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Background: Sclerosing adenosis (SA) is a common proliferative benign lesion without atypia in the breast
that may mimic invasive ductal carcinoma (IDC) on medical imaging, leading to it often being misdiagnosed
and mistreated. Consequently, the purpose of this study was to assess the diagnostic value of multimodal
ultrasound imaging in distinguishing SA from IDC.

Methods: Multimodal ultrasound imaging, including automated breast volume scan (ABVS), elasticity
imaging (EI), and color Doppler flow imaging (CDFI), were performed on 120 consecutive patients
comprising 122 breast lesions (54 SA, 68 IDC). All lesions were pathologically confirmed. Multimodal
ultrasound imaging features were compared between the two groups. Binary logistic regression analysis
based on ABVS, EI, and CDFI was conducted to formulate a logistic regression equation for differentiating
SA from IDC. The diagnostic performances of ABVS, EI, CDFI, and their combination were compared by
the receiver operating characteristic (ROC) curve analysis.

Results: The sensitivity, specificity, and accuracy of ABVS, EI, CDFI, and their combination in
differentiating SA from IDC were, respectively, 75.00%, 72.22%, and 73.77%; 86.76%, 72.22%, and
80.33%; 73.53%, 64.81%, and 69.67%; and 88.24%, 74.07%, and 81.97%. Combining multimodal
ultrasound imaging yielded an area under the curve (AUC) of 0.895 (95% confidence interval: 0.827-
0.943), which was higher than that of ABVS, EI, and CDFI, with AUC values of 0.736, 0.795, and 0.692,
respectively, and the difference was statistically significant (ABVS wvs. combined model, P<0.001; CDFI vs.
combined model, P<0.001; EI vs. combined model, P<0.001). There was no significant difference in the
diagnostic efficacy among the three imaging modalities (ABVS wvs. EI, P=0.266; ABVS vs. CDFI, P=0.4671;
EI vs. CDFI, P=0.051). Compared with those in IDC, the calcification (16.67% vs. 57.35%; P<0.001) and
retraction phenomena in the coronal planes (18.52% wvs. 57.35%; P<0.001) were less common in patients
with SA, while circumscribed margin (38.89% vs. 5.88%; P<0.001), vascularity grade 0-I (64.81% us.
26.47%; P<0.001), and elasticity scores 1-3 (72.22% vs. 13.24%; P<0.001) were more frequently found
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in patients with SA. Patients with SA were significantly younger than were patients with IDC (4311 vs.

54+11 years; P<0.001), and the lesion size was smaller in patients with SA than in those with IDC (median

size 1.0 cm; interquartile range (IQR), 0.9 cm vs. median size 1.3 cm; IQR, 1.3 cm; P<0.001).

Conclusions: The preliminary results suggested that multimodal ultrasound imaging can improve the

diagnostic accuracy of SA and provide additional information for differential diagnosis of SA and IDC.
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Introduction

Sclerosing adenosis (SA) is a specific type of breast adenosis,
which accounts for about 1.3-2% of all breast adenosis
cases (1,2). The etiology of SA still remains elusive, but it
may be associated with increased estrogen concentration (3).
SA is typically asymptomatic or manifests as a palpable
mass. However, it is discovered unexpectedly in women who
have undergone imaging or histopathology examinations
for other reasons (1). SA is a complex lesion and is
pathologically characterized by epithelial, myoepithelial,
and basement membrane proliferation (4). SA can form
adenosis tumors and may be mistaken for invasive ductal
carcinoma (IDC) due to the fact that the proliferative
tissue squeezes the lobule to form a pseudo-infiltration (5).
However, the clinical treatments for SA and IDC are
significantly different. Therefore, in the era of precision
medicine, it is essential to improve the assessment of SA in
order to reduce the psychological burden on patients and
enable clinicians to develop more rational treatment plans.

