
Artificial intelligence-based assessments of colonoscopic
withdrawal technique: a new method for measuring and
enhancing the quality of fold examination

Authors

Wei Liu1, *, Yu Wu2,*, Xianglei Yuan1, Jingyu Zhang3, Yao Zhou2, Wanhong Zhang4 , Peipei Zhu5, Zhang Tao6 , Long

He1, Bing Hu1 , Zhang Yi2

Institutions

1 Department of Gastroenterology, West China Hospital,

Sichuan University, Chengdu, Sichuan, China

2 Machine Intelligence Laboratory, College of Computer

Science, Sichuan University, Chengdu, Sichuan, China

3 State Key Laboratory of Ultrasound in Medicine and

Engineering, College of Biomedical Engineering,

Chongqing Medical University, Chongqing, Sichuan,

China

4 Department of Gastroenterology, Cangxi Peopleʼs

Hospital, Guangyuan, Sichuan, China

5 Department of Gastroenterology, Dazhou Integrated

Traditional Chinese and Western Medicine Hosptial,

Dazhou, Sichuan, China

6 Department of Gastroenterology, Nanchong Central

Hospital, Nanchong, Sichuan, China

submitted 3.8.2021

accepted after revision 10.2.2022

published online 7.4.2022

Bibliography

Endoscopy 2022; 54: 972–979

DOI 10.1055/a-1799-8297

ISSN 0013-726X

© 2022. The Author(s).
This is an open access article published by Thieme under the terms of the Creative

Commons Attribution-NonDerivative-NonCommercial License, permitting copying

and reproduction so long as the original work is given appropriate credit. Contents

may not be used for commercial purposes, or adapted, remixed, transformed or

built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/)

Georg Thieme Verlag KG, Rüdigerstraße 14,

70469 Stuttgart, Germany

Corresponding author

Bing Hu, MD, Department of Gastroenterology, West China

Hospital, Sichuan University, Chengdu 610041, Sichuan, PR

China

hubingnj@163.com

Figs. 1 s–3 s, Tables 1 s-4 s

Supplementary material is available under

https://doi.org/10.1055/a-1799-8297

* Co-first authors

INFOGRAPHIC

Original article

972 Liu Wei et al. Artificial intelligence-based assessments… Endoscopy 2022; 54: 972–979 | © 2022. The Author(s).

Article published online: 2022-04-07

https://orcid.org/0000-0002-4899-4425
https://orcid.org/0000-0001-5907-5312
https://orcid.org/0000-0002-9898-8656


Introduction
Early detection and removal of adenomatous polyps via colo-
noscopy are still considered the gold standard method for pre-
vention of colorectal cancer (CRC). Yet, 25% of adenomas are
missed during the examination, which is significantly associat-
ed with interval CRC [1, 2]. Some studies have suggested that
higher quality colonoscopic withdrawal technique is associated
with a lower miss rate for adenomas and that four complemen-
tary skills contribute to inspection quality in screening colonos-
copy: 1) fold examination, 2) mucosal cleaning, 3) luminal dis-
tension, and 4) adequacy of time spent viewing [3]. As the lead-
ing factor, fold examination has been reported to be signifi-
cantly related to the polyp that does not appear in the field of
view because of colonoscopy blind spots [4]. Thus, fold exami-
nation is strongly recommended for evaluation of colonoscopic
withdrawal technique during colonoscopy examination. How-
ever, the lack of a quality supervision system makes it challen-
ging to provide quality control of fold examination.

Over recent years, deep convolutional neural networks
(DCNNs) have been successfully used for real-time detection
of polyps, as well as assessment of bowel preparation, withdra-
wal speed, and withdrawal time [5–8]. These studies have indi-
cated that artificial intelligence (AI) could indirectly increase
quality control during colonoscopy examinations. However, to
date, no studies have reported on the development of a DCNN
in the assessment of colonoscopic withdrawal technique in
terms of fold examination quality (FEQ).

This study aimed to develop an AI-based system for assess-
ment of FEQ of colonoscopic withdrawal technique and to de-
termine the relationship between the system’s evaluation of
FEQ and whole-colon FEQ scores determined by experts. We
also aimed to analyze the relationship between FEQ scores and
historical adenoma detection rates (ADRs) and mean withdra-
wal times of individual colonoscopists, and to evaluate whether
use of the AI-based system could improve FEQ in clinical prac-
tice.

