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Artificial intelligence (AI)–assisted colonoscopy improves polyp detection and characterization
in colonoscopy. However, data from large-scale multicenter randomized controlled trials (RCT)
in an asymptomatic population are lacking.
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METHODS:
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This multicenter RCT aimed to compare AI-assisted colonoscopy with conventional colonoscopy
for adenoma detection in an asymptomatic population. Asymptomatic subjects 45–75 years of
age undergoing colorectal cancer screening by direct colonoscopy or fecal immunochemical test
were recruited in 6 referral centers in Hong Kong, Jilin, Inner Mongolia, Xiamen, and Beijing. In
the AI-assisted colonoscopy, an AI polyp detection system (Eagle-Eye) with real-time notifica-
tion on the same monitor of the endoscopy system was used. The primary outcome was overall
adenoma detection rate (ADR). Secondary outcomes were mean number of adenomas per co-
lonoscopy, ADR according to endoscopist’s experience, and colonoscopy withdrawal time. This
study received Institutional Review Board approval (CRE-2019.393).
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RESULTS:
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From November 2019 to August 2021, 3059 subjects were randomized to AI-assisted colo-
noscopy (n [ 1519) and conventional colonoscopy (n [ 1540). Baseline characteristics and
bowel preparation quality between the 2 groups were similar. The overall ADR (39.9% vs
32.4%; P < .001), advanced ADR (6.6% vs 4.9%; P ¼ .041), ADR of expert (42.3% vs 32.8%; P <
.001) and nonexpert endoscopists (37.5% vs 32.1%; P ¼ .023), and adenomas per colonoscopy
(0.59 – 0.97 vs 0.45 – 0.81; P < .001) were all significantly higher in the AI-assisted colonos-
copy. The median withdrawal time (8.3 minutes vs 7.8 minutes; P ¼ .004) was slightly longer in
the AI-assisted colonoscopy group.
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CONCLUSIONS:
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In this multicenter RCT in asymptomatic patients, AI-assisted colonoscopy improved overall
ADR, advanced ADR, and ADR of both expert and nonexpert attending endoscopists.
(ClinicalTrials.gov, Number: NCT04422548).
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What You Need to Know

Background
Artificial intelligence (AI)–assisted colonoscopy has
been reported to improve the adenoma detection
rate (ADR) in symptomatic and asymptomatic pa-
tients undergoing diagnostic and screening colo-
noscopy. However, there are no large randomized
controlled trials assessing the efficacy of AI-assisted
colonoscopy in an asymptomatic population eligible
for colorectal cancer screening, and involving endo-
scopists with different levels of experience.

Findings
In this multicenter randomized controlled trial
involving an asymptomatic population of 3059 pa-
tients and 24 endoscopists, AI-assisted colonoscopy
significantly increased the overall ADR by 7.5%
when compared with conventional colonoscopy
(39.9% vs 32.4%; P < .001). ADR for advanced ad-
enomas, adenomas �10 mm, nonpedunculated ade-
nomas, and both expert and nonexpert attending
endoscopists were also significantly improved in the
AI-assisted colonoscopy group.

Implications for patient care
Routine use of AI assistance for real-time adenoma
detection in colonoscopy should be considered.
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While screening colonoscopy with polypectomy
has been shown to reduce colorectal cancer

(CRC) incidence and mortality, missed colorectal
neoplasia remains a significant problem and is associated
with postcolonoscopy CRC development.1,2 In a recent
meta-analysis including more than 15,000 tandem colo-
noscopies, missed rates for adenomas and advanced ad-
enomas were up to 26% and 9%, respectively.3 Small
and flat lesions, inadequate bowel preparation, and var-
iable endoscopist performance in polyp detection are
important factors contributing to missed colorectal
neoplasia.4,5

Because a high adenoma detection rate (ADR) is
associated with a lower risk of postcolonoscopy CRC,
significant efforts have been devoted to improve ADR.4,6

Various colonoscopy-based strategies, including image
enhanced endoscopy, mucosal fold flattening devices,
colonoscopes with a wide field of view, and second right
colon examination by retroflexion or forward view have
been used and reported to improve polyp detection rate
or ADR.7–10 While some of the previous strategies can
improve detection of lesions hidden in blind spots, their
impact on polyp detection failure by endoscopists re-
mains uncertain.

