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Abstract
Rationale and Objectives—Retrospectively compare interpretive performance of synthetically
reconstructed two-dimensional images in combination with DBT versus FFDM plus DBT.

Materials and Methods—Ten radiologists trained in reading tomosynthesis examinations
interpreted retrospectively, under two modes, 114 mammograms. One mode included the directly
acquired FFDM combined with DBT and the other, synthetically reconstructed projection images
combined with DBT. The reconstructed images do not require additional radiation exposure. We
compared the two modes with respect to “sensitivity”, namely recommendation to recall a breast
with either a pathology proven cancer (n=48) or a high risk lesion (n=6); and “specificity”, namely
no recommendation to recall a breast not depicting an abnormality (n=144) or depicting only
benign abnormalities (n=30).

Results—The average sensitivity for FFDM with DBT was 0.826 versus 0.772 for synthetic
FFDM with DBT (difference=0.054, p=0.017 and p=0.053 for fixed and random reader effect,
respectively). The fraction of breasts with no, or benign, abnormalities recommended to be
recalled were virtually the same: 0.298 and 0.297 for the two modalities, respectively (95%
confidence intervals for the difference CI= −0.028, 0.036 and CI = −0.070, 0.066 for fixed and
random reader effects, correspondingly). Sixteen additional clusters of micro-calcifications
(“positive” breasts) were missed by all readers combined when interpreting the mode with
synthesized images versus FFDM.

Conclusion—Lower sensitivity with comparable specificity was observed with the tested
version of synthetically generated images versus FFDM, both combined with DBT. Improved
synthesized images with experimentally verified acceptable diagnostic quality will be needed to
eliminate double exposure during DBT based screening.
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Introduction
Digital breast tomosynthesis (DBT) has been investigated for several years for the possible
use of this technology, among others, in screening for the early detection of breast cancer
[1–7]. The largest benefit demonstrated to date in this context is the possibility of
significantly reducing recall rates, with some indications that observer performance in
detecting specific “mass like” abnormalities could also be improved, albeit to a lesser extent
[7, 8]. Recently, the Food and Drug Administration (FDA) approved the use of
tomosynthesis in breast cancer screening [9]. However, DBT in combination with full field
digital mammography (FFDM), which is the considered practice as presented to and
approved by the FDA, requires approximately doubling the radiation dose to the breast
being imaged. The primary reason for the practice of this combined procedure is the concern
that some abnormalities, in particular micro-calcification clusters, will not be as readily and
as easily detected and/or correctly interpreted on the tomosynthesis image sets as on
conventional FFDM projection images [10]. With the knowledge that there are reasonably
simple ways to reconstruct 2D projection images, as well as 3D image series, from the
information acquired during a DBT data acquisition procedure, double exposure could
potentially be eliminated during the combined procedure if it can be demonstrated that the
2D images reconstructed from DBT datasets results in satisfactory image quality. As a
result, radiation dose would be reduced by approximately 50% to a comparable level
commonly used in 2D alone mammographic procedures. Before we unilaterally and widely
implement a “double dose” DBT in the screening environment, we need to assess the
possible use of synthetically reconstructed 2D images during the interpretation. Therefore,
we performed a preliminary retrospective observer performance study as described herein
for this very purpose.

Materials and Methods
A group of FFDM and DBT examinations performed between 2008 through 2009 on 118
women ranging in age from 36 to 77 years (mean age 51 years ± 8.7 years) were specifically
selected for this study. Selection was based on the availability of a matched 2D (FFDM)/3D
(DBT) image set and a predefined set of findings as a result of the final interpretation and
follow up status verification. Examinations were excluded when the findings of interest were
judged to be quite obvious to detect and interpret regardless of the viewing mode. All
women were recruited under institutional review board approved protocols with written
informed consent when they arrived at our breast imaging facility for a either screening, a
diagnostic workup, or a biopsy procedure. Images were acquired with a combination
protocol in which conventional FFDM is acquired first followed by a tomosynthesis
acquisition technique. During the combined FFDM/DBT acquisition the breast is
compressed in a conventional manner, and a FFDM image is obtained and then the x-ray
tube moves along a limited arc allowing for 15 low dose images (“frames”) to be acquired
rather than the single image acquired during the FFDM acquisition. After acquisition, the
data from the frames are used to reconstruct 1 millimeter thick slices, the number of which
varies depending on the thickness of the compressed breast. The radiation dose associated
with the series of low-dose projection images is approximately the same as that of a
projection mammogram with average mid- breast dose of approximately 2mGy per view.

