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Background and Aims: To investigate the impact of the computer-assisted system
on esophagogastroduodenoscopy (EGD) training for novice trainees in a prospective
randomized controlled trial.

Methods: We have constructed a computer-aided system (CAD) using retrospective
images based on deep learning which could automatically monitor the 26 anatomical
landmarks of the upper digestive tract and document standard photos. Six novice
trainees were allocated and grouped into the CAD group and control group. Each of
them took the training course, pre and post-test, and EGD examination scored by two
experts. The CAD group was trained with the assistance of the CAD system and the
control group without.

Results: Both groups achieved great improvements in EGD skills. The CAD group
received a higher examination grading score in the EGD examination (72.83 + 16.12
vs. 67.26 + 15.64, p = 0.039), especially in the mucosa observation (26.40 £ 6.13 vs.
24.11 £ 6.21, p = 0.020) and quality of collected images (7.29 4+ 1.09 vs. 6.70 + 1.05).
The CAD showed a lower blind spot rate (2.19 £ 2.28 vs. 3.92 £+ 3.30, p = 0.008)
compared with the control group.

Conclusion: The artificial intelligence assistant system displayed assistant capacity on
standard EGD training, and assisted trainees in achieving a learning curve with high
operation quality, which has great potential for application.

Clinical Trial Registration:
number NCT04682821.

This trial is registered at https:/clinicaltrials.gov/,
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BACKGROUND

Hundreds of millions of esophagogastroduodenoscopy (EGD)
procedures are performed every year worldwide and play
a pivotal role in the diagnosis and management of upper
gastrointestinal disorders (1). The effectiveness of EGD depends
on the endoscopists’ skills, which need a prolonged learning
curve for novice trainees to perform high-quality endoscopy
care. Despite the technical skills and non-technical skills,
such as communication and teamwork needed for endoscopy
manipulation, EGD training also requires quality control and
cognitive skills, such as low blind spot rate, which is a significant
indicator for EGD quality (2, 3).

Previous studies have focused on the successful use of
endoscopic simulators for training EGD in the past decades,
including ex vivo animal tissue models, live animal models,
mechanical models, and virtual reality computer simulators (3-
10). Even though the value of validated simulators has been
proven in pre-patient EGD training, patient-based training
procedures are necessary (11). To date, a real-time aided training
system in patient-based EGD is still lacking.

Deep learning, which is essentially a neural network, attempts
to simulate the behavior of the human brain, albeit far from
matching its ability, allowing it to “learn” from large amounts
of data. Deep learning drives many artificial intelligence (AI)
applications to conduct analytical and physical tasks (12, 13).
Recently, artificial intelligence has been widely applied in EGD
with the advancement in deep learning, which enables machines
to reach human-like performance in many complex cognitive
tasks (12, 14). Deep reinforced learning, which combines deep
learning and reinforcement learning, has a stronger perception
and decision-making ability to solve dynamic decision problems
(15, 16). In our previous study, we have constructed a real-time
artificial intelligence quality improving system based on deep
reinforced learning which could monitor blind spots and assist
diagnosis of high-risk lesions during EGD (10, 17-19).

In the present research, extending our previous study of the
EGD artificial intelligence system, we investigated its efficacy on
EGD training in the prospective randomized control trial.

METHODS

Development of Computer-Aided (CAD)

System

The CAD system was updated from the model classifying
26 anatomical landmarks of the upper digestive tract in our
previous work (10). For the training and validation of the CAD,
75,742 qualified images (with more than 2,000 images each
site) were used and 2,160 qualified images (with 80 images
each site) were used for testing. The training and validation
datasets were randomly separated in a ratio of 9:1. Googles
TensorFlow deep learning framework was used for training,
validation, and testing. ResNet-50 (20, 21) achieved an overall
accuracy of 93.1% in the test dataset. Supplementary Table 1
shows the training images distribution in each site. The training,
validation, and test datasets did not contain images from the
same patient. The 26 anatomical landmarks of the upper digestive

tract were shown in Supplementary Figure 1. All the images
were retrospectively collected from five hospitals in China,
including Renmin Hospital of Wuhan University, Wuhan; The
First People’s Hospital of Yichang, Yichang; Tongji Hospital,
Tongji Medical College, Huazhong University of Science and
Technology, Wuhan; Central Hospital of Wuhan, Wuhan;
Yichang Central People’s Hospital, Yichang.