In recent years, artificial intelligence (AI)–assisted
colonoscopy has gained significant clinical interest
because it is expected to reduce adenoma miss rate by
overcoming human error in polyp detection.11 Multiple
AI systems using deep learning and convolutional neural
network with visual or audio notices for endoscopists
have been developed and evaluated in clinical setting for
real-time polyp detection or monitoring of colonoscopy
withdrawal quality (eg, withdrawal speed and time,
bowel cleansing quality).12–17 While AI-assisted colo-
noscopy was reported to have a higher ADR and ade-
nomas per colonoscopy (APC) in RCTs and a lower
adenoma miss rate (AMR) in tandem studies when
compared with conventional colonoscopy (CC), none of
these studies targeted a purely screening population. In
addition, the benefit of AI-assisted colonoscopy for
endoscopists of different level of experience remains
uncertain. Because data from large scale multicenter RCT
assessing the efficacy of real-time AI assistance for ade-
noma detection in an asymptomatic population eligible
for CRC screening are lacking, we performed a multi-
center RCT comparing AI-assisted colonoscopy with
standard colonoscopy for adenoma detection in an
asymptomatic population.
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Materials and Methods

Study Design

This was a prospective, multicenter, single-blinded,
parallel RCT conducted in 6 university-affiliated endos-
copy centers in Hong Kong, Beijing (2 centers), Inner
Mongolia, Jilin, and Xiamen, China. The study was
FLA 5.6.0 DTD � YJCGH58570_proof �
conducted in accordance with the Principles of Good
Clinical Practice and the Declaration of Helsinki. The
study protocol was approved by the Joint Chinese Uni-
versity of Hong Kong–New Territories East Cluster
Clinical Research Ethics Committee (CRE-2019.393) and
the institutional review boards at all participating sites,
and was registered at ClinicalTrials.gov (NCT04422548).
All authors had access to the study data and reviewed
and approved the final manuscript.
Study Population and AI Polyp Detection
System

Asymptomatic subjects between 45 and 75 years of
age undergoing CRC screening by direct screening colo-
noscopy or fecal immunochemical test (FIT)–based
screening program were invited to participate between
November 2019 and August 2021. In China, different
strategies for CRC screening exist across the country.
Some provinces and cities allow direct colonoscopy,
whereas others require FIT prior to colonoscopy. In this
study, all 3059 individuals included were asymptomatic
subjects eligible for CRC screening. Among the 6
participating centers, 2 offered only FIT-based screening
programs, and did not offer direct screening colonoscopy
to the general public. In order for these centers to cap-
ture the average-risk population for CRC screening,
10 August 2022 � 9:42 pm � ce OB
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asymptomatic subjects have to go through the
government-subsidized FIT-based screening program
first. For enrollment into this study, all asymptomatic
subjects were offered colonoscopy irrespective of their
FIT results. Written informed consent was obtained from
all enrolled patients. Patients were excluded from the
study if they were unable to provide informed consent,
had contraindications for endoscopy, overt symptoms
suggestive of colorectal disorders, history of inflamma-
tory bowel disease, CRC, polyposis syndrome, prior
colorectal surgery, or colonoscopy within 10 years.
Intention-to-treat (ITT) analysis included all recruited
patients. Per-protocol (PP) analysis included only those
who have successful cecal intubation and adequate
bowel preparation (defined by Boston Bowel Preparation
Scale (BBPS) score �6 and all segmental BBPS score
�2).18 The artificial intelligence system for polyp
detection used in this study is detailed in the
Supplementary Methods (Artificial Intelligence Polyp
Detection System Section).
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Randomization and Blinding

Recruited asymptomatic subjects were randomized in
a 1:1 ratio to undergo either AI-assisted colonoscopy or
CC. T.Y.T.L generated the randomization sequence in a
concealed allocation fashion in block sizes of 10 for the
participating centers. Subjects enrollment and group
assignment were done independently by the study team
members of each participating center. Randomization
was stratified by endoscopist’s colonoscopy experience
(nonexpert attending vs expert attending). Group as-
signments were contained in sealed, opaque envelopes.
This is a single-blinded randomization with enrolled
subjects being blinded to the result of their randomiza-
tion while endoscopists were not blinded to the group
assignment. Colonic polyp specimens were evaluated by
pathologists who were also blinded to the study group
allocation.
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Figure 1. The AI polyp detection system.
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Colonoscopy Procedures and Data Collection

Study colonoscopies were performed by 12 nonex-
pert attending (colonoscopy experience <5000) and 12
expert attending endoscopists (colonoscopy experience
�5000), with 2 nonexpert and 2 expert attending
endoscopists from each of the 6 centers. All procedures
were performed with high-definition colonoscopes,
endoscopy processors, and monitors (EVIS Lucera Elite,
290 series [Olympus, Tokyo, Japan] or 4450 series
[Fujifilm, Tokyo, Japan]). In order to standardize the
endoscopic procedures, electronic image enhancing
function was not allowed for polyp detection but could
be used for polyp characterization at the discretion of the
endoscopists. Mucosal exposure devices were not
allowed, and antispasmodic agents were not used during
the procedures.
FLA 5.6.0 DTD � YJCGH58570_proof �
All enrolled patients received a low-fiber diet 3 days
prior to colonoscopy and underwent bowel cleansing
with polyethylene glycol solution in split dose based on
institutional protocol. Baseline demographics and clinical
history relevant to CRC were obtained from patients
before colonoscopy. Colonoscopies were performed un-
der conscious sedation. Bowel preparation quality was
rated by the BBPS, with adequate bowel preparation
being defined as BBPS score �6 and any segmental BBPS
score �2.

