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Abstract
Purpose The FUSION-X-US-II prototype was developed to combine 3D-automated breast ultrasound (ABUS) and digital 
breast tomosynthesis in a single device without decompressing the breast. We evaluated the technical function, feasibility of 
the examination workflow, image quality, breast tissue coverage and patient comfort of the ABUS device of the new prototype.
Methods In this prospective feasibility study, the FUSION-X-US-II prototype was used to perform ABUS in 30 healthy 
volunteers without history of breast cancer. The ABUS images of the prototype were interpreted by a physician with spe-
cialization in breast diagnostics. Any detected lesions were measured and classified using BI-RADS® scores. Image qual-
ity was rated subjectively by the physician and coverage of the breast was measured. Patient comfort was evaluated by a 
questionnaire after the examination.
Results One hundred and six scans were performed (61 × CC, 23 × ML, 22 × MLO) in 60 breasts. Image acquisition and 
processing by the prototype was fast and accurate. Breast coverage by ABUS was approximately 90.8%. Sixteen breast lesions 
(all benign, classified as  BIRADS® 2) were identified. The examination was tolerated by all patients.
Conclusion The FUSION-X-US-II prototype allows a rapid ABUS scan with mostly high patient comfort. Technical devel-
opments resulted in an improvement of quality and coverage compared to previous prototype versions. The results are 
encouraging for a test of the prototype in a clinical setting in combination with tomosynthesis.
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Introduction

Mammography is the main pillar of breast cancer screening 
with the goal of early diagnosis and treatment. Dense breast 
tissue leads to a decrease in sensitivity down to 48% [1] and 
is also an independent risk factor for developing breast can-
cer. In this group with elevated risk, hand-held ultrasound 

(HHUS) is able to detect additional malignancies but it is 
time consuming and examiner dependent [1–3].

Both, mammography and HHUS have undergone further 
development addressing these shortcomings. One is digital 
breast tomosynthesis, a 3D procedure which increases sen-
sitivity and specificity by reducing tissue overlapping, the 
main cause of false positive and false negative findings in 
2D-mammography [4–6].

3D-automated breast ultrasound (ABUS) has been devel-
oped to overcome the shortcomings of HHUS. It offers 
higher interobserver reliability and is a time-saving pro-
cedure [7–9]. Several studies have shown that additional 
ABUS to mammography can increase the cancer detection 
rate in a screening situation [8–11].

To combine mammography/tomosynthesis and ABUS 
various systems with different approaches to scan the 
whole breast have been designed. All studies showed the 
possibility of ABUS to detect most of the lesions seen in 
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mammography/tomosynthesis. Padilla et al. were able to 
detect one additional cancer by adding ABUS to tomosyn-
thesis (sensitivity 96% with tomosynthesis vs. 100% with 
tomosynthesis + ABUS). Both image quality and coverage 
showed limitations with the need for technical improvement 
[12–17].

Previously, we evaluated the FUSION-X-US prototype 
(Siemens Healthcare GmbH, Forchheim, Germany) which 
allows ABUS to be performed after tomosynthesis, while 
the breast is still under compression without a change in 
the position of the breast. This device offered a technically 
reliable, promising method for breast diagnostics; however, 
image quality and breast coverage of ABUS was limited 
[13]. Based on the previous prototype, the FUSION-X-US-II 
prototype has been further developed with several technical 
advancements.

In this proof-of-concept study, we assessed the technical 
feasibility of performing ABUS in healthy volunteers with 
the new prototype. Secondary endpoints were image quality, 
coverage of the breast and patient comfort.

Materials and methods

The study protocol was approved by the local ethics com-
mittee (Medical Faculty Heidelberg, reference number 
S-438/2018) and consistent with the Health Information 
Portability and Accountability Act of 1996 (HIPAA), with 
written informed consent of every participant enrolled in 
the study.

Equipment

The FUSION-X-US-II consists of the ACUSON S2000 
automated breast volume scanner (ABVS, Siemens Health-
care GmbH, Mountain View, CA, USA) and the MAMMO-
MAT Inspiration (Siemens Healthcare GmbH, Forchheim, 
Germany), both FDA approved and CE certified and used 
in routine clinical practice. The prototype combining both 
techniques is a research device and is not commercially 
available. So far, the prototype cannot be used to perform 
targeted biopsies.

