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Foreword
Thirty years ago in 1985, after completing a radiology re-
sidency and fellowship, I was afforded an opportunity to
develop the first patient-oriented breast imaging center
in Pittsburgh, Pennsylvania, USA. One of my new col-
leagues, a general radiologist who had interpreted mam-
mograms for many years, often articulated her yearning
for “slices” to see better into the dense breast parenchy-
ma within the routine screening projections. This was the
era of renal tomography, an important component of the
intravenous urogram (IVU) that antedated computed to-
mography (CT), precontrast for stones and postcontrast
for parenchymal abnormalities, years before tomographic
techniques applied to X-ray mammography were ad-
vanced sufficiently for clinical use in breast imaging.

What was mammography like then? In many radiology
departments, the method of choice was xeromammogra-
phy, a radiographic procedure performed with balloon
compression, where the breast’s image was recorded on
thick paper. As women became aware of the benefits of
breast cancer screening, the demand for mammography
grew, and these light-blue xeromammograms were
replaced by single-emulsion film, which required lower
X-ray doses and was more suited to higher volumes. The
xeromammography machines were sent to emergency
departments, which used the low-contrast examinations
for locating glass shards or splinters in soft tissues. The
single-emulsion film had high spatial resolution with
variable levels of contrast; this was enhanced by the use
of grids, which increased the dose but reduced scatter,
improving the signal-to-noise ratio. These films were in-
terpreted on rotators with high luminance, or viewboxes,
freestanding or wall mounted.

Gradually, the conversion from film to digital recording
systems for cross-sectional imaging, and then all radio-
graphic studies, forced the development of digital mam-
mography, which had higher contrast resolution than
film but lower spatial resolution, slowing adoption of
digital mammography by breast imagers. The accuracy of
film compared with digital mammography was studied in
the American College of Radiology Imaging Network
(ACRIN) DMIST study of nearly 50,000 women in North
America, comparing film-screening mammography to
digital mammography. The study concluded that digital
mammography is more accurate than film in women
under the age of 50 years, women with radiographically
dense breasts, and pre- or perimenopausal women.1

The technologic advances underscored the need for
further refinements and work continued on tomosyn-
thesis, which now provided the thin projections my
colleague had asked for many years earlier to help her
decide between a summation density and a mass when
explaining a finding on conventional two-dimensional
mammography. As technical advances have continued, in
the same time frame as publication of this clinically use-
ful book three major manufacturers of tomosynthesis

equipment have satisfied the rigorous regulatory require-
ments of image quality and dose and received approval of
the United States Food and Drug Administration (FDA).
The differences among the three different tomosynthesis
systems are covered in this text, and, as the authors state,
growing numbers of breast imagers have quickly and en-
thusiastically adopted this technology for both screening
and diagnostic applications.

For new users of tomosynthesis, as well as those in-
tending to integrate it into their breast-imaging work-
flow, this textbook offers the required knowledge in sev-
eral chapters that detail the physics of tomosynthesis,
discuss considerations of image quality and the reduction
of screening recall rates, and look into concerns of dose,
artifacts, interpretation time, cost effectiveness, and
image archiving. With an emphasis on the technical pro-
gress that is being pursued actively, the authors provide a
summary of the literature that has appeared on both
sides of the Atlantic, adding the recently reported results
of a large retrospective multicenter study of nearly
455,000 women that confirmed a decrease in screening
recall rates and an increase in cancer detection2. These
chapters are illustrated with beautiful images, but the
book’s uniqueness lies in its presentation, with videoclips,
of 45 tomosynthesis teaching cases, some of which are
multimodality; these will equip readers with experience
that is as close as possible to personal clinical experience.

Professors Barkhausen, Rody, and Schaefer should be
congratulated on providing solid information to the
breast health care team that will enable informed deci-
sions about whether or not tomosynthesis should have a
place among the modalities offered for screening and di-
agnosis of breast cancer in their facility’s practice. The
benefits and weaknesses of the systems available for clin-
ical use are summarized. As technical refinements con-
tinue, and data on sensitivity and specificity validate to-
mosynthesis, this well-written book will be a valuable re-
source. It is a pleasure to read and, especially, to lose one-
self voyaging through the many beautifully prepared
teaching cases that provide a virtual clinical experience.

Ellen B. Mendelson, MD, FACR, FSBI
Lee F. Rogers
Professor of Medical Education in Radiology
Professor of Radiology
Feinberg School of Medicine
Northwestern University
Chicago, Illinois, USA

1 Pisano ED, Gatsonis CA, Hendrick RE et al. Diagnostic performance of digital
versus film mammography for breast-cancer screening. N Engl J Med 2005;353
(17):1773–83
2 Friedewald SM, Rafferty EA, Rose SL et al. Breast Cancer screening using tomo-
sythesis in combination with digital mammography. JAMA 2014;311
(24):2499-2507
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Preface
Digital breast tomosynthesis has been available for rou-
tine clinical use for 5 years now, and there is still no text-
book devoted to this innovative technology. We want to
remedy that!

This book examines the results of existing clinical stu-
dies on digital breast tomosynthesis and, based on those
findings, offers sound recommendations for its routine
clinical use. The second part of the book presents 45 illus-
trative case reports, enabling our readers to explore the
practical aspects of tomosynthesis, as well as deepening
and testing their clinical knowledge. We felt it was impor-
tant to present high-quality images from all available
modalities in breast imaging, so that the strengths and
limitations of the various techniques could be compared
and discussed.

Successful breast imaging relies on interdisciplinary
teamwork between radiologists and gynecologists, who
review their findings in tumor board meetings with
pathologists, oncologists, and radiation oncologists. We
followed this interdisciplinary approach in our selection
of authors and editors: Diagnosticians and clinicians prac-
ticed in the everyday use of tomosynthesis have pooled
their many years of experience, especially in compiling
the illustrative case reports.

This book is intended for physicians in continuing edu-
cation and for colleagues who are experienced in breast
diagnosis and want to familiarize themselves with these
new techniques in breast imaging. May our readers find
the book both instructive and enjoyable!

Joerg Barkhausen
Achim Rody
Fritz Schaefer
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1 Introduction
Joerg Barkhausen and Achim Rody

In 2012, 1.7 million women worldwide were diagnosed
with breast cancer and there were 6.3 million women
alive who had been diagnosed with breast cancer in the
previous 5 years. Today, breast cancer is the most com-
mon cause of cancer death among women (522,000
deaths in 2012) and the most frequently diagnosed can-
cer among women worldwide.1 Over the last 5 years, the
incidence of breast cancer has increased by 14%. Possible
reasons for this effect, besides biological factors, are
mammographic screening, early detection, and signifi-
cant advances in diagnostic imaging. Digital mammogra-
phy, high-resolution breast ultrasonography, image-
guided interventional procedures, and magnetic reso-
nance mammography are among the standard techniques
now available as a complementary protocol for curative
diagnosis and screening. These technologies have ad-
vanced greatly in the past decade and are now applied on
a population-wide scale, with quality assurance, for indi-
cations that are clearly specified in official guidelines.

However, currently established routine techniques and
algorithms cannot always positively distinguish between
benign and malignant lesions. This is illustrated by the in-
terval cancers that develop after screening and by the
high rate of negative breast biopsies, which exceeds 50%
in some settings. This points to a need for further optimi-
zation of existing modalities, as well as a need to develop
entirely new imaging techniques. More than 15 years
after it was first described, digital breast tomosynthesis
(DBT) has now entered routine clinical use.

New techniques always pose a challenge. On the one
hand, they invite us to scrutinize more traditional studies.
On the other, they compel us to define the patients, set-
tings, and indications for which the new technique would
be medically appropriate and economically feasible. Many
of these questions on the routine clinical use of tomosyn-
thesis cannot yet be definitively answered. This book ex-
plains the technique of tomosynthesis, describes the prin-
cipal results of available clinical studies, and explores the

next evolutionary steps in this technology. The explana-
tory chapters are followed by numerous case reports in
Chapter 5, most with histologic confirmation, that will il-
lustrate both the capabilities and limitations of breast to-
mosynthesis.

The key question, of course, is whether DBT is basically
an adjunctive technique or whether it can replace digital
mammography in the near future. A major goal in scree-
ning is to reduce recall rates and false-positive results.
The detection rates of DBT need clarification for different
histologic or even molecular subtypes in curative mam-
mography. Its impact on surgical treatment planning
must also be tested, especially with regard to the detec-
tion of multicentric disease. Autologous and alloplastic
breast reconstructions are a particular challenge in terms
of follow-up. Finally, it is essential to determine the reli-
ability of tomosynthesis in the detection of recurrent dis-
ease.

It will definitely take time to answer all of these ques-
tions. One thing is certain, however: DBT is a fascinating
technology that will continue to draw great clinical and
scientific interest in the years ahead.

1.1 References
[1] Ferlay J, Soerjomataram I, Ervik M, et al. GLOBOCAN 2012 v1.0, Esti-

mated Cancer Incidence, Mortality, and Prevalence Worldwide in
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2 The Physics of Tomosynthesis
Thomas Mertelmeier

2.1 Introduction
A few years after the discovery of X-rays by Wilhelm C.
Röntgen, researchers began to consider how this radia-
tion might be used not only to create projection radio-
graphs but also to supply three-dimensional (3D) infor-
mation on the object of interest. Many years passed, how-
ever, before this idea became a technical reality. In the
first 3D technique, the X-ray source was moved relative to
the object, to generate a summation image on the recep-
tor (film) of the X-rays attenuated by the object. In this
technique, known as tomography or conventional tomog-
raphy (Greek tomos = “slice” or “section”), the radiation
source moves around a pivot point (fulcrum) in the focal
plane. This motion keeps the plane of interest in sharp fo-
cus, while blurring out tissues above and below that level.

Ziedses des Plantes made the first practical use of line-
ar-motion tomography for imaging the skull.1 The source
and detector moved around the fulcrum in a linear fash-
ion. As a result, Ziedses des Plantes is often recognized as
the founder of tomography, even though there were
many other variants of the technique.2,3

A major disadvantage of conventional tomography was
the high radiation dose required, since only one plane
was in focus, as determined by the acquisition geometry.
Each additional image slice required a different acquisi-
tion geometry to define the new plane of interest. This si-
tuation did not change until the advent of digital image
receptors (flat-panel detectors), which permitted a rapid
and distortion-free data readout. The desired image slice

could then be reconstructed retrospectively by computer,
from the individual stored projection images. This tech-
nology provides an obvious reduction in dose, since any
desired image plane can be imaged sharply with just one
movement of the acquisition system. This technique, in
which the X-ray source occupies various imaging posi-
tions relative to the object, is called digital tomosynthesis
or simply tomosynthesis. Sectional images are recon-
structed from a set of individual projection images that
are acquired at different angles. This allows the user to
“look around” structures within the object to obtain 3D
information in the form of individual image slices.

The main advantage of tomosynthesis is its ability to
select discrete tissue planes. This principle is illustrated
in Fig. 2.1, which shows images reconstructed from a
breast data set. The image plane in Fig. 2.1a is located
23mm above the breast support plate (z = 23mm). It
clearly demonstrates a round lesion with smooth mar-
gins. The clustered microcalcifications above the lesion
are only faintly visible. They are clearly depicted in
Fig. 2.1b, however, where the image plane is 27mm
above the support plate (z = 27mm), whereas the round
lesion itself is poorly visualized. This ability to select indi-
vidual tissue planes could increase both the detection
rate and the level of diagnostic confidence. Niklason et al
described one of the first applications for breast imaging
as early as 1997.4

Fig. 2.1 Magnified views (18 × 29mm) of
two tomosynthesis slices in the breast. (Raw
data were provided courtesy of Dr. Ingvar
Andersson, Malmö University Hospital,
Sweden, and Siemens AG Healthcare Sec-
tor.) (a) Image slice at level z = 23mm. The
round lesion is in focus. (b) Image slice at
level z = 27mm. The clustered microcalcifi-
cations are in focus.
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2.2 Data Acquisition and
Scanning
Modified X-ray systems are most commonly used for to-
mosynthesis. Breast tomosynthesis may employ digital
mammographic systems in which the X-ray source can be
moved, occupying various positions relative to the im-
aged object (breast).

Tomosynthesis systems can operate in one of two
modes. In the sweep mode, the X-ray tube moves contin-
uously and is pulsed at the frame rate of the detector. In
the “step-and-shoot” mode, the tube moves to the next
position betweeen two aquisitions and transmits the X-
ray pulse while the tube is stationary. The tube may move
in an arc around a point within the object, or at least
close to the object, or it may move along a linear path.
During scan acquisition, the detector may be stationary
(Fig. 2.2) or may move simultaneously with the tube. In
the case of a moving detector, the system may have an
isocentric C-arm geometry, in which the detector and
source both rotate around a common point, or it may
have a partial isocentric geometry. In this type of system,
the tube and detector move in a synchronous way, but
the detector is not rigidly connected to the tube. For ex-
ample, it may move on a linear path in the receptor
plane.5 In most imaging systems, the breast is positioned
close to the detector, so there is little or no synchronous
movement of the detector (Fig. 2.2).

Because each individual projection contributes to form-
ing an image point within the scanned volume (volume
element, voxel) during image reconstruction, a tomosyn-

thesis data set can be acquired at approximately the same
dose as a two-dimensional (2D) projection radiograph
(see Chapter 2.5). The total exposure is distributed over
the individual projections, however, so the detector must
be able to supply a low-noise signal even at low dose lev-
els. This means that the detector must have high detec-
tive quantum efficiency (DQE), even at a very low dose
(see Chapter 2.5). Moreover, the detector must have a fast
readout and high frame rate, to minimize the scan time
and shorten the necessary breast-compression time.6

Both detector requirements pose a significant challenge,
given the spatial and contrast resolution required for
breast imaging. The scan time can be shortened by “bin-
ning” the pixels during detector readout. The associated
loss of resolution and possible increase in the signal-to-
noise ratio depend on the technical details of the system
in use.

Breast tomosynthesis systems currently on the market
(see example in Fig. 2.3) employ direct-conversion detec-
tors based on amorphous selenium with thin-film tran-
sistor (TFT) arrays made of amorphous silicon (a-Si-TFT).
There is also a system with a scintillator and photodiodes
made of amorphous silicon with a-Si-TFT readout arrays,
as well as a prototype scanner equipped with silicon di-
rect-conversion line detectors.

The X-ray spectrum used for tomosynthesis is either
the same as, or similar to, that used in digital mammogra-
phy, and the tube voltage depends on the thickness of the
compressed breast. The X-ray energy, or tube voltage,
may be increased slightly to keep the dose as low as pos-
sible. Another option is to use more filtering, which in-
creases the mean quantum energy. Tungsten/rhodium
(W/Rh) is a typical anode/filter combination. Tungsten/
aluminum (W/Al) can also be used.

Vertical image resolution and depth of focus depend
mainly on the acquisition geometry, i.e., the tomosynthe-
sis angle (Fig. 2.4). The tomosynthesis angle is defined as
the angular range over which the X-ray tube is moved rel-
ative to the pivot point. The greater the tomosynthesis
angle, the better the depth resolution and the smaller the
effective slice thickness. This results in less image blurring
from adjacent tissues due to out-of-plane artifacts. A
large tomosynthesis angle can also improve contrast res-
olution at low spatial frequencies (i.e., for relatively large
objects) because the greater angular range can supply
more information, especially at small spatial frequencies
(see Chapter 2.3).7,8 It should be added, however, that a
stationary detector that does not move simultaneously
with the tube will reduce the accessible scan volume, ow-
ing to the oblique incidence of the X-ray beams.

It is not possible to state an “optimum” angular range,
because depth resolution is not the only parameter af-
fected by the tomosynthesis angle. For example, a large
tomosynthesis angle prolongs the scan time for a given
angular velocity of the X-ray tube, increasing the risk of
motion artifacts. Current scanners have tomosynthesis

Source position

Object/breast

Detector

Fig. 2.2 Tomosynthesis acquisition geometry with a stationary
detector and nine source positions or projections.
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angles between 11 and 60°, all of which yield good re-
sults. To date, however, there have been no systematic
clinical studies on how the tomosynthesis angle affects
the detection of clinically relevant structures (spiculated
lesions, microcalcifications) in the breast.

In addition to the limited angular range, the limited
number of projections (sparse sampling) presents a chal-
lenge for 3D scanners. In the imaging of high-contrast ob-
jects, undersampling leads to Moiré effects (aliasing),
which appear as streak artifacts similar to those seen in
computed tomography (CT). The principle is the same in
tomosynthesis, where the angular increment between
exposures should not exceed several degrees, in order to
prevent streak artifacts. In practice, the maximum num-
ber of projections is determined by the minimum dose at
the detector per exposure to yield a total dose compara-
ble to that of a conventional mammogram. The scan time,
which translates to breast-compression time for the pa-
tient, depends on the number of projections for a given
detector frame rate. Current tomosynthesis scanners, in-
cluding prototypes, usually acquire between 7 and 30
projections in one examination.

Thus, the following quantities depend on acquisition
geometry, scan parameters, and system hardware com-
ponents:
● Resolution.
● Noise.
● Artifact level.
● Dose.
● Accessible volume.
● Examination time.

Fig. 2.3 Breast tomosynthesis scanner, shown in the medio-
lateral-oblique position.

– 25°– 7.5° + +°5.7  25°00
a b

Fig. 2.4 Effect of the tomosynthesis angle
on depth resolution. (a) A small tomosyn-
thesis angle gives poorer separation of
adjacent object points in the vertical direc-
tion. (b) A large tomosynthesis angle
provides better separation of adjacent
points in the vertical direction.
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All these quantities require optimization of the entire sys-
tem. A survey published by Sechopoulos in 20139,10 pro-
vides an up-to-date technical review of breast tomosyn-
thesis that covers all aspects of this topic—from acquisi-
tion geometry and detector technology, to the X-ray spec-
trum, dose, and image reconstruction. The article also
surveys systems in current use.

2.3 Image Reconstruction
In tomosynthesis image reconstruction, the spatial distri-
bution of the n-dimensional attenuation coefficient of the
object is computed from (n–1)-dimensional projection
images of the n-dimensional object acquired at different
angles. Since the acquisition of tomosynthesis data is
based on 2D projection images, the 3D attenuation coeffi-
cient is computed. Owing to the limited angular range of
data acquisition (limited-angle tomography), this prob-
lem cannot be solved exactly, but its solution can be
closely approximated using mathematical methods. Also,
there is no objective, quantitative grayscale unit for the
reconstructed slices that is comparable to the Hounsfield
unit (HU) used in CT.

Moreover, the limited tomosynthesis angle makes it
impossible to achieve isotropic resolution. Resolution is
lower in the direction of the central ray, hereafter called
the vertical or z-axis, than along the x- and y-axes, be-
cause projections characterized by an angle larger than
the tomosynthesis angle, which carry the additional in-
formation necessary for isotropic depth resolution, are
not measured. As a result, only image slices that are per-
pendicular to the vertical axis are reconstructed in tomo-
synthesis. In systems with a stationary detector, these sli-
ces are parallel to the detector plane.

In principle, two broad classes of method are available
for tomosynthesis reconstruction:
● Analytical reconstruction.
● Iterative reconstruction.

2.3.1 Analytical Reconstruction
Analytical algorithms for tomosynthesis reconstruction
are based on standard algorithms used in CT. Analytical
methods employ specially designed reconstruction filters
to compensate for scanning over a limited angular range
and minimize artifacts. Various algorithms for tomosyn-
thesis reconstruction have been described in the litera-
ture.5,11,12 The methods are called “analytical” because
the solution is formulated analytically using an inverse
Radon transformation. This solution is then fed into a
computer and calculated by numerical methods. The ba-
sic technique for this type of reconstruction is described
next (Fig. 2.5).13

First, the projection images necessary for slice recon-
struction are determined from the 2D acquisition data, by
taking the logarithm and by normalization with the non-

attenuated intensity. According to Beer’s attenuation law,
the projections necessary for the inverse Radon transform
are represented by the line integrals through the object
for rays that connect the X-ray focus to a point on the de-
tector. These 2D projections are transformed with suit-
able reconstruction filters, to obtain filtered projection
values. For better computer efficiency, this filtering is
usually done by Fourier transformation in frequency
space. The filtered projections are then back projected in-
to the object volume (filtered back projection, FBP).

This means that for a given voxel in the object volume,
all projection values whose rays run precisely through
that voxel, and thus contribute to the image, are summed
and then averaged. The filter consists of a ramp filter like
that used in CT. It has the property of inverting the ideal
2D CT problem, i.e., compensating for blurring caused by
the angular sampling scheme, based on the acquisition
geometry. However, because the ramp filter amplifies the
high spatial frequencies, it also increases image noise.
These high spatial frequencies must therefore be sup-
pressed with a “spectral filter.” CT employs a combination
of both filter types (ramp filter and spectral filter) called
the Shepp–Logan filter.13

Because the tomosynthesis problem does not have an
exact mathematical solution, different FBP techniques
use different filter designs, leading to differences in image
appearance and artifact suppression.14,15,16,17 Fig. 2.6 il-
lustrates how different filter designs can affect the ap-
pearance of an image. Fig. 2.6a shows a tomosynthesis
slice reconstructed with an edge-enhancing filter, gener-
ating an image that resembles a CT scan. Fig. 2.6b shows
the same slice from the same data set, reconstructed with
a different filter. By accentuating the glandular breast tis-
sue, this image looks more like a mammogram.

2.3.2 Iterative Reconstruction
Unlike analytical reconstruction, iterative techniques
solve the inverse problem by first formulating the system
equation for the relationship between the object and pro-
jection data, as an algebraic equation in the form of a
large system of equations, and then solving it numeri-
cally. Because the system of equations is extremely large,
it can only be solved with iterative techniques. As the
iterations are carried out, the projection values computed
from the object of interest are compared with the meas-
ured projection values in each iterative step. Based on the

Preprocessed
acquisition data

(projections)

Filtering the
projections

Back projection
(sum of 

contributing
projection values)

Fig. 2.5 Flowchart for analytical reconstruction by the filtered
back-projection method.
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Fig. 2.6 Tomosynthesis slice using different filters in the filtered back-projection method. (Raw data were provided courtesy of Dr.
Nachiko Uchiyama, National Cancer Center, Tokyo, Japan, and Siemens AG Healthcare Sector.) (a) Edge-enhanced image.
(b) Accentuation of glandular breast tissue.
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discrepancy, the object distribution is improved in a step-
by-step fashion, until the solution fulfills a certain opti-
mality criterion (Fig. 2.7). This can be done by various
iterative methods, such as the algebraic reconstruction
technique (ART), simultaneous ART (SART),18 or simulta-
neous iterative reconstruction technique (SIRT). By basing
the formulation of the problem on the Poisson statistics
for X-ray quanta, a statistical iterative method can be sup-
plied, using a “maximum-likelihood” reconstruction algo-
rithm.19 Additionally, constraints and prior knowledge
may be available during the solution process. This yields a
more stable solution with low image noise (maximum a
posteriori methods or penalized maximum-likelihood al-
gorithms).