Participants: In this study, six novice trainees without EGD
experience from the Renmin Hospital of Wuhan University and
Xiaogan Chinese Medical Hospital participated in the training
program from December 24, 2020, to April 29, 2021. Inclusion
criteria were as follows: (1) men or women who are over 18
years old; (2) trainees who have registered and obtained the
practicing medical certification in China. Exclusion criteria were
as follows: (1) trainees without qualified medical education
certification; (2) trainees who refused to participate in clinical
trials. Consecutive patients aged 18-75 years who were able to
give informed consent were recruited. The exclusion criteria
included patients who participated in other clinical trials, signed
the informed consent form and within the follow-up period of
other clinical trials; abused drugs or alcohol or mental disorders
in the last 5 years; women who are pregnant or breastfeeding;
patients with the previous history of gastric surgery; patients
with high-risk diseases or other special conditions that are not
suitable for participating in clinical trials; patients who declined
to participate in the study. Each involved patient has approved
one EGD procedure conducted by novice endoscopists and a
second EGD conducted by senior endoscopists. The flowchart of
patient recruitment was shown in Supplementary Figure 3.

Trial Design

Pre- and Post-intervention Tests

A parallel, randomized study was conducted in the Renmin
Hospital of Wuhan University, and the allocation ratio was 1:1.
Figure 1 is the graphic abstract of the study. The participants
completed a pre-test before the training procedure, and a post-
test 1 week after the whole training. The test, which was prepared
by two experts from the Renmin Hospital of Wuhan University,
included 50 one-choice questions, each of which was assigned
two points and attached four to five options. The questions
mainly focused on assessing the trainees’ level of operating skills,
identifying anatomical structures and common lesions of the
upper gastrointestinal tract (UGI). The images used in the test
were obtained from the Renmin Hospital of Wuhan University
and approved by the ethics committee of the Renmin Hospital
of Wuhan University. The pre-test and post-test consisted of
the same questions but differed in order. After the pre-test,
the six trainees were divided into two groups according to
their test scores to guarantee the uniformity in the initial EGD
performance of the two groups. The baseline characteristics of the
patients were collected. The baseline characteristic of the trainees
and their test scores are shown in Table 1.

Randomization: The two trainee groups selected covered
grouping envelopes, and were randomly assigned to the CAD
group and the control group. The patients that went for analgesic
EGD were randomly assigned to either the CAD group or the
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FIGURE 1 | Graphic abstract of the study.

TABLE 1 | Baseline characteristics of trainees.

Characteristics Trainee 1 Trainee 2 Trainee 3 Trainee 4 Trainee 5 Trainee 6
Group CAD group CAD group CAD group Control group Control group Control group
Age 27 26 27 26 27 34
Male/Female Female Male Male Female Female Male

Pre-test scores 60 58 52 52 62 56

Post-test scores 90 94 90 88 92 90

Previous EGD experience No No No No No No

control group. The random allocation sequence was a covered
random envelope offered by the nurses.

EGD Examination Scoring

First, all the trainees completed a pre-test. Then, the trainees
completed a 1 week training course together. During the course,
they have taken the theory on EGD and they all have tried 10 EGD
with the help of the senior endoscopists. The training enabled
them to be competent for complete EGD procedures, then EGD
learning and examination training began in two examination
rooms under the instruction and supervision of two experienced
endoscopists. In the CAD group, all the trainees would receive
assistance from the CAD system in addition to the trainers’
instruction. The control group was only trained with traditional
methods by trainers. The display screens of the CAD group and

control group during EGD are shown in Figure 2. The CAD
group and control group exchanged the examination rooms
and trainers (the two experienced endoscopists) every week.
The patients would go through a second EGD operated by the
endoscopists after the trainees’ examination.

Two experts who were unaware of the grouping scored the
trainees’ EGD performance. When the scoring procedure began,
only the screen that displayed the routine EGD video would
be provided to them and the screen of the CAD system was
turned back to the experts. We have referenced Li’s research
about the scoring scale applied in the examination, which
includes operation skills (grade item 1, 35 points in total),
withdrawal observation of mucosa (grade item 2, 35 points in
total), overall examination time, and fluency (grade item 3, 5
points), comfort and satisfaction of patients (grade item 4, 5
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points), position and definition of collected image (grade item
5, 10 points), and the diagnostic accuracy of lesions (grade
item 6, 10 points) (8). The scoring scale was provided in
Supplementary Material 2. In the scoring scale, the withdrawal
observation of mucosa and diagnostic accuracy of lesions belong
to recognition skills. Motor skills include gastroscopy forward
operation, overall gastroscopy examination time and fluency,
and comfort and satisfaction of patients. Qualified position
and definition of the collected image need both motor and
recognition skills. The gastroscopes used in the trial were from
the vendor: Olympus Optical.

