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The effectiveness of real-time computer-aided and
quality control systems in colorectal adenoma and
polyp detection during colonoscopies: a meta-
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I Review

Aims: This meta-analysis aims to quantify the effectiveness of artificial intelligence (Al)-supported colonoscopy compared\
to standard colonoscopy in adenoma detection rate (ADR) differences with the use of computer-aided detection and

quality control systems. Moreover, the polyp detection rate (PDR) intergroup differences and withdrawal times will be
analyzed.

Methods: This study was conducted adhering to PRISMA guidelines. Studies were searched across PubMed, CINAHL,
EMBASE, Scopus, Cochrane, and Web of Science. Keywords including the following ‘Artificial Intelligence, Polyp, Adenoma,
Detection, Rate, Colonoscopy, Colorectal, Colon, Rectal’ were used. Odds ratio (OR) applying 95% CI for PDR and ADR were
computed. SMD with 95% CI for withdrawal times were computed using RevMan 5.4.1 (Cochrane). The risk of bias was
assessed using the RoB 2 tool.

Results: Of 2562 studies identified, 11 trials were included comprising 6856 participants. Of these, 57.4% participants were in
the Al group and 42.6% individuals were in in the standard group. ADR was higher in the Al group compared to the standard of
care group (OR=1.51, P=0.003). PDR favored the intervened group compared to the standard group (OR=1.89,

P <0.0001). A medium measure of effect was found for withdrawal times (SMD =0.25, P <0.0001), therefore with limited
practical applications.

Conclusion: Al-supported colonoscopies improve PDR and ADR; however, no noticeable worsening of withdrawal times is
noted. Colorectal cancers are highly preventable if diagnosed early-on. With Al-assisted tools in clinical practice, there is a
strong potential to reduce the incidence rates of cancers in the near future.
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Colorectal cancer (CRC) is the third most common malignancy
and the second most cause of cancer-related mortality
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colonoscopy, are benign glandular tumors of the colon and rec-
tum. They are precursor lesions of colorectal adenocarcinoma
(CRC)™. The American Society for Gastrointestinal Endoscopy
(ASGE) Technology Committee in the Preservation and
Incorporation of Valuable endoscope Innovations (PIVI) state-
ment endorses the optical evaluation of colorectal adenomas that
present as polyps as acceptable if the endoscopist reaches a
threshold of greater than or equal to 90% agreement with his-
topathology results and greater than or equal to 90% negative
predictive value for the diagnosis of adenomatous histology!**°l.
However, despite the high accuracy of optical testing strategies
for colorectal polyps, endoscopists have been reluctant due to
concerns such as inappropriate surveillance intervals, incorrect
diagnoses, and related medicolegal concerns!”).

To overcome the shortcomings in colonoscopies, this study is
directed at providing the efficacy of Al-integration into colosco-
pies in clinical use. Al-assisted colonoscopy diagnostic systems
for detection (CADe) or colorectal adenomas are a major area of
research and implementation of Al in clinical practice. It must be
ascertained whether Al can provide real-time support to physi-
cians as well suggesting probable histology and confidence levels.
This meta-analysis aims to quantify primarily, adenoma detec-
tion rates (ADR) differences with the use of CADe and quality
control systems in adult patients compared to standard methods
in colonoscopy practice. Secondarily, polyp detection rate (PDR)
intergroup differences and withdrawal times will be analyzed to
assess the effectiveness of Al systems paired with coloscopy. We
predict that Al-assisted colonoscopy improves the ADR, PDR,
and withdrawal times and allows for operator-independent
pathology predictions.

Methods

This meta-analysis was conducted adhering to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines'®!. The PRISMA-P checklist is appended in
Supplementary Materials, Supplemental Digital Content 1, http://
links.lww.com/MS9/A10. In accordance with the preidentified
objectives, this paper sought to assess the effectiveness of Al
systems applied to coloscopies in ADR, PDR, and withdrawal
times. PROSPERO 2022 CRD42022333731"1.

