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Background: As mammography has its known limitations in dense breast, additional imaging is usually needed.
We aimed to evaluate the role of automated breast ultrasound in addition to tomosynthesis in detection and
diagnosis of breast lesions in dense breasts. Seventy patients with dense breasts subjected to full-field digital
mammography (FFDM) including digital breast tomosynthesis (DBT) and automated breast ultrasound (ABUS). Both
studies were evaluated by two experienced radiologists to assess breast composition, mass characterization,
asymmetry, calcification, axillary lymphadenopathy, extent of disease (EOD), skin thickening, retraction, architectural
distortion, and BIRADS classification. All breast masses were interpreted as above described and then correlated

Results: Study included 70 females presenting with different types of breast lesions. Eighty-two masses were
detected: 53 benign (n = 53/82), 29 malignant (n = 29/82). Histopathology of the masses was reached by core
biopsy (n = 30), FNAC (n = 14), and excisional biopsy (n = 11). The rest of the masses (n = 27/82) were confirmed
by their characteristic sonographic appearances; 20 cases of multiple bilateral anechoic simple cysts, 7 typical
fibroadenomas showed stationary course on follow-up. As regards the final BIRADS score given for both modalities,
tomosynthesis showed accuracy of 93.1% in characterization of malignant masses with accuracy of 94.3% in benign
masses, on the other hand automated ultrasound showed 100% accuracy in characterization of malignant masses

Conclusion: Adding ABUS to tomosynthesis has proven a valuable imaging tool for characterization of breast
lesions in dense breasts both as screening and diagnostic tool. They proved to be more sensitive and specific than
digital mammography alone in showing tissue overlap, tumor characterization, lesion margins, extent, and

Background

Although mammography is the main pillar of breast
cancer screening programs and is leading to improved
treatment options and reduced mortality, yet sensitivity
is reduced in populations with dense breast tissue [1].
Performing a supplemental breast ultrasound in women
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with ACR density C or D breast tissue detects an add-
itional approximately 3.5/1000 malignancies occult to
mammography. Both mammography and ultrasound
have undergone continued development in the last few
years [2].

Digital breast tomosynthesis (DBT), a 3D procedure
using low-dose digital X-ray projections, increase sensi-
tivity, and specificity of breast cancer detection com-
pared to 2D mammography [3].
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Automated 3D-ultrasound imaging of the whole breast
(AWBU) has the potential to overcome the examiner-
dependency of handheld ultrasound (HHUS) and to re-
duce the time of examination and interpretation [4, 5].
The aim of our study was to evaluate the role of auto-
mated breast ultrasound (ABUS) in addition to tomo-
synthesis in detection and diagnosis of different dense
breast lesions and for early detection of breast cancer.

Methods

This was a retrospective study that included 82 breast
masses in 70 female patients detected on mammography
and ultrasound. This study was approved by the local
Research and Ethical committee; all the included cases
gave informed consent.

The study was conducted on 70 patients presented to
the breast imaging unit with either palpable breast mass,
breast pain, nipple discharge, or for routine check-up.
They presented during the period from April 2017 to
September 2019. Their ages ranged from 25 to 82 years
(mean age, 45 years + 9). Heterogeneously dense paren-
chyma (ACR C) or extremely dense breast (ACR D) was
included in the study.

Inclusion criteria: Cases with dense breast in mam-
mography (ACR class C and D) who agreed to the study
protocol and ABUS study.

Exclusion criteria: Patients who has any contraindica-
tion to mammography or cannot lie supine during the
ABUS study.

All the cases (n = 70) were subjected to both tomo-
synthesis and automated breast ultrasound. They were
asked to expose the upper part of the body. Pregnancy
test was required for those within the childbearing
period who might be pregnant.

a) Tomosynthesis examination protocol design

A craniocaudal (CC) and a medio-lateral oblique
(MLO) view DBT were obtained with the patient in a
standing position using a DBT unit prototype. Breast
compression was applied, like that of mammography.
Images were acquired with a GE mammography system
“GE Senographe Essential with Seno Bright upgrade.”

b) Automated breast examination protocol design

A layer of gel was applied to the breast to ensure good
contact between the 3D ABUS device and the skin. Then
a curved panel (probe) was placed over the breast and
gently flattened the tissue against the body. Images were
acquired using a GE Invenia ABUS system (GE Health-
care, USA) which is equipped with 14 MHz linear
transducer.
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The scan was performed with the patient in a supine
position, a rolled towel is placed under the back of the
patient on the side to be examined; this allows for flat-
tening the breast for improved contact with the probe.
After exposure of the breast, application of an adequate
amount of ultrasound gel over the entire surface of the
breast is done to ensure proper scanning and avoid arti-
facts. The transducer was applied to the breast using
mild compression. Scanning was performed in three
standard views (coronal, longitudinal, and transverse
views) to allow for adequate coverage of the entire
breast. Using the nipple as the center point, the antero-
posterior (AP) position is first taken. Lateral position is
taken by angling the probe from the axilla toward the
sternum, and for medial position the probe is angled
from the sternum toward the axilla. The scans are ini-
tially reviewed on the machine monitor for quality assur-
ance of the acquired scan. The scan time for each
acquisition was 1 min and volumetric data obtained
were automatically transferred to the Invenia ABUS
workstation for post processing including axial, coronal,
and sagittal reformats and analysis. The entire examin-
ation time was approximately 15 min for both sides.

