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Abstract
Purpose To determine the feasibility of a prototype device combining 3D-automated breast ultrasound (ABVS) and digital breast
tomosynthesis in a single device to detect and characterize breast lesions.
Methods In this prospective feasibility study, the FUSION-X-US prototype was used to perform digital breast tomosynthesis and
ABVS in 23 patients with an indication for tomosynthesis based on current guidelines after clinical examination and standard
imaging. The ABVS and tomosynthesis images of the prototype were interpreted separately by two blinded experts. The study
compares the detection and BI-RADS® scores of breast lesions using only the tomosynthesis and ABVS data from the FUSION-
X-US prototype to the results of the complete diagnostic workup.
Results Image acquisition and processing by the prototype was fast and accurate, with some limitations in ultrasound coverage
and image quality. In the diagnostic workup, 29 solid lesions (23 benign, including three cases with microcalcifications, and six
malignant lesions) were identified. Using the prototype, all malignant lesions were detected and classified as malignant or
suspicious by both investigators.
Conclusion Solid breast lesions can be localized accurately and fast by the Fusion-X-US system. Technical improvements of the
ultrasound image quality and ultrasound coverage are needed to further study this new device.
Key Points
& The prototype combines tomosynthesis and automated 3D-ultrasound (ABVS) in one device.
& It allows accurate detection of malignant lesions, directly correlating tomosynthesis and ABVS data.
& The diagnostic evaluation of the prototype-acquired data was interpreter-independent.
& The prototype provides a time-efficient and technically reliable diagnostic procedure.
& The combination of tomosynthesis and ABVS is a promising diagnostic approach.
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Abbreviations
ABVS Automated breast volume sonography
BI-RADS Breast Imaging-Reporting and Data System
CC Craniocaudal
FDA Food and Drug Administration
HHUS Hand-held ultrasound
HIPAA Health Information Portability and Accountability

Act of 1996 (HIPAA)
ML Mediolateral
MLO Mediolateral-oblique
SD Standard deviation

Introduction

Mammography is the main pillar of breast cancer screening
programs, leading to improved treatment options and reduced
mortality [1–3], but sensitivity is reduced in populations with
dense breast tissue [4, 5]. Performing a supplemental breast
ultrasound in women with BI-RADS® density C or D breast
tissue detects an additional approximately 3.5/1000 malignan-
cies occult to mammography [6–8].

Both mammography and ultrasound have undergone con-
tinued development in the last few years. Tomosynthesis, a
3D-procedure using low-dose digital x-ray projections, in-
creases sensitivity and specificity of breast cancer detection
compared to 2D-mammography [9–12]. Automated 3D-
ultrasound imaging of the whole breast (ABVS) has the po-
tential to overcome the examiner-dependency of hand-held
ultrasound (HHUS) and to reduce the time of examination
and interpretation [13–17]. Both techniques have been shown
to potentially improve breast cancer screening in select popu-
lations such as women with dense breast tissue ([18–21].
However, few reports have been published on the combina-
tion of ultrasound and mammography in a single system
[22–25]. The aim of this study was to evaluate the diagnostic
utility of the FUSION-X-US prototype combining
tomosynthesis and ABVS in one device for the detection
and classification of breast lesions.

Material and methods

The study protocol was approved by the local ethics commit-
tee (Medical Faculty Heidelberg, reference number S-074/
2015), and was compliant with the Health Information
Portability and Accountability Act of 1996 (HIPAA), with
written informed consent from every patient enrolled in the
study.

Equipment

The X-US-prototype is based on the ACUSON S2000 ABVS
and the Mammomat Inspiration (Siemens Healthcare GmbH,
Erlangen, Germany), which are both approved by the US

Food and Drug Administration (FDA). The 14-MHz high-
frequency linear ultrasound transducer is integrated into a
compression device and can be automatically moved over
the breast surface, covering a volume of up to 30 x 15 x 6
cm3 in a single scan. The contact area is a gauze, providing
good ultrasound coupling and less x-ray absorption compared
to a normal mammography compression plate. After standard
breast positioning in mediolateral (ML), mediolateral-oblique
(MLO) or craniocaudal (CC) orientation, standard compres-
sion is applied by lowering the compression device for 3D-
mammographic imaging. Then, coupling lotion is spread on
the gauze and the automated ultrasound is performed. The
patient´s position is not changed between tomosynthesis and
ABVS, so both examinations are performed in the same pro-
jection. The data are processed in a separate computer and the
DICOM-Header is updated to add the correct 3D-image posi-
tion, so the regions of interest can be analysed side-by-side in
the corresponding set of images (see Figs. 1, 2 and 3).

The prototype used in this study is a research device and is
not commercially available.