Search strategy

Studies were searched across the following databases: (i)
PubMed, (ii) CINAHL, (iii) EMBASE, (iv) Scopus, (v) Cochrane,
and (vi) Web of Science until April 21,2022. An additional search
of clinicaltrials.gov was conducted to enlist any ongoing trials in
this area. The search strategies were created by combining key-
words and applying the Boolean logic. The following keywords
were utilized: Artificial Intelligence, Polyp, Adenoma, Detection,
Rate, Colonoscopy, Colorectal, Colon, Rectal. The full electronic
search strategy is given under Supplementary Materials,
Supplemental Digital Content 2, http:/links.lww.com/MS9/A11.
No date or language restrictions were applied; any non-English
study was translated into English using Google Translate. The
results were exported into EndNote X9 (Clarivate Analytics). An
umbrella methodology was applied where the reference lists of
examined studies were also examined.
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Study selection (inclusion and exclusion)

In this meta-analysis, we included controlled randomized con-
trolled trials that included an intervened group (IG) (with the Al
system), and a standard group (SG) (regular colonoscopy pro-
cedure). The former group was termed IG, the intervention
group, and the former was termed SG. If the trial did not have a
control group (i.e. a single arm), it was removed regardless of the
outcomes. there were no specific prerequisites for patient age, sex,
study sample, follow-up, or geographics. Any study that utilized
Al'in an IG and SG with enlisting of any (ADR, PDR, withdrawal
time) outcome was included. However, studies that were non-
clinical in nature (theoretical modeling), had no control groups or
did not apply an Al-based model were removed. In case more
than one study was published by the same author group, all of
them were included to ensure adequate computation of current
data. As required, the authors of the trials were contacted to
clarify missing or incomplete data.

Data extraction and synthesis

Two authors (Z.S. and A.S.) extracted study-related outcomes
into a shared spreadsheet together with the final author present
for any disagreements (I1.C.-O.). Any disagreements were resolved
by active discussion. The data were extracted as author, year,
country, title, domain, methodology, technology specifications,
ADR/PDR/withdrawal time in intervened and SGs, overall find-
ings, and conclusions. The summary estimates were either pro-
vided as odds ratio (OR) with 95% CI or as SMD with 95% CI.
The heterogeneity between the included studies was assessed
using the I index. The findings of the meta-analysis were illu-
strated as forest plots. Publication bias was assessed only if the
total number of studies was higher than 10. The findings were
illustrated in the form of a funnel plot. The data analysis was
conducted using Review Manager 5.4.1 (Cochrane).

Risk of bias assessment

Version 2 of the Cochrane risk of bias tool for randomized trials
(RoB 2) tool was used to assess the risk of bias. The tool is
structured to assess biases focused on trial design, reporting, and
conduct. The judgment is made based on low, high, or unclear
risks of bias in each domain. The study-by-study findings are
depicted in Figure 2, with an overview of every risk of bias item
expressed as percentages across all included studies in Figure 3.
Based on AMSTAR 2 assessment, this study is a high-quality
review (Supplementary Materials)!'?!, Supplemental Digital
Content 3, http:/links.lww.com/MS9/A12

Results

Search process

The PRISMA flow diagram is depicted in Figure 1. During the
identification phase, 2562 studies were identified from all data-
bases. Of the identified studies, 241 were duplicates. In the
screening phase, 2285 studies were screened and 2249 studies
were removed as neither the titles nor the abstracts met the
inclusion criteria. During the full-text screening, 36 studies were
assessed for eligibility. Of these, 22 were removed as they did not
provide ADR data or there were no comparators, or they were
cohorts. Three studies met the exclusion criteria. In the inclusion
phase, 11 studies were added to the meta-analysis (Fig. 1).
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Figure 1. PRISMA flowchart
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Additionally, 51 clinical trial registrations were identified
through online registries. All the trial records identified from
ClinicalTrials.Gov (n=51) were assessed, of which 18 records
were excluded. The 33 records of trials are enlisted in
Supplementary Materials, Supplemental Digital Content 2, http://
links.lww.com/MS9/A11.

Overview of the included studies

The analysis pooled 6856 participants, all of whom were enrolled
in clinical trials across China (seven studies, 63.6%), Japan (two
studies, 18.2%), Germany (one study, 9.1%), and Italy (one
study, 9.1%). A total of 3938 samples of individuals were studied
with real-time CAD systems and quality control systems, whereas
2918 others underwent regular colonoscopies with no additional
detection and quality control systems. The majority of the
detection systems originated from China such as (i) CADe sys-
tems, (ii) such real-time automatic poly detection systems, (iii)
ENDOANGEL (real-time quality improvement system), and (iv)
EndoScreeners. Other CADe systems included one that origi-
nated from Japan under the tutelage of the Jikei University School
of Medicine and another by Medtronic. These were originally
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coded Al-assisted systems that the researchers used to determine
the outcomes of adenoma and PDRs with colonoscopies. The
methodologies, technology specifications, overall findings, con-
clusion, and appraisal of application to current practice are
enlisted in Table 1.

