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[ Abstract] Objective To develop an " Al-Doctor" collaborative intelligent model for precise segmentation of
retinal non-perfusion areas and evaluate its effectiveness.  Methods Seventy-three retinal non-perfusion images
were collected from diabetic retinopathy patients who visited Xuzhou Medical University Affiliated Xuzhou Municipal
Hospital and underwent the ultra-widefield fluorescein angiography (UWFA) from December 2022 to January 2024.
These images were divided into a training set of 38 images,a validation set of 10 images,and a test set of 25 images.
A VGG-UNet model was created, which is an optimization of the combination of VGG-16 and U-Net. Large-scale and
small-scale training datasets were created from the UWFA images, and the VGG-UNet was trained on each to obtain
corresponding large-scale and small-scale networks. Initial segmentation of non-perfusion areas in UWFA images was
conducted using the large-scale network. A physician interaction module was introduced to enhance local segmentation
accuracy via the small-scale network,allowing for precise segmentation of non-perfusion areas in UWFA images. The
efficacy of the " Al-Doctor" collaborative model was then compared with that of traditional physician annotation
methods. This study adhered to the Declaration of Helsinki. The study protocol was approved by the Ethics Committee
of Xuzhou Medical University Affiliated Xuzhou Municipal Hospital ( No. xyyll [ 2023] 069 ). Written informed
consent was obtained from each subject. Results The VGG-UNet model was generally able to accurately segment
retinal non-perfusion areas. However, problems such as missegmentation, omission, and imprecision were observed at
the edge of the eyeball. After the introduction of the physician interaction module,the average segmentation accuracy
was improved to 90. 36% ,showing a significant improvement over conventional methods. Based on the VGG-UNet, a

collaborative intelligent segmentation model of " AI-Doctor" was constructed, which can accurately segment images of
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the non-perfusion area of retinal blood vessels. The validation results showed that the average time of " Al-Doctor"
collaborative annotation was about 3. 0 minutes, which was significantly shorter than the 29. 6 minutes of the traditional

annotation method, and the efficiency was improved by about 10 times, and the segmentation accuracy reached

- 1101 -

90. 36%. Conclusions

An intelligent segmentation model with " Al-Doctor" collaboration is successfully

established to achieve efficient and accurate segmentation of the non-perfused area of retinal blood vessels.
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Figure 1 Intelligent segmentation of non-perfused areas in UWFA images with AI-Doctor collaboration
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Figure 4 Software for identifying non-perfused areas in UWFA images
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Figure 10 Display of local details in the segmentation of global images
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Table 1 Comparison of performance of different models
in identifying and segmenting non-perfusion areas of the
fundus on the test set ( %)

155 7 mloU mPA mPrecision mRecall
U-Net 64.75 71.06 79. 63 71.06
VGG-UNet 75. 14 80.52 84.08 80. 52
ResNet-UNet 74. 82 80. 16 83. 80 80. 16

i smloU - B3I H s mPA ;- 4% 2 o ) 3 mPrecision : - K1 K5 JE
mRecall ; -3 74 [A] R
Note: mloU: mean intersection over union; mPA: mean pixel accuracy;

mPrecision ; mean precision ;mRecall: mean recall rate
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Figure 9 Segmentation of global images
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Table 2 Comparison of average performance of different
models using 5-fold cross-validation ( %)

A mloU mPA mPrecision mRecall
U-Net 68.97 75. 67 84.82 75. 68
VGG-UNet 80.53 86.29 90. 11 86.29
ResNet-UNet 80.27 86. 00 89.90 86. 00

YE mloU ; 948 9 Ho s mP A 5F- 412 2 4 B 5 5 mPrecision : F- 2 6 i 5
mRecall ; -3 7 0] &
Note: mloU: mean intersection over union; mPA: mean pixel accuracy;

mPrecision ;mean precision;mRecall ; mean recall rate
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Figure 13 Segmentation of small-scale images
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Figure 14 Collaborative annotation of AI-Doctor
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Figure 15 Comparison of average time for physicians to annotate

non-perfusion areas in ultra-widefield fundus images between two

different annotation methods Al:artificial intelligence
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