Methods

Model design

We developed two DCNNs to assess FEQ during colonoscope
withdrawal, called GINets. First, DCNN1 was developed to iden-
tify informative frames (clear images) or noninformative frames
(bubble, sliding, and fuzzy images). Second, DCNN2 was devel-
oped to identify whether an informative frame had a lumen
view and wall view (indicating a close up examination of the co-
lon mucosa), thus achieving automatic evaluation of FEQ dur-
ing colonoscopy. Considering that distinguishing the lumen
view from the wall view on a single image may be challenging,
DCNN2 was used to divide each informative image into four
quadrants and identify lumen view, wall view, and noninforma-
tive quadrant view based on each quadrant. A lumen view was
defined as a quadrant in which the distant colon lumen can be
seen; a clear view of a quadrant without the distant colon lu-
men was defined as a wall view; a noninformative quadrant
view was defined as a quadrant with no clear view. Next, each
four quadrants of wall view was defined as a whole endoscopic
image of wall view to compute the proportions of wall view of
each video; this proportion was used for assessment of FEQ and
was determined for the whole colon rather than per colon seg-
ment. Therefore, the system’s evaluation of FEQ (the percen-
tage of wall views) was defined as follows: the total number of
quadrants of wall views / (4× the total number of images in the
video stream). The percentage of noninformative frames was
defined as follows: the total number of noninformative frames
/ the total number of images in the video stream. The total
number of images in the video stream included all the informa-
tive frames and noninformative frames. Finally, we used the
percentage of wall views in the video stream to estimate FEQ
(▶Fig. 1, ▶Fig. 2, Fig. 1 s). The development of the DCNN mod-
els is provided in the online-only Supplementary Material.
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Participating colonoscopists

We recruited 11 colonoscopists from four different medical
centers (West China Hospital contributed one colonoscopist;
Cangxi People’s Hospital contributed three colonoscopists;
Dazhou Integrated Traditional Chinese and Western Medicine
Hospital contributed three colonoscopists; Nanchong Central
Hospital contributed four colonoscopists). Each colonoscopist
had performed at least 500 annual screening colonoscopies in
the 5 years preceding the study. A study investigator organized
the recording of at least 12 consecutive screening colonosco-
pies (3 March 2021 to 11 May 2021) performed by each colo-
noscopist; colonoscopists were unaware that their colonosco-
pies were being video recorded. Colonoscopies including in-
flammatory bowel disease, polyposis syndrome, CRC, and colo-
noscopies with a Boston Bowel Preparation Score <6 were ex-
cluded from the selection. For each colonoscopy, withdrawal
time was defined as the time for visual examination of the colon
from the cecum to the rectum, excluding any time spent per-
forming endoscopic treatment or biopsy. The mean withdrawal
time for each colonoscopist was calculated as the average with-
drawal time of all collected videos for each colonoscopist. ADR
was defined as the proportion of screening colonoscopies with
at least one adenoma detected. The historical ADR for each co-
lonoscopist was calculated using 12-month historical data (1
May 2020 to 30 April 2021) of screening colonoscopies per-
formed by each colonoscopist (▶Fig. 1, ▶Table1).

Expert FEQ scoring

The criteria for FEQ scoring developed by Duloy et al. [9] were
used to further assess the FEQ: score 0= very poor performance
(not looking behind any folds, “straight pull-back” technique),
1 =poor, 2= fair, 3 =good, 4= very good, and 5=excellent per-
formances (looking behind all folds to allow for ideal mucosal
visualization). Each withdrawal video was reviewed and inde-
pendently evaluated by three experts (ADR of > 40%, total num-
ber of colonoscopies performed >10 000 cases) using a blind
method. Five different colon segments were scored and calcu-
lated (from 0 to 25) based on the adequacy of fold examination
(cecum, appendiceal orifice, or ileocecal valve; ascending co-
lon; transverse colon; descending colon; and sigmoid or rec-
tum; Table 1 s). To standardize the review process, five videos
were randomly selected and simultaneously reviewed by all
the three experts; the raters subsequently discussed score var-
iation to arrive at a consensus of scoring criteria. Each video was
then reviewed and independently scored by three experts, and
the whole-colon FEQ score of each video was defined as the
average score of the three experts. The mean whole-colon FEQ
score from experts for each colonoscopist was calculated as the
average whole-colon FEQ score of the collected videos of each
colonoscopist.