Meta-analytical findings

The meta-analysis pooled in 6856 participants wherein 3938
(57.4%) belonged to the interventional group (facilitated with
CADe and quality control systems); 2918 (42.6%) belonged to
the SG that underwent regular colonoscopies. Individuals who
intervened with the systems had a relatively higher ADR
(OR=1.51,95% CI=1.15-1.99, P=0.003). Since the true ADR
was higher with the intervention, the systems were beneficial in
detecting adenomas that would otherwise not be visible to the
naked eye. The forest plot and risks of bias for all studies are
displayed in Figure 2. High heterogeneity was noted in the ADR
outcome (I*=84%) suggesting differences in structural meth-
odologies of the included studies. the studies with the highest
weight were Wang et al.l'”), Wang et al.''?!, and Repici ez al.l**!,
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Characteristics of included studies

References,
No. country

Title

Domain

Methodology

Technology
specifications

Overall findings

Conclusions

1 Misawa
etal.
Japan

[l

2 Wangetal
China

Artificial intelligence-
assisted polyp
detection for
colonoscopy: initial
experience

Real-time automatic
detection system
increases
colonoscopic polyp
and adenoma
detection rates: a
prospective
randomized
controlled study

Original artificial

intelligence-assisted
CADe system to
analyze colonoscopy
videos

polyp detection
system based on
deep learning on
polyp detection rate
and adenoma
detection rate

Colonoscopy videos

using the CADe
system were
analyzed among 73
patients
retrospectively in a
clinical trial setting

The effect of automatic An open, nonblinded

trial comprising
consecutive patients
was prospectively
randomized under
coloscopy with (IG,
n=>522) and without
(SG, n=536) the
real-time automatic
poly detection
system that provides
visual notice and
sound alarm on polyp
detection

Original-coded artificial 73 adenomas

intelligence-assisted
CADe system

Real-time automatic

polyp detection
system (Shanghai
Wision Al Co. Ltd.)

Polyp Withdrawal
Adenomas  detection time in
Adenomas  detected in rate in the minutes (SD)
detected in IG SG 1G vs. SG 1G vs. SG
40 adenomas  30/155 NA

detected detected (19.4%)
(N=59 (N=14 vs. 8/135
divided into divided into (5.9%)
155 135
samples) samples)

262 adenomas 160 adenomas 235/522

detected detected (45%) vs. 6.39 (1.21)
(N=498) (N=269) 156/536
(29.1%)

Flat lesions were

considered difficult
for CADe (64.5%
detection rate). The
sensitivity (90%),
specificity (63.3%),
and accuracy
(76.5%) were overall
acceptable with a
94% overall
detection rate of
polyps, and 60%
false-positive
detection

6.89 (1.79) vs. The Al system

increased adenoma
detection rate
(29.1% in IG vs.
20.3% in SG,
P<0.001) and
increased the mean
number of
adenomas per
patient (0.53 in 1G
vs. 0.31in SG,
P<0.001). higher
number of
diminutive
adenomas were
found in the IG (185)
compared to 102 in
the SG (102)
(P<0.001), while
larger adenomas
had no advantage
(1G: 77 vs. SG:58,
P=0.075).
Hyperplastic polyps
significantly
increased (IG: 114
vs. SG:52,
P<0.001)

The proposed CADe

system found Al to
have viable potential
to provide automated
detection of colorectal

polyps

In populations with low

prevalence of polyps,
an automatic polyp
detection system can
significantly increase
the rate of diminutive
adenomas and
hyperplastic polyps
detected

(£202) Asbung g SUIDIPSI JO S[euuy ‘[e 18 We|sY
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(Continued)
Polyp Withdrawal
Adenomas  detection time in
References, Technology Adenomas detected in  rate in the minutes (SD)

No. country Title Domain Methodology specifications detected in IG SG IG vs. SG IG vs. SG Overall findings Conclusions
Gong et all"¥, Detection of colorectal  Real-time quality A randomized Real-time quality 58 adenomas 27 adenomas  166/355 6.38 (2.48) vs. Among the intention-  With no adverse events
China adenomas with a improvement system  controlled study with  improvement detected detected (47%) vs. 4.76 (2.54) to-treat population, reported during the