Study design

The study was performed between November and December
2015 with patients referred to the breast unit for radiological
examination of breast lesions. Patients were eligible for the
study if they were female, at least 18 years old, and presented
for a diagnostic work-up of previous radiological findings that
led to the indication for tomosynthesis for additional diagnostic
work-up. Pregnancy and inability to give informed consent
were exclusion criteria. Patients were recruited non-selectively,
depending on the availability of the prototype device and the
trained staff. All patients in the study received the standard
diagnostic workup consisting of physician-performed clinical
examination, 2D-digital mammography (Mammomat
Inspiration, Siemens Healthcare GmbH, Erlangen, Germany)
and hand-held 2D-ultrasound using an ACUSON S2000 or
S3000 ultrasound unit (Siemens Medical Solutions, Mountain
View, CA, USA) using an 18-MHz transducer. Tomosynthesis
and ABVS were obtained at the same setting using the
FUSION-X-US prototype. Mammography was performed in
more than one projection (usually two or three projections:
craniocaudal (CC), mediolateral-oblique (MLO), mediolateral
(ML)), depending on the position of the tumour and the form of
the breast. Tomosynthesis was performed in one projection in
addition to mammography, and subsequently ABVS-scan was
performed in the same orientation. The projection chosen for
tomosynthesis and ABVS depended on the clinical situation. In
total, two cases were scanned in MLO orientation and 21 cases
were scanned in ML view. In nine cases with suspicious imag-
ing findings, a sonographically-guided biopsy for a histopath-
ological workup according to current guidelines was performed
[26]. The final result of the entire diagnostic workup was
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defined as the index reference. Since a histopathological exam-
ination (biopsy) was performed in cases with unclear imaging
findings, we regarded the result of the standard workup as gold
standard.

Besides being used for the diagnostic workup, tomosynthesis
and ABVS images were also evaluated separately by two inde-
pendent, experienced physicians both with 9 years of experience
with ABVS and 6 years with tomosynthesis. The investigators
were blinded to the results of the standard workup. Firstly, the
blinded images from tomosynthesis were presented to the inves-
tigators. Then, the corresponding blinded ABVS images were
shown in second window for a side-by-side view of

tomosynthesis and ABVS images. By this two-step-approach,
we aimed to evaluate the additional benefit of the side-by-side
evaluation (tomosynthesis and ABVS) over the ‘standard’ inter-
pretation of tomosynthesis images alone. Lesions were classified
according to BI-RADS®, version 5 [27]. The investigators were
allowed to provide a free-text comment on their classification.
The area of the breast covered in ABVS was compared to the
coverage in tomosynthesis by measuring the largest extension of
the breast in each imaging modality. Localization and size of the
lesions described in the reports of the diagnostic workup were
matched with the findings described by the investigators in the
study setting.

The main outcome measure was the detection rate of ma-
lignant lesions for both investigators using the FUSION-X-
US prototype. Secondary outcome measures were the detec-
tion rate of benign lesions, the time for the interpretation of the
images and the coverage of the breast surface in ABVS and
tomosynthesis by the prototype.

Statistical analysis

This was an explorative study based on purely descriptive
statistics. Resulting p-values are not adjusted for multiplicity

Fig. 1 Schematic view of the X-
US prototype. An ultrasound
transducer is included into a
prototype compression plate of a
standard MAMMOMAT
Inspiration. During normal x-ray
imaging (mammography or
tomosynthesis) the transducer is
parked outside the x-ray field at
the edge of the compression plate.
Right after acquisition of the
x-ray images, the transducer
moves automatically from right to
left to perform the ultrasound scan

Fig. 2 The X-US-prototype set up in the examination room Fig. 3 Close-up of the transducer unit and compression plate
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and must be interpreted descriptively. The duration of the
interpretation of the images by both investigators and the dif-
ference in the coverage of the breast in tomosynthesis and
ABVS were tested for significance using the paired t-test
(software: Graph Pad Prism, Version 5, 2007, Graph Pad
Software Inc., La Jolla, CA, USA). The primary endpoint
(detection rate of malignant lesions using the prototype) was
analysed descriptively (case-by-case) and by reporting simple
summarymeasures. Due to the low number of cases within the
investigated subpopulations, common asymptotic confidence
intervals for the observed rates are not reasonable and thus not
reported.

Results

During the study period, 495 tomosyntheses were performed.
Twenty-three patients were screened for the study. They all
fulfilled the inclusion criteria and were recruited. The patients´
ages ranged from 30 to 79 years (mean: 53.6 years). Breast
density ranged from ACR A to D, with most breasts (15/23,
65.2 %) being ACR B (see Supplementary Table 1: Cohort
description). In the routine workup, 29 lesions (23 benign
lesions, including three with microcalcifications, and six ma-
lignant lesions) were found.