34543 endoscopic images from 25 colonoscopy 
videos collected from WCH 

November 2020 – March 2021 

33780 images annoted by three endoscopists
Development of DCNN 1: Predict an endoscope image was 

an informative frame or non-informative frame in videos
Training dataset 22 713 images
Validation dataset 4090 images

Test dataset 6977 images

99 656 images annoted by three endoscopists
Development of DCNN 2: Predict whether a quadrant 

informative frame was a wall view in videos
Training dataset 72 192 images
Validation dataset 9024 images

Test dataset 18 440 images

763 images
excluded

Three experienced endoscopists

assessed quality

2325 images
excluded

Three experienced endoscopists

assessed quality

29 colonoscopy
videos excluded

Three experienced endoscopists

assessed quality

132 colonoscopy videos collected from four different 
hospitals. With 12 videos for each of the 11 colonoscopists.

March 2021 – May 2021

103 eligible colonoscopy videos 
were evaluated by DCNN1, 

2-based AI system to assess the 
colonoscopic withdrawl 

technique of fold examiantion

The system was assessed by correlating the system‘s evaluation
of fold examination against the scoring from expert endoscopists

per each video clips
The relationsship between the system‘s evaluation of fold 
examination, historical ADR, and mean withdrawl time per 

colonoscopist was evaluated

DCNN-based AI system for assessing and enhancing quality 
control of fold examination during colonoscopy examination 

101 981 endoscopic images from 
25 colonoscopy videos collected from WCH

November 2020 – March 2021 

103 eligible colonoscopy videos 
were reviewed and scored by 
experts. Mean withdrawl time 
of the collected colonoscopy 

videos and historical ADR of each 
colonoscopist were recorded

▶ Fig. 1 Flowchart of the dataset for preprocessing, training, validating, and testing of the system. WCH, West China Hospital.
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AI system FEQ evaluation and relationship
with expert FEQ scores and ADR

All the collected colonoscopy videos were assessed by the sys-
tem to obtain the AI system’s evaluation of FEQ. We further as-
sessed the system by correlating the system’s evaluation of FEQ
against the whole-colon expert FEQ score for each video. The AI
system’s mean evaluation of FEQ for each colonoscopist was
calculated as the average system’s evaluation of FEQ of the col-
lected videos of each colonoscopist. Then, we evaluated the
relationship between the AI system’s mean evaluation of FEQ
and mean whole-colon expert FEQ score, historical ADR, and
mean withdrawal time of each colonoscopist.

Comparison of expert FEQ scores and ADR of
endoscopists with low and high AI system FEQ
evaluation

In order to compare the expert FEQ scores and ADRs of endos-
copists with low and high AI system FEQ evaluation, based on
the average value of AI FEQ evaluation of each colonoscopist,
two groups were established: lower FEQ group and higher FEQ
group. Data analysis was performed by comparing the mean
score from experts and historical ADR of each colonoscopist in
the two groups.

DCNN1 DCNN2

a b

Noninformative images Informative images

Informative images then Each quadrant was 
resized as a single 
input of DCNN2

224 × 224

224 × 224
Feature extraction

Processed endoscopic video frames Quadrant of 
wall view

Quadrant of 
lumen view

Quadrant of 
noninformative view

112 × 112

112 × 112

Residual blocks
The classification layer

56 × 56

56 × 56

28 × 28

28 × 28

14 × 14

14 × 14

7 × 7

7 × 7

were divided into four quadrants

The classification layer

▶ Fig. 2 The GINets architecture. The blue cubes represent the residual down-sampling convolutional layers and the pink cubes denote the
bottleneck residual blocks. The number of neurons in the classification layer denote the number of categories in this task. There were two sub-
networks in this architecture: the DCNN1 subnetwork (a) was used to identify informative images, and the DCNN2 (b) was used for recognition
of lumen view, wall view, or noninformative view, based on the output of the previous subnetwork. The final results of DCNN2 can predict the
quadrant of lumen view for each video clip.

