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Objective: To compare the utility and diagnostic performance of automated breast ultrasound system (ABUS) with that of hand-
held ultrasound (HHUS) in evaluating pure non-mass enhancement (NME) lesions on breast magnetic resonance imaging (MRI).
Materials and Methods: One hundred twenty-six consecutive MRI-visible pure NME lesions of 122 patients with breast cancer
were assessed from April 2016 to March 2017. Two radiologists reviewed the preoperative breast MRI, ABUS, and HHUS images
along with mammography (MG) findings. The NME correlation rate and diagnostic performance of ABUS were compared with that
of HHUS, and the imaging features associated with ABUS visibility were analyzed.

Results: Among 126 pure NME lesions, 100 (79.4%) were malignant and 26 (20.6%) were benign. The overall correlation rate
was 87.3% (110/126) in ABUS and 92.9% (117/126) in HHUS. The sensitivity and specificity were 87% and 50% for ABUS
and 92% and 42.3% for HHUS, respectively, with no significant differences (p = 0.180 and 0.727, respectively). Malignant
NME was more frequently visualized than benign NME lesions on ABUS (93% vs. 65.4%, p = 0.001). Significant factors
associated with the visibility of ABUS were the size of NME lesions on MRI (p < 0.001), their distribution pattern (p < 0.001),
and microcalcifications on MG (p = 0.027).

Conclusion: ABUS evaluation of pure NME lesions on MRI in patients with breast cancer is a useful technique with high
visibility, especially in malignant lesions. The diagnostic performance of ABUS was comparable with that of conventional
HHUS in evaluating NME lesions.

Keywords: Automated breast ultrasound system; Magnetic resonance imaging; Non-mass enhancement; Visibility; Diagnostic
performance; Breast cancer

INTRODUCTION background parenchymal enhancement (1). NME is a
common finding during screening and diagnostic magnetic
Non-mass enhancement (NME) is defined as an area of resonance imaging (MRI) examinations. These lesions are
enhancement without an associated space-occupying mass characterized by their distribution, internal enhancement
or focus in the Breast Imaging Reporting and Data System pattern, and symmetry; however, the differential diagnosis
(BI-RADS) lexicon of the American College of Radiology. of NME on MRI is not always simple because of the
It is generally different from the normal surrounding substantial overlap among benign, high-risk, and malignant
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lesions. Segmental or clumped, and linear enhancements are
frequent manifestations of ductal carcinoma in situ (DCIS);
however, these can also be found in benign diseases,

such as fibrocystic changes, mammary duct ectasia, and
sclerosing adenosis (2-5).

Lesions detected using breast MRI and considered
suspicious should be biopsied for histopathological
confirmation. Although MRI-guided biopsy is a safe and
accurate diagnostic tool, there are certain limitations
to its broad application owing to its cost, availability,
and requirement for contrast medium administration (6-
8). Breast ultrasound (US) is commonly used for targeted
evaluation of a lesion or lesions initially identified on
MRI. It can help in decision making in clinical practice
by characterizing or localizing the MRI-detected lesion
and obtaining pathological results with US-qguided biopsy
instead of MRI-guided biopsy (9). However, conventional
hand-held US (HHUS) has disadvantages including operator
dependency and poor reproducibility (10).

The automated breast US system (ABUS) is a recently
introduced US technique aimed to overcome the limitations
of HHUS (11). This system permits the entire examination
to be stored and read, whenever necessary (12). Considering
that ABUS provides three-dimensional whole breast data,
correlation with NME on MRI can be more straightforward.
Correlation rates for NME on HHUS are reported to vary
from 0% to 54% (13-16), suggesting it to be less likely
for NME to have a correlate than a mass or focus (9, 17-
19). However, only limited studies have specifically
investigated the utility of ABUS to evaluate NME lesions on
MRI. Therefore, the present study compared the utility and
diagnostic performance of ABUS with HHUS in evaluating
pure NME lesions on MRI.

MATERIALS AND METHODS

Study Population

The institutional review board of the authors institution
approved the review of images and medical records.
Furthermore, it waived the requirement for obtaining
informed consents from patients because the study was
performed retrospectively on routinely acquired preoperative
images using breast MRI, ABUS, and HHUS.

