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ammography has proven to
be an effective, cost-effective
screening exam, which has

reduced breast cancer mortality. Several
technical modifications have been made
to mammography since evolving from
xeromammography to the development
of screen-film mammography and full-
field digital mammography (FFDM),
and now digital breast tomosynthesis
(DBT). Digital breast tomosynthesis
continues to expand in clinical practice.
The established sensitivity and speci-
ficity of screening mammography are
83.5% and 90.9%, respectively. Tomo-
synthesis is the newest development in
hopes of improving these numbers.

Basics of breast tomosynthesis
Tomography is a well-known tech-
nique in radiology that uses motion to
better exhibit relevant anatomy, while
allowing superimposed structures to
fade. The most pervasive example today
is computed tomography (CT). More
recently, this same concept has been ap-
plied in breast imaging with the develop-
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ment of breast tomosynthesis. Interest
peaked late in the 1990s when flat panel
detectors became available.! In 2011,
Hologic, Inc. (Bedford, MA) received
FDA approval for the Selenia Dimen-
sions 3D System, a 3-dimensional (3D)
system, which is the sole FDA-approved
breast tomosynthesis system to date. This
system uses low-dose images to create
cross-sectional images of the breast. As
stated by the FDA, “the 3D images pro-
vide additional information to help physi-
cians detect and diagnose breast cancer.”
Additional DBT systems are currently
under consideration by the FDA.

Tomosynthesis acquires projec-
tion images (~15 images) using a nar-
row angle of motion. In the screening
patient, both the craniocaudal (CC)
and mediolateral oblique (MLO) pro-
jections are acquired; however, addi-
tional projections may be obtained if
warranted. The x-ray source moves in
a single plane in an arc around the im-
aged breast. These projection images
are then reconstructed into 1-mm-thick
images for review. Filtered back projec-
tion (FBP) is the most commonly used
method for reconstruction, which is also
often used for CT reconstruction.”

It should be noted that the Hologic
Selenia Dimensions DBT unit builds

upon the 2D standard digital mammog-
raphy unit. Therefore, a tomosynthesis
sweep can be obtained in nearly all of
the diagnostic views. Magnification
views for the evaluation of microcalcifi-
cations cannot be obtained using tomo-
synthesis, and these should be evaluated
with standard 2D magnification views.
While the morphology of microcalci-
fications may be better demonstrated
with magnification views, the distribu-
tion of microcalcifications is effectively
imaged with tomosynthesis (Figure 1).
In clinical practice to date, screening
mammography may include breast tomo-
synthesis, but it also requires the 2 stan-
dard 2D mammographic views of each
breast. The dose is about twice that of the
digital view alone; however, total dose of
both exposures is still less than the U.S.
Food and Drug Administration (FDA)
dose limit of 300 mRad/exposure. More-
over, the increased dose approximates the
dose of standard screen-film mammogra-
phy, and it is felt that this slight increase
in dose is acceptable allowing for an in-
creased cancer detection rate, fewer ad-
ditional views, and decreased recall rate.
In May of 2013, Hologic received
FDA approval for its C-view 2D imag-
ing software. This software addition to
the DBT package allows reconstruction
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FIGURE 1. 2D craniocaudal (CC) (A), 3D CC (B), and 2D magnification (C) views of fine linear pleomorphic microcalcifications. Morphology is
better demonstrated with magnification; however, linear distribution is appreciated with tomosynthesis. This is biopsy-proven ductal carcinoma

in situ (DCIS).

of a 2D mammographic image from
the acquired tomosynthesis data. This
negates the necessity of standard mam-
mographic views in addition to the
tomosynthesis projection data. Ulti-
mately this allows for a decrease in
patient dose and less time under com-
pression for the patient. C-view 2D
imaging software has been available
in Europe, many countries in Latin
America, and Asia since 2011. C-
view software will be available as an
optional package to new and existing
customers in the United States.

Gur et al found that there was a lower
sensitivity and similar specificity in in-
terpretation of synthetically generated
mammographic images in compari-
son to FFDM, when both are combined
with DBT. In this study, 10 radiologists
retrospectively interpreted 114 mam-
mograms in 2 groups. One set included
FFDM and the other set had the syntheti-
cally generated mammograms. Both sets
included DBT. The conclusion was that
“improved synthesized images with
experimentally verified acceptable di-
agnostic quality will be needed to elimi-
nate double exposure during DBT based
screening.®” While there is direction for
the role of DBT in the screening popu-
lation, the utility of DBT is less well es-
tablished in the diagnostic setting. The
authors’ experience and function of DBT
are described below.

