new breast imaging modality is to
decrease mortality from breast cancer by improving breast can-
cer detection and diagnosis. Worldwide there are more than 1.5
million new cases of invasive breast cancer diagnosed each year.
Among women in the United States an estimated 231,840 new
cases are expected to be diagnosed each year and more than
40,000 women are expected to die of the disease. In addition, an
estimated 50,000 new cases of ductal carcinoma in situ (DCIS)
are also expected to be diagnosed. Early detection and diagnosis
of both invasive breast cancer and DCIS increase less aggressive
treatment options and save lives.

Despite all the many advantages that two-dimensional
(2D) full-field digital mammography (FFDM) provides, the
problem of breast density and heterogeneous complex breast
parenchymal patterns masking underlying breast cancer has
remained a persistent limitation of mammography due to
both false-positive and false-negative results. Tomosynthe-
sis is another significant leap forward, providing an imaging
technology that can overcome the limitations of overlapping
dense breast tissue, helping to uncover and detect more breast
cancers.

Tomo MLO

Paul H. Levesque | Regina J. Hooley

Ductal Carcinoma In Situ

DCIS is confined to the breast ducts without invasion of the
basement membrane and accounts for 25% to 33% of all screen-
detected malignancies. The classic mammographic appearance
of DCIS includes fine branching, heterogeneous, and/or pleo-
morphic calcifications in a grouped, segmental, or linear distri-
bution, typically conforming to the path of the branching breast
ducts. However, up to 20% of DCIS may also present as a focal
mass with or without associated microcalcifications (Figs. 9.1
and 9.2). Moreover, in cases of DCIS presenting primarily as
microcalcifications, tomosynthesis may identify a subtle asso-
ciated mass representing the invasive component otherwise
occult on conventional 2D mammography alone. Occasionally
DCIS may present as a subtle architectural distortion, which
may only be seen on tomosynthesis (Fig. 9.3).

Magnification views cannot be performed with tomosyn-
thesis and in most cases of suspicious calcifications will still
be required. However, some microcalcifications associated
with DCIS may be better or equally well seen on tomosyn-
thesis compared with 2D mammography. This is especially

/ Tomo CC

FIG. 9.1 DCIS presenting as a focal mass. A 53-year-old woman presents with a palpable mass in the right inferior breast.
Diagnostic mammography reveals no corresponding mass in the region of palpable concern; however, an oval mass is seen in the right
lateral breast at the 9-0'clock position on both 2D imaging and tomosynthesis (arrows).

88



CHAPTER 9  Malignant Findings 89

Tomo CC

FIG. 9.2 Inthe same patient from Fig. 9.1, close-up views of standard craniocaudal 2D and tomosynthesis views show circumscribed
margins better defined on tomosynthesis. Targeted ultrasound confirms an oval circumscribed mass. Ultrasound-guided core needle
biopsy yielded intraductal papilloma with atypical ductal hyperplasia, upgraded at surgery to grade 1 to 2 DCIS, ER/PR+.

Tomo MLO
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FIG. 9.3 DCIS presenting as architectural distortion. (A) Diagnostic mammogram in a 67-year-old woman with a palpable
mass in the left breast. Tomosynthesis reveals a subtle architectural distortion in the right breast at the 12-0’clock position, not seen
on two-dimensional images (arrows). There were no other mammographic findings. (B) Targeted ultrasound reveals a corresponding
subtle hypoechoic mass with indistinct margins and an antiparallel orientation (circle), BI-RADS 4C. Ultrasound-guided core needle
biopsy and surgical excision yielded DCIS, grade 2 to 3 with necrosis, ER+/PR—.
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true if coarse and heterogeneous calcifications are predomi-
nately located within the same plane as the tomosynthesis
slice (Fig. 9.4). However, more often, microcalcifications are
distributed beyond a single tomosynthesis slice, and it can
be challenging to see the whole picture across the multiple
slices. Out-of-plane coarse calcifications may also produce
a distracting “ghosting” artifact on tomosynthesis. Finally,
subtle and fine microcalcifications may be seen on 2D mam-
mography alone and not seen at all on tomosynthesis. As a
result, magnification views are still often helpful for complete
evaluation to capture the entire group on a single 2D image
and also to detect additional subtle calcifications not readily
appreciated on the original 2D or tomosynthesis mammo-
gram (Fig. 9.5).

Some of the limitations of tomosynthesis in evaluation of
microcalcifications can potentially be overcome by using the
“slabbing” technique, in which the reconstructed slice thickness
is increased using the tomosynthesis slider bar or by combining
multiple tomosynthesis slices on the projection image (Fig. 9.6).
Synthesized tomosynthesis may allow for improved visualiza-
tion of some malignant calcifications, although more studies are
needed to determine the future utility of synthesized tomosyn-
thesis images in lieu of 2D magnification. Currently, whether
microcalcifications are clustered, segmental, or regionally dis-
tributed, magnification views are easy to obtain and can provide

the diagnostic confidence required when searching for fine
or subtle suspicious microcalcifications and determining the
final Breast Imaging Reporting and Data System (BI-RADS)

assessment.

Invasive Carcinoma

Invasive Ductal and Lobular Carcinoma

Approximately 80% of all breast cancer is infiltrating duc-
tal carcinoma, and 10% of invasive breast cancer is lobular.
Although both invasive ductal and lobular carcinoma com-
monly present as a hyperdense or isodense mass with irregu-
lar shape and spiculated and/or indistinct margins, invasive
lobular cancer is more likely than invasive ductal cancer to
present as an architectural distortion or a developing asym-
metry. Both invasive ductal and lobular carcinoma may also
present with suspicious calcifications, with or without an
associated mass.

Tomosynthesis can more easily detect invasive tumors
compared with 2D mammography, including tumors that are
occult on 2D mammography alone. Standard tomosynthesis
craniocaudal (CC) and mediolateral oblique (MLO) views
also provide exquisite visualization of mass margins, obviat-
ing the need for spot compression views. This is particularly

Tomo MLO

FIG. 9.4 Malignant microcalcifications on 2D and tomosynthesis. (A) Screening mam-
mogram in a 55-year-old woman shows new suspicious heterogeneous calcifications in a segmen-
tal distribution in the left upper-outer quadrant (arrow). The calcifications, including anterior fine
calcifications (short arrow), are better seen on both the synthesized tomosynthesis view and single
tomosynthesis slice compared with the 2D mammogram. (B) The microcalcifications are also seen
on the 2D magnification view (arrows), although in this case the added information did not change
management. Stereotactic core needle biopsy and surgical excision yielded ductal carcinoma in situ
with microinvasion, grade 2 to 3, ER/PR+.
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FIG. 9.5 Fine malignant microcalcifications seen only on 2D mammography. Screening mammography in a 70-year-old
woman reveals a small subtle group of new calcifications seen on 2D imaging and not tomosynthesis (not shown). Spot magnifica-
tion reveals predominately fine, round microcalcifications (arrows). Stereotactic core needle biopsy and surgical excision yielded ductal

carcinoma in situ, grade 1 to 2, ER/PR+.

Tomo MLO

Tomo MLO

FIG. 9.6 Better visualization of malignant calcifications on tomosynthesis using the slabbing technique. (A) Suspi-
cious heterogeneous microcalcifications in a linear distribution seen on screening mammography in a 70-year-old woman. The calcifi-
cations are slightly better seen on tomosynthesis (arrows). (B) 2D 90-degree lateral (ML) magnification reveals additional fine inferior
and posterior calcifications (arrows). (C) By applying the slabbing technique to the original tomosynthesis image and widening the
slice thickness to 10 mm using the slider bar, the additional microcalcifications are also visualized (arrows).
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true in women with scattered fibroglandular, heterogeneously
dense, or extremely dense breast tissue (Fig. 9.7). The margins
of a lesion surrounded by fatty breast tissue are often well seen
on 2D mammography, and the added value of tomosynthesis
in margin analysis is more limited but may still be useful (Fig.
9.8). Invasive cancers frequently present with spiculated mar-
gins, and these spicules can be very pronounced and elongated
on tomosynthesis regardless of breast density. Although some
spiculations may include tumor cells, they can also be second-
ary to fibrosis. Therefore, including long spicules in the overall
tumor measurement often leads to an overestimation in size.

TOMO TIP [ Malignant spiculations may be secondary to tumor cells or
fibrosis. Including the full extent of the radiating fine spicules in the mam-
mographic tumor measurement usually results in significant size overesti-
mation of the tumor extent and should be avoided.

If a lesion is surrounded by dense breast tissue, the margins
may still be partially or completely obscured despite viewing
in thin tomosynthesis slices. In these cases the cancer may be
very subtle even on tomosynthesis. It is important to be metic-
ulous and methodical while interpreting the mammogram
and look carefully at each tomosynthesis slice because some

cancers—even large ones—with irregular margins may blend
into the surrounding tissue and as a result may only be identi-
fied on a single tomosynthesis slice. In these cases the border of
a mass may not be evident; however, it is important to look very
carefully for associated signs of the presence of a malignancy,
most often architectural distortion. This may manifest as very
subtle fine spiculations at the site of the malignancy, with longer
fine spiculations radiating out into the adjacent parenchyma.
Despite the ability of tomosynthesis to increase lesion conspicu-
ity, some breast cancers can still be occult or very subtle on tomo-
synthesis. These tomosynthesis-occult cancers usually are associated
with dense breast tissue but may also occur in mammograms with
scattered fibroglandular tissue. Why is it that a mass surrounded by
dense breast tissue can be imperceptible even with the advantages
of tomosynthesis imaging? If a mass is completely surrounded by
breast tissue, no matter how thin the tissue slices are on tomosyn-
thesis, the contrast between the mass and adjacent tissue may not
be sufficiently different to clearly define a perceptible border. This

can render the lesion occult even on tomosynthesis (Fig. 9.9).

TOMO TIP | Inlpatients with dense fibroglandular tissue, the malig-
nant mass may blend in with adjacent tissues. If there is an absence of
architectural distortion and a lack of sufficient contrast to define the mass
margins, a malignant lesion may be occult to tomosynthesis imaging.

FIG. 9.7 2D occult infiltrating ductal cancer in scattered fibroglandular breast tissue. (A) Close-up views of a screening
mammogram in a 57-year-old woman demonstrates a small spiculated mass in the right lower-inner quadrant that is obvious on to-
mosynthesis (arrows) but very subtle on the 2D images. (B) Targeted ultrasound demonstrates a corresponding hypoechoic mass with
indistinct borders, posterior acoustic shadowing, and internal vascularity (arrow). Ultrasound-guided core needle biopsy and surgical
excision yielded infiltrating ductal carcinoma, grade 1, ER/PR+, Her2—.
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FIG. 9.8 Multicentric infiltrating ductal cancer in fatty breast tissue better seen with tomosynthesis. (A) 2D mammo-
gram in a 79-year-old woman shows three distinct masses in the right breast (numbered). Mass 3 is associated with a biopsy marker
clip and is benign. (B) Comparison of close-up 2D and tomosynthesis MLO views show the subtle spiculated margins associated with
masses 1 and 2 are much more obvious on tomosynthesis. In this case additional spot compression views were unnecessary. (C)
Targeted ultrasound reveals corresponding suspicious solid hypoechoic masses. Mass 1 is oval with angular and indistinct margins,
whereas mass 2 is irregularly shaped with indistinct margins. Ultrasound-guided core needle biopsy at both sites yielded infiltrating
ductal carcinoma, grade 2, ER/PR+, Her2—, Ki67 = 5%. The patient underwent right partial mastectomy.
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FIG. 9.9 Tomosynthesis occult cancer. (A) Baseline mammogram in a 42-year-old woman with a new palpable mass in the right
upper-outer breast shows dense breast tissue without evidence of any abnormality. (B) Targeted ultrasound in the region of palpable
concern reveals a highly suspicious isoechoic mass with indistinct borders. Ultrasound-guided core needle biopsy and surgical excision

yielded infiltrating ductal carcinoma, grade 2, ER/PR+, Her2—, 1+/4 SLN.
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FIG. 9.10 Circumscribed mucinous cancer. (A) Oval mass (arrow) in the left lateral breast seen best on the 2D CC view in an

80-year-old woman. Although not clearly identified on the MLO view, it is located centrally (circle). (B) Tomosynthesis demonstrates
predominately circumscribed margins (arrow) on the CC view, best seen on a centrally located slice. The mass is located in the central
breast on the MLO view (circle), although the margins are obscured even on tomosynthesis. (C) Targeted ultrasound reveals an
oval, mixed echogenic complex mass with cystic components (arrows), BI-RADS 4B. Ultrasound-guided core needle biopsy yielded
mucinous infiltrating ductal carcinoma, grade 1, ER/PR+, Her2—, 0/1 SLN.

Occasionally an invasive cancer may appear predominately
circumscribed on mammography. The classic appearance of the
well-differentiated subtypes of invasive ductal cancers, includ-
ing mucinous, medullary, and papillary cancers, is a round or
oval mass with circumscribed or indistinct margins, often mim-
icking the appearance of a benign fibroadenoma or compli-
cated cyst on both mammography and ultrasound (Fig. 9.10).
Although invasive ductal carcinoma (IDC), not otherwise
specified (NOS) most commonly presents as an irregular mass
with indistinct or spiculated margins, it can occasionally also
appear as a partially circumscribed mass, particularly the more
aggressive types that produce pushing borders. This is especially
important to remember because compared with low-grade
invasive cancers and cancers detected in average-risk women,
high-grade IDC and cancers in very high-risk women will
more frequently present as an apparent circumscribed mass on
mammography (Fig. 9.11).

If a malignant mass appears to be circumscribed on 2D
mammography, tomosynthesis will often reveal a subtle spicula-
tion or partially indistinct or lobulated margin that is not appar-
ent on 2D imaging. Careful assessment of all margins of a mass
in both standard projections is important to fully characterize
it. True circumscribed margins are much less common with

tomosynthesis. Nevertheless, the appearance of circumscribed
margins even on tomosynthesis should not be misinterpreted
as benign, or probably benign, until the mass has been fully
worked up and characterized, usually with ultrasound. Further-
more, some high-grade circumscribed cancers may also appear
cystic with posterior acoustic enhancement and few internal
echoes on ultrasound, so careful scanning including color Dop-
pler interrogation is necessary to ensure a cancer is not dis-
missed as benign.

Architectural distortion is more easily recognized on tomo-
synthesis than 2D mammography and can have a variable pre-
sentation. Malignant architectural distortion may be occult on
2D mammography and be very obvious or very subtle on tomo-
synthesis (Fig. 9.12). Etiologies include IDC (NOS), well-
differentiated tubular carcinoma, invasive lobular carcinoma, or
DCIS, although benign pathology including radial scar, post-
operative scar, and fibrosis may also have a similar appearance.

Although many invasive breast cancers present as a high-
density or isodense solid mass, they may also present as a low-
density, fat-containing lesion on tomosynthesis. Because of
the thin slices and less tissue overlap, intralesional fat is much
more obvious on tomosynthesis compared with conventional
2D mammography. Although some cancers with intralesional
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F/U Tomo CC

FIG. 9.11 Circumscribed high-grade invasive ductal cancer. (A) Screening mammogram in a 56-year-old woman demon-
strates an oval, 5-mm mass in the left breast, with circumscribed margins on tomosynthesis and assessed as BI-RADS 3, probably
benign. The mass appeared more prominent and slightly larger at a 6-month follow-up, with subtle lobulated margins and two spicu-
lations (arrows). (B) Targeted ultrasound shows a corresponding isoechoic vertically oriented mass (arrow) with indistinct margins.
Ultrasound-guided core needle biopsy and surgical excision yielded invasive ductal carcinoma, grade 3, ER/PR+, Her2—, 0/1SLN.

fat may still maintain overall high mammographic density,
some cancers with intralesional fat will appear much less dense
than typically encountered on conventional 2D mammogra-
phy. Low-grade cancers may be more likely to contain more
entrapped fat compared with high-grade cancers. Therefore the
presence of fat within a lesion, even if the lesion itself is not
dense, should not be interpreted as a definitive indication of
benignancy. Most benign, encapsulated, fat-containing lesions
(lipoma, hamartoma, galactocele, lipid cysts) are usually readily
recognized by their imaging characteristics. Fat necrosis, often
associated with prior surgery, trauma, or arising spontaneously,
can exhibit widely variable appearance on breast imaging and
can mimic a malignant mass. It is critical to be aware of patient
history. Breast cancer can incorporate fat that is well seen on

tomosynthesis, and fat-containing masses should be thoroughly
evaluated before being dismissed as probably benign or even
benign.

Multifocal and Multicentric Cancer

After a suspicious lesion is found on mammography and needle
biopsy is planned, it is always important to thoroughly review
the remainder of both breasts for any additional subtle lesions.
The frequency of synchronous contralateral breast cancer is 2%
based on conventional 2D mammography plus clinical breast
exam and up to 6% on magnetic resonance imaging (MRI).
Likewise, multiple studies also demonstrate that MRI can
also identify additional disease in the ipsilateral breast in up to
16% of newly diagnosed cancer patients. However, despite this
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FIG. 9.12 Variable appearance of malignant architectural distortion on tomosynthesis. (A) Architectural distortion (cir-
cles) associated with a small mass and round microcalcifications seen only on tomosynthesis. Ultrasound demonstrates an isoechoic
mass with angular margins internal vascularity (arrow) and posterior acoustic enhancement. Pathology at ultrasound-guided CNB
and excision yielded infiltrating ductal carcinoma, grade 3, ER/PR+, Her2—, 0/2 SLN. (B) A subtle screening detected architectural
distortion initially seen on the 2D CC view and very obvious on tomosynthesis (circles). Targeted ultrasound shows a corresponding
hypoechoic mass with an antiparallel orientation, indistinct margins, and posterior acoustic shadowing. Ultrasound-guided CNB and
excision yielded invasive tubular carcinoma, grade 1, ER/PR+. Her2—, 0/1 SLN. (C) Subtle screening detected architectural distortion
not clearly evident on CC 2D images is seen on a single CC tomosynthesis slice (circle) in the right medial breast. A corresponding
hypoechoic mass with an antiparallel orientation and indistinct margins is found on targeted ultrasound (arrow). Ultrasound-guided
CNB yielded infiltrating lobular carcinoma, grade 2, ER/PR+, Her2—, Ki67 = 5%, 1+/7 SLN.
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proven increased cancer yield, performing MRI to evaluate the
extent of disease in newly diagnosed breast cancer patients is
controversial and practice-dependent, mostly due to concerns
regarding overall benefit in regard to reexcision rates, recur-
rence, and long-term survival. In addition, false-positive MRI
results can delay definitive surgery and treatment, resulting in
increased patient anxiety.

Tomosynthesis is probably not as sensitive as MRI in the
detection of multifocal, multicentric, and/or contralateral disease.
However, early studies show that in comparison with 2D FFDM
alone, tomosynthesis can increase the detection of additional
cancers in women with newly diagnosed breast cancer by 10%
(Fig. 9.13). Tomosynthesis is efficient in this clinical setting as
it can be performed at the same time as the diagnostic mam-
mogram, requires little additional time and cost, and does not
require intravenous contrast injection. By increasing the ability
to detect multifocal and multicentric, and/or synchronous bilat-
eral tumors, tomosynthesis can enhance surgical planning and

staging particularly in centers that do not routinely perform stag-
ing MRI. In addition, contrast-enhanced tomosynthesis is also a
potential tool that may be comparable with MRI in assessment
of disease extent, but further study is needed.

Tomosynthesis can also be useful in women with newly diag-
nosed breast cancer initially detected with 2D mammography
and/or ultrasound who also undergo staging MRI. When a suspi-
cious lesion is detected on MRI, ultrasound is often performed to
identify the lesion and guide biopsy. In a study by Mariscotti et al.
64% of MRI-suspicious lesions not identified on MRI-directed
ultrasound were found on tomosynthesis. Furthermore, the clini-
cal utility of tomosynthesis added to 2D mammography and
whole breast ultrasound in the preoperative assessment of newly
diagnosed breast cancer patients may be comparable to MRI.
The benefit of tomosynthesis in this clinical setting is evolving
and more studies are needed to compare the detection rate of
additional synchronous cancers on tomosynthesis compared with
conventional 2D mammography, ultrasound, and MRI.

FIG. 9.13 Multifocal breast cancer detected on tomosynthesis.
(A) Right mediolateral oblique views in a 54-year-old woman presenting
for screening mammography. An architectural distortion is seen in the up-
per breast on two-dimensional imaging but better seen on tomosynthesis
(arrows). (B) Two additional areas of architectural distortion are seen on a
separate tomosynthesis slice (arrows). (C) A mass at the 12-0'clock position
was seen on targeted ultrasound, corresponding to architectural distortion
seen in (A). Two additional masses (not shown) were also identified on ul-
trasound. Ultrasound core needle biopsy (two largest masses) = infiltrating
ductal carcinoma, grade 2 to 3, ER/PR+, Her2—, 1+/2 SLN. The patient un-
derwent mastectomy.
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FIG. 9.14 Metastatic disease to the breast. A 61-year-old woman with normal mammogram 2 months previously. She noted
a new lump and spontaneous large bruise on her left breast. (A) Craniocaudal two-dimensional and tomosynthesis views demon-
strate a lobulated mass corresponding to the clinical findings (arrows). (B) Ultrasound demonstrates a corresponding complex solid,
multicystic mass with several adjacent additional hypoechoic lesions. Ultrasound core needle bopsy yielded metastatic melanoma.

Advanced Breast Cancer
Women with either locally advanced breast cancer (LABC) or

inflammatory breast cancer may present with skin thickening,
nipple changes, and axillary lymph adenopathy. These clinical find-
ings may mimic an infectious process, such as mastitis and abscess.
In most cases of LABC the underlying malignant mass is obvi-
ous on 2D mammography and ultrasound. However, in cases of
inflammatory breast cancer the underlying mass may be occult on
2D mammography. The added value of tomosynthesis is to poten-
tially find the subtle associated cancer and/or additional lesions
and to direct the targeted ultrasound, as well as to facilitate core
needle biopsy, thereby also facilitating accurate diagnosis. Despite
the increased sensitivity of tomosynthesis, breast MRI is still usu-
ally necessary in patients with a diagnosis of inflammatory breast
cancer. Not only is a mammographically occult index lesion usually
identified on MRI, but also the extent of disease can be most accu-
rately assessed particularly if neoadjuvant chemotherapy is planned
prior to breast-conserving therapy or mastectomy.

Metastases to the breast are not common but can occur in
patients with advanced melanoma, ovarian, or lung cancer.
These masses usually present as a solitary mass, which may
appear circumscribed and benign, even on tomosynthesis. Clin-
ical history is always important, and any new benign-appearing
mass in patients with a history of other cancer—even if cystic
on ultrasound—should be considered suspicious (Fig. 9.14).
Metastatic adenopathy in an abnormal axillary or intramam-
mary lymph node is an uncommon presentation of malignancy
on mammography in women without a history of lymphoma or
leukemia. Adenocarcinoma from sites other than breast rarely
present as isolated unilateral axillary metastases, and usually
the primary is a mammographically occult breast carcinoma.
Regardless of etiology, ultrasound evaluation of the abnormal
lymph node can aid lymph node assessment and guide biopsy.
When lymph node biopsy reveals a breast cancer that is occult
on 2D mammography and ultrasound, MRI is typically per-
formed to help identify the primary breast cancer. Tomosynthe-
sis may also detect the occult malignancy, although the accuracy
of tomosynthesis compared with MRI in this clinical setting

is not yet established. The overall sensitivity of MRI is 50% to
86%, and similar to cases of mammographic and ultrasound
occult inflammatory breast cancer, MRI is indicated if no sus-
picious mass is seen on the initial tomosynthesis work-up.

In patients presenting with metastatic breast cancer beyond
the axilla, mammography is often ordered to identify an
otherwise occult breast cancer. Women with metastatic but
undiagnosed breast cancer most often present with bone, lung,
liver, ovarian, and brain metastases. Mammography is usually
performed as part of the metastatic work-up, and in the case of
an invasive primary breast cancer, tomosynthesis may improve

both detection and lesion characterization compared with 2D
FFDM alone.

Tomosynthesis can significantly improve cancer detection
and increase specificity of mammography by eliminating
the masking effect of overlying tissue summation and also
allowing superior visualization of mass margins. Currently,
tomosynthesis may not provide a substantial benefit in the
evaluation of microcalcifications compared with magnifi-
cation views and conventional 2D mammography. Future
technical advances will likely result in improvements in the
visualization and characterization of malignant microcalcifi-
cations using tomosynthesis.

When a cancer is discovered, tomosynthesis can also help to
reveal additional synchronous disease. Compared with 2D mam-
mography, malignant findings are often better seen on tomosyn-
thesis. The presence of a mass, features of the borders of a mass,
presence of suspicious calcifications, and very importantly pres-
ence of associated architectural distortion with spiculation may be
more clearly revealed. It is also very important to recognize the
limitations of tomosynthesis. The borders of a mass may exhibit
predominately benign features, or the abnormality may be occult
to tomosynthesis imaging. It is always paramount to consider all
of the presenting findings, patient history, and risk factors in inter-
preting mammography with tomosynthesis so that the appropriate
interpretive and management decisions are made, which will ulti-
mately lead to improved overall diagnostic performance of mam-
mography and better outcomes for women.
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With its inherent ability to decrease the masking effect of
overlying fibroglandular tissue, tomosynthesis allows improved
visualization of architectural distortion (AD). While most
breast cancers present on mammography as a suspicious mass
and/or microcalcifications, the third most common mammo-
graphic presentation of nonpalpable breast cancer is AD. It is
an important mammographic finding; AD has been shown to
be a frequent cause of false-negative mammograms, accounting
for 12% to 45% of all missed breast cancers on two-dimensional
(2D) mammography.

Similar to 2D mammography, the conspicuity of AD is quite
variable on tomosynthesis. AD may be a very obvious finding
seen in both mammographic projections and easily identified
on ultrasound, or AD may be a very subtle finding on only a
single tomosynthesis view, not identified on the 2D mammo-
gram—even in retrospect—and not seen on targeted ultrasound.

FIG. 10.1 Benign architectural distor-
tion due to postoperative scar. Screening
mammogram in an 83-year-old woman with a
remote history of benign surgical excision in the
right upper breast with a corresponding post-
operative AD (arrows). Note the fine spicules
radiating from a central point, best seen on the
MLO views.
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Overall, tomosynthesis allows for increased sensitivity in identi-
fication of subtle AD, and it is essential to recognize that tomo-
synthesis-detected AD not seen on 2D mammography can
represent malignancy, with a positive predictive value (PPV') for
biopsy of 44% across several studies; thus it is a finding that
should be given careful consideration.

This chapter will address the practical applications of tomo-
synthesis in the evaluation of AD, including the management
of these lesions seen only on tomosynthesis and potential imag-
ing dilemmas that may arise.

Tomosynthesis Features of Architectural Distortion

AD is defined as distorted parenchyma, often with spic-
ules or tethered Cooper ligaments radiating from a common
point with no obvious associated mass (Fig. 10.1). AD can be




associated with an asymmetry and/or microcalcifications. It is
important to recognize that our understanding of AD to date
has largely been based on 2D mammography, where complete
assessment of lesions is more limited. With tomosynthesis,
AD may be found to be associated with a subtle, low-density
mass. Classic clues used to identify a subtle AD include focal
retraction, distortion, and/or straightening of the tissue along
the fat and parenchymal borders. These findings are usually
more conspicuous on tomosynthesis, thereby increasing mam-
mographic sensitivity and improving lesion characterization
(Fig.10.2).