All these iterative techniques differ in their update
strategies, i.e., how the solution is successively improved
in each iterative step, what constraints are assumed,
available prior knowledge, and the numerical solution
techniques.

2.3.3 Combined Reconstruction
Methods
Besides these main classes of analytical and iterative re-
constructions, there are a number of modified algorithms
that combine analytical methods with iterative algebraic
techniques. The goal of these methods is to keep blurring
and other artifacts to an absolute minimum. Examples of
methods used in breast tomosynthesis are iterative de-
blurring20,21 and nonlinear back projection.22,23

2.3.4 Visualization
Regardless of the type of reconstruction used, tomosyn-
thesis always generates a nonisotropic volume data set, in
which vertical resolution is much poorer than in planes
perpendicular to the optical axis. Because most artifacts
also occur in the vertical direction, image slices parallel to
the detector are best for visualization. Thus, viewing mul-
tiple sequential slices in the “stack mode” is preferred.
True volume rendering is only possible over a very lim-
ited angular range that is roughly equal to the tomosyn-
thesis angle.

Compared with digital mammography, the size of an
image data set in tomosynthesis poses a definite chal-
lenge in both the reconstruction and viewing of images. If

the detector has a 2800 × 3600 pixel matrix at 16 bits per
pixel, this gives 20 megabytes (MB) of raw data per pro-
jection. A raw data set with Np projections would require
a storage capacity of Np × 20 MB. For 15 projections, this
would be 300MB.

Typically, the images are reconstructed with a slice sep-
aration of 1mm, and the reconstructed pixel size in the
image plane should never be larger than one detector
pixel. The average size of an image slice is slightly smaller
than that of one projection, because the average breast
does not cover the whole detector. Assuming, for exam-
ple, that a reconstructed tomosynthesis slice consists of
2000 × 3000 pixels, 12MB (at 16 bits per pixel) are ob-
tained for the data content of one slice. An average com-
pressed breast thickness of 50mm would result in 50 sli-
ces containing 600MB of data. In this example, then, a da-
ta set consisting of raw projections plus reconstructed sli-
ces would be 900MB in size. A complete examination in
four planes (left and right, craniocaudal, lateral oblique)
would require 3600MB of storage. The exact figure will
vary depending on specific technical details (detector
size, pixel size, number of projections, slice interval).

2.4 Artifacts
Because the object is not sampled completely in tomo-
synthesis, owing to the limited angular range, the inverse
problem cannot be solved exactly. This undersampling
leads to artifacts that result mainly from the fact that the
point spread function deviates from spherical symmetry.
As a result, point objects will be spread along the vertical
z-axis and extend over multiple planes. Since the individ-
ual projections are also separated from one another by a
finite angular increment (usually a few degrees), these ar-
tifacts are not distributed uniformly but reflect the indi-
vidual projections. They are called “out-of-plane artifacts”
because they cause unwanted visualization of structures
outside the plane of interest.

Fig. 2.8a shows a calcification in the focal plane. The
calcification is still visible several slices above or below
the image plane, appearing as out-of-plane artifacts with
a typical replicated structure (Fig. 2.8b). The intensity of
these artifacts depends on the size and contrast of the ob-
ject. The larger the structure, the more the artifact is
spread out along the z-axis, affecting more slices adjacent

Corrected
image data

Computed
projections

⊕

⊕
⊖

⊖

Back projection

Forward projection
Iteration

Prior knowledge/
regularization

Preprocessed
acquisition data

(projections)

Fig. 2.7 Flowchart for iterative reconstruc-
tion. Based on an initial estimated value for
the image data, the final image is recon-
structed iteratively by using forward pro-
jection, prior knowledge, and comparison
with the acquisition data.
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to the in-focus plane. The higher the contrast, the greater
the intensity of the artifacts.

Missing data also produce another kind of artifact that
results from the reconstruction filters. The frequency do-
main can be divided into a scanned region and an un-
scanned region. At the boundary between the two re-
gions, filtering may produce overshoot or undershoot ar-
tifacts that appear as dark rims on a high-contrast object.
The dark rims are lined up in the scan direction
(Fig. 2.8a). Dark-rim artifacts are visible on a spiculated
mass in Fig. 2.9 and at the top and bottom of the round
lesion in Fig. 2.1a.

In theory, the relatively low sampling density can lead
to streak artifacts like those occurring in CT. However,
these effects are usually minor in breast tomosynthesis,
because they occur predominantly at high-contrast ob-
jects such as bone or metal. Since the breast consists of
fat and glandular tissue, it is a low-contrast object with
relatively homogeneous X-ray attenuation coefficients.
Streak artifacts would be seen mainly in reformatted ver-
tical slices, which are not displayed in tomosynthesis, ow-
ing to the poor vertical resolution.

While artifacts are unavoidable in tomosynthesis, there
are situations in which they can aid image interpretation.
As the reader is scrolling through a data set in stack
mode, the presence of artifacts may accentuate relevant
structures and make them easier to detect. The temporal
contrast sensitivity of the human visual system is an im-
portant factor in this regard; it is maximal at frame rates
from 1/s to 10/s, depending on luminance.24 It should also
be noted that an unsharp structure appearing in a sharp
image always originates from an object outside the plane
of focus and is not located in the slice of current interest.
Thus, when viewing a single slice or scrolling through a
stack of image slices, the reader should concentrate on
sharply imaged structures and disregard blurred struc-
tures.

Fig. 2.8 Magnified views (30 × 30mm) of an
approximately 1.5-mm calcification in two
tomosynthesis slices. (Raw data were pro-
vided courtesy of Dr. Jay Baker, Duke
University Medical Center, Durham, NC, and
Siemens AG Healthcare Sector.) (a) The
calcification is in sharp focus. Dark-rim
artifacts, aligned in the scan direction, are
visible at the edge of the calcification. (b)
Out-of-plane artifacts from the calcification
are faintly visible in an adjacent slice 8mm
from the previous plane.

Fig. 2.9 Magnified view from a tomosynthesis slice. Typical
dark-rim artifacts are visible at the upper and lower margins of
the breast lesion. (Raw data were provided courtesy of Dr. Jay
Baker, Duke University Medical Center, Durham, NC, and
Siemens AG Healthcare Sector.)
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2.5 Dose
The noise in a digital radiographic image is composed of
quantum noise plus the noise from the readout elec-
tronics of the detector. Relative quantum noise is indi-
rectly proportional to radiation dose, while the electronic
noise is largely constant from one image to the next. In
tomosynthesis, each individual projection is acquired at a
much lower dose than in digital 2D mammography. This
low dose significantly increases the relative quantum
noise in each individual projection compared with a 2D
mammogram, and the electronic noise of the detector ac-
cumulates with each additional projection.

One goal in tomosynthesis is to produce 3D informa-
tion at approximately the same dose as that required for
2D mammography. This is only feasible if the noise in
each individual projection image is determined almost
entirely by quantum noise, with minimal electronic noise
from detector readout. This is necessary to ensure that re-
peated detector readouts for the individual projections
will not add too much cumulative electronic noise. When
this condition is satisfied, the individual projections can
be used to reconstruct an image slice that is comparable
in noise level to a 2D digital mammogram. However, be-
cause electronic noise cannot be completely eliminated in
practice, the tomosynthesis dose will always be slightly
higher than the 2D mammogram dose, to achieve equal
noise levels. This is why high-efficiency detectors with
minimal readout noise are considered an essential pre-
requisite for tomosynthesis.

The average parenchymal dose in 2D projection mam-
mography is usually estimated from the “average glandu-
lar dose” (AGD), which is determined on the basis of tabu-
lated values25,26:

AGD = K ∙ g ∙ c ∙ s (2.1)

In this equation, g transforms the incident dose at the
breast surface, expressed in terms of the air kerma K, into
the average glandular dose, with the correction factor c
for breast glandularity. The factor s is an additional pa-
rameter taking into account the anode/filter combination.
The air kerma can be measured or determined from the
tube output (Gy/mAs) or current–time product (mAs).
The factors g, c, and s have been determined by a Monte
Carlo simulation of the absorbed dose in a breast model,
for various beam qualities (half-value layers) and com-
pressed breast thicknesses, and have been published in
tables.27

A similar approach, also based on Monte Carlo simula-
tions, has been presented by Wu et al and Boone.28,29,30 In
this method, the normalized glandular dose coefficients
(DgN) are determined for various energies, breast thick-
nesses, and X-ray spectra and are used to convert the en-
trance ion dose to a glandular dose.

These approaches can be transferred from 2D imaging
to tomosynthesis, although it must be considered that
the projections enter the breast at nonperpendicular an-
gles. Since the beams take different paths through the
breast, they lead to different absorbed dose values than
in 2D mammography.

Both methods based on Monte Carlo simulations for
the spread of quanta in breast models have been applied
to tomosynthesis,31,32 and the results of both studies
show good agreement. The methods take into account
the special conditions of tomosynthesis, by using correc-
tion factors for parenchymal dose that depend on acquis-
ition geometry and have been tabulated in the publica-
tions cited above. To summarize the results: For a given
breast thickness and the same tube voltage (kVp) and to-
tal current–time product (mAs) as in 2D mammography,
the radiation dose with current tomosynthesis acquisi-
tion geometries differs from 2D imaging by a factor of 0.9
to 1. In other words, calculating the average parenchymal
dose just as in 2D mammography, yields an upper dose
limit for breast tomosynthesis.

2.6 Overview of Existing
Systems
Several breast tomosynthesis systems are currently avail-
able commercially and have come into clinical use, while
other scanners are still in the prototype stage. All the sys-
tems differ in their acquisition geometries, detector tech-
nologies, and imaging processing and reconstruction.9,10

Because breast tomosynthesis is a new technology with a
vast innovative potential, it is reasonable to expect signif-
icant advances in the years ahead. Table 2.1 reviews the
technical specifications of scanners currently on the mar-
ket.

2.7 Technical Quality Assur-
ance
In Europe and many other parts of the world, a commer-
cial product can be approved on the basis of Communauté
Européenne (CE) certification, which documents its safey
and effectiveness. At the present time, however, there are
no uniform guidelines for technical quality assurance in
tomosynthesis. In Germany, the Quality Assurance Guide-
line in the X-Ray Ordinance is applicable to tomosynthe-
sis.33 Additional quality-assurance measures can be found
in the quality-control manuals supplied by the manufac-
turers.

In Europe, the European Reference Organization for
Quality Assured Breast Screening and Diagnostic Services
(EUREF) has been active in the field of quality assurance
for breast tomosynthesis. An initial draft, still preli-
minary, was published in February 2013.34 Another
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international initiative is the work of Maintenance Team
31 of the International Electrotechnical Commission
(IEC), relating to the standardization of quality assurance
in mammography. In the academic community, the
American Association of Physicists in Medicine (AAPM)
has formed a Tomosynthesis Subcommittee that is work-
ing to place quality assurance on a scientific basis. For
now we must await further developments, which will un-
doubtedly lead to the establishment of national and inter-
national standards in the next few years.
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3 Clinical Evaluation of Digital Breast Tomosynthesis
Berndt Michael Order, Christoph Mundhenke, Florian Vogt, Fritz K. W. Schaefer

3.1 Introduction
There is no question that full-field digital mammography
continues to be the gold standard for breast imaging.
Though it has lower spatial resolution than screen-film
mammography, digital technology offers definite advan-
tages in both image acquisition and display and has
largely replaced screen-film mammography. The advan-
tages of full-field digital mammography include high
quantum efficiency, excellent contrast resolution, and a
large dynamic range. Thus, full-field digital mammogra-
phy provides the necessary diagnostic image quality,
while also meeting all requirements in terms of radiation
safety.1

However, digital technology alone cannot overcome the
inherent limitation of mammography. Since mammogra-
phy is a projection technique, it yields a summation
image in which many anatomic structures with similar
absorption characteristics or densities are superimposed.
This can hamper detection and characterization of le-
sions. The sensitivity of mammography is greatly limited
in radiographically dense breasts with an American Col-
lege of Radiology (ACR) rating of 3 or 4. As a result, phys-
iologically dense glandular structures may overlie and
obscure suspicious changes such as focal lesions or archi-
tectural distortions. Moreover, conventional projection
mammograms often yield false-positive findings, owing
to summation effects. This occurs when normal breast
structures are superimposed in the path of the X-ray
beam, creating an overlap density that requires further
evaluation by supplementary methods such as breast ul-
trasonography or special views.

Digital breast tomosynthesis (DBT) attempts to add in-
formation and overcome the limitations of mammogra-
phy. The reconstruction of tomographic image slices of
the breast eliminates summation effects and improves
the detectability of focal lesions. Various questions must
be addressed in order to define the clinical role of DBT as
accurately as possible and establish guidelines for its use.
A number of studies have focused on several key issues:
● Does tomosynthesis add information to that supplied
by digital mammography?

● Can tomosynthesis replace additional mammographic
views?

● Can tomosynthesis replace mammography?

Another issue to be considered is radiation exposure. The
ultimate goal is clear: to achieve greater diagnostic accu-
racy at a lower dose. This underscores the need to achieve
higher sensitivity and specificity in DBT than in standard
two-view mammography. Progress must be gradual,
however, for two reasons. First, the technical evolution of

DBT is far from complete; and second, more extensive
clinical experience and ongoing training in the evaluation
of tomosynthesis are needed in order to fully establish
the diagnostic potential of this technology.

3.2 Mammography versus
Mammography Plus Tomosyn-
thesis
Various studies have already been done to determine
whether tomosynthesis can add information to that pro-
vided by digital mammography. In each of these studies,
mammography alone was compared with a combination
of mammography and tomosynthesis. In an initial clinical
study, Poplack et al studied a cohort of 98 women with
abnormal digital screening mammograms who required
recall.2 In all patients, a total of 11 low-dose exposures
were taken in a 19-second scan and were reconstructed
into tomosynthesis images. The study confirmed that the
rate of recall based on findings detected on screening
could have been reduced by 40% by the addition of tomo-
synthesis. The benefits of tomosynthesis over mammog-
raphy resulted from the more accurate evaluation of le-
sion margins and the minimization of summation effects
from overlapping tissues. Tomosynthesis improved accu-
racy in the detection or exclusion of architectural distor-
tions, asymmetries, and focal lesions (masses) (Fig. 3.1).

Tomosynthesis did not prove helpful for the morpho-
logic analysis of suspicious microcalcifications in this
study. The authors concluded that, for evaluation of calci-
fications, the image quality from tomosynthesis was infe-
rior to that of full-field digital mammography. This may
have resulted from motion artifacts or the low recon-
structed slice thickness. A key limitation in this study,
however, was the small number of cases.

Building on the encouraging initial results, further
studies were undertaken in larger groups of patients.3,4

The studies differ primarily in their inclusion criteria,
number of projection images acquired, and study design.

A large multicenter study with a total of 27 readers
compared the diagnostic accuracy of two-view mammog-
raphy alone or combined with two-view tomosynthesis.5

Two groups were formed from the study population of
more than 1,000 women. Study 1 comprised 312 cases
with a total of 48 cancers and images read by 12 radiolog-
ists. The readers determined only whether an abnormal-
ity requiring recall was present or absent. In study 2 (310
cases, 51 cancers, 15 radiologists), the lesion type and lo-
cation were also recorded.
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All 27 radiologists found that the addition of tomosyn-
thesis improved diagnostic accuracy, while the recall
rates for individual readers were reduced by between 6
and 67%. The addition of tomosynthesis was particularly
effective in improving the detection of invasive cancers,
whereas it provided little gain in the detection of in situ
cancers. Based on their results, the authors concluded
that the addition of tomosynthesis to digital mammogra-
phy improves diagnostic accuracy and significantly re-
duces the recall rates for noncancer cases.

In summary, all studies in patients with suspicious
mammograms have shown that tomosynthesis provides a
diagnostic gain when used as an adjunct to mammogra-

phy. It is unclear from the studies whether tomosynthesis
could also be used effectively in an unselected population
and in an algorithm that includes double reading.

This question was addressed in the Oslo Tomosynthesis
Screening Trial.6 A total of 12,621 women from a nation-
wide screening program in Norway underwent bilateral
mammography in the craniocaudal (CC) and MLO projec-
tions plus bilateral tomosynthesis in the CC and MLO pro-
jections. Both the conventional and tomosynthesis im-
ages were acquired during a single breast compression
per view. Four experienced radiologists read the images
in four different study arms:
● Two-dimensional (2D) mammography alone.

Fig. 3.1 A 1-cm spiculated mass is located approximately 3.5 cm from the nipple in the left breast. The lesion is depicted more clearly by
DBT than mammography. Histology identified the lesion as invasive lobular carcinoma. (a) Digital mammogram of the left breast,
mediolateral oblique (MLO) projection. (b) DBT of the left breast, MLO projection.
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● 2D mammography plus computer-aided detection
(CAD).

● 2D mammography plus tomosynthesis.
● Synthesized 2D images reconstructed from the tomo-
synthesis data, plus three-dimensional (3D) tomosyn-
thesis.

All examinations that were rated suspicious in one of the
study arms were subsequently discussed in a consensus
meeting and referred for recall if necessary.

The addition of tomosynthesis increased the recall rate:
365 women with suspicious mammographic findings
were recalled, compared with 463 women with suspi-
cious findings by mammography or tomosynthesis. This
led to a 30% increase in the cancer-detection rate in the
study arms with adjunctive tomosynthesis. In absolute
terms, the cancer-detection rates were 0.71% with mam-
mography alone (7.1 cancers per 1,000 women screened)
and 0.94% in the tomosynthesis groups. Most of the addi-
tional cancers detected by tomosynthesis were node-
negative invasive tumors. The cancer-detection rate rela-
tive to the total number of recalls was approximately 25%
in both study groups, with or without tomosynthesis.

Besides diagnostic accuracy, this study also addressed
two other important aspects. The average reading time
for 2D mammography was 48 seconds per reading, but
this increased to 89 seconds when tomosynthesis was
added. This doubling of the reading time would signifi-
cantly increase the workload in a screening program. The
second aspect is radiation exposure. The average paren-
chymal dose was 1.58 ± 0.61milligray (mGy) for mam-
mography, 1.95 ± 0.58mGy for tomosynthesis, and
3.52 ± 1.08mGy for the combination of mammography
and tomosynthesis.

Another study was conducted in a total screening pop-
ulation of 13,158 women.7 All patients underwent two-
view digital mammography, and 6,100 of the women
underwent digital mammography plus two-view DBT.
The cancer-detection rates in the two groups were com-
pared. In contrast to the study by Skaane et al,6 the recall
rate in the DBT group, at 8.5%, was lower than in patients
receiving mammography alone (12%). The cancer-detec-
tion rate was 0.52% with mammography alone versus
0.57% with mammography plus tomosynthesis (P = 0.70).

Recently, Friedewald et al8 published a retrospective
analysis of screening performance metrics from 13 sites
in the United States of America, using mixed models ad-
justing for site as a random effect. A total of 281,187 digi-
tal mammographies and 173,663 combined examinations
(digital mammography plus tomosynthesis) were eval-
uated. Model-adjusted rates per 1,000 screens resulted in
a recall rate of 107 with digital mammography versus 91
for digital mammography plus tomosynthesis. The num-
ber of biopsies increased by 1.3 per 1,000 screens (18.1
with digital mammography versus 19.3 with digital
mammography plus tomosynthesis). Cancer detection

significantly increased from 0.42% with digital mammog-
raphy to 0.54% for digital mammography plus tomo-
synthesis. This large multicenter study confirmed the re-
sults of the previous studies and demonstrated that the
addition of tomosynthesis to digital mammography re-
sulted in a decreased recall rate and an increased cancer-
detection rate.

In summary, all the studies confirm that in both se-
lected and screened populations, the addition of tomo-
synthesis to digital mammography led to improved diag-
nostic accuracy and an increase in cancer-detection rates.
A number of questions remain to be answered, however.
In particular, data are needed that can show whether to-
mosynthesis actually requires two views when used as an
adjunct to mammography. Because tomosynthesis sup-
plies 3D information, one-view tomosynthesis may be
sufficient. Further large studies are needed to resolve this
issue.

3.3 Tomosynthesis versus
Additional Mammographic
Views
The routine combination of two-view mammograms
with one- or two-view tomosynthesis increases diagnos-
tic accuracy but also raises concerns about radiation
safety. It is common in routine clinical settings, however,
for two-view mammograms to yield equivocal results
that require further evaluation by additional views (e.g.,
spot compression and microfocus magnification views).
This raises the question of whether tomosynthesis could
be useful in these cases and whether it is equivalent or
even superior to additional mammographic views
(Fig. 3.2).

In 2010, Hakim and his group compared the value of
adjunctive digital tomosynthesis with additional mam-
mographic views in the characterization of known mam-
mographic masses, architectural distortions, and asym-
metries.9 Four experienced radiologists interpreted full-
field digital mammograms aided by additional views or
DBT images, in 25 women. The radiologists were asked to
determine which combination yielded the best diagnostic
accuracy.

In 50% of the ratings, the radiologists perceived the
combination of full-field digital mammography plus DBT
to be diagnostically superior to full-field digital mam-
mography plus additional views. Both combinations were
rated equivalent in 31% of cases, and the addition of DBT
was rated as inferior to additional mammographic views
in 19%. Over all the readers, 92% of the ratings for known
breast cancer cases and 50% of the ratings for known
high-risk lesions were classified as BI-RADS 4 or 5. The
authors concluded that DBT provided an alternative to
additional mammographic views for the characterization
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Fig. 3.2 Illustrative case in which tomosynthesis is at least equivalent to additional mammographic views. (a) Digital mammogram of
the left breast in the MLO projection shows a new 2.5-cm subareolar architectural distortion that has no correlate in the CC view.
Classified as BI-RADS 4. (b) Digital mammogram of the left breast, ML projection. A focal lesion is not visible in this view. (c) Digital spot
compression view of the left breast, MLO projection. A focal lesion is not visible in this view. (d) Single slice from a 3D tomosynthesis
data set of the left breast, MLO projection. This image positively identifies the suspicious area as a summation effect caused by residual
parenchyma and superimposed vessels. Based on this finding, the left breast was reclassified as BI-RADS 2.
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of focal abnormalities detected in two-view mammo-
grams.