Since 2016, ABUS has been performed in Seoul National
University Hospital for preoperative imaging work-up
to evaluate the tumor extent or multiplicity in patients
diagnosed with breast cancer. In addition, HHUS is
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performed simultaneously in all patients for marking or
localizing the lesions. Between April 2016 and March 2017,
preoperative breast MRI was performed on 1491 consecutive
breast cancer patients. Only patients with at least one BI-
RADS category 0, 4, or 5 NME lesions (n = 388) on MRI were
included. Among them, females who received neoadjuvant
chemotherapy (n = 72) or underwent excisional biopsy (n

= 25) or did not undergo ABUS (n = 34) were excluded. In
addition, 131 cases with findings of mass lesions associated
with NME were excluded to evaluate pure NME. Finally, 126
pure NME breast lesions in 122 patients (mean age 52 years
[range: 30-76 years]) were included in the present study.

Image Acquisition

During the study period, preoperative dynamic breast
MRI examinations were performed with the patient in
the prone position, using a 3T scanner with one of the
two different systems (Ingenia 3T CX; Philips Healthcare;
Magnetom Skyra; Siemens Healthineers) equipped with
a dedicated breast coil. The imaging sequences included
a three-plane localizing sequence; fat-suppressed T2-
weighted images; diffusion-weighted images; and dynamic
T1-weighted, fat-suppressed images including pre-contrast
acquisition and five post-contrast dynamic series after
intravenous administration of a bolus (0.1 mmol/L per kg
of body weight) of gadobutrol (Gadovist; Bayer AG). Post-
processing, including subtraction images, sagittal and
coronal reconstructed images, and maximum intensity
projections, was routinely used.

ABUS images were acquired by two trained technologists
using a standardized scanning technique on an ABUS
unit (Invenia ABUS; GE Healthcare). The patients
were positioned supine with the arm of the side under
examination placed over their head. Each breast was
scanned separately in three views: anterior-posterior,
lateral, and medial, while the transducer was applied to
the breast with tender compression. In cases involving
larger breasts, superior and/or inferior views were added to
adequately cover sufficient breast tissue. All views used the
nipple as the reference point. A layer of lotion was used to
ensure adequate contact with the skin of the entire breast.
The time required to obtain ABUS data ranged from 6 to 9
min per breast.

Image Review and Data Analysis

Clinical and pathological findings from biopsy or surgery
were collected from electronic medical records. Preoperative
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MRI examinations were reviewed by a radiologist, who
specialized in breast imaging, and indeterminate or
suspicious (BI-RADS category 0 or over 4A) pure NME
lesions were verified using medical records. The imaging
characteristics of pure NME lesions on MRI, including
distribution (focal, linear, segmental, regional, multiple
regions, and diffuse), patterns of internal enhancement
(homogeneous, heterogeneous, clumped, and clustered
ring), and BI-RADS assessment category, were recorded
(1). Subsequently, ABUS data were reviewed by two
radiologists independently after reviewing MR NME and
without final pathology or follow-up imaging data.

The presence or absence of a corresponding lesion was
evaluated. ABUS imaging findings were described and the
BI-RADS final category was determined in the presence of
a corresponding lesion (20). The ABUS imaging findings,
including the lesion shape (oval/round or irregular),
margin (circumscribed, indistinct, lobulated, spiculated),
echogenicity (hyperechoic, isoechoic, hypoechoic,
heterogeneous), and size (maximum diameter) of the
correlated lesion, were evaluated. For HHUS evaluation, we
retrospectively collected HHUS data to determine BI-RADS
final categories for comparison with ABUS. Furthermore, the
mammographic information was provided, and associated
imaging characteristics, such as architectural distortion
and microcalcifications, were evaluated (21). Difference

of opinion between readers was addressed by reassessing
the lesion in consensus to record the best concordant
results. With regard to clinical management, HHUS was
performed in all cases to identify the correlating lesion,
and US- or MRI-guided biopsy was performed for suspicious
NME, irrespective of its visibility on ABUS. Outcomes were
assessed based on biopsy, surgical pathological results, or
1-year follow-up data. Follow-up examinations performed
between 9 and 15 months after the last imaging date were
considered as 1-year follow-up. The correlation rate of pure
NME lesions on ABUS was calculated, and the difference

in benign and malignant NME lesions was evaluated
separately on the basis of pathology or follow-up data. In
addition, the associated imaging features related to ABUS
visibility were analyzed. Categorical variables associated
with malignancy were compared using the chi-squared
tests. To compare the diagnostic performance between
ABUS and HHUS, the BI-RADS category 4A was used as

the cut-off point to distinguish malignant (categories 4A
or higher) and benign (categories 1, 2, and 3) lesions for
correlated lesions. The sensitivity, specificity, and accuracy
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of ABUS and HHUS were calculated. McNemar's test was
used to analyze the difference in sensitivity, specificity,
and accuracy of two modalities. A p-value < 0.05 was
considered as statistically significant. Statistical analyses
were performed using the SPSS version 21.0 (IBM Corp.).