For this study evaluating the performance of ABUS in 
healthy volunteers, only the ACUSON S2000 ABVS device 
was used and the participants were not exposed to any radia-
tion. The 5–14 MHz linear ultrasound transducer with an 
array length of 154 mm is integrated into the compression 
paddle, so the ABUS can be performed under the same com-
pression and position as tomosynthesis. A specially devel-
oped compression paddle was used, which is composed of 
a rigid frame and specially woven gauze being radiolucent 
and permeable for ultrasound lotion. The gauze is able to 
sustain forces adequate for performing mammography/

tomosynthesis and ABUS of over 200 N. In comparison 
to the previous FUSION-X-US, the paddle was adapted in 
terms of weight and size to provide better positioning and an 
improved tightening mechanism of the gauze enables a more 
conform compression. The transducer system is connected 
to the ACUSON S2000 ABVS device, where the acquired 
scans are displayed and saved. To further improve the con-
tact between the breast surface and the ultrasound probe in 
FUSION-X-US-II, a special air cushion has been designed, 
which is inflated after lowering the compression paddle 
and adds homogeneous pressure from caudal, pushing the 
peripheral parts of the breast towards the gauze (Fig. 1). The 
inflation is controlled manually by the radiology technologist 
until optimal contact with the gauze is reached.

The breast is positioned in a standard view [craniocaudal 
(CC), mediolateral-oblique (MLO) or mediolateral (ML)] 
and the compression paddle is lowered. The air cushion is 
inflated and coupling lotion is applied on the gauze either 
manually or through an integrated automatic dispensing 
device. The transducer moves automatically over the breast, 
covering an area of maximum 30 × 15  cm2 with a maximum 
penetration depth of 10 cm. When the final position of the 
probe is reached, the gauze is lifted to release the breast.

The data are transferred to the working station and pro-
cessed to generate images for interpretation by the physician.

Study design

This monocentric, prospective study was performed in Sep-
tember 2018 with 30 healthy women volunteering to partici-
pate. We included women aged 18 or older, non-pregnant, 
capable of understanding the study constraints after written 
informed consent. All participants received ABUS using the 
prototype, without, however, conducting tomosynthesis or 
mammography; so no radiation was applied.

The breast was positioned under the compression paddle 
by a radiology technician. The force and the breast thick-
ness during compression were documented for each position. 
Before the first scan was started, the ultrasound probe was 
positioned manually on the breast for real-time adjustment 
of frequency, focal depth and gain at the discretion of the 
investigator. Each breast was scanned in CC projection and 
additional scans in MLO or ML (projection) were obtained. 
CC orientation was defined as the standard view of ABUS. 
In cases of excellent patient’s tolerability, we decided to per-
form an additional scan in a second orientation (ML/MLO). 
The intention was to test if also the other orientations could 
be scanned using the prototype, because this is necessary if 
the prototype is used to obtain ABUS in combination with 
tomosynthesis (which will often be performed in ML/MLO). 
We aimed at an equal distribution of ML and MLO scans.

ABUS images were evaluated by an experienced physi-
cian with over 10 years of experience with ABUS systems 
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using the syngo.breast ultrasound software (Software Ver-
sion VA25, ©2012-2013 Siemens Medical Solutions USA, 
Inc., PA, USA). According to the ACR guidelines, the breast 
density was assessed in three categories (homogeneous fatty 
background texture, homogeneous fibroglandular back-
ground texture, heterogeneous background texture). Image 
quality was rated subjectively by the physician on a scale 
ranged from 1 to 5. Category 1 represents a very low quality, 
with no identifiable breast structures; category 2, a qual-
ity below diagnostic applicability with identifiable breast 
structures; category 3, a sufficient quality for diagnostic 

applicability (lower than HHUS); category 4, a quality close 
to/comparable to HHUS; and category 5, an equal or higher 
quality compared to HHUS.

All detected lesions were measured and classified using 
BI-RADS® scores [18].

