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INTRODUCTION

According to imaging studies for patients with breast can-
cer, mammography (MMG) and breast ultrasound (US) are 
routinely used. And breast magnetic resonance imaging is ad-
ditionally used to determine the breast-conserving surgery 
and the TNM stage preoperatively. Of these, the MMG is ac-
cepted as the only means of reducing breast cancer mortality 
[1]. However, the low sensitivity of MMG for dense breasts, 
women younger than 50 years of age and small-sized cancers 
remains a major limitation [2]. The breast US is advantageous 
because the examiners are able to observe the mass according 

to desired locations, differentiate the shape and consistency of 
the mass, and adjust the interference signal based on their 
technical expertise. It is also beneficial as the breast and axilla 
can be examined in a one-stop process. Meanwhile, its useful-
ness and accuracy have been confirmed and it has been estab-
lished as an essential diagnostic modality for breast cancers 
[3]. It is highly dependent on the examiners and there might 
be variations in accuracy due to the examiners. In addition, it 
is disadvantageous in that it is somewhat time-consuming and 
it has a poor reproducibility [4]. 

To overcome these disadvantages of breast US, state-of-the-
art equipments such as an automated three-dimensional (3D) 
breast US have been recently introduced. An automated breast 
volume scanner (ABVS) (ACUSON S2000TM; Siemens, Berlin, 
Germany) belongs to one of these equipments. This system 
acquires a whole series of consecutive B-mode pictures and 
reconstructs 3D data sets of the entire breast volume. These 
data can be sent to a separate workstation to be analyzed by a 
radiologist. It can be operated by a medical technician or ra-
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Purpose: The aim of this study is to evaluate the clinical utility of 
automated breast volume scanner (ABVS) for detecting and di-
agnosing the breast lesions. Methods: From December 2010 to 
January 2012, bilateral whole breast examinations were per-
formed with ABVS for 139 women. Based on the Breast Imaging 
Reporting and Data System (BI-RADS) categories, the breast le-
sions were evaluated on coronal multiplanar reconstruction im-
ages using the ABVS workstation. Then, the imaging results 
were compared with those on conventional handheld ultrasound 
(HHUS) images. Histological diagnoses were performed on BI-
RADS category 4 and 5 lesions. Results: A total of 453 lesions 
were detected by ABVS. On the HHUS, 33 new lesions were de-
tected but 69 lesions were not detected. BI-RADS category 2 
and 3 matched to those on ABVS at 73.5% (61/83) and 85.4% 
(276/323). In 47 lesions of BI-RADS category 4 or 5, there was 

an exact match to those on ABVS. In addition, 47 lesions were 
classified as BI-RADS category 4 and 5, for which an ultrasound-
guided core needle biopsy was performed. The malignant le-
sions of BI-RADS category 4 and 5 showed the following: 2/27 
(7.4%) in 4A, 4/5 (80%) in 4B, 2/2 (100%) in 4C, and 13/13 
(100%) in 5. The ABVS showed 21 true positives and a positive 
predictive value of 44.7% (21/47). Conclusion: There was consid-
erable agreement in the assessment of the breast lesions by 
ABVS and HHUS. The ABVS had advantages of high diagnostic 
accuracy, examiner-independence, multislice visualization of the 
whole breast and less time-consuming. Our results indicate that 
ABVS might be a useful modality in diagnosing breast lesions.
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diographer [5]. The feasibility and image quality of the ABVS 
are good and it has been proposed as suitable for screening for 
breast cancers [6-8]. 

However, the diagnostic value of this new technique was not 
fully discussed in previous reports. Thus, we conducted this 
study to evaluate the clinical utility of the ABVS in the detec-
tion and diagnosis of breast lesions in comparison to a hand-
held US (HHUS) for an actual clinical setting.

METHODS

During the period ranging from December 2010 to January 
2012, bilateral breast examinations using ABVS and HHUS 
were performed in 139 women. Patients who were referred to 
our hospital due to specific diagnostic queries such as breast 
pains, palpable breast masses, and suspicious breast lesions 
were screened with MMG or US. We excluded the patients 
who were already diagnosed with breast cancer and had a his-
tory of breast surgery or comorbid disorder such as skin dis-
order. 

