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Purpose: : To explore the diagnostic value of artificial intelligence (AI)-based on real-time dynamic ultrasound imaging system for 
minimal breast lesions.
Patients and Methods: Minimal breast lesions with a maximum diameter of ≤10mm were selected in this prospective study. The 
ultrasound equipment and AI system were activated Simultaneously. The ultrasound imaging video is connected to the server of AI 
system to achieve simultaneous output of AI and ultrasound scanning. Dynamic observation of breast lesions was conducted via 
ultrasound. And these lesions were evaluated and graded according to the Breast Imaging Reporting and Data System (BI-RADS) 
classification system through deep learning (DL) algorithms in AI. Surgical pathology was taken as the gold standard, and ROC curves 
were drawn to determine the area under the curve (AUC) and the optimal threshold values of BI-RADS. The diagnostic efficacy was 
compared with the use of a BI-RADS category >3 as the threshold for clinically intervening in diagnosing minimal breast cancers.
Results: 291 minimal breast lesions were enrolled in the study, of which 228 were benign (78.35%) and 63 were malignant (21.65%). 
The AUC of the ROC curve was 0.833, with the best threshold value >4A. When using >BI-RADS 3 and >BI-RADS 4A as threshold 
values, the sensitivity and negative predictive value for minimal breast cancers were higher for >BI-RADS 3 than >BI-RADS 4A 
(100% vs 65.08%, 100% vs 89.91%, P values <0.001). However, the corresponding specificity, positive predictive value, and accuracy 
were lower than those for >BI-RADS 4A (42.11% vs 85.96%, 32.31% vs 56.16%, and 54.64% vs 81.44%, P values <0.001).
Conclusion: The AI-based real-time dynamic ultrasound imaging system shows good capacity in diagnosing minimal breast lesions, 
which is helpful for early diagnosis and treatment of breast cancer, and improves the prognosis of patients. However, it still results in 
some missed diagnoses and misdiagnoses of minimal breast cancers.
Keywords: Breast cancer, ultrasound, artificial intelligence, diagnostic

Breast cancer ranks as one of the primary causes of mortality among women globally. According to the latest global 
cancer statistics, breast cancer has now surpassed lung cancer as the most commonly diagnosed form of cancer, 
constituting 11.7% of new cases in 2020.1 Despite substantial progress in the treatment of breast cancer, it continues 
to be a major global health challenge. Even with notable advancements in its diagnosis and treatment, both the incidence 
and mortality rates of breast cancer still rise annually in many regions of the world.2 The early detection, diagnosis, and 
treatment of minimal breast lesions, referring to breast lesions with a diameter of less than 10 mm and malignant lesions 
are called minimal breast cancer among them, can significantly enhance patient prognosis.3,4

Ultrasound, as one of the two most prevalent diagnostic methods for breast cancer, has the benefits of simplicity, 
speed, and the absence of radiation. Moreover, with ongoing innovations in ultrasound technology, the accuracy of 
diagnosing breast cancer through this method has progressively improved.5 However, breast ultrasound is highly 
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operator-dependent, requiring a high level of operator skill and experience for reliable and good-quality imaging. 
Moreover, subjective factors also play a role in the diagnostic process, which may lead to misdiagnosis in some patients, 
resulting in a worse prognosis. Therefore, improving the accuracy of ultrasound diagnosis and eliminating the influence 
of subjective factors has become a clinical challenge. In recent years, the integration of artificial intelligence (AI) in 
ultrasound has revolutionized the field, transitioning diagnosis from a subjective, skill-dependent practice to an objective, 
efficient, and reproducible analytical process. Research indicates that AI can aid ultrasound physicians in assessing breast 
images, markedly decreasing human error and approaching the expertise of highly experienced doctors.6–8 Unlike 
imaging methods such as CT and MR, ultrasound scanning operates as a real-time dynamic process. Assessing breast 
lesions based on static ultrasound images can lead to significant errors, necessitating a comprehensive dynamic 
evaluation of breast tumors. Studies have shown that compared to traditional static AI diagnostic models, AI systems 
based on real-time dynamic ultrasound imaging can identify more detailed spatial and temporal information, enabling 
more accurate classification of breast lesions and thereby enhancing breast cancer diagnosis.9