To quantify the breast coverage by the ABUS, the level 
of the nipple region in the US image was used as a refer-
ence of comparison. The breast area depicted in this ABUS 
image (solid outline in Fig. 2) was measured using the 
software Fiji (ImageJ, Version 2.0.0, 2018, ©2010–2020). 
The estimated total breast area was determined through 

Fig.1  a Schematic view of the 
FUSION-X-US-II prototype. 
A specially developed compres-
sion paddle, which is composed 
of a rigid frame and a gauze, is 
inserted in a standard MAM-
MOMAT Inspiration. The ultra-
sound transducer is included in 
the prototype compression pad-
dle. b Breast phantom under 
compression. The FUSION-
X-US-II prototype as build up 
for the study is used to simulate 
the breast compression with a 
breast phantom by using the 
prototype compression paddle 
and the additional air cushion

Fig. 2  Extrapolation of the 
breast coverage. The breast 
area covered is calculated with 
a polygon tool (solid line). The 
estimated total breast area is 
determined through manual 
extrapolation along the skin 
assuming a continuous skin 
contour (dotted outline)
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manual extrapolation along the skin (dotted outline in 
Fig. 2), assuming a continuous skin contour. The quotient 
of the measured breast area (covered by ABUS) and the 
extrapolated total breast area was used to estimate the per-
centage of the breast area covered in ABUS.

After the scan, the participants were asked by a study 
assistant to rate (a) the tolerability of the breast compres-
sion and (b) their perception of the additional force applied 
by the inflated air cushion from 1 (comfortable) to 5 (very 
uncomfortable).

Statistical analysis

This is an explorative study based on descriptive statis-
tics. Values are given as mean with standard deviation or 
median with quartiles dependent on the level of measure-
ment. The differences in quality over the projections were 
tested with Fisher’s exact test. The resulting p value has 
to be interpreted descriptively.

Results

The combination of tomosynthesis and ABUS in one work-
flow aims to combine the advantages of both imaging tech-
niques and provide precise spatial correlation of mammo-
graphic and ultrasound findings.

Study participants

Thirty participants aged from 20 to 60 years (mean: 28.2, 
SD: 10.4) were included. A total of 106 scans were per-
formed (61 scans in CC, 23 in ML and 22 in MLO projec-
tion) (see Table 1).

The ABUS device was technically reliably and all 
attempted scans were successfully completed. Each scan 
took between 40 and 60 s depending on the breast thick-
ness. 29 participants were scanned in standing position, one 
participant was scanned in sitting position because of minor 
circulatory problems, which had otherwise no effect on the 
workflow.

The data processing of the DICOM files to the interpreta-
tion work station was correct and a complete set of images 
was digitally reconstructed for all cases.

The completion of all scans was well tolerated by the 
participants. Retrospectively, 90.0% of the participants rated 
tolerability as very good to moderate (1–3), 3.3% as uncom-
fortable and 6.7% as very uncomfortable (Fig. 3a). The infla-
tion of the air cushion generally had a positive effect on 
patient comfort. 46.7% of patients reported that tolerability 
of the breast compression got better after inflation of the air 
cushion, 33.3% of patients said that tolerability got much 
better with the cushion. Only 16.7% of patients reported a 
slight decrease in comfort due to the air cushion (Fig. 3b).

Interpretation of the ABUS images

To evaluate the breast area covered by the ABUS, the 
acquired US image was extrapolated as shown in Fig. 1. 

Table 1  Cohort description

a Values are absolute frequencies. Relative frequencies are given as 
percentages in parentheses. Percentages are rounded
b Values are means with standard deviation in parentheses

Sample  sizea 30
Ageb 28.2 (10.4)
Number of  ABUSa 106
 CC 61 (57.5)
 ML 23 (21.7)
 MLO 22 (20.8)

Force used for compression(N)b 84.6 (24.1)
Breast thickness under compression (mm)b 45.8 (13.9)

Fig. 3  a Patient comfort during 
breast compression and exami-
nation. Tolerability was rated on 
a scale from 1 (very good toler-
ability) to 5 (bad tolerability). b 
Change of the patient comfort 
with homogenized pressure dis-
tribution through use of the air 
cushion rated on a scale from 1 
(much better than without the 
cushion) to 5 (much worse than 
without the cushion)
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Thereby, the area covered by the ABUS was on average 
25.69  cm2 (ranging from 0.69 to 66.21  cm2), while the area 
towards the nipple not covered averaged on 2.56  cm2 (rang-
ing from 0 to 34.66  cm2). In total, 90.8% (ranging from 30.0 
to 100.0%) of the estimated (extrapolated) breast area was 
covered by the ABUS scan.

Echotexture of the breast was described as homogene-
ous fatty (2/60, 3.3%), homogeneous fibroglandular (23/60, 
38.3%) and heterogeneous (35/60, 58.3%).