AD is usually isodense to fibroglandular breast tissue and
can be difficult to recognize on 2D mammography in both
dense and nondense breast tissue. Tomosynthesis can more
clearly depict the radiating spicules, allowing for improved
mammographic sensitivity and specificity in all breast densities
(Fig. 10.3).

When analyzing the tomosynthesis mammogram, it is essen-
tial to scroll slowly through the tomosynthesis stack, focusing
only on a single area of the breast, as the AD may be best seen

Tomo MLO
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on a single view and only be apparent on one or two image
slices. Once the potential AD is identified, scrolling back and
forth just through the level of the suspected AD can help con-
firm that a true lesion exists. By determining the location of the
tomosynthesis slice best demonstrating the AD, the orthogo-
nal view can be carefully scrutinized in order to increase the
likelihood of identifying a subtle AD on both the craniocaudal
(CC) and mediolateral oblique (MLO) projections (Fig. 10.4).
In these cases, identification of nearby landmarks can also assist
in locating a subtle AD on the orthogonal view.

Pathology of Architectural Distortion

When AD is identified, one must always first correlate the
finding with the patient’s surgical history, as the most common
cause of AD is previous surgery, secondary to either benign or
malignant disease. If no surgical history is found, AD is con-
sidered a suspicious finding and malignancy must be excluded.

Malignant etiologies include invasive ductal (IDC) or lob-
ular cancer (ILC). Given that IDC is more common, most

FIG. 10.2 Subtle architectural distortion seen best on
tomosynthesis in heterogeneous breast tissue. (A) Screen-
ing mammogram in a 58-year-old woman with an AD in the up-
per central right breast (arrows), only seen on tomosynthesis. (B)
Targeted ultrasound revealed a corresponding subtle hypoechoic
irregular mass with indistinct margins and posterior acoustic shad-
owing. Ultrasound-guided core needle biopsy = Sclerosing lesion
with atypical ductal hyperplasia. Surgical excision revealed a 6-mm
radial scar with classic lobular neoplasia and fibrocystic changes.
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FIG. 10.3 Architectural distortion initially much bet-
ter visualized on tomosynthesis. (A) Screening mammo-
gram in a 62-year-old woman with scattered fibroglandular
tissue reveals a subtle AD seen only the tomosynthesis MLO
view (circle). On the 2D MLO view, only a corresponding
asymmetry is seen, which could easily be dismissed as nor-
mal fibroglandular tissue. (B and C) Combination 2D and
tomosynthesis spot compression views were obtained, which
demonstrated that the distortion (circles) was most obvious in
the CC view with tomosynthesis. (D) No ultrasound correlate
was found and stereotactic core needle biopsy was performed
in the CC projection utilizing a nearby probable cyst (arrow) as
a guiding landmark. Stereotactic core needle biopsy and exci-
sion = 6 mm grade 1 tubular IDC, ER+, PR—, Her2—, 0/2 SLN.

Scout CC
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Tomo CC

FIG. 10.4 Architectural distortion seen on only one CC slice. (A) Screening mammogram in a 56-year-old woman reveals
a developing asymmetry in the right upper outer quadrant (arrows). (B) Close-up tomosynthesis views reveal an associated AD.
Although the spicules are obvious on the MLO view, they are more subtle on the CC view and only seen on a single tomosynthesis
slice (arrows). Targeted ultrasound shows a corresponding mixed echogenic irregular 2.5 cm mass with posterior acoustic shadowing.
Ultrasound-guided core needle biopsy and excision = IDC, moderately differentiated, ER/PR+. Her2—, 1/2SLN.

malignant AD will represent IDC, including NOS (not oth-
erwise specified) or well-differentiated invasive tubular carci-
noma. ILC traditionally accounts for 5% to 10% of all invasive
breast cancers and can be extremely subtle or occult on 2D
mammography. Early studies indicate that the rate of ILC may
be higher among suspicious AD seen only on tomosynthesis,
thus potentially improving the rate of detection of this invasive
subtype.

Although infrequent, ductal carcinoma in situ (DCIS) may
also present as AD seen only on tomosynthesis. DCIS typically
presents as suspicious linear, branching, and/or pleomorphic
microcalcifications, but has been reported to present as AD on
2D mammography in 2% to 10% of DCIS cases. On tomosyn-
thesis, DCIS may present as a subtle AD with variable density,
with or without associated suspicious microcalcifications (Fig.

10.5).

In addition to postoperative scars and invasive and/or in situ
cancers, other histologies presenting as AD include high-risk
radial sclerosing lesions, atypical ductal hyperplasia (ADH),
atypical lobular hyperplasia (ALH), and lobular carcinoma in
situ (LCIS). Stromal fibrosis, sclerosing adenosis, and rarely
granular cell tumor or breast fibromatosis may also present as an
AD seen only on tomosynthesis. Radial sclerosing lesions, com-
posed of both radial scars and complex sclerosing lesions, may
also present as AD on tomosynthesis and are indistinguish-
able from carcinoma (Fig. 10.6). These lesions are histologically
similar and are unrelated to trauma or prior surgery and may
be secondary to a localized inflammatory reaction and chronic
ischemia. Complex sclerosing lesions are distinguished from a
radial scar by being more complex histologically and generally
greater than 1 cm. Radial sclerosing lesions have been reported
to be associated with atypia and/or malignancy, although the
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FIG. 10.5 Ductal carcinoma in situ presenting as architectural dis-
tortion seen only on tomosynthesis. (A) A 60-year-old woman with
screening detected AD, apparent only on tomosynthesis images (circles).
(B) Targeted ultrasound demonstrates a corresponding hypoechoic, irregu-
lar mass with spiculated margins. Ultrasound-guided core needle biopsy and
surgical excision = DCIS, grade 3, ER+, PR+.

data has been primarily based on 2D mammography. The
understanding of the association of malignancy with radial scle-
rosing lesions found on tomosynthesis is still evolving.

Diagnostic Work-up of Architectural Distortion

In many cases, a suspected AD initially seen on mammography will
represent benign postoperative scar or overlapping fibroglandular
tissue. Postoperative scars typically are more pronounced on one
view compared to the orthogonal view and do not require addi-
tional work-up if there is a correlative biopsy history (Fig. 10.7).

TOMOTIP | Compared to 2D mammography, tomosynthesis can better
identify AD, but cannot distinguish between benign and malignant AD.
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FIG. 10.6 Benign and malignant architectural distortion may look identical on tomosynthesis and ultrasound. (A
and B) MLO views in two separate patients show a subtle AD seen only on tomosynthesis (arrows). In both cases, targeted ultra-
sound reveals a corresponding irregular hypoechoic mass. Ultrasound-guided core needle biopsy = Patient A: 1.8 cm IDC, grade 1,
ER/PR+, Her2+, Ki67 = 3%, 0/1 SLN. Patient B: Complex sclerosing lesion, confirmed with excision.

Assuming the possibility of postoperative scars being
excluded, a suspected AD seen on conventional screening 2D
mammography requires additional diagnostic work-up, includ-
ing—but not limited to—spot compression views and lat-
eral and/or rolled views. However, when performing the 2D

mammogram in combination with tomosynthesis, the tomo-
synthesis images often show that an initially suspected AD is
simply overlapping fibroglandular tissue, thereby eliminating
the need for conventional diagnostic views and avoiding false-
positive screening recalls (Fig. 10.8). Of course, in other cases,
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Tomo CC

FIG. 10.7 Postoperative scar seen only on tomosynthesis mimicking malignancy. Screening mammogram in a 67-year-
old woman reveals an AD seen only on the CC tomosynthesis view in the inner right breast (arrows), best seen on a superiorly located
tomosynthesis slice. This was a “new” mammographic finding, and recall was considered. Fortunately the screening mammogram
was read online before the patient left the department. While the technologist was performing screening dense breast ultrasound,
she noticed a corresponding very faint remote biopsy scar on the skin in the upper inner quadrant and no underlying sonographic
abnormality. The patient had not previously reported this surgical history, and because the 2D mammogram was stable for many
years, the AD and exam was interpreted as BI-RADS 2 and a diagnostic work-up was averted.

Tomo MLO

FIG. 10.8 Normal overlapping tissue mimicking architectural distortion. Close-up of a screening mammogram in a
72-year-old woman reveals a possible area of distortion in the upper breast on the 2D MLO (circle). However, the corresponding
tomosynthesis reveals normal fibroglandular tissue and overlying Cooper ligaments and no evidence of fine spicules (circle), BI-RADS
2. This finding was stable on subsequent yearly follow-up.

tomosynthesis will reveal a true and suspicious malignant AD always necessary? If an AD is initially seen in both 2D and
that will require biopsy. tomosynthesis images, typically the patient can go straight to
When an AD distortion is identified on tomosynthe-  ultrasound and skip the spot compression views (Fig. 10.9).

sis, how should we work it up? Are spot compression views  If an AD is initially only seen on tomosynthesis, especially if



only in one projection, combination (2D+3D) spot compres-
sion views may help determine if the finding is real or not and
where it is located. 2D spots alone are not recommended. In
a study by Partyka et al., there were no cases in which suspi-
cious AD was seen better on diagnostic 2D spot compression
views, compared to standard tomosynthesis views, or seen only
on the diagnostic 2D spot compression views and not seen
at all on tomosynthesis. But done as combination spots, the
2D component can help ascertain that the correct area of the
breast is imaged, and identification on 2D mammography can
also be useful if tomosynthesis-guided biopsy is not available
and routine stereotactic biopsy or needle localization is to be
attempted.

Tomosynthesis spot compression views may be useful for
very subtle AD seen only on tomosynthesis, especially if the
AD is initially seen on a single view. In these cases, overlap-
ping tissue can mimic an AD or obscure an AD, even on the
tomosynthesis views. The added benefit of increased focal

Tomo MLO
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compression to disperse surrounding tissue in combination
with tomosynthesis may provide the clarity necessary to dif-
ferentiate overlapping fibroglandular tissue from a true AD.
It is also important to recognize that it is possible that subtle
malignant AD may not be reproduced even on tomosynthesis
spot compression, similar to the occasional cancer that “spots
away” on 2D spot compression (Fig. 10.10). In many cases,
full-view tomosynthesis rolled CC views or true lateral views
may be more helpful than spot views in further characterizing
AD seen on tomosynthesis.

TOMO TIP | Beware of using spot views for work-up of AD seen on
tomosynthesis. Just as in 2D mammography, malignant AD may not be
reproduced on spot compression views. Full tomosynthesis views and
careful targeted sonography can be more beneficial in determining if a
suspicious finding exists.

Tomo CC

FIG. 10.9 Architectural distortion seen on 2D and tomosynthesis screening mammography. (A) Screening mammo-
gram in a 50-year-old woman demonstrates an AD in the left upper outer breast (arrows), better seen on tomosynthesis. (B) Close-up
CC views show the AD with associated microCa** (arrows) to be very obvious on tomosynthesis, and a diagnostic mammographic
work-up was unnecessary. Targeted ultrasound revealed a corresponding heterogeneous predominately hypoechoic irregular mass
with angular and indistinct margins, plus posterior acoustic shadowing. Ultrasound-guided core needle biopsy and surgical excision

=IDC, grade 1 tubular subtype, ER/PR+, Her2—, 0/1 SLN.
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FIG. 10.10 Two-dimensional spot compression is inferior to tomosynthesis spot compression in evaluation of a
"tomosynthesis only” architectural distortion. (A) Yearly diagnostic mammogram in a 54-year-old woman being followed for
a probably benign finding in the right breast (not shown). A new subtle straightening of the superior fat parenchymal border on the
left 2D MLO (arrow). A corresponding subtle AD is seen on tomosynthesis (curved arrow). (B) Because the AD was subtle even on
the initial tomosynthesis views, spot compression views were obtained. The 2D spot compression view is not useful, as the AD was
only initially seen on tomosynthesis. Tomosynthesis spot compression reveals a very subtle AD, really only seen on the ML (90-degree
lateral) view and not well seen on the CC view (arrows). (C) Targeted ultrasound demonstrates a corresponding irregular isoechoic
mass with indistinct borders and an anti-parallel orientation. Ultrasound guided core needle biopsy and excision = 1.5 cm IDC, grade
1 tubular subtype, ER/PR+. Her2—. Ki67 = 1%, 0/1SLN.



The Role of Ultrasound

Ultrasound (US) plays an important role in the work-up of
suspected AD seen on tomosynthesis. In cases of obvious AD,
the patients can proceed directly to ultrasound. Identification of
a sonographic finding permits better characterization and can
provide efficient biopsy guidance. If no suspicious sonographic
lesion is found, then further work-up with mammography
(tomosynthesis) may be performed (as detailed previously).

In malignant AD, US may reveal a hypoechoic irregu-
larly shaped mass with indistinct, spiculated, and/or angu-
lar margins. For many radial scars and some malignant AD,
the ultrasound findings may be that of a very subtle irregular

Tomo MLO
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isoechoic lesion, which may be identified only by slow and
meticulous scanning over the region of concern. With high-
resolution ultrasound transducers, tethered Cooper ligaments
corresponding to spicules seen on mammography may be
identified. If there is doubt that such a finding represents a
true lesion that corresponds to the subtle tomographic find-
ing, placing a BB marker over the lesion while performing the
ultrasound exam and repeating the mammogram to determine
if the lesions are the same can be very useful (Fig. 10.11). In
addition, if biopsy is performed, deploying a biopsy marker
and performing postbiopsy tomosynthesis mammograms is
the best method to determine if the site of the AD has been
accurately sampled.

FIG. 10.11 A BB marker can be useful in determining if
a subtle ultrasound finding corresponds to a tomosyn-
thesis architectural distortion. (A) 2D screening mammo-
gram (right breast only) in a 67-year-old woman demonstrates
scattered fibroglandular tissue and no suspicious findings. (B)
Close-up corresponding tomosynthesis views reveals a subtle AD
(arrows) in the upper outer quadrant, which is seen only on ret-
rospect on the 2D views where the spiculations are not apparent.
(C) Targeted ultrasound demonstrates a very subtle corresponding
isoechoic mass with associated straightening of adjacent Cooper liga-
ments (arrows) in the right breast at 11 o'clock. A BB marker was placed
over the mass on ultrasound and a spot compression 2D MLO view
confirmed mammography/ultrasound correlation (circle). Ultrasound-
guided core needle biopsy = Lobular carcinoma in situ, grade 3 with
necrosis. Surgical excision = invasive tubular carcinoma (1 cm) associ-
ated with a complex radial sclerosing lesion, ER/PR+/Her2—, 0/2SLN.
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The Role of Magnetic Resonance Imaging

If a suspicious AD is not identified on ultrasound, should an
magentic resonance imaging (MRI) be performed? This deci-
sion is largely dependent on the individual radiologist because
no standard proven protocol exists. A corresponding enhancing
area identified on MRI will increase diagnostic confidence that
a true lesion exists and can provide percutaneous biopsy guid-
ance (Fig. 10.12). As with US, placement of a biopsy marker
clip and performing a postbiopsy mammogram are essential to
ensure that the lesion biopsied on MRI corresponds with the
AD seen on tomosynthesis.

Tomo MLO

FIG. 10.12 Malignant architectural distortion confirmed with magnetic resonance imaging. (A) A 12-month follow-up

Performing a core needle biopsy (CNB) can be helpful if
a diagnosis of cancer is made, but can be more problematic if
pathology returns a radial sclerosing lesion, fibrosis, or benign
breast tissue. The standard of care at many breast centers is to
recommend surgical excision for radial sclerosing lesions, as
the upgrade rate for malignancy of radial scars discovered on
2D mammography is 4% to 12%, but as previously stated, such
management is evolving now that tomosynthesis detects many
more of these lesions than 2D mammography alone.

If no corresponding lesion is seen using the MRI, biopsy
of any suspicious AD may still be considered. The decision to

Tomo CC
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bilateral diagnostic mammogram in a 52-year-old average risk woman being followed for probably benign calcifications in the right
breast (not shown). Tomosynthesis reveals a subtle left AD best seen on the MLO view and thought to be in the upper breast (circles).
Targeted ultrasound was normal. Because the AD was large, a new MRI was recommended. (B) Axial fat-suppressed TTWC+ MRI
revealed two suspicious enhancing lesions in the left breast (arrows). The more posterior lesion was thought to possibly correspond
with the mammographic finding. MRI-directed ultrasound was normal, and MR biopsy was performed. MRI-guided core needle biopsy
posterior lesion = atypical lobular hyperplasia and a radial sclerosing lesion. MRI-guided core needle biopsy anterior lesion = classic
LCIS and sclerosing adenosis. Surgical excision of both sites was performed, revealing the posterior lesion to be a radial sclerosing
lesion and a 9 mm IDC, grade 1, ER/PR+, Her2—, 0/7 SLN. The anterior lesion proved to be benign.



biopsy a subtle but persistent AD seen only on tomosynthesis
can be perplexing, particularly if the 2D mammogram suggests
stability over many years in the region where tomosynthesis
reveals the AD. The negative predictive value of MRI is high,
and it is logical to believe that short-interval follow-up imag-
ing may be an acceptable alternative to biopsy, because many
of these lesions will represent benign radial sclerosing lesions,
focal fibrosis, or even fibrocystic changes, although no scientific
study has proven the efficacy of this approach. For this reason,
some radiologists do not favor MRI in this setting, because a
negative MRI does not always negate biopsy and because of the
possibility that additional incidental benign lesions requiring
additional work-up may be discovered.

Management of Architectural Distortion

A Breast Imaging Reporting and Data System (BI-RADS) 2 or
3 final assessment may be appropriate for selected cases of sus-
pected AD seen on tomosynthesis. A history of remote benign
breast biopsy may be elicited at the time of the diagnostic evalu-
ation that was otherwise forgotten when the screening history
intake form was obtained. If there is any uncertainty that the
scar corresponds to the AD, a BB marker can be placed over
the surgical scar on the skin, and tomosynthesis views can be
obtained to ensure that the scar is in the near vicinity of the AD
and a final BI-RADS 2 assessment can be made. Excluding AD
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due to scars, if very subtle AD does not persist on the diagnostic
work-up, prior 2D images appear stable, and no corresponding
lesion is seen on ultrasound, it would be reasonable that the
patient may return to routine screening or 6-month short inter-
val follow-ups at the discretion of the interpreting radiologist
(Fig.10.13).

If an AD is obvious on tomosynthesis and not related to
postsurgical scarring, management is usually straightforward, as
biopsy is necessary. If a corresponding lesion is seen on ultra-
sound, CNB can be performed. Clip placement and postbiopsy
mammography should be also be obtained to confirm mammo-
graphic/ultrasound correlation.

If no corresponding lesion is seen on ultrasound, MRI can
be considered in select cases, as previously discussed. If a corre-
sponding lesion is seen, MRI-guided CNB can be performed. If
there is no MRI correlate, biopsy could be considered with tomo-
synthesis-guided wire localization/surgical excision or tomosyn-
thesis-guided CNB. Alternatively, tomosynthesis-guided biopsy
can be performed without workup with MRI. Tomosynthesis-
guided biopsy is reviewed in Chapter 14.

Finally, the management of radial scars detected on tomo-
synthesis is evolving. In a small cohort of 36 patients, Freer
et al. demonstrated that 29% of radial scars presenting as AD
seen only on tomosynthesis were associated with malignancy
at surgical excisional biopsy and 52% of the radial scars were
associated with high-risk lesions or malignancy. These findings

FIG. 10.13 Benign irregular asymmetry mimicking an architectural distortion on screening mammography with
tomosynthesis. Baseline screening mammogram in a 43-year-old woman reveals an asymmetry possibly due to an AD (arrows)
in the right upper breast, seen only on the MLO view. Spot compression views show that the asymmetry persists, but there are no
definite fine spicules to suggest a true AD. Targeted ultrasound was normal, and this finding was assessed as BI-RADS 3, likely due
to overlapping tissue, and was stable on mammographic follow-up. In this case, combination spot compression views were useful to
exclude the presence of true spicules associated with a possible AD. The mammographic finding was seen only on the MLO view, and
there were no comparison films, so the irregular asymmetry was likely benign.
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suggest that excision of all radial scars found at tomosynthesis
could be considered. Other authors propose that perhaps aver-
age-risk women with a diagnosis of a radial scar without asso-
ciated atypia on CNB for an AD seen only on tomosynthesis

TOMO TIP
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(+) Biopsy history | (-) Biopsy history
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(+) Suspicious finding

and not found on ultrasound or MRI may be followed and not
surgically excised. Certainly additional research is needed to
establish a standard protocol for evaluation and management of
AD seen only on tomosynthesis.

Proposed algorithm for management of tomosynthesis detected AD.

>> Additional tomo views if necessary, particularly if AD is very subtle
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*The utility of short-interval F/U of tomo only AD has yet to be established.
TStereotactic core needle biopsy (SCNB) can be performed for some lesions
seen only on tomosynthesis if there are nearby landmarks (eg, benign

calcification, lymph node, cysts).

Management algorithm for tomosynthesis-detected architectural distortion (AD). BI-RADS, Breast Imaging Reporting and Data
System; CNB, core needle biopsy; F/U, follow-up; loc, needle localization; mammo, mammography; MR/, magnetic resonance

imaging; tomo, tomosynthesis.

Potential Pitfalls/Complications

Tomosynthesis can depict intralesional fat very well, as it
removes superimposed fibroglandular tissue not in the plane of
focus. As a result, AD may appear as a low-density lesion that
can be easily overlooked by the radiologist, due to either inex-
perience or distraction (Fig. 10.14). It is important to recognize
this feature, as some AD detected on tomosynthesis will be less
dense compared to the same region on the 2D images.

TOMO TIP I Intralesion fat is well seen on tomosynthesis. Cancers
can entrap fat, and therefore a low-density, fat-containing AD may be
malignant.

Because some malignant AD can be very subtle on tomosyn-
thesis, there may be high interobserver variability among radiol-
ogists’ agreement in identifying and recalling AD on screening
mammography. Moreover, not only can it be difficult to differ-
entiate a subtle AD from overlapping dense fibroglandular tis-
sue, but there may be also reader variability in the terminology
used to describe such lesions. For example, a subtle AD may
be described as a spiculated mass or focal asymmetry by one
reader or an AD by another (Fig. 10.15). Fortunately, despite
such differences in terminology, in either case, management is
usually the same.

With any new technology, cancer detection rates are higher
on the first screening round and usually decrease on subse-
quent screening exams, as seen previously with mammogra-

phy and MRI. Numerous early studies showing the benefit of
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FIG. 10.14 False negative tomosynthesis screening mammogram. (A) Screening mammogram in a 46-year-old woman
reveals extremely dense breast tissue and was interpreted as BI-RADS 1. (B) Four months later, the patient had a screening ultrasound
exam that revealed an irregular 1-cm hypoechoic mass with indistinct border (circles). In retrospect, a corresponding AD is seen in the
left upper breast that was present on the prior mammogram (circles). Ultrasound-guided core needle biopsy and excision = 1.2 cm
IDC, grade 2, ER/PR+, Her2—, Ki67 = 10%, 0//1 SLN. The architectural distortion was originally missed on screening, likely due to

interpretation error.

tomosynthesis in regard to increased cancer detection report
only the initial/prevalence screening exam. While early stud-
ies show that more ADs are detected on tomosynthesis, the
overall detection rate may be inflated. Moreover, some cases
of subtle malignant AD—especially those cases where the 2D
mammogram is stable for many years but the lesion is obvious
on tomosynthesis—may be due to low-grade DCIS and inva-
sive well-differentiated tubular cancers, possibly representing

very indolent lesions that may never harm the patient even if
left untreated. The initial elevated cancer detection rate and
potential cases of overdiagnosis/overtreatment may decrease
on subsequent incidence screening rounds. A new AD detected
on subsequent tomosynthesis screening may more likely be
malignant because it is a new finding. As a result, on incidence
screening rounds, the PPV for AD could potentially increase
beyond 40% to 50%, although more studies are needed.
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Conclusion

Tomosynthesis will make subtle AD more conspicuous and
will reveal AD that would otherwise be occult on 2D mam-
mography alone. While the sensitivity of both invasive and in
situ cancer presenting as AD will increase, more radial scleros-
ing lesions will also be diagnosed. Because the PPV for biopsy
of AD seen on tomosynthesis is high, the increase in the diag-
nosis of radial sclerosing lesions and other benign findings
is outweighed by the increase in cancer detection compared
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2D CClcurrent Tomo CC/current
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FIG. 10.15 Architectural distortion versus spiculated mass. (A) Screening mam-
mogram in a 57-year-old woman with an AD in the right lower inner quadrant (circles).
(B) Close-up CC views demonstrate that the AD (arrows) was stable for 3 years; however,
the fine spiculations are most obvious on the tomosynthesis views. A central density is pre-
sent within this lesion, which could also be described as a spiculated mass. (C) Targeted
ultrasound reveals a corresponding irregular hypoechoic mass with angular and indistinct
margins. Ultrasound-guided core needle biopsy and excision = 6 mm IDC, grade 2, ER/PR+,
Her2—, 0/4SLN.

to 2D mammography alone. Surgical history is essential. An
old biopsy scar not apparent for many years on 2D images
may be more obvious and potentially worrisome on tomo-
synthesis because it is perceived as new. If no prior correla-
tive surgical history is found, biopsy should be considered for
most AD detected only on tomosynthesis. Future research is
needed to validate various management protocols and better
define the role of MRI and imaging surveillance instead of
surgical excision, following benign CNB of AD detected on

tomosynthesis.
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Tomosynthesis has revolutionized the practice of mam-
mography. Beyond the reduction of false-positive recalls and
increased cancer detection in screening, tomosynthesis can also
improve the diagnostic workflow. Work-ups are abbreviated
and expedited because fewer additional images are required to
fully characterize lesion morphology and location, thus permit-
ting many women to avoid additional mammographic imag-
ing and proceed directly to ultrasound. At another level the
combination of tomosynthesis information along with find-
ings on ultrasound and/or magnetic resonance imaging (MRI)
can yield a far better diagnostic assessment compared with the
diagnostic accuracy achieved using conventional two-dimen-
sional (2D) mammography alone. The combined information
from these imaging tests allows the breast imager to increase
both sensitivity and specificity of interpretation. The improved
diagnostic assessment provided by tomosynthesis also means
that fewer patients will have findings that are classified as
probably benign, decreasing the amount of imaging follow-up
required. The positive predictive value (PPV) for biopsy recom-
mendations can also be increased. Careful assessment of tomo-
synthesis images and incorporation of information from other
modalities can provide women with a more accurate breast
imaging diagnosis.