As early indicators of breast cancer, minimal breast lesions evaluated via ultrasound inherently involve a high degree 
of subjectivity, potentially resulting in numerous missed and misdiagnosed cases. In clinical practice, we found that 
artificial intelligence system based on real-time dynamic ultrasound imaging could help improve the accuracy of 
assessment for minimal breast lesions to some extend. Our study aims to explore the diagnostic value of an AI-based 
real-time dynamic ultrasound imaging system for minimal breast lesions to determine whether AI technology can more 
objectively and accurately differentiate between benign and malignant minimal breast lesions.

Materials and Methods
General Information
All procedures involving human participants were performed in accordance with the Declaration of Helsinki (2013). The 
Ethics Committee of the Affiliated Hospital of Jiangnan University approved this study. Written informed consent was 
obtained from all participants before inclusion in the study. In this study, we prospectively analyzed 291 patients with 
minimal breast lesions who underwent ultrasound examinations at Affiliated Hospital of Jiangnan University from 
March 2022 to April 2024. The inclusion criteria were as follows: (1) Both artificial intelligence and ultrasound 
physicians assessed the nodules as BI-RADS 4; (2) The maximum diameter of the nodules was ≤10mm; (3) 
Confirmed by surgical pathology with clear histopathological results; (4) In cases where 2 or more lesions were found 
in one breast, the lesion with the highest BI-RADS classification was selected. The exclusion criteria were as follows: (1) 
Nodules that had been biopsied before ultrasound examination; (2) Patients receiving neoadjuvant chemotherapy or 
radiotherapy; (3) Incomplete ultrasound or histopathological data; (4) Maximum diameter of breast nodules >10mm.

Apparatus and Methods
Siemens 3000 Color Doppler ultrasound imaging was used, equipped with a linear array probe with a frequency range of 
7.5–12MHz. During the scanning, the patient was placed in a supine position with both breasts and armpits fully 
exposed. The nipples are centered, and a sector scanning method is used to scan the breasts. Multifaceted and combined 
longitudinal and transverse scanning methods are employed for minimal breast lesions. All examinations were performed 
by an ultrasound physician with over ten years of experience.

Artificial Intelligence Evaluation
During the breast scanning, the Yizhun AI server (Beijing Yizhun Intelligent Technology Co., Ltd., Registration 
No. 20212210021) is activated as well. The AI server displays the location of lesions at a speed of 64 frames 
per second, and convolutional neural network feature fusion simulates the restoration of 3D lesions, extracting features 
of benign and malignant lesions that cannot be recognized by the naked eye. Besides, AI server is directly connected to 
the ultrasound machine’s video output and uses deep learning (DL) algorithms to automatically analyze all attributes 
based on the DL and ACR BI-RADS guidelines to generate an intelligent ultrasound BI-RADS report (categories 3, 4A, 
4B, 4C, 5) and describe histological features, including shape (round, oval, lobulated, less regular, irregular), orientation 
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(parallel, non-parallel), edges (clear, fairly clear, less clear, unclear), internal echoes (high, equal, low, anechoic, 
heterogeneous, complex cystic-solid), posterior echoes (enhanced, shadow, unchanged, mixed changes), and calcifica-
tions within the lesion (none, coarse, micro, mixed, other).

BI-RADS Classification Standards and Diagnostic Methods
The ACR-BI-RADS guidelines are used to evaluate minimal breast lesions.9 Category 0: Assessment is incomplete; 
further examination is needed. Category 1: No obvious abnormalities observed. Category 2: Benign lesions; regular 
follow-up recommended. Category 3: Probably benign (<2% likelihood of malignancy). Category 4A: Low suspicion of 
malignancy (2%-<10% likelihood of malignancy). Category 4B: Moderate suspicion of malignancy (10%-50% like-
lihood of malignancy). Category 4C: High suspicion of malignancy (50%-<95% likelihood of malignancy). Category 5: 
Highly suggestive of malignancy (≥95% likelihood of malignancy).