In this study, we used ACUSON S2000TM ABVS in combi-
nation with 14L5BV transducer (14 MHz, 15.4 cm) which was 
specially designed for the equipment (Figure 1). The transduc-
er has 768 piezoelectric crystals, and is characterized by an 
ability to scan automatically a 6-cm-deep and 16.8-cm-area 
range and to generate 318 high-resolution images up to 0.5 
mm of thickness. In addition, it also has various features and 
functions including tissue harmonic imaging for image opti-
mization, Advanced SieClearTM (Siemens) spatial compound-
ing, dynamic tissue contrast enhancement, inferior-nipple im-
age correction, and 3D image brightness auto-correction. To-

gether with these features and functions, the images are recon-
structed so that the entire breast can be visualized from differ-
ent angles, and provided for secondary real-time scanning. 
With patients in a supine position, a wedge was used to flatten 
the breast, adjusted to the expected breast size (2.5 cm for A, 4 
cm for B, 4.5 cm for D, 5.5 cm for D+). The scanning time was 
one minute per view and minor pressure was added to breast 
to prevent breast movement. Three standard views (coronal, 
longitudinal, and transverse views) were taken for each to en-
sure that the entire breast was covered. For the antero-posteri-
or (AP) position, the arrow of the probe was placed centering 
the nipple and fixed before scanning. For the lateral position, 
the pod was angled with thumbs to push breast tissues from 
axilla toward sternum and fixed before scanning. For the me-
dial position, the pod was angled with thumbs to push breast 
from sternum toward axilla and fixed before scanning. Ob-
tained volume data were migrated from ACUSON S2000TM 
ABVS to the workstations and then displayed in multiplannar 
reconstruction (Figure 2).

In all the patients, HHUS was performed after the ABVS 
examination. HHUS was performed using an ACUSON  
Sequoia 512 (Siemens Medical Solutions, Mountain View, 
USA) with 17L5HD linear transducer at 15 MHz grayscale 
central frequency. The patients were in the supine position 
with the ipsilateral hand raised above the head. All examin-
ations were performed with the US probe oriented perpen-
dicular to the chest wall. All images were digitally recorded. 
For both imaging techniques, the radiologist described the 
shape, orientation, margin, echogenicity, echotexture, posteri-
or acoustic transmission, boundary echo, and presence of cal-
cifications within the mass. The radiologist then provided an 

A B

Figure 1. Automated breast volume scanner (ABVS) system (ACUSON S2000TM; Siemens, Berlin, Germany). (A) The overall view of ABVS system. (B) 
A 14L5BV transducer (14 MHz, 15.4 cm) that has been designed for the ABVS.
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American College of Radiology Breast Imaging Reporting and 
Data System (BI-RADS) final assessment graded from cat-
egory 1 (negative) to category 5 (highly suggestive of malig-
nancy) [9]. We have not categorized any lesions into BI-RADS 
0 since US examination completes the evaluation of all lesions. 
For diagnostic population, the BI-RADS category 1 to 3 were 
combined and rated as benign, and category 4 to 5 were rated 
as malignant. This was followed by the comparison of coronal 
multiplannar reconstruction images and HHUS using an 
ABVS workstation. The findings of the axillary examination 
were excluded. And the consistency of the mass was compared. 
If they were classified into the BI-RADS category 4A or higher 
on the ABVS or HHUS, a histopathologic examination was 
established by the US-guided core needle biopsy. The interpre-
tation of images was done by experienced radiologists. This 
study was approved by the Institutional Review Board of our 
institution (IRB approval No. 2012-10-026).

The results obtained from the ABVS were compared with 
the results from the HHUS. The data were analyzed using de-

scriptive statistics. The concordance rates and positive predic-
tive values were calculated for ABVS. The software package 
SPSS statistics version 17.0 (SPSS Inc., Chicago, USA) was 
used for the statistical analysis. 

RESULTS

A total of 453 lesions were detected on ABVS (BI-RADS 
category 3 or lower, 406; 4A or higher, 47). In addition, a total 
of 417 lesions were detected on HHUS (BI-RADS category 3 
or lower, 370; 4A or higher, 47) (Table 1). Following a compar-
ison of the two results, 33 new lesions were detected from 24 
patients and 69 lesions were not detected from 25 patients on 
HHUS, all of which were the lesions of the BI-RADS category 
3 or lower (Figure 3). We examined the concordance rate be-
tween the lesions based on the BI-RADS category. As com-

A B

Figure 2. Multiplanar reconstruction of the volume data displayed on automated breast volume scanner. (A) Three on one view images that are pro
vided following a multiplanar reconstruction using a workstation. Coronal view (left), longitudinal (right, upper), and transverse views (right, lower) are 
synchronously visualized on the screen. (B) A multislice view that has been designed to create serial sections of the images of overall breast in a sim
ilar manner to the computed tomography.

ABVS

n=69

HHUS

n=384 n=33

Figure 3. Breast mass on automated breast volume scanner (ABVS) 
and handheld ultrasound (HHUS). Additionally, 67 lesions were detect
ed on the ABVS and 33 lesions were detected on the HHUS.