In 16 of 60 breasts (26.7%), a breast lesion was detected. 
The size of the lesions was on average 5.7 mm, ranging 
from 2.0 to 20.0 mm. All lesions were classified as benign 
 (BIRADS® 2). The typical sonographic features of cysts or 
duct ectasia were clearly identifiable in the ABUS image 
(see Table 2).

Image quality was rated on a scale from 1 (poor quality, 
tissue structures indistinguishable) to 5 (quality superior to 
HHUS) with a mean quality of 3 (lower quality compared to 
HHUS, but well distinguishable tissue structures). 24 of the 
106 scans (22.6%) were rated to be of quality comparable 
to HHUS. None of the scans was rated as 5 (equal or higher 
quality than HHUS). In two cases, the quality was rated as 
1, as no tissue structures were identifiable. There was no 
significant difference in the rating of image quality over the 
three projections (p = 0.70, see Table 3).

In 61 out of 106 cases (57.5%), ultrasound artifacts 
obscuring a part of the breast tissue with an average area of 

3.52  cm2 (ranging from 0.10 to 9.90  cm2) were identified by 
the physician.

Discussion

The FUSION-X-US-II prototype was designed to address 
the limitations of the preceding prototype [13], most impor-
tantly breast coverage of ABUS. The principal goal of this 
proof-of-concept study was to evaluate the technical reli-
ability of the prototype and the feasibility of the diagnostic 
workflow. Secondly, ABUS coverage and image quality as 
well as patients’ tolerability of the exam were assessed. The 
FUSION-X-US-II prototype worked technically reliable 
allowing all study participants to be scanned in standard 
projections.

Image quality

Overall, in 79.2% of the cases, ABUS quality was rated 
category 3 or higher, which means that tissue structures 
were clearly visible and ABUS images were of diagnostic 
use. Moreover, quality was rated as 4/5 in 22.6% of cases. 
Generally, image quality deteriorated with increasing pen-
etration depth. This phenomenon was more pronounced in 
larger breasts, where caudal parts of the breast presented in 
lower contrast and quality. The lack of image quality can be 
explained by the technical specifications of the transducer 
used in this study, which has already been introduced in 
2008 [19] and was designed to be used in supine position 
rather than in CC, ML or MLO position. The challenge of 
providing good image quality within a sufficient penetration 
range could only be met with current high-end transducers 
that benefit from recent technical advancements in hardware 
and software. It should be emphasized that the concept of 
automated scanning is not the reason for current limitation of 
image quality. Adapting a state-of-the-art breast transducer 

Table 2  Breast ultrasound results

a The values are absolute frequencies. The numbers in parentheses are 
percentages. The percentages are rounded
b The values are means or medians dependent on the level of measure-
ment. The minimum and maximum value is given in parentheses

Background  echotexturea

 Homogeneous fatty 2 (3.3)
 Homogeneous fibroglandular 23 (38.3)
 Heterogeneous 35 (58.3)

Image  qualitya

 1 2 (1.9)
 2 20 (18.9)
 3 60 (56.6)
 4 24 (22.6)
 5 0 (0.0)

Cases with notable  artifactsa 61 (57.7)
 Artifact area  (cm2)b 3.52 (0.10–9.90)

Lesions  describeda 16 (26.7)
 Size (mm)b 5.7 (2.0–20.0)

Coverage
 Extrapolated total breast area  (cm2)b 25.27 (0.69–71.19)
 Covered breast area  (cm2)b 21.43 (0.69–66.21)
  Percentage of total area (%)b 90.8 (30.0–100.0)

Table 3  Image quality by projection

The values are absolute frequencies. Numbers in parentheses are col-
umn percentages. Percentages are rounded
* The p value is based on the Fishers exact test

Projection p  value*

CC MLO ML

Quality
 1 1 (1.7) 0 (0.0) 1 (4.6) 0.70
 2 11 (18.0) 6 (26.1) 3 (13.6)
 3 33 (54.1) 14 (60.9) 13 (59.1)
 4 16 (26.2) 3 (13.0) 5 (22.7)
 5 0 (0.0) 0 (0.0) 0 (0.0)

Total 61 23 22
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to fit the requirements of FUSION-XUS-II prototype seems 
to be a crucial step to achieve reliable image quality.

