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Study dataset 

 The dataset used for the study derived from the endoscopy videos that were collected 

as part of the protocol of the clinical study: “The Safety and Efficacy of Methylene Blue 
MMX® Modified Release Tablets Administered to Subjects Undergoing Screening or 

Surveillance Colonoscopy” (ClinicalTrials.gov registry n. NCT01694966), in which 
standard white light high definition full procedure (from start of insertion to end of 

withdrawal) colonoscopy videos were recorded.  

 

Methodological description 

 All patients included in the MB-MMX clinical study were considered for the present 

study. Inclusion criteria for the relative videos were the presence of at least one polyp 

and the absence of technical issues during the recording, resulting in 840 patients (2684 

lesions). 

 Together with colonoscopy videos, endoscopy and other clinical information (i.e. size, 

location, histology, morphology) about lesions have been collected from the data 

recorded by the clinical sites on the Electronic Data Capture (EDC) platform according to 

the MB-MMX protocol. EDC data and videos contents were re-associated using video 

timepoints, an information present in both the datasets. 

 For each of the 2684 lesions considered for the study, the first video frame where the 

lesion was identifiable, and the first frame where the snare/biopsy forceps appeared, 

were noted. These two frames defined a time interval in the video where the lesion was 

present. For each of the lesion, a video clip was generated from this time interval. 

 For each lesion, a target number of 600 different image frames were extracted, using 

the following procedure for frame selection: priority was given to frames in the initial 10 

seconds after lesion first appearance (i.e. 250 images at a frame rate of 25 fps); 

remaining frames to reach 600 images were extracted randomly from the rest of time 

interval; if the time interval between first appearance of lesion and first appearance of 

snare/biopsy forceps contained less than 600 frames showing the lesion, all available 

frames were included in the dataset. A total of over 1.5 million images showing these 

lesions from different perspectives were extracted from videos. 

 All these images were annotated by experts endoscopists, who were asked to draw a 

bounding box around the polyp shown in the image, if present. 

 One third (105/324) of the videos from the placebo arm of the MB-MMX clinical study 

were randomly selected to be later used for the validation procedure and were never 

used in any phase of the training of the AI system. 

 

AI system 

 The AI system used in this study was a Convolutional Neural Network (CNN) with 

multiple layers belonging to the class of object detectors. The object detectors are 
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algorithms that receive as input a digital image and output the coordinates of a 

bounding box only when an instance of the target object is recognized in the image.  

 The network structure of the AI system was configured as a CNN with convolutional and 

max pooling layers. In detail, successive 3x3 and 1x1 convolutional layers with residual 

connections followed by 1 fully connected layer and softmax output were used. 

 

Training procedure 

 Although this AI system was designed to work during white light endoscopy, the training 

from scratch of the neural network benefits from the increased sample size obtained by 

using all available lesions in the clinical study for initial training (840 videos in total vs 

324 videos in white light arm of the study). Thus, the overall training strategy comprised 

an initial dataset with all lesions from all three arms of the clinical trial, only to later 

refine the weights of the network using only the data extracted from the white light 

placebo arm.  

 The training procedure was initiated from a set of random weights. Initial training 

parameters were configured to perform automatic data augmentation on image size, 

rotation, brightness and saturation. During each cycle of training the batch size was 

progressively increased from 8 to 128, and the learning rate decreased from 0.01 to 10
-8

 

following a cosine pattern. The mean average precision (mAP), the intersection over 

union (IoU) and the average loss were monitored during the training to identify early 

stopping moment. Each micro cycle (where parameters were varied) comprised at least 

10
5
 iterations, and each macro cycle (where dataset was varied) comprised at least 10

6
 

iterations. 

 

 

Validation procedure 

 For the validation procedure, only the 105 patients (338 lesions) that were never 

included in the training procedures were considered. 

 In order to assess the sensitivity per-lesion, the video clips of each lesion from the 

validation group was fed to the AI system. The resulting video was reviewed by one of 

the expert endoscopists in rotation, who was asked to recognize if the lesion was 

framed by the AI system in at least one frame, and to note the very first frame where 

the AI system identified correctly the lesion. 

 In order to assess the precision per-frame, the full video of each of the patient in the 

validation group was fed to the AI system. Subsequently, all the frames containing at 

least one detection were shown to the expert endoscopists, while all other frames were 

discarded. The endoscopist were asked to classify each of the frames with a detection as 

a true positive (TPF) if the box highlighted a potential lesion, and as false positive (FPF) 

otherwise. Each frame was reviewed by two endoscopists in rotation, and frames for 

which the two reviewers disagreed were shown to a third endoscopist. 