Another study compared DBT with mammographic
spot views in the characterization of 67 breast masses as
benign or malignant.10 Four radiologists rated the images
for mass visibility, likelihood of malignancy, and BI-RADS
classification. The mass visibility ratings were slightly
better with DBT. The four readers detected seven addi-
tional cancers with DBT, although five of the biopsies
yielded a benign result (false-positive biopsy recommen-
dations). The authors concluded that both methods were
equivalent for the characterization of breast masses.

In the largest study on this topic published to date,
eight radiologists reviewed a series of 217 lesions in 182
patients.11 Seventy-two of the lesions (33%) were cancers
and 145 (67%) were benign. All eight readers achieved
better results with tomosynthesis than with mammo-
graphic spot views (by receiver operating characteristic
[ROC] curve analysis) in the detection of malignant le-
sions. With tomosynthesis, more cancers were classified
as BI-RADS 5 with no decrease in specificity. The false-
positive rate for all lesions classified as BI-RADS 4 or 5 de-
creased from 57% to 48% (P < 0.01) with tomosynthesis,
with no change in sensitivity. The authors concluded that
tomosynthesis significantly improved diagnostic accuracy
for equivocal focal lesions, compared with mammo-
graphic spot views.

In all studies to date comparing DBT and spot compres-
sion views, tomosynthesis was found to be at least equiv-
alent to the additional views. This means that DBT may
be considered a preferred imaging technique for the fur-
ther evaluation of suspicious mammographic lesions in
routine clinical settings. It should be added, however, that
this statement applies only to masses, architectural dis-
tortions, and asymmetries, because suspicious microcal-
cifications were not investigated in most studies.

However, microcalcifications are a finding of very great
clinical importance, especially for the detection of ductal
carcinoma in situ (DCIS). They are also a challenge to
imaging. Numerous studies have shown that digital mam-
mography is superior to screen-film mammography in
the detection of microcalcifications. The question of
whether tomosynthesis can detect microcalcifications
with comparable sensitivity cannot be definitively an-
swered at present.

An initial study by Spangler et al in 2011 dealt with the
detection and classification of microcalcifications by digi-
tal tomosynthesis compared with digital mammogra-
phy.12 One hundred examinations were performed, using
both full-field digital mammography and tomosynthesis.

The series included 20 histologically confirmed cancers,
40 histologically confirmed benign calcifications, and 40
randomly selected negative screening studies. Five radiol-
ogists reviewed the images in a multireader setting. The
sensitivity for detecting calcifications was 84% for full-
field digital mammography and 75% for digital tomosyn-
thesis. The two methods had comparable performance as
measured by the ROC analysis of BI-RADS scores (full-
field digital mammography: ROC area under the curve
[AUC] = 0.76, standard deviation [SD] = 0.03; digital tomo-
synthesis: ROC AUC = 0.72, SD = 0.04).

However, a similar study by Kopans et al found that
DBT was superior to conventional mammography.13 A to-
tal of 119 cases with suspicious microcalcifications were
reviewed in this study. Only the MLO view was available
for digital tomosynthesis, while both the MLO and CC
views were available for conventional mammograms. In
41.6% of cases, the readers stated that calcifications were
seen with better clarity on digital tomosynthesis. Both
methods were comparable in 50.4% of cases, and conven-
tional mammography was felt to be superior in 8% of
cases. Another study also found that DBT was superior to
mammography in the detection of microcalcifications.14

The difference between the two methods was greater for
less experienced readers than for readers with 10 or
more years’ experience in breast imaging.

In most studies, then, tomosynthesis has shown excel-
lent results in the detection of microcalcifications
(Fig. 3.3). With the 3D information supplied by tomosyn-
thesis, the spatial distribution of the calcifications can be
accurately evaluated. Advantages include the positive
identification of cutaneous calcifications and the confi-
dent detection of linear intraductal spread. When it
comes to the assessment of microcalcification morphol-
ogy, however, 3D tomosynthesis is inferior to standard
2D mammography and microfocus magnification views.

In summary, studies to date have reported varying re-
sults in the detection and characterization of microcalcifi-
cations. The advantages of nonsuperimposed images and
accurate spatial localization must be weighed against the
potential disadvantages of partial-volume effects and mo-
tion artifacts. Also, the studies have used systems that
vary in their acquisition parameters, image postprocess-
ing, and size of the detector elements. These differences
can be particularly significant in the detection of micro-
calcifications. Consequently, the results of different stud-
ies cannot be directly compared with one another. Larger
studies are needed before it is possible to definitively as-
sess the sensitivity and specificity of DBT in the detection
and characterization of breast microcalcifications.
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3.4 Mammography versus
Tomosynthesis
To answer the question of whether tomosynthesis can re-
place mammography, studies are needed in which mam-
mography and DBT are evaluated separately.

Andersson et al conducted a pilot study in 40 women
with subtle signs of breast cancer on screening mammog-
raphy, or symptomatic women with negative mammo-
graphic findings but suspicious findings on ultrasonogra-
phy.15 The authors compared breast cancer visibility in
one-view tomosynthesis with that in one- and two-view
full-field digital mammography. Tomosynthesis was per-
formed in the same orientation as the mammographic
image in which the tumor was least visible or not visible.
Otherwise tomosynthesis was performed in the standard
MLO view. Two radiologists interpreted the mammo-
grams and DBT images in a consensus reading.

Cancer visibility was classified into four categories, and
BI-RADS scores were also assigned. In 22 of 40 cases, the
cancers were rated as more visible on tomosynthesis
compared with one-view mammography. When tomo-
synthesis was compared with two-view mammography,
cancer visibility on DBTwas rated better in 11 of 40 cases
(P < 0.01). When one-view mammography was compared
with tomosynthesis, 21 patients were upgraded to a
higher BI-RADS category. Comparing two-view mam-
mography with tomosynthesis, 12 patients were up-
graded on BI-RADS classification. Again, the differences
were statistically significant. Microcalcification analysis
by tomosynthesis was correct only in terms of distribu-
tion and cluster shape; tomosynthesis was less effective
for the morphologic analysis of individual particles. De-
spite this limitation, the authors concluded that tomosyn-
thesis provided significantly better tumor visibility and a
more accurate BI-RADS classification than digital mam-
mography.

Fig. 3.3 Histologically confirmed high-grade ductal carcinoma in situ. (a) Digital mammogram of the left breast, ML projection with a
localization wire in place. A cluster of pleomorphic microcalcifications, already localized with the wire, is visible in the lower inner
quadrant of the breast, 9.5 cm from the nipple. Classified as BI-RADS 5. (b) Single slice from a 3D tomosynthesis data set of the left
breast, MLO projection before wire insertion. The calcifications are displayed with excellent clarity, and their arrangement and
configuration identify them as ductal calcifications. Classified as BI-RADS 5.
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Building on the results of this pilot study, additional
studies were done to assess the role of DBT in relation to
mammography. In one prospective study, two-view to-
mosynthesis was performed as an adjunct in 513 women
with an abnormal screening mammogram (two-view
full-field digital mammography) or with clinical symp-
toms.16 The full-field mammograms and DBT images
were separately and prospectively classified according to
BI-RADS criteria. A total of 112 cancers were detected. To-
mosynthesis and full-field mammography were each able
to detect 104 cancers and were each false negative in
eight cases (7%). In the false-negative mammographic
cases, four of the tumors were detected by ultrasonogra-
phy, two by magnetic resonance imaging, one by recall
after breast tomosynthesis interpretation, and one only
after mastectomy. The sensitivity of both techniques for
the detection of breast cancer was 92.9%. The specificities
of mammography and tomosynthesis were 86.1% and
84.4%, respectively (P = 0.37). It should be added, how-
ever, that two cancers were missed by tomosynthesis,
owing to technical problems (patient motion, positioning
errors).

Wallis et al compared the diagnostic accuracy of 2D
full-field mammography with that of two-view (medio-
lateral [ML] and CC) and one-view (MLO) tomosynthesis,
in an interobserver study of 220 women.14 The diagnostic
accuracy of 2D full-field mammography was significantly
poorer than that of two-view tomosynthesis (ROC
AUC = 0.772 for 2D mammography, ROC AUC = 0.851 for
tomosynthesis). No significant difference was found be-
tween 2D mammography (AUC = 0.774) and one-view to-
mosynthesis (AUC = 0.775). This suggests that one-view
tomosynthesis (in the MLO projection) is comparable to
two-view full-field digital mammography.

Another study by Gennaro et al enrolled 200 women
who had at least one breast lesion classified by mammog-
raphy and/or ultrasonography as doubtful, suspicious, or
probably malignant.17 In addition to the two-view mam-
mograms already available, tomosynthesis was per-
formed in the MLO projection. The images were scored
separately by six radiologists, using BI-RADS criteria.
Based on ROC analysis, the results did not show a signifi-
cant difference between the two methods. The authors
concluded that one-view tomosynthesis was not inferior
to two-view digital mammography.

All the studies cited thus far have one serious limita-
tion: They were done mainly in women with mammo-
graphic abnormalities. This creates a selection bias that
favors mammography and gives no information about di-
agnostic performance in an unselected screening popula-
tion. This question is addressed by the Malmö Breast To-
mosynthesis Screening Trial. The goal of the trial is to en-
roll 15,000 women from a population-based screening
program, who will undergo two-view digital mammogra-
phy in addition to one-view tomosynthesis. The number
of breast cancers detected by digital mammography alone

will be compared with the number detected by one-view
tomosynthesis without simultaneous consideration of
the mammographic findings. The trial was started in
2010, and enrollment of the participants should be com-
pleted in 2015. The results of the study will answer the
question of whether one-view tomosynthesis can reliably
replace two-view screening mammography.

Given the remaining uncertainty about the diagnostic
accuracy of tomosynthesis in detecting microcalcifica-
tions on the one hand, and the superiority of tomosyn-
thesis for mass detection on the other, it might be effec-
tive to combine one-view mammography with comple-
mentary-view tomosynthesis. Gennaro et al tried this ap-
proach in 463 breasts with a total of 348 lesions, consist-
ing of 77 cancers and 271 benign lesions.17 A total of six
radiologists with at least 7 years’ experience in breast
imaging conducted a per-lesion analysis.

The combination of one-view DBT (MLO) with one-
view digital mammography (CC) was superior to standard
two-view digital mammography in both the detection
and characterization of lesions: 60% of the lesions were
correctly detected with mammography alone versus
66.5% of the lesions with DBT plus mammography in
complementary views (P < 0.0001). The difference in le-
sion characterization was greatest for benign lesions:
42.4% of benign lesions were correctly characterized in
the study arm with DBT, as opposed to 34.4% with two-
view mammography alone (P < 0.0001).

3.5 Summary
Tomosynthesis is a new technique of breast imaging that
has added clinically relevant information in all larger
studies and has proven equal or even superior to mam-
mography in available comparative studies. The most im-
portant studies have been published only in the last 3
years, and the results of additional large studies are not
yet available. It will therefore be several years before to-
mosynthesis can be incorporated into clinically relevant
guidelines and mammographic screening.

For the time being, digital breast tomography can be
used for routine investigation of equivocal mammo-
graphic findings. There are not yet sufficient data avail-
able to recommend tomosynthesis as a replacement for
mammography. The combination of one-view mammog-
raphy and one-view tomosynthesis can be used in se-
lected cases, such as investigational settings and patients
with significant fibrocystic breast changes.
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4 Innovations and Future Developments
Fritz K. W. Schaefer and Joerg Barkhausen

4.1 Introduction
Tomosynthesis is still a relatively new technology, and its
technical evolution is far from complete. Compared to
mammography, it still has great potential for advances in
image reconstruction and postprocessing, as well as new
clinical applications. Some of the techniques described in
this chapter are still conceptual, some exist as prototypes,
and some are already in clinical use. In all cases, however,
the benefits of these techniques have not yet been ad-
equately evaluated for routine clinical use, and it is still
too early to draw definite conclusions.

4.2 Synthesized Digital Two-
dimensional Mammography
New techniques are currently being developed for the re-
construction of conventional mammograms from a three-
dimensional (3D) tomosynthesis data set (Fig. 4.1). Com-
parison of a 3D tomosynthesis data set and the corre-
sponding slices with digital or even analog mammogra-
phy poses a significant challenge. It is therefore desirable
not only to reconstruct sectional images from the digital
breast tomosynthesis (DBT) projections but also to gener-
ate a summation image that is comparable to a mammo-

Fig. 4.1 Tubular breast cancer, confirmed histologically by core-needle biopsy. (Image data were provided courtesy of M. Sonnenschein,
MD, Bern, Switzerland.) (a) 3D tomosynthesis of the left breast, mediolateral oblique (MLO) projection: 14-mm spiculated lesion at the
1 o’clock position. (b) 3D tomosynthesis of the left breast, craniocaudal (CC) projection: 14-mm spiculated lesion at the 1 o’clock
position.

continued ▶
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gram. With this technique, called synthesized digital
two-dimensional (2D) mammography (“c-view”), both
sectional images and mammograms for comparison with
prior images can be reconstructed from a DBT data set,
without additional radiation exposure.

On initial viewing, the synthesized 2D image has a no-
tably artificial appearance. The skin is markedly thick-
ened in comparison with conventional mammograms,
and this finding should not be mistaken for edema. There
is also a marked accentuation of tissue contrasts, which
may, for example, cause microcalcifications to appear
more prominent. A first study on the performance of re-
constructed 2D images in combination with DBT versus
full-field digital mammography (FFDM) combined with
DBT was published by Skaane et al in 2014.1 Using the
most recent version of synthetically reconstructed 2D im-
ages, the cancer-detection rate was 7.8/1,000 for FFDM

plus DBT versus 7.7/1,000 for reconstructed 2D images
plus DBT, and the false-positive rate was 4.6% for FFDM
plus DBT versus 4.5% for the current version of recon-
structed 2D images plus DBT. The authors concluded that
the combination of the current reconstructed 2D images
plus DBT performed comparably to FFDM plus DBT and
may be adequate for routine clinical use when interpret-
ing screening mammograms.1

4.3 Computer-aided Detection
in Tomosynthesis
Computer-aided detection (CAD) systems for digital
mammography have been in development for 20 years
and have been commercially available for digital mam-
mography for approximately 10 years. These systems

Fig. 4.1 (continued) (c) Summation (c-view) image in the MLO projection, synthesized from the tomosynthesis data set. In overall
appearance, the image closely resembles a conventional digital mammogram. (d) Summation (c-view) image in the CC projection,
synthesized from the tomosynthesis data set. The image closely resembles a conventional digital mammogram. The spiculated mass is
visualized but is more difficult to detect compared with 3D tomosynthesis. However, the image does facilitate comparison with prior
images.
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cannot be applied to tomosynthesis without modifica-
tions, however: While the acquired image slices, with
their extremely large data volumes, open new possibil-
ities for image postprocessing, they also present new
challenges. Thus, for detection of breast masses, CAD sys-
tems may work with projection images, reconstructed sli-
ces, or a combination of projection images and slices.

A recent study used a CAD system focused on 2D im-
ages for mass detection in tomosynthesis.2 With this ap-
proach, it has proven helpful to assemble multiple DBT
slices into a thicker slab, as this produces images that are
more similar to standard mammograms. This algorithm
was tested in 192 patients, and the best results were
achieved with a slab thickness of 15mm.

Besides mass detection, CAD systems could also be
used for characterization of lesions by methods such as
volumetric segmentation. A prototype system of this kind
is available and was successfully tested on experimental
data sets.3 Adequate experience with clinical data sets is
not yet available, however.

CAD systems could also be used in tomosynthesis for
the detection of microcalcifications. The first prototype
software for this application was tested on 72 DBT data
sets with histologically confirmed microcalcification clus-
ters (17 cancers, 55 benign lesions). The study succeeded
in developing a more advanced algorithm, but the aver-
age number of false positives was 3.4 per DBT data set,
with a sensitivity of only 85%.4 This false-positive rate is
still too high for clinical use.

Fig. 4.2 Tomosynthesis data set in the MLO projection, before and after wire localization of a mass. (a) Image slice before wire
localization. A suspicious spiculated mass is visible. (b) Image slice after wire localization of the mass. The wire shaft is sharply defined,
but its tip is ill-defined and obscured by artifacts.

continued ▶
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4.4 Tomosynthesis-guided
Interventions
Numerous studies have shown that digital tomosynthesis
improves lesion detection and characterization. This sug-
gests that the additional information supplied by DBT
may be useful for guiding breast biopsies or localizing
suspicious breast changes. Any improvement in imaging
requires corresponding advances in biopsy techniques. A
first step in this direction is using DBT to check the place-
ment of localization wires (Fig. 4.2).

However, for lesions that are not visualized with other
imaging modalities, DBT-guided interventions would be
desirable. Freer et al performed DBT-guided needle local-

izations using a commercially available system, in 36 ar-
chitectural distortions that were only visible with tomo-
synthesis.5 The procedure was technically successful in all
patients and the histological results showed 17 malignant
lesions, 5 high-risk lesions, and 14 benign lesions. The au-
thors concluded that DBT-guided needle localization is
feasible and accurate. Additionally, the results indicate
that a suspicious architectural distortion that is only visi-
ble with DBT has a high lesion-level positive predictive
value of 47% for malignancy.5

The system used in this study was marketed in 2013
and additionally enables vacuum and core-needle biop-
sies under 3D tomosynthesis guidance. The biopsy unit is
mounted on the compression device, and the interven-
tion can be performed with the patient sitting or lying

Fig. 4.2 (continued) (c) Image slice at a deeper level after wire localization of the mass. The wire tip is sharply defined and located
approximately 5mm from the lesion. Overshoot artifacts are visible along the wire shaft. (d) Image slice at an even deeper level, after
wire localization of the mass. The artifacts have spread out in a fan-shaped pattern.
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down. The procedure lasts only a few minutes, and initial
experience indicates that it is very well tolerated.

Schrading et al compared the clinical performance of
prone stereotactic vacuum-assisted biopsy (VAB) with
DBT-guided VAB in 205 patients with 216 mammo-
graphic findings.6 Prone stereotactic VAB was performed
in 159 patients with 165 target lesions, whereas DBT-
guided VAB was performed in 46 patients with 51 target
lesions. The technical success rate was 100% with DBT
and 93% using stereotactic guidance, with a shorter mean
intervention time in the DBT group (13 versus 29 mi-
nutes). DBT was especially helpful in low-contrast lesions
and increased the number of these lesions being biopsied
successfully, compared to stereotactic guidance. The au-
thors concluded that the clinical performance of DBT VAB
was significantly superior to stereotactic guidance and
may replace stereotactic VAB for routine use in all pa-
tients with abnormal mammographic findings.6

However, unlike breast tissue, biopsy needles and local-
ization wires are high-contrast objects that may cause ar-
tifacts.7 These artifacts are influenced by the thickness of
the foreign materials, their position and orientation, and
the reconstruction algorithms. Minimizing these artifacts
(e.g., by special image-reconstruction techniques) to
maintain optimum visualization of small target lesions
throughout the intervention will become an important
goal in the years ahead.

4.5 Contrast-enhanced Tomo-
synthesis
A major advantage of tomosynthesis over conventional
mammography is its ability to provide nonsuperimposed
views of intramammary structures. However, the differ-
entiation of masses from breast tissue is only possible if
they have different densities, and these differences tend
to be smallest in radiographically dense breasts. Even to-
mosynthesis, therefore, is limited in its ability to detect
focal lesions.

For this reason, it would be desirable to enhance den-
sity differences between masses and glandular tissue
during tomosynthesis. One way to do this is by intrave-
nous contrast administration, which could highlight the
distinctive perfusion and enhancement characteristics of
tumors.

However, because the expected density differences are
relatively small, contrast-enhanced tomosynthesis must
be combined with techniques that can amplify low object
contrast, to produce maximum image contrast. One pos-
sible solution would be spectral tomosynthesis.8

A technically simpler approach to this problem is to
take two exposures, using a “dual-energy” technique. The
first exposure is taken at a low kilovoltage below the k-
edge of iodine (33 kV), and a higher tube voltage is used
for the second exposure. A variant of this technique,

which requires just one exposure, employs an extremely
fast detector that detects all X-ray quanta below a thresh-
old of 33 kV, for example, and all X-ray quanta above that
level, resulting in one low-energy image and one high-
energy image. When the two images are then subtracted,
iodine is detected with exquisite sensitivity, resulting in a
high degree of iodinated contrast enhancement.

In an initial study in 21 patients with various breast le-
sions (Breast Imaging Reporting and Data System [BI-
RADS] 4 or higher), spectral tomosynthesis was per-
formed before, 120 seconds after, and 480 seconds after
the intravenous administration of 1mL of iodinated con-
trast agent per kilogram of body weight. Contrast-
enhanced magnetic resonance imaging (MRI) was used as
a reference standard. The study showed that the contrast
agent kinetics could be assessed using spectral tomosyn-
thesis. Moreover, the signal intensity–time curves in
spectral tomosynthesis were comparable to those in con-
trast-enhanced MRI.9

On the other hand, the analysis of contrast agent ki-
netics by DBT at different times after contrast administra-
tion requires greater radiation exposure than standard
imaging. For this reason, all possibilities for dose optimi-
zation should be exhausted before clinical trials of this
procedure are instituted in large numbers of patients.
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5 Illustrative Case Reports
Kristin Baumann, Dorothea Fischer, Isabell Grande-Nagel, Smaragda Kapsimalakou, Berndt Michael Order, Fritz K. W. Schaefer

5.1 Introduction
The case reports in this chapter cover a range of findings
that demonstrate both the capabilities and limitations of
digital breast tomography. Cases imaged by multiple mo-
dalities are included, to permit a direct comparison of the
findings. Note that all of the modalities in these cases
were not necessary for a complete work-up, which did
not follow a standard algorithm. There are several reasons
why comprehensive images were available for selected
cases: Some patients had already undergone various tests
elsewhere before adjunctive tomosynthesis was per-
formed, during interventional planning to establish their
lesion histology. Other patients underwent more imaging
studies than were strictly necessary because they were
participants in clinical trials.

As in the everyday practice of breast imaging, the cases
are not arranged by topics. Each case is illustrated by se-
lected, representative tomosynthesis image slices. In
some cases, however, it is easier to detect lesions by
scrolling through an image stack. Video sequences for
nearly half the cases have been made available online,
and it is always worthwhile to view the sequences that
cover a complete digital breast tomosynthesis (DBT) data
set.

