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Interpretation of automated breast
ultrasound (ABUS) with and without
knowledge of mammography: a reader
performance study

Per Skaane1, Randi Gullien2, Ellen B. Eben2, Merete Sandhaug3,
Ruediger Schulz-Wendtland4 and Frank Stoeblen5

Abstract
Background: Automated breast ultrasonography (ABUS) has the potential to be an important adjunct to mammog-

raphy in women with dense breasts.

Purpose: To compare reader performance and inter-observer variation of ABUS alone and in combination with

mammography.

Material and Methods: This retrospective study had ethical committee approval. All women gave written informed

consent. One hundred and fourteen breasts in 90 women examined by digital mammography and ABUS were interpreted

by five radiologists using BI-RADS categories. The 114 breasts included 38 cancers and 76 normal or benign findings. In

the first reading session ABUS only was interpreted, and in the second ABUS plus digital mammography. Image inter-

pretations were done without knowledge of clinical or imaging results. A consensus panel analyzed false negative and

false positive interpretations. Reading time was recorded for one radiologist. AUC was used for performance meas-

urement, and kappa statistic for inter-observer variability.

Results: Mean size for cancers was 16.2 mm; area under the curve (AUC) values for ABUS alone and for combined

reading were, respectively: reader A, 0.592–0.744; reader B, 0.740–0.947; reader, C 0.759–0.823; reader D, 0.670–0.688;

reader E, 0.904–0.923; and all readers combined 0.730–0.823. The higher AUC for combined reading was statistically

significant (P< 0.05) for reader B and for all readers. There was a considerable inter-observer variability. Observer

agreement revealed following kappa values for ABUS alone and combined reading, respectively: reader A, 0.22–0.30;

reader B, 0.33–0.44; reader C, 0.32–0.39; reader D, 0.07–0.14; and reader E, 0.34–0.43. Shadowing from dense paren-

chyma was the most common cause of false positive ABUS interpretations. Mean interpretation time for a bilateral

normal ABUS examination was 9 min.

Conclusion: Observer agreement was higher and all radiologists improved diagnostic performance using combined

ABUS and mammography interpretation. Combined reading should be standard if ABUS is implemented in screening of

women with dense breasts.
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Introduction

Mammography screening has proven effective in redu-
cing mortality due to early diagnosis of small breast
cancers. Randomized controlled trials have demon-
strated a significant decrease in breast cancer mortality
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(1). A recent study demonstrated 43% reduction among
women attending a national screening program (2).
Mammography is the only imaging test proven to
reduce breast cancer mortality.

Sensitivity of mammography depends on breast
density. Studies on women with dense breasts have
demonstrated sensitivity less than 50% (3). More than
50% of the women younger than 50 years and at least
one-third aged more than 50 years have breast density
BI-RADS 3 and 4 (4). Several imaging tests have been
recommended for women with dense breasts, of which
two modalities have been implemented for screening:
hand-held ultrasonography (HHUS) and magnetic res-
onance imaging (MRI).

HHUS is widely available and well tolerated.
Screening with HHUS has found significantly more
early-stage breast cancers (4–10). A limitation is that
HHUS is time-consuming. MRI has a high sensitivity
(3). Limitations for implementing MRI are high costs
and availability. Costs and examination time can be
reduced using ‘‘short first-pass MRI’’ technique (11).
Neither HHUS nor MRI are realistic alternatives as
adjuncts to mammography in population-based
screening.

Automated breast ultrasound (ABUS) was intro-
duced many years ago, but image quality obtained
with old generation whole-breast scanners was inferior
as compared with high-resolution HHUS. Modern
scanners using high frequency transducers have over-
come this limitation. Three-dimensional (3D) data sam-
pling of ABUS makes it possible to obtain transverse,
sagittal, as well as coronal images. Standardized images
make ABUS reproducible and suitable for follow-up.
ABUS is carried out by radiographers, and interpret-
ation at dedicated workstation makes independent
double reading in batch mode possible. Thus, ABUS
possess the essential prerequisites for implementation in
high-volume screening.

