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Introduction

Mammography is the standard imaging method for breast cancer 
screening and allows for the early detection of breast cancers, resulting 
in reduced breast cancer mortality (1). However, the sensitivity 
of mammography depends on breast density, as tumor visibility 
is significantly reduced in dense breasts. The overall sensitivity of 
mammography is 72% (2). However, it is only 30–50% in women 
with dense breasts, either heterogeneously dense or with extremely 
dense parenchyma (2, 3). Approximately 55.4% of women aged <50 

years and 29.3% of women aged >50 years have dense breasts with 
parenchymal density >50% (4).

An automated breast ultrasound system (ABUS) (5) was initially 
proposed as a screening modality, and adjunct use of the ABUS 
with mammography has increased cancer detection rates, especially 
in women with dense breasts (as defined by the American College 
of Radiology’s Breast Imaging Reporting and Data System) (6, 7). 
The SomoInsight study, a trial reported by Brem et al. (7), revealed 
the detection of an additional 1.9 cancers per 1,000 women 
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ABSTRACT

Objective: An automated breast ultrasound system (ABUS) combined with screening mammography has increased cancer detection rates; however, 
supplemental ABUS use has increased recall rates. In this study, we aimed to identify an accurate and efficient method of ABUS interpretation and evaluate 
the potential usefulness of its coronal view versus the conventional transverse view.

Materials and Methods: This retrospective observer study included comprised 114 ABUS cases (40 normal, 35 benign, 39 malignant). Ten physicians 
from multiple institutions interpreted the anonymized coronal and transverse views independently. The observers scored their confidence in the lesion 
detection for each case using a continuous scale and recorded reading times for each coronal and transverse view interpretation. Free-response receiver 
operating characteristic analysis was employed to compare detection accuracies between views; a paired t-test was used to compare the average reading times.

Results: Detection accuracy did not differ significantly between the coronal and transverse views (figure of merit=0.740 and 0.745, respectively; p = 0.72). 
However, the average reading time for the coronal view was significantly shorter than that for the transverse view (149.7 vs. 200.3 seconds per case, p = 
0.003). 

Conclusion: The coronal view obtained with the ABUS was useful for interpretation and associated with significantly shorter reading times compared with 
the conventional transverse view while maintaining breast lesion detection accuracy.
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with dense breasts when an ABUS was combined with screening 
mammography.

The ABUS was developed to overcome the limitations of operator 
dependency, poor standardization, and reproducibility of handheld 
ultrasound (HHUS), with identical diagnostic accuracy to that of 
HHUS (8-10). Furthermore, ABUS showed similar efficacy for cancer 
detection with less benign findings compared with HHUS, suggesting 
that ABUS can potentially decrease the incidence of false positives 
(11). Use of an ABUS allows for the uncoupling of acquisition and 
interpretation, with the advantage of double-reading, objective 
comparison with previous examinations, and re-evaluation of stored 
images, even after the acquisition. Chou et al. (12) reported that an 
ABUS provided reproducible images for the proper orientation and 
documentation of lesions, which is useful for follow-up studies.

Another innovative feature of the ABUS is the coronal view, which 
is unavailable with HHUS. The ABUS acquires an entire series of 
consecutive transverse images and reconstructs three-dimensional 
datasets of the entire breast volume, which can be reformatted into 
three views, including sagittal and coronal views. The ABUS allows 
the analysis of lesions in all three views, and the coronal view provides 
additional information for breast lesion detection and diagnosis 
(8,10,13-19). These studies mainly reported that the value of the 
coronal view was related to a comprehensive view of the breast 
anatomy, which provides information that can assist in breast cancer 
surgery and the visibility of the retraction phenomenon, which is an 
important characteristic of breast cancer. In the coronal view, the 
important information required for surgical planning is visualized 
with regard to the lesion location in relation to the nipple, as well 
as the segmental organization of the ductal system and surrounding 
tissue. The retraction phenomenon, which is visible in the coronal 
view, may help in the detection and differentiation between benign 
and malignant breast lesions.

However, supplemental ABUS screening also increases recall rates, 
leading to biopsy, with decreased positive predictive values (7, 20). In 
addition, ABUS requires interpretation of the whole breast, which is 
another challenge because this possibly increases the burden on the 
reader. Thus, we aimed to identify an accurate and efficient method of 
interpreting ABUS findings. We assessed the potential usefulness of the 
coronal view for improving the detection accuracy of breast lesions and 
reading times compared with that of the conventional transverse view.