Ultrasound studies were reviewed for the presence or
absence of lesions, location, size, number, outline, and
contour (regular or irregular), margin or borders (micro
or macro lobulations), echogenicity compared to the
breast fat, and internal echo pattern (homogenous or
heterogeneous).

Image analysis

The tomosynthesis and automated ultrasound data were
evaluated separately by two experienced radiologists in
consensus; both observers were unaware of the patho-
logical data of each patient.

Tomosynthesis (DBT) images

Assessment of breast composition, mass characterization
(shape, margin, density, multiplicity, location), asym-
metry, calcification, axillary lymphadenopathy, extent of
disease (EOD), skin thickening, retraction and architec-
tural distortion, and BIRADS classification were also
done.

Automated ultrasound (ABUS) images

The key descriptors that are used with ABUS to differ-
entiate benign from malignant lesions are to evaluate the
margin, echogenicity, posterior acoustic features, and
parallel orientation of the lesion. Other signs used for
ABUS included “white wall sign” which is the presence
of an echogenic wall. It corresponds to acoustic en-
hancement found on US and suggests that the lesion is
benign. On the coronal plane, a stellate lesion with des-

moplastic retraction may appear as “a retraction
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phenomenon
malignancy.

Assessment  of  breast  composition, mass
characterization (shape, margin orientation, echo pat-
tern, and posterior feature, multiplicity, location), calcifi-
cation, axillary lymphadenopathy, extent of disease
(EOD), skin thickening, retraction, and BIRADS classifi-
cation were also done.

All breast masses included in this study were inter-
preted as above described and then the accuracy in
reaching the final diagnosis was calculated for both
tomosynthesis and automated ultrasound.

sign” being highly suspicious for

Statistical analysis

Data were coded and entered using the statistical pack-
age SPSS (Statistical Package for the Social Sciences)
version 24. Data were summarized using frequency
(count) and relative frequency (percentage) for categor-
ical data. Standard diagnostic indices including sensitiv-
ity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) were calculated. For
comparing categorical data, chi-square test was per-
formed. Exact test was used instead when the expected
frequency is less than 5, P value less than 0.05 was con-
sidered as statistically significant.

Results

This retrospective study included 70 female patients pre-
sented to the breast imaging unit with breast lesions (de-
tected by mammographic examination or ultrasound,
their mean age was 45 + 9 SD). Out of 70 patients, 82
masses were detected (12 cases showed bilateral breast
lesions; 5 multifocal malignancies, 5 fibrocystic changes,
and 2 bilateral fibroadenomas). Fifty-three cases (64.6%)
were diagnosed as benign while 29 (35.3%) cases were
diagnosed as malignant. As regarding breast density, 72
(87.8%) of the examined breasts were ACR C, while 10
(12.2%) were ACR D.

Pathological results were used as the gold standard of
reference in 54 lesions (54/82): 30 core biopsies (US-
guided core needle biopsy), 19 malignant lesions, and 11
fibroadenomas. There were 11 surgical biopsies (10 ma-
lignant, 5 of which were multifocal and one benign
angiolipoma) and 13 cases diagnosed on FNAC (2 fibro-
adenomas, 1 angiolipoma, and 10 fibrocystic changes).
The remaining 28 lesions (28/82) were proven by US cri-
teria to be benign (seven diagnosed as fibroadenomas
(showing stationary course on 1 year follow-up), one fat
containing lesion (angiolipoma with typical similar le-
sions at the back and extremities) and 20 were typical
simple cysts on ultrasound) (Tables 1 and 2).

As regards the final BIRADS score given for both mo-
dalities, tomosynthesis showed accuracy of 93.1% in
characterization of malignant masses with accuracy of
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Table 1 Final pathological diagnosis of cases included in this

study
Final diagnosis Cases

Number %
IDC+/-DCIS 22 268
Metastasis from NEC 1 24
Metastatic melanoma 1
Bilateral multifocal carcinoma 5 6.1
Angiolipoma 3 36
FCC 28 34.1
Fibroadenoma 20 244
Chronic galactocele 2 24

Total

82 100

94.3% in benign masses, on the other hand automated
ultrasound showed 100% accuracy in characterization of
malignant masses with 98.1% accuracy in benign masses
(Tables 3, 4, 5).