Gur et al. Page 2

Acad Radiol. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



In addition to the 3D reconstructed image set (DBT), a “synthetic” 2D image can be
generated from each set of tomosynthesis slices, which is basically meant to simulate a
conventional 2D FFDM image. The synthetic 2D image is created by summing and filtering
the stack of reconstructed tomosynthesis slices. The image processing used is designed to
generate synthesized 2D images that “look and feel” as a conventional FFDM while
enhancing the visibility of calcifications and glandular tissue; hence, enabling the radiologist
to use the synthetic 2D image during the interpretation as he/she would a conventional
FFDM image, namely for comparison to priors, identification of mass like abnormalities
and/or distortions, assessment of left/right breast asymmetry, and the detection of micro-
calcification clusters. This general image processing approach was developed by Hologic
Inc. (Bedford, CT), and a more detailed description of the method is described elsewhere
[11]. The primary interest in these images as related to this work lies in the fact that
reconstructing the synthetic 2D images from the 3D datasets does not require any additional
radiation exposure. This acquisition protocol and processing procedure resulted in registered
four view mammograms for all participants and each view included an actually acquired
projection view (2D), a DBT (3D) reconstructed image set, and a “synthetically”
reconstructed projection (2D) image [figure 1]. Two radiologists who were aware of the
actual findings, had other source documents, and who did not participate as readers reviewed
all the cases prior to commencement of the reader study to verify that all findings of interest
were depicted (“visible”) on all image sets.

Ten board-certified, MQSA (Mammography Quality Standards Act) qualified radiologists
with breast imaging experience ranging from 3 to 32 years volunteered to participate as
readers in the study. The radiologists were trained in the interpretation of tomosynthesis
examinations over the last five years through participation in previous reader studies and a
review of different case sets with diagnostic outcome. Specific to this study, the radiologists
reviewed and rated a group of positive and negative cases under the study conditions
followed by a provision of the “diagnostic truth”. The radiologists retrospectively
interpreted an enriched set of 114 mammograms in a fully crossed, mode balanced study.
Namely, five readers first read the originally acquired FFDM images with DBT and the
other five readers first read the synthetic 2D images with DBT, and after finishing their first
assigned mode, and after a pre-determined time period of four weeks, the readers switched
to read their remaining mode. The readers had no knowledge of the specific study
objectives. Prior to commencement of the readings the radiologists received a detailed
“Instructions to Observers” document defining the task at hand and the protocol was
described and tested on four “test” cases in individualized introductory sessions. The
“Instructions to Observers” document defined the type of examinations used in this study
and provided the general set up and protocol for reviewing and rating the examinations. The
document also informed readers that computer aided detection (CAD) would not be
provided and no prior FFDM examinations would be provided for comparison; hence, the
readers were to assume the screening examination is the woman’s baseline (first) exam.
Radiologists reported/scored their breast based interpretation and recommendations using a
screening Breast Imaging-Reporting and Data System (BI-RADS) rating scale (0, 1, or 2)
when viewing four view combination mammography studies under the two reading modes.
One mode included the original, directly acquired FFDM images combined with DBT and
the other mode included the synthetically reconstructed 2D projection images combined
with DBT. Readers were provided with a scoring form that included screening BI-RADS to
be marked for the right and left breasts separately. Readers were to circle a screening BI-
RADS rating (0, 1, or 2) for each breast. A case number that was to be matched with the
case number viewed on the workstation was provided on each scoring form. No location
information regarding abnormalities in question within each breast was ascertained. There
was a four week interval between reading modes and most readers were able to complete a
mode in one session.
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All reviews and ratings were performed on a Hologic Inc. (Bedford, CT) modified
SecurView mammography workstation. This is a research workstation which is PC based
and includes two 5 megapixel LCD displays with a mammography workflow keypad. The
system includes tools for magnification, zoom, contrast adjustment as well as a drag and
drop image display. The image display software allows for the viewing of 1, 2 or 4 images
per display for each monitor, so up to 8 images could be displayed simultaneously and the
system allows for reader selected display and manipulation of the tomosynthesis data sets.