For patients randomized to the AI-assisted colonos-
copy group, the colonoscopy procedure was the same as
that of the CC group except that the AI system was
turned on for real-time polyp detection during both the
intubation and withdrawal phases of the procedure. Le-
sions detected by the AI system were marked by a blue
tracking box and were shown on the same high definition
monitor of the endoscopy system (Figure 1). After
confirmation by the endoscopist, polyps detected were
removed. In both arms of the study, while polyp detec-
tion and removal were intended to be performed during
withdrawal phase per usual practice, removal of polyp
with size <10 mm during intubation phase immediately
upon detection was allowed to avoid missing the smaller
lesion (already detected on intubation) for polypectomy
during scope withdrawal. Data collection of procedure
time and characteristics of polyps resected are described
in the Supplementary Methods.
Outcome Measures

The primary outcome was overall ADR, which was
defined as the proportion of patients with at least 1 ad-
enoma detected during colonoscopy. Secondary out-
comes were the mean number of APC, ADR according to
the experience of endoscopists, adenoma size,
morphology, histology, colonoscopy intubation time, and
withdrawal time. Advanced adenomas were defined as
adenomas with size �10 mm, villous component, or high
grade dysplasia. Tubular adenomas, tubulovillous ade-
nomas, villous adenomas, and CRC were included in the
ADR calculation.
10 August 2022 � 9:42 pm � ce OB
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Sample Size Estimation and Statistical Analysis

An overall ADR of 37% was reported in subjects who
received direct screening colonoscopy in a recently
published international multicenter study conducted in
the Asia-Pacific region.19 Assuming that AI-assisted co-
lonoscopy would yield a 5% increase in overall ADR, at
least 1497 subjects per study group (ie, at least 2994
subjects in total) would be required to achieve a statis-
tical power of �80% to show superiority of AI-assisted
colonoscopy against CC. Type I error of �5% is 2-sided
in this study and is powered for superiority. Statistical
analyses are described in the Supplementary Methods
(Statistical Analysis section).
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Results

From November 2019 to August 2021, 3227 patients
were recruited. A total of 115 patients were excluded
from the study; 53 patients did not meet inclusion
criteria and 62 declined to participate. A total of 3059
patients were enrolled and randomized, of whom 1519
patients and 1540 patients were assigned to the AI-
assisted colonoscopy group and CC group, respectively,
and included in the ITT analysis. After excluding subjects
with incomplete colonoscopy and inadequate bowel
FLA 5.6.0 DTD � YJCGH58570_proof �
preparation, 1238 subjects in the AI-assisted colonos-
copy group and 1289 subjects in the CC group were
included in the PP analysis (Figure 2). The baseline
characteristics of patients were similar between the 2
groups. Among the 3059 patients, 1684 (55.1%) patients
underwent direct screening colonoscopy. Among the
1375 patients who underwent FIT-based screening
initially, 127 (9.2%) were FIT positive and 1248 (90.8%)
were FIT negative. In order to capture asymptomatic
patients who would otherwise be ineligible for direct
screening colonoscopy in centers in which only
government-run FIT-based screening program was
available, both FIT-positive and FIT-negative patients
were invited for colonoscopy and randomized to AI or CC
groups (Table 1).

In ITT analysis, the cecal intubation rate was the same
between the 2 groups (98.7% vs 98.7%; P ¼ .965). The
median overall BBPS score, the median segmental BBPS
score of the left, transverse, and right colon, and the
proportion of patients having adequate bowel prepara-
tion quality were similar in both groups (81.5% vs
83.7%; P ¼ .108). There were no immediate adverse
events during colonoscopy in this study. In ITT analysis,
both the median intubation time (4.48 [interquartile
range (IQR), 3.33–6.30] minutes vs 4.17 [IQR, 3.17–5.76]
minutes; P < .001) and the median withdrawal time
(8.25 [IQR, 6.67–12.00] minutes vs 7.78 [IQR,
Figure 2. CONSORT flow
diagram.
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6.45–11.00] minutes; P ¼ .004) were significantly longer
in the AI-assisted colonoscopy group when compared
with CC group (Table 2). In PP analysis, significant pro-
longation of intubation time and withdrawal time of
similar magnitude was also observed in the AI-assisted
colonoscopy group (Table 2).

Adenoma Detection

In ITT analysis, the overall ADR of the AI-assisted
colonoscopy group was significantly higher than that of
the CC group (39.9% vs 32.4%; P < .001). The APC in the
AI-assisted colonoscopy group was also significantly
higher (0.59 � 0.97 vs 0.45 � 0.81; P < .001). There was
also significant improvement in overall ADR (39.7% vs
33.5%; P ¼ .001) and APC (0.65 � 1.02 vs 0.52 � 0.85; P
< .001) in the AI-assisted colonoscopy group compared
with the CC group in PP analysis (Table 2).