Assessment of Tomosynthesis Findings

The first step in using tomosynthesis properly relies on careful
assessment of the tomosynthesis images. One must thoroughly
evaluate the tomosynthesis findings, both in terms of morphol-
ogy and location, before considering use of other modalities.
As discussed previously, this involves careful scrolling through
images in the standard projections and localizing findings to
a specific region of the breast. Beyond what can be achieved
with 2D mammography, when findings are questionable on a
tomosynthesis projection, one can more precisely hone in on the
corresponding area in another projection to determine how true
a finding is. Upon careful review, most real lesions can be seen
in both standard projections, although sometimes they are more
apparent on one view compared with the other. The craniocau-
dal (CC) view is generally the most useful projection because
findings are often more difficult to perceive on the mediolateral
oblique (MLO) view, particularly if there is dense tissue in the
upper-outer quadrant.

If a potentially worrisome finding is detected, one should
ask if it is new or stable. Review of prior studies, even if 2D
only, can often yield information as to whether a lesion has
likely been present previously or not. Spot tomosynthesis
views can sometimes be useful to further assess very subtle
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or one-view-only findings. If a subtle finding is again repro-
duced on spot view(s), the degree of suspicion that a true
finding exists is heightened. Conversely, if a “soft” finding
is not reproduced, further imaging may not be necessary.
However, as with 2D mammography, beware of spotting
away potentially significant findings, such as architectural
distortion. With careful assessment of the standard CC and
MLO tomosynthesis images, the level of suspicion of the
finding is often already well established before any addi-
tional imaging is performed. The principal value of addi-
tional imaging is to determine management and facilitate
biopsy, if necessary.

Targeted Ultrasound to Assess Tomosynthesis

Findings

Targeted ultrasound is the primary modality used for secondary
assessment of tomosynthesis findings, both for its negative pre-
dictive value (ie, a normal ultrasound helps to establish a ques-
tionable tomosynthesis finding as likely normal) and PPV (a
correlative characteristically benign or suspicious sonographic
finding helps to direct management and determine final Breast
Imaging Reporting and Data System [BI-RADS] assessment).
However, correlating tomosynthesis and ultrasound imaging
can sometimes present challenges.

Distance from the nipple in centimeters on ultrasound is
often different from what is measured on mammography and
therefore not completely reliable in correlating with tomo-
synthesis images. Partly this is due to differences in measur-
ing algorithms, measuring directly from the nipple to the
lesion within the breast (mammography) versus to the overly-
ing skin surface (ultrasound). In addition, in mammographic
imaging the breast is pulled out and compressed, often yield-
ing a total distance from nipple to chest wall in centime-
ters much greater than in the natural state. In the supine or
posterior-oblique position used for ultrasound scanning, in
which the breast tissue flattens out against the chest wall, the
total distance may be a fraction of what it is on mammogra-
phy. Knowledge of the approximate clock face and location
of the lesion in the anterior, middle, or posterior breast is
useful for honing in on the area for targeted scanning. Land-
marks, such as cysts, large calcifications, or lymph nodes,
in the vicinity may aid in detection of a subtle sonographic
finding. It is important to carefully correlate the size and
morphology of the lesion on mammography and ultrasound
and avoid satisfaction of search. When using ultrasound to
search for a spiculated mass detected on tomosynthesis, do
not be satisfied when encountering a benign-appearing cyst.
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In cases in which detection and correlation of imaging find-
ings are performed, the radiologist should always scan the
patient and not rely solely on the technologists’ findings. This
is essential to be confident that lesion location and appear-
ance are concordant.

If a sonographic finding is identified in the expected
location of a subtle tomosynthesis lesion, use of a skin
marker, such as a BB, placed on the skin directly overlying
the ultrasound findings with subsequent full or spot tomo-
synthesis images, can be very helpful to correlate findings
between modalities. This provides a more confident deter-
mination as to whether the sonographic and tomosynthesis
findings match and facilitates determination of the degree of
suspicion. Such spot views can be performed in any projec-
tion. Spot views in the projection in which the finding was
originally best seen are preferred in terms of optimally dem-
onstrating correlation of the findings. Tangential views may
be preferable for more superficial lesions but are not always
necessary for deeper lesions. For deeper lesions, one must be
cognizant that the BB is placed on the closest skin surface
during ultrasound scanning when the patient is supine or in
the semioblique position and that the breast is compressed
against the pectoralis muscle by the ultrasound transducer.
Therefore the lesion may appear farther away than expected
on mammography, depending on the depth of the find-
ing, size of the breast, and mammographic positioning. The
BB should be used only as an approximate guide to assess
whether the sonographic finding is in the general vicinity of
the tomosynthesis finding.

In challenging tomosynthesis cases, such as an architectural
distortion due to radial scars or invasive lobular carcinomas,
subtle sonographic findings may be expected (Fig. 11.1).
Lesions may be correctly identified on rigorous targeted ultra-
sound scanning that might otherwise have been overlooked.
In some cases these subtle lesions do not always present with
the common obvious sonographic findings. They may be seen
as vague hypoechoic or isoechoic areas, possibly appearing
smaller relative to tomosynthesis, because spiculations are not
as obvious on ultrasound. Meticulous scanning can often fur-
ther define a lesion as either real or not, as well as fine-tune the
level of suspicion.

If a sonographic correlate is not initially identified for a
convincing suspicious tomosynthesis finding, the backward
BB method can be used. In this process an open window
(needle localization) paddle is used in the projection at
the closest skin surface, and a tomosynthesis spot image is
obtained. The finding can be identified, and a mark can be
made on the overlying skin. Targeted ultrasound can then
be performed with more precise localization and may permit
identification of otherwise overlooked subtle sonographic
findings (Fig. 11.2).

If a sonographic correlate is established, then the next step
is to determine whether or not the combination of findings
is suspicious. If both tomosynthesis and ultrasound indicate
a benign finding, then the patient can usually return to rou-
tine screening. This minimizes costs and patient anxiety that
may be associated with a recommendation for short-interval
diagnostic imaging follow-up. If there is uncertainty about
correlation of imaging findings or if either tomosynthesis or
ultrasound findings are not definitive, then such cases may be
appropriately classified as probably benign with a recommen-
dation for short-term imaging follow-up. Not unexpectedly,
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the percentage of BI-RADS 3 recommendations may decrease
over time because of the improved diagnostic information pro-
vided by tomosynthesis and high-quality ultrasound, which
together often permit a more accurate classification of lesions
as benign, probably benign, or suspicious. This is a major ben-
efit of tomosynthesis that stems from the careful use of the
technology and meticulous hands-on ultrasound scanning.

If the tomosynthesis and/or ultrasound findings are sus-
picious, then biopsy will be indicated. Core needle biopsy is
most easily performed using sonographic guidance. Following
ultrasound-guided core needle biopsy, a marker clip should be
placed and a post-biopsy mammogram should be obtained to
provide the direct proof of sonographic and tomosynthesis cor-
relation (Fig. 11.3). If the marker is found not to reside at the
tomosynthesis finding or if no sonographic correlate was origi-
nally found, stereotactic biopsy under tomosynthesis guidance
(if available) would be indicated. Otherwise, additional imaging
with MRI would be appropriate. If MRI is performed and is
negative in the region in question, mammographic follow-up
would likely be reasonable. If MRI shows a suspicious correla-
tive finding, then biopsy could be performed under MR- or
tomosynthesis-guided biopsy, if available.

Numerous studies demonstrate that tomosynthesis reduces
screening recalls; however, there are some instances where
benign breast findings are accentuated on tomosynthesis.
These cases may be infrequent but are important because
they can present a challenge for both the novice and seasoned
breast imager. Such cases include a phenomenon observed in
tomosynthesis that could be termed pseudo-architectural distor-
tion. Pseudo-architectural distortion can result from clumped
fibroglandular tissue with crossing vascular and trabecular
structures and, unlike most true architectural distortions pro-
duced by malignancies or complex sclerosing lesions, is usually
perceived in only one tomosynthesis view. Some women with
heterogeneously dense tissue will have areas mimicking a true
architectural distortion.

With tomosynthesis, the perception of architectural dis-
tortion is heightened, potentially leading to false-positive
recalls and additional diagnostic work-ups. In these cases
spot tomosynthesis views may be performed in the projec-
tion in which the finding was originally identified. If the
finding is not reproduced, it was likely summation artifact.
Examination of the surrounding architecture of the tissue
is crucial to ensure the lesion in question has indeed been
included within the area covered by the compression paddle.
Combined 2D and tomosynthesis spot views are usually pre-
ferred in this setting because this allows better evaluation
of surrounding tissue landmarks to ensure the proper region
was captured by the compression paddle. Frequently, spot
compression views will result in effacement of the pseu-
dodistortion. In patients with dense tissue, ultrasound of
the region in question may still be warranted for complete
assessment because some subtle malignant distortions can
efface even on tomosynthesis spot compression views. Nega-
tive sonographic findings can lead to two different manage-
ment scenarios. If completely normal tissue is noted in the
region on ultrasound, it can increase confidence that the
questioned tomosynthesis finding was not real. In such cases
routine or short-interval follow-up can be recommended.
However, if the tomosynthesis findings are concerning, then
tomosynthesis-guided biopsy or further imaging with MRI
may be indicated (Fig. 11.4).
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FIG. 11.1 (A) Screening mammogram in a 47-year-old woman shows architectural distortion in the upper-outer right breast best
seen on the (B) tomosynthesis views (circles). (C) Ultrasound reveals a subtle mixed echogenicity lesion with distortion of the archi-
tecture. (D) A BB was placed on the skin overlying the sonographic finding, and tomosynthesis spot views were repeated, proving the
sonographic finding corresponded to the mammographic finding. Ultrasound core needle biopsy revealed a complex sclerosing lesion.
(E) Final excision revealed a complex sclerosing papillary lesion.
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FIG. 11.2 (A) A small mass (arrows) was noted on a screening exam in a 66-year-old woman. (B) The tomosynthesis images in
MLO and laterally exaggerated CC views show spiculated margins not apparent on 2D imaging. No ultrasound correlate could be
found. Stereotactic biopsy was attempted at another facility, but the area could not be successfully targeted. (C) The patient returned
to our facility 4 months later, when the lesion was again noted, but again no sonographic correlate could be initially identified.
(D) A spot tomosynthesis image was obtained with the open window paddle against the lateral breast, and the alphanumeric area
(F-13) was identified and marked with a permanent marker on the skin. (E) The patient was then taken back to ultrasound, where a
very subtle isoechoic sonographic finding was successfully identified. (F) Post—ultrasound-guided biopsy shows the lesion to be mostly
removed and the biopsy marker in the expected location. Pathology on core biopsy and surgical excision revealed well-differentiated
invasive ductal carcinoma. ER+/PR+/Her2—.
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FIG. 11.3 (A) A 50-year-old woman presented for screening mammography, which revealed architectural distortion in the upper-
outer aspect of the right breast, best seen on the tomosynthesis slice images (arrows). (B) Targeted ultrasound reveals an ill-defined
mixed echogenicity lesion in the upper-outer quadrant. (C and D) A BB was placed on the skin overlying the lesion, and mammo-
graphic views were repeated, which demonstrate the sonographic finding correlated with the mammographic finding. Ultrasound-
guided biopsy demonstrated a complex sclerosing lesion and atypical ductal hyperplasia, confirmed with surgical excision.
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FIG. 11.4 (A) A 63-year-old woman with a history of left breast cancer presents for annual diagnostic surveillance mammography.

An area of architectural distortion (arrows) was detected in the lateral aspect of the right breast, seen on the craniocaudal view only.
(B) This finding persisted on tomosynthesis spot compression views. Ultrasound revealed no abnormalities in the lateral aspect of the
breast. Given the patient’s history and the persistence of architectural distortion, magnetic resonance imaging was performed, which
showed no suspicious findings. Breast Imaging Reporting and Data System (BI-RADS) 3, short-interval follow-up was recommended.
(C) A 6-month follow-up right mammogram revealed the architectural distortion to no longer be reproduced. BI-RADS 2.

Tomosynthesis and Evaluation of Extent of Disease

Tomosynthesis better estimates the size of malignant lesions,
as well as detects additional sites of disease obscured on 2D
mammography. This is particularly true of small lesions and
lesions in heterogeneous and extremely dense tissue. Even
in nondense tissue, additional cancers may be detected
(Fig. 11.5). If a malignant lesion has been diagnosed, the rest
of the remaining breast tissue and the contralateral breast
should be carefully examined. Additional lesions may be
detected, and targeted ultrasound and biopsies may be per-
formed that may have a significant effect on management,
potentially precluding the need for MRI and all the additional
costs and associated procedures.

Contrast-Enhanced Breast Magnetic Resonance
Imaging to Assess Tomosynthesis Findings

In instances in which tomosynthesis findings remain concern-
ing despite negative sonographic findings, a problem-solving
breast MRI may be warranted as a possible way to further
characterize the finding or guide biopsy. As with correlation
of sonography, it is important to recognize that positioning
of the breasts in MRI is different than it is in mammography
because the patient lies prone in the breast coil. It is impor-
tant to have isotropic sagittal, axial, and coronal reconstruc-
tions for correlation, and the mammogram should obviously
be available for direct comparison during the interpretation
of the MRI.
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FIG. 11.5 (A) A 64-year-old woman presented at another institution for screening mammography, which demonstrates architectur-
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al distortion (circles) in the upper-inner quadrant of the left breast, seen best on tomosynthesis views. (B) Targeted ultrasound reveals
an 0.8-cm, irregular, hypoechoic mass with an echogenic rim in the 10-o0'clock position, correlating with the mammographic findings.
(C) On further review of the case prior to surgery a second architectural distortion (circle) was noted in the upper-outer aspect of the
breast. (D) Targeted ultrasound of this area reveals a subtle, hypoechoic lesion at the 2-0'clock position, shown by BB (arrow) to
correlate with the second lesion. Biopsy of both areas showed invasive lobular carcinoma. The patient underwent mastectomy, which
showed 6.3 cm of disease, ER+/PR+/Her—, spanning both the upper-outer and upper-inner quadrants.

The precontrast, T1-weighted, non—fat-suppressed series,
which are standard sequences performed as part of all breast
MRI examinations, may allow for correlation of the tissue archi-
tecture with its mammographic presentation. True architectural
distortion can at times be perceived on these T1-weighted
images. If the architectural distortion is identified on the T1
precontrast images as corresponding to the finding initially
identified on the tomosynthesis study, then enhancement in the
region should be viewed with more suspicion. If no architectural
distortion is identified and no suspicious enhancement is pres-
ent on the post-contrast images, one can be quite reassured that
malignancy is unlikely. In such cases short-term (6 months)
mammographic follow-up could be performed to assess the

stability of the mammographic finding. Conversely, if a sus-
picious MRI correlate is found, then MR- or tomosynthesis-
guided (if available) biopsy should be performed for diagnosis.

Second-Look Tomosynthesis for Ultrasound or

Magnetic Resonance Imaging Findings

Although tomosynthesis increases cancer detection rates com-
pared with 2D mammography, not all cancers are initially
detected with tomosynthesis, particularly in women with dense
breast tissue. Some patients still remain whose breast cancer is
detected by ultrasound or MRI after a normal tomosynthesis.
Supplemental screening with ultrasound or MRI is now more
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FIG. 11.6 (A) Screening ultrasound in a 63-year-old woman with heterogeneously dense breasts reveals a small lobulated mass
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in the left 3-0'clock position. (B) Review of a recent mammogram (reported as normal and stable) shows a small mass in the lateral
breast (arrow) seen well on the tomosynthesis image, with an associated calcification. (C) A BB was placed on the skin over the
sonographic finding, and a spot tomosynthesis view was obtained. (D) The finding was noted to correspond to the stable mass, not
as obvious on two-dimensional imaging but seen to be present on multiple mammograms dating back to at least 2008.

widely used. These studies are known to generate false-positive
findings. False positives lead to follow-up imaging and addi-
tional biopsies, adding to health care costs and increased anxiety
for some women. Reducing false-positive ultrasound and MRI
findings should be a major goal, and correlation with tomosyn-
thesis mammography can help to achieve this.

Correlating Ultrasound Findings With Tomosynthesis

Screening ultrasound can be performed with automated
equipment or by handheld transducer, usually by technolo-
gists. Despite the mechanism in which it is performed, posi-
tive findings will require targeted scanning and correlation

with mammography. Many findings will be benign, particu-
larly on baseline ultrasound screens. The majority of screen-
ing ultrasound-detected cancers are equal to or less than 1
cm in size and tend to be well-to-moderately well differenti-
ated or invasive ductal or lobular carcinomas. The main goal of
supplemental screening is to detect invasive cancers that are
mammographically occult.

Similar to 2D mammography, careful correlation of tomo-
synthesis images is encouraged to further assess and refine
the level of suspicion of ultrasound findings. Many findings
can be established to be negative or benign, thus reducing the
need for follow-up imaging and biopsy. For example, many
small hypoechoic areas or small oval masses are encountered
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FIG. 11.7 (A) A screening mammogram in a 49-year-old woman with extremely dense tissue was interpreted as normal.

(B) Screening ultrasound shows an irregular, hypoechoic mass with spiculated margins in the 10-0'clock region of the right breast.
(C) A BB was placed over the lesion, and tomosynthesis spot views demonstrate the spiculated architectural distortion (circled)
previously undetected. Ultrasound biopsy revealed grade 2 infiltrating ductal carcinoma with ductal carcinoma in situ, ER+/PR+/
Her2—. (D) Staging preoperative sagittal, T1-weighted, post-contrast subtraction image from preoperative magnetic resonance

shows the spiculated mass to be the only suspicious lesion.

frequently on screening ultrasound and are benign. Review of
the corresponding area on tomosynthesis images may render the
ultrasound finding less concerning (Fig. 11.6). If the tomosyn-
thesis images reveal no underlying suspicious findings and only
normal tissue, the finding may be an artifact and therefore less

suspicious, or tomosynthesis may reveal a stable benign corre-
late. In contrast, subtle suspicious findings may be identified on
tomosynthesis in retrospect that had been unrecognized (Fig.
11.7). “Synthesizing” the information from these modalities will
result in greatly improved overall specificity.
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FIG. 11.8 (A) A 30-year-old woman with a history of mantle radiation for non-Hodgkin's lymphoma 5 years earlier presented for
screening. Tomosynthesis mammography shows dense tissue but no focal abnormality. (B) Screening ultrasound demonstrates a
wider-than-tall, hypoechoic, 1-cm mass in the right breast at the 3-0'clock position (arrow). (C) A BB was placed on the skin over the
sonographic abnormality, and a tomosynthesis spot view was obtained, which shows no definite abnormality. Due to her high-risk
status, a biopsy was desired and revealed benign stromal fibrosis. A short-term follow-up would have also been appropriate.

TOMO TIP | Even if a mammogram was initially read as negative, a
second-look tomosynthesis can be useful to detect and characterize
ultrasound or MRI findings.

Fibrosis is a sonographically detected benign lesion found on
screening ultrasound and for which biopsy is sometimes recom-
mended. Fibrosis can be encountered anywhere in the breast,
although the upper-outer quadrants are most common. It is
often encountered in younger women, who are also more likely
to have dense breast tissue, and can have a varied and sometimes
suspicious sonographic appearance, mimicking malignancy due
to its irregular shape, indistinct margins, and posterior acous-
tic shadowing. Though fibrosis may be symmetric and scanning
the corresponding region in the opposite breast will frequently
yield similar findings, asymmetric fibrosis can be encountered
and pose a diagnostic dilemma. Fibrosis frequently has the
appearance of normal fibroglandular tissue on tomosynthesis

(Fig. 11.8). The technique of BB confirmation can be useful
to determine if an underlying mammographic finding is pres-
ent. If no suspicious asymmetry or architectural distortion is
seen, short-term follow-up of the sonographic findings could
be considered.

Some patients, particularly young women with palpable
or other symptomatic findings, may undergo ultrasound as a
first imaging test before mammographic imaging. This is often
appropriate and sufficient for diagnosis. However, occasionally
patients present with palpable findings for which ultrasound is
not conclusive. Tomosynthesis may depict abnormalities that
might be subtle, such as lipomas, in which the thin capsule
can be seen surrounding the fatty lesion. Some sonographic
findings can be complex or indeterminate, and tomosynthe-
sis can aid in establishing a more confident assessment. For
example, fat necrosis, due to its extremely variable tomo-
graphic and sonographic appearance, can present a challenge
to the breast imager. Early-stage fat necrosis, especially when
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FIG. 11.9 (A) A 41-year-old woman presented to an outside facility with a palpable hard mass in an area of prior skin piercing (or-

nament since removed). Two-dimensional mammographic views demonstrate a focal asymmetry with an indistinct margin containing
heterogeneous clustered calcifications. (B) A targeted ultrasound reveals an irregular hypoechoic mass with dense posterior acoustic
shadowing and internal echogenic foci. The lesion was described as highly suggestive of malignancy, and an ultrasound-guided biopsy
was performed revealing fat necrosis. (C) Tomosynthesis views performed at our institution showed biopsy clip in a fat-containing
lesion with peripheral distribution of “egg-shell” calcifications, consistent with fat necrosis, and thus biopsy was not necessary.

due to trauma, can appear as ovoid hyperechoic lesions with
an indistinct margin within superficial fat lobules. At a slightly
later stage, areas of hypoechogenicity may develop within the
echogenic lesions, producing the appearance of an indistinct
hypoechoic lesion with an echogenic rim. Heterogeneous cal-
cifications may eventually develop within these lesions that
produce a hypoechoic, posteriorly shadowing structure on
ultrasound. The sonographic appearance of fat necrosis can
simulate a malignant lesion. Mammographic imaging can
often simply resolve the findings as fat necrosis and preclude
the need for follow-up or biopsy (Fig. 11.9). In addition to
trauma, fat necrosis is frequently seen as a sequelae of surgery,
and in these cases it must be differentiated from a breast can-
cer recurrence. Again, tomosynthesis will help to differentiate
palpable, benign, fat-containing lesions from solid suspicious
masses in postoperative patients.

Correlating Magnetic Resonance Findings

With Tomosynthesis

MRI is often performed for screening high-risk women and to
better assess the extent of disease in women with newly diag-
nosed breast cancers. Many high-risk patients choose annual
screening breast MRI. Current screening guidelines are based
on multiple studies comparing mammography, ultrasound,
and MRI, which have consistently shown that MRI is the
most sensitive test to detect early breast cancer (Fig. 11.10).
However, it is important to recognize that those studies
were performed with 2D mammography, not tomosynthesis.
Because tomosynthesis is known to detect more cancers than
2D mammography alone, it is possible that some of the can-
cers found by MRI might now be detected with tomosynthe-
sis. Mass lesions detected on screening MRI are more likely

to have a multimodality correlate as compared with nonmass
enhancement. However, even ductal carcinoma in situ (DCIS)
can be detected by tomosynthesis or ultrasound, and every
attempt should be made to try to detect worrisome MR find-
ings with these modalities (Fig. 11.11).

The use of preoperative MRI is controversial, but many
women still opt to have this test. In addition to demonstrating
the extent of the primary index cancer, MRI detects additional
ipsilateral and contralateral cancers that are occult on mam-
mography. As with high-risk screening, these studies have
involved 2D mammography, and it is possible that at least
some of these additional sites of disease will likely be identifi-
able with tomosynthesis. Satellite lesions, lymph node disease,
and even pectoralis involvement may all be better assessed on
tomosynthesis than 2D images (Fig. 11.12). Reduction of false
positives in MRI, as in screening ultrasound, is an important
objective in both high-risk screening and newly diagnosed
cancer populations. Particularly because MR-guided biopsy
is more involved and expensive than ultrasound or mammo-
graphically guided procedures, finding a sonographic or tomo-
synthesis correlate is greatly beneficial.

For the work-up of suspicious MRI-detected abnormalities,
careful review of any recent mammographic or sonographic
studies is necessary. The benefit of second-look ultrasound
has been established. However, second-look tomosynthesis
can similarly prove very useful. If more than 6 months have
passed since the patient’s last mammogram, tomosynthesis is
warranted to search for any corresponding abnormality. If a
correlative finding is seen on either of these two modalities—
tomosynthesis or sonography—biopsy is facilitated in lieu of
MR-guided biopsy.

When MRI-detected lesions are identified and biopsied
with other modalities, it is always important to assess the
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FIG. 11.10 (A) Screening magnetic resonance imaging (MRI) in a 62-year-old woman with a known BRCA-2 mutation and his-
tory of right breast cancer, status post-bilateral nipple sparing mastectomies with subpectoral implant reconstructions. T1-weighted
sagittal and axial post-contrast subtraction images demonstrate a 6-mm enhancing, oval mass with a circumscribed margin in the
upper-inner quadrant of the reconstructed right breast, new since the prior MRI 3 years ago. (B) Targeted ultrasound reveals a round
hypoechoic mass with microlobulated margins and a hyperechoic rim. (C) A BB was placed on the skin overlying the abnormality,
and spot tomosynthesis compression views reveal a lobulated mass with spiculated margins corresponding to the MRI and ultrasound
findings. Pathology revealed a moderately differentiated infiltrating ductal carcinoma, ER+/PR+/Her—.
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FIG. 11.11 (A) A 55-year-old woman presented with a palpable mass in the posterior left breast. Diagnostic mammogram shows
clustered coarse pleomorphic calcifications spanning an area of 3.8 cm. (B) Spot tomosynthesis view shows the calcifications in
extremely dense tissue. (C) Ultrasound shows an oval mixed echogenicity mass correlating with the palpable abnormality and mam-
mography findings. Ultrasound biopsy revealed ductal carcinoma in situ (DCIS). (D) Maximum intensity projection and T1-weighted,
sagittal, post-contrast subtraction views of MRI show a corresponding irregular mass in the left breast at the 11-0'clock posterior
depth, abutting the chest wall with heterogeneous enhancement and delayed washout-type enhancement pattern. Lumpectomy
showed DCIS, grade 2 to 3.
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FIG. 11.12 (A) A 43-year-old woman presented with a large, palpable, spiculated mass in the left breast. (B) Tomosynthesis me-
diolateral oblique view demonstrates the cancer causing distortion of the underlying pectoralis muscle. Biopsy yielded invasive ductal
carcinoma, ER+/PR+/Her2—. (C) Maximum intensity projection view of MRI shows the large extent of malignancy involving multiple
quadrants of the left breast. (D) Multiple axial post-contrast post contrast images confirm the chest wall involvement with disease
seen extending through the pectoralis and intercostal spaces (arrows).

likelihood that the suspicious lesion initially identified on
MRI was actually sampled. In particular, the prone position
of the patient in MR scanning can render a lesion to appear
more anterior in the breast compared with ultrasound when
the patient lies supine. Placement of a biopsy marker after
ultrasound-guided biopsy and obtaining a post-biopsy mam-
mogram to verify the position of the biopsy marking clip
is important. Even for mammographically occult disease,
using surrounding geography of the breast tissue as cross-
correlated with MRI, one can be relatively certain that the
correct area was biopsied. If pathology results are benign and
concordant, MRI follow-up may not be necessary. However,
if the biopsy results are deemed to be discordant, repeat MRI
is necessary to check marker position and, if incorrect, MR-

guided biopsy can be performed.