At present, preoperative diagnosis of SA is highly
challenging, especially as it relates to differentiating SA
from IDC (1,6). Although mammography (MG) and
conventional ultrasound, the two most commonly used
diagnostic techniques for breast diseases, have progressed
consistently, it remains difficult to distinguish between SA
and IDC based on imaging findings (7). Magnetic resonance
imaging (MRI) is an important examination for breast
diseases by virtue of its high-resolution determination
of soft tissue (8). However, it is too expensive and time-
consuming to be used as a routine examination for the
diagnosis of SA (9).

In recent years, with the development of ultrasound
techniques, multimodal ultrasound imaging has been applied
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in the detection of breast diseases in China. Previous studies
(10,11) have shown that the application of some ultrasonic
techniques that can provide comprehensive information
about lesions, including grayscale, elastography, and color
Doppler imaging, are beneficial for differentiating benign
from malignant lesions. Wang ez 4/. (12) demonstrated that
the combined use of virtual touch tissue quantification
(VTQ) and automated breast volume scanning (ABVS)
has the potential to improve diagnostic accuracy and
specificity, making it a promising ultrasound technique
for the differential diagnosis of breast lesions. Li er al. (13)
indicated that multimodal ultrasound could improve the
specificity in Breast Imaging Reporting and Data System
(BI-RADS) category 4 lesions and thus reduce unnecessary
biopsies. However, only few studies have investigated
multimodal ultrasound imaging for SA, especially based
on ABVS, elasticity imaging (EI), and color Doppler flow
imaging (CDFI) (1,14). Therefore, using a retrospective
analysis, we test the hypothesis that multimodal ultrasound
imaging (ABVS, EI, and CDFI) can provide more salient
information and exhibit a greater diagnostic performance
for the accurate differentiation of SA and IDC. We present
this article in accordance with the STARD reporting
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-524/rc).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and was
approved by the Institutional Review Board of the Huadong
Sanatorium (approval No. ECHS2023-09). Individual
consent for this retrospective analysis was waived.
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Figure 1 The flowchart of study participant selection. ABVS, automated breast volume scan; EI, elasticity imaging; CDFI, color Doppler

flow imaging; IDC, invasive ductal carcinoma; SA, sclerosing adenosis.

Participants

Multimodal ultrasound features of 120 female patients
(mean age 49+12 years), age range, 24—76 years) comprising
122 breast lesions who underwent ABVS, EI, and CDFI
in Huadong Sanatorium from February 2018 to February
2021 were retrospectively reviewed. The inclusion criteria
were as follows: (I) patients who underwent ABVS, EI,
and CDFI prior to surgery; and (II) patients who were
confirmed as IDC or SA via surgical pathology or biopsy.
The exclusion criteria were as follows: (I) patients whose
imaging quality of ABVS, EI, and CDFI did not meet
the requirements of analysis; and (II) patients with a
history of undergoing therapies, such as breast surgery,
radiotherapy or chemotherapy. The selection process for
the study participants based on the inclusion and exclusion
criteria is shown in Figure 1. The eligible patients were
divided as follows into two groups according to the results
of pathological diagnosis: 54 patients with SA (mean age
43+11 years; age range, 24-69 years) and 68 patients with
IDC (mean age 54+11 years; age range, 31-76 years).

Imaging acquisition

ABVS, EI, and CDFI were performed by sonographers

with 8 years of experience in medical imaging using
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the ACUSON S2000 ABVS (Siemens Healthineers,
Erlangen, Germany), which was equipped with a 5.5- to
18-MHz variable frequency transducer (18L6HDS5) and a

15-cm-wide linear array transducer with a 5- to 14-MHz
bandwidth.