In subgroup analysis, AI-assisted colonoscopy
improved ADR for both expert (42.3% vs 32.8%; P <
.001) and nonexpert (37.5% vs 32.1%; P ¼ .023)
attending endoscopists in the ITT analysis. The PP
analysis produced similar results, but the improvement
of ADR of nonexpert attendings by AI did not achieve
statistical significance (39.9% vs 36.5%; P ¼ .201).
Among patients with inadequate bowel preparation
(BBPS <6 or any segmental BBPS <2), the use of AI also
Table 1. Patient Baseline Characteristics

AI-Assisted Colonosc

Age, y 57.49

Male 707

BMI, kg/m2 23.91

Family history of CRC 50

Ever smoking 222

Alcohol consumption 139

Hypertension 168

Diabetes 70

Ischemic heart disease 38

Stroke 6 (

Liver cirrhosis 3 (

Fatty liver 122

GERD 34

Asymptomatic subjects
Direct screening colonoscopy 840
Colonoscopy for FIT-positive subjects 59
Colonoscopy for FIT-negative subjects 620

Values are mean � SD or n (%).
AI, artificial intelligence; BMI, body mass index; CC, conventional colonoscopy; CR
reflux disease.

FLA 5.6.0 DTD � YJCGH58570_proof �
improved ADR (40.7% vs 29.5%; P ¼ .039) when
compared with CC (Table 2).

Characteristics of polyps detected and removed in
both groups are listed in Table 3. Detection of non-
advanced adenoma in the AI-assisted colonoscopy group
was significantly higher than in the CC group (non-
advanced ADR, 32.3% vs 26.7%; P ¼ .001). Similarly,
detection of advanced adenoma was also significantly
higher in the AI-assisted colonoscopy group than the CC
group (advanced ADR, 6.6% vs 4.9%; P ¼ .041). On the
other hand, CRC and sessile serrated lesion (SSL)
detection rates were not different between 2 groups
(0.9% vs 0.8%; P ¼ .819; and 1.1% vs 1.3%; P ¼ .65,
respectively). In subgroup analysis according to size and
morphology of polyps, AI-assisted colonoscopy also
significantly increased detection of adenoma <5 mm
(16.5% vs 11.5%; P < .001), adenoma �10 mm (6.5% vs
4.7%; P ¼ .033), and nonpedunculated adenomas (27.6%
vs 21.8%; P < .001) when compared with CC (Table 3).
AI-assisted colonoscopy improved the detection of ade-
noma in both proximal and distal colon when compared
with CC (28.4% vs 23.8%; P ¼ .004; and 10.6% vs 7.7%;
P ¼ .006, respectively). The results show that there was
an increased resection of nonadvanced adenoma (<5
mm) as well as advanced adenoma. There was also
increased resection of nonpedunculated adenomas. No
increase in hyperplastic polyp resection was shown.
opy Group (n ¼ 1519) CC Group (n ¼ 1540) P Value

� 7.55 57.03 � 7.43 .086

(46.5) 728 (47.3) .686

� 3.24 23.91 � 3.19 .961

(3.3) 46 (3.0) .629

(14.6) 221 (14.4) .836

(9.2) 139 (9.0) .904

(11.1) 189 (12.3) .296

(4.6) 75 (4.9) .733

(2.5) 30 (1.9) .299

0.4) 6 (0.4) .981

0.2) 3 (0.2) .987

(8.0) 116 (7.5) .606

(2.2) 34 (2.2) .954

(55.3) 844 (54.8) .758
(3.9) 68 (4.4)
(40.8) 628 (40.8)

C, colorectal cancer; FIT, fecal immunochemical test; GERD, gastroesophageal
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Table 2. Findings and Outcomes in AI-Assisted Colonoscopy and CC

Intention-to-Treat
Analysis (n ¼ 3059)

Per-Protocol
Analysis (n ¼ 2527)

AI-Assisted
Colonoscopy Group

(n ¼ 1519)
CC Group
(n ¼ 1540) P Value

AI-Assisted
Colonoscopy Group

(n ¼ 1238)
CC Group
(n ¼ 1289) P Value

Cecal intubation rate 1499 (98.7) 1520 (98.7) .965 1238 (100.0) 1289 (100.0) NA

BBPS 7 (6–8) 7 (6–8) .023 7 (6–8) 7 (6–8) .037

Left colon BBPS score 2 (2–3) 2 (2–3) .416 2 (2–3) 2 (2–3) .888

Transverse colon BBPS score 2 (2–3) 2 (2–3) .032 2 (2–3) 2 (2–3) .104

Right colon BBPS score 2 (2–3) 2 (2–3) .008 2 (2–3) 2 (2–3) .050

Adequate bowel preparation 1238 (81.5) 1289 (83.7) .108 1238 (100.0) 1289 (100.0) NA

Immediate adverse event 0 0 NA 0 0 NA

Intubation time, min 4.48 (3.33–6.30) 4.17 (3.17–5.76) <.001 4.50 (3.38–6.33) 4.17 (3.21–5.83) <.001

Withdrawal time, min 8.25 (6.67–12.00) 7.78 (6.45–11.00) .004 8.33 (6.67–12.09) 7.83 (6.5–11.00) .008