Materials and Methods

Study Design and Ethics

In this retrospective, multicase, observer study, we used cancer-
enriched datasets of ABUS images at a single institution. This study 
was conducted in accordance with the Declaration of Helsinki and 
approved by the institutional review board of Hokuto Hospital 
(approval number: 1034; date: October 23, 2018). The informed 
consent requirement was waived owing to the use of anonymized 
datasets.

Cases and Datasets

Our dataset comprised 114 ABUS cases with both coronal and 
transverse views obtained at our institution between October 2015 
and September 2018. The cases were randomly and blindly selected by 
a radiological technologist. Two physicians who were not involved in 
this study reviewed the scan datasets to ensure suitability for analysis. 

The exclusion criteria were as follows: 1) a diagnosis of cancer by 
stereo-guided biopsy; 2) the presence of more than two malignant 
lesions; 3) the presence of more than five lesions; 4) the presence of 
a mass measuring ≥3 cm, and 5) a history of breast biopsy or surgery.

Image Acquisition

The InveniaTM ABUS (GE Healthcare, Chicago, IL, USA) was operated 
by one of five experienced radio technologists. Each breast was imaged 
with an automated 15.4 cm, 6–14 MHz, linear-array transducer. 
Three scans were performed for each breast (anteroposterior, lateral, 
and medial), although however, small breasts were imaged using two 
scans. Additional scans were performed as necessary for complete 
breast coverage.

Image Interpretation

The 114 scan datasets were assessed by 10 physicians from multiple 
institutions (5 Japanese and 5 Thai observers): 1 radiologist (with no 
experience using the ABUS), 1 internist (with 33 months of ABUS 
experience), and 8 breast surgeons (with ABUS experience ranging 
from 0–54 months). All observers completed the Invenia™ ABUS 
Mastery Program (Physician’s Training) before study participation.

The scan datasets were anonymized and presented to the observers in the 
same order between June and October 2019. The observers interpreted 
the coronal and transverse views independently and while blinded to 
personal information or the results of the other view. Initially, the 114 
ABUS scan datasets was interpreted in the coronal view and after a 
4-week refresh period, they images were interpreted in the transverse 
view, thus ensuring that the observers had access to only the coronal 
or transverse view at any given time. A “coronal comparison” panel 
was displayed for coronal view reading (Figure 1) and a “transverse 
comparison” panel for transverse view reading (Figure 2).

The observers assessed each case for the presence or absence of 
abnormalities and were asked to complete a form to indicate the lesion 
locations and to report their confidence level on the presence of lesions. 
Confidence was assessed using a continuous rating scale from 0 to 1, 
with 0 corresponding to “definitely no lesion” and 1 to “definitely a 
lesion.” This study focused on the detection of lesions rather than the 
discrimination between benign and malignant lesions. The assessments 
for lesions at different locations were excluded as false positives. The 
reading times for all observers for each of the coronal and transverse 
view interpretations were also recorded. The total reading time per day 
was limited to one hour to avoid the influence of fatigue.

Figure 1. Coronal panel for coronal view reading. The left breast 
(anteroposterior, lateral) is shown. The yellow dots on the coronal 
view indicate the nipple positions
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Statistical Analysis

Differences in the detection accuracy between the coronal and 
transverse views were statistically compared using the free-response 
receiver operating characteristic (FROC) analysis method for 
continuously distributed test results. The average reading time of each 
dataset was analyzed for each view and compared using a paired t-test. 
All statistical analyses were performed using JAFROC software version 
4.2 (21). A p<0.05 was considered statistically significant.

Results

The selected scan datasets included 114 cases [healthy, n = 40 (5.1%); 
benign, n = 35 (30.7%); malignant, n = 39 (34.2%)] with 105 lesions 
(66 benign and 39 malignant lesions) from 83 women (mean age, 
54±9 years) (Table 1). 

In total, 2, 3, and 4 scans were performed in 83 (72.8%), 28 (24.6%), 
and 3 (2.6%) breasts, respectively.

In addition, 82 mass lesions [78.1%; mean size, 10.6 mm; median 
(range), 9.0 mm (2.3–25.8 mm)] and 23 hypoechoic non-mass lesions 
[21.9%; mean size, 26.3 mm; median (range), 21.2 mm (5.5–65.3 
mm)] were identified. Ultrasound-guided vacuum-assisted needle 
biopsy (VAB) (EnCor™, 10G, Becton, Dickinson and Company, 
Franklin Lakes, NJ, USA) was performed in 45 of the 114 cases, of 
which 6 and 39 cases had benign and malignant lesions, respectively. 
The pathological characteristics are shown in Table 2. The benign 
group included 6 VAB-confirmed cases and 29 non-VAB cases that 
showed no changes after >2 years of follow-up.