Evaluation of Incidental Breast Lesions Seen on
Chest Computed Tomography

On occasion, breast abnormalities are detected incidentally on
a chest computed tomography (CT) examination performed
for a health concern unrelated to the patient’s breasts. In many
cases these findings are simply due to asymmetric breast tissue,
but on occasion, benign masses and cancers are detected (Fig.
11.13). Given the excellent resolution of today’s CT examina-
tions, even small (approximately 1 cm) breast cancers may be
detected. Many breast cancers will enhance with iodinated con-
trast material compared with normal breast tissue, which does
not enhance significantly. Usually cancers will have a typical
spiculated appearance on CT, but aggressive cancers may appear
round and relatively circumscribed with heterogeneous internal
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FIG. 11.13 (A) An 82-year-old woman underwent a chest computed tomography scan (for unrelated medical reasons), which
demonstrates a spiculated mass in the right breast. (B) Diagnostic mammography was then performed, which shows a 1.2-cm irregu-
lar mass in the right breast central to the nipple. (C) Tomosynthesis better depicts the spiculated margins. (D) Targeted ultrasound
demonstrates a lobulated hypoechoic mass with an irregular margin. Ultrasound-guided biopsy revealed a moderately differentiated

infiltrating ductal carcinoma, ER+/PR+/ Her2—.

enhancement. If a concerning breast lesion is observed on a
chest CT, the axillae and the supraclavicular region, which are
usually very well visible on such a study, should also be evaluated
for any suspicious lymph nodes. The internal mammary lymph
node chain also warrants an assessment, especially if the suspi-
cious mass is located in the inner aspect of the breast. Just as in
MRI and ultrasound, features to assess when analyzing lymph
nodes on CT include bilateral symmetry, preservation of fatty
hila, and presence or absence of cortical thickening.

If mammography has not been performed recently, tomo-
synthesis should be obtained to further evaluate a CT finding. If
the CT finding simply represented asymmetric tissue, tomosyn-
thesis will nicely demonstrate normal glandular tissue without
an underlying mass. Conversely, if a focal lesion is identified, the
features, such as shape and margins, will also be better assessed
and subsequent management will be determined.

Patients Presenting With Metastatic Disease: How

Tomosynthesis and Other Modalities Can Help

Occasionally patients may present with metastatic disease of
unknown etiology. Most commonly, palpable axillary lymph
nodes are the presenting finding, but sometimes patients
present with metastatic lesions in more remote locations,
such as the spine or solid organs. Mammography is often
indicated in such patients to search for an occult breast car-
cinoma. In some cases tomosynthesis may help in detecting
subtle lesions that otherwise might have not been detected
on 2D mammography (Fig. 11.14). Such findings can direct
targeted ultrasound and subsequent biopsy and diagnosis,
whereby the patient can be effectively treated with appropri-
ate targeted therapy (Fig. 11.15).
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FIG. 11.14 (A) A 57-year-old woman, 5-year status posttreatment for melanoma, underwent her last staging computed tomogra-
phy scan, in which slightly prominent nodes were noted in the right axilla. (B) Right axillary ultrasound demonstrates the prominent
nodes and biopsy revealed adenocarcinoma, consistent with breast primary. (C) Initial right diagnostic mammogram shows nondense
tissue and no abnormality. (D) Maximum intensity projection image from contrast-enhanced magnetic resonance imaging showed
both the enlarged axillary nodes and a small enhancing mass in the lateral breast (arrow). (E) Two-dimensional and tomosynthesis
spot views demonstrate architectural distortion in a predominantly fatty area of tissue (circle). (F) Targeted ultrasound reveals a cor-
responding ill-defined hypoechoic area with distortion of the tissue.
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FIG. 11.14, cont’'d (G) Post-biopsy images show the marker in the expected area. Ultrasound core biopsy revealed infiltrating
ductal carcinoma, moderately differentiated, with lymphovascular invasion, ER+/PR+/Her2—.
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FIG. 11.15 (A) A 76-year-old woman presented with neck pain after falling down stairs. Cervical spine computed tomography scan
shows a Iytic expansile lesion involving the C2 vertebral body with associated pathologic fracture. (B) Magnetic resonance imaging
(MRI) shows a T2 high-signal enhancing soft tissue mass (arrow) involving C2 vertebral body extending into bilateral pedicles, con-
fined by the posterior longitudinal ligament without extension into epidural space. (C) Bone scan shows increased radiotracer uptake
in the C1-C2 vertebral body region, correlating with the expansile enhancing lesion on MRI.
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FIG. 11.15, cont’d (D) Mammography shows a subtle focal asymmetry in the right breast (circle), centrally, best appreciated
on tomosynthesis. (E) Ultrasound shows an irreqular, hypoechoic lesion with indistinct margins. Ultrasound biopsy revealed invasive

lobular carcinoma, ER+/PR—/Her equivocal.

Summary

Tomosynthesis provides improved diagnostic information com-
pared with 2D mammography alone. On its own, it is a great
step forward in mammographic assessment of breast lesions,
but in conjunction with other imaging modalities, especially

ultrasound, it provides the opportunity to yield confident and
accurate assessments, thereby enabling radiologists to make
definitive benign or suspicious recommendations. Patients will
experience improved breast imaging services because fewer
diagnostic images are required and the PPV for biopsies per-
formed will be increased.
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The Postoperative Breast
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Postoperative changes in the breast are commonly encoun-
tered. Many women presenting for mammography have
undergone past procedures, ranging from augmentation or
reduction to benign biopsies (needle and/or surgical) or cancer
treatments (lumpectomy, mastectomy, and adjuvant radiation
therapy). These procedures leave their mark on breast tissue,
and knowledge of both the patient’s history and the typical
findings found on mammography is important. Such cases
have often presented challenges to interpretation because
two-dimensional (2D) mammography can be limited, par-
ticularly in areas of dense scar tissue. Digital mammography
is an advancement over film mammography, with improved
visualization of breast tissue, yet mammographic interpreta-
tion of postoperative and radiation changes remains a com-
mon daily challenge to breast imagers. In these women, who
often present with heightened anxiety, accurate and expedited
imaging is desired. Attempts should be made to detect new or
recurrent disease at the earliest stage while also minimizing
undue false alarms.

Tomosynthesis helps to reach this desired goal by adding yet
another level of improvement in the evaluation of the postop-
erative breast. In areas of postoperative scar, assessment of tissue
in thin slices provides better differentiation of normal scarring
processes versus new or recurrent malignant disease. Due to the
exquisite ability of tomosynthesis to demonstrate the spicula-
tions and architectural distortion related to scars, many benign
scars not previously visible on 2D mammography will fre-
quently be noted, requiring careful review of patient history and
correlation with visible dermal scars. In addition, scar tissue will
be visualized more clearly in patients with a history of reduc-
tion mammoplasty or mastopexy, allowing better differentiation
of scar tissue versus a malignant process. This increased sensi-
tivity tomosynthesis provides in the detection of postoperative
changes presents a major advantage but also may present some

challenges.

General Postoperative Assessment Tips

Scars can have an alarming appearance on tomosynthesis—pre-
senting as a spiculated mass or architectural distortion often
extending for large distances in the breast—and either not seen
at all or not as well on 2D images. These findings can mimic
malignancy and will catch the eye when viewing the tomosyn-
thesis images (Fig. 12.1).

Any known breast scar or area of surgical procedure, no
matter how remote, should be brought to the attention of the
radiologist by the technologist performing the study. Although

scar markers can cause distraction on both 2D and three-
dimensional (3D) images and are not routinely necessary, the
interpreting radiologist must nonetheless be made aware of the
presence and location of all previous breast biopsies. A patient
intake form or electronic medical record data entry system is
typically used to note the location of each scar. In some cases
in which concern persists, imaging can be repeated with dermal
scar markers, particularly those composed of nonmetallic mate-
rial designed specifically for tomosynthesis, on the appropriate
area to permit correlation. Review of prior preoperative or nee-
dle localization images is the most direct method of correlating
findings with prior surgical sites (Fig. 12.2). This is particularly
important for periareolar incisions, in which the surface scar
may be barely perceptible and not provide information as to the
actual surgical site within the deeper breast tissues. Sometimes
getting an accurate history of remote surgery can be difficult,
especially if the patient is elderly and the scar has faded. It is
important in cases of a suspected remote scar to spend time try-
ing to elicit the correct biopsy history, from the patient or even
her physician, to avoid unnecessary work-up of a patient for a
very remote benign biopsy.

TOMO TIP | Tomosynthesis reveals many scars that are not visible on
2D imaging. Careful assessment with history and visible dermal scars is
necessary to avoid recall of patients unnecessarily.

Scars typically present as architectural distortion or a focal
asymmetry, varying from mostly fatty to very dense (Fig. 12.3).
The radiating spicules can extend great distances in the breast,
reaching from nipple to chest wall, depending on the type of
surgery. Scars are often planar and more prominent on one
mammographic projection than the other. When identified on
one set of tomosynthesis projections and localized to a specific
depth in the breast, a scar can usually be identified on the cor-
responding projection. Focal skin thickening and/or peripheral
contour deformity may be present.

Postoperative changes are usually most pronounced on the
first imaging exam performed generally 6 months to 1 year fol-
lowing most procedures. Some findings are common to many
operative procedures, such as seromas and hematomas, which
are found frequently in the early postoperative period. These are
usually round or oval and circumscribed and are sometimes pal-
pable. They resolve slowly over time in most patients, although
some will become encapsulated and remain virtually unchanged
for years (Fig. 12.4). With resolution, the circumscribed mass
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FIG. 12.1 Conspicuity of normal scars (two examples). (A) Thirteen years following an upper-outer quadrant benign biopsy,
minimal asymmetry is seen in the lateral breast on the 2D CC view only. Tomosynthesis slices show the longstanding architectural
distortion in both the MLO and CC projections (arrows). (B) Ten years following excision of lobular carcinoma in situ, minimal distor-
tion is apparent in the medial breast on the 2D CC view only. Heterogeneously dense tissue does not obscure the irregular scar on the
MLO and CC tomosynthesis slices (arrows). Tomosynthesis better demonstrates scars in both fatty and dense breast tissue.
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FIG. 12.2 Correlation with prior imaging studies. (A) Tomosynthesis shows a new, irregular, retroareolar asymmetry (arrow),
obscured by overlapping tissue on the two-dimensional view. There is a history of core biopsy demonstrating atypical ductal hyperplasia,
followed by benign excision. (B) A preexcision comparison mediolateral view from 1 year earlier shows a percutaneous biopsy marker
(arrow) at the same location and confirms the site of the surgical excision. The current asymmetry is consistent with postoperative scar.

Tomo

FIG. 12.3 Variable scar density (two examples). (A) Two years following lumpectomy and whole-breast radiation for invasive
ductal carcinoma, there is dense scar (arrow), prominent radiating spicules, and mild contour deformity. (B) In a different patient
with the same history but 8 years following treatment, the scar is fatty (arrow). Benign scars often decrease in density over time but

should never increase.
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FIG. 12.4 Seroma. (A) A mammogram following lumpectomy and accelerated partial-breast radiotherapy for stage 1 invasive
ductal carcinoma shows an obscured oval seroma at the operative site (arrow). By ultrasound, the seroma is circumscribed, oval, and
predominately anechoic with enhanced through transmission. (B) Ten years later, and well seen with tomosynthesis (arrows), the

seroma is only slightly smaller.
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FIG. 12.5 Oil cysts (three examples). (A) A small oil cyst (arrow) is centrally located within a scar 3 months following excisional
biopsy for atypical ductal hyperplasia. (B) Numerous tiny oil cysts (arrows) are present in the medial breast 1 year after reduction
mammoplasty. (C) A large oil cyst with faint associated rim calcifications (arrow) has developed following partial mastectomy and
whole-breast irradiation.

decreases and is replaced by scar, which is typically more spicu-
lated. These findings rarely present interpretation difficulties.

Fat necrosis is a common postoperative finding after any
type of breast surgery because there is an abundant amount of
fat within breast tissue. Fat necrosis often presents as rounded
lucencies or oil cysts (Fig. 12.5). These changes are usually
solely noted on imaging but sometimes present as a palpable
finding, particularly causing alarm in patients with a history of
malignancy, in which case the differentiation from recurrent
malignancy is paramount. Characteristic findings of fat necro-
sis include visualization of fat content within a mass. As dis-
cussed elsewhere, observation of fat within a lesion does not
itself deem the finding benign. Many malignancies are shown
by tomosynthesis to have fatty areas within them. Fat necrosis
should ideally be encapsulated, fat-containing areas, often with
thin, well-circumscribed margins, that may calcify over time.
When such imaging findings are noted, the area can be confi-
dently characterized as fat necrosis. However, in some instances,
fat necrosis involving a postoperative scar can appear as an ill-
defined or spiculated mass and mimic cancer. Biopsy of such
lesions may be necessary (Fig. 12.6).

Calcifications associated with scarring may develop over
time. Dystrophic calcifications are common in women who
have undergone postoperative radiation therapy and typically
present as coarse, heterogeneous calcifications in the surgical
bed. Although these findings are often typically benign, in the
early phase they may be difficult to differentiate from malignant
findings. Tomosynthesis is particularly useful because viewing
the tissue in thin slices permits better assessment of calcifi-
cations, which can often be located to small focal areas of fat
within a larger scar (Fig. 12.7).

Infection is an early postoperative complication. Such cases
are often managed clinically, but imaging may be requested to

exclude abscess formation and/or monitor response to anti-
biotic treatment or drainage. These patients present with pal-
pable, tender masses, and as in 2D imaging such masses have
ill-defined borders, especially when within a surgical site. Ultra-
sound will be the imaging modality most appropriate for fur-
ther assessment.

Retained foreign bodies are rare, but imaging can help to
determine their presence and location. Likewise a missed lesion
or clip following needle localization and excisional biopsy is
also uncommon, but when these problems do occur, mammog-
raphy is vital in documenting residual lesion or breast markers
left behind at surgery (Fig. 12.8).

Metallic markers, or clips, are routinely used to mark percuta-
neous biopsy sites, and those placed in benign lesions not requir-
ing excision will be seen repeatedly on subsequent imaging.
Rarely, the collagen or gel pellet that houses the metal compo-
nent may not get fully resorbed and will also be seen. Likewise,
surgical clips placed during lumpectomy or axillary lymph node
excision will also be visualized. Because metal can produce a
black streak artifact on tomosynthesis, imaging-processing algo-
rithms should be used to reduce artifact, which can obscure or
detract from fully assessing the underlying tissue (Fig. 12.9).

Plastic surgery techniques, including reduction mammoplasty
and mastopexy and different surgical techniques for lumpectomy
and other oncoplastic surgeries, rearrange breast tissue to vary-
ing degrees. Concern has been raised over whether these surgeries
may complicate subsequent mammographic interpretation and
detection of malignancy. Several studies of 2D mammography
have been performed that show the rates of imaging work-ups and
biopsy recommendations in women who have undergone a variety
of plastic surgery procedures, particularly reduction mammoplasty
and oncoplastic surgery, are actually similar compared with those
who have not undergone such surgery. Because tomosynthesis
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FIG. 12.6 Fat necrosis. (A) Three years following lumpectomy and partial-breast irradiation (balloon catheter) for invasive lobular carcinoma, a routine mam-
mogram and ultrasound on a 69-year-old woman show a seroma and otherwise normal posttreatment changes. (B) Six years following treatment a screening
magnetic resonance imaging shows new suspicious mass enhancement (arrow) with washout kinetics (not shown) along the posterior aspect of the seroma. Fat
is not evident within the lesion on the precontrast non—fat-saturated T1 sequence. (C) However, mediolateral oblique and craniocaudal tomosynthesis slices show
oval lucencies within a corresponding new indistinct asymmetry (arrows). Ultrasound-guided biopsy reveals benign fat necrosis.
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FIG. 12.7 Benign dystrophic calcifications. Craniocaudal tomosynthesis slices from similar anatomic levels at 24, 36, and
48 months (A-C, respectively) following lumpectomy and radiotherapy for invasive ductal carcinoma show multiple oil cysts anterior
to the lumpectomy bed. Associated benign dystrophic rim calcifications (arrows) are increasing over time.
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FIG. 12.8 Missed lesion. (A) A 73-year-old woman has a new small mass in the medial breast seen on tomosynthesis slice image
to have spiculated margins (arrow). Core needle biopsy showed invasive ductal carcinoma. (B) Needle localization image shows ap-
propriate positioning of the wire adjacent to the clip marking the percutaneous biopsy site. (C) An intraoperative specimen radiograph
does not demonstrate removal of the biopsy clip. Pathology reports ductal carcinoma in situ and postbiopsy change but no invasive
component. (D) A postlumpectomy mammogram shows the retained clip (arrow); the surgical cavity is more centrally located than
expected. (E) Repeat localization and surgery is successful. The clip is excised along with the missed (triple negative) invasive ductal
carcinoma.
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FIG. 12.9 Clip artifacts (two examples). (A) A 66-year-old woman is seen to have numerous surgical clips and a biopsy site
marker in the upper breast. A tomosynthesis slice without artifact cancellation demonstrates incomplete blurring artifacts from the out
of plane clips, as well as loss of signal around each clip in a bandlike distribution that is parallel to the axis of tube motion (arrows).
(B) A 67-year-old woman has numerous surgical clips in the lateral breast. Three tomosynthesis slices at slightly different levels with
artifact cancellation demonstrate effective disappearance of the clips on the out of plane images (arrows), as well as marked reduction
of in plane artifacts.

is more sensitive to postoperative findings, it is possible that an
increase in architectural distortions due to scars may lead to an
increase in imaging follow-ups or even biopsies. However, when
used carefully and by recognizing the common appearances of
scars, the information gained from tomosynthesis will hopefully
improve diagnostic performance beyond 2D imaging alone.

Needle Biopsy

Core needle biopsies have been used for diagnosis of breast
lesions for more than 25 years. There are very few sequelae

after a benign core needle biopsy. Unless the biopsy was com-
plicated by bleeding and hematoma formation, which may
leave a residual finding for many years, most uncomplicated
biopsies leave no imaging finding. Occasionally, very subtle
areas of architectural distortion may remain at a prior needle
biopsy site noted on tomosynthesis and not seen on 2D imag-
ing. Correlation with prior imaging should be performed to
exclude a new suspicious finding at or near a prior benign
biopsy site, and in some cases, short-term follow-up may be

necessary (Fig. 12.10).
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FIG

. 12.10 Changing scar following benign biopsies: invasive ductal carcinoma. A 54-year-old woman with history of
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benign excisional and subsequent stereotactic biopsy for calcifications. (A) Two-dimensional and tomosynthesis images show a
biopsy site clip, nearby amorphous calcifications, and minimal presumed postbiopsy distortion (arrow). (B) One year later spot com-
pression tomosynthesis demonstrates increasing architectural distortion (arrow). (C) Ultrasound confirms a suspicious hypoechoic
mass with posterior shadowing. Final diagnosis is invasive ductal carcinoma with calcifications, 1.3 cm, ER/PR+, Her2—, and sentinel

lymph node micrometastases.

Surgical Biopsy

Surgical biopsies for benign or high-risk lesions may be per-
formed as either excisional (removing the entire lesion) or
incisional (representative sampling of a portion of the lesion)
biopsies. In either case the goal is to remove adequate tissue while
maintaining cosmesis. Because these nonmalignant cases do not
require radiation therapy, the postsurgical effects seen on mam-
mography are usually minimal. With 2D mammography, benign
surgical scars are often not evident, and indeed it has been taught
that one should regard a mammographically visible scar from
remote benign biopsy with suspicion. This is certainly not the
case with tomosynthesis imaging! The majority of postoperative

scars will actually be seen even though they were previously
occult on 2D mammography (Fig. 12.11). This is one of the chal-
lenges of tomosynthesis because old scars can present as subtle
architectural distortion and, because they cannot be seen on prior
2D imaging, assessing for stability when comparing with 2D
imaging alone may be difficult. As discussed previously, informa-
tion about prior surgery and location of scars is important when
interpreting tomosynthesis images. Most cases will not present
a problem in interpretation and will be confidently regarded as
benign. Scars should stabilize or regress over time. If suspicious
changes are noted on tomosynthesis in an area of a prior scar,
further investigation including ultrasound will be necessary.
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FIG. 12.11 Resolving scar following excision of high-risk lesion. A 51-year-old woman with a strong family history of
breast cancer is referred for surgical excision of atypical ductal hyperplasia. A preoperative two-dimensional craniocaudal view (A)
demonstrates the magnetic resonance imaging biopsy site marker (arrow). Multiple surgical clips in the lateral breast correspond to a
previous benign excision. Follow-up postoperative tomosynthesis slices from similar anatomic levels at 6, 18, and 30 months (B-D,
respectively) demonstrate a diminishing irregular asymmetry (arrows) with a few associated oil cysts, consistent with resolving post-

surgical changes. Mild architectural distortion persists.

FIG. 12.12 Normal reduction mammoplasty scar. Curvilinear scar
(arrows) extends from the nipple posteriorly toward the chest wall on both
the mediolateral oblique (A) and craniocaudal (B) tomosynthesis slices.

Reduction Mammoplasty

Reduction mammoplasty is a common plastic surgery opera-
tion used in women who suffer from back or shoulder pain
and/or restricted ability to exercise due to the size and weight

of their breasts. This procedure has a very high efficacy and
patient satisfaction rate. T-shaped or vertical incisions are most
common and produce characteristic mammographic findings
that usually do not pose interpretive problems. Architectural
distortion is almost always seen, with a swirled appearance,
particularly in the inferior breast due to repositioning after
removal of variable amounts of tissue (Fig. 12.12). Disrupted
tissue planes and islands of glandular tissue are noted to a
varying degree. Tomosynthesis can be helpful in assessing
such focal asymmetric areas as normal glandular tissue, even if
areas of spiculation are seen, because these are generally to be
expected with the normal scarring process. Dermal calcifica-
tions are common along the incision lines. Fat necrosis pre-
senting as oil cysts, which may become coarsely calcified with
time, are a common sequela. Such findings may or may not be
palpable (Fig. 12.13).

The first postoperative imaging should be used as a new
baseline in these patients, and postoperative changes should
be noted to change over time in a benign manner (ie, areas
of architectural distortion should remain stable or less promi-
nent, whereas other benign findings, such as dermal calci-
fications and fat necrosis, may increase). In general, routine
mammographic screening after these procedures is appropri-
ate. Concern has been raised that the increased sensitivity of
tomosynthesis to architectural distortion may lead to addi-
tional imaging and/or procedures in postoperative women,
but this does not seem to be the case in clinical practice so
far. Conversely, malignancies in women who have undergone
reduction mammoplasty can be distinguished with tomosyn-
thesis with similar high degree of accuracy as those who have
not had surgery (Fig. 12.14).
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FIG. 12.13 Reduction mammoplasty with fat necrosis. (A) A prereduction, two-dimensional study shows scattered fibro-
glandular tissue and a benign-appearing mass in the lower breast. (B) One year later, postreduction, multiple new variable-sized
oil cysts have developed in the upper breast (arrows). Curvilinear scars in the lower breast extend from the nipple toward the chest
wall. The previously noted mass remains.

FIG. 12.14 Reduction mammoplasty and subsequent cancer. (A) A
70-year-old woman is 15-year status postreduction mammoplasty. Minimal
postsurgical scar and two old biopsy site markers are seen. (B) Two years
later a new irregular mass has developed, and tomosynthesis exquisitely dem-
onstrates the spiculated margins and entrapped fat (arrow). Final diagnosis
is infiltrating carcinoma with ductal and lobular features, 4.2 cm, ER/PR+,
Her2—, node negative.

Augmentation

Increasing breast size is most commonly achieved with implants,
which may be composed of either saline or silicone, and placed
in a retropectoral or subglandular location. Subglandular loca-
tion of implants often results in marked capsular fibrosis and
calcifications over time, which leads to limited mobility of the
implant. Implant-displaced views, routinely performed for
mammographic imaging of patients with implants, can be very
difficult to perform, and even in the best cases a substantial
portion of breast tissue may not be completely imaged. Retro-
pectoral implants facilitate implant-displaced views. However,
complete assessment of all parenchymal tissue is always some-
what limited, regardless of the implant location.

Because imaging of patients with implants already doubles the
radiation dose due to the need for both routine full-breast and
implant-displaced views, the additional radiation dose of tomo-
synthesis may be considered unreasonable. Some facilities use
synthesized mammography combined with tomosynthesis for
the implant-displaced views, gaining the benefit of tomosynthesis
while keeping the radiation dose similar to 2D imaging. Patients
with implants often have a small amount of native tissue, which
is compressed circumferentially around the implant on mammo-
graphic positioning, and can be difficult to assess. Detecting malig-
nancy in women with augmented breasts may be challenging, but
tomosynthesis should improve the sensitivity and specificity of
interpretation over 2D imaging in such women (Fig. 12.15).

Augmentation with fat grafting, also termed fat transfer or
fat injections, is becoming an increasingly common augmenta-
tion method. In this technique, fat is withdrawn from elsewhere
in the body, usually the abdomen, centrifuged to separate the
adipocytes from the oil, and then injected selectively into the
tissues of the breast to augment those areas. This forms mul-
tiple, rounded, fat-density lesions within the breast (Fig. 12.16).
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FIG. 12.15 Implant and new breast cancer diagnosis. (A) A 43-year-old woman with retropectoral silicone implants under-
goes routine two-dimensional screening mammography. The craniocaudal and mediolateral oblique implant displacement views sug-
gest a central asymmetry, possibly in the upper breast (arrows). (B) A diagnostic spot compression craniocaudal tomosynthesis slice
identifies an irregular spiculated mass, but in the lower and not the upper breast, as shown by the slice location indicator (arrows). (C)
The mass is confirmed in the lower breast on a spot compression mediolateral oblique tomosynthesis slice. Targeted ultrasound also
shows the irregular hypoechoic mass at the 6-0'clock position, superficial to the implant. Final diagnosis is adenoid cystic carcinoma,

1.5 cm, triple negative, with negative sentinel lymph node biopsy.

Although these should be characteristically benign in appear-
ance, cases associated with developing calcifications may be
problematic to differentiate from malignancy. Tomosynthesis
can provide yet another level of confidence that the findings are
benign, by demonstrating the relationship of the calcifications
at the periphery of these oil cysts.

Lumpectomy

The imaging of a postlumpectomy patient may present chal-
lenges. Such patients are often extremely anxious, even many
years after their initial disease, worrying about recurrence and
the traumatic experience of dealing with a previous breast

cancer diagnosis. Tomosynthesis improves the imaging assess-
ment of these patients. Not only is the surgical bed assessed
more thoroughly with tomosynthesis, the entire imaging pro-
cess is expedited, reducing the anxiety-provoking time spent in
the department. Most patients are relieved by how quickly the
entire process goes because extra images are not as commonly
required as they are with 2D imaging alone.