5.2 Cases
5.2.1 Case 1
History
A 72-year-old woman with a family history of breast can-
cer. For several months, she has noticed skin dimpling at
the 3 o’clock position in the left breast, with increasing
local firmness. Clinical examination reveals a typical pla-
teau sign 9 cm lateral to the nipple and a mass of approx-
imately 2 cm fixed to the chest wall.

Mammography
Left breast: American College of Radiology (ACR) 3. Skin
retraction is noted in the upper outer quadrant of the left
breast, 9 cm from the nipple, also a 2.1-cm spiculated
mass with ill-defined margins. Classified as Breast Imag-
ing Reporting and Data System (BI-RADS) 5 (Fig. 5.1a, b).

DBT
Tomosynthesis views of the left breast in the craniocaudal
(CC) and mediolateral oblique (MLO) projections demon-
strate a spiculated mass and skin retraction. The lesion
appears less dense in the CC view than on mammograms.
Classified as BI-RADS 5 (Fig. 5.1c, d).

Ultrasonography
Hypoechoic mass with ill-defined margins in the left
breast, measuring 20 × 11 × 12mm. Classified as BI-
RADS 5. The lesion definitely correlates with clinical and
mammographic findings (Fig. 5.1e, f).

Further Case History
Ultrasound-guided core-needle biopsy was performed,
identifying the lesion as grade 2 invasive carcinoma (no
special type).

Final Diagnosis
Invasive breast carcinoma.

Discussion
The spiculated mass is defined much more clearly on
three-dimensional (3D) tomosynthesis than on standard
mammograms. In this case, tomosynthesis aids in mass
detection and localization, but it does not increase sensi-
tivity or specificity because the lesion was also visible on
mammograms.
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Fig. 5.1 Case 1. 72-year-old woman with skin retraction. (a) Digital mammogram of the left breast, CC projection. (b) Digital
mammogram of the left breast, MLO projection.

continued ▶
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Fig. 5.1 (continued) Case 1. 72-year-old woman with skin retraction. (c) Single slice from 3D tomosynthesis data set of the left breast,
CC projection. (d) Single slice from 3D tomosynthesis data set of the left breast, MLO projection.

continued ▶
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Fig. 5.1 (continued) Case 1. 72-year-old woman with skin retraction. (e) Ultrasound scan of the mass. (f) Ultrasound scan of the mass,
second plane.
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5.2.2 Case 2
History
Woman 41 years of age with no family history of breast
cancer, not on hormone therapy. She is a primipara (P1)
and breastfed for 8months. Status post-excisional biopsy
of the left breast in 2008 with benign histology.

Mammography
Left breast: ACR 4. Spiculated lesion visible in the MLO
view, less visible in the CC view but presumably located
in the upper outer quadrant. Classified as BI-RADS 4
(Fig. 5.2a, b).

DBT
DBT of the left breast in the MLO projection. A lead bead
has been placed to mark the suspicious area. DBT displays
the spiculated lesion with much greater clarity than
mammography (Fig. 5.2c, Video 5.1).

Ultrasonography
Prepectoral hypoechoic area with ill-defined margins in
the upper outer quadrant of the left breast, measuring
1.0 × 1.1 × 1.0 cm (Fig. 5.2d).

Further Case History
Ultrasound-guided core-needle biopsy revealed fibrocys-
tic changes. As this did not adequately explain the spicu-
lated mass, stereotactic vacuum biopsy was performed.
Histology showed fibrocystic changes, marked hyalinosis,
and periductal fibrosis. This finding was interpreted as a
radial scar and classified as a B3 lesion. Local excision was
performed after stereotactic wire localization.

Final Diagnosis
Radial scar.

Discussion
This case illustrates the superiority of DBT in the detec-
tion of spiculated lesions. After the site has been marked
with a lead bead, DBT can establish definite correlation of
the sonographic and mammographic findings.

Video 5.1 Case 2. DBT data set, MLO projection with a lead bead
marker. Spiculated mass.
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Fig. 5.2 Case 2. 41-year-old woman, status post-excisional biopsy with benign histology. (a) Mammogram in the CC projection.
(b) Mammogram in the MLO projection.
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Fig. 5.2 (continued) Case 2. 41-year-old woman, status post-excisional biopsy with benign histology. (c) Representative tomosynthesis
slice, MLO projection. (d) Ultrasound scans of the lesion.
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5.2.3 Case 3
History
Asymptomatic 60-year-old woman with a family history
of breast cancer, 9 years after excisional biopsy of the left
breast for atypical ductal hyperplasia.

Mammography
Right breast: ACR 3. Moderately coarse pattern of fibro-
cystic changes. CC projection shows a 5-mm area of
slightly increased retroareolar density approximately
3 cm from the nipple (Fig. 5.3a), not visible in the oblique
view (Fig. 5.3b). Classified as BI-RADS 4.

DBT
CC and MLO tomosynthesis views of the right breast
demonstrate a spiculated mass located approximately
3 cm behind the nipple. Classified as BI-RADS 5 (Fig. 5.3c,
d).

Ultrasonography
Hypoechoic mass with ill-defined margins in the right
breast, measuring 6 × 3 × 3mm, consisting of two parts.
The lesion correlates with the mammographic findings.
Classified as BI-RADS 5. (Fig. 5.3e, f).

Further Case History
Ultrasound-guided core-needle biopsy of the right breast
identified the lesion histologically as a 7-mm grade 2 car-
cinoma of the invasive lobular type.

Final Diagnosis
Invasive lobular carcinoma.

Discussion
Only one mammographic view shows an area of in-
creased density, while tomosynthesis clearly demon-
strates a spiculated mass. In this case, then, tomosynthe-
sis provides better lesion detection and characterization
than mammography.
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Fig. 5.3 Case 3. 60-year-old woman, status post-excisional biopsy for atypical ductal hyperplasia. (a) Digital mammogram of the right
breast, CC projection. (b) Digital mammogram of the right breast, MLO projection.
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Fig. 5.3 (continued) Case 3. 60-year-old woman, status post-excisional biopsy for atypical ductal hyperplasia. (c) Single slice from 3D
tomosynthesis data set of the right breast, CC projection. (d) Single slice from 3D tomosynthesis data set of the right breast, MLO
projection.
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Fig. 5.3 (continued) Case 3. 60-year-old woman, status post-excisional biopsy for atypical ductal hyperplasia. (e) Ultrasound scan of the
mass. (f) Ultrasound scan of the mass, second plane.
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5.2.4 Case 4
History
Woman 44 years of age with no family history of breast
cancer, not on hormone therapy. She is a primigravida
(G1), P1, and breastfed for 6months.

Mammography
Right breast: ACR 2. Spiculated mass in the upper outer
quadrant, classified as BI-RADS 4 (Fig. 5.4a, c). Additional
suspected intramammary lymph node. Left breast: ACR 2.
Classified as BI-RADS 2 (Fig. 5.4b, d).

DBT
CC view shows a spiculated mass in the upper outer
quadrant of the right breast (Fig. 5.4e) and an intramam-
mary lymph node (Fig. 5.4f, Video 5.2).

Ultrasonography
Ultrasonography does not show a correlate for the mam-
mographic lesion.

Further Case History
The mass was investigated by stereotactic core-needle bi-
opsy.

Final Diagnosis
Moderately differentiated carcinoma (no special type)
with associated ductal carcinoma in situ (DCIS).

Discussion
Both the benign and malignant breast lesions can be ac-
curately detected and characterized by tomosynthesis.

Video 5.2 Case 4. DBT data set of the right breast, CC
projection. Spiculated mass and intramammary lymph node.
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Fig. 5.4 Case 4. Screening examination of a 44-year-old woman. (a) Digital mammogram of the right breast, CC projection. ACR 2.
Spiculated mass in the upper outer quadrant. Suspected intramammary lymph node. (b) Digital mammogram of the left breast, CC
projection. (c) Digital mammogram of the right breast, MLO projection. (d) Digital mammogram of the left breast, MLO projection.

continued ▶
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Fig. 5.4 (continued) Case 4. Screening examination of a 44-year-old woman. (e) DBT of the right breast, CC projection. (f) DBT of the
right breast, CC projection.
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5.2.5 Case 5
History
Follow-up of an asymptomatic 78-year-old woman
7 years after diagnosis of DCIS. She has a known, firm, on-
ly slightly mobile 1.5-cm mass at the 2 o’clock position in
the left breast. The mass is located 6 cm from the nipple,
within a scarred area. No other clinical abnormalities.

Mammography
Left breast: ACR 2. Architectural distortion is present in
the upper outer quadrant, owing to scarring. A 1.8-cm lu-
cency with smooth margins and shell-like calcifications is
visible in the scarred area. The mammographic architec-
tural distortion correlates with the palpable mass and
represents known liponecrosis. Vascular calcification is
also noted. BI-RADS 2 (Fig. 5.5a, b).

DBT
DBT of the left breast in the MLO projection. A scarred
area after segmental mastectomy appears as an architec-
tural distortion. The scarred region contains a typically
well-circumscribed area of liponecrosis with central lu-
cency and shell-like calcifications. Vascular calcification is
also found. Classified as BI-RADS 2 (Fig. 5.5c, d).

Final Diagnosis
Liponecrosis at the segmental mastectomy site.

Discussion
Tomosynthesis provides excellent delineation of the lipo-
necrosis (oil cyst) in the scarred area. The 3D technique
provides views that are not obscured by superimposed
tissues.
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Fig. 5.5 Case 5. Follow-up imaging of a 78-year-old woman with a history of DCIS. (a) Digital mammogram of the left breast, CC
projection. (b) Digital mammogram of the left breast, MLO projection.
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Fig. 5.5 (continued) Case 5. Follow-up imaging of a 78-year-old woman with a history of DCIS. (c) Single slice from 3D tomosynthesis
data set of the left breast, MLO projection. (d) Single slice from 3D tomosynthesis data set of the left breast, MLO projection.
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5.2.6 Case 6
History
Asymptomatic 71-year-old woman with no visible or pal-
pable abnormalities in either breast. Status post-ovarian
cancer 10 years earlier.

Mammography
Right breast: ACR 3. Nodular pattern of fibrocystic
changes. A 5-mm prepectoral mass is visible in the upper
outer quadrant at the 11 o’clock position, 5 cm from the
nipple, and has partially irregular margins. Classified as
BI-RADS 4 (Fig. 5.6a, b).

DBT
MLO view of the right breast shows an elliptical mass
with smooth margins and central lucency, typical of a
nonspecific lymph node. Right breast is reclassified as BI-
RADS 2 (Fig. 5.6c).

Final Diagnosis
Nonspecific right intramammary lymph node.

Discussion
The mass is clearly visualized by supplemental 3D tomo-
synthesis. DBT improves specificity in this case and per-
mits downgrading of the BI-RADS 4 mammographic le-
sion to BI-RADS 2.
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Fig. 5.6 Case 6. Screening examination of a 71-year-old woman. (a) Digital mammogram of the right breast, CC projection. (b) Digital
mammogram of the right breast, MLO projection.
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Fig. 5.6 (continued) Case 6. Screening examination of a 71-
year-old woman. (c) Single slice from 3D tomosynthesis data set
of the right breast, MLO projection.
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5.2.7 Case 7
History
Asymptomatic 51-year-old woman. G1, P1, did not
breastfeed. She has an older sister diagnosed with breast
cancer at age 50 years. Patient is not on hormone therapy.

Mammography
Right breast: ACR 3. No mass or microcalcifications. Clas-
sified as BI-RADS 2 (Fig. 5.7a, c). Left breast: ACR 3. Cen-
tral, questionable spiculated lesion in the CC view with
no visible correlate in the MLO view. Classified as BI-
RADS 4 (Fig. 5.7b, d).

DBT
Tomosynthesis shows a definite spiculated lesion in the
upper central breast (Fig. 5.7e, Video 5.3).

Ultrasonography
Hypoechoic mass with ill-defined margins in the upper
breast, 1.3 × 0.9 × 0.4 cm (Fig. 5.7f).

Further Case History
Ultrasound-guided core-needle biopsy identified the
mass as moderately differentiated invasive lobular carci-
noma, which was marked with a clip after the interven-
tion. Final diagnosis after segmental mastectomy: 1.8-cm
invasive lobular carcinoma accompanied by foci of atypi-
cal lobular hyperplasia.

Final Diagnosis
Invasive lobular carcinoma.

Discussion
The mammograms were interpreted externally by two
experienced readers. One scored the images as BI-RADS 2,
the other as BI-RADS 4. This prompted a recall for further
evaluation. The spiculated lesion can be detected more
easily and confidently on tomosynthesis than on mam-
mography. In this case, however, breast ultrasonography
would also have been sufficient to confirm the diagnosis.

Video 5.3 Case 7. DBT data set of the left breast, CC projection.
Spiculated lesion in the upper central portion of the breast.
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Fig. 5.7 Case 7. Screening examination of a 51-year-old woman. (a) Digital mammogram of the right breast, CC projection. (b) Digital
mammogram of the left breast, CC projection.
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Fig. 5.7 (continued) Case 7. Screening examination of a 51-year-old woman. (c) Digital mammogram of the right breast, MLO
projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.7 (continued) Case 7. Screening examination of a 51-year-old woman. (e) Single slice from 3D tomosynthesis data set of the left
breast, CC projection. (f) Ultrasound scans of the mass.
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5.2.8 Case 8
History
Asymptomatic woman with three children, each
breastfed for 3months. She has no family history of
breast cancer and is on transdermal hormone replace-
ment therapy (HRT). No palpable masses or enlarged lo-
coregional lymph nodes. Well-healed scars are present
from previous bilateral open breast biopsies (2000).

Mammography
Right breast: ACR 3. Skin and nipple appear normal. No
suspicious mammographic masses or suspicious micro-
calcifications. Classified as BI-RADS 1 (Fig. 5.8a, c). Left
breast: ACR 3. Skin and nipple appear normal. CC projec-
tion shows an 8-mm mass in the medial half of the left
breast, 4 cm from the nipple. No visible correlate in the
MLO projection. No suspicious microcalcifications. Classi-
fied as BI-RADS 4 (Fig. 5.8b, d).

Ultrasonography
Targeted ultrasound scans of the left breast show a mass
in the lower inner quadrant, measuring
6.6 × 5.2 × 7.6mm, with central internal echoes and no ar-
chitectural distortion (Fig. 5.8e). Lesion location was
marked on the skin with a lead bead marker.

DBT
DBT of the left breast with the skin marker in place. CC
view demonstrates an elongated, low-density mass with
predominantly smooth margins located close to the
marker (Fig. 5.8f). A similar mass is found at a more crani-
al level in the same region (Fig. 5.8g). The images suggest
a low index of suspicion. Classified as BI-RADS 3 (Video
5.4).

Further Case History
Based on the suspicious mammographic mass and its ul-
trasonographic correlate, detailed informed consent was
obtained for an ultrasound-guided core-needle biopsy of
the left breast. Histology revealed adenosis, ordinary duc-
tal hyperplasia, columnar cell metaplasia, and focal onco-
cytic metaplasia, with no evidence of malignancy (B2).
The findings were unchanged at 1-year follow-up.

Final Diagnosis
Fibrocystic changes with no evidence of malignancy.

Discussion
The suspicious mammographic mass was identified as a
summation artifact on tomosynthesis, but the patient still
wanted a definitive histologic diagnosis. In retrospect,
and based on growing experience with tomosynthesis, bi-
opsy could have been withheld in the present case.

Video 5.4 Case 8. DBT data set of the left breast, CC projection
with a lead bead marker. Two well-circumscribed, elongated
low-density lesions.
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Fig. 5.8 Case 8. Asymptomatic patient had previous bilateral open biopsies with benign results. (a) Digital mammogram of the right
breast, MLO projection. (b) Digital mammogram of the left breast, MLO projection.
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Fig. 5.8 (continued) Asymptomatic patient had previous bilateral open biopsies with benign results. (c) Digital mammogram of the
right breast, CC projection. (d) Digital mammogram of the left breast, CC projection.
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Fig. 5.8 (continued) Asymptomatic patient had previous bilateral open biopsies with benign results. (e) Ultrasound scans of the mass.
(f) Single slice from 3D tomosynthesis data set of the left breast, CC projection. (g) Single slice from 3D tomosynthesis data set of the
left breast, CC projection.

5.2 Cases

59



5.2.9 Case 9
History
Asymptomatic 74-year-old woman. G2, P1, breastfed for
6months. No family history of breast cancer, no hormone
therapy. No palpable masses. The right breast has been
smaller than the left for many years. Right nipple retrac-
tion has been present for approximately 6months.

Mammography
Right breast: ACR 2. CC view shows a spiculated lesion in
the outer half of the breast and a retroareolar density
with architectural distortion. Classified as BI-RADS 4
(Fig. 5.9a, c). Left breast: ACR 2. No focal lesions. Classified
as BI-RADS 2 (Fig. 5.9b, d).

DBT
DBT of the right breast in the CC projection. The mammo-
graphic lesion in the lower outer quadrant appears on to-
mosynthesis as an ill-defined mass with radiating spi-
cules (Fig. 5.9e). DBT also shows an ill-defined retroareo-
lar density measuring up to 1.5 cm in its largest dimen-
sion (Fig. 5.9f). Overall classification is BI-RADS 5 (Video
5.5).

Ultrasonography
Scans of the right breast show a hypoechoic retroareolar
mass with irregular margins, measuring 1.1 × 1.1 × 1.1 cm
(Fig. 5.9g). Ultrasonography does not detect a mass at the
site of the other mammographic density.

Further Case History
Ultrasound-guided core-needle biopsy of the retroareolar
mass in the right breast showed moderately differenti-
ated invasive carcinoma of no special type (NST), with a
small intraductal component. Classified histologically as a
B5 b lesion. The mass in the lower outer quadrant was
also biopsied after wire localization and proved to be a
moderately differentiated invasive lobular carcinoma.

Final Diagnosis
Moderately differentiated invasive carcinoma NST in the
retroareolar area of the right breast, plus moderately dif-
ferentiated invasive lobular carcinoma in the lower outer
quadrant.

Discussion
The retroareolar lesion is best demonstrated by ultraso-
nography, while the lesion in the lower outer quadrant is
most accurately detected and characterized by tomosyn-
thesis. This case illustrates the value of breast ultrasonog-
raphy and tomosynthesis as complementary modalities.

Video 5.5 Case 9. DBT data set of the right breast, CC
projection. Ill-defined lesion with radiating spicules in the lower
outer quadrant of the breast, plus an ill-defined retroareolar
density up to 1.5 cm in its largest dimension.
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Fig. 5.9 Case 9. Screening examination of a 74-year-old woman. (a) Digital mammogram of the right breast, CC projection. (b) Digital
mammogram of the left breast, CC projection.
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Fig. 5.9 (continued) Case 9. Screening examination of a 74-year-old woman. (c) Digital mammogram of the right breast, MLO
projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.9 (continued) Case 9. Screening examination of a 74-year-old woman. (e) Single slice from 3D tomosynthesis data set of the right
breast, CC projection. (f) Single slice from 3D tomosynthesis data set of the right breast, CC projection. (g) Ultrasound scans of the
mass.
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5.2.10 Case 10
History
A 42-year-old woman with significant bilateral fibrocys-
tic breast changes and right mastodynia. No family his-
tory of breast cancer. No visible abnormalities. Palpable
findings are consistent with fibrocystic changes.

Mammography
Bilateral mammograms in the CC projection. Both breasts
are classified as ACR 4. Images show a fibrocystic paren-
chymal pattern with increased radiographic density. No
masses or microcalcifications are seen. Both breasts are
classified as BI-RADS 2 (Fig. 5.10a, b).

DBT
Bilateral DBT in the MLO projection. Tomosynthesis also
shows significant bilateral fibrocystic changes with in-
creased parenchymal density. Both breasts are classified
as BI-RADS 2 (Fig. 5.10c–f).

Ultrasonography
No suspicious masses in either breast.

Final Diagnosis
Significant bilateral fibrocystic changes. BI-RADS 2.

Discussion
In this patient with very dense breast parenchyma, only
one mammographic view was obtained (CC) and this was
supplemented by tomosynthesis in the MLO projection.
With this combination, which has been investigated in
several studies, mammography can detect microcalcifica-
tions, while complementary-view tomosynthesis can de-
tect or exclude masses. Ultrasonography is also a neces-
sary adjunct, however, even when tomosynthesis is used.
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Fig. 5.10 Case 10. Significant fibrocystic changes in a 42-year-old woman. (a) Digital mammogram of the right breast, CC projection.
(b) Digital mammogram of the left breast, CC projection.
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Fig. 5.10 (continued) Case 10. Significant fibrocystic changes in a 42-year-old woman. (c) Single slice from 3D tomosynthesis data set of
the right breast, MLO projection. (d) Single slice from 3D tomosynthesis data set of the right breast, MLO projection.
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Fig. 5.10 (continued) Case 10. Significant fibrocystic changes in a 42-year-old woman. (e) Single slice from 3D tomosynthesis data set of
the left breast, MLO projection. (f) Single slice from 3D tomosynthesis data set of the left breast, MLO projection.
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5.2.11 Case 11
History
A 42-year-old woman found three palpable masses in the
periareolar region during breast self-examination. Clini-
cal examination finds corresponding firm masses up to
1 cm in size, suspicious for malignancy, in the periareolar
region of the right breast. They are located at the
5 o’clock, 9 o’clock, and 11 o’clock positions.

Mammography
Right breast: ACR 4. Patchy fibrocystic changes with no
evidence of masses or microcalcifications. Right breast
changes are classified as BI-RADS 2 (Fig. 5.11a, b).

DBT
DBT of the right breast in the MLO projection. Supple-
mental tomosynthesis of the right breast shows no ab-
normalities at the location of the palpable masses. Classi-
fied as BI-RADS 2 (Fig. 5.11c, d).

Breast Magnetic Resonance Imagining
(MRI)
MRI of the right breast demonstrates the three periareo-
lar lesions as spiculated masses with suspicious enhance-
ment and rapid washout (Fig. 5.11e).

Ultrasonography
On ultrasound scans of the right breast, the three suspi-
cious palpable masses appear as hypoechoic lesions with
ill-defined margins that coincide precisely with the clini-
cal findings. Classified as BI-RADS 5 (Fig. 5.11f, g).

Further Case History
The three masses were investigated by ultrasound-guided
core-needle biopsy, which identified each lesion as grade
2 invasive carcinoma NST. Their individual sizes were de-
termined histologically as 7, 8, and 11mm.

Final Diagnosis
Multifocal invasive carcinoma NST.