Description of the dataset
Each examination consisted of four views (craniocaudal (CC) and mediolateral oblique
(MLO) views of each breast). From the 118 cases selected for the study, four cases (one
negative, one benign, and two verified cancers) were selected for presentation and protocol
testing during the individualized introductory session before the commencement of the
actual readings and these examinations were excluded from the analyses. Of the 114
remaining cases, or 228 breasts, used in the study, 40 (35.1%) examinations were verified as
bilaterally “negative”, 26 (22.8%) examinations depicted benign findings only, 46 (40.3%)
examinations had verified cancer (pathology), and two (1.8%) examinations were verified as
high risk. Of the 46 cancer cases, 2 (4%) cases had cancer in both breasts and 4 (9%) cases
had verified high risk in the contra-lateral breast to that with a verified cancer. Negative
examinations were verified twice (once during case selection and again when readings were
completed) using follow-up (subsequent) negative imaging examinations prior to
commencement of the analysis. As all analyses were performed by breast, Table 1 provides
the distribution of negative, benign, and positive breasts by number and type of findings
included in the study. We acknowledge that classifying papillomas without atypia as high
risk lesions remains controversial; however, both cases verified with papillomas in this set
also had breast cancer in the contra-lateral breast and therefore were eventually surgically
excised. For the purpose of this study we assumed that these papillomas should be
identified. Of the 48 verified cancers, 30 (62.5%) depicted a mass, 12 (25.0%) were depicted
as microcalcifications, and six (12.5%) depicted both a mass and microcalcifications. Three
of the high risk lesions depicted microcalcifications alone and the other three depicted a
mass. The average size (maximum dimension -pathology based) of the cancers was 2.2 cm ±
1.4 cm and ranged from 0.11 cm to 5.40 cm. The subjective breast density ratings
distribution (BIRADS) of these cases as provided during the original clinical interpretation
of the FFDM, were 3/114 (2.6%), 32/114 (28.1%), 70/114 (61.4%), and 9/114 (7.9%) for
tissue density almost entirely fat, scattered fibro-glandular density, heterogeneously dense,
and extremely dense, respectively. The subjective breast density ratings for the cancer cases
were 2/46 (4.3%), 18/46 (39.1%), 25/46 (54.3%), and 1/46 (2.2%) for tissue density almost
entirely fat, scattered fibro-glandular density, heterogeneously dense, and extremely dense,
respectively.

Data Analysis
We compared the two modes with respect to breast based “sensitivity”, namely a breast with
either a pathologically proven cancer or a high risk lesion being recalled; and “specificity”,
namely a breast with no abnormality or only benign abnormalities not recalled. For the
fixed-reader inferences we used the generalized linear mixed model (proc genmod, SAS v.
9.2) where we accounted for the correlation between the same examinations of the same
cases (read under different modalities and/or by different readers) and between the
assessments of different breasts of the same patient. For the random-reader inferences we
used bootstrap-percentile confidence intervals based on 10,000 bootstrap samples
constructed by re-sampling independently “positive” patients with cancer/high risk
abnormalities and women with benign/no abnormalities (“negative”) and readers.
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Results
Table 2 summarizes the estimates of recall rates for the “positive” breasts with cancer/high
risk abnormalities and “negative” breasts with no or benign abnormalities. The reader-
averaged sensitivity for actual FFDM with DBT was 82.6% versus 77.2% for synthetic
FFDM with DBT. The increase in sensitivity when using original FFDM with DBT was
observed for 9 out of 10 radiologists. Reader-averaged false positive recall rates were 29.8%
and 29.7% for the two modalities with 5 out of 10 radiologists having higher specificity with
actual FFDM plus DBT.

The use of synthetic rather than original FFDM images resulted in a decrease in sensitivity
of 0.054 with p=0.017 for fixed reader effects and p=0.053 for random reader effects, while
maintaining approximately the same false positive rate with the 95% confidence intervals
for the difference of (−0.028, 0.036) and (−0.070, 0.066) under the fixed and random reader
effects, correspondingly. A post study repeat analysis after excluding the 6 breasts with only
high risk findings showed the same trend, namely difference in sensitivity > 0.04 with the
same specificity for both modes, albeit the statistical significance is lost (p>0.05).

Despite the fact that all abnormalities of interest were depicted (“visible”) on the respected
image sets, under the synthetic imaging based interpretation mode there were a total of 16
additional micro-calcification related abnormalities (“positive” breasts), or on average 1.6
per reader (over a combined total of 5 cases), that had been missed (or detected but
interpreted incorrectly) when interpreting the mode with synthesized images as compared
with actual FFDM.

