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[ Abstract | Objective: To explore the diagnostic value of ultra-microangiography (UMA) for the classification of breast tumors
categorized as Breast Imaging Reporting and Data System (BI-RADS) category 4. Methods: Data of female patients with breast

tumors who underwent conventional two-dimensional ultrasound and UMA examinations at the First Hospital of Shanxi Medical
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University from January 2023 to February 2024 were retrospectively reviewed and collected. The differences in UMA blood flow
pixel ratios and blood flow characteristics between benign and malignant breast tumors were analyzed. Indicators with statistical
significance and high positive predictive values were assigned scores. Based on these scores, receiver operating characteristic (ROC)
curves were generated, and the optimal cutoff values were selected to adjust the BI-RADS grading for benign and malignant breast
tumors. ROC curves before and after adjustment were plotted to investigate the differential diagnostic value of UMA for BI-RADS
category 4 breast nodules. Results: A total of 101 breast patients were included. There were no statistically significant differences
in the blood flow pixel ratios of cUMA, pUMA, and sUMA between benign and malignant tumors (Z-values were —0.194, —1.202,
and —1.117, respectively; P-values were 0.846, 0.229, and 0.264, respectively). Among the UMA blood flow characteristics, the
presence or absence of penetrating blood flow (y’=8.394, P=0.004), whether the marginal blood flow course was distorted (y’=7.317,
P=0.007), the marginal blood flow distribution (y’=55.733, P<<0.001), whether the central blood flow course was distorted (y’=4.178,
P=0.041), and the presence or absence of central blood flow defects (y’=6.051, P=0.014) showed statistically significant differences
between benign and malignant breast tumors. One point was assigned when the tumor had penetrating blood flow, distorted marginal
blood flow course, marginal blood flow distribution characterized by peripheral penetrating blood flow or radial blood flow, distorted
central blood flow course, or central blood flow defects. The area under the curve (AUC) was 0.871, with a 95% CI of 0.799 to 0.943.
After scoring, the AUC for BI-RADS category 4 breast tumors increased from 0.741 to 0.825. Conclusion: UMA can improve the
diagnostic accuracy of benign and malignant BI-RADS 4 breast tumors and serve as an effective blood flow imaging modality for the
diagnosis of breast cancer.

[ Key words ] Breast tumor; Angiogenesis; Malignant tumor vessel; Ultra-microangiography; Breast Imaging Reporting and Data System
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Tab.1 UMA blood flow pixel ratio in benign and malignant breast tumors
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Tab.2 Characteristics of UMA perforator and marginal blood flow in benign and malignant breast tumors
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Tab.3 Characteristics of central blood flow in benign and malignant breast tumors

n (%)
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YA JE LI 0.000 0.983
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Teh 61 (74.4) 27 (32.9) 34 (41.5)
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Fig.4 Conventional two-dimensional ultrasound and UMA images of typical case 1 (female patient, 20 years old, breast fibroadenoma)
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Fig.5 Conventional two-dimensional ultrasound and UMA images of typical case 2 (female patient, 55 years old, invasive ductal carcinoma)
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Tab.4 Positive predictive value and scoring of blood flow

characteristics in differentiating malignant from benign breast

tumors
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Fig.7 ROC curve of UMA blood flow feature scores for

malignancy discrimination
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Fig.6 Score distribution of UMA blood flow features in benign vs

malignant breast tumors
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Fig.8 Sankey diagram of BI-RADS classification before and after
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