Clinical workflow

The prototype device was designed to provide a fast, semi-
automatic and thorough scanning of the breast, which could 
potentially be used in a screening situation to detect lesions 
requiring further diagnostic workup. As long as there is a 
significant difference in image quality between HHUS and 
ABUS, HHUS will remain indispensable to further investi-
gate and classify any detected lesions with high resolution. 
On the other hand, the implication of automated scanning 
devices has several advantages for the clinical workflow, 
e.g., a higher grade of standardization and better compara-
bility with prior images. Additionally, the ABUS workflow 
allows the physician to evaluate the images at any time after 
the scan has been performed by the radiology technician, 
which can be an important time- and cost-effective benefit in 
a clinical setting. Still, ABUS has some limitations in com-
parison to HHUS, and it can only supplement but not replace 
HHUS in the clinical workflow. The examination of the 
axilla, which is an important part of a thorough sonographic 
examination, cannot be assessed using ABUS. Furthermore, 
ABUS allows no direct confirmation of any suspicious 
findings the same examination (unlike HHUS, which can 
be used to guide a core cut biopsy immediately). Another 
important aspect is that the automatization of the ultrasound 
examination reduces the personal contact between patient 
and physician and the results cannot be demonstrated to and 
discussed directly with the patient.

Coverage

The estimation of the breast coverage is difficult, since only 
ABUS was performed and there is no objective 3D assess-
ment of the breast as a gold standard. The coverage calcu-
lated in this study on the basis of an extrapolated 2D area 
based on the ABUS images is only an approximation. Still, 
ABUS covered the largest part of the breast in most of the 
cases. Only in two cases a coverage lower than 50% was 
achieved. Both scans were performed in the same patient 
sensitive to pain resulting in positioning problems and no 
sufficient coupling of the breast and ultrasound traducer, so 
that only a part of the breast close to the thoracic wall was 
visible in ABUS. However, the average area not covered by 
ABUS of 2.56  cm2 (9.2% of the extrapolated total breast 
area) means that a thorough examination of the whole breast 
with the ABUS alone is not possible with the prototype.

One reason for insufficient coverage is that the breast does 
not have contact at all sides with the gauze (and therefore 
the ultrasound probe) due to its geometric shape. Even under 
compression, the most ventral part of the breast is convex 

and does not have full contact with the gauze. The use of an 
air cushion to ease compression and lift up the outer parts 
of the breast helped to increase the coverage but should be 
optimized to equally support all breast shapes.

Additionally, the ABUS transducer is embedded into a 
static metal housing with a thickness of 1 cm, which leads 
to a gap between the active area of the transducer and the 
thoracic wall. Clinically, this limitation can be relevant as 
lesions that are located in this area might not be detected 
by ABUS. Further investigations to adapt the transducer to 
meet this technical challenge are needed. In this study, the 
exact area near the thoracic wall, which was not covered by 
the scan, could not be assessed. In future studies, the error 
will be quantified by comparing the breast volume scanned 
in ABUS to the breast volume in tomosynthesis. Current 
ABUS devices cannot be used to examine the axilla, and so 
this region is also inaccessible with the prototype.

Artifacts

Notable artifacts were described in 57.5% of the cases. 
Streaky artifacts appeared when the gauze was not suffi-
ciently covered with ultrasound coupling lotion. We dis-
pensed ultrasound lotion on the gauze, but in some areas, the 
lotion was pushed aside by the ultrasound probe, resulting in 
a loss of ultrasound contact in these areas. Round artifacts 
emerged mostly on the ventral (close to the nipple) and dor-
sal edge (close to the chest wall) because contact with the 
gauze and the transducer in these areas was poorer than in 
the center due to the geometric shape of the breast.

Breast lesions

We did not detect any suspicious lesions, as could be 
expected in a study population of young, healthy volun-
teers. Nevertheless, we described several benign cysts with 
a minimum size of 2.0 × 2.0  mm2. This can be interpreted as 
a proof of concept that the prototype can be used to differen-
tiate breast parenchyma from breast lesions. The possibility 
to diagnose breast lesions was not an endpoint of this study 
and has to be evaluated in a larger study.

Patient comfort

Patient comfort was generally good with only 9.9% of the 
patients reporting an uncomfortable or very uncomfortable 
experience. In comparison with studies reporting the toler-
ability of mammography (in which similar compression is 
applied), this is a positive result [20]. It should be kept in 
mind that the large majority of study participants have never 
had a mammography before, so they experienced this form 
of breast compression for the first time. The inflation of the 
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air cushion had a positive effect on patient comfort in 80.0% 
of the cases.