Technically, the prototype worked reliably and the scan-
ning process took 25 s for the tomosynthesis scan and 80 s
for ABVS. Tomosynthesis and ABVS slices were correctly
correlated by the software in all cases. The mean duration
for interpretation of the tomosynthesis was 122.7 s (SD 95.7
s; investigator 1), and 151.3 s (SD 55.3 sec; investigator 2),
respectively. For the interpretation of ABVS, the mean dura-
tion was 149.4 s (SD 69.6 s) and 141.2 s (SD 44.1 s), respec-
tively. The mean duration did not differ significantly between
the two investigators for tomosynthesis (p=0.221) or ABVS
(p=0.638; Fig. 4).

The coverage of the breast differed between tomosynthesis
and ABVS. The average area of the breast covered in ABVS
(99.7 cm2, SD 25.4) was significantly smaller than in
tomosynthesis (150.3 cm2; SD 37.9; p<0.001).

In the standard workup, the classification of malignant le-
sions did not differ between HHUS andmammography except
for one case (mammography BIRADS 4, sonography
BIRADS 5). In the study setting, all six malignant lesions
were identified by both investigators in tomosynthesis
(Table 1). However, only in a few cases (3/6, 50.0 %, inves-
tigator 1; 4/6, 66.6 %, investigator 2) the lesion was also seen
in ABVS. Most benign lesions were correctly identified by
both investigators in ABVS (investigator 1: 78.3 % [18/23],
investigator 2: 82.6 % [19/23]). Investigator 1 identified 47.8
% (11/23), and investigator 2 identified 34.8 % (8/23) of the
lesions in both tomosynthesis and ABVS. All three cases con-
taining microcalcifications (benign) were identified by inves-
tigator 1 (3/3, 100.0 %) in tomosynthesis, while one case was
missed by investigator 2 (2/3, 66.6 %). No lesion was detected
only in ABVS (0/29, 0.0%).

All malignant lesions (6/6, 100.0%) were classified as ei-
ther unclear (BI-RADS® 0), potentially malignant (BI-
RADS® 4a-c) or highly suspicious (BI-RADS® 5, Table 2),
so no malignant lesion was missed in the prototype setting. In
two cases (2/6, 33.3 %), the area of interest with the
tomosynthesis finding was not covered by ABVS, so no cor-
responding lesion was described in ABVS (BI-RADS® 1). In
case number 3, a malignant lesion was not described in
ABVS, although the area of interest was covered in ABVS.

Investigator 1 correctly classified 11 benign lesions (11/23,
47.8 %) in tomosynthesis and nine lesions (9/23, 39.1 %) in
ABVS as BI-RADS® 2 (Supplementary Table 2). In seven
cases (7/23, 30.4 %), both ABVS and tomosynthesis resulted
in a BI-RADS® 2 classification. In the remaining cases, le-
sions were classified as BI-RADS® 0. In two cases, investi-
gator 1 noted a free-text comment, explaining that he classi-
fied the lesions as BI-RADS® 0 due to lack of information on

Fig. 4 Comparison of time spent
for evaluation of tomosynthesis
and automated breast volume
sonography (ABVS) by both
investigators
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the clinical history of the patient, and that if he had been given
the information that the patients had been operated on the
breast, he would have classified their lesion as a scar (BI-
RADS 2), otherwise as likely malignant (BI-RADS 4c).

Investigator 2 correctly classified eight lesions (8/23, 34.8
%) in tomosynthesis and six lesions (6/23, 26.1 %) in ABVS
as benign (BI-RADS® 2). In two cases (2/23, 8.7%), both
ABVS and tomosynthesis resulted in a BI-RADS® 2
classification.

In six cases (2/23, 8.7 % [investigator 1], 4/23, 17.4 %
[investigator 2]), a lesion that was classified as unclear or
suspicious (BI-RADS® 0, 4b or 5) in tomosynthesis, the
ABVS classification was BI-RADS® 2. In contrast, two le-
sions (2/23, 8.7 % [investigator 2]) that were BI-RADS® 2 in
tomosynthesis were falsely classified as suspicious (BI-
RADS® 0, respectively BI-RADS® 4a) in ABVS. Thus,
two correct tomosynthesis results (2/23, 8.7 %) were falsely
questioned by ABVS.

Figure 5 depicts a screenshot of one of the cases in which
the ABVS image led to the correct identification of a benign
lesion as a fibroadenoma (BI-RADS® 2), which had been
classified as suspicious (BI-RADS® 4b) in tomosynthesis.

Discussion

The FUSION-X-US prototype was designed to combine
the advantages of tomosynthesis and ABVS in a single
device, allowing both imaging procedures to be per-
formed in one workflow. The potential benefits include a
reduction in the duration of the examination, the possibil-
ity to directly correlate the localization of findings from
both imaging modalities and to improve the detection rate
of malignant lesions compared to the standard mammo-
graphic breast cancer screening. Since the ultrasound
scanning process is fully automatic, a higher interobserver
reliability is expected than for HHUS [15].