In the study, not all the EGD procedures conducted by
the trainees were graded. In the clinical environment, lots
of unexpected situations occur, such as patients with cough
during anesthesia and changes in vital signs. Therefore, during
the training procedure, the senior endoscopists sometimes
had to terminate trainees and continue the EGD in case
of adverse events. Referring to previous studies, the highest
degree of completion trainees thought every two procedures
for inclusion, in the final analysis, was chosen in this study
to decrease the effect of the heterogeneity of individuals
in the study. The flowchart of the study is shown in
Figure 3.

Learning Curve

To visualize the competence over the training program,
we built the learning curves of the CAD and control
group. The learning curves were built with the average EGD
examination scores, and the average scores were calculated
every six procedures of each group to reduce individual
differences and build a smooth learning curve. We defined
every six procedures and one “stage” and the average scores
of every six procedures of each group as “average EGD
examination scores.” The learning curve was plotted with the
“average EGD examination scores” as Y-axis and the “stage”
as X-axis.

Training Satisfaction

After the training, the trainees of the CAD group completed
a satisfactory questionnaire about the CAD system
(Supplementary Material 3). Each question contains five
options. (Strongly agree = 5; agree = 4; Neutral = 3;
Disagree = 2; Strongly disagree = 1).

The Detection Rate of Lesions

The diagnosis of lesions was divided into polyp, ulcer,
erosion, atrophy, esophagus lesions, and others. Taking the
diagnosis of senior endoscopists as the golden standard, we
defined the detection rate of the lesions as the proportion of
lesion diagnosis by the trainees in lesions approved by the
senior endoscopists.

Outcomes: The primary outcome was the EGD examination
scores the trainees obtained. The secondary outcomes include
the pre-test and post-test scores, the average blind spot
rate (number of unobserved sites in each patient/26) in the
two groups.

Registration: This trial is registered at ClinicalTrials.gov,
number NCT04682821.

Sample Size: The study was intended to investigate the
difference in EGD examination scores with or without
the CAD system. According to previous literature, we
estimated that the CAD group obtained five more grades
than the control group at a 5% significance level and
80% power using a two-sided Student f-test. Assuming
a 10% drop-out, a sample of 142 patients was needed.
Sample size calculation was done using the software
PASS 15.

Statistical Analysis

The baseline characteristics were analyzed by chi-square test and
student’s t-test. The EGD examination scores were compared
using the Mann-Whitney U-test. The blind spot rates of single
sites were compared by the chi-square test. A Student’s ¢-test
was used for comparing the overall blind spot rate. All the
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data analysis was done by IBM SPSS version 26 (IBM, Armonk,
New York, United States). The researchers who conducted the
statistical analysis were unaware of the grouping.

RESULTS

From December 24, 2020, to April 29, 2021, six trainees without
experience were recruited and all participated in the training
program. They completed 288 EGD procedures and 144 were
evaluated in the Renmin Hospital of Wuhan University. The
study ended when the sample size was completed. The baseline
characteristics of the patients in the two groups have no statistical
differences (Table 2).

Compared with the pre-test, the average scores of the post-
test increased significantly in both groups (CAD: 54.66 vs. 90.67;
control group: 54.66 vs. 90.00). The CAD group demonstrated
a higher level of competitiveness in the EGD examination
compared with the control group (72.83 vs. 67.26), especially in
the withdrawal observation of mucosa (26.40 vs. 24.11), overall
examination time and fluency (3.75 vs. 3.42), and quality of
collected images (7.29 vs. 6.70). There was no difference in
operation skills, comfort and satisfaction of patients, and the
diagnostic accuracy of lesions of the two groups. The average
scores of each grading item are shown in Table 3.

As experience increased, the learning curve demonstrated
measurable and significant improvement in the EGD
examination scores of the two groups. The CAD group

TABLE 2 | Baseline characteristics of patients.

Characteristics CAD group (72) Control group (72) P-value
Age, mean (SD) 50.36 (13.26) 46.03 (13.22) 0.077
Female, n (%) 39 (564.17) 46 (63.89) 0.309
Recruitment, n (%)

Inpatient 79.72) 5 (6.94)

Outpatient 65 (90.28) 67 (93.06) 0.764
Biopsy, n (%)

Yes 56 61 0.393
No 16 11

acquired higher competence compared with the control group
(Figure 4).

During the whole training procedure, the CAD group
completed the EGD examination with a lower blind spot rate than
the control group (2.19 vs. 3.92%), especially in the Middle-upper
body (R, L), Angulus (A), and Angulus (L) (Table 4).

The training satisfactory scores of the trainees in the CAD
group were 50, 48, and 48 points, respectively.

In Table 5, one case of polyp, one case of erosion, and one
case of others were missed by the trainees of the CAD group. The
other case is a xanthelasma on the gastric fundus. For the control
group, two cases of polyp and three cases of erosion were missed.
Among the three erosion cases, one was diagnosed as low-grade
intraepithelial neoplasia by pathology. The five detection rates of
the lesions demonstrated no statistical difference.