The figure of merit for the coronal view was slightly lower than that 
for the transverse view, although the difference was not statistically 
significant (0.740 vs. 0.745, respectively; p = 0.72) (Figure 3). 
Sensitivity, specificity, accuracy, and positive and negative predictive 
values for both coronal and transverse view are listed in Table 3. The 
average number of false negative benign and malignant lesions was 
16.7 and 6.1 for the coronal view and 14.4 and 5.4 for the transverse 
view (Table 4), respectively. We defined a false negative as a rating of 

Table 1. Description of study sample (n = 114 breasts of 83 

women)

Characteristic Value

Age (years) 53.9 (40–69)

Age group

40–49 years 42 (36.8)

50–59 years 36 (31.6)

60–69 years 36 (31.6)

Number of lesions per case

  0 40 (35.1)

  1 53 (46.5)

  2 14 (12.3)

  3 5 (4.4)

  4 1 (0.9)

  5 1 (0.9)

Data are presented as the mean [range] or as numbers and percentages 
(%); percentages are rounded off

Table 2. Pathological characteristics of breast lesions (n = 

105 lesions in 74 breasts)

Pathological characteristic Value

Benign 66 (62.9)

Intraductal papilloma 3 (2.9)

Fibrocystic change 2 (1.9)

Fibroadenoma 1 (1.0)

No change after >2 years follow-up 60 (57.1)

Malignant 39 (37.1)

Scirrhous carcinoma 12 (11.4)

Papillotubular carcinoma 9 (8.6)

Solid-tubular carcinoma 8 (7.6)

DCIS 6 (5.7)

Invasive lobular carcinoma 2 (1.9)

Mucinous carcinoma 1 (1.0)

Apocrine carcinoma 1 (1.0)

Data are presented as numbers and percentages (%); percentages are 
rounded off; DCIS: Ductal carcinoma in situ

Figure 2. Transverse panel for transverse view reading. The left 
breast (anteroposterior, lateral) is shown

Figure 3. A) The free-response receiver operating characteristic 
curve revealed no significant difference in the average confidence 
levels in the detection of lesions between the coronal and transverse 
views (figure of merit=0.740 vs. 0.745, respectively; p = 0.718) across 
all observers. B) Separate data on the detection of both benign and 
malignant lesions showing the lower detection of benign by both 
coronal and transverse views
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<50 on a continuous scale. The average reading time was significantly 
shorter for the coronal than transverse views (149.7 vs. 200.3 seconds 
per case, p = 0.003).

The characteristics of the malignant cases that most observers could 
not detect, and which at least six observers scored 0 on the scale, are 
summarized in Tables 5 and 6.

Five malignant cases were identified in which most observers could 
not detect the lesions in the coronal view although they were able to 
detect them in the transverse view. Two examples are shown in Figures 
4 and 5. Moreover, two malignant cases were identified in which most 

observers could not detect the lesions in the transverse view although 
they could detect them in the coronal view (Figures 6 and 7). Table 5 
summarizes the characteristics of hypoechoic non-mass lesions in four 
cases that were difficult to detect in the coronal view. The characteristics 
of a hypoechoic non-mass lesion differ from that of the surrounding 
parenchyma and do not conform to the definition of a “mass”.

Discussion and Conclusion

We observed that the coronal view obtained using and ABUS was 
associated with a shorter reading time while maintaining detection 

Table 3. Sensitivity, specificity, accuracy, and positive and negative predictive values for the coronal and transverse views

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 Average

Coronal

Sensitivity 58.1 5.27 66.2 79.7 67.6 83.8 70.3 74.3 74.3 64.9 69.2

Specificity 92.5 97.5 82.5 27.5 100 22.5 95.0 57.5 55.0 75.0 70.5

Accuracy 70.2 68.4 71.9 61.4 79.0 62.3 79.0 68.4 67.5 68.4 69.7

PPV 93.5 97.5 87.5 67.1 100 66.7 96.3 76.4 75.3 82.8 84.3

NPV 54.4 52.7 56.9 42.3 62.5 42.9 63.3 54.8 53.7 53.6 53.7

Transverse

Sensitivity 79.7 39.2 66.2 73.0 71.6 91.9 70.3 79.7 82.4 78.4 73.2

Specificity 82.5 100 100 30.0 100 35.0 95.0 72.5 72.5 62.5 75.0

Accuracy 80.7 60.5 78.1 57.9 81.6 71.9 79.0 77.2 79.0 72.8 73.9

PPV 89.4 100 100 65.9 100 72.3 96.3 84.3 84.7 79.5 87.2

NPV 68.8 47.1 61.5 37.5 65.6 70.0 63.3 65.9 69.1 61.0 61.0

Data are presented as percentages (%). Percentages are rounded off; PPV: Positive predictive value; NPV: Negative predictive value