The purpose of our study was to evaluate diagnostic
performance and inter-observer variability using ABUS
alone versus combined ABUS and mammography
interpretation.

Material and Methods

Patients

Institutional review board approved the study, and all
patients provided informed written consent. Women
referred to the Breast Imaging Center were invited to
participate when daily work-load permitted additional
ABUS. All women underwent scheduled imaging first,
and afterwards ABUS examination.

Ninety women were included. Indication for imaging
was a palpable mass in 31 (35%), work-up of suspicious

findings at mammography in 47 (52%), surveillance in
nine (10%), and nipple discharge in three (3%). Both
breasts were examined with ABUS in 24 and one breast
in 66 patients. For purpose of the study, one breast was
defined as one case. Thus, a total of 114 breasts (one
breast¼ one case) were included. Mean age of the 90
patients was 54.9 years (range, 20–86 years; median age,
57.5 years).

Final diagnosis was based on needle biopsy or sur-
gical histology. Patients with normal or benign findings
dismissed without biopsy had a 1-year follow-up. A
total of 76 cases were normal or benign: 45 normal,
10 cysts, 15 fibroadenomas, two papillomas, one phyl-
lodes tumor, and three radial scars. Histology of 38
malignant tumors included 25 invasive ductal carcin-
omas (IDC), six mixed IDC and ductal carcinoma in
situ (DCIS), one pure DCIS, five invasive lobular car-
cinomas (ILC), and one invasive apocrine carcinoma.
Mean size of the 38 cancers was 16.2mm (range,
4–50mm; median, 14.0mm); mean size of the 24 screen-
ing-detected cancers was 13.2mm (range, 4–25mm;
median, 11.0mm); and mean size of the 14 cancers pre-
senting as palpable lump was 21.4mm (range,
8–50mm; median, 18.5mm). Mean age of cancer
patients was 61.3 years (range, 41–86 years) and
median age was 62.5 years.

Parenchymal density was grouped according to
Breast Imaging Reporting and Data System (BI-
RADS) as category 1 (fatty) or 2 (scattered dense) in
56 cases, and as density 3 (heterogeneously dense) or 4
(extremely dense) in 48 cases. In 10 cases (seven normal
and three fibroadenomas) mammography was not car-
ried out since this had been done at another institution.

Final diagnoses and densities of the 114 cases, given
as mean BI-RADS score by the five readers, are sum-
marized in Table 1.

Mammographic and ultrasonographic examinations

Full-field digital mammography (FFDM) was carried
out using a Senographe DS unit (GE Healthcare,
Milwaukee, WI, USA). Examinations included two
standard (cranio-caudal and medio-lateral oblique)
views. Additional (latero-medial, spot compression,
and magnification) views were performed if indicated
but not offered for the study interpretation sessions.

HHUS was carried out using a high-resolution sono-
graphic unit with a 12MHz linear transducer (Aplio 80
System, Toshiba Medical Systems, Tokyo, Japan). All
ultrasonographic examinations were performed by one
of five in-house radiologists. HHUS images were not
offered for the study interpretation sessions.

Automated breast volume scanning (ABUS) was
carried out using a ABUS unit (SomoVuTM,
U-System, Inc., San Jose, CA, USA). The scanner is
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equipped with a linear 7.5–10MHz transducer. Four
radiographers trained with ABUS performed all exam-
inations. Patients were examined in supine position
with the ipsilateral arm above the head. Three views
were usually performed for women with small and
medium-size breasts: A ‘‘frontal’’ including areola
area, a frontal-medial to cover medial quadrants, and
a frontal-lateral view to include lateral quadrants. In
women with large breasts, additional views were occa-
sionally needed. The examination technique has been
described earlier (12). Two views were performed in 42
(37%), three views in 51 (45%), four views in 20 (17%)
breasts, and five views in one case.