The main goal of imaging lumpectomy patients is similar to
any patient—finding small cancers at an early and more easily
treatable stage. This means assessing both the ipsilateral and con-
tralateral breast for any suspicious finding. With tomosynthesis
this is accomplished by obtaining the standard craniocaudal (CC)
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FIG. 12.16 Autologous fat transfer and breast augmentation. (A) A baseline preaugmentation mammogram on a 41-year-
old woman shows scattered fibroglandular tissue. (B) Ten months following autologous fat injections, the patient reports a palpable
region in the lower breast (triangular marker). There is diffuse increased tissue density on the two-dimensional mediolateral oblique
view. Tomosynthesis better demonstrates innumerable, small, oval lucencies throughout the posterior breast (arrows). The palpable

area corresponds to fat and oil cysts.

and mediolateral oblique (MLO) views. As with all tomosynthe-
sis studies, additional views are not usually needed. Magnification
views may be necessary if suspicious calcifications are noted, but
spot compression views are of less value. There are varying proto-
cols for imaging postoperative patients with 2D mammography,
including imaging every 6 months for several years or routinely
performing magnification views of the lumpectomy site. There is
little scientific evidence supporting these practices, and with the
reduced need for excessive imaging afforded by tomosynthesis,
this additional imaging is likely unnecessary. The authors’ pro-
tocol is to perform the first posttreatment exam, usually at 12
months, as a diagnostic study. At this time, additional imaging of
any important finding can be performed. Fortunately, this exam
is most often unremarkable and in the authors’ practice these
patients are advised to return to annual screening mammography.

TOMO TIP | Imaging of surgical sites is greatly improved with tomo-
synthesis compared with 2D imaging, and assessment of typically benign
changes over time and detection of recurrences should be enhanced.

Lumpectomy scars are usually more prominent than benign
surgical excisional biopsy scars because lumpectomy specimens
are often larger and such surgeries are usually followed by radia-
tion therapy, which increases the overall tissue damage and pro-
duces more prominent scarring. As with all scars the lumpectomy
site visualized on the first postoperative mammogram should
appear the most prominent, with subsequent exams showing
characteristic maturation—including stability or regression of
the scar (Fig. 12.17). Surgical clips may demarcate the lumpec-
tomy bed. Tomosynthesis imaging also frequently shows mul-
tiple fatty, round or oval masses within the surgical bed, which
may be occult on 2D mammography. Irregular densities associ-
ated with the scar are often depicted surrounding these multiple

fatty masses on tomosynthesis. Calcifications due to fat necrosis
are nicely depicted at the periphery of such fatty masses. Similar
postoperative findings may be seen in visualized portions of the
axilla following sentinel lymph node biopsy or axillary dissec-
tion. Viewing the shape and margins of scar tissue in this fine
detail permits a more complete yearly mammographic assess-
ment. The ability to detect recurrences should be enhanced.

Radiation Therapy

Radiation therapy is administered to most patients undergoing
partial mastectomy for cancer. The recurrence rate is markedly
reduced compared with patients who do not undergo this adju-
vant treatment. Postoperative radiation has traditionally been
given as whole-breast irradiation, often with a boost to the sur-
gical bed, but increasingly, partial-breast accelerated protocols
are being used with success. Knowledge of the type of radiation
a patient has received is important because the imaging findings
can vary.

Radiation produces edema in the breast tissue in the early
phase, which manifests as skin and trabecular thickening pro-
ducing increased density of the breast tissue. With whole-breast
irradiation, such findings are noted throughout the treated
breast. Over time, this will progress to fibrosis. In some women
the treated breast can sometimes become less dense because
fibrocystic changes and other benign processes are less pro-
nounced than in the untreated breast.

There are different techniques for administering accelerated
partial-breast irradiation (APBI). All involve irradiation tar-
geted to the lumpectomy bed, the area of breast tissue at greatest
risk for local recurrence. Post-APBI changes include focal scar,
seroma, focal skin thickening and skin retraction, and fat necro-
sis (Fig. 12.18). Because more distant breast tissue is spared the
effects of radiation, the diffuse edema and diffuse skin thicken-
ing seen with whole-breast irradiation do not occur.
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FIG. 12.17 Posttreatment changes following lumpectomy and whole-breast radiation. (A) A 43-year-old woman pre-
sents for baseline screening mammogram. Tomosynthesis reveals a small, subtle, spiculated mass in the mid-breast (arrow), represent-
ing invasive ductal carcinoma, subsequently treated with lumpectomy and radiotherapy. (B) One year posttreatment the oval lumpecto-
my cavity appears as an area of mixed density with faint surrounding spiculations (arrow). (C) Two years posttreatment the lumpectomy
cavity is slightly smaller and the spiculations more easily seen (arrow). Diffuse skin thickening secondary to radiation effects persists.

12 months post-treatment

FIG. 12.18 Accelerated partial-breast irradiation. (A) Two-dimen-
sional images on a 62-year-old woman demonstrate an irregular spiculated
invasive ductal carcinoma (arrows), ER/PR+, Her2—, node negative. (B)
Twelve months following lumpectomy and accelerated partial-breast irra-
diation, tomosynthesis slices show a posttreatment seroma (white arrows).
Amorphous calcifications posterior to the seroma are likely benign dystrophic
(black arrow). A smaller seroma corresponding to a sentinel lymph node bi-
opsy site is present in the upper breast (curved arrow). (C) At 18 months,
both seromas are smaller, and the coarsening rim calcifications associated
18 months post-treatment with a small oil cyst have a clearly benign appearance.
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Post-Mastectomy Reconstruction

There are several surgical approaches to reconstruction after
mastectomy, including total or skin-sparing mastectomy with
implant insertion, deep inferior epigastric perforator (DIEP)
or transverse rectus abdominis myocutaneous (TRAM) flaps.
Women who have undergone mastectomy, with or without
reconstruction, do not undergo routine mammographic imag-
ing. Diagnostic breast imaging may be used when there is a
clinical problem, including a palpable mass or focal persistent
breast pain. Breast sonography is often initially performed
because the referring physician requests an ultrasound with
the belief that there is no indication for mammography since
the breast has been removed. But mammography, and more
specifically tomosynthesis, can prove very useful in many cases.
In patients presenting with palpable findings, the ability to
differentiate areas of fat necrosis from recurrent disease can
actually be easier with tomosynthesis than ultrasound. Fat
necrosis can have a complex and indeterminate appearance on
sonography. The ability to see the characteristic encapsulated
fatty lucencies within an area of dense scar on tomosynthe-
sis slices establishes the diagnosis and can provide immedi-
ate relief to an anxious patient and reduce the need for close
clinical or imaging follow-up of complex ultrasound findings
(Fig. 12.19). Such patients presenting with palpable lumps
may be best served by including tomosynthesis in the imaging
evaluation.

Recurrence

The early detection of recurrent cancer has a significant effect
on survival. However, posttreatment changes can present a
greater challenge to detecting malignancy. Detecting recur-
rent cancer while minimizing excessive unnecessary biopsies is
desired. Tomosynthesis, with its ability to depict surgical scars
better than 2D imaging, should improve the detection of recur-
rent disease while better demonstrating benign posttreatment
findings, such as fat necrosis and fibrosis.

The average time range for local-regional recurrence is 3 to 7
years following lumpectomy. Tomosynthesis reveals most scars
to be composed of areas of density (fibrosis) mixed with fatty
lucencies. These scars usually shrink and become less prominent
or stabilize over time. Nodularity in the margin or new focal
density or spiculation in a lumpectomy bed or previously noted
seroma should raise suspicion for recurrent malignancy (Fig.
12.20). Tomosynthesis can demonstrate such margin definition
far better than 2D mammography alone. This should permit
better detection of recurrences at the surgical site compared
with 2D imaging.

In addition, a metachronous malignancy can also occur
anywhere in either breast, and the entire mammogram
should be examined carefully for new findings, including
mass, distortion, and/or microcalcifications (Fig. 12.21).
Tomosynthesis will help to deconstruct the complex appear-
ance of the postsurgical breast and allow improved detection
of second primary cancers.

Specimen Radiography

Specimen radiography using tomosynthesis is not typically
necessary. Imaging of surgical specimens is most efficiently
accomplished through the use of a small cabinet 2D x-ray
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FIG. 12.19 Breast reconstruction following mastectomy and pal-
pable fat necrosis. A 62-year-old woman with a history of invasive carci-
noma treated with mastectomy and deep inferior epigastric perforator flap
reconstruction reports palpable masses in the upper outer quadrant of the
reconstructed breast following surgery. (A) A two-dimensional image shows
aregional, ill-defined asymmetry with associated oval lucencies corresponding
to the palpable finding (triangle skin marker). (B) Better seen with tomosyn-
thesis are multiple oval lucencies consistent with benign fat necrosis (arrows).
(C) On targeted ultrasound the appearance is less specific.

system located in the surgical suite. The specimen images
are immediately obtained and transmitted to the picture
archiving and communication system (PACS), remotely
viewed by a radiologist, with results called to the operating
room. This approach shortens the time required for imaging
and communication and lessens the need for specimen han-
dling. Rarely, a subtle malignant tomographic finding will be
excised, and the lesion will not be obvious on the standard
2D specimen radiography. In this scenario, tomosynthesis
imaging of the specimen may help to confirm that the lesion
was indeed appropriately excised.
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FIG. 12.20 Local recurrence (two ex-
amples). Case 1: (A) Following neoadjuvant
chemotherapy, a clip (arrow) marks the site
of the treated invasive ductal carcinoma (IDC)
in a 37-year-old woman. (B) Six months later
a baseline postlumpectomy mammogram
demonstrates surgical scar (arrow). (C) One
year later there is a new focal density superior
to the lumpectomy site in an area previously
seen as fatty tissue (arrow). Diagnosis is re-
current poorly differentiated invasive ductal
carcinoma, ER-/PR+/Her2+. Case 2: (D) A
65-year-old woman has routine imaging 7
years following lumpectomy and whole-breast
radiation for stage Il IDC. Scar and associated
benign dystrophic calcifications (arrows) are
seen with tomosynthesis in the mediolateral
oblique and craniocaudal projections. (E) At
year 8, in retrospect, developing density is pre-
sent anterior to the lumpectomy site (arrows).
(F) By year nine, there is a large irregular
mass with pleomorphic calcifications (arrows),
skin thickening, and retraction. Biopsy reveals
poorly differentiated IDC, triple negative, with
grade 3 ductal carcinoma in situ.




FIG. 12.21 Second primary (two examples). Case 1: (A) 64-year-old woman is 14-year status post—node-
positive invasive breast cancer, lumpectomy, and radiotherapy. Minimal scarring is present in the lateral breast. (B)
One year later there is a new small mass (arrows) in the medial breast, with spiculated margins appreciated on a
craniocaudal spot compression tomosynthesis slice. A corresponding small irregular hypoechoic mass with an echogenic
boundary is identified by ultrasound. Diagnosis is invasive lobular carcinoma, ER/PR+, Her2—. Case 2: (C) A 54-year-
old woman is 21-year status-post node-positive retroareolar invasive ductal carcinoma, lumpectomy, and radiotherapy.
There is postsurgical scarring with dystrophic calcifications in the central breast. (D) Two year later a new asymmetry is
seen in the medial breast. Tomosynthesis shows a suspicious mass with irregular shape and spiculated margins (white ar-
row), as well as a second suspicious mass further medially (black arrow). Magnetic resonance imaging demonstrates two
corresponding enhancing spiculated masses (white and black arrows). Diagnosis is invasive ductal carcinoma, moderately
differentiated, ER/PR+, Her2—.
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Postoperative changes of the breast are routinely encountered
on screening and diagnostic mammogram examinations. Such
findings are usually more obvious with tomosynthesis, regard-
less of breast density, and easily recognized as benign when
correlated with clinical history and prior imaging studies.

CHAPTER 12 The Postoperative Breast

Because benign scars and other associated findings should
remain stable or regress over time, any increasing distortion,
developing asymmetry, new mass, or changing calcifications
mandates further evaluation. In the authors’ experience,
tomosynthesis improves visualization of surgical sites, and
more accurately demonstrates both benign and malignant
processes.
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Tomosynthesis in the Male Breast

Male patients are not uncommon in breast imaging centers,
where they usually present with clinical symptoms, including
breast lumps, pain, or focal swelling. Men are usually distressed
by these symptoms and are uncomfortable while in the depart-
ment. Expediting the imaging process and communicating the
results as quickly as possible are desirable.

Tomosynthesis can be very helpful in imaging the male
patient because it can help to differentiate glandular tissue from
true masses, similar in women’s breasts. By far the most com-
mon finding among men presenting for breast imaging is gyne-
comastia. Breast cancer in men is uncommon, accounting for
less than 1% of all breast cancer and less than 1% of all cancer
in men. Differentiating gynecomastia from breast cancer is the
main objective when imaging male breasts. There are also other
specific diagnoses that may occasionally be encountered, such as
lipomas, lymph nodes, sebaceous or epidermal inclusion cysts,
hematomas, abscesses, fat necrosis, and malignant findings sec-
ondary to lymphoma or metastases.

Men do not routinely undergo mammographic screening.
However, certain exceptions include those with a personal his-
tory of breast cancer (postmastectomy), a history of mantle
radiation in childhood or young adulthood, a known genetic
mutation (particularly BRCA 1 or 2 carriers), as well as male-
to-female transsexuals receiving high-dose estrogen and men
with rare syndromes known to increase breast cancer risk
(eg, Klinefelter syndrome). For all these individuals the lifetime
risk of breast cancer is high enough to justify annual mam-
mography screening (Fig. 13.1). As awareness of individual and
familial genetic profiles increases, it is possible that more men
may seek breast cancer screening.

Imaging the Male Patient

Mammography is the main imaging modality for evaluating
male patients. Bilateral mammography in the conventional
craniocaudal (CC) and mediolateral oblique (MLO) projec-
tions is usually performed. This permits assessment of bilat-
erality and symmetry of findings, which is often the key to
making a diagnosis. In young men under 35 years of age, ultra-
sound could be considered initially and mammography per-
formed only if the mammographic findings are inconclusive
or suspicious.

'The normal male mammogram typically demonstrates fatty
tissue, a minimal amount of subareolar tissue, intramammary
or axillary lymph nodes, and prominent pectoralis muscles.
Tomosynthesis would likely not be beneficial if most men
presenting for imaging had this normal mammographic
appearance because tomosynthesis does not add much benefit
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to the assessment of fatty tissue over two-dimensional (2D)
mammography alone (Fig. 13.2). However, because most men
undergoing mammography are symptomatic and often present
with gynecomastia, a normal mammographic appearance is not
common,; thus tomosynthesis often can be helpful.

Most clinically palpable lumps in men occur near the nipple,
and compression of this region may be suboptimal, especially
if the patient has large pectoralis muscles. As a result, visual-
ization of the subareolar area may be compromised. Clumped
subareolar density may make it difficult to clearly differentiate
an underlying mass from gynecomastia. Tomosynthesis allows
improved assessment of the breast tissue due to the ability to
scroll and visualize the tissue in thin slices (Fig. 13.3). If the
pectoralis muscles are particularly prominent, additional views
of the anterior breast, excluding the pectoralis muscles, can be
performed. Gynecomastia has a similar appearance to fibro-
glandular tissue in a female breast and can be more confidently
diagnosed with tomosynthesis. In addition, a focal mass can be
more easily identified and better differentiated from adjacent
tissue.

When imaging men presenting with palpable lumps eccentric
to the nipple, placement of a skin marker overlying the abnor-
mality is very important to permit better assessment of the area
of clinical concern. Breast cancer and gynecomastia may coexist,
particularly in older men, and identifying a suspicious mass in
a background of bilateral gynecomastia can be challenging. In
addition, isodense or hypodense masses, such as lipomas, may
be difficult to detect. Occasionally, spot compression views with
tomosynthesis may be necessary to further evaluate a focal area
of concern. Tomosynthesis can also enhance the identification
and characterization of a mass in the retroareolar region in men
with gynecomastia.

Clinically, male patients usually present with symptoms of ten-
derness, swelling, and/or a subareolar lump. These symptoms are
most commonly unilateral, but occasionally may be bilateral.
Tenderness is usually the prime complaint and source of dis-
tress. Due to the troubling symptoms, the time frame of clinical
complaints is usually relatively recent onset. Occasionally men
will have had symptoms for months or even years. The appear-
ance of gynecomastia varies with duration of symptoms. Care-
ful clinical history, including medications, is necessary to help
make the diagnosis. There are many causes of gynecomastia,
including medications, street/illicit drugs and alcohol, and
medical conditions such as liver disease. However, in some cases
a definitive etiology is not identified.
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FIG. 13.1 Right breast screening. An 82-year-old man status post—left mastectomy 15 years prior presents for annual screening
of the right breast. (A) Two-dimensional mammogram shows mild gynecomastia and a questionable spiculated asymmetry in the
subareolar area on the craniocaudal view (arrow). (B) Tomosynthesis slice images from the lower (B1) and upper (B2) halves of the
breast help to establish that the asymmetry represents superimposed tissue.

FIG. 13.2 Normal male mammogram. A 43-year-old man presents for imaging after his physician questioned a palpable finding
in the right breast. No discrete lumps were felt on the day of the exam. The breast tissue is predominantly fatty with no abnormality

seen in either breast.




CHAPTER 13 Tomosynthesis in the Male Breast

FIG. 13.3 Gynecomastia. An 85-year-old man with a history of prostate cancer presents with induration of the right breast. (A) Examina-
tion indicates gynecomastia in both breasts, right greater than left, causing nipple retraction during mammographic compression. (B) Mediolat-
eral oblique and craniocaudal tomosynthesis slice images show normal tissue in the right breast subareolar area, excluding an underlying mass.
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FIG. 13.4 Diffuse gynecomastia. A 67-year-old man on long-term spironolactone treatment presents with bilateral breast pain

and lumps. (A) Two-dimensional images show very prominent dense tissue bilaterally, making exclusion of an underlying mass dif-
ficult. (B) Tomosynthesis images permit assessment of the tissue as normal dense fibrotic tissue with no focal abnormality detected

such that further evaluation with ultrasound was not necessary.

Histologically, gynecomastia is a proliferation of the fibro-
glandular elements of the breast. The ductal tissue is rudimen-
tary in men, but with stimulation due to hormonal imbalance
of testosterone and estrogen or other exogenous factors, this
tissue can proliferate. This most often results in prominent
ducts directly behind the nipple. Men do not have lobules,
and thus breast cysts and invasive lobular cancer are very rare.

Mammographically, gynecomastia presents as a focal tis-
sue density originating and branching out for a variable extent
from the subareolar area. In some cases, glandular proliferation
can extend for several centimeters or more and be so exten-
sive as to mimic a moderately dense female breast (Fig. 13.4).

Gynecomastia is usually bilateral, although commonly mark-
edly asymmetric, with the symptomatic breast showing more
profound changes. The mammographic density should have the
appearance of fibroglandular tissue, similar to the female breast.
Tomosynthesis is especially helpful in demonstrating the den-
sity to be fibroglandular in origin because it can better depict the
proliferative fibroglandular tissue blending into the surrounding
fat. Different types of gynecomastia have been described: nodu-
lar,dendritic,and diffuse. The earliest phase is nodular gynecomastia,
with a density seen radiating from the subareolar areas (Fig. 13.5).
Over time the amount of fibrotic tissue proliferates, and the chronic
dendritic pattern appears as a radiating pattern similar, as the name
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FIG. 13.5 Nodular gynecomastia. A 57-year-old man presents with a right breast lump. (A) Bilateral mild gynecomastia is noted
on the 2D mammogram, more pronounced on the right and corresponding to the palpable area. (B) Two tomosynthesis slices in the
craniocaudal projections demonstrate subareolar tissue, which superimposes to make the asymmetry in the 2D image.

implies, to tree branches (Fig. 13.6). Diftuse gynecomastia, seen in TOMO TIP
individuals receiving exogenous estrogen treatment, such as treat-
ment for prostate cancer or transgender feminization, appears as
florid, dense bilateral tissue density.

Tomosynthesis can better differentiate the fibroglandular
tissue of gynecomastia from an underlying mass than 2D mammography
can, and this may result in additional imaging not being required.
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FIG. 13.6 Dendritic gynecomastia. A 50-year-old man with long-standing type 2 diabetes and hypertension (on metformin,
lisinopril, and hydroclhlorothiazide) presents with bilateral breast lumps. (A) Two-dimensional mammogram shows a radiating den-
dritic gynecomastia pattern, which is exquisitely demonstrated on the (B) tomosynthesis slices.

Occasionally a true mass may be difficult to detect if sur-
rounded by very dense fibroglandular tissue. With 2D imaging,
additional imaging with spot compression views is often neces-
sary. Ultrasound is often needed to exclude an underlying mass.
Gynecomastia can have varying appearances on ultrasound,
depending on the evolution of the disease. Assessment of the
subareolar area on ultrasound, with the accompanying nipple
artifact, can often be difficult and therefore limited. Although
early disease may show hypoechoic tissue and radiating ducts
without posterior shadowing, with the increasing fibrosis seen in
later disease, intense shadowing can be encountered (Fig. 13.7).
In a study by Chen and Slanetz 85% of men presenting with
gynecomastia underwent ultrasound following mammography,
which in most cases was felt to be unhelpful and sometimes led to
unnecessary biopsy. Tomosynthesis can help by more confidently
assessing the mammographic density as tissue and excluding an
underlying mass; therefore it can often help to avoid the need to
perform an ultrasound.

Breast Cancer

Breast cancer must be excluded for any man presenting with a
palpable mass or other suspicious symptoms. Clinically a pal-
pable lump eccentric or near the nipple is the most common
presentation of malignancy, although other symptoms, such as
nipple changes and skin thickening, can also occur (Fig. 13.8).
The mean age of presentation of breast cancer in men is 68
years, approximately a decade later than in women. However,
certain uncommon conditions may predispose some men to
developing cancer at a younger age (Fig. 13.9). Most breast
cancer in men is invasive ductal carcinoma with or without
ductal carcinoma in situ (DCIS). Pure DCIS, inflammatory
carcinoma, Paget disease, papillary carcinoma, and invasive
lobular carcinoma are rare. Although typically thought to
develop eccentric to the nipple, breast cancer generally arises
in the subareolar ducts, so differentiation from gynecomastia is
absolutely necessary.
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FIG. 13.7 Right gynecomastia. A 66-year-old man presents with right breast swelling and tenderness. (A) There is marked
gynecomastia of the right breast, with associated skin and trabecular thickening. (B) Tomosynthesis slice images in the mediolateral
oblique and craniocaudal projections show dense tissue in a dendritic pattern. (C and D) Ultrasound shows a hypoechoic area in the
subareolar region (C) consistent with focal glandular proliferation and mixed glandular tissue in the upper right outer quadrant (D).

'The imaging features of breast cancer in men appear similar to
those of invasive cancers in women. The usual presentation is an
irregular mass with indistinct or spiculated margins, correspond-
ing to the palpable lump. Calcifications can be found within the
mass but rarely are the sole mammographic feature. Although
most breast cancers in men are obvious, excluding a mass on
mammography can be challenging in those men with moderate-
to-marked gynecomastia. Tomosynthesis imaging aids in dif-
ferentiating the more common gynecomastia because scrolling
through the tissue slices permits a better assessment of whether it
is fibroglandular tissue, a suspicious mass, or both. Tomosynthesis
images depict the irregular shape and indistinct or spiculated bor-
ders, better differentiating a mass from the surrounding tissues.

In addition, cancers may present as cystic lesions appear-
ing as a circumscribed mass. Cysts are very uncommon in men,
and therefore ultrasound of a circumscribed mass is warranted.
Some intraductal carcinomas may present as a complex cystic
and solid mass (Fig. 13.10). The differential diagnosis for solid
masses in men is limited because men usually do not develop
the common, benign, palpable lesions found in women, such
as fibroadenomas. Ultrasound-guided needle biopsy should be
considered for most solid or complex masses presenting in men.
Assessment of the axilla, on tomosynthesis and/or ultrasound,
should be included in any patient with a suspicious breast mass
because involved lymph nodes occur in approximately 50% of
men presenting with breast cancer.
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FIG. 13.8 Breast cancer. An 82-year-old man presents with a palpable lump in the left breast. (A) 2D mammogram reveals diffuse
gynecomastia bilaterally. A spiculated mass corresponding to the palpable finding is noted in the inferior left breast, with associated
skin thickening and retraction. (B) Tomosynthesis mediolateral oblique and craniocaudal slice images demonstrate the extensive
spiculations. (C) Ultrasound shows a corresponding 2.5-cm irregular mass with spiculated margin. Ultrasound-guided core needle
biopsy showed poorly differentiated invasive and in situ ductal carcinoma, ER/PR+, Her2—.
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FIG. 13.9 Breast cancer in a young man. A 42-year-old man with neurofibromatosis presents with a palpable lump near
the nipple in the right breast. (A) 2D mammogram reveals an irregular mass with indistinct margins and a prominent axillary
lymph node. (B) Tomosynthesis MLO and CC slice views demonstrate the fine spiculations of the margins. (C) Ultrasound shows
the markedly irregular mass and enlarged axillary lymph node. Core needle biopsy pathology showed invasive ductal carcinoma,
ER/PR/AR+, Her2— with 2/8 nodes positive. Women with neurofibromatosis have a fourfold risk of breast cancer. No statistics are
available on the risk for men with the syndrome.
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FIG. 13.10 Ductal carcinoma in situ. A 71-year-old man presents with a palpable left breast mass. (A) 2D mammogra-
phy shows nodular gynecomastia bilaterally and a 3-cm lobulated mass corresponding to the palpable lump. (B) Tomosynthe-
sis slice images show that the margins are predominantly circumscribed. (C) Ultrasound reveals a complex cystic and solid mass.
(D) Ultrasound-guided core needle biopsy was performed showing ductal carcinoma in situ. Final pathology revealed papillary carci-
noma with foci of invasive carcinoma, mucinous type, ER/PR/AR+, Her2—.
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FIG. 13.11 Lipoma. A 59-year-old man presents with a palpable lump in the lower inner left breast. (A) Two-dimensional mam-

G S

mogram shows only fatty tissue. (B) Tomosynthesis slice view reveals a thin capsule surrounding a fat-density lesion. (C) Although not
necessary for diagnosis, ultrasound shows a corresponding slightly hyperechoic, wider-than-tall, oval mass, confirming the lipoma.

Other Findings on Tomosynthesis

In addition to gynecomastia and breast cancer, other specific
findings may be the source of the patient’s symptoms or may be
found incidentally. Lipomas, sebaceous cysts, epidermal inclu-
sion cysts, abscesses, hematomas, fat necrosis, pseudoangio-
matous stromal hyperplasia (PASH), diabetic mastopathy, and
metastatic nodules can all be found in men. Clinical history is
important for making the diagnosis. Imaging with tomosyn-
thesis and/or ultrasound will depend on the clinical scenario.

Lipomas commonly present as a soft, mobile, nontender, pal-
pable lump. Tomosynthesis can help to detect the fine capsule
around the periphery of the lipoma, which can be more difficult
to detect on 2D imaging. Ultrasound is not usually needed if
this characteristic finding is noted on tomosynthesis. However,
if ultrasound is performed, a circumscribed echogenic mass will
be seen (Fig. 13.11).

Fat necrosis or oil cysts are other causes for palpable lesions
in men. These present clinically as superficial lumps, and vary in
firmness, depending on the degree of calcification. Sometimes
they may be tender. There may be an identifiable etiology, such
as motor vehicle collision or other trauma, but many times the
patient will not be able to recollect a specific traumatic event.
Fat necrosis and oil cysts typically present mammographically
as lucent round or oval masses with a thin capsule, but they may
have more complex appearance, including a variable amount of
calcifications. On ultrasound, due to the mixed fat composition
and possible calcifications, these lesions can appear complex,
often with a suspicious sonographic appearance. Mammogra-
phy and, in particular, tomosynthesis can be more definitive in
such cases by depicting the characteristic appearance of lucent
circumscribed masses with or without calcifications (Fig. 13.12).