Table 4. Number of false negative benign and malignant lesions

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 Average

Benign

Coronal 24 24 19 11 17 8 19 14 12 19 16.7

Transverse 14 28 20 17 11 6 17 10 9 12 14.4

Malignant

Coronal 7 11 6 4 7 4 3 5 7 7 6.1

Transverse 1 17 5 3 10 0 5 5 4 4 5.4

Data are presented as numbers, averages are rounded off

Table 5. Characteristics of the malignant cases that were difficult to detect in coronal view

Pathology Size (mm) Findings

#1 Papillotubular carcinoma 14.0 Mass behind the nipple

#2 DCIS 17.6 Hypoechoic non-mass lesion behind the nipple

#3 DCIS 46.6 Hypoechoic non-mass lesion

#4 DCIS 65.3 Hypoechoic non-mass lesion

#5 Invasive lobular carcinoma 16.7 Hypoechoic non-mass lesion

DCIS: Ductal carcinoma in situ
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Table 6. Characteristics of the malignant cases that were difficult to detect in transverse view

Pathology Size (mm) Findings

#1 Papillotubular carcinoma 8.0 Mass with retraction

#2 Papillotubular carcinoma 10.1 Mass with retraction

Figure 4. Images of a 50-year-old woman with ductal carcinoma in situ 
in the upper outer quadrant of the right breast. The lesion is visible at 
the center of the cross. A) The hypoechoic non-mass lesion could be 
difficult to detect in the coronal view, probably because it resembles 
subcutaneous fat entering the mammary gland. B) The transverse 
view in the lateral images shows the hypoechoic non-mass lesion

Figure 5. Images of a 55-year-old woman with a 14-mm papillotubular 
carcinoma located behind the nipple in the right breast. The lesion is 
visible at the center of the cross. A) The lesion behind the nipple is 
difficult to detect in the coronal view. B) The transverse view in the 
anteroposterior image shows the hypoechoic mass

Figure 6. Images of a 50-year-old woman with an 8-mm papillotubular 
carcinoma in the upper outer quadrant of the right breast. The 
lesion is visible at the center of the cross. A) The coronal view in the 
lateral images shows a small mass with retraction. B) A small mass 
with shadowing could be difficult to detect because it appears as 
shadowing from dense fibroglandular tissue in the transverse view

Figure 7. Images of a 58-year-old woman with a 10-mm papillotubular 
carcinoma in the upper inner quadrant of the left breast. The lesion is 
visible at the center of the cross. A) The lesion is easier to detect by 
identifying retraction in the coronal view. B) The lesion is indistinct in 
the transverse view because it is a deep mass

A

A

A

A

B

B

B

B
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accuracy for breast lesions when compared with the conventional 
transverse view. Understanding the pitfalls in the interpretation of each 
view may improve the evaluation quality.

In this study, most observers could not detect hypoechoic non-mass 
lesions and lesions located behind the nipple in the coronal view. 
Hypoechoic non-mass lesions are difficult to detect in the coronal 
view because they resemble subcutaneous fat entering the mammary 
gland. Detecting lesions located behind the nipple in the coronal 
view was also difficult because of overlap between the lesion and the 
nipple. Meanwhile, even if the lesion is indistinct in the transverse 
view because it is a small or deep mass, it might be easier to detect 
by identifying retractions in the coronal view. Collectively, these 
findings support the interpretation of ABUS images; hypoechoic non-
mass lesions and lesions located behind the nipple should be carefully 
investigated in the transverse view, and a small or deep mass that is 
difficult to detect in the transverse view could be detected by carefully 
identifying retraction in the coronal view.

Kim et al. (22) reported that the ABUS has a lower capability for 
detecting non-mass versus mass-type lesions, with a detection rate of 
98% for mass-type and 77% for non-mass lesions. The current study 
revealed that hypoechoic non-mass lesions are difficult to detect in the 
coronal view, and the transverse view should be examined in order to 
detect these lesions are detected.