RESULTS

Pathology and Imaging Characteristics of NME

Among 126 pure NME lesions in 122 patients, 100
lesions (79.4%) were malignant and 26 lesions (20.6%)
were benign. The malignancies were invasive ductal
carcinoma in 48 lesions, DCIS in 46 lesions, and invasive
lobular carcinoma in 6 lesions; all lesions underwent breast
cancer surgery including mastectomy (n = 74) and breast
conserving surgery (n = 26). The mean size of invasive
tumor was 8.1 + 13.0 mm, and the mean size of invasive
tumor combined with DCIS was 41.6 + 22.1 mm. Among the
100 malignant NME lesions, 95 were known breast cancer
and 5 were incidental findings of MRI in ipsilateral (n = 3)
or contralateral (n = 2) breasts. Pathological confirmations
were achieved after US-guided biopsy in 79 lesions,
stereotactic biopsy in 3, MR-guided biopsy in 1, and
excisional biopsy with US-quided localization in 2 lesions.
The remaining 15 lesions were confirmed via breast cancer
surgery without biopsy. Among the 26 benign NME lesions,
10 lesions were confirmed by US-guided biopsy, 3 lesions by
excisional biopsy with US-quided localization, and 6 lesions
by breast cancer surgery, and the remaining 7 lesions were
confirmed as benign with 1-year follow-up using US and/or
MRI examinations.

Regarding MRI findings, the distribution of NME lesions
was focal in 33 lesions, linear in 13 lesions, segmental in
67 lesions, and diffuse in 13 lesions. Internal enhancement
patterns were homogeneous in 3 lesions, heterogeneous
in 50 lesions, clumped in 46 lesions, and clustered
ring in 27 lesions. Final assessments on MRI included 5
category 0 lesions, 25 category 4A lesions, 24 category 4B
lesions, 18 category 4C lesions, and 54 category 5 lesions.
Mammographic breast density revealed 16 fatty breasts
(breast compositions a and b) and 110 dense breasts (c and
d) (21). MG findings were negative in 48 lesions, mass in 8
lesions, asymmetry in 11 lesions, architectural distortion in
4 lesions, and combined microcalcifications in 55 lesions. A
comparison of MRI features between benign and malignant
NME lesions is presented in Table 1. The size of pure NME
lesions on MRI ranged from 0.6 to 9.3 cm, with a mean of
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2.4 cm for benign lesions and 4.7 cm for malignant lesions.
When the NME lesion size on MRI was divided into three
categories: <2 cm, > 2 cm and < 5 cm, and > 5 cm, there was
a tendency toward increased malignancy as the lesion size
increased (p < 0.001). Among the 126 pure NME lesions on
MRI, distribution (linear [10/13, 76.9%], segmental [62/67,
92.5%], and diffuse [12/13, 92.3%]) and enhancement
patterns (clumped [42/46, 91.3%] and clustered ring
[26/27, 96.3%]) were significant predictors of malignancy

Table 1. Comparison of MRI and Mammographic Features
between Benign and Malignant NME Lesions

Imaging Findings Benign Malignant P
(n = 26) (n =100)
MRI findings

FGT 0.849

a 0 (0) 3(3)
6 (23.1) 22 (22)

c 13 (50.0) 49 (49)
7 (26.9) 26 (26)

BPE 0.606
Minimal 10 (38.5) 37 (37)

Mild 6 (23.1) 35 (35)
Moderate 5(19.2) 16 (16)
Marked 5 (19.2) 12 (12)

Size (cm) < 0.001
<2 12 (46.2) 12 (12)

2-5 12 (46.2) 42 (42)
>5 2 (7.6) 46 (46)

Distribution < 0.001
Focal 17 (65.4) 16 (16)

Linear 3 (11.5) 10 (10)
Segmental 5(19.2) 62 (62)
Diffuse 1(3.9) 12 (12)

