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An artificial intelligence-based system for measuring the size of gastrointestinal lesions under
endoscopy (with video)
Wang Jing, Chen Xi, Wu Lianlian, Zhou Wei, Zhang Chenxia, Luo Renquan, Yu Honggang
Department of Gastroenterology, Renmin Hospital of Wuhan University; Hubei Key Laboratory of Digestive
Diseases; Hubei Clinical Research Center for Minimally Invasive Diagnosis and Treatment of Digestive
Diseases, Wuhan 430060, China
Corresponding author: Yu Honggang, Email: yuhonggang@whu.edu.cn

[ Abstract]  Objective To develop an artificial intelligence-based system for measuring the size
of gastrointestinal lesions under white light endoscopy in real time. Methods The system consisted of 3
models. Model 1 was used to identify the biopsy forceps and mark the contour of the forceps in continuous
pictures of the video. The results of model 1 were submitted to model 2 and classified into open and closed
forceps. And model 3 was used to identify the lesions and mark the boundary of lesions in real time. Then the
length of the lesions was compared with the contour of the forceps to calculate the size of lesions. Dataset 1
consisted of 4 835 images collected retrospectively from January 1, 2017 to November 30, 2019 in Renmin
Hospital of Wuhan University, which were used for model training and validation. Dataset 2 consisted of
images collected prospectively from December 1, 2019 to June 4, 2020 at the Endoscopy Center of Renmin
Hospital of Wuhan University, which were used to test the ability of the model to segment the boundary of
the biopsy forceps and lesions. Dataset 3 consisted of 302 images of 151 simulated lesions, each of which
included one image of a larger tilt angle (45° from the vertical line of the lesion) and one image of a smaller
tilt angle (10° from the vertical line of the lesion) to test the ability of the model to measure the lesion size
with the biopsy forceps in different states. Dataset 4 was a video test set, which consisted of prospectively
collected videos taken from the Endoscopy Center of Renmin Hospital of Wuhan University from August 5,
2019 to September 4, 2020. The accuracy of model 1 in identifying the presence or absence of biopsy
forceps, model 2 in classifying the status of biopsy forceps (open or closed) and model 3 in identifying the
presence or absence of lesions were observed with the results of endoscopist review or endoscopic surgery
pathology as the gold standard. Intersection over union (IoU) was used to evaluate the segmentation effect of
biopsy forceps in model 1 and lesion segmentation effect in model 3, and the absolute error and relative error
were used to evaluate the ability of the system to measure lesion size. Results (1)A total of 1 252 images
were included in dataset 2, including 821 images of forceps (401 images of open forceps and 420 images of
closed forceps), 431 images of non-forceps, 640 images of lesions and 612 images of non-lesions. Model 1
judged 433 images of non-forceps (430 images were accurate) and 819 images of forceps (818 images were
accurate), and the accuracy was 99.68% (1 248/1 252). Based on the data of 818 images of forceps to
evaluate the accuracy of model 1 on judging the segmentation effect of biopsy forceps lobe, the mean loU was
0.91 (95%CI: 0.90-0.92). The classification accuracy of model 2 was evaluated by using 818 forceps pictures
accurately judged by model 1. Model 2 judged 384 open forceps pictures (382 accurate) and 434 closed
forceps pictures (416 accurate), and the classification accuracy of model 2 was 97.56% (798/818). Model 3
judged 654 images containing lesions (626 images were accurate) and 598 images of non-lesions (584 images
were accurate), and the accuracy was 96.65% (1 210/1 252). Based on 626 images of lesions accurately
judged by model 3, the mean ToU was 0.86 (95%CI: 0.85-0.87). (2) In dataset 3, the mean absolute error of
systematic lesion size measurement was 0.17 mm (95%CI: 0.08-0.28 mm) and the mean relative error was
3.77% (95%CI: 0.00%-10.85%) when the tilt angle of biopsy forceps was small. The mean absolute error of
systematic lesion size measurement was 0.17 mm (95%CI: 0.09-0.26 mm) and the mean relative error was
4.02% (95%CI: 2.90%-5.14%) when the biopsy forceps was tilted at a large angle. (3) In dataset 4, a total of
780 images of 59 endoscopic examination videos of 59 patients were included. The mean absolute error of
systematic lesion size measurement was 0.24 mm (95%CI: 0.00-0.67 mm), and the mean relative error was
9.74% (95%CI: 0.00%-29.83%). Conclusion The system could measure the size of endoscopic
gastrointestinal lesions accurately and may improve the accuracy of endoscopists.

[ Key words ]  Artificial intelligence; Endoscopy, digestive system; Lesion size

Fund program: National Natural Science Foundation of China (81672387); Project of Hubei
Clinical Research Center for Digestive Diseases Minimally Invasive Incision (2018BCC337); Hubei Major
Science and Technology Innovation Project (2018-916-000-008)
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