Review of the literature

In recent years, several articles have
been published describing experience
with tomosynthesis. Initial experience
by Skaane et al concluded that that DBT
increased the sensitivity for detect-
ing cancer, including those presenting
as spiculated masses and distortions.*
Moreover, the authors expressed that
for DBT to be successful it would have
to increase the conspicuity of cancers
versus FFDM and detect malignancies
that may be overlooked by traditional
mammography.

A subsequent prospective study of
26,000 women by Skaane et al con-
cluded that mammography plus to-
mosynthesis resulted in higher cancer
detection (increased by 27%), and
found more invasive cancers in the
screening population.’ These findings
seem to be corroborated by the inte-
gration of 3D digital mammography
with tomosynthesis for population
breast-cancer screening (STORM);
a prospective comparison study.® In
this study, the incremental cancer de-
tection rate was 2.7 cancers per 1000
screens. Additionally, there was a re-
duced recall rate in the combination
2D and 3D mammography group.
Gur et al advocate that the combina-
tion 2D and 3D mammography may
have the potential to reduce recall
rates without missing cancers, but that

randomized control studies will be
necessary.’

A subjective comparison of DBT
and FFDM in the diagnostic setting
was examined by Hakim et al.® This
small study, which evaluated 50 cases,
concluded that tomosynthesis in the
diagnostic evaluation may reduce the
number of diagnostic views for lesions
that are not solely calcifications. In 12%
of cases, the radiologists indicated that
tomosynthesis would avert the need for
ultrasound.® Similar findings, reported
by Brandt et al,” indicated that in evalu-
ation of noncalcified findings that were
recalled “2-view DBT was considered
adequate mammographic evaluation
for more than 90% of the findings.” It
should be noted that additional views
to discern the location of a lesion only
seen in one view are unnecessary when
they are seen on one tomosynthesis
sweep. Workstation software guides
the interpreter to the craniocaudal and
medial-lateral location of a lesion, so
the exact location is known. A targeted
ultrasound may then be performed, if
indicated.

Gur et al also noted that DBT had
the potential to decrease recall rates, al-
though the results were not statistically
significant.® The authors found that to-
mosynthesis decreased the recall rate
by 10%, but it did not improve sensitiv-
ity, without or with standard FFDM.?
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ated even in retrospect on the standard 2D images. This is biopsy-proven invasive ductal carcinoma.

Also of note in this study was the time
required to interpret and issue a report
for a combination study versus standard
mammography. It took the observers
nearly twice the time to interpret com-
bined FFDM and digital breast tomo-
synthesis (2.39 minutes) versus FFDM
(1.22 minutes). This is an important
consideration in the practice setting
when initially integrating this new tech-
nology into one’s practice.

Most recently Rose et al'® have ex-
plained their experience following in-
troduction of tomosynthesis into their
practice. In an observational study,
they compared multiple variables and
outcomes before and after the introduc-
tion of tomosynthesis into the practice.
These included recall rates, biopsy
rates, positive predictive value, and
cancer detection rates of 6 interpreting
radiologists, and these figures over a
9-month period following tomosynthe-
sis were compared to same variables
prior to tomosynthesis. Recall rates for
these 6 radiologists decreased to 5.5%
for mammography including tomo-
synthesis, versus 8.7% for mammogra-
phy alone.'? Furthermore, the PPV for
the recalled patient increased 4.7% to
10.1%. Authors also noted there were
not significant changes in biopsy rates
and cancer detection rates.

Roles and implementation
in clinical practice

To date, the role of breast tomosynthe-
sis has been established in the screening
population. There is an increase in the
cancer detection rate, while decreasing

the recall rate in the screening popula-
tion. However, the role of tomosynthe-
sis in the diagnostic setting is less well
established. Hakim et al found that to-
mosynthesis may reduce the number of
additional views required in a diagnostic
evaluation.® However, even more basic
questions arise when implementing DBT
into one’s clinical practice. Consider-
ations in the authors’ practice included
the following questions: 1) Who will
benefit from 3D? 2) How should 3D be
charged? 3) Is 3D for screening or diag-
nostic patients? 4) How does 3D impact
workflow? 5) How does 3D affect in-
terpretation time? 6) How should breast
tomosynthesis be offered? Should 3D
be offered to all women or only those
with dense breasts? Should patients with
lumps or recalled patients be offered 3D?
Furthermore, because tomosynthesis is
not yet reimbursed by health insurance
companies, is the cost absorbed by the
practice or should the patient be charged
a fee for the additional tomosynthesis to
offset the additional interpretation and
capital costs?