Abscesses, sebaceous cysts or epidermal inclusion cysts, and
hematomas are usually clinically apparent and rarely require
imaging confirmation. Occasionally imaging confirmation
may be requested to exclude an underlying mass. In these cases
ultrasound may be performed first. If there are indeterminate
or suspicious ultrasound findings, mammography, particularly
tomosynthesis, could then be considered (Fig. 13.13).

PASH is uncommon in men but may be found, often in
association with gynecomastia. It is a benign entity consisting
of mammary stromal proliferation and usually appears as a dis-
crete mass, although at times it can be indistinguishable from
the fibroglandular tissue of gynecomastia (Fig. 13.14). If pre-
senting as a discrete solid mass, biopsy should be considered, as
for any solid mass in a male. Diabetic mastopathy, usually asso-
ciated with long-standing type 1 diabetes mellitus, has been
described in both men and women and may also present as a
palpable finding. In this scenario the tissue mass can appear
dense, and tomosynthesis imaging can help to depict the nor-
mal glandular tissue composition and exclude an underlying
mass lesion. Although rare, hamartomas can be found in men,
particularly in the background of gynecomastoid proliferation.
Tomosynthesis demonstrates the characteristic, breast-with-
a-breast appearance of mixed fibroglandular and fatty tissue.
Finally, a history of previous procedures is important to docu-
ment in men because, similar to the female breast, surgical
scars in the male breast can look ominous on tomosynthesis
(Fig. 13.15).

Individuals in the process of or who have completed a trans-
gender sex change may desire mammography screening. Such
processes often involve exogenous hormonal treatment fol-
lowed by surgical procedures. Female-to-male transformation
may involve first treatment with antiestrogens, followed by
mastectomy. Mammography in such patients may reveal breast
tissue that shows decreased density over time. Conversely, those
undergoing male-to-female transformation may be treated with
estrogens and thus demonstrate breast tissue that is increased in
size and density over time. This is not gynecomastia, rather tis-
sue that contains ductal and lobular elements. Therefore, these
individuals may develop cysts or fibroadenomas. A few cases
of breast cancer in male-to-female transsexuals receiving high
doses of exogenous estrogen have been reported. In one case
reported by Maglione et al., the cancer could only be seen on
tomosynthesis (and magnetic resonance imaging) but not on
conventional 2D mammography. As with screening any indi-
vidual, tomosynthesis may help to differentiate normal breast
tissue from any focal pathologic changes.
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FIG. 13.12 Oil cysts. A 49-year-old man presents with a small palpable area in the right breast. (A) 2D mammography
did not show a focal abnormality. (B) Tomosynthesis slice views demonstrate two round, fat-density masses (arrows). (C) Targeted
ultrasound demonstrates two small cysts consistent with oil cysts.
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FIG. 13.13 Abscess. A 58-year-old man presents with swelling under his right nipple 6 days after completing antibiotic treatment,
with a persistent palpable region. (A) Ultrasound shows a 2.5-cm irregular hypoechoic mass. (B) 2D images show bilateral gyneco-
mastia and an irregular mass in the right breast. (C) Tomosynthesis slice images show the mixed density but indistinct margins of the
mass. Biopsy was performed, revealing acute and chronic inflammation.
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FIG. 13.14 Pseudoangiomatous stromal hyperplasia. (A) A 59-year-old man presents with a recurrent palpable lump in
the periareolar area at the 1-0'clock position of the left breast. He has a history of previous excision of a mass in the same location,
reported as benign. (B) An oval, fat-containing mass is seen in the subareolar region on the tomosynthesis views, correlating to
the palpable abnormality. (C) Ultrasound shows an oval, mixed echogenicity lesion. Biopsy revealed pseudoangiomatous stromal

hyperplasia.
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FIG. 13.15 Postoperative scar. A 72-year-old man presents with swelling and tenderness of the right breast. (A) Moderate
gynecomastia is present in the right breast. (B) Tomosynthesis mediolateral oblique slice images show the right gynecomastia and
the spiculated architectural distortion in the subareolar area of the left breast (arrow). The patient had undergone previous surgery

for left gynecomastia.

As with mammographic imaging of women, tomosynthesis can
be helpful in assessing the breast tissue of men, whether presenting
for high-risk screening or with breast-related symptoms. Tomo-
synthesis makes the diagnosis of gynecomastia more definitive

and potentially reduces the diagnostic work-up and decreases the
need for ultrasound. Male breast cancer can be more confidently
differentiated from gynecomastia. Lymph nodes, fat necrosis,
lipomas, and other benign findings can also be more easily diag-
nosed. Expedited and improving the breast imaging work-up
with tomosynthesis is beneficial for the male patient.
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Similar to the need for magnetic resonance imaging (MRI)
biopsy capability in a practice that performs breast MRI, the
need for tomosynthesis-guided breast biopsies in a prac-
tice that uses tomosynthesis is inevitable because there are
certain lesions seen only on tomosynthesis that would be
impossible to biopsy using two-dimensional (2D) stereotac-
tic guidance. This often leads to subsequent examinations,
such as ultrasound and/or MRI, on which the lesion may
also not confidently be identified. In addition, some subtle
lesions (low-contrast and noncalcified lesions) that can be
seen on 2D mammography are problematic to biopsy when
using a stereotactic technique. Tomosynthesis-guided biop-
sies address both of these issues.

Advantages of Tomosynthesis-Guided Biopsy

'The tomosynthesis biopsy unit has many advantages over dedi-
cated prone stereotactic biopsy units. Targets visualized by
tomosynthesis alone, subtle lesions better visualized with tomo-
synthesis compared with 2D mammography, or lesions seen only
on one mammographic or tomosynthesis view are more readily
biopsied under tomosynthesis guidance (Figs. 14.1 and 14.2).
In addition, calcifications, architectural distortion, and small
mammographic masses not seen on ultrasound may be biop-
sied with tomosynthesis guidance (Fig. 14.3). Tomosynthesis-
guided breast biopsies are cost effective and easily integrated
into the daily workflow, and the upright positioning of the
currently available unit improves patient access by addressing
barriers to prone stereotactic biopsies, such as patient comor-
bidities and lesion position.

Lesion Visualization

Masses and Architectural Distortion

Tomosynthesis units use high spatial resolution digital recep-
tors, which have better signal-to-noise and contrast-to-noise
ratios than the old charge-coupled device (CCD) receptors
used for currently available prone stereo devices and therefore
allow accurate sampling of lesions that are not visible with
the CCD detector technology (Fig. 14.4). Furthermore, digi-
tal breast tomosynthesis uses the full detector size during the
biopsy, as opposed to the prone stereotactic biopsy device in
which there is a limited window of imaging due to a smaller
compression paddle. The full detector provides a larger field of
view and better orientation when targeting, which can be very
helpful when performing biopsies of subtle findings. Localiza-
tion of subtle lesions or one-view only findings is easier with
tomosynthesis because their relative location on the orthogo-
nal view may be determined by their depth (slice location) on

the view on which they are visualized. In addition, the off-axis
imaging pairs used for localization with traditional stereotaxis
create a challenge when targeting subtle lesions because these
lesions may be seen only on the scout view or one of the two
stereotactic pair views. This issue is eliminated with the tomo-
synthesis scout because targeting is performed directly from
the scout image.

Calcifications

Vascular and skin calcifications not obvious on 2D images
are readily apparent on the tomosynthesis scout images, obvi-
ating the need for a biopsy. When there are multiple groups
of calcifications or large groups of calcifications, determining
which group on one 15-degree stereotactic view corresponds
to which group on the other 15-degree stereotactic view can be
very difficult (Fig. 14.5). This dilemma is eliminated by using
tomosynthesis scout images because any single cluster of the
calcifications can be easily isolated from distracting clusters
within the same area but in other planes. Similarly, groups of
calcifications overlapping on a 2D view can be distinguished
on the tomosynthesis scout obtained prior to the biopsy. How-
ever, it is important to scroll through all of the tomosynthesis
scout images to ensure that the appropriate group is targeted for

biopsy (Fig. 14.6).

Cost Effectiveness

Tomosynthesis-guided breast biopsies are cost effective in
part because the need to use MRI for troubleshooting subtle
lesions not visible with traditional stereotaxis or ultrasound
is obviated, resulting in savings of both cost and time. In
2013 Smith et al presented an abstract comparing upright
tomosynthesis-guided breast biopsies with prone stereotac-
tically guided breast biopsies found that there were fewer
targeting attempts and fewer images obtained with tomo-
synthesis-guided breast biopsies compared with prone ste-
reotactic breast biopsies, resulting in shorter biopsy times
and decreased patient radiation. Shorter biopsy times not
only improve patient comfort but also allow more biopsies
to be performed during the workday. In addition, there may
be confounding factors with MRI, such as significant back-
ground parenchymal enhancement and differences in the
appearance of the breast tissue in the prone position that
may make definitive identification of the lesion seen on
mammography and/or tomosynthesis difficult. The search for
subtle or small lesions with ultrasound may be time consum-
ing and unsatisfactory. Areas thought to correspond to the
mammographic abnormality on ultrasound and subsequently
biopsied using ultrasound may not truly correspond. This

167



168 CHAPTER 14  Interventional Procedures

Tomo

FIG. 14.1 (A) Right 2D MLO and 2D CC views and corresponding MLO and CC tomosynthesis images from a tomosynthesis
screening exam in a 47-year-old woman demonstrate architectural distortion (arrows) in the lower-inner right breast visualized on
tomosynthesis only. (B) Right 90-degree scout view from the tomosynthesis-guided biopsy shows the area of architectural distortion
(arrow) targeted for biopsy. (C) Postprocedure right 90-degree and CC views demonstrate appropriate positioning of the T-shaped

clip (arrows). Pathology revealed a radial scar.



CHAPTER 14  Interventional Procedures 169

Left trans 1:00 6CM FN | : Left long 1:00 6CM EN | ) Left 1:00 CORE POST

FIG. 14.2 (A) Left two-dimensional MLO and corresponding MLO tomosynthesis from a tomosynthesis screening in a 55-year-old
woman demonstrate architectural distortion (straight arrow) in the upper-left breast visualized only on the tomosynthesis MLO view.
The patient had a prior benign left breast biopsy (wing clip). (B) Two orthogonal sonographic images demonstrate a 5 x 3-mm
hypoechoic lesion (straight arrows) at the 1-o'clock position in the left breast 6 cm from the nipple, thought to correspond to the
distortion seen on tomosynthesis. This was biopsied under ultrasound guidance, with pathology revealing stromal fibrosis. (C) Left
MLO tomosynthesis view following the biopsy demonstrates that the architectural distortion (straight arrow) is anterior and inferior
to the ribbon biopsy clip (curved arrow), so tomosynthesis-directed biopsy was performed. (D) Left 90-degree scout view from the
tomosynthesis-guided biopsy demonstrates the area of architectural distortion (straight arrow) targeted for biopsy. (E) Postprocedure
left 90-degree view demonstrates appropriate positioning of the T-shaped clip (straight arrow) inferior to the ribbon clip (curved
arrow) placed during the ultrasound-guided biopsy. Pathology revealed a radial scar.

may result in unnecessary biopsies because the initially ques- Fig. 14.3). The cost-to-benefit ratio of implementation of
tioned suspicious area detected on tomosynthesis or mam- this technology will be site specific and should be considered
mography was not biopsied and the patient must undergo an prior to implementation.

additional biopsy to adequately sample the correct area (see
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FIG. 14.3 (A) Left mediolateral oblique and CC views from a screening mammogram in a 48-year-old woman demonstrate a new
focal asymmetry (arrows) in the posterior left breast. This was not sonographically visible. (B) Left 90-degree scout view from the
tomosynthesis-guided biopsy demonstrates the focal asymmetry in the left breast (arrow). (C) Postprocedure left 90-degree and CC
views demonstrate appropriate positioning of the buckle clip. The final pathology revealed a hyalinzied fibroadenoma.
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FIG. 14.4 (A) Right CC view from a screening mammogram in a 58-year-old woman demonstrates faint calcifications (arrow) in
the 12-0'clock position of the right breast initially visualized only on the CC view. (B) Right magnification 90-degree and CC views
demonstrate a group of faint amorphous calcifications (arrows) in the 12-0'clock position of the right breast. (C) Right CC scout view
from the prone stereotactically guided biopsy. The calcifications were not visualized, and the biopsy was aborted. (D) Right CC scout
view from the tomosynthesis-guided biopsy demonstrates the suspicious group of calcifications (arrow), so the biopsy was performed
and the calcifications were retrieved in the specimens. (E) Postprocedure right 90-degree and CC views demonstrate appropriate
position of the buckle-shaped clip. The final pathology revealed fibrocystic changes and a fibroadenomatoid nodule.
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FIG. 14.5 (A) Right MLO and CC views in a 70-year-old woman with a history of left breast cancer demonstrate calcifications
(ovals) in the upper-outer right breast. (B) Right magnification CC and MLO views demonstrate a 7.5 x 4.0-cm area of fine pleomor-
phic and amorphous calcifications (circles) in the upper-outer right breast. (C) Right 90-degree scout view from the tomosynthesis-
guided biopsy shows a group of calcifications from this region targeted for biopsy. (D) Specimen radiograph shows representative
calcifications (arrows) within several of the core specimens. (E) Postprocedure right 90-degree and CC views demonstrate appropriate
position of the cylinder-shaped clip (arrows) with residual adjacent calcifications. The final pathology revealed ductal carcinoma in situ
nuclear grade 2 and atypical ductal hyperplasia.
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FIG. 14.6 (A) Left CC view from a screening mammogram in a 69-year-old woman demonstrates indeterminate calcifications
(straight arrow) in the posterocentral left breast. (B) Left magnification CC and 90-degree view demonstrate a single group of fine
pleomorphic calcifications (straight arrows) in the posterior inferior left breast. (C) Left 90-degree scout view from the tomosynthesis-
guided biopsy shows the calcifications (straight arrow) intended for biopsy. (D) Postprocedure left 90-degree and CC and views show
that the group of calcifications intended for biopsy was not sampled (straight arrows). They are medial and slightly posterior to the
T-shaped clip (curved arrows). In retrospect, both groups of calcifications were in the same plane on the CC view and superimposed
on the 90-degree magnification view. The lateral group was sampled because it was the first group encountered when targeting was
performed from a lateral approach. The group of calcifications intended for biopsy was then targeted and sampled. Final pathology
revealed a hyalinized fibroadenoma at both biopsy sites. This case illustrates the importance of scrolling through the entire tomos-
ynthesis scout images when targeting because groups of calcifications may be in the same plane on one view as the calcifications

intended for biopsy and inadvertently targeted and biopsied.

Patient Access

Biopsies can be performed in the upright or decubitus positions
with these add-on systems. Therefore patients who exceed the
table weight limit for the prone biopsy device are suitable can-
didates for tomosynthesis-guided biopsies. In addition, patients
with comorbidities (such as respiratory issues, prior surgery,

arthritic conditions, or limited mobility) that may prevent them
from lying on the stereotactic table prone for a prolonged period
of time are suitable candidates for these biopsies. Positioning is
much easier with the upright device because there is no inter-
ference from the biopsy table. Far posterior lesions are more
easily biopsied because the upright approach allows for better
access to the posterior tissues (Fig. 14.7).
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FIG. 14.7 (A) Left mediolateral oblique and CC views from a screening mammogram in a 48-year-old woman demonstrate in-
determinate calcifications (arrow) in the far posterior upper-outer left breast. (B) Left magnification 90-degree and exaggerated
craniocaudal (laterally) views demonstrate pleomorphic calcifications (arrow) in the far posterior upper-outer breast. (C) Left prone
stereotactic biopsy scout view obtained at the time of diagnostic evaluation to show that the calcification (arrow) biopsy with ste-
reotactic guidance should be feasible. (D) Left CC stereotactic biopsy scout image obtained at the time of biopsy demonstrating the
targeted calcifications (arrow). (E) Prefire stereotactic pair demonstrating the calcifications (arrow) away from the tip of the biopsy
needle. (F) Specimen radiograph shows no calcifications within the core specimens.
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FIG. 14.7, cont'd (G) Left postprocedure 90-degree and CC views show the calcifications intended for biopsy (straight arrows) to
be superior and lateral to the buckle clip (curved arrows). Upright tomosynthesis-directed biopsy of the cluster was then performed.
(H) Postprocedure left 90-degree and CC views demonstrate appropriate positioning of the T-shaped clip (straight arrows) superior
and lateral to the buckle clip (curved arrows). (1) Specimen radiograph shows representative calcifications (arrow) within one of the
core specimens. The final pathology revealed fibrocystic changes. (J) Left CC scout view from tomosynthesis-guided biopsy shows the
group of calcifications (arrow) intended for biopsy.
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Workflow

After radiologists have gained expertise with the use of
tomosynthesis-guided biopsies, patients may be triaged to
the most appropriate modality for biopsy, thereby improv-
ing daily workflow. Because the current biopsy device is an
attachment to the tomosynthesis unit, the unit can be used
for screening and diagnostic evaluation when not in use
for biopsies. At the authors’ institution, patients requiring
tomosynthesis-guided breast biopsy are scheduled in the
morning so that the unit may later be used for diagnostic and
screening exams. Alternatively, the biopsies may be sched-
uled at the end of the day or worked into the daily diagnostic
workflow of the breast center.

Limitations of Tomosynthesis-Guided Biopsy

First, when the device is being used for tomosynthesis-guided
biopsies, it is no longer available for use with diagnostic and
screening patients. In contrast, a stand-alone biopsy device
poses no interference to the daily workflow. A workaround to
this issue is to identify the patients who need tomosynthesis
biopsy up front so that they can be scheduled at a time of day
or to a particular day that may not be as disruptive to the diag-
nostic and screening schedule. This type of scheduling will vary
greatly depending on site preferences.

Second, biopsies performed with the upright tomosynthesis
biopsy unit cannot be performed from an inferior approach due
to interference from the patient’s legs and inability of the tube
to rotate 180 degrees. This is not a true limitation because most
lesions can readily be biopsied via another approach (Fig. 14.8)
or they may be performed with the patient in the lateral decu-
bitus position on a gurney.

Third, there is a learning curve for tomosynthesis-guided
breast biopsies. The orientation of the patient relative to the
images is different with the currently available version. The
biopsy device is positioned approximately 10 degrees off the
perpendicular axis relative to the skin surface so that the
images are not obscured by the device. Most radiologists and
the technical support staff have trained with and have used
prone stereotactic biopsies for years and are therefore more
comfortable troubleshooting with the prone stereotactic
device. Despite this, most breast imagers will rapidly adapt to
the new modality.

Lastly, because the current device is within the direct
vision line of the patient, this approach may result in a higher
incidence of syncopal episodes relative to the prone stereotac-
tic device in which the device is obscured from the patient’s
vision, although this was not found in a study by Smith
et al. comparing vacuum-assisted prone stereotactic biop-
sies to upright tomosynthesis-guided biopsies. To minimize
the potential for vasovagal events, patients can be advised to
look away or close their eyes during the biopsy. The study by
Smith et al. found that patients had slightly greater pain with
upright tomosynthesis-guided biopsies than with prone ste-
reotactic biopsies, although this was not statistically signifi-
cant. Biopsies with both techniques were very low on a 1 to
10 pain scale with the averages of 2.49 for prone stereotactic
biopsies and 3.04 for upright tomosynthesis-guided biopsies.
Prone tomosynthesis units have been developed which could
eliminate the potential syncopal and workflow issues of the
add-on upright units.

Procedure

The patient is positioned to sit upright or lie in the lateral
decubitus position for the procedure. The risks of the tomosyn-
thesis-guided procedures are identical to that of stereotactically
guided biopsy and include bleeding, infection, and bruising. In
comparison with stereotactic biopsies, a tomosynthesis scout is
obtained in place of a 2D scout. The images are scrolled through
to the level at which the target (distortion, calcifications, etc.) is
most sharply visualized. This determines the depth (Z). A loca-
tion indicator allows the position of the target within the breast
on that view to be clearly understood. This is extremely helpful
when there are multiple groups of calcifications or when the
lesion of interest is very superficial or deep. Unlike stereotacti-
cally guided biopsies on which it is obvious on the 2D scout
image or stereotactic pair if a vessel overlies your target, this is
not the case with tomosynthesis. When scrolling through the
tomosynthesis scout, it is important to make sure that a vessel
is not located in the path of the biopsy on the slices superficial
or deep to the level of the target. In addition, it is important
to scroll through all of the tomosynthesis images to be certain
that the correct area is being sampled (see Fig. 14.6). Simi-
lar to stereotactically guided biopsies, a stereo pair should be
obtained to show the prefire position of the needle. Alterations
to the x and y positions may be made if necessary. Although
tomosynthesis images may be obtained when the needle is in
place, the quality of the image is degraded due to artifact. With
the currently available tomosynthesis biopsy unit, the needle is
advanced until the Z differential is zero. A postfire stereotactic
pair may also easily be obtained if desired. After the samples are
acquired and a specimen radiograph is performed, the needle
is removed, leaving the sheath in place, and the biopsy clip is
placed. Tomosynthesis images can be obtained to verify clip
placement, and the Z value (depth) of the target on the origi-
nal targeting images may be compared with the clip Z value to
check for clip migration. As with stereotactically guided biop-
sies, a 2D mammogram with the breast in gentle compression
is then performed to assess for clip migration. Postprocedure
care is identical to that of biopsies performed with the prone
stereotactic biopsy device.

Tomosynthesis-Guided Wire and Seed Localizations

Where tomosynthesis-guided stereotactic biopsy is not available
or if the patient prefers surgical excision, tomosynthesis-guided
localization presents an alternative option. Both wire and radio-
active seed localization may be performed with tomosynthesis
guidance. This procedure mirrors conventional preoperative
needle localization with the added tool of three-dimensional
(3D) imaging to identify lesions seen only on tomosynthesis
slices. Preprocedure planning is identical to the 2D environ-
ment, with the preferred route—either shortest distance and/or
best visualized projection—and appropriate needle length cho-
sen on the basis of diagnostic images.

After the area of interest is in position within the localiza-
tion grid, a tomosynthesis acquisition is obtained. The radiolo-
gist can then scroll through the imaged breast volume to the
slice that best reveals the lesion. This can be performed directly
on the acquisition workstation in the biopsy room with minimal
delay. After the lesion is identified, the crosshairs are placed at
the desired location, and the radiologist can scroll back to the
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FIG. 14.8 (A) Right mediolateral oblique and CC views of a 47-year-old woman who was recalled from this screening mammogram
due to increasing calcifications (arrows) in the inferior right breast. (B) Right magnification 90-degree and CC views demonstrate the
calcifications (arrows). (C) Right 90-degree tomosynthesis scout image from the tomosynthesis-quided biopsy demonstrates the sus-
picious group of calcifications (arrow). An inferior approach is not possible with the tomosynthesis biopsy device currently available.
(D) Postprocedure right 90-degree views demonstrate appropriate positioning of the T-shaped clip (arrow). (E) Specimen radiograph
demonstrating representative calcifications (arrows) within several of the core specimens. The final pathology revealed flat epithelial
atypia, and the patient underwent seed-localized excisional biopsy.
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skin surface to visualize the corresponding grid coordinates. The
needle is then placed as usual using the shadow of the crosshairs
within the localization grid, and a confirmatory second tomo-
synthesis acquisition is obtained. Once again, the radiologist
can scroll through the imaged breast volume and ensure that
the needle has been placed through the targeted site.

For seed locations, the needle containing the seed may be
placed at the correct 3D position within the breast without the
need for an orthogonal image to readjust the needle tip prior to
deploying (Fig. 14.9).

For wire localizations, the breast is positioned in the orthogonal
plane, and a tomosynthesis acquisition is again obtained. Again, the
radiologist can scroll through the breast to the tomosynthesis slice
that best demonstrates the lesion and evaluate the relative depth of
the needle (Fig. 14.10). As in 2D localization, adjustments in depth

FIG. 14.9 Seed localization. (A) Right CC tomosynthesis scout view from a tomosynthe-
sis-guided radioactive seed localization of a radial scar (straight arrow) marked with a ribbon
clip during previous percutaneous biopsy. The patient also had a prior benign biopsy marked
by the wing-shaped clip (curved arrow). (B) Angled 15-degree positive and negative views
from the tomosynthesis-guided radioactive seed localization demonstrate the needle to be
appropriately positioned, prior to deployment of the radioactive seed. (C) Right CC tomos-
ynthesis image following radioactive seed placement shows the seed (arrow) adjacent to the
ribbon clip at the same slice location.

can be made prior to deploying the wire with further confirmatory
acquisitions performed as needed. A final tomosynthesis acquisi-
tion is obtained to demonstrate the placement of the wire through
the targeted lesion on tomosynthesis slices.

When lesions seen only with tomosynthesis are localized, a
2D specimen radiograph may or may not demonstrate the find-
ing. With less overlying breast tissue, some tomosynthesis-only
lesions are rendered visible on 2D imaging of the specimen. This
is a reasonable first step, especially if a specimen radiography
unit is available in the operating room to save the time required
by specimen transport to the radiology department. However, if
the presence of the lesion cannot be verified, the specimen can
be brought to the department where a tomosynthesis specimen
radiograph can be performed, which may provide more defini-
tive proof that the lesion was successfully removed.
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FIG. 14.10 Wire localization. A 44-year-old woman with family history of breast cancer presents for annual screening mam-
mography. (A) 2D MLO and CC views show heterogeneously dense breast tissue with no suspicious findings. (B) Tomosynthesis
reveals focal architectural distortion in the superior medial breast (arrows), best seen in the MLO projection. Ultrasound was negative

(not shown).
Continued
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FIG. 14.10, cont’d (C) After placing the region of interest in the localization grid in the mediolateral projection, the finding is
identified on tomosynthesis slices. The corresponding coordinates, in this case H and 2, are identified by scrolling back to the plane of
the localization grid, and the needle is placed at the targeted site. (D) The breast is then positioned in the orthogonal CC projection,
and tomosynthesis sections are used to confirm that the needle (arrows) traverses and extends beyond the lesion before the wire is
placed at the desired location. (E) 2D specimen demonstrates subtle architectural distortion adjacent to reinforced portion of localiza-
tion wire (arrows). Surgical pathology revealed a benign radial scar.

Conclusion be lesions identified solely by tomosynthesis or better visualized

with tomosynthesis that will require tomosynthesis guidance
Akin to MRI, it is imperative for practices that use breast tomo- for biopsy. In addition to better lesion visibility, there are many
synthesis in both the diagnostic and screening settings to have ~ advantages to tomosynthesis-guided breast biopsies, such as cost
tomosynthesis-guided biopsies capabilities. Inevitably there will  effectiveness, patient accessibility, and improvement in workflow.



Video Case Studies

° Note: Tomosynthesis video files are included in the e-book version.