Discussion
If DBT is to be widely used in screening mammography many issues related to ergonomics,
workflow, efficiency, comparison to prior studies and CAD, among others, will have to be
investigated, well understood, and carefully addressed (12). Unfortunately, investigations of
these issues are limited when examined in retrospective studies. However, the issue of
radiation dose can be initially investigated primarily through retrospective observer
performance studies. In the study presented here we attempted to assess whether or not one
version of synthetically reconstructed projection (2D) images result in sufficient image
quality to enable the substitution of actually acquired FFDM images and thereby potentially
reducing radiation dose of the procedure by approximately one half. We found that, while
the reconstructed images we used in this study were of reasonably high quality, the images
were not adequate as a substitute to the original FFDM images when used in combination
with DBT in that sensitivity decreased significantly (p<0.05). However, we note that 2D
reconstruction approaches from 3D datasets continue to evolve with new approaches/
schemes that may further improve the diagnostic quality of synthetic images. At this point,
we believe that, unless proven otherwise, DBT alone should not be viewed as acceptable for
replacing projection images for the purpose of detecting micro-calcification clusters as this
approach may result in a loss in sensitivity.

Our study has several limitations. First, this is a preliminary study using an advanced
version of the reconstruction scheme at the time, but improved versions may be developed in
the future. However, since, prior to the commencement of any interpretations, the processing
version to be used in the reader study needed to remain constant, negative results should not
be taken as conclusive. Obviously, newer (“perceptually improved”) versions of
synthetically reconstructed 2D images will have to be tested independently. Second, neither
prior examinations nor CAD results were available for viewing and interpretations. This
may have affected results, in particular in terms of the differences in the detection of micro-
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calcification clusters. Third, despite the similarity in presentation and the fact that we did not
reveal the underlying objective of the study, several of the radiologists noted that in one
mode the images appeared somewhat different than the displayed version they are used to in
terms of “details and sharpness”. The radiologists made comments that the reconstructed
images (without specifically knowing what these were) were “diagnostic” in quality, but
were of different “look and feel” as well as of somewhat lower quality. Clearly, the actual
results were in concordance with their subjective observations in this regard. Fourth, this
was a retrospective laboratory study and actual readings in the clinic may yield different
results. Last, in an attempt to mimic clinical ratings, the study used screening BIRADS for
scoring cases by breast which we effectively analyzed as a binary recall/no recall response.
As a result, we compared “operating points”, namely recommendation to recall predefined
“actually positive” versus “actually negative” cases, but we cannot estimate the entire
performance curve. In the actual clinical environment readers could be more or less
aggressive in using specific response categories, affectively shifting their performance along
a performance curve. However, even in this case, the fact that we observed a decrease in
sensitivity accompanied by the absence of a meaningful change in specificity indicates that
differences in performance levels under these modalities are unlikely to be caused by a shift
along the same performance (e.g. ROC) curve.

Conclusion
Moderately higher sensitivity with virtually the same specificity was observed when
interpreting actual FFDM images as compared with a current version of synthetically
generated 2D projection images, both combined with DBT. Overall, performance
differences between using originally acquired and synthetically reconstructed images were
statistically significant (p<0.05) for fixed readers effect. Improved synthesized 2D images
may be available in the near future. However, whether or not the improved images are of
acceptable diagnostic quality, thereby eventually leading to the possible elimination of
double exposure during DBT based screening, will have to be tested independently.
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Figure 1.
MLO images of the left breast of a 59YO woman depicting 2 masses, both were pathology
verified as IDC and DCIS. The actually ascertained FFDM (a), the synthetically
reconstructed projection image (2D) from the 3D dataset (b), and one slice (1mm thick)
from the tomosynthesis image set (c), are shown.
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Table 1

Distribution of breasts with verified positive, benign, and negative findings

Outcome Finding Number of Breasts

Cancer

IDC only 8

IDC and DCIS 15

IDC and ILC 1

IDC, DCIS, and HR 4

IDC and metaplastic carcinoma 1

IDC and HR 3

DCIS only 6

DCIS and HR 7

ILC only 3

High Risk

ADH 1

ADH and LCIS 1

Papilloma 2

ALH 2

Verified Benign 30

Negative 144

Total 228

IDC - invasive ductal carcinoma

DCIS - ductal carcinoma in situ

ILC - infiltrating lobular carcinoma

HR - high risk

ADH - atypical ductal hyperplasia

ALH - atypical lobular hyperplasia

LCIS - lobular carcinoma in situ
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