ABVS

ABVS was performed after hand-held ultrasound (HHUS).
Based on the location of the target lesions, all patients
were placed in a supine or lateral position. The scanning
included anterior-posterior, lateral, and medial orientations.
Additional inferior and superior section scans were
performed on larger breasts. The collected data were then
transferred to the ABVS workstation to obtain basic planar
images, and a three-dimensional reconstruction of the
entire breast, including images on the vertical and coronal
planes, was performed using these images. Image analysis
in ABVS was essentially based on the evaluation of same
image features as those for HHUS and included shape,
margin, orientation, echo pattern, posterior echogenicity,
and calcification according to the BI-RADS lexicon (15).
The diagnostic criteria were as follows: (I) malignant masses
were defined as irregularly shaped masses with a spiculated
margin or echogenic halo; (II) solid masses with one of
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three suspicious findings (microcalcifications, no parallel
orientation, or no circumscribed margin) were classified
as benign, while solid masses with two or more suspicious
findings were classified as malignant; (III) for nonmass-
like lesions, localized hypoechoic areas with one of three
suspicious findings (ductal change, segmental distribution,
or microcalcifications) were considered benign, whereas
localized hypoechoic areas with two or three suspicious
findings were considered malignant (16).

CDFI

After completion of the ABVS examination, CDFI was
carried out through choosing the optimal grayscale
ultrasound image. In order to minimize disruption, patients
were told to breathe quietly and avoid swallowing during
the imaging process.

Adjustments were made to Doppler sonographic
parameters in order to detect low velocities. In particular,
the lowest pulse repetition frequency (PRF) and Doppler
gain settings that did not result in aliasing were used; the
PRF was 500-800 Hz with 70-80% color gain, and the
wall filter was set to 25-50 Hz. With a limited field of view,
the color box was kept in the area of interest and kept as
small as possible to maintain a high frame rate. A vessel was
defined as a linear or punctuated colored signal that was
not associated with adjacent color noise (it is essential to
optimize the color gain setting to reduce artifacts). In the
case of skin abnormalities, a substantial amount of gel was
applied without the use of a stand-off pad. The lesions were
then categorized as follows based on the vascular pattern
described by Adler ez al. (17): absent, grade 0; minimal,
grade I, one or two pixels containing flow (<0.1 cm in
diameter) were observed; moderate, grade II, three or few
small vessels and/or a main vessel were observed; marked,
grade III, four or more vessels were observed.

EI

After CDFI examination, EI was performed in routine
fashion. During the examination, slight pressure was applied
on patients’ breast, and then images were acquired until the
quality reached a value of 50. The selection of the sampling
frame was carried out on the basis of both the target lesion
and surrounding tissues. Differences in hardness of the
region of interest (ROI) could be reflected by the color map
(blue was representative of harder tissue, and green was
indicative of softer tissue). Elastic scores were classified into
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five different classes as follows (18): (I) elastic score 1, the
nodule was displayed homogeneously in green; (II) elastic
score 2, the nodule was displayed predominantly in green
with few blue spots; (III) elastic score 3, the nodule was
displayed with 50% of areas in blue and green; (IV) elastic
score 4, the nodule was displayed homogeneously in blue;
and (V) elastic score 5, the nodule and surrounding tissues
were displayed homogeneously in blue.

To eliminate interobserver variation, two radiologists
(with 8 and 10 years of experience, respectively) who were
blinded to the clinical data of the patients captured the
sonographic characteristics; any discrepancies were resolved
by consulting a third expert with 15 years of experience.

Statistical analysis

Statistical analysis was performed using SPSS 22.0 (IBM
Corp., Armonk, NY, USA) and MedCalc 19.0.7 (MedCalc
Software Ltd., Ostend, Belgium) software. Normally
distributed quantitative data (e.g., age) are expressed as
mean * standard deviation (SD) and were compared with
the Student’s #-test. Abnormally distributed quantitative
data (e.g., lesion size) are expressed as the median with
interquartile range and were compared with the Mann-
Whitney test. The ’ test or the Fisher exact test was used
to analyze categorical variables (e.g., ultrasound imaging
characteristics). Binary logistic regression analysis based
on three imaging modalities (ABVS, EI, and CDFI) was
conducted to formulate the following logistic regression
equation: logit (P) = a x ABVS + f x EI + y x CDFI +
constant, where a, f, and y are the regression coefficients.
Receiver operating characteristic (ROC) curve analysis
was performed to evaluate the diagnostic performance of
ABVS, EI, CDFI, and their combination. Z test was used
to calculate and compare the area under the curve (AUC)
values for each method. The reported statistical significance
levels were all two-sided, and a P value <0.05 was considered
significant.