Chapter 1

CASE STUDY 1.1 Bilateral screening mammogram in a 48 year-old woman. (A) Extremely dense breast tissue is noted, although
no suspicious abnormality is seen on the 2D images. (B) However, tomosynthesis reveals an architectural distortion in the left pos-
terior outer breast at the 3-0'clock position (arrows). (C) @ @ Close-up MLO and CC views plus AVI better depict the architectural
distortion (circles). (D) Targeted ultrasound reveals a corresponding hypoechoic irreqular mass with posterior acoustic shadowing, as
well as a second focal irreqular hypoechoic mass with indistinct margins and posterior acoustic shadowing in the left lateral breast.
Diagnosis: Ultrasound-guided CNB = infiltrating lobular carcinoma, moderately differentiated at both sites, ER/PR+,
Her—, 0/1 SLN. Tumor size was 6 cm at excision/partial mastectomy.
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Chapter 3

CASE STUDY 3.1 (A) © A coarse calcification in the right central breast is noted to have a straight slinky artifact on the out of
plane MLO tomosynthesis view (arrow). (B) @ This calcification appears serpiginous on the CC tomosynthesis view (arrow). Note that
the Cooper ligaments are not as sharp on the CC view. Conclusion: CC motion artifact.

> >

CASE STUDY 3.2 (A) 2D MLO demonstrates scattered fibroglandular tissue and no abnormalities. (B) @ Tomosynthesis MLO

reveals a foggy ground-glass appearance along the posterior breast. Because the 2D portion of the exam is normal, the possibility of
a detector abnormality is excluded. Conclusion: Tomosynthesis processing artifact.
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CASE STUDY 3.3 This screening mammogram reveals predominately fatty breast tissue. (A) On the 2D CC view, an oval asym-
metry is noted in the anterior breast, most likely the nipple. (B) @ On tomosynthesis, the asymmetry is best seen on the first slice.
Conclusion: Although for optimal positioning nipples should be in profile, it is not always possible, and some techni-
cal repeats can be avoided as tomosynthesis permits visualization of the underlying tissue.
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Chapter 5

CASE STUDY 5.1 (A) A focal asymmetry is noted on the left breast 2D MLO view only of a screening exam on a 44-year-old
woman with scattered fibroglandular tissue. (B) @ Tomosynthesis images show that the asymmetry is caused by superimposed

normal tissue because no underlying mass is seen when scrolling through the entire stack of images. Diagnosis: Normal tissue.
No recall necessary.
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CASE STUDY 5.2 (A) Screening mammogram of a 64-year-old woman shows several masses in the posterior left breast that
appear ill-defined on the 2D image. (B) © Tomosynthesis slice and movie images demonstrate the reniform shape, circumscribed
margins, and fatty hilum of benign-appearing lymph nodes. Diagnosis: Benign lymph nodes. No recall necessary.
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CASE STUDY 5.3 A 67-year-old woman with heterogeneously dense breasts was recalled from screening for architectural distor-
tion in the left breast, better seen on tomosynthesis images. (B) @ © The spiculations are well demonstrated on the tomosynthesis
movie images. (C) Ultrasound shows an isoechoic, taller-than-wide mass. Diagnosis: Ultrasound-guided core needle biopsy

was performed, with concordant pathology of radial scar.
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CASE STUDY 5.4 (A) A baseline screening mammogram of a 43-year-old with nondense tissue showed a small subtle mass in
the right breast. (B) Associated spiculations are better seen on tomosynthesis slice and (C) @ © movie images. (D) US showed a
small, taller-than-wide hypoechoic mass. Diagnosis: Final pathology invasive ductal carcinoma, T1cNO, ER/PR+, Her2-.



CASE STUDY 5.5 (A) A 54-year-old woman with heterogeneously dense breasts was recalled for a mass (circle) in the lateral
right breast, identified on the tomosynthesis images. (B) @ The spiculations highlight the mass and are much better appreciated on
the tomosynthesis movie images. (C) Ultrasound confirmed a hypoechoic spiculated, shadowing mass. Diagnosis: Ultrasound-
guided core needle biopsy yielded invasive ductal carcinoma, T1c N2a, ER+, PR—, Her2+.

>

CASE STUDY 5.6 (A) A 62-year-old with right breast upper-outer quadrant mass obscured by superimposed tissue on 2D images,
but more definite on tomosynthesis images (circle). (B) @ © Tomosynthesis movie images highlight the associated architectural
distortion. (C) An ill-defined hypoechoic mass was found on US and core needle biopsy performed. Diagnosis: Invasive ductal
carcinoma, T2NO , ER/PR+, Her2-.



CASE STUDY 5.7 (A) A 53-year-old with left breast mass seen on screening mammogram. The spicules on the 2D image could
be dismissed as adjacent fibroglandular tissue. (B) @ © Tomosynthesis slice and movie images demonstrate that the spicules radiate
distantly from the mass. (C) Ultrasound shows an irregular mass with angular and spiculated margins. Diagnosis: Final pathology
invasive ductal carcinoma, T1c NO, ER/PR+, Her2-.



Chapter 6

CASE STUDY 6.1 (A) A 62-year-old woman presents for annual screening mammography. 2D MLO and CC views show small fo-
cal asymmetry in left superior lateral breast (circles). (B) @ © Tomosynthesis shows associated spiculation, increasing the probability
of malignancy. In this case, additional spot compression views were unnecessary. (C) Targeted ultrasound shows an irregular hypo-
echoic mass with spiculated margins and an anti-parallel orientation. Ultrasound-guided CNB and surgical excision were performed.
Diagnosis: Moderately differentiated invasive lobular carcinoma, ER/PR+, Her2—, 0/1 SLN.
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CASE STUDY 6.2 (A) 2D screening mammogram in 43-year-old woman reveals dense breast tissue and no suspicious findings.
(B) © © Tomosynthesis MLO and CC views demonstrate a very subtle focal architectural distortion in left breast at the 3-o'clock
position (arrows). (C) Targeted ultrasound demonstrates a corresponding predominately hypoechoic mass with indistinct margins and
anti-parallel orientation. Ultrasound-guided CNB and surgical excision were performed. Diagnosis: 1.5 cm well-differentiated
infiltrating ductal carcinoma, ER/PR+, Her2—, 0/1 SLN.
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CASE STUDY 6.3 (A) A 71-year-old woman presents for annual screening mammography. 2D + tomosynthesis MLO and CC
views show subtle architectural distortion in right breast posteriorly at the 3-o’clock position (circles), which is better appreciated
on the tomosynthesis images. (B) @ © Spot compression tomosynthesis views performed to assess the extent of disease confirm
architectural distortion (circle), as well as demonstrate extension toward the nipple with at least one additional focal lesion in the
retroareolar region (arrow). (C) Ultrasound demonstrates intraductal extension with multiple lesions along the radial plane toward
the nipple. Ultrasound-guided CNB and surgical excision were performed. Diagnosis, all three lesions: Poorly differentiated
invasive ductal carcinoma, ER/PR—, Her2—, 1/1 SLN.



CASE STUDY 6.4 (A) © © Screening right mammogram in a 69-year-old woman with a focal asymmetry in the right upper breast
initially seen only on the MLO view (arrows). Using the tomosynthesis localizer tool bar (not shown), the asymmetry was thought to lie in
the outer breast on the CC view. (B) Combination MLO and CC spot compression views demonstrate a very subtle architectural distortion
on the tomosynthesis views (arrows). In this case, spot compression views were helpful because the initial finding was very subtle. (C)
Targeted ultrasound demonstrates an oval isoechoic mass. (D) A BB was placed on the skin over the mass seen on US, and a repeat 2D
MLO view was obtained, confirming that the mass seen on US corresponded to the irregular asymmetry seen on mammography (arrows).
US-guided CNB and surgical excision were performed. Diagnosis: Infiltrating ductal carcinoma, grade 1, ER/PR+, Her2—, 0/2 SLN.



CASE STUDY 6.5 (A) Close-up views of a screening mammogram in 55-year-old woman shows multiple groups of calcifications
in the left breast (short arrows). (B) © © However, tomosynthesis reveals associated architectural distortion (long arrows), raising
the level of suspicion. Targeted ultrasound (not shown) was negative. The architectural distortion in this case represented the most
suspicious focal finding within the larger region of multiple groups of calcifications. Rather than sampling the calcifications with 2D
stereotactic biopsy, it was felt to be more important to target the architectural distortion. (C) Tomosynthesis-quided preoperative wire
localization was performed. Diagnosis: Radial sclerosing lesion with focal ADH.

2D MLO
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CASE STUDY 6.6 (A) Yearly mammogram in a 77-year-old woman with a remote history of bilateral breast cancer, including right
reduction mammoplasty and lumpectomy. Right 2D mammogram demonstrates a developing asymmetry in the central breast above the
lumpectomy scar, seen only on the MLO view (arrow). (B) Using the tomosynthesis localizer tool (arrow), the asymmetry was determined
to be in the lateral aspect of the breast. (C) @ Spot compression combination 2D and tomosynthesis XCCL slice and movie images
view reveals a corresponding asymmetry with subtle spiculated margins extending inferiorly, best seen on tomosynthesis (arrows). (D)
Targeted ultrasound shows a hypoechoic irregular mass with indistinct margins and posterior acoustic shadowing (arrow). (E). A BB
was placed on the skin overlying the mass seen on US, and a repeat 2D CC view shows that the BB corresponds to a subtle asymmetry
(arrows). US-guided core needle biopsy was performed. Diagnosis: Recurrent invasive ductal carcinoma, grade 2, ER/PR, Her
2—, 0/3 SLN.

Tomo MLO




Video Case Studies



198

Video Case Studies

CASE STUDY 6.7 (A) 2D screening mammogram in 57-year-old woman demonstrates focal asymmetry in the superior medial
breast (arrows). (B) 2D spot compression views redemonstrate persistent focal asymmetry without associated suspicious findings.
(C) © Tomosynthesis images reveal architectural distortion associated with the focal asymmetry, raising the level of suspicion. Tar-
geted ultrasound (not shown) was negative. (D) T1-weighted, fat-suppressed, postcontrast, sagittal MR reveals nonmass enhance-
ment in region of architectural distortion (arrow). MR image-guided biopsy was performed. Diagnosis: Complex sclerosing lesion
with ADH, which was upgraded to DCIS, Grade 2, ER/PR+ at surgical excision.




Video Case Studies



CASE STUDY 6.8 (A) A 57-year-old woman presents for routine screening mammography. 2D MLO and CC views show no suspi-
cious findings. (B) 3D CC view shows possible architectural distortion in right lateral breast (arrows), and the patient was recalled
for a diagnostic work-up. (C) Tomosynthesis spot compression views do not reveal the finding. (D) Tomosynthesis spot compression
clarifies the finding by dispersing breast tissue in the region of interest and confirming persistent architectural distortion (arrows). Note
the fat within the lesion. (E) @ © Tomosynthesis in ML and CC views reveals architectural distortion not visible on 2D views. (F)
Ultrasound demonstrates an irreqular mass with anti-parallel orientation and indistinct margins. Color Doppler interrogation shows
a prominent adjacent vessel. Ultrasound-guided CNB was performed. Diagnosis: Complex sclerosing lesion with minimal
ductal hyperplasia upgraded to focal atypical hyperplasia on surgical excision.
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Chapter 7

CASE STUDY 7.1 (A) Source projection images of the right breast in MLO and CC views in a woman with scattered fibroglandular
tissue. (B) © © Viewing the images by rotating in real time helps separate different areas of tissue and can help determining whether
a focal finding on 2D images or tomosynthesis slices is simply normal tissue or a mass. Diagnosis: Normal tissue.
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CASE STUDY 7.2 (A) Screening mammogram in a 42-year-old woman shows a questionable architectural distortion in the 2D
MLO view only (circle). No correlate is seen on the CC view. (B) © Review of the MLO tomosynthesis views show areas of superim-
posed tissue with no reproducible distortion. (C) Spot compression view does not show a finding (2D only shown). US was negative.
This finding was thought to represent normal tissue and recall could probably have been avoided. BI-RADS 2. Diagnosis: Summa-
tion shadow, normal tissue.
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CASE STUDY 7.3 (A) A screening mammogram in 49-year-old woman shows a 1-cm asymmetry in the left breast which ap-
peared concerning on the 2D images (circles). (Clip from prior benign biopsy is also noted.) (B) Tomosynthesis spot slice views show
that the area mostly resolves on CC view but is not completely resolved on the MLO tomosynthesis, similar to that seen on full to-
mosynthesis views (C) © © because there remains a focal asymmetry on several MLO slice images. Recall is justified in such a case
because dense tissue makes it difficult to exclude an underlying abnormality. Diagnosis: Ultrasound showed normal fibroglan-
dular tissue and a few incidental cysts otherwise negative and on 6-month follow-up was normal.
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CASE STUDY 7.4 (A) Screening tomosynthesis mammogram in a 51-year-old woman showed a focal asymmetry on the 2D
images (circles), appearing spiculated in the CC view. (B) @ © However, review of the corresponding tomosynthesis images in the
MLO and CC projections does not reveal a corresponding focal finding. (C) © The patient was recalled, and no suspicious finding
was reproduced on spot tomosynthesis views (CC view shown) or ultrasound. Subsequent mammography follow up at 1 year was
unremarkable. Diagnosis: Normal tissue. Recall could have been avoided.

2D GG spot
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CASE STUDY 7.5 (A) Screening mammogram in a 69-year-old woman with heterogeneously dense tissue shows a questionable
area of architectural distortion in the left breast (arrow) on the CC view, which could not be fully resolved on the tomosynthesis view.
(B) © Spot compression tomosynthesis shows no focal finding. Ultrasound was performed because the patient has dense tissue
and was normal. Subsequent annual mammogram was also normal. With dense heterogeneous tissue, pseudodistortions and asym-
metries are possible. Careful scrolling through the whole breast or spot tomosynthesis slices and can help to resolve such findings.
Diagnosis: Dense heterogeneous tissue and pseudodistortion; normal.

2D GG spott Tome GG sjpet
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CASE STUDY 7.6 (A) Two areas of architectural distortion are noted in the upper-outer right breast in the tomosynthesis mam-
mogram of a 51-year-old woman (arrows). (B) © © The preceding year's tomosynthesis mammogram had been reported as normal
with a benign mass noted in the right breast. Observation of the benign mass elsewhere in the breast may have distracted from
observing the architectural distortion. (C) Ultrasound showed two adjacent corresponding suspicious irregular hypoechoic masses.
Ultrasound-guided biopsy was performed. Diagnosis: Invasive lobular carcinoma in both sites.



CASE STUDY 7.7 Screening mammogram in a 56-year-old woman. (A) A developing irreqular asymmetry in the left upper breast
is seen only on the MLO views (circle). (B) @ © On tomosynthesis, a fat-containing architectural distortion is seen with straighten-
ing of the surrounding tissue. This lesion was overlooked, and the mammogram interpreted as normal. (C) The patient returned 2
months later for a dense breast screening ultrasound and a mixed echogenic irregular mass was found in the left upper breast and
in retrospect determined to correspond to the missed mammographic finding. Ultrasound-guided CNB was performed. Diagnosis:
Infiltrating lobular carcinoma, moderately differentiated, ER/PR+, Her—, Ki-67 = 10%, 0/1 SLN.



Chapter 8

CASE STUDY 8.1 A 46-year-old woman presented for screen-
ing mammogram. (A) 2D left MLO view suggests an asymmetry in
the superior breast, anterior plane (circle). (B) @ Corresponding
tomosynthesis images in MLO projection reveal superimposed tis-
sue simulating an asymmetry on 2D imaging. Recall was avoided
by the use of tomosynthesis. BI-RADS 2. Diagnosis: Normal
finding, no recall necessary.

CASE STUDY 8.2 A 41-year-old woman with extremely dense breast tissue and history of a prior benign excision biopsy in the
upper outer quadrant presented for screening mammogram. (A) @ A 1-cm mass is seen in the central right breast on tomosynthesis
images in MLO projection, not seen on the 2D view (area marked with circle). (B) Ultrasound performed on the same day for sup-
plemental screening demonstrates a corresponding simple cyst at the 12-0'clock position. Diagnosis: Simple cyst.
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CASE STUDY 8.3 A 47-year-old woman presented for her first tomosynthesis screening mammogram. (A) Two oval masses are
seen on tomosynthesis views in the right upper-outer quadrant, not seen well on 2D images (area circled). (B) @ © One of these
masses underwent ultrasound-quided biopsy. Diagnosis: Fibroadenoma; both masses stable at 3-year follow-up.
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CASE STUDY 8.4 (A) Routine screening mammogram demonstrates a small mass with indistinct margins in the superior left
breast posteriorly on 2D MLO view (arrow). (B) @ Tomosynthesis images in MLO projection reveal a fatty notch within a circum-
scribed mass, consistent with a normal-appearing lymph node. BI-RADS 2. Diagnosis: Normal finding.
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CASE STUDY 8.5 (A) A 33-year-old woman status post reduction mammoplasty presents with a palpable right breast lump. An
ill-defined mass is noted in the area of palpable concern which on tomosynthesis images (B) @ © is noted to have central lucency
characteristic of fat necrosis from prior surgery. (C) Ultrasound shows a hyperechoic lesion with ill-defined borders. At the patient's
request, she underwent ultrasound-guided biopsy of the palpable mass. Diagnosis: Benign fat necrosis.
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CASE STUDY 8.6 (A) 2D images from routine screening mammogram demonstrate multiple bilateral circumscribed masses.
(B) © © © © Additional masses can be detected on tomosynthesis that are not appreciated on the 2D imaging. The patient had
a screening breast ultrasound on the same day that revealed numerous cysts in both breasts. Diagnosis: Multiple bilteral cysts.
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Chapter 9

CASE STUDY 9.1 (A) Yearly mammogram in a 66-year-old woman with a remote history of left breast cancer reveals a new focal
asymmetry in the right central breast (arrows), best seen on the MLO view. (B) @ MLO spot compression reveals a persistent asym-
metry, although no definite mass was identified on tomosynthesis. (C) Targeted ultrasound reveals a corresponding subtle isoechoic

mass with indistinct borders. Ultrasound-quided biopsy was performed. Diagnosis: Infiltrating ductal carcinoma, grade 2, ER/
PR+, Her2—, 0/2 SLN.
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CASE STUDY 9.2 (A) A 48-year-old
woman who initially presented to the emer-
gency department with left flank pain. CT
showed obstructing left distal ureteral stone
and lucent boney vertebral metastases. Mam-
mography was ordered to rule out an occult
metastatic breast cancer and revealed bilat-
eral trabecular and architectural distortion
with nipple retraction. At time of the mam-
mogram, the patient informed the technolo-
gist that both breasts were becoming more
firm and smaller, believing this was due to
normal aging. (B) © © © © Tomosynthesis
more clearly demonstrates the extent of the
architectural distortion, which involves almost
all of the glandular tissue. Note that fat is pre-
sent bilaterally throughout the both lesions.
(C) Bilateral ultrasound demonstrates bilat-
eral irregular masses with indistinct borders
corresponding to the mammographic find-
ings. Bilateral ultrasound-guided biopsy was
performed. Diagnosis: Bilateral shrinking
breasts due to grade 2 invasive lobular
carcinoma ER/PR+, Her—. The patient
was subsequently found to also have
ovarian and liver metastases, as well as
lung carcinomatosis.
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CASE STUDY 9.3 (A) © © New developing asymmetry in the left upper breast seen on both 2D mammography and tomosyn-
thesis screening mammography (arrows) in an 81-year-old woman. Targeted ultrasound did not reveal a focal mass. The lesion was
classified as BI-RADS 3, probably benign. (B) The patient returned for 6-month follow-up mammography and the focal asymmetry
appeared slightly more prominent. Targeted ultrasound reveals a very subtle hyperechoic lesion with indistinct margins (arrow). A
metallic BB was placed over the lesion seen on ultrasound and a repeat CC view confirmed that the ultrasound finding corresponded
to the focal asymmetry (circle). Ultrasound-guided core needle biopsy was performed. Diagnosis: Low-grade B-cell lymphoma.

215



CASE STUDY 9.4 (A) © Screening mammogram in a 45-year-old woman demonstrates a developing asymmetry in the right upper
breast, initially seen only on the MLO views (arrows). A corresponding mass is present in the right lateral breast on the spot compression
CC view (arrows). (B) Targeted ultrasound shows an oval mixed echogenic circumscribed mass corresponding to the mammographic
finding. Ultrasound-guided CNB was performed. Diagnosis: Infiltrating ductal carcinoma, grade 2, with a lymphoplasma-
cytic infiltrate, ER/PR+, 0/1 SLN. The patient had a complete pathologic response to neoadjuvant chemotherapy.
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CASE STUDY 9.5 A 85-year-old woman with a slowly
enlarging palpable mass in the right inferior breast.
(A) © © Bilateral 2D MLO views show a dominant mass in
the right inferior breast corresponding to the palpable abnor-
mality and a smaller mass in the left inferior breast (arrows).
Close-up tomosynthesis MLO views shows calcifications as-
sociated with the dominant mass in the right inferior breast
(circle). These calcifications were not seen on the 2D images.
(B) Targeted ultrasound demonstrates a complex cystic mass
in the right breast and a hypoechoic lobulated mass with
angular margins in the left breast, both corresponding to
the mammographic finding. Ultrasound-guided core needle
biopsy was performed. Diagnosis: Right breast = triple
negative metaplastic carcinoma (invasive squamous
cell carcinoma and spindle cell components), Left
breast = invasive ductal carcinoma, poorly differenti-
ated, ER/PR+, Her2—, 0/1SLN. The patient underwent
bilateral mastectomy.

217



218

Video Case Studies

CASE STUDY 9.6 (A) © A 45-year-old woman with a new palpable mass in the left upper outer breast, as noted by the triangu-
lar skin marker on the 2D diagnostic mammograms. Tomosynthesis shows the mass more clearly without the skin marker which is not
in the plane of the tomosynthesis slice. No additional lesions were seen. (B) Targeted ultrasound was performed and demonstrates a
lobulated hypoechoic mass with an echogenic vascular center consistent with an abnormal intramammary lymph node. No other le-
sions were identified on tomosynthesis or ultrasound. Ultrasound-guided CNB yielded moderately differentiated IDC with no lymphoid
tissue identified, likely due to complete tumor replacement of the intramammary lymph node. (C) T1-weighted, subtracted contrast
enhanced MR reveals an irregular enhancing mass in the left retroareolar region, likely the index cancer (arrow). Targeted second-
look ultrasound demonstrates a subtle hypoechoic mass with irregular margins. Ultrasound-guided CNB was performed. Diagnosis:
Tomosynthesis occult infiltrating ductal carcinoma with metastatic intramammary lymph node, grade 2, ER/PR+,
Her2-. The patient underwent bilateral mastectomy.
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Chapter 10

CASE STUDY 10.1 (A) Screening mammogram in a 67-year-old woman reveals heterogeneous breast tissue and an AD in
the left upper-outer quadrant (arrows), which is more obvious on tomosynthesis and could be overlooked on the 2D images alone.
(B) © © Tomosynthesis spot compression views confirm the AD. No corresponding mass was seen on targeted ultrasound. Ste-
reotactic CNB was performed using the nearby Ca++ as a targeting landmark. Diagnosis: Atypical ductal hyperplasia (ADH)

+ complex sclerosing lesion (CSL). Surgical excision revealed the prior biopsy site and ususal ductal hyperplasia
without residual CSL or ADH.
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CASE STUDY 10.2 (A) © Screening ultrasound detected suspicious 8-mm hypeoechoic mass with indistinct margins in the
right breast at the 12-0'clock position. Although the screening mammogram performed on the same day was initially interpreted as
normal, in retrospect a corresponding AD was suspected and seen only on the CC view, best seen on tomosynthesis (arrows). (B) ©
Diagnostic spot compression views confirm the presence of a small AD, better seen on tomosynthesis (circles). In this case diagnostic
spot compression views did not add any additional diagnostic information. Ultrasound-guided CNB was performed. Diagnosis:
Infiltrating lobular carcinoma, grade 2, confirmed with surgical excision, ER/PR+, Her2—, 1/2 SLN.
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CASE STUDY 10.3 (A) © A 51-year-old woman referred for further work-up of a biopsy-proven, high-risk lesion in the left breast
at the 10-0'clock position seen on screening ultrasound (not shown). The original screening mammogram was read as BI-RADS 2, and
a biopsy marker clip was not placed after biopsy of the lesion at the 10-0'clock position. Diagnostic left mammogram demonstrates a
complex heterogeneous breast parenchymal pattern. An oval mass in the posterior left upper-outer quadrant is a stable biopsy proven
fibroadenoma (circle). A single CC tomosynthesis slice demonstrates two very subtle possible ADs in the outer breast (arrows), not
seen on any other view. (B) © Tomosynthesis CC spot compression views confirms the presence of extensive distortion in the left
outer breast (arrows). (C) Targeted ultrasound demonstrates two separate corresponding masses at the 12- and 1-0'clock positions.
Ultrasound-guided CNB. Diagnosis: Multifocal infiltrating ductal carcinoma, grade 2, ER/PR+, Her2—, 0/2 SLN. The pa-
tient underwent bilateral mastectomy.
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CASE STUDY 10.4 (A) AD in the left upper-outer quadrant (arrows) seen on a baseline screening mammography in a 42-year-old
woman. (B) © © Close-up tomosynthesis views demonstrate that the associated fine spicules, best seen on the CC view (circles).
Targeted ultrasound demonstrated a corresponding cluster of anechoic cystic masses. Ultrasound-guided CNB was performed. Diag-
nosis = radial scar and fibrocystic changes. The patient was referred for surgical consultation and surgical excision
was not performed, and this AD was stable on follow-up imaging.



CASE STUDY 10.5 (A) Screening mammogram in a 62-year-old woman with subtle AD visualized on the CC projection only.
The AD was seen on the 2D image but more obvious on tomosynthesis. Additional spot compression views demonstrated that the
abnormality was obvious in the tomosynthesis images but appeared to efface on the 2D image. No sonographic correlate was found.
Because of the suspicious persistent single view finding on tomosynthesis, MR was recommended. Note, in this case, tomosynthesis
spot compression views were helpful to confirm the subtle AD not seen on ultrasound. If 2D spot compression were only obtained, this
finding could have been incorrectly dismissed as benign. (B) T1-weighted, fat-suppressed, contrast-enhanced axial and sagittal MR
images demonstrate an irreqular mass in the upper-outer right breast, with irregular margins and heterogeneous internal enhance-
ment. MRI-guided biopsy and surgical excision were performed. Diagnaosis: Infiltrating ductal carcinoma, grade 1, ER+, PR+,
Her2: indeterminate, Ki67: 8%, 0/1 SLN.