Discussion
Ultrasonography and MRI are the only modalities that
showed abnormalities at the sites of the three palpable
masses. Owing to the high radiographic density of the
breast parenchyma (ACR 4), neither mammography nor
tomosynthesis could detect the lesions in this patient.
Both techniques were false negative because even in DBT,
lesion detection requires a density difference between
the tumor and surrounding tissue. Tomosynthesis cannot
exclude tumors in dense glandular tissue, and an accurate
diagnosis in these cases always requires additional evalu-
ation by ultrasonography.
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Fig. 5.11 Case 11. 42-year-old woman with palpable masses found on breast self-examination. (a) Digital mammogram of the right
breast, CC projection. (b) Digital mammogram of the right breast, MLO projection.
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Fig. 5.11 (continued) Case 11. 42-year-old woman with palpable masses found on breast self-examination. (c) Single slice from 3D
tomosynthesis data set of the right breast, MLO projection. (d) Single slice from 3D tomosynthesis data set of the right breast, MLO
projection.
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Fig. 5.11 (continued) Case 11. 42-year-old woman with palpable masses found on breast self-examination. (e) MRI of the right breast:
axial T 1-weighted sequence after contrast administration. (f) Ultrasound scan of the masses (12.5-MHz probe). (g) Ultrasound scan of
the masses, second plane.
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5.2.12 Case 12
History
Asymptomatic 71-year-old woman. G1, P1, breastfed for
several weeks. Patient is on HRT. No family history of
breast cancer. Localized firmness of the right breast is
noted at the 9 o’clock position, with associated skin re-
traction when the arm is raised.

Mammography
Right breast: ACR 3. MLO projection shows areas of lipoid
necrosis plus architectural distortion in the upper outer
quadrant. CC projection shows asymmetry but no definite
correlate with the MLO findings. Classified as BI-RADS 4
(Fig. 5.12a, c). Left breast: ACR 3. No mammographic le-
sions. Multiple sites of lipoid necrosis. Classified as BI-
RADS 2 (Fig. 5.12b, d).

DBT
MLO view of the right breast confirms the architectural
distortion, which is best appreciated by scrolling through
the complete DBT data set. Classified as BI-RADS 4
(Fig. 5.12e, Video 5.6).

Ultrasonography
Ultrasound scans of the right breast demonstrate an ir-
regular hypoechoic mass with ill-defined margins at the
9 o’clock position, measuring 0.9 × 2.2 × 1.6 cm. Suspected
tumor spicules radiate to the skin (Fig. 5.12f).

Further Case History
Ultrasound-guided core-needle biopsy identified the
mass as poorly differentiated invasive carcinoma. Treat-
ment consisted of breast-conserving surgery and adju-
vant radiotherapy.

Final Diagnosis
Poorly differentiated carcinoma NST 3 cm in diameter.

Discussion
The architectural distortion in this case is particularly
well demonstrated by scrolling through the tomosynthe-
sis data set. Ultrasonography is best for tumor detection.
All the modalities underestimated tumor size relative to
actual histologic size.

Video 5.6 Case 12. DBT data set of the right breast, MLO
projection. Architectural distortion.
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Fig. 5.12 Case 12. 71-year-old woman with localized firmness and skin retraction on elevation of the arm. (a) Digital mammogram of
the right breast, CC projection. (b) Digital mammogram of the left breast, CC projection.
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Fig. 5.12 (continued) Case 12. 71-year-old woman with localized firmness and skin retraction on elevation of the arm. (c) Digital
mammogram of the right breast, MLO projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.12 (continued) Case 12. 71-year-old woman with localized firmness and skin retraction on elevation of the arm. (e) Single slice
from 3D tomosynthesis data set of the right breast, MLO projection. (f) Ultrasound scans of the mass.
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5.2.13 Case 13
History
A 59-year-old woman has a family history of breast can-
cer and known fibrocystic changes. She has no complaints
and no visible or palpable abnormalities in either breast.

Mammography
Left breast: ACR 3. A mass measuring 8 × 9mm, partially
obscured by parenchyma but elsewhere showing rela-
tively smooth margins, is located approximately 5 cm
from the nipple at the 11 o’clock position. A second,
smaller mass of similar shape, 4mm in diameter, is lo-
cated 6 cm from the nipple at the 1 o’clock position. Both
lesions are classified mammographically as BI-RADS 4
(Fig. 5.13a, b).

DBT
DBT of the left breast in the MLO projection. Both masses
have completely smooth margins by tomosynthesis and
are downgraded to BI-RADS 2 (Fig. 5.13c).

Ultrasonography
Ultrasound scans of the left breast show two well-circum-
scribed, elliptical, echo-free masses at the 11 o’clock and
1 o’clock positions. The lesion at the 11 o’clock position
measures 9 × 8mm and shows posterior echo enhance-
ment (Fig. 5.13d, e). The lesion at the 1 o’clock position
measures 3 × 4mm (Fig. 5.13f, g). Classified as BI-RADS 2.

Final Diagnosis
BI-RADS 2, benign breast cysts.

Discussion
Tomosynthesis allows a more precise characterization of
focal lesions than mammography because the margins
are not obscured by superimposed parenchyma. Several
large studies have confirmed that tomosynthesis can low-
er recall rates in screening.

Ultrasonography in the present case confirms the to-
mosynthesis findings and is unquestionably the preferred
technique for evaluating breast cysts. Compared with the
combination of mammography and ultrasonography, to-
mosynthesis provides no additional information for the
detection and characterization of breast cysts.
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Fig. 5.13 Case 13. Fibrocystic breast changes in a 59-year-old woman. (a) Digital mammogram of the left breast, CC projection.
(b) Digital mammogram of the left breast, MLO projection.
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Fig. 5.13 (continued) Case 13. Fibrocystic breast changes in a 59-year-old woman. (c) Single slice from 3D tomosynthesis data set of the
left breast, MLO projection. (d) Ultrasound scan of the mass at the 11 o’clock position (12.5-MHz probe). (e) Ultrasound scan of the
mass at the 11 o’clock position (12.5-MHz probe), second plane. (f) Ultrasound scan of the mass at the 1 o’clock position. (g) Ultrasound
scan of the left breast mass at the 1 o’clock position, second plane.
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5.2.14 Case 14
History
Woman 57 years of age, three children, did not breast-
feed. No family history of breast cancer. Left mastodynia
has been present for several months. No palpable abnor-
malities.

Mammography
Right breast: ACR 2. Retroareolar architectural distortion
with a subtle spiculated lesion, not visible in the CC view.
Scattered microcalcifications. Small, well-circumscribed
mass near the chest wall. Classified as BI-RADS 3
(Fig. 5.14a, c). Left breast: ACR 2. No masses or suspicious
microcalcifications (Fig. 5.14b, d).

DBT
MLO view of the right breast shows no evidence of a spi-
culated lesion or suspicious mass (Fig. 5.14e). The small,
well-circumscribed mass at skin level is identified as a
skin wart (Fig. 5.14f, Video 5.7).

Ultrasonography
No evidence of a mass.

Final Diagnosis
Normal findings, classified as BI-RADS 2.

Further Case History
The findings were unchanged at 2-year follow-up.

Discussion
Tomosynthesis can resolve the questionable spiculated le-
sion on mammography and can accurately localize the
well-circumscribed lesion to skin level.

Video 5.7 Case 14. DBT data set of the right breast, MLO
projection. Small mass with smooth margins, a wart at skin
level.

5.2 Cases

79



Fig. 5.14 Case 14. 57-year-old woman with mastodynia. (a) Digital mammogram of the right breast, MLO projection. (b) Digital
mammogram of the left breast, MLO projection.
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Fig. 5.14 (continued) Case 14. 57-year-old woman with mastodynia. (c) Digital mammogram of the right breast, CC projection. (d)
Digital mammogram of the left breast, CC projection.
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Fig. 5.14 (continued) Case 14. 57-year-old woman with mastodynia. (e) Single slice from 3D tomosynthesis data set of the right breast,
MLO projection. (f) Single slice from 3D tomosynthesis data set of the right breast, MLO projection.
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5.2.15 Case 15
History
Woman 48 years of age with no family history of breast
cancer, not on hormone therapy. G2, P2, did not breast-
feed. Status post-excisional biopsy of the left breast in
1996 with benign histology.

Mammography
Right breast: ACR 3. A benign-appearing lesion is seen in
the lower outer quadrant, classified as BI-RADS 2
(Fig. 5.15a, c). Left breast: ACR 3. A 1-cm spiculated mass
is found in the upper outer quadrant, 5.7 cm from the
nipple. It is accompanied by scattered microcalcifications
and additional masses whose margins are difficult to
evaluate. The spiculated lesion is classified as BI-RADS 4
(Fig. 5.15b, d).

DBT
CC view of the left breast shows a 1-cm spiculated mass
6 cm from the nipple, with scattered microcalcifications
(Fig. 5.15e). Multiple masses with smooth margins are
also visible (Fig. 5.15f, Video 5.8).

Ultrasonography
Ultrasound scan of the left breast shows an irregularly
shaped hypoechoic mass at the 12 o’clock position, mea-
suring 0.9 × 0.5 × 0.7 cm (Fig. 5.15 g).

Further Case History
Vacuum biopsy of the mass gave a histologic diagnosis of
focal atypical epithelial hyperplasia and an intraductal
papilloma. Owing to the B3 classification, the lesions
were surgically excised.

Final Diagnosis
Atypical ductal hyperplasia and intraductal papilloma.

Discussion
Tomosynthesis confirms the mammographically suspi-
cious lesion. The other mammographic densities are defi-
nitely characterized as benign by DBT.

Video 5.8 Case 15. DBT data set of the left breast, CC
projection. Multiple smooth-bordered masses plus a 1-cm
spiculated mass 6 cm from the nipple, with scattered micro-
calcifications.
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Fig. 5.15 Case 15. 48-year-old woman, status post-excisional biopsy with benign histology. (a) Digital mammogram of the right breast,
CC projection. (b) Digital mammogram of the left breast, CC projection.
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Fig. 5.15 (continued) Case 15. 48-year-old woman, status post-excisional biopsy with benign histology. (c) Digital mammogram of the
right breast, MLO projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.15 (continued) Case 15. 48-year-old woman, status post-excisional biopsy with benign histology. (e) Single slice from 3D
tomosynthesis data set of the left breast, CC projection. (f) Single slice from 3D tomosynthesis data set of the left breast, CC projection.
(g) Ultrasound scans of the mass in the left breast.
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5.2.16 Case 16
History
Asymptomatic 58-year-old woman with a family history
of breast cancer and known significant fibrocystic
changes. Both breasts have palpable nodularity but no
other abnormalities.

Mammography
Right breast: ACR 4. Nodular pattern of fibrocystic
changes with scattered, monomorphic microcalcifica-
tions. Suspicious masses are not seen in either the CC or
MLO views. Classified as BI-RADS 2 (Fig. 5.16a, b).

DBT
MLO view of the right breast shows subtle retroareolar
spiculations 2 cm from the nipple, with an associated
mass measuring approximately 5 × 5mm. Classified as BI-
RADS 4 (Fig. 5.16c, d).

Ultrasonography
Ultrasound scans of the right breast show a periareolar
hypoechoic area with ill-defined margins and associated
architectural distortion. It measures 5 × 5 × 5mm. Classi-
fied as BI-RADS 5 (Fig. 5.16e, f).

Further Case History
Ultrasound-guided core-needle biopsy identified the
mass as a grade 1 carcinoma, 5mm in diameter.

Final Diagnosis
Grade 1 invasive breast carcinoma NST.

Discussion
The spiculated mass is detected by tomosynthesis but not
by mammography. The use of 3D tomosynthesis in this
case increases sensitivity and allows detection of a breast
cancer that is occult on standard mammograms.
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Fig. 5.16 Case 16. 58-year-old woman with significant fibrocystic changes and palpable nodularity in both breasts. (a) Digital
mammogram of the right breast, CC projection. (b) Digital mammogram of the right breast, MLO projection.
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Fig. 5.16 (continued) Case 16. 58-year-old woman with significant fibrocystic changes and palpable nodularity in both breasts. (c)
Single slice from 3D tomosynthesis data set of the right breast, MLO projection. (d) Single slice from 3D tomosynthesis data set of the
right breast, MLO projection. (e) Ultrasound scan of the mass. (f) Ultrasound scan of the mass, second plane.

5.2 Cases

89



5.2.17 Case 17
History
Woman 38 years of age with no family history of breast
cancer. G2, P2, breastfed both children for 3months. A
progressive, tender mass has been present in the upper
outer quadrant of the right breast for severalmonths. A
firm, fixed mass measuring 3 × 3 cm is noted in that
breast quadrant on physical examination.

Mammography
Right breast: ACR 3. Coarse pattern of fibrocystic changes
with scattered, rounded monomorphic microcalcifica-
tions. Classified as BI-RADS 2 (Fig. 5.17a, b).

DBT
MLO view of the right breast shows marked architectural
distortion covering an area of 4 × 3 × 3 cm cranial to the
nipple. Classified as BI-RADS 5 (Fig. 5.17c–e).

Ultrasonography
Scans of the right breast show a large area of architectural
distortion at the 11 to 12 o’clock position that disrupts
the Cooper’s ligaments and includes ill-defined hypo-
echoic zones. The area measures 3.7 × 1.5 × 3.6 cm and is
suspicious for pectoralis muscle invasion (Fig. 5.17f, g).

Further Case History
Ultrasound-guided core-needle biopsy revealed grade 2
invasive lobular carcinoma.

Final Diagnosis
Invasive lobular breast carcinoma.

Discussion
Only tomosynthesis and supplemental ultrasonography
show an imaging correlate for the palpable right breast
mass. Standard digital mammograms are false negative
for this pT 3 lesion. In this case, therefore, tomosynthesis
provides greater sensitivity than digital mammography.
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Fig. 5.17 Case 17. 38-year-old woman with a progressive, tender, firm breast mass. (a) Digital mammogram of the right breast, CC
projection. (b) Digital mammogram of the right breast, MLO projection.
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Fig. 5.17 (continued) Case 17. 38-year-old woman with a progressive, tender, firm breast mass. (c) Single slice from 3D tomosynthesis
data set of the right breast, MLO projection. (d) Single slice from 3D tomosynthesis data set of the right breast, MLO projection.
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Fig. 5.17 (continued) Case 17. 38-year-old woman with a progressive, tender, firm breast mass. (e) Single slice from 3D tomosynthesis
data set of the right breast, MLO projection. (f) Ultrasound scan of the right breast lesion at the 11 to 12 o’clock position. (g) Ultrasound
scan of the right breast lesion at the 11 to 12 o’clock position.
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5.2.18 Case 18
History
Woman 62 years of age with no family history of breast
cancer, not on hormone therapy. Malignant melanoma
was removed from the outer half of her right breast in
May 2011. In May 2012, the patient felt a nodule in the
surgical scar.

Mammography
Right breast: ACR 2. A mass measuring 2.2 × 1.5 × 1.0 cm
is visible in the axillary tail. An asymmetric density is
also noted in the upper outer quadrant (Fig. 5.18a, c).
Left breast: ACR 1. Mammograms of the left breast
do not show a mass or suspicious microcalcifications
(Fig. 5.18b, d).

DBT
DBT of the right breast in the CC projection. A mass meas-
uring 2.2 × 1.5 × 1.0 cm is located at the 9 o’clock position
in the axillary tail. The asymmetric density in the upper
outer quadrant has typical features of heterotopic glandu-
lar tissue, with no evidence of malignancy (Fig. 5.18e,
Video 5.9).

Ultrasonography
Ultrasound scans of the right breast show a richly per-
fused hypoechoic mass in the axillary tail, infiltrating the
surrounding tissue (Fig. 5.18f). It measures 2.1 × 1.1 ×
1.6 cm and has a slightly hyperechoic rim. No other
masses are detected in the right breast.

Further Case History
The palpable mass in the right axillary tail was surgically
removed. Based on negative tomosynthesis and normal
sonograms, the asymmetric density in the upper outer
quadrant of the right breast was not biopsied.

Final Diagnosis
Histology identified the axillary tail lesion as metastatic
melanoma. The asymmetric density in the upper outer
quadrant remained unchanged over time, confirming the
DBT diagnosis.

Discussion
Owing to its high negative predictive value, DBT can in-
crease confidence in the exclusion of breast masses.

Video 5.9 Case 18. DBT data set of the right breast, CC
projection. A mass measuring 2.2 × 1.5 × 1.0 cm is found at the
9 o’clock position in the axillary tail. The asymmetric density in
the upper outer quadrant is typical of heterotopic glandular
tissue with no evidence of malignancy.
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Fig. 5.18 Case 18. 62-year-old woman, status post-excision of malignant melanoma from the right breast. Palpable nodule at the
surgical site. (a) Digital mammogram of the right breast, CC projection. (b) Digital mammogram of the left breast, CC projection.
(c) Digital mammogram of the right breast, MLO projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.18 (continued) Case 18. 62-year-old woman, status post-excision of malignant melanoma from the right breast. Palpable nodule
at the surgical site. (e) Single slice from 3D tomosynthesis data set of the right breast. CC view shows a mass measuring
2.2 × 1.5 × 1.0 cm at the 9 o’clock position in the axillary tail. The asymmetric density in the upper outer quadrant is typical of
heterotopic breast parenchyma; no evidence of malignancy. (f) Ultrasound scan of the mass in the axillary tail.
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5.2.19 Case 19
History
Woman 52 years of age, G2, P2, breastfed both children.
She has a family history of breast cancer (maternal aunt
and two cousins). She also has a personal history of inva-
sive carcinoma NST in the left breast, first diagnosed in
January 2010. She underwent a tumor-adapted left re-
duction mammoplasty with postoperative radiation, plus
a right reduction mammoplasty.

Mammography
Right breast: ACR 2. Mass with ill-defined margins in the
upper inner quadrant, measuring 1.2 × 0.8 × 0.9 cm and
located 9.6 cm from the nipple. Progressive increased le-
sion density is noted relative to prior mammograms
(Fig. 5.19e, f). Multiple axillary lymph nodes. Classified as
BI-RADS 4 (Fig. 5.19a, c). Left breast: ACR 2. Skin thicken-
ing is seen predominantly in the lower breast. Streaky
bands of scar tissue are visible in the lower inner quad-
rant and a calcified oil cyst in the upper breast. Overall
classification is BI-RADS 2 (Fig. 5.19b, d).

DBT
CC view of the right breast shows a triangular mass with
smooth margins in the upper inner quadrant, measuring
0.7 × 0.7 cm and located 10 cm from the nipple
(Fig. 5.19g). Classified as BI-RADS 2 (Video 5.10).

Ultrasonography
Ultrasound scans of the right breast show an apparent
correlate of the mass at the 2 o’clock position, measuring
0.5 × 0.8 × 0.6 cm (Fig. 5.19h).

Further Case History
The mammographic and sonographic findings warranted
recall. Because ultrasonography could not positively re-
produce the radiographic findings, stereotactic biopsy
was performed.

Final Diagnosis
Tumor-free breast tissue with heavy scarring, old hemor-
rhages, and small areas of old fat necrosis.

Discussion
The nonsuperimposed tomosynthesis images show that
the lesion has sharp margins, creating a lower index of
suspicion than mammography. Biopsy was still per-
formed, however, to allow a confident exclusion of malig-
nancy.

Video 5.10 Case 19. DBT data set of the right breast, CC
projection. Triangular mass with smooth margins in the upper
inner quadrant. Measures 0.7 × 0.7 cm, located 10 cm from the
nipple.
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Fig. 5.19 Case 19. 52-year-old woman, status post-invasive carcinoma NST; had a tumor-encompassing left reduction mammoplasty
with postoperative radiation and a right reduction mammoplasty. (a) Digital mammogram of the right breast, CC projection. (b) Digital
mammogram of the left breast, CC projection.
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Fig. 5.19 (continued) Case 19. 52-year-old woman, status post-invasive carcinoma NST; had a tumor-encompassing left reduction
mammoplasty with postoperative radiation and a right reduction mammoplasty. (c) Digital mammogram of the right breast, MLO
projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.19 (continued) Case 19. 52-year-old woman, status post-invasive carcinoma NST; had a tumor-encompassing left reduction
mammoplasty with postoperative radiation and a right reduction mammoplasty. (e) Prior digital mammogram (1 year earlier) of the
right breast, CC projection. (f) Prior digital mammogram (1 year earlier) of the right breast, MLO projection.

continued ▶

Illustrative Case Reports

100



Fig. 5.19 (continued) Case 19. 52-year-old woman, status post-invasive carcinoma NST; had a tumor-encompassing left reduction
mammoplasty with postoperative radiation and a right reduction mammoplasty. (g) Single slice from 3D tomosynthesis data set of the
right breast, CC projection. (h) Ultrasound scans of the mass.
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5.2.20 Case 20
History
Woman 76 years of age, G1, P1, breastfed for 6months.
Well-healed scar from previous left breast-conserving
surgery (BCS) for breast cancer in 2009. No palpable
masses in either breast. Maternal history of breast cancer
at age 80 years. Not currently on hormone therapy.

Mammography
Right breast: ACR 1. Pleomorphic microcalcification clus-
ter at the 12 o’clock position, bordered by a spiculated le-
sion in the CC projection. No definite correlate in the MLO
projection. Classified as BI-RADS 4 (Fig. 5.20a, c). Left
breast: ACR 1. Known, unchanged microcalcification clus-
ter in the lower central breast. Clip at the 12 o’clock posi-
tion following BCS for breast cancer in 2009. Classified as
BI-RADS 2 (Fig. 5.20b, d).

DBT
DBT of the right breast in the CC projection. The microcal-
cifications are clearly demonstrated by tomosynthesis
(Fig. 5.20e). The spiculated mammographic lesion at the
12 o’clock position is defined with greater clarity by DBT
(Fig. 5.20f). Classified as BI-RADS 5 (Video 5.11).

Ultrasonography
Architectural distortion is seen at the 12 o’clock position
but does not correlate with the spiculated mammo-
graphic lesion (Fig. 5.20g).

Further Case History
Stereotactic vacuum biopsy of the spiculated lesion at the
12 o’clock position in the right breast revealed solid pap-
illary carcinoma.

Final Diagnosis
Solid papillary carcinoma.

Discussion
The spiculated mass is defined more clearly by tomosyn-
thesis than conventional mammography and can be posi-
tively distinguished from a summation artifact.