Overall ADR 606 (39.9) 499 (32.4) <.001 492 (39.7) 432 (33.5) .001

Number of adenomas per colonoscopy 0.59 � 0.97 0.45 � 0.81 <.001 0.63 � 1.01 0.49 � 0.83 <.001

ADR of expert attending endoscopist 319/754 (42.3) 236/720 (32.8) <.001 258/594 (43.4) 197/585 (33.7) .001

ADR of nonexpert attending endoscopist 287/765 (37.5) 263/820 (32.1) .023 234/644 (36.3) 235/704 (33.4) .255

ADR for direct screening colonoscopy 322/840 (38.3) 252/844 (29.8) <.001 267/700 (38.1) 222/726 (30.6) .003

ADR for colonoscopy after positive FIT 39/59 (66.1) 35/68 (51.5) .095 37/55 (67.3) 35/65 (53.8) .135

ADR for colonoscopy after negative FIT 245/620 (39.5) 212/628 (33.8) .035 188/483 (38.9) 175/498 (35.1) .220

ADR of patients with inadequate bowel preparationa 114/281 (40.6) 67/251 (26.7) .001 NA NA NA

Values are n (%), median (interquartile range), mean � SD, or n/n (%).
ADR, adenoma detection rate; AI, artificial intelligence; BBPS, Boston Bowel Prep Score; CC, conventional colonoscopy; FIT, fecal immunochemical test; NA, ���. Q6
aBBPS <6 or segmental BBPS <2.
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Table 3. Characteristics of Polyps Resected

Intention-to-Treat Analysis (n ¼ 3059) Per-Protocol Analysis (n ¼ 2527)

AI-Assisted
Colonoscopy

Group (n ¼ 1519)
CC Group
(n ¼ 1540) P Value

AI-Assisted
Colonoscopy

Group (n ¼ 1238)
CC Group
(n ¼ 1289) P Value

Nonadvanced adenoma 492 (32.3) 411 (26.7) <.001 407 (32.9) 359 (27.9) .006

Advanced adenoma 100 (6.6) 75 (4.9) .041 83 (6.7) 66 (5.1) .091

Colorectal cancer 14 (0.9) 13 (0.8) .819 2 (0.2) 8 (0.6) .109

Sessile serrated lesion 17 (1.1) 20 (1.3) .650 16 (1.3) 19 (1.5) .696

Hyperplastic polyp 234 (15.2) 244 (15.8) .627 186 (15) 201 (15.6) .691

Other polypsa 22 (1.4) 22 (1.4) .963 21 (1.7) 19 (1.5) .655

Adenoma size
<5 mm 250 (16.5) 177 (11.5) <.001 216 (17.4) 168 (13) .002
5–9mm 243 (16.0) 236 (15.3) .609 204 (16.5) 210 (16.3) .899
�10 mmb 99 (6.5) 73 (4.7) .033 85 (6.9) 65 (5.0) .053

Pedunculated adenoma 173 (11.4) 150 (9.7) .138 139 (11.2) 136 (10.6) .585

Nonpedunculated adenomac 419 (27.6) 336 (21.8) <.001 365 (29.5) 307 (23.8) .001

Adenoma in proximal colond 431 (28.4) 367 (23.8) .004 359 (29.0) 317 (24.6) .012

Adenoma in distal colone 161 (10.6) 119 (7.7) .006 129 (10.4) 107 (8.3) .067

Values are n (%).
AI, artificial intelligence; CC, conventional colonoscopy.
aInflammatory polyps, mucosal polyps, and lymphoid polyps.
bA total of 59 (59.6%) of the 99 adenomas with size � 10 mm were nonpedunculated lesions.
cIncluded flat, depressed, sessile adenomas.
dFrom transverse colon to cecum.
eFrom rectum to splenic flexure.
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Univariate and Multivariate Regression Analysis