Statistical Analysis
Statistical analyses were conducted using SPSS 26.0 and MedCalc 19.3.1 software. Quantitative data are expressed as 
mean ± standard deviation, and categorical data are expressed as percentages. Comparisons of quantitative data were 
made using the independent samples t-test, while rates were compared using the χ2 test and Fisher’s exact test. 
Pathological results were used as the gold standard. Receiver operating characteristic curves (ROC) for the BI-RADS 
classification of minimal breast lesions were plotted, and the area under the curve (AUC) and Youden index were 
calculated. An AUC of 0.50–0.69 indicates poor diagnostic performance, 0.70–0.79 indicates moderate diagnostic 
performance, 0.80–0.89 indicates good diagnostic performance, and AUC≥0.90 indicates excellent diagnostic perfor-
mance. The score corresponding to the maximum Youden index represents the optimal threshold for each group. 
A P-value <0.05 is considered statistically significant.

Results
Pathological Results
In this study, a total of 291 minimal breast lesions were included. According to the 5th edition of the WHO histological 
classification of breast tumors (2019).10,11 There were 228 benign cases (78.35%) and 63 malignant cases (21.65%). 
Specific pathological types are detailed in Table 1.

Ultrasound Features of Minimal Breast Lesions
The analysis of the ultrasound features of benign and malignant minimal breast lesions revealed significant statistical 
differences in shape and edges (χ2 values were 53.830 and 88.997, respectively, both P<0.001). No significant differences 

Table 1 Distribution of Pathological 
Results (n)

Pathological Result n

Benign Lesions 228
Adenosis 91

Fibroadenoma 76
Intraductal papilloma 37

Adenomatosis 22

Sclerosing adenosis 2
Malignant Lesions 63

Invasive ductal carcinoma 39

Ductal carcinoma in situ 8
Invasive lobular carcinoma 6

Papillary ductal carcinoma in situ 4

Solid papillary carcinoma 4
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were found in orientation, internal echoes, posterior echoes, and calcifications within the lesion (χ2 values were 2.540, 
0.901, 4.130, and 3.292, respectively; P values were 0.111, 0.924, 0.248, and 0.349, respectively) (Table 2). Images of 
ultrasound features of benign and malignant minimal breast lesions are shown below (Figure 1).

BI-RADS Classification and Distribution of Malignant in Minimal Breast Lesions
According to the 2013 ACR BI-RADS standards, the 291 minimal breast lesions were classified as BI-RADS 3, 4A, 4B, 
and 4C in 96, 122, 69, and 4 cases, respectively. The malignancy rate for BI-RADS 3 minimal breast lesions was within 
the reference range of the 2013 ACR BI-RADS standards, while the malignancy rates for BI-RADS 4A, 4B, and 4C 
minimal breast lesions were higher than the reference range of the 2013 ACR BI-RADS standards (Table 3).

ROC Curves and Diagnostic Performance of BI-RADS Classification for Minimal 
Breast Lesions
The ROC curve for the benign and malignant classification of minimal breast lesions and their BI-RADS categorization 
(Figure 2) indicates an AUC of 0.833 (95% CI: 0.785 to 0.874). At the point of maximum Youden Index, the optimal 
threshold for the BI-RADS classification system corresponds to BI-RADS > 4A.

When using >BI-RADS 3 and >BI-RADS 4A as threshold values, the sensitivity and negative predictive value (NPV) 
for >BI-RADS 3 were higher than for >BI-RADS 4A (100% vs 65.08%, and 100% vs 89.91%, respectively; P values 
<0.001). However, the corresponding specificity, positive predictive value (PPV), and accuracy were less than those for 
>BI-RADS 4A (42.11% vs 85.96%, 32.31% vs 56.16%, and 54.64% vs 81.44%, respectively; P values <0.001) (Table 4).