Conclusion

The FUSION X-US-II prototype allows ABUS scans of 
compressed breasts to be performed semi-automatically in 
a swift workflow in the standard orientations. The largest 
part of the breast area can be covered with sufficient image 
quality, but further improvements are necessary for routine 
clinical use. The combination of ABUS and tomosynthesis 
through the prototype will be tested in a prospective study 
in a clinical setting.

Acknowledgements Special thanks and acknowledgements to Aba 
Harcos, Juliane Nees, Alexandra von Au, Sarah Hug and Christina 
Gomez as well as all residents and radiology technicians of the Heidel-
berg Breast Unit who kindly helped with enrolment and study exami-
nations. The prototype was provided by Siemens Healthcare GmbH, 
Forchheim, Germany.

Author contributions BS: Protocol/project development, Data collec-
tion and management, Data analysis Manuscript writing and editing. 
MJ: Data collection and management, Data analysis, Manuscript writ-
ing/editing. MH: Manuscript editing, technical support. RB: Manu-
script editing. MR: Manuscript editing, technical support. AS: Data 
collection, Manuscript editing. AH: Data collection, Manuscript edit-
ing. FR: Data collection, Manuscript editing. CS: Manuscript writing 
and editing. JH: Data collection or management, Manuscript writing 
and editing. MG: Protocol/project development, Data collection and 
management, Manuscript writing and editing.

Funding Open Access funding enabled and organized by Projekt 
DEAL. This study has received funding from Siemens Healthcare 
GmbH, Forchheim, Germany.

Data availability Data and material can be made available upon 
request.

Declarations 

Conflict of interest M. Golatta received payment for lectures from Sie-
mens Ultrasound. R. Barr has equipment grants from Siemens ultra-
sound, Philips Ultrasound, B and K Ultrasound, and Hitachi-Aloka. He 
is on the speaker’s bureau for Philips Ultrasound and Bracoo Diagnos-
tics. He is on the advisory panels of Bracco Diagnostics and Lantheus 
Medical. He receives royalties from Thieme Publishers. The FUSION-
X-US-II prototype device was provided by Siemens Healthcare GmbH, 
Forchheim, Germany. All other authors declare no conflict of interest.

Ethical approval The study protocol was approved by the local eth-
ics committee (Medical Faculty Heidelberg, reference number 
S-438/2018) and consistent with the Health Information Portability 
and Accountability Act of 1996 (HIPAA).

Consent to participate Written informed consent was obtained from 
every participant enrolled in the study.

Consent for publication All co-authors gave their consent for publica-
tion.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Kolb TM, Lichy J, Newhouse JH (2002) Comparison of the 
performance of screening mammography, physical examination, 
and breast US and evaluation of factors that influence them: an 
analysis of 27,825 patient evaluations. Radiology 225(1):165–
175. https:// doi. org/ 10. 1148/ radiol. 22510 11667

 2. Berg WA, Blume JD, Cormack JB, Mendelson EB, Lehrer D, 
Bohm-Velez M, Pisano ED, Jong RA, Evans WP, Morton MJ, 
Mahoney MC, Larsen LH, Barr RG, Farria DM, Marques HS, 
Boparai K, Investigators A (2008) Combined screening with 
ultrasound and mammography vs mammography alone in 
women at elevated risk of breast cancer. JAMA 299(18):2151–
2163. https:// doi. org/ 10. 1001/ jama. 299. 18. 2151

 3. Ohuchi N, Suzuki A, Sobue T, Kawai M, Yamamoto S, Zheng 
YF, Shiono YN, Saito H, Kuriyama S, Tohno E, Endo T, Fukao 
A, Tsuji I, Yamaguchi T, Ohashi Y, Fukuda M, Ishida T, groups 
JSi, (2016) Sensitivity and specificity of mammography and 
adjunctive ultrasonography to screen for breast cancer in the 
Japan Strategic Anti-cancer Randomized Trial (J-START): 
a randomised controlled trial. Lancet 387(10016):341–348. 
https:// doi. org/ 10. 1016/ S0140- 6736(15) 00774-6

 4. Bernardi D, Macaskill P, Pellegrini M, Valentini M, Fanto C, 
Ostillio L, Tuttobene P, Luparia A, Houssami N (2016) Breast 
cancer screening with tomosynthesis (3D mammography) with 
acquired or synthetic 2D mammography compared with 2D 
mammography alone (STORM-2): a population-based prospec-
tive study. Lancet Oncol 17(8):1105–1113. https:// doi. org/ 10. 
1016/ s1470- 2045(16) 30101-2

