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Abstract

Objective
To explore the clinical value of Automated Breast Ultrasound System (ABUS) combined with two-
dimensional ultrasound for intraductal breast lesions, and to provide imaging evidence for preoperative
benign and malignant differentiation.

Methods
Patients with pathologically confirmed intraductal breast lesions hospitalized in our hospital from April
2025 to April 2026 were enrolled. All subjects underwent two-dimensional ultrasound and ABUS
examination. Ultrasonographic features were compared between benign and malignant groups.
Univariate and multivariate logistic regression were used to screen independent risk factors of malignant
lesions and establish a combined diagnostic model. ROC curves were drawn to compare the diagnostic
efficiency of different detection schemes.

Results
A total of 200 patients were enrolled, including 132 benign cases and 68 malignant cases. The malignant
group had significantly higher incidences of irregular shape, microcalcification, abundant blood flow,
duct dilatation ≥ 5 mm, convergence sign, nipple-oriented lesion extension and marginal spiculation or
angulation (P < 0.05). Multivariate logistic regression confirmed seven independent risk factors for
malignancy (P < 0.05): irregular lesion morphology, microcalcification, Adler grade II–III blood flow, duct
dilatation ≥ 5 mm, convergence sign, lesion extending toward the nipple and spiculation/angulation. The
combined model had an AUC of 0.90, superior to standalone two-dimensional ultrasound (AUC = 0.81)
and single ABUS (AUC = 0.86), with sensitivity of 90.7% and specificity of 89.2%.

Conclusion
Combination of ABUS and two-dimensional ultrasound has prominent clinical value for differentiating
benign and malignant intraductal breast lesions, which improves preoperative diagnostic accuracy and
facilitates clinical decision-making.

Introduction
Intraductal breast lesions originate from mammary duct epithelium, consisting of benign lesions (usual
ductal hyperplasia, intraductal papilloma), premalignant lesions (atypical ductal hyperplasia) and
malignant lesions (ductal carcinoma in situ, DCIS with microinvasion)[1–3]. Most early lesions present
non-specific manifestations including nipple discharge, palpable nodules or no obvious symptoms.
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Accurate preoperative differentiation of benign and malignant lesions contributes to individualized
treatment and better clinical prognosis[4–6].

As a routine screening tool for breast disorders, conventional two-dimensional ultrasound is non-
invasive, convenient and repeatable. It clearly displays lesion morphology, margin, internal echo and
blood flow, serving as the primary imaging modality for intraductal lesion evaluation[7–9]. Nevertheless, it
only provides planar images and cannot completely display three-dimensional duct structure and overall
lesion infiltration, leading to diagnostic limitations for tiny and atypical lesions[10–12].

Three-dimensional automated breast volume scanning overcomes the defects of two-dimensional
ultrasound. With three-dimensional reconstruction and exclusive coronal imaging, ABUS clearly
demonstrates lesion margin, microcalcification and duct dilatation; coronal view accurately delineates
the distribution of microcalcification and helps determine lesion nature and invasion scope[13–15].
However, existing researches mostly focus on the diagnostic performance of single ultrasound modality,
while few studies combine two-dimensional and ABUS indicators to build systematic diagnostic models
for intraductal lesions[6, 9].

Using pathological outcomes as the reference gold standard, our study integrates two-dimensional and
ABUS ultrasonic features to screen independent malignant risk factors and establish a combined
diagnostic model. Diagnostic efficiencies of single and combined examinations are compared to provide
a practical preoperative imaging scheme for intraductal breast lesions.

Materials and Methods
1 Study Population

This study was approved by the Institutional Ethics Committee of the First Medical Center, Chinese PLA
General Hospital (No. S2025-1127-01) and performed in accordance with the Declaration of Helsinki. All
enrolled patients signed written informed consent before examinations. A total of 200 patients with
pathologically-confirmed intraductal breast lesions from April 2025 to April 2026 were enrolled after
receiving both two-dimensional ultrasound and ABUS scanning.�Fig. 1）

Inclusion criteria: (1) Complete two-dimensional and ABUS examinations with high-quality images
available for feature analysis; (2) Definite pathological diagnosis of benign or malignant lesions; (3) No
prior breast surgery, radiotherapy or chemotherapy; (4) No history of other malignant tumors; (5)
Complete clinical and follow-up data.