Patterns < 0.001
Homogeneous 1(3.9) 2 (2)
Heterogeneous 20 (76.8) 30 (30)

Clumped 4 (15.4) 42 (42)
Clustered ring 1(3.9) 26 (26)
MG findings < 0.001

Negative 23 (88.4) 25 (25)

Mass 0 (0) 8(8)

Asymmetry 1(3.9) 10 (10)

Distortion 0 (0) 4 (4)

Microcalcifications 2 (7.6) 53 (53)

Data are number of patients, with percentage in parentheses.
a = almost entirely fat, b = scattered fibroglandular tissue, BPE
= background parenchymal enhancement, ¢ = heterogeneous
fibroglandular tissue, d = extreme fibroglandular tissue, FGT =
fibroglandular tissue, MG = mammographic, NME = non-mass
enhancement
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(p < 0.001, respectively). Other significant radiological
features predictive of malignancy were asymmetry (10/11
[90.9%]) and combined microcalcifications (53/55 [96.4%])
on MG (p < 0.001). However, there was no association
between breast density, background parenchymal
enhancement, and malignant NME (Table 1).

Lesion Visibility and Diagnostic Performance of NME on
ABUS and HHUS

Among 126 pure NME lesions, 117 NME lesions (92.9%)
were identified on HHUS, and 110 lesions (87.3%) were
visualized on ABUS. The correlation rate of NME lesions
on HHUS was higher than that on ABUS; however, it was
not statistically significant (p = 0.065). There were 23
discrepant assessments regarding ABUS visibility between
the two readers; these cases were reassessed by consensus.
ABUS correlation was observed in 93 (93%) of 100
malignant lesions and 17 (65.4%) of 26 benign lesions (p =
0.001). Sixteen NME lesions (12.7%) could not be identified
on ABUS; of these, seven were malignant and nine were
benign lesions. Among the seven malignant lesions, that
could not be identified on ABUS, two were confirmed via
US-guided biopsy after diagnostic HHUS and the other five
via breast cancer surgery. Out of nine benign lesions, three
were confirmed by US-guided biopsy, three by surgical
excision, and the remaining three were confirmed as benign
by follow-up breast US and MRI without interval change of
at least 1 year. Nine NME lesions could not be identified
on HHUS, five were malignant, and four were benign
lesions. All malignancies were confirmed via breast cancer
surgery and remaining four NME lesions were confirmed
as benign by follow-up breast MRI without change for
at least 1 year. Results of the BI-RADS category in these
modalities are shown in Table 2. The overall diagnostic
performances of ABUS and HHUS were compared in Table 3.
The sensitivity, specificity, and accuracy of ABUS were 87%,
50%, and 79.4%, respectively, and those of HHUS were
92%, 42.3%, and 81.8%, respectively; the differences were
not statistically significant (p = 0.180, 0.727, and 0.143,
respectively).

Imaging Features Associated with ABUS Visibility

ABUS correlation was observed more frequently in NME
lesions with size > 2 cm than in those with size < 2 cm,
showing better correlation with a progressive increase
in lesion size (p < 0.001). The distribution of NME was
associated with ABUS visibility; the segmental distribution
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demonstrated a higher frequency of visualization (p <
0.001). Moreover, combined microcalcification on MG was
associated with ABUS visibility (p = 0.027) (Table 4, Figs.
1, 2). However, internal enhancement patterns of NME were
not associated with ABUS visibility (p = 0.103).

Table 2. Correlation and Results of BI-RADS Category by ABUS
and HHUS

BI-RADS Category ABUS HHUS
Correlated 110 (87.3) 117 (92.8)
Category 3 10 (7.9) 10 (7.9)

Category 4A 47 (37.3) 47 (37.3)
Category 4B 27 (21.4) 33 (26.2)
Category 4C 20 (15.9) 18 (14.3)
Category 5 6 (4.8) 9 (7.1)
Not correlated 16 (12.7) 9(7.1)
Total 126 (100) 126 (100)

Data are number of lesions, with percentage in parentheses.
ABUS = automated breast ultrasound system, BI-RADS = Breast
Imaging Reporting and Data System, HHUS = hand-held ultrasound

Kwon et al.

Among the 110 NMEs that were identified on ABUS, the
final BI-RADS category of ABUS was significantly correlated
with the pathology (p = 0.046). However, lesion size, lesion
shape, margin, and echogenicity on ABUS did not show any
significant difference between the benign and malignant
lesions (p > 0.05) (Table 5).