▶ Table 1 Colonoscopists’ characteristics in different adenoma detec-
tion rate groups.

Characteristics ADR <25%

(n=5)

ADR ≥25%

(n=6)

P value1

ADR2, median
(range), %

20.0
(18.0–24.0)

35.0
(28.0–48.0)

0.004

Colonoscopist age,
median (range),
years

43.0
(37.0–50.0)

38.5
(35.0–48.0)

0.25

Endoscopy experi-
ence, median
(range), years

7.0
(6.0–13.0)

11.0
(8.0–15.0)

0.05

ADR, adenoma detection rate.
1 P value, Mann–Whitney U test.
2 The ADR was calculated based on 12-month historical data (1 May 2020 to
30 April 2021; the 12-month historical data of each colonoscopist not
shown) of screening colonoscopies performed by each colonoscopist.
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Evaluation FEQ improvement
when using the AI system

The 11 colonoscopists were divided into two groups: low ADR
group (ADR<25%) and high ADR group (ADR≥25%) (▶Table
1). Each colonoscopist then performed six consecutive screen-
ing colonoscopies (three of the six colonoscopies were random-
ly performed with the assistance of the AI system, and the re-
maining colonoscopies were performed without AI assistance)
between 27 May 2021 and 11 June 2021.During the experi-
ment, the AI system was integrated into the endoscopy model
to process endoscopy frames of the video stream synchronous-
ly. All 11 colonoscopists were aware of the function of the AI
system to measure the FEQ during colonoscopic withdrawal
procedures, and whether or not the AI system was opened be-
cause the AI system’s evaluation of FEQ was presented on the
endoscopy monitor when it was activated. In the AI-assisted
group, the system was opened manually when the endoscope
reached the cecum. In addition to the original videos, the AI
system’s evaluation of FEQ was presented on the monitor, pro-
viding real-time feedback for each colonoscopist during with-
drawal procedures (Fig. 2 s). No information of FEQ evaluation
was presented on the monitor in the control group. When the
experiment was finished, each video was reviewed and scored
by three experts. Meanwhile, each video was evaluated by the
AI system. We then evaluated whether the system’s perform-
ance could improve the system’s evaluation of FEQ and scores
of FEQ from experts in low ADR group and high ADR group
endoscopists (Fig. 3 s).

Outcomes

The main outcomes were the system’s evaluation of FEQ and
the expert scores of FEQ for each colonoscopy withdrawal vid-
eo, and the mean system’s evaluation of FEQ and mean whole-
colon expert FEQ score for each colonoscopist. Secondary out-
comes included the historical ADR and mean withdrawal time
of each colonoscopist.

Ethics

The study protocol was approved on 10 November 2020 by the
Ethics Committee of the West China Hospital, Sichuan Universi-
ty.

Statistical analysis

The primary analysis of the relationship between the system’s
evaluation of FEQ and experts’ scores of each video was per-
formed using Pearson’s correlation analysis. A linear mixed
model for repeated measures with a random term to evaluate
the institution variable was used. The whole-colon expert FEQ
score was defined as the dependent variable representing the
quality of fold examination of each video, the AI system’s eval-
uation of FEQ was the fixed effect, and the institutions were the
random effect. The mean system’s evaluation of FEQ and mean
whole-colon expert FEQ score for each colonoscopist were
averaged based on the collected videos of each colonoscopist.
Pearson’s correlation analysis was also used to analyze the rela-
tionship between the mean system’s evaluation of FEQ and

mean FEQ scores of experts, historical ADR, and mean withdra-
wal time of each colonoscopist.