Results
Pathological diagnosis

Among 54 lesions, there were 19 pure SA lesions and 35 SA
lesions combined with benign lesions, including 16 cases
with cyclomastopathy, five cases with adenoma fibrosum, six
cases with intracanalicular papilloma, and eight cases with
metaplasia apocrine.
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Figure 2 Pictures shows the imaging and histopathology findings of a case of sclerosing adenosis. (A) An SA lesion (white arrow) with a

regular shape, circumscribed margin, and no retraction phenomenon in the coronal planes. (B) CDFI shows a lesion (white arrow) absent of

blood flow. (C) The lesion’s (white arrow) elasticity imaging shows a color code pattern of central blue surrounded by green, indicating its

stiffness, distribution with an elasticity score of 3. (D) HE staining showing an SA lesion characterized by compressed and crowded glandlike

acini with the proliferation of distorted stromal fibrosis (HE staining; original magnification 100x). SA, sclerosing adenosis; CDFI, color

Doppler flow imaging; HE, hematoxylin and eosin.

Multimodal ultrasound features associated with SA and
IDC

Compared with IDC, the calcification (x’=20.878, P<0.001)
and retraction phenomenon in the coronal planes (x’=18.888;
P<0.001) were less common in SA; circumscribed margin
(x’=18.151; P<0.001), vascularity grade 0-I (x’=23.231;
P<0.001), and elasticity scores 1-3 (x’=43.883; P<0.001) were
more common in SA, and significant differences were found
between the two group. Patients with SA were significantly
younger than those with IDC (#=—5.557; P<0.001), and the
lesion size was smaller in SA than in IDC (#=-3.663; P<0.001).
The multimodal ultrasound features and histopathological
characteristics of SA or IDC are summarized in Figures 2,3.
The distribution of multimodal ultrasound features between
the two groups is presented in Table 1.

Diagnostic performances of ABVS, EI, CDFI, and their

combination in differentiating SA from IDC
The ROC curve analysis of ABVS, EI, CDFI and their
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combination was conducted, and the results are shown
in Figure 4. There was no significant difference in the
diagnostic efficacy between each pair of methods (ABVS
vs. EI, P=0.266; ABVS vs. CDFI, P=0.4671; EI vs. CDFI,
P=0.051), while the diagnostic efficacy of the combined
model was significantly higher than that of the three
imaging methods (ABVS vs. combined model, P<0.001;
CDFI vs. combined model, P<0.001; EI vs. combined
model, P<0.001). The diagnostic performances of ABVS,
EIL, CDFI, and their combination are presented in 7ible 2.

Discussion

In this study, multimodal ultrasound imaging was
employed for the differential diagnosis of SA and IDC.
The combination of ABVS, EI, and CDFI exhibited
an optimal diagnostic accuracy, with an AUC of 0.895
[95% confidence interval (CI): 0.827-0.943], which was
significantly higher than that of the three imaging methods
(P<0.05). This indicated the superiority of multimodal
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Figure 3 Pictures shows the imaging and histopathology findings of a case of invasive ductal carcinoma. (A) An IDC lesion (white arrow)

with an irregular shape, no circumscribed margin, and retraction phenomenon in the coronal planes. (B) CDFI shows a lesion (white arrow)

with advanced central blood flow (vascularity grade IIT). (C) The lesion’s (white arrow) elasticity imaging shows dark blue due to high

stiffness with an elasticity score of 5 points. (D) HE staining showing an IDC lesion with diffuse cords and nests of pleomorphic tumor cells,

predominated by nucleoli and numerous mitoses (HE staining; original magnification, 100x). IDC, invasive ductal carcinoma; CDFI, color

Doppler flow imaging; HE, hematoxylin and eosin.