DISCUSSION

The results of our study suggest that ABUS evaluation
of pure NME on MRI in patients with breast cancer has

Table 3. Diagnostic Performance of ABUS and HHUS in
Evaluating Pure NME on Breast MRI

ABUS HHUS P

Sensitivity (%) 87.0 (78.8-92.9)  92.0 (84.8-96.5)  0.180
Specificity (%) 50.0 (29.9-707.1)  42.3 (23.4-63.1)  0.727
Accuracy (%)  79.4 (71.3-86.1)  81.8 (73.9-88.1)  0.143

Standard deviation are given in parentheses.

Table 4. Visibility of 126 Pure NME on MRI by Pathology and Imaging Findings

Variables Visible on ABUS (n = 110) Non-Visible on ABUS (n = 16) P
Pathology 0.001
Benign lesions 17 (15.5) 9 (56.2)
Malignancy 93 (84.5) 7 (43.8)
IDC 47 (42.7) 1(6.3)
DCIS 40 (36.4) 6 (37.5)
Others 6 (5.4) 0 (0)
MRI findings
NME size (cm) < 0.001
<2 14 (12.7) 12 (75.0)
2-5 50 (45.5) 2 (12.5)
>5 46 (41.8) 2 (12.5)
Distribution < 0.001
Focal 23 (20.9) 10 (62.5)
Linear 9 (8.2) 4 (25.0)
Segmental 65 (59.1) 2 (12.5)
Diffuse 13 (11.8) 0 (0)
Pattern 0.103
Homogeneous 2 (1.8) 1 (6.25)
Heterogeneous 40 (36.4) 10 (62.5)
Clumped 42 (38.2) 4 (25.0)
Clustered ring 26 (23.6) 1 (6.25)
MG density 0.330
Non-dense 13 (11.8) 3(18.7)
Dense 97 (88.2) 13 (81.3)
MG finding 0.027
With microcalcifications 52 (47.3) 3 (18.8)
Without microcalcifications 58 (52.7) 13 (81.2)

Data are number of patients, with percentage in parentheses. DCIS =
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comparable visibility and diagnostic performance with those  an NME lesion is detected on MRI, breast US can play a key
obtained on HHUS. Furthermore, the visibility on ABUS was role in work-up and management. However, in contrast to

especially higher in malignant lesions. Despite segmental, the reported rate of US correlation for masses (49-92%),
clumped, or linear NME are more frequently noted in DCIS most previous studies have reported that the yield for NME-
than in benign lesions (2, 4, 22), finding NME lesions on US correlation is low and variable (0-54%) in second-look
MRI is challenging owing to a high proportion of false- settings (14-16, 24, 25). Similarly, Hsu et al. (24) reported

positive findings, ranging from 40% to 50% (2, 23). Once that second-look HHUS identified 43% of NME lesions, with

Fig. 1. 59-year-old female with left breast cancer who underwent MRI and ABUS for preoperative staging. Axial (A) and sagittal (B)
dynamic contrast-enhanced MRI show segmental, heterogeneous non-mass enhancements (arrows) at left upper outer breast. ABUS images show
ill-defined hypoechoic mass (asterisk) with ductal changes (arrowheads) on axial (C) and coronal (D) planes of left breast. Lesion measured

2.8 cm on ABUS and 5.8 cm on MRI. Mass was classified as BI-RADS category 4B. This patient subsequently underwent left modified radical
mastectomy, and finally confirmed to have microinvasive carcinoma in background of DCIS. ABUS = automated breast ultrasound system, BI-
RADS = Breast Imaging Reporting and Data System, DCIS = ductal carcinoma in situ
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Fig. 2. 45-year-old female with right breast cancer who underwent MRI and ABUS for preoperative staging. Axial (A) and sagittal
(B) dynamic contrast-enhanced MRI show linear, heterogeneous non-mass enhancements (arrows) at right outer subareolar region. ABUS images
show ill-defined, indistinct lesion (arrowheads) on axial (C) and coronal (D) planes of right breast. Lesion measured 1.7 cm on ABUS and 2.8
cm on MRI. Mass was classified as BI-RADS category 4A. This patient subsequently underwent US-guided biopsy, and confirmed to usual ductal
hyperplasia.