Exclusion criteria: (1) Poor-quality ultrasound images unable for feature identification; (2) Uncertain
pathological diagnosis; (3) Severe comorbidities of heart, liver or renal dysfunction; (4) Pregnant or
lactating women.

2 Examination Protocols and Observation Indexes
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Two-dimensional ultrasound was performed on Mindray Resona 7 with L14-5 linear probe (7–14 MHz,
frame rate=20 fps). ABUS scanning was carried out on IBUS BE3 automated breast volume system with
13L5BV probe (5–12 MHz, scanning area:13 cm×17 cm, slice thickness:0.1 mm). All images were
independently reviewed by two experienced sonographers (≥5 years’ breast ultrasound experience)
under blind condition without pathological information; disputed findings were adjudicated by a third
senior radiologist.

2.1 Conventional Two-dimensional Ultrasound

Patients were placed in supine position with arms elevated for full breast scanning across all quadrants.
Observed indicators contained lesion size, location, margin, morphology, internal echo homogeneity,
calcification, duct dilatation status and dilated width, blood flow in solid lesion and intraductal
vascularity. Blood flow was graded by Adler classification: Grade 0 (no blood flow); Grade I (1–2
punctate or linear small vessels); Grade II (3–4 punctate vessels or one main vascular trunk); Grade III
(≥5 punctate vessels or ≥2 major feeding vessels).

2.2 ABUS Three-dimensional Ultrasound

Semi-supine position was adopted for full-breast volumetric scanning; coronal, sagittal and transverse
images were reconstructed for analysis. Recorded ABUS features included lesion morphology, duct
dilatation, convergence sign, nipple-oriented lesion extension, spiculation/angulation and peripheral
hyperechoic rim.

2.3 Uniform Image Interpretation Criteria

Convergence sign: Perilesional breast parenchyma radially converges toward the central lesion on ABUS
coronal plane, indicating invasive growth along duct system.

Spiculation/angulation: Irregular cord-like protrusions or sharp angular changes at lesion margin,
representing interstitial infiltration of malignant cells.

Nipple-oriented extension: Lesion long axis stretches along mammary duct toward or connects directly
with nipple.

Microcalcification: Punctate high-echo foci <1 mm inside lesions or duct walls, isolated or clustered.

Marked duct dilatation: Duct inner diameter ≥2 mm; dilatation width ≥5 mm is defined as severe duct
ectasia[1].

3 Statistical Analysis

All statistical analyses were completed with SPSS 26.0. Measurement data were expressed as
mean±standard deviation and compared by independent-sample t-test; enumeration data were
presented as case number (percentage) and analyzed via χ² test. Kappa coefficient was used to evaluate
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inter-observer consistency of categorical indicators, while ICC for quantitative measurements. Variables
with P<0.05 in univariate analysis were included in multivariate logistic regression after multicollinearity
test to screen independent malignant risk factors. ROC curves were plotted, DeLong test was used for
pairwise AUC comparison, and sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated. P<0.05 was considered statistically significant.

Results
All 200 enrolled patients were female and divided into benign group (n=132) and malignant group (n=68)
according to pathological findings. Benign group contained 58 usual ductal hyperplasia, 62 intraductal
papilloma and 12 atypical ductal hyperplasia (age:32–58 y, mean 45.2±6.8 y). Malignant group included
49 pure DCIS and 19 DCIS with microinvasion (age:38–62 y, mean 48.7±7.3 y). No significant intergroup
difference was found in age and lesion location (P>0.05). For lesion size: 85 lesions <1 cm and 47 ≥1 cm
in benign group; 18 <1 cm and 50 ≥1 cm in malignant group (P>0.05). Duct dilatation was detected in 30
benign and 50 malignant lesions on two-dimensional ultrasound (P<0.05), and in 28 benign and 39
malignant lesions on ABUS (P<0.05). Lesion location had no correlation with malignant risk (P>0.05).