Image study interpretations

Five radiologists with 5–29 years of experience in breast
imaging participated in the study: two in-house radiolo-
gists (readers C and E with 25 and 29 years of experi-
ence in clinical mammography, respectively) and three
external readers of which one (reader B, with 5 years of
experience) was domestic and two were from abroad
(readers A and D, with 22 and 15 years of experience,
respectively). Two of the three domestic radiologists
(reader B and C) had no experience with ABUS prior
to the study, and 4 hours of training with ABUS inter-
pretation and how to operate the dedicated ABUS
review workstation was given before study began. The
radiologists analyzed all images in both reading ses-
sions without knowledge of patient history, clinical
findings, results of initial imaging work-up, or histology
reports. Images were anonymized and presented to the
readers in the same order (sequence). The cases were
randomly mixed by one of the authors (RG) who did
not take part in interpretations in such a way that the
two breasts from patients with bilateral examination
always were separated by several other cases. The two
in-house and the domestic external radiologists inter-
preted all ABUS cases at a dedicated review

workstation located in a darkened room where also
the dedicated FFDM workstation was located. The
anonymized mammography and ABUS examinations
were sent to the two foreign radiologists using a mini
hard-disk since both had dedicated FFDM and ABUS
workstations available.

The first reading session 10 weeks after the last
woman had been examined included ABUS only. The
domestic readers were recommended to use the in-
house reading protocol, which included three main
steps. First, analyzing transverse images slice-by-slice
and compare suspicious findings with the correspond-
ing reconstructed sagittal views. If a suspicious finding
was noticed, it was recommended to put a marker on it
and wait with interpretation until the end (see below).
Second, coronal images were analyzed looking for
‘‘holes’’ (‘‘black’’ or ‘‘white’’ depending on setting)
and the ‘‘retraction phenomenon’’. Third, the final ana-
lysis of suspicious lesions, if any. This reading protocol
was a recommendation, and its use was optional. The
two foreign radiologists had both experience with
ABUS, and no reading protocol was recommended.

The second reading session including combined
ABUS and mammography was carried out 8–12
weeks after the first. The readers had to return their
completely filled out sheets from the first session
before the anonymized ABUS and FFDM were offered
for combined interpretation. The readers were again
blinded to clinical, imaging and pathology results,
and to their ABUS interpretations from the first ses-
sion. The author (RG) not taking part in interpretation
again mixed images in such a way that cases from
women having bilateral examination were always sepa-
rated by several cases from other women. The sequence
of cases was different from the first reading session, but
similar for all readers.

In both sessions the radiologists had to fill out a
sheet for each case giving their BI-RADS score: 1,
normal; 2, benign; 3, probably benign; 4, suspicious;

Table 1. Breast parenchyma density (ACR, BI-RADS categories 1–4) and final diagnoses for the 114 automated whole breast

(volume) ultrasound examinations.

Density

BI-RADS

Benign:

normal

Benign:

cyst

Benign:

fibroadenoma

Benign:

other

tumors

Benign:

radial scar

Cancer:

IDC

Cancer:

IDCþDCIS

Cancer:

ILC/others Total

1 3 0 0 1 1 1 2 0 8

2 23 5 3 0 0 14 1 2 48

3 11 3 5 2 1 9 2 4 37

4 1 2 4 0 1 1 2* 0 11

No mx 7 0 3 0 0 0 0 0 10

Total 45 10 15 3 3 25 7 6 114

*One case of pure DCIS.