a correlation rate of 76% in malignant lesions compared limitations with regard to NME detection. The diagnostic
with 18% in benign lesions. performance of ABUS in evaluating NME has not been
Recent data regarding ABUS for evaluating MR-detected extensively investigated until date. Superior visibility with
masses yielded a detection rate comparable with HHUS diagnostic performance could be expected as it provides
as a second-look procedure after MRI (69.3% and 71.5%, three-dimensional whole-breast volume data with superior
respectively), with perfect agreement (k = 0.94) in objectivity and reproducibility (28, 29). However, in our

assessing significant lesions (26). Kim et al. (27) reported study, the lesion visibility and sensitivity of ABUS were
that the detection rate of the ABUS was higher than that of  lower than those of HHUS with no statistically significant
HHUS with regard to the second-look examination (94.7% difference. Although it was not a real second-look

vs. 86.8%); however, both techniques demonstrated specific ~ procedure, 87% of NME on MRI demonstrated a correlating
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Table 5. ABUS Findings of Pure NME on MRI

ABUS Findings Benign Malignant p
(n=17) (n=93)

Size (cm) 0.291
<2 8 (47.1) 32 (34.4)

2-5 9 (52.9) 51 (54.8)
>5 0 (0) 10 (10.8)

Lesion shape 0.457
Oval/Round 0 (0) 3 (3.2)

Irregular 17 (100) 90 (96.8)

Margin 0.877
Indistinct 16 (94.1) 88 (94.6)

Lobulated 0 (0) 1(1.1)
Spiculated 1 (5.9) 4 (4.3)

Echogenicity 0.203
Isoechoic 4 (23.5) 10 (10.8)
Heterogeneous 5 (29.4) 20 (21.5)

Hypoechoic 8 (47.1) 63 (67.7)

BI-RADS category 0.046
Non-suspicious 4 (23.5) 6 (6.5)

Suspicious 13 (76.5) 87 (93.5)

Data are number of patients, with percentage in parentheses.

lesion on ABUS, which is a relatively higher rate than that
reported in previous studies using HHUS (14-16, 24, 25)
and ABUS (27). The reason for the higher correlation rate
could be attributed to differences in the study population,
considering the large number of malignant cases.

Furthermore, our study demonstrated that the visibility
on ABUS was significantly associated with pathology,
lesion size, NME distribution on MRI, and combined
microcalcifications on MG, showing results similar to
those of previous reports (5, 18, 22, 24, 30, 31). However,
Newburg et al. (15) reported that no statistical difference
was detected in the malignancy rate between NME with
(18%) and without (12%) a correlate, which was different
from the result obtained in our study. Indeed, NME with
no US correlation does not exclude malignancy. In our
study, 7 (IDC, n = 5; DCIS, n = 2) of 100 cancers could not
be identified via ABUS. Among these, one case exhibited
suspicious microcalcifications on MG, three showed
suspicious findings on diagnostic HHUS, and the remaining
three lesions were visible only on MRI. Furthermore, two
lesions identified by diagnostic HHUS were confirmed by
preoperative US-guided biopsy. The other five lesions were
diagnosed by breast cancer operation without biopsy.

Our study had several limitations. First, it was a
retrospective study with single-center design. However,
ABUS examination, contrary to HHUS, is always interpreted
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after the examination, suggesting that our results may

not demonstrate a significant difference from those of

a prospective ABUS study. Second, the study population
was limited to patients diagnosed with breast cancer;
therefore, the rate of ABUS correlation could be different
in screening patients. Third, we only included patients with
indeterminate or suspicious NME on breast MRI. Benign or
probable benign NME could show different correlation rates
on ABUS. Fourth, follow-up MRI was not performed for all
pure NME lesions, and follow-up studies, including MG or
US, were used to confirm the stability of the lesions. Finally,
the correlation between ABUS features and pathological
findings, including the immunohistochemical subtypes of
breast cancer, could not be evaluated owing to the small
number of pure NME lesions.

In conclusion, the ABUS evaluation of pure NME lesions
on MRI in patients with breast cancer is feasible, with a
considerably high visibility rate, particularly in malignant
lesions. ABUS is not inferior to conventional HHUS and
could be used in evaluating NME lesions with advantage
of three-dimensional evaluation. Further prospective
studies are required to determine the role and diagnostic
performance of ABUS as a second-look imaging modality to
analyze NME lesions in comparison with HHUS.
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