1 Inter-observer Consistency of Image Interpretation

Kappa=0.81 for qualitative feature evaluation and ICC=0.87 for quantitative measurement between two
radiologists, showing excellent inter-rater agreement (P<0.05).

2 Comparison of Ultrasonic Features Between Two Groups

Significant intergroup differences were observed in margin, morphology, echo, homogeneity,
calcification, blood flow and duct dilatation on two-dimensional ultrasound (P<0.05), while lesion size,
location and uniformity of duct dilatation showed no statistical difference (P>0.05).�Table 1） On ABUS,
significant differences existed in margin, morphology, echo, calcification, duct dilatation, convergence
sign, nipple-oriented extension, spiculation/angulation and peripheral hyperechoic rim (P<0.05). �Table
2）

Univariate screening identified seven statistically different indicators between two cohorts; multivariate
logistic regression confirmed irregular morphology, microcalcification, grade II–III blood flow, duct
dilatation ≥5 mm, convergence sign, nipple-directed extension and spiculation/angulation as
independent malignant risk factors (P<0.05).�Fig. 2）

3 Diagnostic Efficacy of Different Examination Schemes

With pathological diagnosis as gold standard, ROC analysis revealed combined model AUC=0.90
(95%CI:0.85–0.94), superior to two-dimensional ultrasound (AUC=0.81,95%CI:0.74–0.87) and standalone
ABUS (AUC=0.86,95%CI:0.80–0.91, P<0.05). The combined model achieved sensitivity of 90.7% and
specificity of 89.2%, exceeding single two-dimensional ultrasound (81.5% sensitivity,84.2% specificity)
and single ABUS (87.0% sensitivity,88.3% specificity). �Table 3, Fig. 3）
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Discussion
Typical imaging manifestations of benign and malignant intraductal breast lesions are illustrated in the
representative cases below (Fig. 4).

Conventional two-dimensional ultrasound only provides sectional images and fails to fully display three-
dimensional duct anatomy and multifocal lesion extension, restricting its diagnostic performance for
non-mass and tiny intraductal lesions[16–18]. ABUS overcomes such drawbacks via automatic full-breast
scanning and coronal reconstruction, realizing panoramic visualization of duct tree and benefiting dense-
breast population screening[19, 20]. Previous studies verified that coronal-specific signs including
convergence sign and spiculation improve detection sensitivity of DCIS by 12%–18% compared with two-
dimensional ultrasound[21,22]. The seven independent malignant predictors identified in our research are

closely correlated with tumor proliferation and interstitial invasion[2,23–24].

Irregular morphology serves as the strongest malignant predictor, pathologically caused by invasive
tumor growth along duct epithelium and destroyed normal duct structure[25]. High-incidence irregular
contour (89.2%) in malignant lesions is distinctly higher than benign counterparts (23.5%)[26].
Microcalcification rate reached 54.4% in malignant group versus 6.8% in benign group, consistent with
published data ranging from 50% to 60%, originating from tumor ischemic necrosis and intraductal
secretion mineralization[27]. Grade II–III hypervascularity results from VEGF-mediated abnormal
angiogenesis and correlates with high Ki-67 index, consistent with Mo’s research[28]. Duct dilatation ≥ 5
mm arises from persistent tumor compression and duct wall destruction; the 5 mm cutoff value has
been validated in former literature[1].

Coronal-specific ABUS signs possess unique pathological implication for malignant diagnosis[16].
Convergence sign reflects parenchymal traction induced by tumor infiltration along duct system with
specificity up to 83.9%[22]. Nipple-oriented lesion extension corresponds to segmental multicentric
growth of DCIS, and spiculation/angulation directly manifests interstitial cancer invasion. These features
are easily missed or misdiagnosed on two-dimensional limited sectional scanning, whereas panoramic
ABUS coronal view markedly improves diagnostic accuracy for atypical lesions[20].

Combined two-dimensional ultrasound and ABUS obtained an AUC of 0.90 with sensitivity 90.7% and
specificity 89.2%, significantly superior to single-modality ultrasound. Two-dimensional ultrasound
depicts internal echo and blood flow details, while ABUS provides three-dimensional duct morphology
and characteristic malignant coronal signs; complementary combination reduces misdiagnosis of iso-
echoic, tiny and diffuse intraductal lesions.