Regression analysis was performed to identify pre-
dictors of adenoma detection in the AI-assisted colo-
noscopy and CC groups in this study. AI assistance,
gender, age of patients, lifestyle (smoking, drinking,
BMI), comorbid condition (diabetes, ischemic heart dis-
ease, fatty liver, use of aspirin), experience of endo-
scopist, and withdrawal time of colonoscopes were
included in univariate and multivariate analyses
(Table 4). Based on ITT data, multivariate analysis
showed that AI assistance (adjusted odds ratio [aOR],
1.302; 95% confidence interval [CI], 1.106–1.532; P ¼
.001), male sex (aOR, 1.648; 95% CI, 1.394–1.948; P <
.001), older age groups (60–64 years of age: aOR, 1.527;
95% CI, 1.156–2.017; P ¼ .003, 65–69 years of age: aOR,
2.214; 95% CI, 1.653–2.964; P < .001, 70–75 years of
age: aOR, 2.008; 95% CI, 1.393–2.894; P < .001), alcohol
drinking (aOR, 1.399; 95% CI, 1.061–1.845; P ¼ .017),
body mass index (aOR, 1.026; 95% CI, 1.000–1.052; P ¼
.049), expert endoscopist (aOR, 1.213; 95% CI,
1.030–1.428; P ¼ .020), and withdrawal time (aOR,
1.179; 95% CI, 1.156–1.202; P < .001) were indepen-
dently associated with higher ADR. Similarly, in PP
analysis, AI assistance (aOR, 1.219; 95% CI, 1.019–1.458;
P ¼ .031), male sex (aOR, 1.599; 95% CI, 1.330–1.921; P
FLA 5.6.0 DTD � YJCGH58570_proof �
< .001), elder age groups (aged 60–64: aOR, 1.521; 95%
CI, 1.117–2.071; P ¼ .008; 65–69 years of age: aOR,
2.281; 95% CI, 1.650–3.154; P < .001; 70–75 years of
age: aOR, 1.775; 95% CI, 1.182–2.664; P ¼ .006),
drinking (aOR, 1.368; 95% CI, 1.011–1.851; P ¼ .042),
expert endoscopist (aOR, 1.279; 95% CI, 1.068–1.532;
P ¼ .007), and withdrawal time (aOR, 1.193; 95% CI,
1.167–1.220; P < .001) were independently associated
with higher ADR (Table 4). On the other hand, positive
FIT result was not found to be an independent predictor
of higher ADR on multivariate regression analysis.
Discussion

This is the first RCT to investigate the benefit of AI-
assisted colonoscopy in adenoma detection in a large,
asymptomatic population. The study involved 6 centers
and 24 attending endoscopists of 2 levels of experience
in a single-blinded design. The findings confirm that AI-
assisted colonoscopy significantly improves ADR for co-
lonoscopy in asymptomatic subjects, for both advanced
and nonadvanced adenomas, for adenomas <5 mm and
�10 mm, for nonpedunculated adenoma, and in both the
proximal and distal colon. There were more adenoma
(advanced and nonadvanced, pedunculated and
10 August 2022 � 9:42 pm � ce OB



Table 4. Univariate and Multivariate Regression Analysis of Predictors of Adenoma Detection

Variable

Intention-to-Treat Analysis (n ¼ 3059) Per-Protocol Analysis (n ¼ 2527)

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

OR 95% CI P Value aOR 95% CI P Value OR 95% CI P Value aOR 95% CI P Value

Study intervention—AI assistancea 1.385 1.194–1.606 <.001b 1.302 1.106–1.532 .001b 1.308 1.112–1.539 .001b 1.219 1.019–1.458 .031b

Malea 1.893 1.630–2.198 <.001b 1.648 1.394–1.948 <.001b 1.830 1.553–2.155 <.001b 1.599 1.330–1.921 <.001b

45–49 years of age Reference Reference Reference Reference

50–54 years of age 1.071 0.832–1.378 .596 0.997 0.758–1.310 .982 1.063 0.805–1.403 .667 0.981 0.726–1.326 .901

55–59 years of age 1.349 1.064–1.710 .013b 1.265 0.978–1.637 .073 1.278 0.984–1.661 .066b 1.188 0.894–1.579 .235

60–64 years of age 1.662 1.287–2.145 <.001b 1.527 1.156–2.017 .003b 1.664 1.255–2.208 <.001b 1.521 1.117–2.071 .008b

65–69 years of age 2.392 1.830–3.127 <.001b 2.214 1.653–2.964 <.001b 2.517 1.871–3.386 <.001b 2.281 1.650–3.154 <.001b

70–75 years of age 2.287 1.641–3.187 <.001b 2.008 1.393–2.894 <.001b 2.286 1.584–3.299 <.001b 1.775 1.182–2.664 .006b

Smokera 1.474 1.202–1.808 <.001 1.528 1.221–1.911 <.001

Alcohol drinkera 1.576 1.229–2.020 <.001b 1.399 1.061–1.845 .017b 1.538 1.174–2.016 .002b 1.368 1.011–1.851 .042b

Aspirin user 1.257 0.815–1.938 .301 1.176 0.729–1.896 .507

Diabetes 1.119 0.794–1.576 .521 1.156 0.793–1.687 .451

Ischemic heart disease 1.169 0.715–1.910 .534 0.963 0.554–1.674 .894

Fatty liver 0.905 0.685–1.197 .485 1.001 0.744–1.346 .995

BMIa 1.041 1.017–1.065 .001b 1.026 1.000–1.052 .049b 1.039 1.012–1.065 .004

Experience of endoscopist – experta 1.136 0.980–1.317 .089b 1.213 1.030–1.428 .020b 1.178 1.001–1.385 .048b 1.279 1.068–1.532 .007b

Withdrawal timea 1.184 1.162–1.207 <.001b 1.179 1.156–1.202 <.001b 1.198 1.172–1.224 <.001b 1.193 1.167–1.220 <.001b

Colonoscopy indicationa

FIT Positive 2.700 1.871–3.896 <.001 2.874 1.963–4.208 <.001
FIT Negative 1.117 0.959–1.302 .156 1.126 0.950–1.3333 .172
Direct screening Reference Reference

aOR, adjusted odds ratio; CI, confidence interval; AI, artificial intelligence; BMI, body mass index; FIT, fecal immunochemical test; OR, odds ratio.
aFactors considered in the multivariate regression analysis.
b���. Q7
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nonpedunculated) resections, which could translate into
better cancer prevention in the long term. The positive
results were at the expense of slightly prolonged intu-
bation time (w0.3 minutes) and withdrawal time (w0.5
minutes). The benefit of AI-assisted colonoscopy in ad-
enoma detection is confirmed in regression analysis,
among other determining factors such as male sex, �60
years of age, and withdrawal time.