DISCUSSION

Changes in the medical training environment, which greatly
emphasize the patients’ safety, effectiveness, and quality of
endoscopy procedures, are in the quest for practical tools of
EGD training. Various researchers made attempts to enhance
the competence among trainees through in vitro simulators,
centralized feedback systems, and so on, which were validated
in various training programs (2-7, 9, 11, 22-24). While the
motor skills can be rapidly acquired, the quality of EGD varies
widely, and the unacceptably high rate of cancer misdiagnosis
has arisen at endoscopy every year (I, 25). Guidelines from
the European Society of Gastrointestinal Endoscopy (ESGE),
the British Society of Gastroenterology (BSG), the Association
of Upper Gastrointestinal Surgeons of Great Britain and
Ireland (AUGIS), and the American Society for Gastrointestinal
Endoscopy (ASGE) all have pointed out that a complete EGD
should assess all relevant anatomical landmarks and high-risk
stations with relevant photo-documentation and clear mucosa
visualization (25-27). In the study, we have investigated the
effect of the CAD system which can automatically recognize 26
anatomical landmarks of the upper digestive tract and document
the relevant standard photos during EGD training of trainees
without experience. The CAD group acquired a lower blind spot
rate and more complete mucosa observation with comparable
technical competence than the control group.

Qualified EGD requires motor and cognitive skills, and the
clear mucosa observation can partly represent the motor skill

TABLE 3 | Primary outcome.

Scoring list CAD group, mean (SD) Control group, mean (SD) P-value
Overall scores 72.83 (16.12) 67.26 (15.64) 0.039
Operation skills 24.14 (7.20) 21.94 (6.62) 0.079
Withdrawal observation of mucosa 26.40 (6.13) 24.11 (6.21) 0.020
Overall examination time and fluency 3.75(0.80) 3.42 (0.83) 0.034
Comfort and satisfaction of patients 4.13(0.78) 4.03 (0.90) 0.702
Position and definition of collected image 7.29 (1.09) 6.70 (1.05) 0.006
Diagnostic accuracy of lesions 7.32(0.99) 7.06 (1.21) 0.427
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level. Senior fellows can manipulate gastroscopes more smoothly
and steadily with less blurred images during the EGD. In our
study, the two groups are competent in motor skills, which can be
speculated from the statistically indifferent average scores in the
operation skills, comfort, and satisfaction of patients. These grade
items are close with the technical competence and the similar
outcomes can be attributed to the same training environment,
procedures, and trainers the trainees received.

The blind spot rate is a useful quality descriptor to help
define competence among trainees learning EGD and was
validated in randomized control trials previously (3, 10, 18). The
comprehensive observation of the upper digestive tract mucosa
without blind spots can also be categorized into cognitive skills
and be a quantitative quality indicator. The CAD group achieved
5.57 more scores averagely than the control group in the overall
scores but those were the cognitive skills that contributed a lot to
the difference. In the present study, the CAD group achieved a
1.73% lower blind spot rate than the control group. However, in
Wu'’s study, the blind spot rate was 16.6% higher in the control
group than the CAD-assisted group on average. The EGD blind
spot rate in our previous study is more distinct than this study.
We thought that two main factors led to the difference. First, the
previous study recruited skilled endoscopists while in the present
study all the participants were novice trainees, who knew they
were surveilled and tested. They could be highly concentrated

on every procedure they completed. Second, the sample size
adopted in this study was calculated according to the primary
endpoint, EGD examination scores, rather than the blind spot
rate, which was used as the primary endpoint in Wu’s study. We
were convinced that the more distinct difference of blind spot rate
would appear with the increase of sample size.

The two groups acquired a relatively parallel learning curve
with a different starting point. The CAD group was assisted with
CAD at the beginning of training so they could get high scores
on the mucosa observation item of the grading scale initially
while the control group did not. Their motor skills improved
equivalently as experience increased. The detection rate of lesions
has no statistical difference between the two groups. In addition
to the aforementioned endpoints, the trainees felt much more
reassured and confident with less worry about the blind spot
or potentially missed lesions when trained with the CAD which
enabled them to achieve more complete observation rather than
repeat the procedure only by memories. The CAD group usually
spent a long time observing the mucosa.

The Assessment of Competency in Endoscopy (ACE) tools
for EGD was put forward by the Training Committee of ASGE,
which consisted of seven questions to evaluate specific motor
and cognitive skills and two additional questions assessing overall
motor and cognitive ability (28-30). Acting as comparative
standards, the ACE tools are highly generalized and can be
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TABLE 4 | The blind spot rate of the computer-aided design (CAD) group and control group.