The sample size was calculated based on analyses of the rela-
tionship between the system’s evaluation of fold examination
and the scores from expert endoscopists for each colonoscopist
by using PASS 15.0 (NCSS Statistical Software, Kaysville, Utah,
USA). Assuming α=0.05 and power =0.90 is calculated by Pear-
son’s correlation tests (r = 0.8), we estimated a necessary sam-
ple size of 11 endoscopists, with at least 12 recordings (dropout
rate 20%) to detect a 4-point difference in whole-colon FEQ
score for each endoscopist (a standard deviation in FEQ score
of 3). If the data followed a normal distribution, the variables
were expressed as mean (SD). When the data did not follow a
normal distribution, the variables were expressed as the median
within a range or interquartile range (IQR), and Mann–Whitney
U test was used when the data did not follow a normal distribu-
tion. The point estimates for rates were presented with 95%CIs.
P<0.05 was set as the statistical significance. Statistical analy-
ses were conducted using SPSS, version 22.0 (IBM Corp., Ar-
monk, New York, USA).

Results
Colonoscopists’ characteristics

The 11 participating colonoscopists from four different hospital
endoscopy units were divided into an ADR<25% group and an
ADR≥25% group, with median ADRs of 20.0% (range 18.0%–
24.0%) and 35.00% (range 28.0%–48.0%; P=0.004), respec-
tively. The age and endoscopy experience of the colonoscopists
were not statistically different between the two groups (▶Ta-
ble1).

AI system FEQ evaluation and relationship
with expert FEQ scores and ADR

A total of 103 videos were graded. Based on each colonoscopy
withdrawal video, the mean whole-colon expert FEQ score was
14.98 (SD 2.96), the AI system’s mean evaluation of FEQ was
0.36 (SD 0.09), and the mean withdrawal time was 6.79 (SD
3.85) minutes. Based on each colonoscopist, the mean whole-
colon expert FEQ score was 14.63 (SD 2.90), the AI system’s
mean evaluation of FEQ was 0.35 (SD 0.07), and the mean with-
drawal time was 6.40 (SD 2.69) minutes. The AI system’s evalu-
ation of FEQ was significantly correlated with whole-colon
expert FEQ score based on each colonoscopy withdrawal video
(r =0.706, P<0.001) (▶Fig. 3). Potential additional variation
was present owing to the 103 colonoscopy videos being per-
formed by 11 endoscopists from four different institutions,
which may introduce statistical dependencies. During the pro-
cess of evaluating the institution variable, we defined the
whole-colon expert FEQ score as the dependent variable repre-
senting the quality of fold examination, the AI system’s evalua-
tion of FEQ as the fixed effect, and the four institutions as the
random effect. The results of the mixed effect model showed
that the AI system’s evaluation of FEQ was significantly cor-
related with whole-colon expert FEQ scores even after control-
ling for the random effect of different institutions (P=0.007)
(Table 2 s). The mean FEQ of colonoscopy withdrawal videos as-
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sessed by the AI system was significantly correlated with mean
whole-colon expert FEQ score (r = 0.871, P<0.001), historical
ADR (r =0.852, P=0.001), and mean withdrawal time (r =
0.727, P=0.01) of each colonoscopist (▶Table2, Table3 s).

Comparison the expert FEQ scores and ADR of
endoscopists with low and high AI system FEQ
evaluation

The difference between the mean expert FEQ scores (12.71
[IQR 10.93–13.69] vs. 16.22 [IQR 14.81–17.94]) of lower (n =
5) and higher (n =6) FEQ groups, determined by AI system eval-
uation, was statistically significant (P=0.01). The difference be-
tween colonoscopists’ median historical ADRs in these two
groups (20.0% [range 18.0%–28.0%] vs. 35.0% [range 24.0%–
48.0%]) was also statistically significant (P=0.02) (Fig. 4 s,

▶Video 1).