ultrasound imaging in the differential diagnosis of SA
and IDC. The diagnostic sensitivity and specificity could
increase to 88.24% and 74.07%, respectively. The results
indicated that the combined application not only improved
the diagnosis of IDC but also reduced the unnecessary
biopsy of SA. To date, few studies have concentrated on
differentiating SA from IDC using multimodal ultrasound
imaging. Liu et a/. (14) demonstrated that utilization of
conventional ultrasound combined with breast elastography
could be a promising approach to differentiating SA from
breast cancer. To best of our knowledge, no study has
indicated the diagnostic efficiency. Chen et 4/ (6) found
that the integrated application of ABVS, MG, and MRI
could improve the preoperative evaluation of SA, while
the analyzed masses were SA lesions associated with
malignant or benign lesions. To our knowledge, this is the
first multicenter study to employ multimodal ultrasound

imaging (ABVS, EI, and CDFI) for distinguishing SA from

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

IDC.

ABVS is a three-dimensional breast imaging modality,
which can simultaneously provide morphological features
in the transverse, sagittal, and coronal planes (19). Chen
et al. (7) used conventional ultrasound for diagnosing SA,
which yielded an AUC of 0.55, which was lower than that
of ABVS achieved in our study (0.55 vs. 0.736). This could
be related to the fact that the coronal plane is exclusive to
ABVS and inaccessible to conventional ultrasound. The
retraction phenomenon could be found in the coronal
plane, which has been described to have a superior 100.0%
specificity and 80.0% sensitivity in detecting breast
cancer, with a high 91.4% accuracy in differentiating
malignant lesions from benign lesions (20). In our study,
SA exhibited a significantly less likelihood of demonstrating
the retraction phenomenon in the coronal planes than
did IDC (P<0.05), which is consistent with Chen et al.’s
findings (6). Of note, the occurrence rate of the retraction
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Table 1 Multimodal ultrasound imaging features of patients with SA and patients with IDC
Baseline variables SA (n=54) IDC (n=68) ct/Z P
Age (years) 43+11 54+11 -5.557 <0.001
Size (cm) 1.0(0.9) 1.3(1.3) -3.663 <0.001
Shape 2.570 0.109
Regular 9 (16.67) 5(7.35)
Irregular 45 (83.33) 63 (92.65)
Orientation 0.029 0.865
Parallel 42 (77.78) 52 (76.47)
Not parallel 12 (22.22) 16 (23.53)
Margin 18.151 <0.001
Circumscribed 21 (38.89) 4 (5.88)
Not circumscribed 33 (61.11) 64 (94.12)
Echo pattern 1.706 0.192
Homogeneity 12 (22.22) 9 (13.24)
Heterogeneity 42 (77.78) 59 (86.76)
Calcification 20.878 <0.001
In a mass 9 (16.67) 39 (57.35)
None 45 (83.33) 29 (42.65)
Posterior feature 0.550 0.752
No posterior feature 41 (75.93) 48 (70.59)
Enhancement sound 2 (3.70) 4 (5.88)
Shadowing 11 (20.37) 16 (23.53)
Vascularity grade 23.231 <0.001
Grade 0-1 35 (64.81) 18 (26.47)
Grade II-1I 19 (35.19) 50 (73.53)
Retraction phenomenon on the coronal planes 18.888 <0.001
No 44 (81.48) 29 (42.65)
Yes 10 (18.52) 39 (57.35)
Elasticity scores 43.883 <0.001
Score 1-3 39 (72.22) 9 (13.24)
Score 4-5 15 (27.78) 59 (86.76)

Data are shown as mean + standard deviation or n (%). SA, sclerosing adenosis; IDC invasive ductal carcinoma.

phenomenon in SA was 18.52% in the coronal plane as
achieved by ABVS, which could be mainly related to the
growth of stoma fiber hyperplasia in adjacent glands and fat
tissue forming the “pseudo infiltration” (21). Distinguishing