Blind spot rate CAD group Control group Odds ratio (95% CI*) P-value
Overall, mean (SD) 2.19 (2.28) 3.92 (3.30) NA 0.008
Esophageal (n, %) 0 (0.00) 0 (0.00) NA NA
Squamocolumnar junction (n, %) 0 (0.00) 0 (0.00) NA NA
Antrum (G) (n, %) 0 (0.00) 0 (0.00) NA NA
Antrum (P) (n, %) 2(2.78) 2(2.78) 1.00 (0.13-7.30) 1.00
Antrum (A) (n, %) 0 (0.00) 0(0.00) NA NA
Antrum (L) (n, %) 0 (0.00) 0(0.00) NA NA
Duodenal bulb (n, %) 3(4.17) 6 (8.33) 0.48 (0.12-2.00) 0.31
Duodenal descending (n, %) 3(4.17) 7(9.72) 0.40 (0.10-1.63) 0.19
Lower body (G) (n, %) 5 (6.94) 4 (5.56) 1.27 (0.326-4.93) 0.73
Lower body (P) (n, %) 18 (25.00) 27 (37.50) 0.56 (0.27-1.14) 0.11
Lower body (A) (n, %) 9 (12.50) 12 (16.67) 0.71(0.28-1.82) 0.48
Lower body (L) (n, %) 15 (20.83) 7 (23.61) 0.85 (0.39-1.87) 0.69
Middle-upper (G) (n, %) 9 (12.50) 6 (22.22) 0.50 (0.21-1.22) 0.12
Middle-upper (P) (n, %) 1(15.28) 9 (26.39) 0.50 (0.22-1.15) 0.10
Middle-upper (A) (n, %) 11(15.28) 9 (26.39) 0.50 (0.22-1.15) 0.10
Middle-upper (L) (n, %) 11(15.28) 9 (26.39) 0.50 (0.22-1.15) 0.10
Fundus (G) (n, %) 6 (8.33) 8 (1 1.11) 0.73 (0.24-2.21) 0.57
Fundus (P) (n, %) 14 (19.44) 3 (31.94) 0.51 (0.24-1.11) 0.58
Fundus (A) (n, %) 3(4.17) 7(9.72) 0.40 (0.10-1.63) 0.19
Fundus (L) (n, %) 11(15.28) 8 (25.00) 0.54 (0.24-1.25) 0.15
Middle-upper body (R, P) (n, %) 7(9.72) 4(19.44) 0.45 (0.17-1.18) 0.10
Middle-upper body (R, A) (n, %) 79.72) 1(15.28) 0.60 (0.22-1.64) 0.31
Middle-upper body (R, L) (n, %) 4 (5.56) 19 (26.39) 0.16 (0.05-0.51) 0.001
Angulus (P) (n, %) 3(4.17) 8 (11.11) 0.35 (0.09-1.37) 0.12
Angulus (A) (n, %) 0 (0.00) 8 (11.11) 1.13(1.04-1.22) 0.004
Angulus (L) (n, %) 6 (8.33) 18 (25.00) 0.27 (0.10-0.74) 0.007

#95% Cl: 95% confidence interval.

TABLE 5 | Detection rate of different lesions.

Lesions The CAD group The control group P-value
Polyp 95.45% (21/22) 91.30% (21/23) 0.46
Ulcer 100% (5/5) 100% (4/4) NA
Erosion 98.33% (59/60) 95.52% (64/67) 0.19
Atrophy 100% (23/23) 100% (14/14) NA
Esophagus lesions 100% (20/20) 100% (16/16) NA
Others 91.67% (11/12) 100% (7/7) NA

easily influenced by subjective consciousness, which also has
been pointed in other studies (3). The gastroscopy direct
observation of procedural skills (DOPS) for Diagnostic upper
gastrointestinal endoscopy (OGD), which is assessed centrally
to determine whether a trainee should receive certification for
independent EGD, is a formative assessment tool administered
by the Joint Advisory Group on Gastrointestinal Endoscopy
(JAG) (31). DOPS-OGD covers the assessment of integrated
EGD procedure including pre-procedure preparation, endoscope

insertion and withdrawal, mucosa visualization, management
of findings, post-procedure management, and endoscopic non-
technical skills, and each domain contains detailed items. In
this study, we have adopted Li’s grading table to evaluate
the competence of trainees. This grading table is detailed
in each item like the DOPS-OGD. But compared with the
DOPS-OGD, it concentrates more on endoscope insertion and
withdrawal, mucosa visualization, and management of findings
without assessing pre-procedure preparation and post-procedure
management. In the healthcare center where this study was
carried out, the pre-procedure preparation and post-procedure
management are conducted by physicians and primary nurses,
and anesthesiologists are responsible for sedation. Li’s grading
table was more suitable and ultimately chosen for the EGD
training assessment. The pre-procedure preparation and post-
procedure management are certainly vital components of
EGD training assessment. We should apply more completed
assessment tools like DOPS-OGD to validate the efficacy of the
CAD system in the future.