Integration of new technology in
clinical practice alters the dynamics
and workflow of an established prac-
tice. For the radiologist and the tech-
nologist, there is a learning curve for a
new modality. For those radiologists
who are MQSA certified in standard
mammography, the FDA requires an
8-hour training session. The courses are
offered several times per year in vari-
ous central locations across the United
States, or as webinars, which may be
more convenient for many. Additional

requirements have also been established
for mammography technologists and
medical physicists. As noted earlier,
the tomosynthesis portion of the exam,
on average, doubles the interpretation
time of the combination study versus
a standard FFDM exam. Furthermore,
miscalculation of the popularity of to-
mosynthesis has produced long waits
at times for some patients. All of these
factors require the need to examine a
practice’s staffing requirements and
scheduling procedures.

The authors have addressed some
of these considerations in our practice.
Breast tomosynthesis is offered to all
screening patients. There has been an ag-
gressive educational campaign for our
patients and referring physicians, and
patients have been very receptive to the
new technology. Regarding the reim-
bursement issue, we charge a nominal
fee at the time of service if the screen-
ing patient chooses tomosynthesis.
The fee was considered carefully, and
the fees charged by regional practices
were a consideration in establishing this
amount. In the diagnostic setting, the
patient does not get the opportunity to
choose whether or not to undergo a 3D
examination. Rather, the decision is left
to the staff radiologist at the time the pa-
tient presents. The radiologist determines
if standard 2D additional views or tomo-
synthesis is to be used for the recalled
patient. Because magnification tomosyn-
thesis cannot be obtained, tomosynthesis
is used for masses, asymmetries, densi-
ties, and architectural distortions, and not
for microcalcifications.
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Radiologists may be hesitant to adopt
breast tomosynthesis because of poten-
tial lesions identified only with tomosyn-
thesis, and which are not perceived on
standard 2D mammography or where no
sonographic correlate is found. Figure 2
is one such example of what we have had
in our practice. Hologic obtained FDA
clearance for the Affirm Breast Biopsy
Guidance System in January of 2013.
Affirm offers upright minimally invasive
biopsy systems.

Experience with tomosynthesis bi-
opsy remains limited. However, a series
of biopsies over the course of 15 months
in Europe led to 118 tomosynthesis
vacuum-assisted biopsies. The lesions
were reached in all cases except one. In a
subset of 13 malignant lesions, 2D mam-
mography failed to detect 8 of these le-
sions, and underestimated the number
of calcifications in another 5 lesions.
Complication rates were low, including
8 hematomas, one of which was associ-
ated with infection.'" As tomosynthesis
technology continues to be adopted more
widely, experience with tomosynthe-
sis biopsy will subsequently increase as
well. However, initial experience re-
mains encouraging that tomosynthesis-
guided biopsy will enable radiologists to
sample suspicious lesions accurately and
safely if only identified on 3D images.

What is next for digital breast
tomosynthesis?

A few have speculated about a “com-
pressionless” mammogram because

DBT eliminates the superimposition of
structures, which compression helps to
diminish. Compression is used mainly
to eliminate the superimposition of
breast tissue for mammography; how-
ever, it also reduces scatter radiation
and motion. Furthermore, compression
allows more breast tissue to be imaged
within the field of view.2 Therefore, it is
highly unlikely that tomosynthesis will
result in a mammogram obtained with-
out compression. The most pragmatic
investigations of DBT will be imple-
menting it in the diagnostic setting,
when a 2D screening mammogram is
obtained, for the assessment of masses,
densities, and asymmetries. Will ra-
diologists prefer both CC and MLO
tomosynthesis sweeps? Perhaps a me-
diolateral or lateromedial sweep? A sin-
gle sweep? The answer is to come while
the technology continues to evolve.
Lastly, will contrast-enhanced dual-
subtracted mammography be coupled
to tomosynthesis so that we may have
both anatomic and physiologic informa-
tion on a mammogram?

Conclusion

DBT has come to the forefront in
breast imaging in a relatively short time.
The authors’ goal was to highlight the
clinically relevant issues with this new
technology, explain the history which
led to DBT, and outline possible future
trends of digital breast tomosynthesis.
The authors believe that digital breast
tomosynthesis is a technology that is

here to stay and is an additional valu-
able tool for radiologists in the detec-
tion of breast cancer.
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