Evaluation of FEQ improvement
when using the AI system

The 11 participating colonoscopists were divided into low ADR
(ADR<25%, n =5) and high ADR (ADR≥25%, n =6) groups. Each
colonoscopist performed six consecutive screening colonosco-
pies, resulting in 66 colonoscopies for analysis; 30 colonosco-
pies (15 in the control group, 15 in the AI-assisted group) were
included in the lower ADR group, and 36 colonoscopies (18 in
the control group, 18 in the AI-assisted group) were included
in the higher ADR group. For colonoscopies performed in the
low ADR group, AI assistance significantly improved the median
FEQ evaluated by both the AI system (0.29 [IQR 0.27–0.30] vs.
0.23 [IQR 0.17–0.26]; P<0.001) and experts (14.00 [IQR
14.00–15.00] vs. 11.67 [IQR 10.00–13.33]; P<0.001). How-
ever, for colonoscopies performed in the high ADR group, AI
assistance did not significantly improve the median FEQ eval-
uated by either the AI system (0.41 [IQR 0.39–0.43] vs. 0.40
[IQR 0.39–0.42]; P=0.44) or experts (16.00 [IQR 15.00–18.50]
vs. 16.67 [IQR 14.25–17.67]; P=0.67) (▶Table3).

Discussion
In the current study, we successfully developed an AI-based sys-
tem to assess the colonoscopic withdrawal technique of fold
examination. Our data demonstrated that the AI system had
good accuracy in detecting the wall view at validation and test
datasets. Strong correlations were found between the system’s
evaluation of FEQ and expert endoscopists’ scoring of FEQ, his-
torical ADR, and mean withdrawal time of each colonoscopist,
suggesting that this system could be used to help colonosco-
pists improve their FEQ in clinical practice.

With the rapid progress in the development of AI in recent
years, a remarkable performance of computer-aided diagnosis
for detection of colorectal polyps has been achieved [5, 7, 8].

125
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AI system’s evaluation of fold examination
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r = 0.706
P <0.001
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▶ Fig. 3 Correlations between the artificial intelligence (AI) sys-
tem’s evaluation of fold examination quality (FEQ) and whole-colon
FEQ from experts of each video. The AI system’s evaluation was
significantly associated with whole-colon FEQ (r =0.706; P< 0.001,
Pearson’s correlation analysis) for each video clip (n =103).

▶ Table 2 Correlations between the artificial intelligence system’s
evaluation and mean whole-colon expert fold examination quality
score, historical adenoma detection rates, and mean withdrawal time
per colonoscopist.

Characteristics Pearson’s

correlation

95%CI P value*

AI system evaluation

▪ Whole-colon
expert FEQ score

0.871 0.673–1.000 <0.001

▪ Historical ADR 0.852 0.642–1.000 0.001

▪ Withdrawal time 0.727 0.463–0.990 0.01

AI, artificial intelligence; FEQ, fold examination quality; ADR, adenoma de-
tection rate.
* P value, Pearson’s correlation analysis.

Video 1 Clip 1 Colon segment with poor fold examination.
Clip 2 Colon segment with good fold examination.
Online content viewable at:
https://doi.org/10.1055/a-1799-8297
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Zhou et al. and Su et al. have also proposed that a DCNN could
evaluate bowel preparation, thus improving quality control per-
formance [6, 7]. Furthermore, in combination with computer-
aided diagnosis, Su et al. and Gong et al. proposed that their
systems could be applied to further evaluate withdrawal speed
and withdrawal stability, which can also help enhance colonos-
copy quality [7, 8]. However, none of the existing techniques
were proposed to measure the fold examination performance
of colonoscopists during colonoscopy. Stanek et al. proposed
that the four-quadrant analysis technique could be used for
counting the withdrawal spiral motions of the endoscope by
using a semi-automated technology based on default config-
uration parameters and default graph architecture [10]. How-
ever, our proposed method is based on deep neural networks
for automatically learning feature representation by using the
back-propagation algorithm to analyze mucosal inspection;
the performance and stability of neural networks are better
than traditional machine learning. Furthermore, we evaluated
the performance of our model combined with clinical evaluati-
on, which provided us with more convincing evidence.