There are some limitations to our study. As a single-center
study, the efficacy of the CAD system needs enlarged validation in
more healthcare centers. The number of participants in this study
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is limited; however, we have adopted the pre-test for grouping
to reduce the possible systematic error. Even though all the
trainees completed the training program and were capable to
perform qualified EGD, they still need more practice to reinforce
their skills to be more professional. For the CAD group, there
might be some potential distraction of the trainees with the blind
spots reminding of the CAD. The circumstance that the trainees
concentrated more on whether the landmarks were checked or
not than scrutinizing the mucosa cannot be excluded. To prevent
the potential distraction, we emphasize the self-inspection of
the CAD when first introducing the system to the novice. The
trainees could find the blind spots when the procedure is mainly
completed rather than throughout the procedure. In the future,
we would enlarge our study in multiple centers and recruit more
trainees to validate the efficacy of the CAD system.

In the present study, we have investigated the effectiveness
of the AT assistant system on EGD training for novice trainees.
Compared with the control group, the CAD group achieved
higher EGD examination scores and a lower blind spot rate. The
AT assistant system displayed exceptional capacity on standard
EGD training and assisted the trainees in achieving a faster
learning curve and higher operation quality.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

REFERENCES

1. Rutter MD, Rees CJ. Quality in gastrointestinal endoscopy. Endoscopy. (2014)
46:526-8. doi: 10.1055/5-0034-1365738

2. Khan R, Grover SC. A standardized technique for gastroscopy: still missing?
Endosc Int Open. (2020) 8:E1231-2. doi: 10.1055/a-1216-1933

3. Miller AT, Sedlack RE, Sedlack RE, Coyle W], Obstein KL, Poles MA, et al.
Competency in esophagogastroduodenoscopy: a validated tool for assessment
and generalizable benchmarks for gastroenterology fellows. Gastrointest
Endosc. (2019) 90:613-20.el. doi: 10.1016/j.gie.2019.05.024

4. Di Giulio E, Fregonese D, Casetti T, Cestari R, Chilovi F, D’Ambra G, et
al. Training with a computer-based simulator achieves basic manual skills
required for upper endoscopy: a randomized controlled trial. Gastrointest
Endosc. (2004) 60:196-200. doi: 10.1016/S0016-5107(04)01566-4

5. Ende A, Zopf Y, Konturek P, Naegel A, Hahn EG, Matthes K, et al. Strategies
for training in diagnostic upper endoscopy: a prospective, randomized trial.
Gastrointest Endosc. (2012) 75:254-60. doi: 10.1016/j.gie.2011.07.063

6. Ferlitsch A, Glauninger P, Gupper A, Schillinger M, Haefner M, Gangl A, et
al. Evaluation of a virtual endoscopy simulator for training in gastrointestinal
endoscopy. Endoscopy. (2002) 34:698-702. doi: 10.1055/5-2002-33456

7. Ferlitsch A, Schoefl R, Puespoek A, Miehsler W, Schoeniger-Hekele M, Hofer
H, et al. Effect of virtual endoscopy simulator training on performance of
upper gastrointestinal endoscopy in patients: a randomized controlled trial.
Endoscopy. (2010) 42:1049-56. doi: 10.1055/s-0030-1255818

8. LiS, Li G, Liu Y, Xu W, Yang N, Chen H, et al. Development and assessment
of a gastroscopy electronic learning system for primary learners: randomized
controlled trial. ] Med Int Res. (2020) 22:e16233. doi: 10.2196/16233

9. Sedlack RE. Validation of computer simulation training for
esophagogastroduodenoscopy: pilot study. J Gastroenterol Hepatol. (2007)
22:1214-9. doi: 10.1111/j.1440-1746.2007.04841.x

10. Wu L, Zhang J, Zhou W, An P, Shen L, Liu J, et al. Randomised

controlled trial of WISENSE, a real-time quality improving system for

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Renmin Hospital of Wuhan
University. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

HY, LW, and JL designed the study. YX, JL, and QX conducted
the literature search. MX, LY, LZ, MZ, DW, and RS completed
the data collection. YZ and DG performed the data analysis.
LH wrote the paper. All authors contributed to the article and
approved the submitted version.