Table 1. The number of detected breast masses on automated breast 
volume scanner and handheld ultrasound

BIRADS
ABVS

No. (%)
HHUS
No. (%)

2 83 (18.3) 68 (16.3)
3 323 (71.3) 302 (72.4)
4 34 (7.5) 34 (8.2)
5 13 (2.9) 13 (3.1)
Total 453 (100) 417 (100)

BIRADS=Breast Imaging Reporting and Data System; ABVS=automated 
breast volume scanner; HHUS=handheld ultrasound.
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pared with the HHUS, the lesions of BI-RADS category 2 and 
3 had match to those seen on ABVS for 73.5% (61/83) and 
85.4% (276/323). In the 47 lesions of BI-RADS category 4 or 5, 
there was an exact match to those seen on ABVS. All matched 
lesions showed consistent radiologic findings. In all BI-RADS 
category 4 or 5 lesions, a diagnosis was made on histopatho-
logic examination. Histopathological diagnosis comprised 18 
invasive ductal carcinomas, 3 ductal carcinomas in situ, 17 fi-
brocystic changes, 5 fibroadenomas, 2 intraductal papillomas, 
1 hamartoma, and 1 chronic granulomatous mastitis. 

Based on each category, the proportion of malignancy was 
7.4% (2/27) in the lesions of BI-RADS category 4A, 80% (4/5) 
in the lesions of BIRAD category 4B, 100% (2/2) in the lesions 
of BI-RADS category 4C, and 100% (13/13) in the lesions of 
BI-RADS category 5 (Table 2). The ABVS showed 21 true 
positives, 26 false positives and a positive predictive value of 
44.7% (21/47). No additional malignant lesions were identi-
fied in BI-RADS category 2 and 3 during 14 to 27 months fol-
low-up on HHUS.

DISCUSSION

As a screening test for breast cancer, MMG has been uni-
versally performed. Breast US has an essential and specific 
role as a complementary method to MMG, and also adding 
diagnostic accuracy. Since the US was first used for medical 
purposes in 1952, it has undergone technical advancements 
and has been used in many specific areas [3]. With the recent 
advancements and universalized uses of the US, its scope of 
application and frequency has been increased. Breast US is 
now established as a standard diagnostic modality for women 
with clinically or radiologically detected suspicious breast le-
sions [10]. HHUS represents the gold standard for this exami-
nation. It has been reported, however, that HHUS are disad-
vantageous as it is greatly dependent on the examiner, as well 
as being time-consuming, and has a poor reproducibility [7]. 

The concept of automated breast US dates back to the 1970s 
when the first applicable systems were reported by Maturo et 
al. [8]. The ABVS is useful in obtaining 3D high-resolution 
images automatically for the overall breast within a shorter 

examination time of about 10 minutes. And as the images can 
be confirmed with the use of digital imaging and communica-
tions in medicine (DICOM) data, demerits of HHUS have 
been overcome. However, ABVS is far from representing an 
accepted medical practice and its accuracy and usefulness 
cannot be concluded [11]. Given this background, we pre-
sented our initial experiences with the latest generation of an 
automated breast US system, ACUSON S2000TM ABVS and 
compared the images between HHUS and ABVS. Thus, we 
estimated a diagnostic accuracy of ABVS as compared with 
HHUS. 

Our results showed that concordance rate of 66.2% between 
ABVS and HHUS images in the lesions of BI-RADS category 
2 or 3 and 100% in the lesions of BI-RADS category 4 or 5. 
Based on category 4 and 5, The ABVS had a positive predictive 
value of 44.7% and these results were identical to HHUS. Posi-
tive predictive value of the lesions of BI-RADS category 4C 
and 5 are 100%, respectively. The results of our study are simi-
lar to the results reported from other groups. Wang et al. [12] 
reported that the diagnostic accuracy of ABVS and HHUS in 
differentiating benign from malignant breast lesions is almost 
identical. In a study of 81 patients by Lin et al. [13], the ABVS 
and HHUS exhibited high sensitivity (both 100%) and high 
specificity (95.0% and 85.0%, respectively). In addition, Kim et 
al. [14] reported that there was substantial interobserver agree-
ment in the final assessment of solid breast masses by ABVS 
and HHUS. And a majority of other studies have reported that 
the detection rate and diagnostic accuracy of ABVS were simi-
lar or higher as compared with HHUS [15-18]. With regard to 
the malignancy based on the BI-RADS categories that is solely 
dependent on ABVS, Tozaki and Fukuma [19] showed the 
similar results to HHUS. Our results also indicated that there 
was a 100% concordance rate in the lesions of the BI-RADS 
category 4 or higher and this led to the speculation that the 
ABVS has a diagnostic value. The images were actually com-
pared between the two modalities for detecting the benign and 
malignant lesions, in which the results are depicted in Figure 4.