Lesion location showed no correlation with malignancy, which reminds clinicians not to judge lesion
nature by anatomical site. Although duct dilatation is not an exclusive malignant feature, dilatation ≥ 5
mm indicates significantly elevated malignant risk.
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Limitations: This is a single-center retrospective study with limited sample size (n = 200), leading to
potential selection bias; no head-to-head comparison with mammography or breast MRI; subjective bias
exists in artificial image interpretation despite blind evaluation. Future multi-center prospective
researches with external validation cohorts are required to verify the diagnostic model; radiomics and
artificial intelligence can be applied to develop automatic intelligent diagnostic system.

Conclusion
Combination of ABUS and two-dimensional ultrasound compensates respective defects and improves
preoperative discrimination of intraductal breast lesions. The seven screened ultrasonic risk factors help
sonographers establish standardized imaging-pathology cognition and optimize clinical treatment
strategy.
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Lesion characteristics Benign (n=132) Malignant (n=68) Statistic P-value

Age 45.2±6.8 48.7±7.3 t＝1.96 0.051

Size     χ²＝28.36 ＜0.001

  x＜1cm 85�64.4%） 18�26.5%）    

  x≥1cm 47�35.6%） 50�73.5%）    

Location     χ²＝18.36 ＜0.001

  Central nipple 27�20.5%） 22 (32.4%)    

  Peripheral nipple 35�26.5%） 25 (36.8%)    

  Others 70�53.0%） 21 (30.9%)    

         

Boundary     χ²＝50.23 ＜0.001

  Clear 98 (74.2%) 15 (22.1%)    

  Unclear 34 (25.8%) 53 (77.9%)    

Shape     χ²＝42.15 ＜0.001

  Regular 89 (67.4%) 12 (17.6%)    

  Irregular 43 (32.6%) 56 (82.4%)    

Echo     χ²＝49.37 ＜0.001

  Hypoechoic 43 (32.6%) 54 (79.4%)    

  Isoechoic 62 (47.0%) 9 (13.2%)    

  Hyperechoic 27 (20.5%) 5 (7.4%)    

Homogeneity     χ²＝48.52 ＜0.001

  Yes 85 (64.4%) 14 (20.6%)    

  No 47 (35.6%) 54 (79.4%)    

Calcification     χ²＝56.72 ＜0.001

  Yes 9 (6.8%) 37 (54.4%)    

  No 123 (93.2%) 31 (45.6%)    

CDFI in solid echo areas     χ²＝59.83 ＜0.001

  Grade 0-I 107 (81.1%) 19 (27.9%)    

  Grade II-III 25 (18.9%) 49 (72.1%)    
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CDFI within the lumen     χ²＝48.95 ＜0.001

  Grade 0-I 25 (83.3%) 15 (30.0%)    

  Grade II-III 5 (16.7%) 35 (70.0%)    

ductal dilatation     χ²＝45.62 ＜0.001

  Yes 30 (22.7%) 50 (73.5%)    

  No 102 (77.3%) 18 (26.5%)    

Uniform ductal dilatation     χ²＝18.79 0.258

  Yes 22 (73.3%) 12(24.0%)    

  No 8 (26.7%) 38 (76.0%)    

Width of ductal dilatation     χ²＝12.35 ＜0.001

≥5mm 6�20.0%） 31�62.0%）    

＜5mm 24�80.0%） 19�38.0%）    

 

Table 2 Comparison of ABUS three-dimensional ultrasonic features between benign and malignant
intraductal breast lesions
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Lesion characteristics Benign Group
(n=132)

Malignant Group
(n=68)

Statistic P-
value

Lesion Size     χ²＝28.36 ＜0.001

＜1cm 85�64.4%） 18�26.5%）    

≥1cm 47�35.6%） 50�73.5%）    

Location     χ²＝18.36 ＜0.001

Central Nipple Area 27�20.5%） 22 (32.4%)    

Peripheral Nipple Area 35�26.5%） 25 (36.8%)    