FUNDING

Hubei Provincial Clinical Research Center for Digestive Disease
Minimally Invasive Incision (Grant No. 2018BCC337), Hubei
Province Major Science and Technology Innovation Project
(Grant No. 2018-916-000-008).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2021.781256/full#supplementary-material

monitoring blind spots during esophagogastroduodenoscopy. Gut. (2019)
68:2161. doi: 10.1136/gutjnl-2018-317366

11. Ekkelenkamp VE, Koch AD, de Man RA, Kuipers EJ. Training and
competence assessment in GI endoscopy: a systematic review. Gut. (2016)
65:607-15. doi: 10.1136/gutjnl-2014-307173

12. LeCun Y, Bengio Y, Hinton G. Deep learning. Nature. (2015) 521:436-
44. doi: 10.1038/nature14539

13. Shen D, Wu G, Suk HIJAROBE. Deep learning in medical image
analysis. Annu Rev Biomed Eng. Annu Rev Biomed Eng. (2017) 19:221-
48. doi: 10.1146/annurev-bioeng-071516-044442

14. Min JK, Kwak MS, Cha JM. Overview of deep learning in gastrointestinal
endoscopy. Gut Liver. (2019) 13:388. doi: 10.5009/gn118384

15. Mnih V, Kavukcuoglu K, Silver D, Rusu AA, Veness J, Bellemare MG, et al.
Human-level control through deep reinforcement learning. Nature. (2015)
518:529-33. doi: 10.1038/nature14236

16. Silver D, Huang A, Maddison CJ, Guez A, Sifre L, Van Den Driessche G, et al.
Mastering the game of Go with deep neural networks and tree search. Nature.
(2016) 529:484-9. doi: 10.1038/nature16961

17. Chen D, Wu L, Li Y, Zhang J, Liu J, Huang L, et al. Comparing blind
spots ultrafine, sedated, and unsedated conventional
gastroscopy with and without artificial intelligence: a prospective,
single-blind, ~ 3-parallel-group,  randomized,  single-center trial.
Gastrointest ~ Endosc. ~ (2020)  91:332-9.e3. doi:  10.1016/j.gie.2019.
09.016

18. Wu L, Zhou W, Wan X, Zhang J, Shen L, Hu S, et al. A deep neural network
improves endoscopic detection of early gastric cancer without blind spots.
Endoscopy. (2019) 51:522-31. doi: 10.1055/a-0855-3532

19. An P, Yang D, Wang J, Wu L, Zhou ], Zeng Z, et al. A deep

of unsedated

learning method for delineating early gastric cancer resection
margin under chromoendoscopy and white light endoscopy.
Gastric  Cancer. ~ (2020)  23:884-92.  doi:  10.1007/s10120-020-0
1071-7

Frontiers in Medicine | www.frontiersin.org

December 2021 | Volume 8 | Article 781256


https://www.frontiersin.org/articles/10.3389/fmed.2021.781256/full#supplementary-material
https://doi.org/10.1055/s-0034-1365738
https://doi.org/10.1055/a-1216-1933
https://doi.org/10.1016/j.gie.2019.05.024
https://doi.org/10.1016/S0016-5107(04)01566-4
https://doi.org/10.1016/j.gie.2011.07.063
https://doi.org/10.1055/s-2002-33456
https://doi.org/10.1055/s-0030-1255818
https://doi.org/10.2196/16233
https://doi.org/10.1111/j.1440-1746.2007.04841.x
https://doi.org/10.1136/gutjnl-2018-317366
https://doi.org/10.1136/gutjnl-2014-307173
https://doi.org/10.1038/nature14539
https://doi.org/10.1146/annurev-bioeng-071516-044442
https://doi.org/10.5009/gnl18384
https://doi.org/10.1038/nature14236
https://doi.org/10.1038/nature16961
https://doi.org/10.1016/j.gie.2019.09.016
https://doi.org/10.1055/a-0855-3532
https://doi.org/10.1007/s10120-020-01071-7
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Huang et al.

Al'in EGD

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wen Z, Li B, Kotagiri R, Chen ], Chen Y, Zhang R. Improving efficiency of
SVM k-fold cross-validation by alpha seeding. [Preprints]. (2017). Available
online at: https://arxiv.org/abs/1611.07659

He K, Zhang X, Ren S, Sun J. Deep residual learning for image recognition. In:
IEEE Conference on Computer Vision and Pattern Recognition (CVPR). (2016).
p. 770-778. doi: 10.1109/CVPR.2016.90

Kruglikova I, Grantcharov TP, Drewes AM, Funch-Jensen P. The impact of
constructive feedback on training in gastrointestinal endoscopy using high-
fidelity virtual-reality simulation: a randomised controlled trial. Gut. (2010)
59:181-5. doi: 10.1136/gut.2009.191825