ABVS is advantageous as compared with HHUS in that it is 
less dependent on the examiners, it has an excellent reproduc-
ibility, and it can determine the location of lesions more accu-
rately by obtaining the images of the overall breast. Also, it has 
a shorter examination time than the HHUS. In our study, the 
average scanning time of ABVS was 9.8± 1.3 minutes while 
the average scanning time of HHUS was 19.6± 1.6 minutes 
(data not shown). However, its use for the axilla examination 
is limited and therefore the examination of the axilla should 
be performed additionally. Although the identification of the 
mass located inferior to the nipple can be done on a 4-scan 
method where the breast is equally divided into four parts and 

Table 2. Histological diagnosis according to Breast Imaging Reporting 
and Data System classification

Biopsy
BIRADS

4A
No. (%)

4B (%)
No. (%)

4C
No. (%)

5
No. (%)

Total
No. (%) 

Malignancy 2 (7.4) 4 (80.0) 2 (100) 13 (100) 21 (44.7)
Benign 25 (92.6) 1 (20.0)   26 (55.3)

BIRADS=Breast Imaging Reporting and Data System.
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each nipple includes a scanning [20], there might be varia-
tions in the adjustment of artifacts depending on the examin-
ers. To overcome these disadvantages, we perform an overall 
scanning of the lesions with the help of the radiologic techni-
cians who have been well-trained with HUUS that is addition-
ally installed in ABVS. Then, the images were reviewed by the 
radiologist during their interpretations. Thus, attempts were 
made to resolve the problems. The mass located inferior to the 
nipple is examined using a 4-scan method in a similar man-
ner to other studies. Chang et al. [16] reported that the rate of 
HHUS mammographically detects occult breast cancers by 
ABVS were 57.1% to 78.6%, substantial experiences and train-
ings are necessary to improve cancer detection by ABVS.

There might be a controversy as to the usefulness of breast 

US as a screening tool. In patients with dense breast, the diag-
nostic rate of MMG is decreased [2]. It is therefore well-known 
that the additional use of breast US can raise the diagnostic 
rate. Particularly in Korea, as compared with Western coun-
tries, the proportion of young women with breast cancer is rel-
atively higher and the proportion of dense breast is also rela-
tively higher [21]. According to a study where HHUS was re-
placed with ABVS, the ABVS was somewhat advantageous as 
a screening tool as it is not dependent on the examiners and its 
examination time is relatively shorter [22]. However, our study 
was not designed to fully answer the questions of breast cancer 
screening. Thus, if the further study is performed, it is pre-
sumed that ABVS deserves special attention as a screening 
tool. 

A B

C D

Figure 4. Comparison of automated breast volume scanner (ABVS) and handheld ultrasound (HHUS). A comparison of the images which were inter
preted as the lesions of the Breast Imaging Reporting and Data System (BIRADS) category 4B in HHUS (A) and ABVS (B). This lesion was confirmed 
to invasive ductal carcinoma by histologic examination. Additionally, a comparison of the images which were interpreted as the lesions of the BIRADS 
category 3 in HHUS (C) and ABVS (D).
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The present study has several limitations. First, we had no 
histopathologic data on the benign lesions demonstrated by 
ABVS and HHUS. So, we could not calculate the sensitivity 
and specificity of ABVS and HHUS. Second, we did not eval-
uate the comparison of the images between the ABVS and 
MMG. Thus, we could not identify the efficacy of ABVS for 
microcalcifications. Third, we only performed HHUS follow-
up and we had no follow-up data on the additional lesions 
demonstrated by ABVS. These lesions should receive a long-
term ABVS follow-up to confirm clinical stability. Lastly, the 
study was conducted under the retrospective design and en-
rolled a smaller number of patients, not the screening popula-
tions. Thus, our study is a pilot study for a large prospective 
study. Further well-designed prospective studies are therefore 
warranted to overcome the demerits of ABVS, as mentioned 
above, and to examine its usefulness in diagnosis of breast 
cancer.

In conclusion, there was no significant difference in the 
characterization of the breast lesions by ABVS and HHUS. In 
addition, ABVS is also advantageous in that it is not depen-
dent on the examiners, it can visualize the breast within the 
visual field and it is less time-consuming. It is therefore pre-
sumed that it is feasible for clinical applications and is a useful 
modality in diagnosing breast lesions.
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