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

SA from IDC is a diagnostic challenge, and pathological
evaluation should be carried out for final diagnosis. A
previous study (22) demonstrated that using ABVS has an
excellent accuracy in distinguishing benign lesions from
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malignant breast lesions, with a sensitivity between 89.9%
and 93.8% and a specificity between 82.4% and 87%, which
are higher than the values achieved in our study (sensitivity
75.00%, specificity 72.22%). This could be related to the
type of lesions that were analyzed in our study. ABVS was
previously used to evaluate all types of breast lesions, while
only SA and IDC lesions were assessed in our study. The
characteristics of SA and IDC typically lead to misdiagnosis,
and it is difficult to differentiate them only via ABVS (6).
Notably, EI and CDFI can act as potent complementary
tools in the diagnostic process for complex SA, especially
when there are multiple imaging symptoms simulating

malignancy in grayscale ultrasound (11,23). For the
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Figure 4 ROC curve analysis of SA and IDC diagnosed with
ABVS, EI, CDFI, and their combination. ROC, receiver
operating characteristic; SA, sclerosing adenosis; IDC, invasive
ductal carcinoma; ABVS, automated breast volume scan; EI,
elasticity imaging; CDF]I, color Doppler flow imaging; combined,
combination of ABVS, EI, and CDFIL.

diagnosis of breast lesions, two types of elastography are
currently adopted: strain elastography (SE) and shear wave
elastography (SWE). SWE offers quantitative values for the
Young elastic modulus (in kilopascals) of tissues by imaging
shear wave propagation (24). SWE has demonstrated high
inter- and intraobserver reproducibility for both qualitative
and quantitative parameters (25); however, there is no
standard optimal diagnostic cutoff value for distinguishing
between benign and malignant breast lesions. Several
strain imaging parameters have been used to differentiate
between benign and malignant breast lesions. The most
prevalent variables are the elasticity score (a color map of
stiffness), the elasticity to B (E/B) mode ratio (width ratio
or length ratio), and the strain ratio [fat-to-lesion ratio
(FLR)], which have been shown to be of favorable value in
distinguishing benign from malignant breast lesions (26).
The elasticity value can clearly show the borderline of the
breast lesions, particularly for those lesions that cannot be
easily differentiated from their surrounding tissues or even
for some deeply located lesions that cannot be detected in
clinical palpation (14). In our study, the elasticity score of
SA was generally 1-3 points, while the elasticity score of
IDC was typically 4-5 points, which was consistent with
Wang et 4l.’s findings (18), who considered a score of 3 as
a diagnostic cutoff value. When the lesion elasticity score
was greater than or equal to 3, it was classified as malignant,
while lesions with a score less than 3 were classified as
benign. The results of the present study indicated that for
distinguishing SA from IDC, the sensitivity, specificity,
and accuracy of EI were 86.76%, 72.22% %, and 80.33%,
respectively. These results are comparable to those of
previous studies (27,28), which reported a 76.10-83.7%
sensitivity and a 69.90-93.70% specificity.

There is an obvious distinction in vascular architecture
between benign and malignant tumors (29). CDFI, as one
of the most widely used ultrasound techniques, provides
valuable data for evaluating blood flow, which can eliminate

Table 2 Diagnostic performances of ABVS, EI, CDFI, and their combination

Method Sensitivity (%) Specificity (%) Accuracy (%) AUC (95% ClI)

ABVS 75.00 (51/68) 72.22 (39/54) 73.77 (90/122) 0.736 (0.649-0.812)
El 86.76 (59/68) 72.22 (39/54) 80.33 (98/122) 0.795 (0.712-0.863)
CDFI 73.53 (50/68) 64.81 (35/54) 69.67 (85/122) 0.692 (0.602-0.772)
Combined modality 88.24 (60/68) 74.07 (40/54) 81.97 (100/122) 0.895 (0.827-0.943)

ABVS, automated breast volume scan; El, elasticity imaging; CDFI, color Doppler flow imaging; combined modality, combination of ABVS,