Others 70�53.0%） 21 (30.9%)    

Boundary     χ²＝50.23 ＜0.001

Clear 98 (74.2%) 15 (22.1%)    

Unclear 34 (25.8%) 53 (77.9%)    

Shape     χ²＝42.15 ＜0.001

Regular 89 (67.4%) 12 (17.6%)    

Irregular 43 (32.6%) 56 (82.4%)    

Echo     χ²＝49.37 ＜0.001

Hypoechoic 43 (32.6%) 54 (79.4%)    

Isoechoic 62 (47.0%) 9 (13.2%)    

Hyperechoic 27 (20.5%) 5 (7.4%)    

Homogeneity     χ²＝48.52 ＜0.001

Homogeneous 85 (64.4%) 14 (20.6%)    

Inhomogeneous 47 (35.6%) 54 (79.4%)    

Calcification     χ²＝56.72 ＜0.001

Present 9 (6.8%) 37 (54.4%)    

Absent 123 (93.2%) 31 (45.6%)    

With Ductal Dilatation     χ²=26.74 <0.001

Yes 28 39    

No 104 29    

Uniformity of Ductal Dilatation     χ²=1.28 0.258
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Uniform 22 8    

Non-uniform 6 31    

Width of Ductal Dilatation     χ²=53.69 <0.001

≥5mm 6 31    

＜5mm 22 8    

Convergence Sign     χ²=68.42 <0.001

Present 11(8.3%) 38(55.9%)    

Absent 121(91.7%) 30(44.1%)    

Lesion Long Axis
Pointing/Involving Nipple

    χ²=59.71 <0.001

Yes 15(11.4%) 35(51.5%)    

No 117(88.6%) 33(48.5%)    

Spiculation/Angulation     χ²=72.36 <0.001

Present 9(6.8%) 41(60.3%)    

Absent 123(93.2%) 27(39.7%)    

Peripheral Echo Enhancement     χ²=47.85 <0.001

Present 13(9.8%) 35(51.5%)    

Absent 119(90.2%) 33(48.5%)    

  

Table 3 Diagnostic efficacy of two-dimensional ultrasound, standalone ABUS and combined model for
intraductal breast lesions

Diagnostic
Methods

AUC
(95%CI)

Sensitivity
(%)

Specificity
(%)

Positive
Predictive
Value (%)

Negative
Predictive
Value (%)

P-
value

Two-
Dimensional
Ultrasound (2D)

0.81
(0.74-
0.87)

81.5 84.2 83.0 82.8 <0.001

Three-
Dimensional
Ultrasound (3D)

0.86
(0.80-
0.91)

87.0 88.3 88.1 87.2 0.021

Combined
Diagnostic
Model (2D+3D)

0.90
(0.85-
0.94)

90.7 89.2 90.0 89.9 <0.001
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Figures

Figure 1

CONSORT flow diagram of patient enrollment and screening

Figure 2

Forest plot of independent risk factors for malignant intraductal breast lesions based on multivariate
logistic regression
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Figure 3

ROC curves of three diagnostic modalities for differentiating benign and malignant intraductal breast
lesions
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Figure 4

Representative 2D and ABUS images of benign and malignant intraductal breast lesions

Figure A. 2D and ABUS images of ductal carcinoma in situ with microinvasion
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Conventional 2D ultrasound revealed a hypoechoic nodule in the left breast with ill-defined margin and
irregular shape, seemingly connected to the mammary duct; CDFI detected internal blood flow signals.
On ABUS coronal plane, an irregular hypoechoic lesion was seen distributing along the duct, with
surrounding breast parenchyma converging toward the lesion center. Postoperative pathology confirmed
ductal carcinoma in situ with microinvasion.

Figure B. 2D and ABUS images of intraductal papilloma

2D ultrasound demonstrated a hypoechoic nodule in the left breast with clear boundary, irregular contour
and peripheral hyperechoic rim; CDFI showed intralesional blood flow. ABUS displayed a well-
demarcated hypoechoic lesion attached to the duct without peripheral parenchymal convergence.
Postoperative pathology verified intraductal papilloma.
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