DCIS, ductal carcinoma in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; mx, mammography.
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and 5, highly suggestive of cancer. BI-RADS subgroups
4A–C was not used. In the first session, the readers
should specify their main ultrasound diagnosis
(normal; cyst; differentiation cyst-tumor not possible;
benign tumor; indeterminate tumor; malignant tumor;
other abnormality), and size (in mm) of a tumor. The
readers were asked to answer ‘‘yes’’ or ‘‘no’’ whether
the ABUS examination was properly done, and if ‘‘no’’
give the reason why inadequate (breast incompletely
examined; artefacts, or specify if other reasons). The
sheets were checked by the radiographer (RG) for com-
pleteness before the second reading session could start.
In the second session, the radiologists had to give
assessment score for combined interpretation using
the same 5-point BI-RADS scale, and to specify mam-
mographic findings (normal; mass; distortion; asym-
metric density; calcifications; or a combination of
findings). Only final BI-RADS assessment scores were
used for comparing results in the two reading sessions.

In the second session, each reader was asked to give
the mammographic density score according to the BI-
RADS scale (1, fatty breast with glandular density less
than 25%; 2, scattered fibroglandular density 25–50%;
3, heterogeneously dense breasts with 51–75% glandu-
lar tissue; and 4, extremely dense breast with more than
75% glandular tissue). Mean scores given by the five
readers are shown in Table 1.

Interpretation time for the 114 ABUS examinations
was recorded for one reader (PS). The organizing radi-
ographer (RG) manually recorded reading time for
each case using a stop-watch.

After finishing both sessions, the three domestic
radiologists in a consensus meeting analyzed ABUS
interpretations with false positive and false negative
results. All sheets filled out by the radiologists in both
sessions, clinical history, imaging findings, and path-
ology reports were available at this meeting.

Statistical analysis

Sensitivity and specificity were defined using dichoto-
mized BI-RADS assessment scores: Scores 1–3 were
considered normal/benign and grouped ‘‘negative’’,
whereas BI-RADS scores 4–5 were defined as suspi-
cious and grouped as ‘‘positive’’. Diagnostic perform-
ance for individual readers for both sessions was
calculated using receiver operating characteristic
(ROC) analysis, and area under the ROC curve
(AUC) was used for comparison (EpiInfo Version 3.3).

Kappa statistic was used for comparison of interob-
server variability using the 5-point BI-RADS assess-
ment categories. Unweighted kappa values are
presented for a three-level scale of the collapsed 5-
point assessment scale. For this 3-level scale, BI-
RADS categories 1 and 2 were grouped as ‘‘benign’’,

category 3 remained ‘‘indeterminate’’, and BI-RADS
categories 4 and 5 were grouped as ‘‘suspicious/malig-
nant’’. Collapsing the BI-RADS 5-point assessment
scale into a three-level rating scale seems reasonable
since the differentiation between normal and definitely
benign on one hand, and suspicious and malignant on
the other hand is trivial and of no clinical consequence.

Results

ABUS only interpretation

Excluding non-neoplastic lesions (cysts and radial
scars) from analysis, a total of 18 benign tumors were
diagnosed. Detection rate for these 18 tumors was 39%
(7/18) for reader A, 56% (10/18) for reader B, 61% (11/
18) for reader C, 100% (18/18) for reader D, and 72%
(13/18) for reader E.

Thirty-eight cancers were included (Table 1). In the
consensus review three malignant lesions were con-
sidered not to be visible on ABUS: one Paget’s disease,
one pure DCIS, and one mixed DCIS and IDC.
Excluding these three non-visible malignant lesions
from analysis, reader A diagnosed a suspicious or
malignant tumor in 34% (12/35), reader B in 66%
(23/35), reader C in 77% (27/35), reader D in 100%
(35/35), and reader E in 91% (32/35) of cases. The
detection of benign and malignant tumors on ABUS
only for the five readers is presented in Fig. 1.

ROC analysis based on the 5-point BI-RADS cate-
gories for benign and malignant tumors showed that
the area under the curve (AUC) varied from 0.592 to
0.904 among the radiologists (Table 2).

The false positive rate (BI-RADS score 4 or 5 for a
benign lesion) was for reader A 4% (3/76), for reader B
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Fig. 1. Bar graph showing the percentage of detection (per-

ception) rate for the 18 benign (dotted columns) and the 35

malignant (columns with horizontal lines) tumors by each of the

five radiologists using ABUS only in the first reading session.