El, and CDFI; AUC, area under the curve; Cl, confidence interval.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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the defects of ABVS, as ABVS cannot indicate the blood
flow characteristics of the breast lesions (30). In the present
study, regarding the differential diagnosis of SA and IDC,
the sensitivity and specificity of CDFI were 73.53% and
64.81%, respectively. The diagnostic value of using CDFI
alone to distinguish SA from IDC was limited, which was
consistent with Ma ez 4/’ findings (31), who demonstrated
that the differentiation of benign and malignant breast
lesions by CDFI can be restricted by its angular dependency
and poor signal-to-noise ratios. Additionally, it is typically
unable to evaluate flow signals from small vessels (<1 mm)
when the flow rate is low (3-5 cm/s).

In very recent articles, there is a controversy concerning
the added value of using a gel stand-off pad and high
frequency probes (>15 MHz) to better document the
vascularization of breast lesions (32,33). The use of a gel
stand-off pad serves to augment the separation between
the transducer and the intended object, thereby facilitating
the alignment of the object within the optimal focal
region. This alignment results in the maximization of axial
resolution at the specific depth where the operator manually
positions the focus (34). Therefore, the use of a gel stand-
off pad enables the attainment of a presumptive or definitive
diagnosis for superficial lesions while also enhancing the
detection of additional flow signals within small cutaneous
nodules.

Since the beginning of the 1980s, there have been
numerous reports on the use of high-frequency sonography
for skin examination. Over time, advancements in
technology have facilitated the integration of ultrasound as
a valuable tool in clinical examinations for a wide range of
indications. Notably, the introduction of 20-MHz probes
has contributed substantially in this development (32).
Corvino et al. (33) showed that the high-frequency
probe can better visualize the vascularization, nipple-
areolar complex abnormalities, and superficial breast
parenchyma abnormalities of breast lesions. Thus, ideally,
two multifrequency linear probes should be available to
perform breast examinations, one with a frequency range
from 7.5 to 14 MHz (as suggested by American College
of Radiology) and another with an upper frequency of
15 to 24 MHz. Given its higher penetration, the former
transducer is necessary to explore the deeper layers (muscle
plane, the fascia, the retromammary layer) and the lesions
of considerable size and the vascularization, while the latter
one, due to the higher resolution, allows for improved
anatomical detail.

In thus study, the mean age of patients with SA was
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43 years old, which was consistent with Chen ez al.’s
results (7), and SA may occur in all age groups, but
especially in perimenopausal women aged 40-50 years.
Our study revealed that patients with SA were significantly
younger than those with IDC, which was consistent with
previously reported findings (21). The calcification and
retraction phenomena in the coronal planes were less
frequently observed in patients with SA than in patients
with IDC. Circumscribed margin, vascularity grade 0-1,
and elasticity scores 1-3 were more frequently observed in
patients with SA than in those with IDC and constituted a
statistically significant differences between these two groups.
Moreover, the lesion size in the SA group was significantly
smaller than that in the IDC group. Exploration of the
imaging features of SA and their careful assessment will be
advantageous in its differential diagnosis.

This study was subject to various limitations. First, we
employed a retrospective, single-center design, and it is
important to note that the sample size was limited. Therefore,
it is recommended that future research includes larger
sample sizes and involves multiple centers to enhance the
generalizability of the findings. Furthermore, it should be
mentioned that only multimodal ultrasound images were
incorporated in the analysis of all patients, whereas MG
and MRI were not included. The potential absence of data
pertaining to MG and MRI could lead to an inadequate
assessment. Moreover, SA predominantly manifests in
conjunction with both benign and malignant neoplasms
of the breast. Due to the potential difficulties in accurately
diagnosing malignant lesions associated with SA, additional
comprehensive investigations are necessary to investigate a
broader range of imaging resources for this complex condition.

Conclusions

In summary, the combined use of ABVS, EI, and CDFI in
the assessment of breast lesions has demonstrated superior
diagnostic efficacy compared to each method used in
isolation. Furthermore, this combined approach offers
additional insights into distinguishing between SA and IDC
in the differential diagnostic process.
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