Suboptimal quality of colonoscopy is well known to
be related to postcolonoscopy CRC. Studies have shown
that quality varies between individual screening exami-
nations, hospital and healthcare institutions, and endo-
scopists, in terms of the rate of complete examination,
detection rates of neoplastic lesions, and polypectomy
technique.20,21 ADR is one of the most important quality
indicators of colonoscopy and is inversely associated
with the risk of postcolonoscopy CRC, advanced stage of
CRC, and CRC mortality.5,22 In this study, AI-assisted
colonoscopy has shown the clear advantage of
increasing the detection of adenoma irrespective of
location (proximal vs distal colon) and with the experi-
ence of endoscopist, and could even attenuate the effect
of suboptimal bowel preparation.

While prior studies of real-time AI assistance have
reported improved ADR for adenoma <10 mm,12–15 our
study is the first to report improvement in detection for
advanced adenomas, and this was driven by increased
detection of adenomas �10 mm. This is unlikely to be
explained by a difference in bowel preparation quality,
given that the BBPS was higher in the CC group. This
finding was unexpected and warrants additional study in
other settings and with different AI platforms. We also
found that AI-assisted colonoscopy improved the detec-
tion of nonpedunculated adenomas (27.6% vs 21.8%; P
< .001), and 59 (59.6%) of the 99 adenomas �10 mm
were nonpedunculated lesions.

Real-time polyp detection by AI on the same endos-
copy display monitor is designed to enhance prompt
removal of adenomas and in turn reduce adenoma miss
rate. However, this potential benefit often comes at the
expense of slightly longer intubation time and with-
drawal time in AI-assisted colonoscopy, as was the case
in our study. This is likely due to more time to confirm
suspected polyps detected by AI when the system is
turned on during insertion and withdrawal. Given the
benefit of higher overall ADR observed in this large-scale
randomized study, we believe that the relatively small
prolongation of intubation and withdrawal times are an
acceptable drawback.

The real-time polyp detection system used in this
study is different from other studies that have reported
high reliability in detecting the image of polypoid
structures, better positioning of the lesions, and shorter
time lag between machine detection and real-time im-
aging. The algorithm of the YOLOv3 system is a deep
convolution neural network–based on the Darknet 53
structure, and it is beyond the scope of this article to
discuss the engineering details of this AI system. While
FLA 5.6.0 DTD � YJCGH58570_proof �
there is no direct comparison of different AI-assisted
tools to date, we believe that the reported differences
between AI systems are not major. To date, there is also a
lack of direct comparison between AI-assisted colonos-
copy against various image-enhanced endoscopy tech-
nologies such as narrow-band imaging, i-SCAN, and
linked color imaging.

Studies have shown that SSLs are associated with
CRC, especially those on the right colon and in the elderly
age group, and hence should be detected and removed.23

In our study, despite the improved ADR for non-
pedunculated lesions observed in the AI-assisted colo-
noscopy, the detection of SSL was not improved by AI.
Our AI system used in this study did not undergo dedi-
cated training with a large dataset of SSLs; thus, the
sensitivity and specificity for SSLs of the AI system re-
mains unclear and constitutes a limitation of this study.
While the prevalence of SSLs was reported to range from
3% to 8% in the West, 24 the prevalence of SSL is much
lower in Asia (around 1%).25 The could be related to low
awareness of the lesions and hence underdiagnosis in
Asian settings. Nevertheless, better AI tools should be
developed for SSL detection because this may further
enhance the benefit of AI-assisted colonoscopy.

In conclusion, this large-scale multicenter random-
ized study showed the benefits of AI-assisted colonos-
copy in asymptomatic subjects undergoing CRC
screening. AI-assisted image analysis has already been
applied in mammography for the screening of breast
cancer, as well as in 3-dimensional low-dose computed
tomography for the screening of lung cancer.26,27 It is
time for us to consider generalizing the use of AI-assisted
endoscopy in the gastrointestinal tract.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2022.07.006.
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Supplementary Methods