Video 5.11 Case 20. DBT data set of the right breast, CC
projection. Spiculated mass and microcalcifications.
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Fig. 5.20 Case 20. 76-year-old woman, status post-BCS for breast cancer with a well-healed scar. (a) Digital mammogram of the right
breast, CC projection. (b) Digital mammogram of the left breast, CC projection. (c) Digital mammogram of the right breast, MLO
projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.20 (continued) Case 20. 76-year-old woman, status post-BCS for breast cancer with a well-healed scar. (e) Single slice from 3D
tomosynthesis data set of the right breast, CC projection. Microcalcifications. (f) Single slice from 3D tomosynthesis data set of the right
breast, CC projection. Spiculated lesion. (g) Ultrasound scans of the suspicious area.
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5.2.21 Case 21
History
Asymptomatic 65-year-old woman, seen 5 years after BCS
for breast cancer (tumor stage pT 1 c N0 M0). Clinical ex-
amination shows a well-healed scar and tissue defect at
the 2 o’clock position in the left breast, with otherwise
normal findings.

Mammography
Left breast: ACR 3. Architectural distortion at the 2 o’clock
position after BCS, 6 cm from the nipple. Also small areas
of lipoid necrosis. The finding is interpreted as a postope-
rative scar. Classified as BI-RADS 2 (Fig. 5.21a, b).

DBT
DBT of the left breast in the MLO projection. Tomosynthe-
sis clearly displays the excision scar as an architectural
distortion at the 2 o’clock position. The small areas of lip-
oid necrosis at the surgery site are also well defined. No
suspicious masses are seen (Fig. 5.21c, d).

Final Diagnosis
Scar after BCS, BI-RADS 2.

Discussion
3D tomosynthesis clearly depicts the scar and architec-
tural distortion following BCS. Despite the dense paren-
chymal structures, the volume data set can positively ex-
clude a mass in or adjacent to the surgical scar.
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Fig. 5.21 Case 21. 65-year-old woman, status post-BCS for breast cancer with a well-healed scar and tissue defect. (a) Digital
mammogram of the left breast, CC projection. (b) Digital mammogram of the left breast, MLO projection.
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Fig. 5.21 (continued) Case 21. 65-year-old woman, status post-BCS for breast cancer with a well-healed scar and tissue defect. (c) Single
slice from 3D tomosynthesis data set of the left breast, MLO projection. (d) Single slice from 3D tomosynthesis data set of the left
breast, MLO projection.
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5.2.22 Case 22
History
Asymptomatic 74-year-old woman 8 years after local ex-
cision of breast cancer (tumor stage pT 1 a N0 M0). Nor-
mal physical findings except for a well-healed scar and
known tissue defect at the 4 o’clock position in the right
breast.

Mammography
Right breast: ACR 3. CC projection shows a scar with ar-
chitectural distortion in the inner half of the breast, 4 cm
from the nipple. An adjacent questionable density is diffi-
cult to evaluate in a projection slightly different from pri-
or mammograms 1 year earlier (Fig. 5.22b, c). Classified
as BI-RADS 4 (Fig. 5.22a). A supplemental CC spot com-
pression view does not completely resolve the suspicious
area (Fig. 5.22d).

DBT
CC and MLO views of the right breast demonstrate a spi-
culated mass measuring 7 × 6mm, in the scarred area.
The lesion is highly suspicious for a scar recurrence and is
classified as BI-RADS 5 (Fig. 5.22e, f).

Ultrasonography
The scar is bordered by a hyperechoic mass, 7 × 5 × 4mm,
with ill-defined margins. Classified as BI-RADS 5
(Fig. 5.22g, h).

Further Case History
Ultrasound-guided core-needle biopsy identified the
mass as a 6-mm grade 2 carcinoma, interpreted histologi-
cally as a scar recurrence.

Final Diagnosis
Scar recurrence, postoperative tumor stage T1 b.

Discussion
The standard mammograms and spot compression view
show only a subtle area of increased density in the
scarred area. Tomosynthesis images in both the CC and
MLO projections reveal a spiculated mass. DBT in this
case adds information to the mammograms and spot
view and permits definite detection of the scar recur-
rence.
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Fig. 5.22 Case 22. 74-year-old woman, status post-BCS for breast cancer with a well-healed scar and tissue defect. (a) Digital
mammogram of the right breast, CC projection. (b) Prior digital mammogram (1 year earlier) of the right breast, CC projection.
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Fig. 5.22 (continued) Case 22. 74-year-old woman, status post-BCS for breast cancer with a well-healed scar and tissue defect. (c) Prior
digital mammogram (1 year earlier) of the right breast, MLO projection. (d) Spot compression view of the right breast, CC projection.
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Fig. 5.22 (continued) Case 22. 74-year-old woman, status post-BCS for breast cancer with a well-healed scar and tissue defect. (e)
Single slice from 3D tomosynthesis data set of the right breast, CC projection. (f) Single slice from 3D tomosynthesis data set of the right
breast, MLO projection.
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Fig. 5.22 (continued) Case 22. 74-year-old woman, status post-BCS for breast cancer with a well-healed scar and tissue defect.
(g) Ultrasound scan of the mass. (h) Ultrasound scan of the mass, second plane.
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5.2.23 Case 23
History
Woman 71 years of age, 3 years after undergoing left BCS
for pT 1 b N0 M0 breast cancer. She is asymptomatic with
a well-healed scar and tissue defect at the 2 o’clock posi-
tion in the left breast. She has a tender, movable 1-cm ax-
illary mass, known to have been present since her opera-
tion.

Mammography
Left breast: ACR 2. CC view shows a scar with architectur-
al distortion in the outer half of the breast, 7 cm from the
nipple. No evidence of a mass. Classified as BI-RADS 2
(Fig. 5.23a).

DBT
DBT of the left breast in the MLO projection. Two 4-mm
lucent lesions with smooth margins, interpreted as oil
cysts, are visible at the 2 o’clock position in the scarred
area. Two similar lesions, measuring 7mm and 13mm,
are visible in the axillary tail and are also interpreted as
oil cysts. DBT additionally shows a rounded, prepectoral
mass of 7 × 7mm, with smooth margins. This finding, un-
changed for more than 2 years, is interpreted as a reactive
lymph node. Classified as BI-RADS 2 (Fig. 5.23b).

Ultrasonography
On ultrasonography, the oil cyst in the scarred area ap-
pears as a 5-mm mass with smooth margins and mixed
echogenicity (Fig. 5.23c). Ultrasonography can also detect
the oil cysts in the axillary tail (Fig. 5.23d). The mass that,
on mammography, is presumed to be a lymph node
measures 7 × 5mm by ultrasonography, and has a thick-
ened hypoechoic cortex and a small hilar echo. Its sono-
graphic appearance has been unchanged for more than
2 years (Fig. 5.23e).

Final Diagnosis
BI-RADS 2, postoperative scar, oil cysts, and a reactive
lymph node.

Discussion
Follow-up in this case relied on a combination of mam-
mography in the CC projection and DBT in the MLO pro-
jection. Tomosynthesis permits the accurate characteriza-
tion of all lesions in the scarred area, all of which are clas-
sified as benign (BI-RADS 2).
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Fig. 5.23 Case 23. 71-year-old woman, status post-BCS for breast cancer with a well-healed scar and tissue defect. Tender, movable
axillary mass present since surgery. (a) Digital mammogram of the left breast, CC projection. (b) Single slice from 3D tomosynthesis
data set of the left breast, MLO projection.

continued ▶

Illustrative Case Reports

114



Fig. 5.23 (continued) Case 23. 71-year-old woman, status post-BCS for breast cancer with a well-healed scar and tissue defect. Tender,
movable axillary mass present since surgery. (c) Ultrasound scan of an oil cyst in the scarred area. (d) Ultrasound scan of an oil cyst in the
axilla. (e) Ultrasound scan of the prepectoral lymph node.
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5.2.24 Case 24
History
Woman 59 years of age, G2, P2, breastfed both children
for 6months. Status 5 years post-BCS of the left breast for
invasive carcinoma NST, grade 3, pT 1 b (6mm) pN0 M0.
Adjuvant endocrine treatment with anastrozole. Core-
needle biopsy of indeterminate sonographic lesion in the
left breast 3 years earlier showed sclerosing adenosis
with associated microcalcifications.

Mammography
Left breast: ACR 3. At the 12 to 1 o’clock position, 6 cm
from the nipple, is an area of scarring and architectural
distortion with dystrophic calcifications and typical lipo-
necrosis measuring 1.6 × 1.4 × 1.6 cm (Fig. 5.24a). Caudal
to the liponecrosis is an oblong density measuring
10 × 3mm in the MLO projection, classified as BI-RADS 4
(Fig. 5.24b). Additional ML mammogram looks normal in
that area, suggesting that the suspicious lesion is a sum-
mation artifact (Fig. 5.24c).

DBT
MLO view of the left breast demonstrates a scar with ar-
chitectural distortion and a typical oil cyst located 6 cm
from the nipple. Dystrophic calcifications are also visible.
Tomosynthesis positively identifies the suspicious mam-
mographic density as a summation artifact caused by
superimposed parenchyma. Classified as BI-RADS 2
(Fig. 5.24d–f).

Ultrasonography
Ultrasound scan of the left breast shows architectural dis-
tortion from the skin to chest wall, due to scarring
(Fig. 5.24g). The scarred area contains typical oil cysts,
the largest measuring 15 × 11 × 10mm (Fig. 5.24h).

Final Diagnosis
Summation artifact, BI-RADS 2.

Discussion
The suspicious density in the mammographic oblique
view is positively identified by tomosynthesis as a sum-
mation artifact. In this case, the combination of mam-
mography in the CC projection and tomosynthesis in the
MLO projection would have been sufficient to confirm
the diagnosis. To date, no clinical studies have been done
on the diagnostic accuracy of complementary-view mam-
mography and DBT after BCS.
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Fig. 5.24 Case 24. 59-year-old woman, status post-BCS for invasive carcinoma NST. Core-needle biopsy shows sclerosing adenosis with
associated microcalcifications. (a) Digital mammogram of the left breast, CC projection. (b) Digital mammogram of the left breast, MLO
projection.
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Fig. 5.24 (continued) Case 24. 59-year-old woman, status post-BCS for invasive carcinoma NST. Core-needle biopsy shows sclerosing
adenosis with associated microcalcifications. (c) Digital mammogram of the left breast in the ML projection. (d) Single slice from 3D
tomosynthesis data set of the left breast, MLO projection.
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Fig. 5.24 (continued) Case 24. 59-year-old woman, status post-BCS for invasive carcinoma NST. Core-needle biopsy shows sclerosing
adenosis with associated microcalcifications. (e) Single slice from 3D tomosynthesis data set of the left breast, MLO projection. (f) Single
slice from 3D tomosynthesis data set of the left breast, MLO projection.
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Fig. 5.24 (continued) Case 24. 59-year-old woman, status post-BCS for invasive carcinoma NST. Core-needle biopsy shows sclerosing
adenosis with associated microcalcifications. (g) Ultrasound scan of the scar. (h) Ultrasound scan of an oil cyst.
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5.2.25 Case 25
History
Woman 32 years of age, with a palpable mass in the
upper outer quadrant of the right breast. G1, P1, breastfed
for 10months. She had a grandmother with breast cancer
at age 73 years and an aunt diagnosed with breast cancer
at age 45 years. The patient is on hormonal contracep-
tion.

Mammography
Right breast: ACR 2. Asymmetry and architectural distor-
tion in the upper outer quadrant. Overall size approxi-
mately 3 cm, located 10 cm from the nipple. Classified as
BI-RADS 5 (Fig. 5.25a, c). Left breast: ACR 2. No mammo-
graphic lesion. Lipoid necrosis, classified as BI-RADS 2
(Fig. 5.25b, d).

DBT
CC view of the right breast shows a spiculated density
measuring 3.2 × 2.8 cm, located 11 cm from the nipple
(Fig. 5.25e). Adjacent to (Fig. 5.25f) and within the den-
sity (Fig. 5.25g) are multiple well-circumscribed masses,
presumably cysts (Video 5.12).

Ultrasonography
Scan through the upper outer quadrant of the right breast
shows an irregular area with multiple hypoechoic,
smooth-bordered lesions that are interpreted as cysts.
The area measures 3.4 × 3.0 cm (Fig. 5.25h).

Further Case History
Initial ultrasound-guided core-needle biopsy showed on-
ly fibrocystic changes. Based on the suspicious mammo-
graphic finding, however, it was decided to proceed with
local excision.

Final Diagnosis
Ordinary ductal hyperplasia, fibrocystic changes, apo-
crine metaplasia and adenosis. No evidence of malig-
nancy.

Discussion
Fibrocystic changes may appear as spiculated lesions on
mammography and tomosynthesis. In the present case,
tomosynthesis confirms the mammographic finding and
defines the multiple cysts more clearly than mammo-
grams. On the other hand, DBT in this case does not add
information that would have changed the diagnostic
work-up.

Video 5.12 Case 25. DBT data set of the right breast, CC
projection. Spiculated density, 3.2 × 2.8 cm, located 11 cm from
the nipple. Within and adjacent to the density are multiple well-
circumscribed masses, presumably cysts.

5.2 Cases

121



Fig. 5.25 Case 25. 32-year-old woman with a palpable mass in the upper outer quadrant of the right breast. (a) Digital mammogram of
the right breast, CC projection. (b) Digital mammogram of the left breast, CC projection.
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Fig. 5.25 (continued) Case 25. 32-year-old woman with a palpable mass in the upper outer quadrant of the right breast. (c) Digital
mammogram of the right breast, MLO projection. (d) Digital mammogram of the left breast, MLO projection.

continued ▶

5.2 Cases

123



Fig. 5.25 (continued) Case 25. 32-year-old woman with a palpable mass in the upper outer quadrant of the right breast. (e) Single slice
from 3D tomosynthesis data set of the right breast, CC projection. (f) Single slice from 3D tomosynthesis data set of the right breast, CC
projection.
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Fig. 5.25 (continued) Case 25. 32-year-old woman with a palpable mass in the upper outer quadrant of the right breast. (g) Single slice
from 3D tomosynthesis data set of the right breast, CC projection. (h) Ultrasound scan of the mass.
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5.2.26 Case 26
History
Woman 50 years of age. G2, P2, breastfed for 3months
and 1 year. Not on hormone therapy. Has a sister diag-
nosed with breast cancer at age 41 years. Patient had a
breast cyst resection in 1984, later noticed areas of firm-
ness at the surgical site.

Mammography
Right breast: ACR 2. Density in the upper outer quadrant,
7 cm from the nipple. Classified as BI-RADS 4 (Fig. 5.26a,
c). Left breast: ACR 2. No masses or microcalcifications.
Classified as BI-RADS 2 (Fig. 5.26b, d).

DBT
MLO view of the right breast demonstrates a mass meas-
uring 1.9 × 1.5 cm in the upper outer quadrant, located
7 cm from the nipple. The lesion has radiating spicules
and a dense center (Fig. 5.26e). Classified as BI-RADS 4
(Video 5.13).

Ultrasonography
No evidence of a mass.

Further Case History
Stereotactic biopsy yielded tumor-free breast tissue with
fibrocystic changes, ordinary ductal hyperplasia, and scle-
rosing adenosis, classified as a B2 lesion. Based on the
suspicious mammographic and tomosynthesis findings,
stereotactic wire localization was performed under tomo-
synthesis guidance, followed by surgical excision for de-
finitive evaluation of the spiculated mass.

Final Diagnosis
Lobular intraepithelial neoplasia (LIN) 2 lesion and fibro-
cystic changes with focal sclerosing adenosis.

Discussion
This case illustrates the high sensitivity of tomosynthesis
in the detection of spiculated lesions. This enables DBT to
detect premalignant lesions, although false-positive find-
ings are a possibility. DBT does permit a detailed evalua-
tion of spiculated lesions, however, and future studies
may define new morphologic criteria for differentiating
malignant and benign lesions by tomosynthesis.

Video 5.13 Case 26. DBT data set of the right breast, MLO
projection. A mass measuring 1.9 × 1.5 cm is detected in the
upper outer quadrant of the right breast, 7 cm from the nipple.
The lesion has radiating spicules and a dense center.
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Fig. 5.26 Case 26. 50-year-old woman had a breast cyst resection, later noticed areas of firmness at the surgical site. (a) Digital
mammogram of the right breast, CC projection. (b) Digital mammogram of the left breast, CC projection.
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Fig. 5.26 (continued) Case 26. 50-year-old woman had a breast cyst resection, later noticed areas of firmness at the surgical site.
(c) Digital mammogram of the right breast, MLO projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.26 (continued) Case 26. 50-year-old woman had a breast
cyst resection, later noticed areas of firmness at the surgical
site. (e) Single slice from 3D tomosynthesis data set of the right
breast, MLO projection. Spiculated lesion.
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5.2.27 Case 27
History
Woman 48 years of age, nulliparous. No family history of
breast cancer. Patient was on hormonal contraception un-
til 6 years earlier.

Mammography
Right breast: ACR 4. No masses or suspicious microcalcifi-
cations. Classified as BI-RADS 2 (Fig.5.27a, c). Left breast:
ACR 4. Prepectoral microcalcification cluster in the medi-
al half of the breast. Classified as BI-RADS 4 (Fig. 5.27b, d).

DBT
CC view of the left breast shows a prepectoral area of ar-
chitectural distortion, 1.5 cm in size, along with multiple
clusters of amorphous microcalcifications. Distance from
the nipple is 9 cm (Fig. 5.27e, f, Video 5.14).

Ultrasonography
No evidence of a mass.

Further Case History
Stereotactically guided vacuum biopsy of the suspicious
area yielded glandular breast tissue with fibrocystic
changes, microcalcifications, and columnar cell metapla-
sia.

Final Diagnosis
Fibrocystic changes with no evidence of malignancy.

Discussion
Microcalcifications are clearly visualized by both mam-
mography and tomosynthesis. DBT slices can map the
spatial distribution of the microcalcifications. Clustered
microcalcifications are not always found within one slice,
however, and this can make it difficult to perceive the cal-
cifications as a cluster. Tomosynthesis does not add infor-
mation on microcalcification morphology beyond that
supplied by mammograms.

Video 5.14 Case 27. DBT data set of the left breast, CC
projection. Prepectoral 1.5-cm area of architectural distortion
and multiple clusters of amorphous microcalcifications. Dis-
tance from nipple is 9 cm.
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Fig. 5.27 Case 27. Screening examination of a 48-year-old woman. (a) Digital mammogram of the right breast, CC projection.
(b) Digital mammogram of the left breast, CC projection.
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Fig. 5.27 (continued) Case 27. Screening examination of a 48-year-old woman. (c) Digital mammogram of the right breast, MLO
projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.27 (continued) Case 27. Screening examination of a 48-year-old woman. (e) Single slice from 3D tomosynthesis data set of the
left breast, CC projection. Microcalcifications. (f) Single slice from 3D tomosynthesis data set of the left breast, CC projection.
Microcalcifications.
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5.2.28 Case 28
History
Patient is a nulliparous with no family history of breast
cancer. No hormone therapy or prior breast surgery. She
complains of pain in both breasts, more severe on the
right, 1 month after trauma to the chest. No palpable
breast masses or enlarged locoregional lymph nodes.

Mammography
Right breast: ACR 3. No suspicious masses or microcalcifi-
cations. BI-RADS 1 (Fig. 5.28a, c). Left breast: ACR 3. Mass
with ill-defined margins in the lower inner quadrant,
with faint microcalcifications. Classified as BI-RADS 4
(Fig. 5.28b, d).

DBT
MLO view of the left breast shows a lobulated mass meas-
uring 9 × 4mm in the lower inner quadrant, with partially
indistinct margins and associated microcalcifications
(Fig. 5.28e, f, Video 5.15).

Ultrasonography
No definite evidence of a mass.

Further Case History
Stereotactically guided vacuum biopsy indicated DCIS. Le-
sion was classified as B5a.

Final Diagnosis
DCIS.

Discussion
The margins of the mass in the lower inner quadrant of
the left breast are displayed much more clearly by tomo-
synthesis than by conventional mammography. Also, the
microcalcifications in the lesion are defined at least as
well by tomosynthesis as by conventional mammog-
raphy.

Video 5.15 Case 28. DBT data set of the left breast, MLO
projection. A lobulated mass of 9 × 4mm with partially
indistinct margins and microcalcifications is detected in the
lower inner quadrant.
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Fig. 5.28 Case 28. Patient with bilateral breast pain 1 month after trauma. (a) Digital mammogram of the right breast, CC projection.
(b) Digital mammogram of the left breast, CC projection.
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Fig. 5.28 (continued) Case 28. Patient with bilateral breast pain 1 month after trauma. (c) Digital mammogram of the right breast, MLO
projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.28 (continued) Case 28. Patient with bilateral breast pain 1 month after trauma. (e) Single slice from 3D tomosynthesis data set
of the left breast, MLO projection. Mass. (f) Single slice from 3D tomosynthesis data set of the left breast, MLO projection. Mass.
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5.2.29 Case 29
History
Woman 55 years of age, a nulliparous, 5 years after BCS
for invasive carcinoma NST of the left breast. Tumor stage
T 1 a N0 M0. She presents now for follow-up.

Mammography
Right breast: ACR 3. Nodular pattern of fibrocystic
changes with multiple rounded, monomorphic microcal-
cifications. Some of the calcifications are relatively coarse
and have a “tea cup” appearance toward the center of the
breast. MLO projection shows architectural distortion in
the upper portion of the breast parenchyma, 5 cm from
the nipple (Fig. 5.29c). This distortion is not visible in the
CC projection (Fig. 5.29a). Classified as BI-RADS 4a. Left
breast: ACR 3. Unchanged scar with architectural distor-
tion in the upper outer quadrant, with rounded, mono-
morphic microcalcifications and central areas of liponec-
rosis. Classified as BI-RADS 2 (Fig. 5.29b, d).

DBT
DBT of the right breast in the CC and MLO projections.
Both views demonstrate a 4-mm spiculated lesion in the
upper outer quadrant, 5 cm from the nipple. The rounded,
evenly spaced microcalcifications, some with a “tea cup”
appearance, are clearly depicted, along with fibrocystic
parenchymal changes. Classified as BI-RADS 4b
(Fig. 5.29e–h).

Ultrasonography
Ultrasonography does not show a correlate for the mam-
mographic findings.

Further Case History
Stereotactic vacuum biopsy indicated a radial scar and an
associated 2-mm focus of invasive carcinoma NST.

Final Diagnosis
Radial scar and associated carcinoma (pT 1 a N0 M0).