Tomo CC
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CASE STUDY 10.6 (A) © © Screening mammogram in a 62-year-old woman a remote history of mastectomy on the left and re-
duction mammoplasty on the right. A new subtle area of AD was visualized in the right breast (circles). (B) Ultrasound demonstrated
a vague hypoechoic, irregular mass with indistinct margins and posterior shadowing in the right breast at 9-o'clock position (arrows).
(C) Ultrasound-guided biopsy proved stromal fibrosis which was thought to be discordant with the mammographic findings. Also the
clip (arrow) did not correspond with the AD (circle). (D) Subsequent MRI was performed. T1 precontrast sagittal image (right) showed
a subtle AD, which did not enhance on the subtracted post contrast T1-weighted image (left). Diagnosis: Benign post-surgical
changes, BI-RADS 2, and stable on mammographic follow-up.
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CASE STUDY 10.7 (A) © A 46-year-old woman presenting with bloody nipple discharge from the right breast. Bilateral diag-
nostic mammogram was performed, which demonstrated subtle AD in the upper-outer left breast evident on the tomosynthesis slices
only. Although no mammographic or sonographic abnormality was seen in the right breast (not shown), subsequent central duct
excision of the right breast demonstrated a papilloma. (B) @ Additional views with tomosynthesis demonstrated persistence of the
AD in the left breast, although no sonographic correlate was found. (C) Tomosynthesis-guided needle localization was performed.
The area of distortion is visualized along the thick portion of the localization wire as well as the surgical specimen. Diagnosis: 1.2
mm benign radial scar.
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Chapter 11

CASE STUDY 11.1 Note this is the same patient as Fig. 11.14. A 57-year-old woman, 5 years status post treatment for mela-
noma, was found to have right axillary biopsy proven adenocarcinoma suggestive of breast primary. (A) Single tomosynthesis MLO
and CC slices show malignant architectural distortion (circles). (B) @ © Review whole-breast tomosynthesis MLO and CC movie
series to try to detect the malignancy presenting as subtle architectural distortion in a mostly focally fatty area. Diagnosis: Infiltrat-
ing ductal carcinoma, moderately differentiated, with lymphovascular invasion, ER+, PR+, Her2—.



CASE STUDY 11.2 (A) A 51-year-old female presented for diagnostic mammography due to a palpable mass in her right breast.
(B) © © An oval mass with an obscured margin is noted to correlate with the palpable abnormality, but a 1.5 cm area of architec-
tural distortion is incidentally seen on tomosynthesis spot views anterior to the palpable abnormality (circles). (C) An ultrasound was
performed, which confirms that the palpable abnormality is a benign-appearing cyst, but no definite correlate was found for the archi-
tectural distortion. (D) MRI was performed which shows the cyst with a thin enhancing rim and architectural distortion at 12-0'clock
position, anterior depth, associated with mostly persistent nonmass enhancement (arrow). Tomosynthesis guided needle localization
and surgical excision revealed benign radial scar. (E) In retrospect, an ill-defined area in the right breast anterior 1-0'clock location
likely represents the radial scar lesion. Diagnosis: Benign radial scar.
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CASE STUDY 11.3 (A) A 45-year-old woman was found to have an area of architectural distortion in the medial left breast
on a screening exam. (B) @ © Diagnostic spot tomosynthesis movie images show persistence of the abnormality. (C) Targeted
ultrasound was performed in which only small clustered cysts are detected and reported as “no sonographic correlate.” (D) MRI was
recommended and shows an area of distortion with increased T2 intensity and only minimal persistent enhancement. (E) Review of all
imaging at that point suggested that the clustered cysts were likely in the vicinity of the architectural distortion. Repeat ultrasound was
performed, a BB placed on the skin overlying the clustered cysts, and repeat mammographic views confirm the area correlates with
the architectural distortion (arrows). (F) Ultrasound-guided vacuum biopsy was performed, and post-biopsy images show the biopsy
marker in the expected location at the center of the distortion. Diagnosis: Pathology revealed benign radial scar.
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CASE STUDY 11.4 (A) A 63-year-old woman was found to have an area of distortion in the upper-outer quadrant of her right
breast. (B) Tomosynthesis slice and (C) @ © movie images show multiple spiculated masses. (D) Ultrasound shows multiple ir-
regular hypoechoic masses with indistinct margins and hyperechoic rims. Diagnosis: Ultrasound biopsy of two of the lesions
revealed invasive carcinoma. At mastectomy, 6.5 cm of invasive ductal carcinoma with lobular features was found,
ER+/PR+/Her2—-, with eight positive axillary lymph nodes.
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CASE STUDY 11.5 (A) A 62-year-old woman presented for mammography prior to stem cell transplant for acute lymphocytic
leukemia. No prior mammograms were available. Left MLO and laterally exaggerated CC views reveal a focal asymmetry in the
posterior depth, 3-o'clock position. (B) Targeted ultrasound reveals an ill-defined hypoechoic mass with indistinct margins at the
3-0'clock position. A BB was placed on the overlying skin. (C) Spot (2D) views in the MLO and XCC reveal a small spiculated mass
at the 3-0'clock position in the left breast that corresponds to the sonographic finding. (D) @ © Tomosynthesis movie series in the
spot MLO and CC projections show a spiculated mass. Diagnosis: Ultrasound-guided core biopsy revealed focal atypical
apocrine adenosis involving a complex sclerosing lesion confirmed at surgical excision.

2D 2D
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Chapter 12

CASE STUDY 12.1 (A) MLO and CC views 7 years following excision of a benign fibroadenoma are unremarkable.
(B) © © However, with tomosynthesis a definite irregular scar is visible at the 12-0'clock position (arrows). (C) Ultrasound shows a

hypoechoic region with posterior acoustic shadowing extending to the skin. Diagnosis: Benign scar detected on tomosynthesis
and confirmed with ultrasound.
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CASE STUDY 12.2 (A) Lower inner quadrant calcifications are present in a 75-year-old woman 20 years following ipsilateral
mastopexy and contralateral mastectomy. (B) @ © Tomosynthesis clearly shows benign calcified oil cysts associated with a long-
standing surgical scar that extends from the nipple toward the chest wall (arrows). Diagnosis: benign calcified oil cysts.

> >

CASE STUDY 12.3 (A) Two years after treatment for stage IA invasive ductal carcinoma, there is a focal scar in the upper outer
quadrant. (B) @ © Tomosynthesis better shows the mixed density scar, surrounding spiculations, small adjacent oil cysts, and
dystrophic calcifications, which are otherwise obscured by overlapping tissue. Conclusion: Common postoperative findings.
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CASE STUDY 12.4 (A) © A subtle asymmetry is present in the lateral breast. Better seen with tomosynthesis is the associated
architectural distortion (arrow). (B) Comparison images from 1 year earlier show grouped calcifications diagnosed as 6-mm grade 3
DCIS (arrows). The follow-up mammogram is consistent with post-treatment change. Note the absence of lumpectomy clips and little
apparent skin and trabecular thickening from the radiation. Conclusion: When interpreting tomosynthesis, the history of any
prior breast biopsies or surgery is necessary, as scars are usually well visualized.
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CASE STUDY 12.5 One year following lumpectomy and whole-breast radiation for invasive ductal carcinoma stage lIA, a 54-year-
old woman reports a painful palpable lump at the operative site. (A) A 3-cm oval mass in the upper breast corresponds to the palpa-
ble finding (trianqular skin marker, white arrow) and the lumpectomy site (linear skin marker; black arrow). (B) © The circumscribed
margins and surrounding scar are well seen with tomosynthesis (arrow). (C) Targeted ultrasound shows an oval complex cystic mass.
Aspiration was performed at the patient’s request and retrieved degenerated blood. Conclusion: The finding is consistent with
post-treatment seroma or hematoma and appears benign.

N
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CASE STUDY 12.6 (A) A 54-year-old woman presents with suspicious calcifications and an irregular mass in the lateral breast,
secondary to invasive lobular carcinoma ER/PR+, Her2—, stage IIA (arrow). (B) © Tomosynthesis 12 months following partial mas-
tectomy and whole-breast radiation demonstrates marked skin and trabecular thickening, as well as focal asymmetry with associated
distortion at the operative site. Surgical clips are present. (C) @ At 18 months, the post-treatment changes have diminished. Conclu-
sion: Normal progression of postoperative changes.
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Chapter 13

CASE STUDY 13.1 A 29-year-old man presents with swelling of the right breast. Marked gynecomastia is noted in the right breast
only. (A) Focal asymmetries noted on the CC view appear (arrows) to be superimposed tissue on the tomosynthesis slice image.
(B) © O Spot tomosynthesis images in the MLO and XCC projections confirm the presence of normal tissue and no underlying mass.
Ultrasound is unnecessary in such a case. Diagnosis: Normal tissue.
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CASE STUDY 13.2 A 32-year-old man presented with breast pain and bilateral milky discharge. (A) Nodular gynecomastia is
noted bilaterally. (B) @ © Tomosynthesis images in the MLO projection of both breasts demonstrate mixed fatty and fibroglandular
tissue characteristic of gynecomastia. Diagnosis: Gynecomastia.
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CASE STUDY 13.3 A 58-year-old man with multiple medical issues (including alcoholic cirrhosis, hepatosplenomagaly, cardio-
myopathy, and latent tuberculosis) presents with left breast pain. (A) 2D images reveal extensive bilateral gynecomastia. Focal areas
of asymmetry are noted in the right breast (arrows). (B) © © MLO and CC tomosynthesis images reveal dense glandular tissue that
superimposes on the 2D image to form the asymmetries. Diagnosis: Bilateral gynecomastia.
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CASE STUDY 13.4 An 80-year-old man undergoing treatment for metastatic prostate cancer presents with left breast tender-
ness. (A) 2D mammography shows diffuse gynecomastia in both breasts. A 2.5-cm irreqular mass with heterogeneous calcifications
is noted in the left 1-o'clock region associated with mild nipple retraction. (B) Synthesized 2D CC views depict the irregular shape,
spiculations, and associated calcifications. (C) @ © Tomosynthesis images permit full assessment of the suspicious mass. (D) Ul-
trasound shows a large irregular mass with internal calcifications, highly suspicious for malignancy. Diagnosis: Biopsy revealed
well-differentiated invasive ductal carcinoma, ER/AR+, PR—, Her2-.
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implementation of, 1-2
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artifacts in, 12-16, 12b
in performing the tomosynthesis
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C-view spot compression, 43
CAD. see Computer-aided detection (CAD).
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projection images of, 7f
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increasing cancer detection, 34, 35f
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CT. see Computed tomography (CT).
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screening mammogram of, 209
Fibroglandular tissue, normal, 203f
Fibrosis, 124, 124f
Focal asymmetry
in invasive ductal carcinoma, 194f
of left breast, 185f
scars as, 133, 135f
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shorter biopsy time in, 167-169
tomosynthesis-guided wire and seed

localizations in, 176—178, 178f~180f
workflow in, 176

Intraductal papillomas, 2D mammography of, 43f

Intralesional calcifications, 35f

Intralesional fat, in tomosynthesis, 112, 112b

Invasive carcinoma, 90-99

Invasive ductal carcinoma (IDC), 90-96,

91f-92f, 94f, 101-103, 189f, 242f
architectural distortion in, 95, 96f
circumscribed, 95, 95f
as developing asymmetry, 51f
grade 1,224f
hypoechoic mass in, 192f
with lobular features, 232f
malignant spiculations in, 92b
multifocal, 221{-222f
palpable mass in, 217f
recurrent, 196f-197f
screening mammogram of, 190f
stage IA, 235f
in tomosynthesis, 42f, 47f, 188f

Invasive lobular carcinoma (ILC), 101-103
bilateral shrinking breasts due to, 214f
grade 2, 220f
spiculation in, 191f
suspicious calcifications in, 238f

ultrasound of, 206f

L
LABC. see Locally advanced breast cancer
(LABC).
Lactational changes, 82, 84f
LCIS. see Lobular carcinoma in situ (LCIS).
Lesions, fat-containing
benign findings of, 81-82, 81b
in tomosynthesis, 69, 70f
Linear artifact, 16, 16f
Lipomas, 124-125
benign findings of, 82, 83f
in male breast, 162, 162f
Lobular carcinoma, invasive, 90-96, 91f-92f
tomosynthesis imaging of, 23f
Lobular carcinoma in situ (LCIS), 103-104
Localizer tab, 62, 63f
Locally advanced breast cancer (LABC), 99
Location indicator, 176
Low-grade B-cell lymphoma, 215f
Lumpectomy, for postoperative breast, 145-146,
146b, 147f
Lymph nodes, benign, 31f, 81-82, 82f

M
Magnetic resonance imaging (MRI)
of benign radial scar, 229f
contrast-enhanced breast, to assess
tomosynthesis findings, 120-121
role of, in architectural distortion, 110-111,
110f
second look after, 46
second-look tomosynthesis for, 121-122, 124b
tomosynthesis with, 46, 47f
correlation of, 125-128, 126f-128f
Male breast, tomosynthesis in, 152-166, 153f
breast cancer, 157-158, 159f-161f
gynecomastia, 152-157, 154f-158f, 156b,
166f
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Male breast, tomosynthesis in (Continued)
imaging of, 152, 153f
other findings in, 162, 162f-166f
Malignant architectural distortion, 95, 96f, 105f,
110f
Malignant findings, 8899
of ductal carcinoma in situ, 88-90
as architectural distortion, 89f
as focal mass, 88f
malignant microcalcifications with, 89f-90f
slabbing technique in, 91f
of invasive ductal carcinoma, 90-96, 91f-92f,
94f
architectural distortion in, 95, 96f
circumscribed, 95, 95f
of invasive lobular carcinoma, 90-96, 91f-92f
of locally advanced breast cancer, 99
of metastases, 98f, 99
of multicentric cancer, 96-98
of multifocal cancer, 96-98, 97f
of tomosynthesis-occult cancer, 92, 93f
Malignant lesions, tomosynthesis of, 63
Malignant masses, tomosynthesis of, 4647,
47b, 49F
Mammograms
with breast tomosynthesis, 10-12, 10b, 11f
screening, with tomosynthesis, 26
synthesized (two-dimensional), 36, 37f
Mammography, 1
diagnostic, 2-3
screening, 2
screening, tomosynthesis in, 26-38
Mammography Quality Standards Act
(MQSA), 19
Mammoplasty, reduction, for postoperative
breast, 143, 143f-144f
Masses
benign findings of, 76-82, 76f, 76b
in lesion visualization, 167, 171f
magnetic resonance imaging of, 125
in tomosynthesis, 31, 31f-33f, 34, 35f
Mediolateral oblique (MLO) projections, in
tomosynthesis, 26
Mediolateral oblique (MLO) view, in
tomosynthesis, 115
Men, breast imaging for, 3
Metachronous malignancy, 148, 150f
Metallic markers, in postoperative breast, 137,
141f
Metaplastic carcinoma, triple negative, 217f
Metastases, in breast, 98f, 99
Metastatic adenopathy, 99
Metastatic disease, tomosynthesis and
modalities for, 129, 130f~132f
Metastatic intramammary lymph node, 218f
Microcalcifications
with DCIS, 88-90, 89f~90f
tomosynthesis of, 49-51, 52£=53f, 53b
Mole, skin findings of, 33f
Motion artifact, 14, 14f
MQSA. see Mammography Quality Standards
Act (MQSA).
MRI. see Magnetic resonance imaging (MRI).
Mucinous cancer, circumscribed, 94f
Multicentric cancer, of breast, 96-98
Multifocal cancer, of breast, 96-98, 97f
Multimodality imaging, tomosynthesis with,
115-132

N
Needle biopsy, for postoperative breast, 141,
142f
Nipple
discharge, tomosynthesis of, 54
oval asymmetry of, 184f
ultrasound of, 115-116
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Nodular gynecomastia, 155-156, 156f, 161f
Noncalcification lesions, 42—-44, 43f

(o)

Oil cyst, in male breast, 162, 163f

One-view asymmetries, in tomosynthesis, 63,
66f

Open window paddle, in tomosynthesis, 116,
118f

P

PACS. see Picture archiving and communication

system (PACS).

Palpable abnormalities, tomosynthesis of, 51-54,

54f-55f
Patient access, in interventional procedures, 173
Percutaneous breast biopsy, 3
Phantom image, 16-17, 17
Phyllodes tumor, benign findings of, 77-81, 81f
Picture archiving, in digital breast
tomosynthesis, 19
Picture archiving and communication system
(PACS), 148
Plastic surgery techniques, in postoperative
breast, 137-141
Post-mastectomy reconstruction, for
postoperative breast, 148, 148f
Postfire stereotactic pair, 176
Postoperative breast, 133-151
assessment tips for, 133-148, 133b,
134f-141f
augmentation for, 144-145, 145f-146f
lumpectomy for, 145-146, 146b, 147f
needle biopsy for, 141, 142f

post-mastectomy reconstruction for, 148, 148f

radiation therapy for, 146, 147t

recurrence in, 148, 149f~150f

reduction mammoplasty for, 143, 143f-144f

specimen radiography for, 148

surgical biopsy for, 142, 143f
Postoperative scar, in male breast, 166f
Processing artifact, tomosynthesis, 183f
Projection images

affecting artifacts, 7-8, 7f

of breast tomosynthesis, 5

number of, 7-8, 7f

Prone stereotactic biopsy device, in digital breast

tomosynthesis, 167
Prone tomosynthesis units, 176

Pseudoangiomatous stromal hyperplasia, in male

breast, 162, 165f
Pseudoarchitectural distortion, 69, 69f, 116
Pseudodistortion, 2051, 37
Pseudolesions, in tomosynthesis, 64-70, 69f

Quality control, in tomosynthesis, 1617

R
Radial scars, 187f
benign, 227f, 229f-231f
detection of, 20f
management of, in tomosynthesis, 111-112
Radial sclerosing lesions, 103-104
with focal atypical ductal hyperplasia, 195
Radiation dose, from breast tomosynthesis, 8
Radiation exposure, in breast tomosynthesis, 9,
9b, 10t
Radiation therapy, for postoperative breast, 146,
147
Radiologist, considerations in digital breast
tomosynthesis, 19-20
Reduction mammoplasty, for postoperative
breast, 143, 143£-144f

Retained foreign bodies, in postoperative breast,

137, 140f

S
“Satisfaction of search,” in tomosynthesis, 57,
57b, 58f
Scars
lumpectomy, 146, 147f
postoperative, in tomosynthesis, 106
benign architectural distortion due to,
100f
in postoperative breast, 133, 134f~137f
Screening mammography, 2, 5, 39
of atypical ductal hyperplasia, complex
sclerosing lesion and, 219f
of benign lymph nodes, 186f
of benign post-surgical changes, 225f-226f
of complex sclerosing lesion, 198f~200f
of dense heterogeneous tissue, 205
of fibroadenoma, 209f
of infiltrating ductal carcinoma, 216f
of infiltrating lobular carcinoma, 207f
of invasive ductal carcinoma, 192f-193f]
188f
grade 2, 224f
of invasive lobular carcinoma, 191f
of low-grade B-cell lymphoma, 215f
of multifocal invasive ductal carcinoma
(IDC), 221f-222f
of nipple, 184f
normal, 208f, 210f
of normal fibroglandular tissue, 203f
of normal tissue, 204f
of radial sclerosing lesion, 195f
of simple cysts, 2081, 212f
of summation shadow, 202f
Sebaceous cyst, in male breast, 162
Second-look tomosynthesis, 46, 121-122, 124b
Seed localization, 178, 178f
Seromas
benign findings of, 84
post-treatment, 237f
in postoperative breast, 133-137, 136f
Shrinking breast, bilateral, ultrasound of, 214f
Single-view only lesions, tomosynthesis of, 44,
45f
Skin and positioning related artifacts, 12-13,
12-13f
Skin calcifications, 29f
Skin fold, in tomosynthesis, 12f

Slabbing technique, in microcalcifications, 90, 91f

Slinky artifact, 7-8, 13, 13f-14f
Source projection images, in tomosynthesis,
57,62f
Specimen radiography, for postoperative breast,
148
Spiculated mass, architectural distortion wersus,
112,114f
Spiculation, in invasive lobular carcinoma, 191f
Spot compression tomosynthesis views, 39, 43b,
44f, 67£, 69
of invasive ductal carcinoma, 192f~193f
of normal tissue, 239f
Spot views, in tomosynthesis, 116
Stand-alone biopsy device, 176
Stereo pair, 176
Subtle architectural distortion, 100-101, 101f
Summation shadow, 202f
Surgical biopsy, for postoperative breast, 142,
143f

Synthesized mammography, tomosynthesis
imaging with, 21f

Synthesized (two-dimensional) mammograms,
using tomosynthesis, 36, 37f

Synthetic mammograms, 6f, 8

T
Talc artifact, in tomosynthesis, 27
Tangential views, in tomosynthesis, 116

Targeted ultrasound, for tomosynthesis findings,
115-116,117f120f
Technologist’s perspective, in breast
tomosynthesis, 9-17
artifacts in, 12-16, 12b
in performing the tomosynthesis
mammogram, 10-12, 10b, 11f
radiation exposure in, 9, 9b, 10t
tomosynthesis quality control in, 16-17
training in, 9
Tomo-occult cancers, in tomosynthesis, 69-70,
70b, 71£-73f
Tomosynthesis, breast, 1, 2f, 5, 6f, 9
with 2D mammography, 1
architectural distortion in, 102f, 116, 117f,
121,228f
features of, 100-101, 100f~103f
management of, 3, 112b
spot compression for, 107, 107b, 108f
artifacts in, 12-16, 12b, 15f~16f
barcode, 16, 16f
dead pixel, 15, 15f
grid, 15-16, 16f
linear, 16, 16f
motion, 14, 14f
skin and positioning related, 12-13, 12f
slinky, 13, 13f-14f
assessment findings of, 115
BB marker for, 116
benefit of, 3
benign architectural distortion in, 105f
of benign calcified oil cysts, 235
of benign fat necrosis, 211f
biopsy capabilities of, 2021
challenges to, 36-38
changes in diagnostic environment and
outcomes of, 39-42
abbreviated diagnostic work-up in, 39, 40f,
40t, 44f
improved accuracy and shift in use of
BI-RADS assessment categories for,
39-42, 41f-42f
chest computed tomography and, 128-129,
129f
of complex sclerosing lesion, with atypical
ductal hyperplasia, 198f~200f
computer-aided detection in, 38
in craniocaudal projections, 26
detected lesions with no ultrasound correlate,
46, 48f
development of, 1, 5-7
in diagnostic mammography, 39-55
diagnostic work-up patterns for, 42-46
noncalcification lesions in, 42—-44, 43f
single-view only lesions in, 44, 45f
two-dimensional screening recall in, 44-46
downstream effects of, in screening
mammography, 38
ductal carcinoma in situ in, 104f, 125, 127f
early research with, 18
equipment in, 18
and evaluation of extent of disease, 120, 121f
evaluation of symptomatic patient for, 51-55
of breast pain, 54-55
of nipple discharge, 54
of palpable abnormalities, 51-54, 54f-55f
false negative, screening mammogram, 113f
fat necrosis in, 124-125
file size of, 19, 19t, 19b
implementation of, 1-2
increasing cancer detection, 31-36
architectural distortion, 31-34, 34f
asymmetries, 34-36, 36f
calcifications, 34, 35f
masses, 34, 35f
of infiltrating lobular carcinoma, 181f~182f



Tomosynthesis, breast (Continued)
interpretation tips in, 56-64
assessing focal findings in, 63-64, 64b,
65f-68f
case review, 56—57, 57f-62f, 57b
localization tips in, 62-63, 63f-64f
intralesional fat in, 112, 112b
of invasive ductal and lobular carcinoma,
90-92, 235f
landmarks for, 115-116
lesion assessment for, 46—51
of architectural distortion, 47-49, 50f
of benign and malignant masses, 46—47,
47b, 49F
of focal asymmetry, 49, 51f
of microcalcifications, 49-51, 52f-53f, 53b
lesion characterization in, 1
limitations of, 1
lipomas in, 124-125
lumpectomy with, 145
magnetic resonance imaging and
contrast-enhanced breast, 120-121
correlation of, 125-128, 126f~128f
second-look tomosynthesis for, 121-122,
124b
in male breast, 152-166
breast cancer, 157-158
gynecomastia, 152-157
imaging of, 152
other findings on, 162
malignant architectural distortion on, 105f
mammographic findings in, 3
in mediolateral oblique projections, 26
for men, 3
for metastatic disease, 129, 130f~132f
in multifocal and multicentric cancer, 98
with multimodality imaging, 115-132
of normal tissue, 185f
in occult cancer, 92, 92b, 93f
physics and development of, 5-8
pitfalls in, 64-70
fat-containing lesions in, 69, 70f
pseudolesions in, 64-69, 69f
tomo-occult cancers in, 69—70, 70b, 71f~73f
processing artifact, 183f
pseudo-architectural distortion in, 116
quality control of, 16-17
radial scars in, management of, 111-112
reducing recall rates, 26-31
asymmetry, 27-28, 28f
calcifications, 28-31, 29f-30f

Tomosynthesis, breast (Continued)
mass, 31, 31f-33f
technical issues of, 27, 27f-28f
for reduction mammoplasty, 143
room size requirement for, 18
scar in, postoperative, 1061
in screening mammography, 26-38
second-look, 46, 121-122, 124b
spot views in, 116
subtle architectural distortion on, 101f
suspicious findings in, 218b
system design of, 7-8
tangential views in, 116
technologist’s perspective in, 9-17
artifacts in, 12-16, 12b
in performing the tomosynthesis
mammogram, 10-12, 10b, 11f
radiation exposure in, 9, 9b, 10t
tomosynthesis quality control in,
16-17
training in, 9
ultrasound for, 115-116, 117f~120f
correlation of, 122-125, 122f~125f
nipple, distance from, 115-116
second-look tomosynthesis for,
121-122
for women, 3
with dense tissue, 38
Tomosynthesis-guided biopsy
advantages of, 167, 168f-170f
architectural distortion in, 167
calcifications in, 167, 172f-173f
cost effectiveness of, 167-176
lesion visualization in, 167, 171f
limitations of, 176, 177f
localization of, 176
masses in, 167
only lesions, 178
patient access in, 173, 174f=175f
postprocedure care in, 176
procedure for, 173f,176
risks in, 176
scout, 176
shorter biopsy time in, 167-169
wire and seed localizations in, 176178,
178f-180f
workflow in, 176
Tortuous vessel, 31, 32f
Training, in breast tomosynthesis, 9
Transgender sex change, mammography
screening of, 162

Index

Tumor
phyllodes, benign findings of, 77-81, 81f
size, in assessing malignant masses, 46
Two-dimensional (2D) mammography, 1
grouped calcifications in, 52f
second look after, 46, 47f
Two-dimensional screening recall, in
tomosynthesis, 44—46

U
Ultrasound-guided core needle biopsy
with concordant pathology of radial scar,
187f
of focal atypical apocrine adenosis, 233f
of invasive ductal carcinoma, 189f
Ultrasound (US), 3
architectural distortion in, 105f, 109, 109f
of benign fat necrosis, 211f
of benign radial scar, 230f=231f
fibrosis in, 124, 124f
of infiltrating ductal carcinoma, 213f
of infiltrating lobular carcinoma, 220f
of invasive ductal carcinoma, 192f~193f, 2171,
232f
of low-grade B-cell lymphoma, 215f
nipple, distance from, 115-116
of normal tissue, 239f
of radial scar and fibrocystic changes, 223f
second look after, 46, 47f
second-look tomosynthesis for, 121-122,
124b
of simple cysts, 212f
for tomosynthesis findings, 115-116,
117f-120f
correlation of, 122-125, 122f~125f
of triple negative metaplastic carcinoma, 217f
work-up for, 40f
Unnecessary recall, in tomosynthesis, 63, 64f
US. see Ultrasound (US).

\%
Vascular calcifications, 30f

w

Wire localizations, 178, 179f~180f

‘Women, breast imaging for, 3

Work flow, in interventional procedures, 176

X
X-ray, source motion of, in breast
tomosynthesis, 8
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