Discussion

Digital breast tomosynthesis is of interest for breast
screening and diagnosis because of its 3D imaging
capabilities and it is potential to alleviate a limitation
of mammography, the masking of non-calcified can-
cers by other dense tissue [6]. Digital breast tomo-
synthesis has shown clinical potential compared to
screen-film and digital mammography by subjectively
providing better image quality and increasing the
number of detected abnormalities and the accuracy in
classification of masses [7].

The current research is a retrospective study on 70 pa-
tients presenting with dense breast masses diagnosed by
mammographic examination. They have been evaluated
by means of digital breast tomosynthesis and automated
breast ultrasound, 82 masses were detected in the 70 pa-
tients, pathological confirmation was done in most
masses (1 = 54/82) and ultrasonography confirmation in

Table 2 Method of reaching final diagnosis of cases included in
this study

Method of diagnosis Number or Percentage
cases
Core biopsy 30 36.5
Surgical biopsy 11 134
FNA 13 158
Typical imaging findings and 1-year 28 34.1
follow-up
Total
82 100
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Table 3 Correlation between DBT results and pathology Table 5 Comparison between accuracy measures of
DBT Pathology tomosynthesis and ABUS

Benign Malignant Statistic Tomosynthesis ABUS
Benign 50 2 Sensitivity 93.1% 100.0%
Malignant 3 27 Specificity 94.3% 98.1%
Total 53 29 Positive predictive value 90.0% 100.0%
True positive, 27/29 = 93.1% (cases diagnosed malignant by both DBT Negative predictive value 96.1% 98.1%
and pathology) Accuracy 93.9% 98.8%

False positive, 3/53 = 5.7% (cases diagnosed as malignant by DBT yet proved
benign on pathology)

True negative, 50/53 = 94.3% (cases diagnosed benign by both DBT

and pathology)

False negative, 2/29 = 6.9% (cases diagnosed as benign by DBT yet proved
malignant on pathology)

the rest (n = 28/82); simple cysts, fat containing lesion
(angiolipoma) and fibroadenomas.

Eighty-two masses were detected; among which 53
were benign (n = 53/82) and 29 were malignant (n = 29/
82).

Histopathology of the masses was reached using differ-
ent techniques such as core biopsy (n = 30), FNAC (n =
13), and excisional biopsy (n = 11). The rest of the
masses (n = 28/82) were confirmed by their characteris-
tic sonographic appearances: anechoic simple cysts and
mixed echogenicity angiolipoma.

In the current study, we found 2 cases of circum-
scribed masses as seen on DBT, yet ABUS revealed mar-
ginal micro lobulations. US-guided core needle biopsy
revealed metastatic disease; one from a peritoneal car-
cinoid, neuroendocrinal tumor (NET) (Fig. 1), and the
other case was a malignant melanoma metastasis. These
cases were diagnosed as benign on DBT as the masses
were well circumscribed and the margins were smooth;
however, ultrasound revealed deep micro lobulations
with posterior acoustic shadowing warranting biopsy.
These two cases were considered as false negative by
DBT.

Similar findings of false negative were reported by Ki-
m et al. in 2015 [8] where cases of lobular carcinoma ap-
peared circumscribed on mammography. In another

Table 4 Correlation between ABUS results and pathology

ABUS Pathology

Benign Malignant
Benign 52 0
Malignant 1 29
Total 53 29

True positive, 29/29 = 100% (cases diagnosed malignant by both ABUS

and pathology)

False positive, 1/53 = 1.9% (cases diagnosed as malignant by ABUS yet proved
benign on pathology)

True negative, 52/53=98.1% (cases proven negative by both ABUS

and pathology)

False negative, 0/29 = 0% (cases diagnosed as benign by ABUS yet proved
malignant on pathology)

study by Vaidya T et al. [9], metastatic breast lesions
were seen well circumscribed and did not present with
suspicious imaging features and was diagnosed purely
on histopathology.

In the three cases of angiolipoma, DBT was easier to
show the fatty content of the lesion; however, ABUS
showed the heterogeneous echogenicity. One of these
cases was surgically excised. The three patients had mul-
tiple bilateral angiolipomas with others in the back and
extremities (Fig. 2).

Three cases were false positive on DBT appearing ir-
regular shape with related architectural distortion
proved to be two cases of bilateral chronic galactoceles/
abscesses and one case of inspissated secretions and
periductal mastitis (chronic inflammatory changes) con-
firmed by fine needle aspiration. These were better diag-
nosed on ultrasound showing secretions within the
ducts (Fig. 3).