Discussion
The spiculated lesion is faintly visible in just one mam-
mographic view and cannot be positively distinguished
from a summation artifact, whereas the lesion is clearly
visualized in both tomosynthesis views. One-view tomo-
synthesis would have been sufficient in this case to con-
firm the lesion. Owing to radiation safety concerns, it is
generally good practice to limit initial tomosynthesis to
one view, as this will be sufficient to identify most mam-
mographically indeterminate lesions. More studies are
needed to determine whether, and in what cases, two-
view tomosynthesis can add relevant diagnostic informa-
tion.
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Fig. 5.29 Case 29. Follow-up of a 55-year-old nullipara, status post-BCS for invasive carcinoma NST of the left breast (T 1 a N0 M0). (a)
Digital mammogram of the right breast, CC projection. (b) Digital mammogram of the left breast, CC projection.

continued ▶

5.2 Cases

139



Fig. 5.29 (continued) Case 29. Follow-up of a 55-year-old nullipara, status post-BCS for invasive carcinoma NST of the left breast (T 1 a
N0 M0). (c) Digital mammogram of the right breast, MLO projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.29 (continued) Case 29. Follow-up of a 55-year-old nullipara, status post-BCS for invasive carcinoma NST of the left breast (T 1 a
N0 M0). (e) Single slice from 3D tomosynthesis data set of the right breast, CC projection. (f) Adjacent slice from the same data set, CC
projection.
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Fig. 5.29 (continued) Case 29. Follow-up of a 55-year-old nullipara, status post-BCS for invasive carcinoma NST of the left breast (T 1 a
N0 M0). (g) Single slice from 3D tomosynthesis data set of the right breast, MLO projection. (h) Adjacent slice from the same data set,
MLO projection.
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5.2.30 Case 30
History
Woman 71 years of age with a maternal history of breast
cancer before menopause. The patient is asymptomatic
and has no visible or palpable abnormalities in either
breast.

Mammography
Right breast: ACR 3. Vascular calcification with no suspi-
cious microcalcifications and no masses. Nonspecific axil-
lary lymph nodes. Classified as BI-RADS 2 (Fig. 5.30a, c).
Left breast: ACR 3. Coarse, rounded calcifications at the
center of the breast. Nonspecific axillary lymph nodes
(Fig. 5.30d). CC view shows a density measuring
8 × 7mm, located 2.5 cm behind the nipple (Fig. 5.30b);
this area is new relative to prior mammograms
(Fig. 5.30e, f). The finding is classified as BI-RADS 4.

Spot Compression View
Spot compression view of the left breast in the CC projec-
tion. The subareolar density is not definitely reproduced
in this view (Fig. 5.30 g).

DBT
DBT of the left breast in the CC projection does not dem-
onstrate a mass. The mammographic density is identified
by tomosynthesis as a summation artifact, and is reclassi-
fied as BI-RADS 2 (Fig. 5.30h, i).

Final Diagnosis
Retroareolar summation artifact in the left breast. Both
breasts classified as BI-RADS 2.

Discussion
The suspicious mammographic finding in this case is cor-
rectly characterized by both tomosynthesis and spot
compression mammography. In large studies on this
topic, tomosynthesis was found to be superior to spot
compression views. Thus, tomosynthesis may be consid-
ered the imaging study of first choice for the further in-
vestigation of indeterminate mammographic findings.
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Fig. 5.30 Case 30. Screening examination of a 71-year-old woman. (a) Digital mammogram of the right breast, CC projection.
(b) Digital mammogram of the left breast, CC projection.
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Fig. 5.30 (continued) Case 30. Screening examination of a 71-year-old woman. (c) Digital mammogram of the right breast, MLO
projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.30 (continued) Case 30. Screening examination of a 71-year-old woman. (e) Prior digital mammogram (18months earlier) of the
left breast, CC projection. (f) Prior digital mammogram (18months earlier) of the left breast, MLO projection.

continued ▶

Illustrative Case Reports

146



Fig. 5.30 (continued) Case 30. Screening examination of a 71-year-old woman. (g) Spot compression view of the left breast, CC
projection. (h) Single slice from 3D tomosynthesis data set of the left breast, CC projection. (i) Single slice from 3D tomosynthesis data
set of the left breast, CC projection.
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5.2.31 Case 31
History
Woman 49 years of age has no family history of breast
cancer and is not on hormone therapy. G3, P3. Status
post-excisional biopsy of the right breast in 1994 with be-
nign histology. No visible or palpable breast abnormal-
ities.

Mammography
Right breast: ACR 3. No masses or microcalcifications.
Classified as BI-RADS 2 (Fig. 5.31a, c). Left breast: ACR 3.
A small mass is visible in the MLO view but does not ap-
pear in the CC view. Classified as BI-RADS 4 (Fig. 5.31b,
d).

DBT
MLO view of the left breast demonstrates a 5-mm mass in
the upper outer quadrant, 15 cm from the nipple. Owing
to its irregular spiculated shape, the lesion is classified as
BI-RADS 5 (Fig. 5.31e, Video 5.16).

MRI
Magnetic resonance (MR) mammography confirms an ir-
regular mass in the upper outer quadrant of the left
breast. The lesion shows early contrast enhancement
(Fig. 5.31f).

Ultrasonography
Ultrasonography does not show a correlate for the mass
detected by radiography and MRI.

Further Case History
MR-guided core-needle biopsy identified the lesion as
moderately differentiated invasive carcinoma NST.

Final Diagnosis
Moderately differentiated invasive carcinoma NST 10mm
in diameter.

Discussion
The spiculated density in the upper outer quadrant of the
left breast is more accurately displayed and characterized
by tomosynthesis than by mammography. Because there
was no sonographic correlate and stereotactic localization
was imprecise, the lesion was investigated further by
MRI. Tomosynthesis-guided biopsy would have been
helpful in this case but was not available at the time of
the examination.

Video 5.16 Case 31. DBT data set of the left breast, MLO
projection, shows a 0.5-cm mass in the upper outer quadrant,
15 cm from the nipple. Note the irregular, spiculated margins.
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Fig. 5.31 Case 31. 49-year-old woman, status post-excisional biopsy of the right breast with benign histology. No visible or palpable
abnormalities. (a) Digital mammogram of the right breast, CC projection. (b) Digital mammogram of the left breast, CC projection.
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Fig. 5.31 (continued) Case 31. 49-year-old woman, status post-excisional biopsy of the right breast with benign histology. No visible or
palpable abnormalities. (c) Digital mammogram of the right breast, MLO projection. (d) Digital mammogram of the left breast, MLO
projection.
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Fig. 5.31 (continued) Case 31. 49-year-old woman, status post-excisional biopsy of the right breast with benign histology. No visible or
palpable abnormalities. (e) Single slice from 3D tomosynthesis data set of the left breast, MLO projection. Mass. (f) MR subtraction
image 2minutes after contrast administration.
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5.2.32 Case 32
History
Woman 48 years of age, no family history of breast cancer,
not on hormone therapy. G2, P2, breastfed for 9 and
10months. The patient felt a nodule at the 2 o’clock posi-
tion in her right breast.

Mammography
Right breast: ACR 4. Architectural distortion at the
3 o’clock position, classified as BI-RADS 4 (Fig. 5.32a, b).
Left breast: ACR 4. No masses or microcalcifications, clas-
sified as BI-RADS 2.

Ultrasonography
Hypoechoic mass with ill-defined margins at the 2 o’clock
position, measuring 1.7 × 1.3 × 1.8 cm (Fig. 5.32c), investi-
gated by ultrasound-guided core-needle biopsy.

DBT
MLO view of the right breast shows air inclusions in the
upper prepectoral region after core biopsy. A 0.7-cm spi-
culated mass is visible directly adjacent to that site
(Fig. 5.32 d, Video 5.17).

Further Case History
DBT after ultrasound-guided core-needle biopsy con-
firmed the mass and air inclusions, thus providing corre-
lation with the sonographic and mammographic findings.
Histology showed only tumor-free breast tissue. Because
core-needle histology did not adequately explain the spi-
culated lesion, a definitive diagnosis was established by
wire localization and excisional biopsy.

Final Diagnosis
Fibrocystic changes with ductal epithelial hyperplasia
and sclerosing adenosis. No evidence of a radial scar or
malignancy.

Discussion
The high sensitivity of tomosynthesis in detecting archi-
tectural distortion leads to a higher false-positive rate.
While DBT detected significantly more breast masses in
all large clinical studies, its specificity was slightly below
that of mammography in some cases.1

Video 5.17 Case 32. DBT data set of the right breast, MLO
projection.
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Fig. 5.32 Case 32. 48-year-old woman with a right breast nodule at the 2 o’clock position found on self-examination. (a) Digital
mammogram of the right breast, CC projection. (b) Digital mammogram of the right breast, MLO projection.
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Fig. 5.32 (continued) Case 32. 48-year-old woman with a right breast nodule at the 2 o’clock position found on self-examination. (c)
Ultrasound scan of the mass. (d) Single slice from 3D tomosynthesis data set of the right breast, MLO projection.
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5.2.33 Case 33
History
Woman 67 years of age underwent a left mastectomy in
1993 for invasive carcinoma NST (pT 1 c pN0 M0), with no
adjuvant therapy. Seen at follow-up, she has a well-
healed chest wall scar on the left side with no palpable
abnormalities. The right breast is clinically normal and
there is no evidence of enlarged axillary nodes on either
side.

Mammography
Right breast: ACR 3. Moderately coarse pattern of fibro-
cystic changes with microcalcifications and vascular calci-
fication. Solitary, round microcalcifications; none appear
suspicious. MLO view shows a density with ill-defined
margins in the upper portion of the breast, approximately
7.5 cm from the nipple (Fig. 5.33b). No definite correlate
in the CC view (Fig. 5.33a). Classified as BI-RADS 4b. The
density was not yet visible in prior mammograms taken
1 year earlier (Fig. 5.33c, d).

DBT
CC and MLO views of the right breast clearly demonstrate
a 4-mm spiculated mass at the 11 o’clock position in the
upper outer quadrant, 7 cm from the nipple. Classified as
BI-RADS 5 (Fig. 5.33e, f).

Ultrasonography
Ultrasound scan of the right breast shows a hypoechoic,
vertically oriented oval mass with ill-defined margins at
the 11 o’clock position, 6 cm from the nipple. It has a hy-
perechoic rim and posterior acoustic shadow. Dimensions
6 × 4 × 4mm, classified as BI-RADS 5 (Fig. 5.33g, h).

Further Case History
Ultrasound-guided core-needle biopsy confirmed grade 2
invasive carcinoma NST.

Final Diagnosis
Invasive carcinoma NST.

Discussion
The small mass, visible in just one mammographic view,
is clearly displayed in both tomosynthesis views as a spic-
ulated lesion with ill-defined margins. One tomosynthe-
sis view in either projection would have been sufficient
in the present case. Very few data have been published,
however, comparing the diagnostic accuracy of one-view
and two-view DBT. Based on the 3D information and
good clinical results obtained with one view, it does not
appear necessary at present to perform tomosynthesis
routinely in two projections.
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Fig. 5.33 Case 33. Follow-up of a 67-year-old woman, status post-left mastectomy for invasive carcinoma NST (pT 1 c pN0 M0). No
adjuvant therapy. (a) Digital mammogram of the right breast, CC projection. (b) Digital mammogram of the right breast, MLO
projection.
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Fig. 5.33 (continued) Case 33. Follow-up of a 67-year-old woman, status post-left mastectomy for invasive carcinoma NST (pT 1 c pN0
M0). No adjuvant therapy. (c) Prior digital mammogram (1 year earlier) of the right breast, CC projection. (d) Prior digital mammogram
(1 year earlier) of the right breast, MLO projection.
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Fig. 5.33 (continued) Case 33. Follow-up of a 67-year-old woman, status post-left mastectomy for invasive carcinoma NST (pT 1 c pN0
M0). No adjuvant therapy. (e) Single slice from 3D tomosynthesis data set of the right breast, CC projection. (f) Single slice from 3D
tomosynthesis data set of the right breast, MLO projection. (g) Ultrasound scan of the mass. (h) Ultrasound scan of the mass, second
plane.
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5.2.34 Case 34
History
Asymptomatic 59-year-old woman had a grandmother
who developed breast cancer after menopause and a ma-
ternal cousin who was diagnosed in perimenopause. The
patient has palpable fibrocystic nodules in both breasts.
Axillary lymph nodes are not palpable on either side.

Mammography
Both breasts are ACR 3. Bilateral mammograms in the CC
projection show a nodular to moderately coarse pattern
of fibrocystic changes in both breasts. There are scattered,
rounded, monomorphic microcalcifications and vascular
calcifications but no suspicious microcalcifications or fo-
cal lesions. Both breasts classified as BI-RADS 2. Findings
in the radiographically dense breasts are unchanged rela-
tive to prior mammograms (Fig. 5.34a–f).

DBT
MLO views of both breasts do not detect any masses or
suspicious microcalcifications. Bilateral, nonspecific
lymph nodes up to 1 cm in diameter are found in the axil-
lary tail. Both breasts classified as BI-RADS 2 (Fig. 5.34g,
h).

Final Diagnosis
Bilateral fibrocystic changes, BI-RADS 2.

Discussion
In this patient with radiographically dense breasts (ACR
3), one-view mammography (CC) was combined with
complementary-view tomosynthesis (MLO), to permit a
nonsuperimposed evaluation of the breast parenchyma.
A recent study showed that lesions obscured by overlap-
ping breast tissue were responsible for 81% of cancers not
detected at mammography.2 This suggests that the use of
tomosynthesis may eliminate the most frequent cause of
false-negative mammograms.
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Fig. 5.34 Case 34. Screening examination of an asymptomatic 59-year-old woman with palpable fibrocystic nodules in both breasts. (a)
Digital mammogram of the right breast, CC projection. (b) Digital mammogram of the left breast, CC projection. ACR 3.
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Fig. 5.34 (continued) Case 34. Screening examination of an asymptomatic 59-year-old woman with palpable fibrocystic nodules in both
breasts. (c) Prior digital mammogram (1 year earlier) of the right breast, CC projection. (d) Prior digital mammogram (1 year earlier) of
the left breast, CC projection.

continued ▶

5.2 Cases

161



Fig. 5.34 (continued) Case 34. Screening examination of an asymptomatic 59-year-old woman with palpable fibrocystic nodules in both
breasts. (e) Prior digital mammogram (1 year earlier) of the right breast, MLO projection. (f) Prior digital mammogram (1 year earlier) of
the right breast, MLO projection.
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Fig. 5.34 (continued) Case 34. Screening examination of an asymptomatic 59-year-old woman with palpable fibrocystic nodules in both
breasts. (g) Single slice from 3D tomosynthesis data set of the right breast, MLO projection. (h) Single slice from 3D tomosynthesis data
set of the left breast, MLO projection.
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5.2.35 Case 35
History
Woman 40 years of age. G2, P2, breastfed both children
for 6months. She has bilateral palpable, movable nodules
and bilateral mastodynia. Her mother was diagnosed
with breast cancer at age 48 years.

Mammography
Right breast: ACR 2. Multiple well-circumscribed masses
of varying sizes. No suspicious masses or suspicious mi-
crocalcifications. Classified as BI-RADS 2 (Fig. 5.35a, c).
Left breast: ACR 2. MLO mammogram shows a subtle spi-
culated density approximately 6 cm behind the nipple
that does not have a definite correlate in the CC view.
Multiple, predominantly monomorphic microcalcifica-
tions. Classified as BI-RADS 4 (Fig. 5.35b, d).

DBT
MLO view of the left breast shows a density of approxi-
mately 1.5 × 1.0 cm, with radiating spicules, surrounded
by multiple monomorphic microcalcifications. Classified
as BI-RADS 4 (Fig. 5.35e, Video 5.18).

Ultrasonography
Right breast: multiple cysts, no suspicious mass. Left
breast: inhomogeneous hypoechoic area in the outer
midbreast with adjacent aggregated cysts (Fig. 5.35f).

Further Case History
Ultrasound-guided core-needle biopsy of the left breast
yielded tumor-free breast tissue with fibrocystic changes.
Classified as B2. Based on the suspicious ultrasonography
and tomosynthesis findings, it was decided to proceed
with wire localization and local excision.

Final Diagnosis
Radial scar, B3 lesion.

Discussion
The spiculated mass is defined much more clearly by to-
mosynthesis than conventional mammography. In this
case, tomosynthesis facilitates lesion detection and local-
ization but does not increase the specificity of the mam-
mographic diagnosis.

Video 5.18 Case 35. DBT data set of the left breast, MLO
projection, shows a density measuring 1.5 × 1.0 cm, with
radiating spicules, surrounded by multiple monomorphic
microcalcifications.
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Fig. 5.35 Case 35. 40-year-old woman. G2, P2, breastfed both children for 6months. Bilateral palpable, movable breast nodules and
bilateral mastodynia. Family history of breast cancer. (a) Digital mammogram of the right breast, CC projection. (b) Digital
mammogram of the left breast, CC projection.
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Fig. 5.35 (continued) Case 35. 40-year-old woman. G2, P2, breastfed both children for 6months. Bilateral palpable, movable breast
nodules and bilateral mastodynia. Family history of breast cancer. (c) Digital mammogram of the right breast, MLO projection.
(d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.35 (continued) Case 35. 40-year-old woman. G2, P2, breastfed both children for 6months. Bilateral palpable, movable breast
nodules and bilateral mastodynia. Family history of breast cancer. (e) Single slice from 3D tomosynthesis data set of the left breast, MLO
projection. Spiculated mass. (f) Ultrasound scan of the mass.
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5.2.36 Case 36
History
Woman 75 years of age. G3, P3, breastfed each child for
8months. No family history of breast cancer. On physical
examination, a firm, immovable 2-cm mass is noted in
the upper inner quadrant of the left breast. Suspicious
level 1 lymph nodes are also palpable in the axilla.

Mammography
Left breast: ACR 2. A spiculated mass measuring
2.5 × 2.3 × 2.3 cm, with associated coarse calcifications, is
visible in the upper inner quadrant. Located 5 cm lateral
and apical to that mass are three additional masses
(7mm, 4mm, 3mm), which are partly obscured by
superimposed parenchyma. The large mass is classified as
BI-RADS 5, the other three as BI-RADS 4. Two suspicious
axillary lymph nodes measure 17 × 8mm and 8 × 6mm
(Fig. 5.36a, b).

DBT
DBT of the left breast in the CC and MLO projections. The
spiculated mass, which measures 2.7 × 2.4 × 2.3 cm, is
clearly visualized. It is classified as BI-RADS 5. The other
three masses, which were partially obscured on mammo-
grams, are found on tomosynthesis (CC view) to have
smooth margins on all sides, enabling them to be classi-
fied as benign (Fig. 5.36c–f).

Ultrasonography
The spiculated mammographic lesion correlates with a
hypoechoic mass that is 1.8 × 2.1 × 2.0 cm with ill-defined
margins, at the 11 o’clock position in the upper inner
quadrant of the left breast. The mass has a hyperechoic
rim and inhomogeneous posterior shadow (Fig. 5.36g).
The small mammographic lesions at nipple level in the
outer part of the breast correlate with well-circumscribed
echo-free and hypoechoic masses, which are interpreted
as cysts (Fig. 5.36h). Ultrasonography also shows a suspi-
cious left axillary lymph node, measuring 1.1 × 1.9 ×
1.5 cm (Fig. 5.36i).

Further Case History
Ultrasound-guided core-needle biopsy identified the
mass as grade 3 invasive carcinoma NST. The three small,
hypoechoic masses were all investigated by fine-needle
aspiration cytology and were identified as benign breast
cysts.

Final Diagnosis
Solitary invasive carcinoma NSTwith axillary lymph node
metastasis.

Discussion
The spiculated mass clearly meets the criteria for a BI-
RADS 5 lesion on mammography, ultrasonography, and
tomosynthesis, but tomosynthesis can provide nonsuper-
imposed views of the other three small masses in the
upper outer quadrant of the left breast. Their smooth
margins on tomosynthesis slices identify these lesions as
breast cysts. In the present case, tomosynthesis alone
supplies a level of information that only the combination
of mammography plus ultrasonography can provide us-
ing standard techniques.
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Fig. 5.36 Case 36. 75-year-old woman with a firm, immovable breast mass and suspicious, palpable level 1 axillary lymph nodes. (a)
Digital mammogram of the left breast, CC projection. (b) Digital mammogram of the left breast, MLO projection.
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Fig. 5.36 (continued) Case 36. 75-year-old woman with a firm, immovable breast mass and suspicious, palpable level 1 axillary lymph
nodes. (c) Single slice from 3D tomosynthesis data set of the left breast, CC projection. (d) Single slice from 3D tomosynthesis data set
of the left breast, CC projection.
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Fig. 5.36 (continued) Case 36. 75-year-old woman with a firm, immovable breast mass and suspicious, palpable level 1 axillary lymph
nodes. (e) Single slice from 3D tomosynthesis data set of the left breast, MLO projection. (f) Single slice from 3D tomosynthesis data set
of the left breast, MLO projection.
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Fig. 5.36 (continued) Case 36. 75-year-old woman with a firm, immovable breast mass and suspicious, palpable level 1 axillary lymph
nodes. (g) Ultrasound scan of the BI-RADS 5 lesion in the upper inner quadrant of the left breast. (h) Ultrasound scan of the three small
masses in the upper outer quadrant. (i) Ultrasound scan of a suspicious left axillary lymph node, 1.1 × 1.9 × 1.5 cm.
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5.2.37 Case 37
History
Woman 75 years of age, G2, P2. She has a family history
of breast cancer (sister and aunt). Status post-bilateral
open breast biopsies with benign histology. Surgical scars
in the lateral periareolar area of the right breast and low-
er outer quadrant of the left breast appear well healed.
No palpable masses or enlarged axillary nodes.

Mammography
Right breast: ACR 2. No masses. Two nonsuspicious mi-
crocalcifications are projected adjacent to each other in
the upper outer quadrant (Fig. 5.37a, c). Left breast: ACR
2. An approximately 8-mm mass is visible in the upper
breast in the MLO view. It does not have a definite corre-
late in the CC view. Flocculent, monomorphic microcalci-
fications are present approximately 3 cm behind the nip-
ple, and a spindle-shaped opacity measuring approxi-
mately 2 × 1 cm is visible in the lower central breast
(Fig. 5.37b, d). The mass in the MLO view is classified as
BI-RADS 4.

DBT
MLO view of the left breast shows a spiculated mass with
irregular margins in the upper outer quadrant
(Fig. 5.37e), retroareolar monomorphic microcalcifica-
tions (Fig. 5.37f), and a well-circumscribed, elongated
density in the lower central breast (Fig. 5.37 g). The lesion
in the upper outer quadrant is classified as BI-RADS 5
(Video 5.19).