Three malignant lesions not visible on ABUS are excluded from

analysis.
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11% (8/76), for reader C 14% (11/76), for reader D
71% (54/76), and for reader E 14% (11/76). In 25
cases two or more readers had a false positive score.
Retrospective consensus evaluation of these 25 cases
concluded that the probably reasons for false positives
were a benign tumor (fibroadenoma) misinterpreted as
suspicious in 60% (15/25) of cases, shadowing from
heterogeneous parenchyma in 24% (6/25) of cases, sha-
dowing from scarring tissue in 8% (2/25), and there was
no explanation for the false positive score by two read-
ers in 8% (2 cases).

False negative interpretation by two or more readers
occurred in 18 malignant cases. At consensus

evaluation, shadowing was the explanation for the
missed cancers in six (33%) of these cases, whereas
the tumor was overlooked in nine (50%) cases. Three
cancers were not visible at ABUS.

Observer agreement using unweighted kappa for the
three-level scale of the collapsed 5-point BI-RADS cate-
gories revealed following mean kappa values with the
four comparisons of each radiologists with the others
(individual values in parenthesis): reader A, 0.22 (0.32,
0.26, 0.04, 0.27); reader B, 0.33 (0.32, 0.45, 0.05, 0.49);
reader C, 0.32 (0.26, 0.45, 0.07, 0.50); reader D, 0.07
(0.04, 0.05, 0.07, 0.12); and reader E, 0.34 (0.27, 0.49,
0.50, 0.12). The kappa values are presented in Table 3.

Table 3. Kappa scores on agreement between the five radiologists for ABUS only interpretation (K3abus) and

combined ABUS and mammography reading (K3 mx). The mean kappa score is the mean value of agreement in the

four comparisons of each radiologist with the others.

Reader

Reader

B C D E Mean kappa

A K3abus¼ 0.32

K3 mx¼ 0.46

K3abus¼ 0.26

K3 mx¼ 0.31

K3abus¼ 0.04

K3 mx¼ 0.07

K3abus¼ 0.27

K3 mx¼ 0.35

0.22

0.30

B K3abus¼ 0.45

K3 mx¼ 0.51

K3abus¼ 0.05

K3 mx¼ 0.15

K3abus¼ 0.49

K3 mx¼ 0.64

0.33

0.44

C K3abus¼ 0.07

K3 mx¼ 0.18

K3abus¼ 0.50

K3 mx¼ 0.56

0.32

0.39

D K3abus¼ 0.12

K3 mx¼ 0.15

0.07

0.14

E K3abus

K3 mx

0.34

0.43

K3abus: Kappa value on the three-level scale of the collapsed 5-point rating scale for ABUS interpretation only. K3 mx: Kappa

value on the three-level scale for combined ABUS and mammography reading.

For both reading modes, the 5-point BI-RADS assessment scale has been collapsed into a 3-point scale: Assessment categories 1

and 2 as one category, assessment category 3 unchanged, and assessment categories 4 and 5 merged into one category.

Table 2. Diagnostic performance (ROC analysis) of the five radiologists and the overall pooled results

based on the 5-point BI-RADS assessment scale. The AUC with 95% CI are presented for ABUS only and

for combined ABUS and mammography interpretation.

Reader

ABUS only ABUSþMammography

SignificanceAUC (95% CI) AUC (95% CI)

A 0.592 (0.475–0.709) 0.744 (0.638–0.851) n.s.

B 0.740 (0.629–0.852) 0.947 (0.900–0.994) Significant

C 0.759 (0.652–0.867) 0.823 (0.728–0.919) n.s

D 0.670 (0.571–0.769) 0.688 (0.592–0.784) n.s.

E 0.904 (0.828–0.980) 0.923 (0.857–0.988) n.s.