One case of likely fibroadenoma as per DBT with well-
circumscribed margin showed deep micro lobulations
with microcystic changes within the mass diagnosed as
suspicious by ultrasound. Biopsy revealed a complex
fibroadenoma; considered to be a false positive result by
ABUS. Here, although DBT was true negative for malig-
nancy, ultrasound added the cystic nature of the lesion.

Tomosynthesis in addition to ABUS showed favorable
clinical trials and proved beneficial in many studies in
the literature; similar to our study is the study of Larson
et al. [10], which was performed in New York (USA) on
13 patients to evaluate a combined automated breast
ultrasound and tomosynthesis in dense breast, it showed
no obvious improvements made concerning the DBT
alone; however, DBT did miss two benign masses be-
cause of high breast density. However, ABUS would have
improved detection and be better able to catch masses
that are missed by DBT for such reasons.

Another recent study by Abd Elkhalek et al. [11] con-
cluded that the sensitivity of the ABUS is about 100%,
and that means, in all the results of the mammogram
study, ABUS can detect it without significant change,
while the specificity of the ABUS was about 62% and this
was more evident in benign lesions. On the other hand,
a study by Lee et al. in 2019 [7] found that adding ABUS
to DBT and/or FFDM increased patient recall-rate in



Hegazy et al. Egyptian Journal of Radiology and Nuclear Medicine

(2021) 52:201

Page 5 of 7

3 0'CLOCK

carcinoid with central calcification and marginal speculation (arrow)

Fig. 1 Case one: 72-year-old female with left breast lump. A Left breast CC Tomo view showing a well circumscribed mass at 3 o'clock position
(arrow). B HHUS with Doppler showing internal vascularity with an anterior advancing edge. ABUS showed a circumscribed hypoechoic mass
(not shown). Core biopsy revealed neuroendocrinal carcinoma metastasis. C Axial CT slice of the lower abdomen showing the primary mesenteric

case of screening. It has been suggested in this study that
double reading of ABUS images might reduce false posi-
tive recall rates. This might also be related to the fact
that all patients included in this study had a positive
family history or past personal history of breast cancer
leading to a sampling bias. In another study by Taglia-
fico et al. in 2016 [12], they found that most of the can-
cers detected by ultrasound but not by tomosynthesis
were masses, while the only cancer detected by tomo-
synthesis but not by ultrasound was an architectural dis-
tortion. In contrary to our study, patients with
architectural distortion on mammography were seen as
an area of hypoechoic architectural distortion on

ultrasound with back-shadowing and were confirmed on
core biopsy.

We had 5 cases of multifocal breast malignancy. Ex-
tent of disease (EOD) was more accurate on ABUS when
correlated with surgical specimen (Fig. 4). This also co-
incides with Shin HJ in 2015 [13] who found that ABUS
was more accurate to find EOD in cases of DCIS as
compared to a second look handheld US. In summary,
we found out that sensitivity of tomosynthesis in detec-
tion and characterization of breast masses was 93.1%,
the specificity was 94.3%, the positive predictive value
was 90%, and the negative predictive value was 96.1%.
On the other hand, the sensitivity of automated

echogenic capsule. Surgical excision revealed angiolipoma

Fig. 2 Case two: 45-year-old female with enlarging left breast. A Tomo CC slice showing a well-defined lucent mass with a thick capsule (arrow).
B, C ABUS images in transverse and multiplanar views showing the mass to be isoechoic with internal echogenicities and a surrounding
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Fig. 3 Case three: 39-year-old with left breast lump. Recent history of right breast abscess drainage. Youngest child 18 months old. A-D 3D Tomo
slices of both breasts in MLO and CC views showing bilateral retro areolar densities with partially obscured margins. E, F Multiplanar ABUS images
showing cystic nature of the masses with intraductal echogenic secretions. Chronic galactocele

ultrasound was 100%, the specificity was 98.1%, the posi-
tive predictive value was 100%, and the negative predict-
ive value was 98.1%.

Conclusion

Adding ABUS to tomosynthesis has proven a valuable
imaging tool for characterization of breast lesions in
dense breasts both as screening and diagnostic tool. In
some cases of screening, it reduces patient call-back.

They can detect breast lesions whether malignant or be-
nign and provide a higher diagnostic quality images with
greater accuracy compared to digital mammography
alone, especially in dense breast which is the greatest
obstacle in breast imaging. They proved to be more sen-
sitive and specific than digital mammography alone in
showing tissue overlap, tumor characterization, lesion
margins, extent of disease, and multiplicity of malignant
lesions.

Fig. 4 Case four: 55-year-old female with left breast lump A Tomo MLO slice showing a dense spiculate mass with obscured margins (circle). B, C
ABUS images in multiplanar views showing the mass to be multifocal hypoechoic with ill-defined margins. US-guided core biopsy revealed

multifocal IDC with DCIS
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