Discussion
Evaluating minimal breast lesions is both a clinical priority and a significant challenge due to the high subjectivity in 
ultrasound physicians’ assessments. At present, there are many researches on AI in breast cancer and the results are good 
as well. However, given the small size and atypical symptoms of minimal breast lesions, no relevant research was found 
in minimal breast lesions about AI. Our study used surgical pathology as the gold standard and analyzed 291 minimal 
breast lesions of ≤10mm using an AI-based real-time dynamic ultrasound imaging system. The BI-RADS classification 
system showed low diagnostic efficiency for minimal breast cancers with an AUC of 0.833, and when the Youden index 
was at its maximum, the optimal threshold value was >BI-RADS 4A, with sensitivity, specificity, PPV, NPV, and overall 
accuracy respectively at 65.08%, 85.96%, 56.16%, 89.91%, and 81.44%.

Our analysis of the pathological results of the 291 minimal breast lesions showed that the malignancy rates for BI- 
RADS 4A, 4B, and 4C nodules were 18.03%, 53.62%, and 100%, respectively, all higher than the possible malignancy 
levels indicated by the 2013 ACR BI-RADS standards. This may be due to atypical ultrasound features of some 
malignant minimal breast lesions and a significant overlap between benign and malignant features. The analysis revealed 
that only the shape and edges of benign and malignant minimal breast lesions showed statistical differences in ultrasound 
features, whereas orientation, internal echoes, posterior echoes, and calcifications within the lesion showed no significant 
differences. The findings may differ from previous studies, indicating that malignant breast lesions often have irregular 
shapes, uneven edges, non-parallel orientations, attenuated posterior echoes, and microcalcifications.12–14 However, in 
this study, the minimal size of the lesions increased the difficulty of differentiation. Although fibroadenomas and 
intraductal papillomas typically have characteristic ultrasound features, adenosis—the most common benign minimal 
breast lesion observed in this study—displayed ultrasound characteristics that significantly overlapped with those of 
minimal breast cancers, thereby complicating accurate assessment.

This study shows that the 2013 ACR BI-RADS classification guidelines have an AUC of 0.833 for diagnosing 
minimal breast cancers, indicating high clinical value in classifying minimal breast lesions. When the Youden index is at 
its maximum, the optimal threshold for the BI-RADS classification system is >BI-RADS 4A, consistent with the 
threshold values for breast tumors commonly employed by researchers.15,16 At this threshold, the specificity is high, at 
85.96%, meaning that the AI-based real-time dynamic ultrasound imaging system has a low misdiagnosis rate in 
diagnosing minimal breast lesions, which helps in accurately assessing patients with benign minimal breast lesions 
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Table 2 Comparation of Ultrasonographic Characteristics in Benign and Malignant Minimal Breast Lesions (n)

Group Shape Orientation Edges

Round Oval Lobulated Less regular Irregular Parallel Non- 
parallel

Clear Fairly clear Less clear Unclear

Benign 2 139 13 18 56 202 26 45 75 53 55

Malignant 1 7 3 15 37 51 12 0 2 5 56

χ2 value 53.830 2.540 88.997

P value <0.001 0.111 <0.001

Group Internal echoes Posterior echoes Calcifications

High Equal Low Anechoic Heterogeneous Complex 
cystic-solid

Enhanced Shadow Unchanged Mixed 
changes

None Coarse Micro Mixed Other

Benign 2 2 212 0 3 9 3 14 210 1 184 16 25 0 3
Malignant 1 0 59 0 1 2 1 8 53 1 47 3 11 0 2