All 0.730 (0.682–0.779) 0.823 (0.783–0.863) Significant
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Combined FFDM and ABUS interpretation

The number of malignant tumors having a positive BI-
RADS score 4 or 5 using combined reading as com-
pared with ABUS alone increased for four of the five
radiologists and was unchanged for one: reader A, 10
vs. 19; reader B, 24 vs. 35; reader C, 27 vs. 28; reader D,
no change; and reader E, 32 vs. 33.

ROC analysis showed that AUC for combined inter-
pretation increased as compared with ABUS alone for
all five radiologists. The increase was statistically sig-
nificant for one radiologist (reader B). Overall pooled
AUC values also revealed a significant increase using
combined reading as compared with ABUS alone
(Table 2).

Observer agreement using the three-level unweighted
kappa statistic of the collapsed 5-point BI-RADS
assessment revealed following mean kappa values for
each radiologist (the individual kappa values for com-
parison with the others in parenthesis): reader A, 0.30
(0.46, 0.31, 0.07, 0.35); reader B, 0.44 (0.46, 0.51, 0.15,
0.64); reader C, 0.39 (0.31, 0.51, 0.18, 0.56); reader D,
0.14 (0.07, 0.15, 0.18, 0.15); and reader E, 0.43 (0.35,
0.64, 0.56, 0.15). The kappa values are summarized in
Table 3.

Interpretation time

Mean interpretation time for the 114 ABUS examin-
ations (one examination¼ one breast) recorded manu-
ally for one of the readers (PS) was 276 s (i.e. 4min 36 s)
per breast, corresponding to about 9min for a bilateral
examination. The reading time varied depending on the
presence of abnormalities. Thus, the mean interpret-
ation time per breast was 244 s for 55 normal/benign
breasts (normal and fibrocystic changes), 290 s for 21
breasts containing benign tumor, and 316 s (i.e.
5min 16 s) for breasts with a malignant tumor detected
by the reader.

Discussion

The main findings of this study are the considerable
inter-observer variation for interpretation of ABUS,
and the improvement of reader agreement and diagnos-
tic performance for combined ABUS and mammog-
raphy reading as compared with ABUS alone. These
results are in accordance with studies comparing
HHUS versus combined reading (13). Our results indi-
cate that ABUS reading should be performed with
knowledge of mammographic findings and by the
same radiologist. This important issue has so far
received little attention.

The incremental cancer detection rate using supple-
mental HHUS has been two to four cancers per 1000
women screened (4,6,7,10,14,15). Similar increase in

diagnostic yield was also reported using automated
whole breast ultrasound (16). HHUS is time-consum-
ing. To the best of our knowledge, only Austria has
implemented ultrasound in organized screening. Data
from Austria show that 38% of attending women
(having density BI-RADS 3 and 4) underwent add-
itional ultrasound (17).

Personalized (individualized) screening with supple-
mental ultrasound for women at average risk for breast
cancer is a hot topic. The issue has been actualized after
a law was enacted in the US state of Connecticut in
October 2009, requiring radiologists to communicate
breast density information to patients undergoing
mammography, and mandating that women are
informed of the possible benefit of ultrasound as add-
itional screening modality (14,18). Meanwhile further
US states have passed similar laws.

A problem with supplemental ultrasound is the high
number of false positive findings. Reported positive
predictive values for ultrasound-detected lesions have
been in the range of 5.5–10.3% (4,10,14,18). Training
might improve performance for ultrasound since high
negative predictive values have been reported using sys-
tematic tumor descriptor analysis (5,19,20).