Previous studies have suggested that the existence of blind
spots is one of the most common risk factors for a missed diag-
nosis of colorectal polyps when performing colonoscopy [3].
Colonoscopic blind spots are also related to intraprocedural co-
lonoscopy quality indicators [11]. The lack of mucosal fold ex-
amination, poor bowel preparation, inadequate luminal disten-
sion, and rapid colonoscopy withdrawal time have been con-

sidered among the most common factors leading to colono-
scopic blind spots [12]. A variety of tools are available to assist
endoscopists in exposing more mucosa during the inspection,
including distal attachment exposure devices and new types
of colonoscopes [13–15]. However, adequate inspection of all
mucosal folds and flexures by rotating the endoscope is one of
the basic and most common colonoscopic withdrawal tech-
niques for reducing missed diagnoses [16]. However, measur-
ing the FEQ in clinical practice may be challenging. In the cur-
rent study, we established and validated an AI system for asses-
sing the FEQ. The results showed that there was a strong corre-
lation between the AI system’s mean evaluation of FEQ and
mean experts’ scores of FEQ of each colonoscopist. Use of this
AI system might reduce the blind areas during colonoscopy by
increasing the colonoscopist’s manipulation of the endoscope
for more complete inspection of mucosal folds, and by enabling
real-time quality analysis of colonoscopy examination and feed-
back during procedures.

Although ADR is highly variable among endoscopists, it is re-
garded as an important indicator of colonoscopy performance
quality and is inversely associated with the incidence of interval
CRC [17–19]. In addition, it is believed that low ADR is an indir-
ect measure of an inadequate examination of the colon [13,
20]. Thus, we further analyzed the relationship between the AI
system’s mean evaluation of each video according to the colo-
noscopist’s ADR, and found that the AI-based evaluation was
significantly associated with colonoscopists’ ADRs. Short with-
drawal time has also been proposed as a reflection of poor
examination technique [17, 21]. Previous studies have demon-
strated that a withdrawal time of≥6 minutes is associated with
higher detection of neoplastic lesions during colonoscopy in
patients with intact colons and reduces the risk of interval can-
cers [21, 22]. Additional analysis in the current study showed
that the AI system’s mean evaluation was significantly associat-
ed with the mean withdrawal time of each colonoscopist. These
data suggest that our system may improve withdrawal time and
ADR. Moreover, we analyzed the role of the system in improving
FEQ among different groups of colonoscopists. Although it was
demonstrated that the AI system did not enhance the fold
examination in the group of endoscopists with high ADR, it is
suggested that the system could significantly improve fold
examination in endoscopists with low ADR.

This study has a few limitations. First, previous studies re-
ported that examination technique mainly contains four com-
ponents: looking behind all folds, cleaning residual stool, pro-
viding adequate bowel distension, and withdrawing. However,
in this study, we only assessed the fold examination perform-
ance of our system. Second, we conducted correlation analysis
only for the system’s FEQ evaluation against that of experts,
and against colonoscopists’ withdrawal time and ADR. How-
ever, we did not determine a relevant threshold of the system’s
evaluation of FEQ. Third, we only used colonoscopy videos and
conducted a prospective observational study with small sample
size to assess the performance of the system. Thus, more ran-
domized controlled trials should be performed to further verify
whether the system can improve FEQ and to determine its im-
pact on ADR in clinical practice.

▶ Table 3 Performance of the artificial intelligence system in enhanc-
ing colonoscopic withdrawal technique of fold examination during
screening colonoscopy.

Characteristics AI-assisted

colonoscopy

(n=33)

Unassisted

colonoscopy

(n=33)

P value*

Colonoscopies
performed by
lower-ADR colo-
noscopists (n = 30)

15 15

AI system evaluati-
on, median (IQR)

0.29
(0.27–0.30)

0.23
(0.17–0.26)

< 0.001

Whole-colon
expert FEQ score,
median (IQR)

14.00
(14.00–15.00)

11.67
(10.00–13.33)

< 0.001

Colonoscopies
performed by
higher-ADR colo-
noscopists (n = 36)

18 18

AI system evaluati-
on, median (IQR)

0.41
(0.39–0.43)

0.40
(0.39–0.42)

0.44

Whole-colon
expert FEQ score,
median (IQR)

16.00
(15.00–18.50)

16.67
(14.25–17.67)

0.67

AI, artificial intelligence; ADR, adenoma detection rate; IQR, interquartile
range; FEQ, fold examination quality.
* P value, Mann–Whitney U test.
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In conclusion, our AI-based system was successfully con-
structed to calculate FEQ during the withdrawal phase. By pro-
viding real-time feedback, our system can enhance the aware-
ness of adequate FEQ, which is crucial to ensure quality control
in endoscopy practice.
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