χ2 value 0.901 4.130 3.292
P value 0.924 0.248 0.349
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and avoiding unnecessary surgery. However, the sensitivity at this point is not very satisfactory, only 65.08%, which can 
lead to a significant number of missed diagnoses of minimal breast cancers, potentially missing the optimal treatment 
window. This is somewhat consistent with the relevant research results, Guldogan N et al suggest that the sensitivity and 
specificity of AI were 98.51% and 65.40%, respectively.17 The author believes that the low sensitivity may be related to 
the fact that artificial intelligence systems can only evaluate the ultrasound characteristics of minimal breast cancers. In 
the process of clinical practice, the evaluation of breast cancer needs to combine the imaging and clinical characteristics, 
including the patient’s age, family history of breast cancer, fertility history, etc. The failure of integrating clinical 
information with ultrasound information of breast lesions may be the main reason for missed diagnosis of minimal breast 
cancers for AI system. Besides, the small sample size can also affect the accuracy of AI to some extent. Moreover, this 
study further explored the use of >BI-RADS 3 and >BI-RADS 4A respectively as threshold values to predict the 
diagnostic efficacy for minimal breast cancers. The results show that using >BI-RADS 3 as a threshold achieves 
a sensitivity of 100%, which can prevent missed diagnoses to the greatest extent. However, the specificity at this point 
is only 42.11%, leading to a high rate of misdiagnoses. Therefore, using >BI-RADS 3 and >BI-RADS 4A as threshold 
values may not be the best approach for managing minimal breast lesions. The evaluation of minimal breast lesion 
features by an AI-based real-time dynamic ultrasound imaging system requires further optimization.

Our study has several limitations. First, the ultrasound scans were performed concurrently with the AI analysis, 
without a double-blinded assessment. Second, the evaluation of minimal breast lesion features by the AI-based system 
may present minor discrepancies with the BI-RADS classification system, particularly for less typical features such as 
lobulated shapes, irregular contours, and unclear margins, which are not explicitly detailed in the BI-RADS guidelines. 
Thirdly, the sample size of our study is relatively small. Lastly, due to the confidentiality requirements of the Beijing 
Yizhun Intelligent Technology Co., Ltd., the technical details of the artificial intelligence system used in this study cannot 
be disclosed to the public, including algorithms, training data, and validation methods. Therefore, unless using the same 

Figure 1 Representative malignant and benign minimal breast lesions (A) Malignant minimal breast lesions, AI shows BI-RADS 4B. Pathologically confirmed as invasive ductal 
carcinoma (B) Benign minimal breast lesions, AI shows BI-RADS 4A. Pathologically confirmed as adenosis.

Table 3 BI-RADS Category of Minimal Breast Lesions and Incidence of Malignant Lesions

BI-RADS Category Number of nodules Benign number Malignant number Malignant Rate

Category 3 96 96 0 0

Category 4A 122 100 22 18.03
Category 4B 69 32 37 53.62

Category 4C 4 0 4 100

https://doi.org/10.2147/IJGM.S479969                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2024:17 4066

Qu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


product, it may be difficult to assess the robustness of the AI system or to replicate the study’s results for other companies 
or scholars.

Conclusion
The AI-based real-time dynamic ultrasound imaging system shows good effectiveness in diagnosing minimal breast 
nodules, which is helpful for early diagnosis and treatment of breast cancer, and improves the prognosis of patients. 
However, it still results in some missed diagnoses and misdiagnoses of minimal breast cancers. Expanding the sample 
size for training may improve the accuracy of diagnosis minimal breast nodules further.

Figure 2 ROC Curves for diagnosing minimal breast lesions.

Table 4 Diagnostic Performance for Minimal Breast Lesions When Threshold Values Were 
>BI-RADS 3 and >BI-RADS 4A

Sensitivity Specificity PPV NPV Accuracy

>3 100.00 (63/63) 42.11 (96/228) 32.31 (63/195) 100 (96/96) 54.64 (159/291)

>4A 65.08 (41/63) 85.96 (196/228) 56.16 (41/73) 89.91 (196/218) 81.44 (237/291)
χ2 Value 95.222 12.730 48.073

P value <0.001 <0.001 <0.001 <0.001 <0.001
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