 5. Skaane P, Bandos AI, Niklason LT, Sebuodegard S, Osteras BH, 
Gullien R, Gur D, Hofvind S (2019) Digital mammography ver-
sus digital mammography plus tomosynthesis in Breast Cancer 
Screening: the Oslo Tomosynthesis Screening Trial. Radiology 
291(1):23–30. https:// doi. org/ 10. 1148/ radiol. 20191 82394

 6. Zackrisson S, Lång K, Rosso A, Johnson K, Dustler M, Förnvik 
D, Förnvik H, Sartor H, Timberg P, Tingberg A, Andersson I 
(2018) One-view breast tomosynthesis versus two-view mam-
mography in the Malmö Breast Tomosynthesis Screening Trial 
(MBTST): a prospective, population-based, diagnostic accuracy 
study. Lancet Oncol 19(11):1493–1503. https:// doi. org/ 10. 1016/ 
S1470- 2045(18) 30521-7

 7. Golatta M, Franz D, Harcos A, Junkermann H, Rauch G, Scharf 
A, Schuetz F, Sohn C, Heil J (2013) Interobserver reliability of 
automated breast volume scanner (ABVS) interpretation and 
agreement of ABVS findings with hand held breast ultrasound 
(HHUS), mammography and pathology results. Eur J Radiol 
82(8):e332-336. https:// doi. org/ 10. 1016/j. ejrad. 2013. 03. 005

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1148/radiol.2251011667
https://doi.org/10.1001/jama.299.18.2151
https://doi.org/10.1016/S0140-6736(15)00774-6
https://doi.org/10.1016/s1470-2045(16)30101-2
https://doi.org/10.1016/s1470-2045(16)30101-2
https://doi.org/10.1148/radiol.2019182394
https://doi.org/10.1016/S1470-2045(18)30521-7
https://doi.org/10.1016/S1470-2045(18)30521-7
https://doi.org/10.1016/j.ejrad.2013.03.005


566 Archives of Gynecology and Obstetrics (2021) 304:559–566

1 3

 8. Vourtsis A, Kachulis A (2018) The performance of 3D ABUS 
versus HHUS in the visualisation and BI-RADS characterisation 
of breast lesions in a large cohort of 1886 women. Eur Radiol 
28(2):592–601. https:// doi. org/ 10. 1007/ s00330- 017- 5011-9

 9. Brem RF, Tabar L, Duffy SW, Inciardi MF, Guingrich JA, 
Hashimoto BE, Lander MR, Lapidus RL, Peterson MK, Rape-
lyea JA, Roux S, Schilling KJ, Shah BA, Torrente J, Wynn RT, 
Miller DP (2015) Assessing improvement in detection of breast 
cancer with three-dimensional automated breast US in women 
with dense breast tissue: the somoinsight study. Radiology 
274(3):663–673. https:// doi. org/ 10. 1148/ radiol. 14132 832

 10. Wilczek B, Wilczek HE, Rasouliyan L, Leifland K (2016) Add-
ing 3D automated breast ultrasound to mammography screening 
in women with heterogeneously and extremely dense breasts: 
report from a hospital-based, high-volume, single-center breast 
cancer screening program. Eur J Radiol 85(9):1554–1563. 
https:// doi. org/ 10. 1016/j. ejrad. 2016. 06. 004

 11. Choi WJ, Cha JH, Kim HH, Shin HJ, Kim H, Chae EY, Hong 
MJ (2014) Comparison of automated breast volume scanning 
and hand-held ultrasound in the detection of breast cancer: an 
analysis of 5566 patient evaluations. Asian Pac J Cancer Prev 
15(21):9101–9105

 12. Emons J, Wunderle M, Hartmann A, Radicke M, Rauh C, Uder 
M, Gass P, Fasching PA, Langemann H, Beckmann MW, Schulz-
Wendtland R, Jud SM (2018) Initial clinical results with a fusion 
prototype for mammography and three-dimensional ultrasound 
with a standard mammography system and a standard ultrasound 
probe. Acta Radiol. https:// doi. org/ 10. 1177/ 02841 85118 762249