ABUS possesses prerequisites for implementation in
population-based screening. ABUS is carried out by
radiographers since breast density can be automatically
determined at FFDM acquisition station (21).
Consequently, supplemental ultrasound can be per-
formed during a single visit. Standardized images can
be interpreted on dedicated viewing stations using inde-
pendent double reading in batch mode. ABUS has
shown promising results (16), and most cancers larger
than 10mm are demonstrated in transverse and recon-
structed sagittal and coronal views (Fig. 2). An advan-
tage of ABUS is reconstructed coronal images showing
‘‘black holes’’ (Fig. 2), and ‘‘retraction phenomenon",
which has a high sensitivity and specificity for cancer
(22). Our experience with the first generation ABUS
was that ‘‘black holes’’ were occasionally not seen in
small cancers (Fig. 3a). Improvements in technology
may overcome this limitation. Comparison of HHUS
and ABUS shows minor quality differences between the
two techniques (Fig. 3a–c). However, studies compar-
ing HHUS and ABUS have shown conflicting results.
One study showed comparable diagnostic accuracy
between the two techniques (23), whereas another
study reported that only 57–78% of HHUS-detected
cancers were identified with ABUS (12).

ABUS has two main weaknesses. First, shadowing
from fibroglandular tissue can usually be solved with
HHUS by applying compression and rotation of the
transducer, but is a problem using ABUS. Shadowing
was the reason for most missed cancers and most false
positives in our study. Incomplete coverage is a further
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reason for missing cancers using ABUS (24). Chang
et al. reported that only 57–78% of HHUS-detected
cancers were identified with ABUS (12). Radiologists
can adjust focal zone, depth compensation gain, and
transducer compressibility with HHUS whereas
ABUS offer only fixed parameters (24). Second, a fur-
ther limitation is the reported ABUS reading time of
5–10min for a bilateral examination (12,16,23), which
is in accordance with our study. This is too time-
consuming for population-based screening.

Results on ABUS regarding interobserver variability
have been conflicting. Very good agreement regarding
BI-RADS classification of HHUS and ABUS (25) as
well as only fair agreement has been reported (26).
Agreement between mammography and ABUS was
poor due to a high percentage of false positive ultra-
sound interpretations (27). Kappa values for ABUS
alone was only fair in our study (Table 3), and the
fair agreement for combined reading (Table 3) is in
accordance with a recently published study (28). The
inter-observer variability in our study needs some com-
ments. First, the readers had different experience with
ABUS. Second, the reading environment was different,
and interruptions were not recorded. Finally, in this

‘‘multi-institutional’’ study the readers might have
applied different thresholds for BI-RADS categories.

Alternatives to ABUS in high-volume screening for
women at normal risk with dense breasts include MRI
and digital breast tomosynthesis (DBT). MRI could be
carried out using ‘‘short first-pass technique’’ (11), but
costs and availability are limiting factors. A promising
modality for screening is DBT. Two studies have shown
significantly higher cancer detection rates using tomo-
synthesis (29,30). DBT requires less manpower, and
image acquisition and interpretation can be performed
much faster than ABUS (30).

Our study has limitations. This was a retrospective
study, and prospective trials would be mandatory
before ABUS is implemented in screening. Second,
the study population was small and did not permit
stratified analysis on lesion types and breast density.
Evaluation of sensitivity for small cancers would have
been of most interest. A further limitation was that
image interpretations were not carried out under
equal and controlled reading environment. Finally,
two readers had no experience with ABUS prior to
the study and the pre-study training might have been
insufficient.

Fig. 2. Three-dimensional ABUS images shows a 15 mm invasive ductal carcinoma in the lateral part of the right breast on axial

(transverse) view (top) and reconstructed coronal (bottom left) and sagittal (bottom right) views. The cancer is easily seen as a ‘‘black

hole’’ (cross) on the coronal view. A yellow spot marks the location of the nipple on the coronal view.
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In conclusion, combined mammography and ABUS
reading by the same radiologist improves diagnostic
performance and results in higher observer agreement.
Consequently, combined reading mode should be
‘‘standard’’ if ABUS is implemented in screening for
women with dense breasts. Prospective studies are
necessary before implementation of ABUS can be rec-
ommended in population-based screening.
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