Artificial Intelligence Polyp Detection System

The artificial intelligence (AI) polyp detection system
(Eagle Eye [version 5.1]; Xiamen Innovision, Xiamen,
China) used in this study has been described previously
and validated in a single-center randomized controlled
trial of 150 patients.1 Briefly, it is developed on the basis
of the deep learning architecture with the assistance of
endoscopists and modelers. The detection algorithm is a
YOLOv3 deep convolution neural network, which allows
image analysis from multiple scales (Supplementary
Figure 1).2 Lesions of different sizes can be detected
via features from different scales which in turn improves
the positioning accuracy of the tracking boxes. The AI
platform adopts a multithreaded processing system with
a delay time of 17 ms. The algorithm was trained by
112,199 still images (including 64,134 images with his-
topathologically confirmed polyps and 48,065 images
without polyps) of colonoscopy from Zhongshan Hospital
affiliated with Xiamen University. All the images were
recorded in white light mode and labeled by colono-
scopists with more than 5 years of experience. A total of
90% and 10% of the images in the dataset were
randomly selected for training and validation, respec-
tively. A separate dataset of 21 colonoscopy videos was
employed to fine-tune the model in which 7 videos were
recorded by Olympus 290 system (Olympus, Tokyo,
Japan), while 14 videos were recorded by Fujifilm 4450
system (Fujifilm, Tokyo, Japan). Afterward, the AI model
was validated by an independent dataset of 40,000 co-
lonoscopy images (20,000 with polyp and 20,000
without polyp) extracted from colonoscopy videos that
were recorded by the Olympus endoscopy system and
Fujifilm endoscopy system. The version of the AI system
used in this study has a sensitivity of >98% and speci-
ficity of >89% for colonic polyps.

The AI polyp detection system has the size of an or-
dinary desktop computer tower and is installed between
the endoscopy processor and monitor (Supplementary
Figure 2). The AI system receives the colonoscopy
video from the endoscopy system and analyzes the video
frame by frame with the AI polyp detection algorithm.
The processed results are then displayed on the endos-
copy monitor with a hollow blue tracking box over sus-
pected polyp (Figure 2) in real-time. This AI polyp
detection system supports various endoscopy systems,
including Olympus CV260/290, Fujifilm EPX-4450 HD
/7000 HD, and PENTAX EPK-i5000/7000 (Pentax,
Tokyo, Japan).
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Data Collection of Procedure Time and
Characteristics of Polyps Resected Section

Procedure time was recorded at the commencement
of rectal intubation. In the AI group, when lesion was
FLA 5.6.0 DTD � YJCGH58570_proof �
detected by the AI system, confirmation of the lesion
identified in the blue tracking box was included in the
time recording. In both the AI and conventional colo-
noscopy groups, time recording was stopped during
polypectomy. Therefore polypectomy time would not
count into the procedure time.

Location, size and morphology of all removed polyps
were documented. Nonresectable lesions were biopsied.
The proximal colon was defined as the segment from
cecum to transverse colon, while distal colon was defined
as segment from splenic flexure to rectum. Polyps were
classified into pedunculated or nonpedunculated
morphology, and nonpedunculated lesions were further
characterized as sessile, flat, or depressed lesions. Polyps
removed were placed in separate specimen bottles based
on anatomical location of the polyps (eg, cecum,
ascending colon). Tissues were stained by hematoxylin
and eosin stain and Periodic acid–Schiff stain when
necessary. Colonic polyp specimens were evaluated by
pathologists of individual study center who were blinded
to study group assignment. Colonic polyp specimens
were evaluated according to the 2019 World Health
Organization classification of tumors of the digestive
system.3 Advanced adenomas were defined as adenomas
with size �10 mm, villous component, or high-grade
dysplasia. Patients were monitored for any immediate
adverse event postcolonoscopy and were discharged af-
ter recovery from sedation.
Statistical Analysis

Intention-to-treat and per-protocol analysis were
used to evaluate the primary outcome and secondary
outcomes. Intention-to-treat analysis included all
recruited subjects, while per-protocol analysis excluded
patients who had incomplete colonoscopy or inadequate
bowel preparation (Boston Bowel Preparation Scale <6
or any segmental Boston Bowel Preparation Scale <2).
Statistical analyses were performed using SPSS software
(version 26.0; IBM, Armonk, NY). Descriptive statistics
were reported as mean with standard deviation, median
with interquartile range, or frequency with percentage as
appropriate. The mean and median value between
groups were compared by Student’s t test and indepen-
dent samples median test, respectively. Differences in
categoric variables were analyzed using chi-square tests.
P values <.05 were considered statistically significant.
Univariate and multivariate logistic regression were
performed to identify predictors of adenoma detection
during colonoscopy for the following covariates: AI
assistance, patient’s age, sex, smoking status, drinking
status, aspirin usage, existing diabetes, existing ischemic
heart diseases, existing fatty liver, body mass index,
experience of endoscopist, withdrawal time, and colo-
noscopy indication. Variables with P values <.1 in the
univariate model were included in the multivariate lo-
gistic regression model (backward stepwise selection) to
10 August 2022 � 9:42 pm � ce OB
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determine the independent predictive effect of the vari-
ables of interest. P values <.05 were considered statis-
tically significant.
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Supplementary Figure 1.
The YOLOv3 architecture.
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Supplementary Figure 2. The installation of the AI polyp
detection system.
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