Our results showed that a lesion located behind the nipple is a cause 
of false negatives because the lesion overlaps with the nipple. Although 
lesions located behind the nipple should be carefully sought for in the 
transverse view, shadowing artifacts behind the nipple may also cause 
misinterpretation in the transverse view. Several studies have reported 
the misinterpretation of ABUS findings owing to artifacts (23, 24). 
Our study included a false negative case in which a micromass with 
shadowing appeared to be shadowing from dense fibroglandular tissue 
in the transverse view. However, this could be interpreted as a mass 
with retraction in the coronal view. 

The retraction phenomenon has high sensitivity (70–89%) and 
specificity (96–100%) for cancer detection (15, 17, 18) and is a 
diagnostic imaging sign of cancer (13). Our study also showed that 
retraction was easy to detect in the coronal view. Zheng et al. (18) 
reported that retraction in the coronal view is the strongest independent 
predictor of malignant masses and has a high diagnostic value in the 
differentiation between benign and malignant breast masses.

Figure 3B shows that the detection of benign lesions was lower than 
that of malignant lesions while Table 4 shows that the false negative 
malignant lesions were fewer than the benign lesions using both the 
coronal and transverse views, consistent with the findings of Güldogan 
et al. (11) showing that ABUS detected fewer benign lesions than 
HHUS while having a similar performance to HHUS for cancer 
detection. This indicates that ABUS has the potential to decrease 
the incidence of false positives while maintaining the detection of 
malignant lesions.

The interpretation time when using ABUS, which is associated with 
an increased burden on readers, has been reported in some studies 
(24, 25). Chae et al. (25) analyzed the average interpretation times 
for the coronal and transverse views and found a markedly longer 
mean interpretation time for the transverse view (3.83±1.71 minutes 
vs. 5.57±2.21 minutes). Similar results were obtained in the current 
study. The detection time was faster in the coronal view conceivably 

because of the small number of slices from the superficial skin level 
to the thoracic wall. We examined the differences in interpretation 
time based on observer experience levels. The interpretation time for 
the readers with 0 months of experience and others was 101.2 and 
161.8 seconds for the coronal view and 197.2 and 201.0 seconds for 
the transverse view, respectively. With the coronal view, the result 
indicated that the reading time was shorter for those with 0 months 
of experience, possibly because the sensitivity of the coronal view 
was lower for those readers. The sensitivity, specificity, accuracy, and 
positive and negative predictive values for readers with 0 months of 
experience and others were 55.4%, 95.0%, 69.3%, 95.5%, 53.6% and 
72.6%, 64.4%, 69.7%, 81.5%, 53.7%, respectively.

The detection accuracy in our study might have been low for two 
reasons. First, two observers had no experience with the ABUS prior 
to the study, and the pre-study training might have been insufficient. 
Second, 28 out of 105 lesions were <5 mm, which were more difficult 
to detect.

Study Limitations

This study has some limitations, including the retrospective design 
and small sample size of cancer-enriched datasets, which were selected 
at our discretion and may have caused selection bias. Moreover, 
the proportions of case types were not representative of the general 
population. However, although the selection bias affected the FROC 
results, it did not impact the comparisons between the coronal and 
transverse views. The ABUS images were interpreted using either 
coronal or transverse views alone, which differs from an actual 
screening setting. Greater familiarity with the transverse versus coronal 
view might lead to bias. Therefore, the results of this study cannot 
be applied to general breast cancer screening and must be interpreted 
with caution. In Japan, breast surgeons often interpret ultrasound 
images for screening and so the percentage of breast surgeons among 
the observers who participated in this study was high. Finally, we did 
not compare the results between specialties or countries.

In conclusion, the coronal view obtained when using ABUS was 
useful for interpretation and associated with significantly shorter 
reading times than those of the conventional transverse view, while 
maintaining breast lesion detection accuracy. In addition, considering 
the characteristics of each view, interpretation accuracy may be 
increased by interpreting the mass with retraction in the coronal view 
and focusing on hypoechoic non-mass lesions and lesions located 
behind the nipples in the transverse view. An accurate use of each 
view will improve the diagnostic performance of the ABUS in breast 
cancer screening. In this study, only the detection of lesions was 
verified. In the future, we plan to verify the discrimination between 
benign and malignant lesions. Furthermore, we hope that computer-
aided detection and artificial intelligence will provide support for 
interpretation, leading to greater uptake and widespread of the ABUS.
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