Walsh CM. In-training gastrointestinal endoscopy competency assessment
tools: types of tools, validation and impact. Best Pract Res Clin Gastroenterol.
(2016) 30:357-74. doi: 10.1016/j.bpg.2016.04.001

Han S, Obuch JC, Duloy AM, Keswani RN, Hall M, Simon V, et al.
A prospective multicenter study evaluating endoscopy competence among
gastroenterology trainees in the era of the next accreditation system. Acad
Med. (2020) 95:283-92. doi: 10.1097/ACM.0000000000002885

Beg S, Ragunath K, Wyman A, Banks M, Trudgill N, Pritchard DM, et al.
Quality standards in upper gastrointestinal endoscopy: a position statement
of the british society of gastroenterology (BSG) and association of upper
gastrointestinal surgeons of great britain and Ireland (AUGIS). Gut. (2017)
66:1886-99. doi: 10.1136/gutjnl-2017-314109

Rey J-E Lambert R, Committee tEQA. ESGE recommendations
for quality control in  gastrointestinal  endoscopy:  guidelines
for image documentation in upper and lower GI
endoscopy.  Endoscopy.  (2001)  33:901-3.  doi:  10.1055/s-2001-
42537

Cohen J, Safdi MA, Deal SE, Baron TH, Chak A, Hoffman
B, et al. Quality indicators for esophagogastroduodenoscopy.
Gastrointest  Endosc. ~ (2006)  63:510-5.  doi:  10.1016/j.gie.2006.
02.018

Sedlack RE, Coyle W], Obstein KL, Al-Haddad MA, Bakis G, Christie
JA, et al. ASGE’s assessment of competency in endoscopy evaluation

tools for colonoscopy and EGD. Gastrointest Endosc. (2014) 79:1-
7. doi: 10.1016/j.gie.2013.10.003

Sedlack RE, Coyle WJ, Obstein KL, Poles MA, Ramirez FC, Lukens FJ,
et al. Assessment of competency in endoscopy: establishing and validating
generalizable competency benchmarks for colonoscopy. Gastrointest Endosc.
(2016) 83:516-23. doi: 10.1016/j.gie.2015.04.041

Kwon RS, Davila RE, Mullady DK, Al-Haddad MA, Bang JY,
Bingener-Casey ], et al. EGD core curriculum. VideoGIE. (2017)
2:162-8. doi: 10.1016/j.vgie.2017.03.009

Joint Advisory Group on Gastrointestinal Endoscopy Formative DOPS:
Diagnostic Upper Gastrointestinal Endoscopy (OGD). (2016). Available online
at: https://www.thejag.org.uk/Downloads/DOPS%20forms%20(international
%20and%20reference%20use%200nly)/Formative%20DOPS_Upper%20GI
%20(OGD).pdf (accessed November 26, 2021).

29.

30.

31.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Huang, Liu, Wu, Xu, Yao, Zhang, Shang, Zhang, Xiong, Wang,
Dong, Xu, Li, Zhu, Gong, Wu and Yu. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

10

December 2021 | Volume 8 | Article 781256


https://arxiv.org/abs/1611.07659
https://doi.org/10.1109/CVPR.2016.90
https://doi.org/10.1136/gut.2009.191825
https://doi.org/10.1016/j.bpg.2016.04.001
https://doi.org/10.1097/ACM.0000000000002885
https://doi.org/10.1136/gutjnl-2017-314109
https://doi.org/10.1055/s-2001-42537
https://doi.org/10.1016/j.gie.2006.02.018
https://doi.org/10.1016/j.gie.2013.10.003
https://doi.org/10.1016/j.gie.2015.04.041
https://doi.org/10.1016/j.vgie.2017.03.009
https://www.thejag.org.uk/Downloads/DOPS%20forms%20(international%20and%20reference%20use%20only)/Formative%20DOPS_Upper%20GI%20(OGD).pdf
https://www.thejag.org.uk/Downloads/DOPS%20forms%20(international%20and%20reference%20use%20only)/Formative%20DOPS_Upper%20GI%20(OGD).pdf
https://www.thejag.org.uk/Downloads/DOPS%20forms%20(international%20and%20reference%20use%20only)/Formative%20DOPS_Upper%20GI%20(OGD).pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Impact of Computer-Assisted System on the Learning Curve and Quality in Esophagogastroduodenoscopy: Randomized Controlled Trial
	Background
	Methods
	Development of Computer-Aided (CAD) System
	Trial Design
	Pre- and Post-intervention Tests
	EGD Examination Scoring
	Learning Curve

	Training Satisfaction
	The Detection Rate of Lesions
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