 13. Schaefgen B, Heil J, Barr RG, Radicke M, Harcos A, Gomez 
C, Stieber A, Hennigs A, von Au A, Spratte J, Rauch G, Rom J, 
Schutz F, Sohn C, Golatta M (2018) Initial results of the FUSION-
X-US prototype combining 3D automated breast ultrasound and 
digital breast tomosynthesis. Eur Radiol 28(6):2499–2506. https:// 
doi. org/ 10. 1007/ s00330- 017- 5235-8

 14. Schulz-Wendtland R, Jud SM, Fasching PA, Hartmann A, 
Radicke M, Rauh C, Uder M, Wunderle M, Gass P, Langemann 
H, Beckmann MW, Emons J (2017) A standard mammography 
unit–standard 3D ultrasound probe fusion prototype: first results. 

Geburtshilfe Frauenheilkd 77(6):679–685. https:// doi. org/ 10. 
1055/s- 0043- 107034

 15. Larson ED, Lee WM, Roubidoux MA, Goodsitt MM, Lashbrook 
C, Davis CE, Kripfgans OD, Carson PL (2018) Preliminary 
clinical experience with a combined automated breast ultrasound 
and digital breast tomosynthesis system. Ultrasound Med Biol 
44(3):734–742. https:// doi. org/ 10. 1016/j. ultra smedb io. 2017. 12. 
003

 16. Padilla F, Roubidoux MA, Paramagul C, Sinha SP, Goodsitt MM, 
Le Carpentier GL, Chan HP, Hadjiiski LM, Fowlkes JB, Joe AD, 
Klein KA, Nees AV, Noroozian M, Patterson SK, Pinsky RW, 
Hooi FM, Carson PL (2013) Breast mass characterization using 
3-dimensional automated ultrasound as an adjunct to digital breast 
tomosynthesis: a pilot study. J Ultrasound Med 32(1):93–104

 17. Vaughan CL, Douglas TS, Said-Hartley Q, Baasch RV, Boonzaier 
JA, Goemans BC, Harverson J, Mingay MW, Omar S, Smith RV, 
Venter NC, Wilson HS (2016) Testing a dual-modality system 
that combines full-field digital mammography and automated 
breast ultrasound. Clin Imaging 40(3):498–505. https:// doi. org/ 
10. 1016/j. clini mag. 2015. 11. 024

 18. D’Orsi CJ, Sickles EA, Mendelson EB, Morris EA et al (2013) 
ACR BI-RADS® Atlas, Breast imaging reporting and data sys-
tem. AmericanCollege of Radiology. Reston, VA

 19. Wenkel E, Heckmann M, Heinrich M, Schwab SA, Uder M, 
Schulz-Wendtland R, Bautz WA, Janka R (2008) Automated 
breast ultrasound: lesion detection and BI-RADS classification–a 
pilot study. Rofo 180(9):804–808. https:// doi. org/ 10. 1055/s- 2008- 
10275 63

 20. Keemers-Gels ME, Groenendijk RP, van den Heuvel JH, Boetes C, 
Peer PG, Wobbes TH (2000) Pain experienced by women attend-
ing breast cancer screening. Breast Cancer Res Treat 60(3):235–
240. https:// doi. org/ 10. 1023/a: 10064 57520 996

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00330-017-5011-9
https://doi.org/10.1148/radiol.14132832
https://doi.org/10.1016/j.ejrad.2016.06.004
https://doi.org/10.1177/0284185118762249
https://doi.org/10.1007/s00330-017-5235-8
https://doi.org/10.1007/s00330-017-5235-8
https://doi.org/10.1055/s-0043-107034
https://doi.org/10.1055/s-0043-107034
https://doi.org/10.1016/j.ultrasmedbio.2017.12.003
https://doi.org/10.1016/j.ultrasmedbio.2017.12.003
https://doi.org/10.1016/j.clinimag.2015.11.024
https://doi.org/10.1016/j.clinimag.2015.11.024
https://doi.org/10.1055/s-2008-1027563
https://doi.org/10.1055/s-2008-1027563
https://doi.org/10.1023/a:1006457520996

	First proof-of-concept evaluation of the FUSION-X-US-II prototype for the performance of automated breast ultrasound in healthy volunteers
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Equipment
	Study design
	Statistical analysis

	Results
	Study participants
	Interpretation of the ABUS images

	Discussion
	Image quality
	Clinical workflow
	Coverage
	Artifacts
	Breast lesions
	Patient comfort

	Conclusion
	Acknowledgements 
	References