Ultrasonography
Inhomogeneous echo texture in the upper outer quad-
rant, 8mm in diameter, may correspond to the mammo-
graphic mass. No other masses are seen (Fig. 5.37h).

MRI
An 8-mm mass in the upper outer quadrant shows in-
tense, early enhancement on MRI. The elongated struc-
ture in the lower central breast does not enhance
(Fig. 5.37i, j).

Further Case History
Stereotactic core-needle biopsy revealed invasive, moder-
ately differentiated lobular carcinoma. The elongated
density in the lower central breast, interpreted as a scar,
and the microcalcification cluster were unchanged over a
2-year period.

Final Diagnosis
Invasive, moderately differentiated lobular carcinoma.

Discussion
This case illustrates the higher specificity of tomosynthe-
sis compared with mammography. The carcinoma can be
more accurately detected and characterized with DBT, as
can the benign microcalcification cluster and the scar in
the lower central breast.

Video 5.19 Case 37. DBT data set of the left breast, MLO
projection. Spiculated mass with irregular margins in the upper
outer quadrant, retroareolar monomorphic microcalcifications,
and an elongated density with smooth margins in the lower
central breast.
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Fig. 5.37 Case 37. 75-year-old woman, status post-bilateral open breast biopsies with benign results. Well-healed scars, no palpable
breast masses or enlarged axillary lymph nodes. (a) Digital mammogram of the right breast, MLO projection. (b) Digital mammogram of
the left breast, MLO projection.
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Fig. 5.37 (continued) Case 37. 75-year-old woman, status post-bilateral open breast biopsies with benign results. Well-healed scars, no
palpable breast masses or enlarged axillary lymph nodes. (c) Digital mammogram of the right breast, CC projection. (d) Digital
mammogram of the left breast, CC projection.
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Fig. 5.37 (continued) Case 37. 75-year-old woman, status post-bilateral open breast biopsies with benign results. Well-healed scars, no
palpable breast masses or enlarged axillary lymph nodes. (e) Single slice from 3D tomosynthesis data set of the left breast, MLO
projection. Carcinoma. (f) Single slice from 3D tomosynthesis data set of the left breast, MLO projection. Microcalcification cluster.
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Fig. 5.37 (continued) Case 37. 75-year-old woman, status post-bilateral open breast biopsies with benign results. Well-healed scars, no
palpable breast masses or enlarged axillary lymph nodes. (g) Single slice from 3D tomosynthesis data set of the left breast, MLO
projection. Benign mass. (h) Ultrasound scan of the mass in the upper outer quadrant. (i) Unenhanced T 1-weighted MRI demonstrates
an 8-mm mass in the left breast. (j) MR subtraction image of the left breast 1 minute after contrast administration.
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5.2.38 Case 38
History
Asymptomatic 72-year-old woman, nulliparous, with a
family history of breast cancer. She has no visible or pal-
pable abnormalities in either breast.

Mammography
Right breast: ACR 1. No masses or suspicious microcalcifi-
cations. Classified as BI-RADS 2 (Fig. 5.38a, c). Left breast:
ACR 1. MLO view shows a 2.5-cm retroareolar architec-
tural distortion with no correlate in the CC view. Classi-
fied as BI-RADS 4 (Fig. 5.38b, d). Supplemental ML view
(Fig. 5.38e) does not demonstrate the lesion.

Spot Compression View
Spot compression view of the left breast does not show a
correlate for the questionable mass (Fig. 5.38f).

DBT
DBT of the left breast in the MLO projection. Supplemen-
tal 3D tomosynthesis clearly identifies the mass as a sum-
mation artifact caused by residual parenchyma and over-
lapping tissues. Reclassified as BI-RADS 2 (Fig. 5.38g, h).

Final Diagnosis
Retroareolar summation artifact in the left breast, BI-
RADS 2.

Discussion
The architectural distortion visible in just one mammo-
graphic view is positively identified by tomosynthesis
and additional views as a summation artifact. Tomo-
synthesis in this case is equivalent to special views,
although current studies show that DBT is superior to
special views in the investigation of equivocal mammo-
graphic findings.
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Fig. 5.38 Case 38. Asymptomatic 72-year-old woman. (a) Digital mammogram of the right breast, CC projection. (b) Digital
mammogram of the left breast, CC projection. (c) Digital mammogram of the right breast, MLO projection. (d) Digital mammogram of
the left breast, MLO projection.
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Fig. 5.38 (continued) Case 38. Asymptomatic 72-year-old woman. (e) Digital mammogram of the left breast, ML projection. (f) Spot
compression view of the left breast, MLO projection. (g) Single slice from 3D tomosynthesis data set of the left breast, MLO projection.
(h) Single slice from 3D tomosynthesis data set of the left breast, MLO projection.
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5.2.39 Case 39
History
Woman 40 years of age, first diagnosed with multiple
myeloma 5 years earlier. She was treated by high-dose
chemotherapy and stem-cell transplantation. Intramam-
mary involvement 2 years ago, treated by radiotherapy.
She now has a 2-month history of bilateral, multiple, pro-
gressive palpable breast masses, approximately 1 cm in
size. She has no family history of breast cancer.

Mammography
Right breast: ACR 3. Multiple masses up to 1 cm in size,
partially obscured by superimposed parenchyma. Classi-
fied as BI-RADS 5 (Fig. 5.39a).

DBT
DBT of the right breast in the MLO projection. Tomosyn-
thesis gives nonsuperimposed views of multiple, predom-
inantly well-circumscribed lesions, up to 1 cm in size.
Given the patient’s history and multiple progressive find-
ings, the lesions are classified as BI-RADS 5 (Fig. 5.39b, c).

Ultrasonography
Ultrasonography demonstrates multiple masses, some
uniformly hypoechoic and some with echogenic centers.
Scans show diffuse infiltration of the breast parenchyma
(Fig. 5.39d–g), with profuse lesion blood flow (Fig. 5.39i).
Static elastography shows areas of tissue hardening
(Fig. 5.39h). Classified as BI-RADS 5.

Further Case History
Ultrasound-guided core-needle biopsy revealed new in-
filtration of the breast by known multiple myeloma.

Final Diagnosis
Multiple myeloma of the breast.

Discussion
Ultrasonography was definitely the most important
imaging modality in this case, as it detected hyperperfu-
sion and tissue hardening in masses that had a somewhat
benign appearance on mammograms. Ultrasonography
was also used for biopsy guidance.
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Fig. 5.39 Case 39. 40-year-old woman, first diagnosed 5 years earlier with multiple myeloma. Status post high-dose chemotherapy and
stem-cell transplantation. Intramammary involvement 2 years earlier, treated by radiotherapy. Two-month history of bilateral, multiple,
progressive palpable masses approximately 1 cm in size. (a) Digital mammogram of the right breast, MLO projection. (b) Single slice
from 3D tomosynthesis data set of the right breast, MLO projection.

continued ▶

Illustrative Case Reports

182



Fig. 5.39 (continued) Case 39. 40-year-old woman, first diagnosed 5 years earlier with multiple myeloma. Status post high-dose
chemotherapy and stem-cell transplantation. Intramammary involvement 2 years earlier, treated by radiotherapy. Two-month history of
bilateral, multiple, progressive palpable masses, approximately 1 cm in size. (c) Single slice from 3D tomosynthesis data set of the right
breast, MLO projection. (d) Ultrasound scan of the masses in the upper inner quadrant of the right breast. (e) Ultrasound scan of the
masses in the upper inner quadrant of the right breast.
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Fig. 5.39 (continued) Case 39. 40-year-old woman, first diagnosed 5 years earlier with multiple myeloma. Status post high-dose
chemotherapy and stem-cell transplantation. Intramammary involvement 2 years earlier, treated by radiotherapy. Two-month history of
bilateral, multiple, progressive palpable masses, approximately 1 cm in size. (f) Ultrasound scan of the masses in the upper inner
quadrant of the right breast. (g) Ultrasound scan of the mass in the upper inner quadrant of the right breast. (h) Elastography of the
masses in the upper outer quadrant of the right breast. (i) Power Doppler scan of the masses in the upper outer quadrant of the right
breast.
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5.2.40 Case 40
History
Woman 64 years of age. Family history of breast cancer,
with a sister diagnosed at age 49 years. G2, P2, breastfed
for 1 week and 7months. Status post-biopsy with clip in-
sertion in the left breast. Histology showed fibrocystic
changes.

Mammography
Right breast: ACR 3. No masses or suspicious microcalcifi-
cations. Classified as BI-RADS 2 (Fig. 5.40a, c). Left breast:
ACR 3. Central spiculated mass in the MLO view, with no
definite correlate in the CC view. Biopsy clip in place.
Classified as BI-RADS 4 (Fig. 5.40b, d).

DBT
MLO view of the left breast shows no evidence of a mass
and no correlate for the spiculated mammographic lesion.
The clip is also visible in tomosynthesis slices (Fig. 5.40e,
Video 5.20).

Ultrasonography
Ultrasonography found no lesion correlating with the
mammographic density.

Further Case History
The left breast was downgraded to BI-RADS 2, and the
mammographic density was interpreted as a summation
artifact. No evidence of breast cancer in later follow-ups.

Discussion
Tomosynthesis can reduce the need for further investiga-
tion by additional tests, core-needle biopsy, or short-term
follow-ups. Several large studies have documented a re-
duction in recall rates.3

Video 5.20 Case 40. DBT data set of the left breast, MLO
projection. No visible abnormalities, biopsy clip in place.
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Fig. 5.40 Case 40. 64-year-old woman with family history of breast cancer. Status post-biopsy with clip insertion in the left breast.
Histology showed fibrocystic changes. (a) Digital mammogram of the right breast, CC projection. (b) Digital mammogram of the left
breast, CC projection.
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Fig. 5.40 (continued) Case 40. 64-year-old woman with family history of breast cancer. Status post-biopsy with clip insertion in the left
breast. Histology showed fibrocystic changes. (c) Digital mammogram of the right breast, MLO projection. (d) Digital mammogram of
the left breast, MLO projection.
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Fig. 5.40 (continued) Case 40. 64-year-old woman with family
history of breast cancer. Status post-biopsy with clip insertion in
the left breast. Histology showed fibrocystic changes. (e) Single
slice from 3D tomosynthesis data set of the left breast, MLO
projection. Clip is visible; no suspicious mass.
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5.2.41 Case 41
History
Woman 60 years of age with a family history of breast
cancer. Both breasts are normal in appearance, but both
have palpable fibrocystic nodules. No nipple discharge or
other abnormalities.

Mammography
Left breast: ACR 3. CC projection shows fibrocystic
changes with no other abnormalities (Fig. 5.41a).

DBT
MLO view of the left breast shows a string-of-beads den-
sity of 12 × 4mm, with well-defined margins 5 cm behind
the nipple, suspicious for papillomatosis. The differential
diagnosis includes duct ectasia and DCIS (Fig. 5.41b, c).

Ultrasonography
Elongated hypoechoic lesion at the 3 o’clock position,
11 × 5mm, located 4 cm from the nipple. The nonper-
fused lesion correlates with the tomosynthesis finding.
Suspicious for an intraductal mass. Differential diagnosis
includes papilloma and DCIS (Fig. 5.41d, e).

Further Case History
Ultrasound-guided core-needle biopsy identified the le-
sion as papillomatosis.

Final Diagnosis
Papillomatosis, B3 lesion.

Discussion
In this case, tomosynthesis in the MLO projection was ini-
tially combined with mammography in the CC projection.
An MLO mammogram was not obtained because DBT and
ultrasonography both showed a suspicious lesion, which
was biopsied under imaging guidance.
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Fig. 5.41 Case 41. Screening examination of a 60-year-old woman with fibrocystic breast changes. (a) Digital mammogram of the left
breast, CC projection. ACR density grade 3. (b) Single slice from 3D tomosynthesis data set of the left breast, MLO projection.
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Fig. 5.41 (continued) Case 41. Screening examination of a 60-year-old woman with fibrocystic breast changes. (c) Single slice from 3D
tomosynthesis data set of the left breast, MLO projection. (d) Ultrasound scan of the lesion at the 3 o’clock position in the left breast.
(e) Ultrasound scan of the lesion at the 3 o’clock position in the left breast.
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5.2.42 Case 42
History
Woman 40 years of age, no family history of breast cancer.
Bloody right nipple discharge for several weeks. Palpation
shows diffuse induration of the right breast compared
with the left. The right nipple is flattened and blood-
stained.

Mammography
Right breast: ACR 3. Standard mammogram in the MLO
projection shows pleomorphic calcifications throughout
the breast parenchyma. A lymph node of approximately
12 × 10mm is visible in the axillary tail. Classified as BI-
RADS 5 (Fig. 5.42a).

DBT
DBT of the right breast in the MLO projection. Some of
the slices show pleomorphic, clustered calcifications
(Fig. 5.42b), while other slices display the ductal arrange-
ment of the calcifications, which is most apparent later-
ally (Fig. 5.42c) and caudally (Fig. 5.42d). Classified as BI-
RADS 5.

Further Case History
The calcifications in the lower right breast were investi-
gated by vacuum biopsy.

Final Diagnosis
High-grade DCIS with areas of comedonecrosis, B5 a le-
sion.

Discussion
Tomosynthesis, like mammography, can define the indi-
vidual morphology of breast calcifications. Especially in
case of numerous calcifications, tomosynthesis permits a
more accurate assessment of their regional distribution
pattern than mammography.

Illustrative Case Reports

192



Fig. 5.42 Case 42. 40-year-old woman with bloody right nipple discharge for several weeks. Palpable diffuse induration of the right
breast compared with the left. Right nipple is flattened and bloodstained. (a) Digital mammogram of the right breast, MLO projection.
(b) Single slice from 3D tomosynthesis data set of the right breast, MLO projection.
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Fig. 5.42 (continued) Case 42. 40-year-old woman with bloody right nipple discharge for several weeks. Palpable diffuse induration of
the right breast compared with the left. Right nipple is flattened and bloodstained. (c) Single slice from 3D tomosynthesis data set of the
right breast, MLO projection. (d) Single slice from 3D tomosynthesis data set of the right breast, MLO projection.
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5.2.43 Case 43
History
Woman 77 years of age with a family history of breast
cancer (mother diagnosed after menopause). Patient is
free of complaints but has palpable fibrocystic changes in
both breasts. She has no visible breast abnormalities. The
axillary lymph nodes are not enlarged.

Mammography
Right breast: ACR 3. Fine nodular pattern of fibrocystic
changes. CC mammogram shows pleomorphic, predomi-
nantly rounded microcalcifications, 4 cm lateral to the
nipple (Fig. 5.43a). A supplemental microfocus magnifica-
tion view in a true-lateral projection also shows ductal
calcifications covering an area of approximately
30 × 20 × 45mm (Fig. 5.43b). Classified as BI-RADS 4b.

DBT
MLO view of the right breast shows predominantly retro-
areolar ductal calcifications. Solitary oval and rounded
particles are also visualized in this area (Fig. 5.43c, d).
Classified as BI-RADS 5.

Further Case History
The suspicious area was investigated by vacuum biopsy
under stereotactic guidance.

Final Diagnosis
High-grade DCIS with comedonecrosis and associated mi-
crocalcifications. Final postoperative histology staged the
tumor as pTis (45mm).

Discussion
The calcifications shown by mammography and by the
microfocus magnification view are also clearly defined by
tomosynthesis. DBT is best for evaluating the regional dis-
tribution pattern of the pleomorphic calcifications. The
detection of ductal calcifications by tomosynthesis
strengthens the suspicion of DCIS, which was later con-
firmed histologically. It should be reemphasized, how-
ever, that individual DBT slices display only some of the
microcalcifications. The entire cluster can be appreciated
only by scrolling through the image stack or by using
thick-slab maximum-intensity reconstructions.
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Fig. 5.43 Case 43. Screening examination of a 77-year-old woman with fibrocystic breast changes. (a) Digital mammogram of the right
breast, CC projection. (b) Microfocus magnification view of the right breast, ML projection.
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Fig. 5.43 (continued) Case 43. Screening examination of a 77-year-old woman with fibrocystic breast changes. (c) Single slice from 3D
tomosynthesis data set of the right breast, MLO projection, with a magnified view of the suspicious area. (d) Single slice from 3D
tomosynthesis data set of the right breast, MLO projection, with a magnified view of the suspicious area.
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5.2.44 Case 44
History
Asymptomatic 50-year-old woman. G1, P1, breastfed for
8 weeks. She had her first period at age 15 years, a hyster-
ectomy at age 38 years. Maternal history of breast cancer
at age 44 years.

Mammography
Right breast: ACR 3. Lobulated mass with predominantly
smooth margins at the 3 o’clock position. No suspicious
masses or microcalcifications. Classified as BI-RADS 2
(Fig. 5.44a, c). Left breast: ACR 3. Spiculated lesion at the
6 o’clock position, with spicules radiating to the pectoralis
muscle. No suspicious microcalcifications. Classified as
BI-RADS 5 (Fig. 5.44b, d).

DBT
MLO view of the left breast shows a suspicious, 1.6-cm
spiculated mass at the 4 o’clock position. Classified as
BI-RADS 5 (Fig. 5.44e, Video 5.21). CC view of the right
breast shows a lobulated mass with smooth margins that
does not appear suspicious. Classified as BI-RADS 2
(Fig. 5.44f, g).

Ultrasonography
Left breast: Suspicious hypoechoic mass with ill-defined
margins at the 4 o’clock position, measuring
1.4 × 1.5 × 1.2 cm (Fig. 5.44h). Right breast: The lobulated,
smooth-bordered mass has been unchanged for 3 years
and represents a fibroadenoma.

MRI
MRI Breast shows an enhancing lesion 12 cm behind the
left nipple, with spicules radiating into the surrounding
fat but no apparent invasion of the pectoralis muscle
(Fig. 5.44i).

Further Case History
Core-needle biopsy confirmed a poorly differentiated in-
vasive carcinoma (no special type) in the left breast.

Discussion
Tomosynthesis defines the smooth margins of the fibro-
adenoma and the radiating spicules of the carcinoma
more clearly than mammography. However, neither can
definitely confirm or exclude invasion of the pectoralis
muscle. Supplemental MRI defines the tumor extent and
can also exclude chest wall invasion.

Video 5.21 Case 44. DBT data set of the left breast, MLO
projection. A suspicious, 1.6-cm mass with radiating spicules is
visible at the 4 o’clock position.
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Fig. 5.44 Case 44. Screening examination of an asymptomatic 50-year-old woman. (a) Digital mammogram of the right breast, CC
projection. (b) Digital mammogram of the left breast, CC projection.
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Fig. 5.44 (continued) Case 44. Screening examination of an asymptomatic 50-year-old woman. (c) Digital mammogram of the right
breast, MLO projection. (d) Digital mammogram of the left breast, MLO projection.
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Fig. 5.44 (continued) Case 44. Screening examination of an asymptomatic 50-year-old woman. (e) Single slice from 3D tomosynthesis
data set of the left breast, MLO projection. Carcinoma. (f) Single slice from 3D tomosynthesis data set of the right breast, CC projection.
Fibroadenoma.

continued ▶

5.2 Cases

201



Fig. 5.44 (continued) Case 44. Screening examination of an asymptomatic 50-year-old woman. (g) Single slice from 3D tomosynthesis
data set of the right breast, CC projection. Fibroadenoma. (h) Ultrasound scan of the lesion in the left breast. (i) High-resolution T 1-
weighted fat-suppressed MRI, late phase after contrast administration.
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5.2.45 Case 45
History
Woman 51 years of age with a family history of breast
cancer (maternal aunt and grandmother). Nulliparous.
She is free of complaints but has palpable fibrocystic nod-
ularity. The breasts appear normal on inspection, with no
enlarged axillary lymph nodes on either side.

Mammography
Right breast: ACR 3. Moderately coarse pattern of fibro-
cystic changes. CC view shows a questionable architectur-
al distortion 6 cm lateral to the nipple. Classified as BI-
RADS 4 (Fig. 5.45a).

DBT
DBT of the right breast in the CC and MLO projections.
Both views clearly depict architectural distortion 6 cm
lateral to the nipple. Classified as BI-RADS 5 (Fig. 5.45b,
c).

Ultrasonography
A hypoechoic lesion measuring 20 × 5 × 15mm, with a hy-
perechoic rim, is found at the 10 to 11 o’clock position in
the right breast, 5 cm from the nipple. The lesion appears
microlobulated, disrupts the Cooper’s ligaments, and
has an inhomogeneous acoustic shadow. Classified as
BI-RADS 5 (Fig. 5.45d, e).

Further Case History
Ultrasound-guided core-needle biopsy identified the le-
sion histologically as tubular breast carcinoma (luminal
A). Final postoperative histology staged the tumor at
pT 1 c (18mm) with associated low-grade intratumoral
DCIS.

Discussion
The architectural distortion is difficult to evaluate on
mammograms and is visible only in the CC projection,
but it is clearly displayed in both the CC and MLO tomo-
synthesis views. When the patient is imaged by mam-
mography alone, as in screening, DBT can be a valuable
adjunct for detecting architectural distortion. When com-
bined with ultrasonography in the present case, tomo-
synthesis did not add significant information since the ul-
trasonography findings alone provided an urgent indica-
tion for biopsy.
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Fig. 5.45 Case 45. Screening examination of a 51-year-old woman with fibrocystic breast changes. (a) Digital mammogram of the right
breast, CC projection. (b) Single slice from 3D tomosynthesis data set of the right breast, CC projection.
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Fig. 5.45 (continued) Case 45. Screening examination of a 51-year-old woman with fibrocystic breast changes. (c) Single slice from 3D
tomosynthesis data set of the right breast, MLO projection. (d) Ultrasound scan of the lesion (12.5-MHz probe). (e) Ultrasound scan of
the lesion, second plane.
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A
adenosis 56, 121

sclerosing 116, 117–120, 126,
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air inclusions 152, 154
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analytical reconstruction 8, 8
apocrine metaplasia 121
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tubular carcinoma 203,
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retroareolar 60, 79, 80–82, 87,

89, 178, 179–180
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tomosynthesis benefits 16
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axillary lymph nodes 97, 143, 145,
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biopsy, tomosynthesis-guided
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breast cancer incidence 2
breast cysts 76, 77–78

multiple 164, 165–167
oil cyst 97, 98–99, 113,
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breast-conserving surgery scar
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detection 20
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carcinoma 43, 44–45
ductal carcinoma in situ (DCIS)
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high-grade 21, 192,
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contrast-enhanced tomosynthesis
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dark-rim artifacts 10, 10
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digital breast tomosynthesis (DBT)

2, 16
see also tomosynthesis

digital mammography see mam-
mography
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