In our study, the total scanning time was 105 s (25 s for
tomosynthesis and 80 s for ABVS) and the time for

interpretation of both images was less than 5 min for both
investigators, with no significant difference. Thus, even
tomosynthesis and ABVS together are faster than HHUS
alone (with a reported median duration of 9 min per breast
[8]). Interobserver reliability was high, since all malignant
lesions were found by both investigators.

For the scanning process, no change of position of the
patient was necessary, which was more convenient for the
patient and allowed the images of tomosynthesis and ABVS
to be directly correlated.

This study was powered as a descriptive feasibility study
showing the technical reliability and the possibility of a user-
independent workflow using side-by-side review of
tomosynthesis and ABVS images. Our analysis did not show
any clear benefit of the additional ABVS scan. This study
identified some ultrasound technical problems (discussed be-
low) that can be resolved with some modifications. Further
studies with these modifications are needed to determine the
true impact of this system. A larger study with higher case
numbers is needed to confirm the diagnostic utility.

The proportion of patients with malignant lesions (six out
of 23) is high, not due to a selection process during recruit-
ment but due to the fact that only patients with an indication
for tomosynthesis were included. This implies that most pa-
tients had radiological findings requiring further diagnostic
workup. Based on this collective, we recruited patients non-
selectively. All patients meeting the inclusion criteria were
recruited for the study, if the prototype was available during
the time of their visit. Therefore, the inclusion criteria (indica-
tion for tomosynthesis) led to an enrichment of malignant
lesions in the patient cohort.

There were some technical limitations in the use of the
prototype: On average, only 66.0 % of the area covered by
tomosynthesis was covered by ABVS, so not all regions of
interest could be examined in both modalities. This might
explain why some of the lesions were only seen in
tomosynthesis and not in ABVS. One reason for the limited
coverage of ABVS is the fact that the ultrasound transducer
was not optimized for this study setup. The active area of the

Table 1 Detection of lesions

Investigator 1 Investigator 2

n= Detected
in Tomo

% Detected in
Tomo
+ABVS

% Detected
in Tomo

% Detected in
Tomo
+ ABVS

%

Malignant 6 6 100.0 3 50.0 6 100.0 4 66.7

Benign 23 18 78.3 11 47.8 19 82.6 8 34.8

Of which containing
micro-calcification

3 3 100.0 0 0.0 2 66.7 0 0.0

ABVS automated breast value system, Tomo tomosynthesis
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transducer is embedded into a static metal housing with a
thickness of 1 cm on both the anterior and posterior sides,
leading to a loss of tissue coverage of 1 cm multiplied by
the length of the breast in scanning direction and an additional
loss of 0.5 cm at the lateral or medial side of the compression
plate. Further investigations to use beam steering and custom-
ized ultrasound transducers with a thinner housing should help
to overcome this challenge.

According to the developers, ultrasound coverage and
ultrasound image quality will be increased in the next
prototype based on the clinical results presented in this
study. Likely, this will also lead to an improved detection
rate.

The relatively high proportion of lesions (both malignant
and benign) classified as unclear (BI-RADS 0) remains a crit-
ical aspect. Among the six malignant lesions, investigator 1
classified three lesions in tomosynthesis and two lesions in
ABVS as BI-RADS 0. However, the study setting was very
different from the clinical situation: With more information,
including the patient history, which was not provided in this
study setting, the investigators would likely have classified
more lesions unambiguously.

Image quality of the prototype device was lower than in a
stand-alone ABVS system, potentially contributing to the high
rate of BI-RADS® 0 cases in ABVS. The software for the
ultrasound measurements was optimized for standard ABVS
measurements and not for the special setting of the prototype,
resulting in suboptimal image quality. In future studies, a pa-
rameter optimization for the ultrasound imaging should be
performed by taking into account breast compression and in-
dividual breast thickness.

In summary, the FUSION-X-US prototype allows digital
tomosynthesis and ABVS images to be obtained in one
workflow using a single device for the detection and charac-
terization of breast lesions. To evaluate the diagnostic

Fig. 5 Screenshots showing a benign solid lesion on corresponding
images of tomosynthesis in mediolateral orientation (upper left), 3D-
automated breast volume sonography (ABVS) reconstruction (upper
right-hand side) and 2D-ABVS ultrasound image (note: the bottom of
the image is oriented towards the ultrasound transducer)
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accuracy of the device and a potential benefit of ABVS as
supplemental imaging to tomosynthesis for the detection of
malignant lesions, further studies with a larger number of pa-
tients are needed. Technically, image quality (ABVS) and
coverage of the breast need to be improved.
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