 In order to assess the reaction time, the panel of five expert endoscopists reviewed all 

the video clips. An ad-hoc software allowed each endoscopist to independently and 

separately play the video clips and to stop the video playback as soon as the lesion 
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appeared. Endoscopist were also asked to indicate where in the frame the target lesion 

was detected in order to ensure identification of the real lesion. Each endoscopist had 

only one chance to view each of the video clip. For each video clip, endoscopist were 

given the possibility to discard it, providing also a related reason (e.g. mistake). The 

video clips were submitted in a random order and comprised as a confounding factor 

also a 20% of video clips not containing any lesion. At the beginning of the analysis, an 

additional set of 15 calibration videos showing a white square appearing on a dark 

background were presented to the endoscopists: the first 5 videos were used to allow 

the physician to familiarize with the software, while the last 10 videos were used to 

record the Baseline Reaction Time (BRT). 

 

 

 

Main outcomes 

 Evaluate whether the AI system output is less accurate than average endoscopist: 

clinical success is defined as sensitivity per-lesion TPL / NL > 95% 

 Evaluate whether AI system output is too noisy: technical success is defined as precision-

per-frame TPF / (TPF+FPF) > 90%. 

 Evaluate whether AI system output is too slow to be useful: technical success is defined 

as average reaction time (RT) difference < 1s. In other words, when the AI is able to 

detect the polyp within 1s time window from endoscopist first detection. 

 

Statistical methods 

 The point estimate of sensitivity per-lesion TPL / NL, the exact (Clopper-Pearson) two-

sided 95% confidence interval and the one-sided p-value of rejecting the null hypothesis 

(sensitivity per-lesion TPL / NL <= 95%) will be used. 

 The point estimate of precision per-frame, the exact (Clopper-Pearson) two-sided 90% 

confidence interval and the one-sided p-value of rejecting the null hypothesis (precision 

per-frame TPF / (TPF+FPF) <= 90%) will be used. 

 The mean value of reaction time (RT), the Student's two-sided 90% confidence interval 

and the one-sided p-value of rejecting the null hypothesis (RT ≥ 1s) will be used. 
 Hypothesis testing parameters: alpha one-sided = 0.05 

 Analysis method (sensitivity and precision): exact binomial test with a nominal 0.050 

one-sided significance level; the point estimate of sensitivity and precision, the exact 

(Clopper-Pearson) two-sided 90% confidence interval of sensitivity and precision and 

the one-sided p-value of rejecting the null hypothesis were evaluated. 

 Analysis method (reaction time): Student's t-test with a nominal 0.050 one-sided 

significance level; the mean value of reaction time (RT), the Student's two-sided 90% 

confidence interval and the one-sided p-value of rejecting the null hypothesis were 

evaluated. 
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Details of population 

Patient characteristics Total Train Validation 

 N=840 N=735 N=105 

Mean age, years (range) 63 (50-76) 63 (50-75) 63 (50-76) 

Male gender (%) 630 (75) 539 (75) 81 (77) 

Boston scale (%)    

  3-5 193 (23) 170 (23) 23 (22) 

  6-9 647 (77) 565 (77) 82 (78) 

Lesion characteristics    

 N=2684 N=2346 N=338 

Morphology polypoid (%) 1497 (55.8) 1291 (55.0) 206 (60.9) 

Confirmed Adenomas (%)* 1315 (49.0) 1147 (48.9) 168 (49.7) 

Size (%)    

  0-5mm 1932 (72.0) 1692 (72.1) 240 (71.0) 

  6-9mm 483 (18.0) 416 (17.7) 67 (19.8) 

  >10mm 269 (10.0) 238 (10.1) 31 (9.2) 
*Including sessile serrated adenomas 

 

Detailed results 

 

Sensitivity per-lesion 

The result was 337 TPL and 1 FNL with a sensitivity: TPL / NL = 99.7%. 

Sensitivity resulted statistically significant with respect to chosen threshold (95%). 

 

Precision per-frame 

The total number of TPF was 535404, while the FPF were 52276, with TPF / (TPF+FPF) = 91.1%. 

Precision resulted statistically significant with respect to chosen threshold (90%). 

Considering the average number of frames in a full-length endoscopy recording (48861 frames) 

and considering also that on average there were 5480 frames containing a detection in a full 

video, the activation noise can be estimated as:  

AN = ( 1 – precision ) * (average detection percentage) = 0.009 = 0.9% 

This is the percentage of the frames in the average endoscopy procedure can be considered as 

a nuisance to endoscopist. 

 

Reaction Time 

The Baseline Reaction Time measured for the panel of five endoscopists was 300±74ms. The 

average difference between the first detection of AI system and the first detection of the panel 

of endoscopist, corrected for Baseline Reaction Time was -1.27±3.81s (negative results indicate 

that AI detected polyps 1.27 seconds before average endoscopist).  

Reaction Time resulted statistically significant with respect to chosen threshold ( -1.27 s < 1.0 s), 

as shown in the Figure below (Figure 2). 

Supplementary material Gut

 doi: 10.1136/gutjnl-2019-319914–800.:799 69 2020;Gut, et al. Hassan C