real-time computer- (ENDOANGEL) to consecutive patients system based on (N=355) (N=349) 118/349 adenoma detection RCT, the ENDOANGEL
aided system monitor real-time recruited aged deep learning — (34%) rates were system significantly
(ENDOANGEL): a withdrawal speed 18-75 y where the ENDOANGEL significantly improved the
randomized and colonoscopy real-time quality increased in the adenoma detection
controlled study withdrawal time in improvement system ENDOANGEL group rate during coloscopy,
everyday use (ENDOANGEL) was (n="58 of 355, thereby seeming both
validated on 16%) compared to safe and effective for
coloscopy videos and the controls (n=27 use
images of 349, 8%). With
OR=2.3
(P=0.001). Among
the per-protocol
analysis,
ENDOANGEL group
(54 of 324, 17%)
compared to
controls (26 of 318,
8%) yielded an OR of
2.18 (P=0.026).
The accuracy was
reportedly 97.9%,
with a sensitivity of
95.8%, and a
specificity of 99.3%
4 Luetal",  Study on detection rate  Computer-aided 1026 patients, The CADe system of 250 adenomas 144 adenomas 221/508 6.82 (1.78) vs. 1G had higher detection The computer-aided
China of polyps and detection of polyps prospectively polyps; Henan detected detected (43.7) vs. 6.74 (1.62) rates of adenomas, detection system (Al-
adenomas in and adenomas in randomized for Xuanweitang (N=486) (N=248) 144/518 small adenomasand ~ powered) was
artificial-intelligence- colonoscopy colonoscopy withand ~ Medical Information (27.8%) proliferative polyps considered feasible in
aided colonoscopy without computer- Technology Co., (P<0.001) increasing the
aided detection with LTD., Zhengzhou compared to SG; detection of both
visual notification City, Henan larger adenomas adenomas and polyps
and voice alarm to Province, China showed no in colonoscopy
compare detection significant
rates difference
(P>0.05)
5  Repici Efficacy of real-time Deep learning systems 685 individuals Artificial intelligence- 187 adenomas 139 adenomas 279/341 6.95 (1.68) vs. Adenoma detection The multicenter,
et all"® computer-aided to allow for rea-time  underwent screening  based medical detected detected (82%)vs.  7.25(2.48)  rate was higher in randomized trial found
[taly detection of computer-aided coloscopies for device (GI-Genius, (N=341) (N=344) 214/344 the CADe group that CADe in real-time
colorectal neoplasia detection (CADe) of colorectal cancer Medtronic) (62%) (54.8%) compared coloscopy increased

in a randomized trial polyps with high

accuracy

who underwent high-
definition

to the control
(40.4%), with

the adenoma
detection rate and

(6202) A19BINS 8 SUIDIPSIA JO SFEULY [ 10 WISy
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6 Suetall'®

China

Impact of a real-time
automatic quality
control system on
colorectal polyp and
adenoma detection: a
prospective
randomized
controlled study (with
videos)

Automatic quality
control system
(AQRS) for
improvement of
polyp and adenoma
detection in clinical
practice

7 Wang etall'”, Effect of adeep learning Colonoscopy with

China

computer-aided
detection system on
adenoma detection
during colonoscopy
(CADe-DB trial): a
double-blind
randomized study

8  Wang etall"®, Lower adenoma miss

China

rate of computer-
aided detection-
assisted colonoscopy
versus routine white-
light colonoscopy in a
prospective tandem
study

computer-aided
detection (CADe) to
improve colon polyps
and adenomas
detection by
providing visual
alarms during the
procedure

Computer-aided
detection (CADe)
systems based on
deep learning to
reduce rates of
missed adenomas by
providing visual
alerts identifying
precancerous polyps
(endoscopy monitor)
in real-time

coloscopies with
CADe system
compared to those
without

To use an automatic
quality control
system (AQSC) to
assess whether
adenoma and polyp
detection can
improve in clinical
practice

Employing a double-
blind randomized trial
1046 patients aged
18-75 were enrolled
for diagnostic and
screening coloscopy
with CADe system
compared to a sham
system

Prospective
randomization of 369
patients was done
where the rates of
missed adenomas by
playing visual alters
and identifying
precancerous polyps
in real-time was
conducted in CADe
colonoscopy and

Images used from
standard
coloscopies (EC-
3490TFi, EC-
3490FK, EC-
3890MZi, EC-
3890Fi, or EC-
3890FZi, Pentax
Medical, China)

CADe system
(EndoScreener;

Wision Al, Shanghai,

China)

CADe system
(EndoScreener,
Shanghai Wision Al
Co. Ltd, Shanghai,
China)

113 adenomas 56 adenomas

detected
(N=308)

detected
(N=315)

118/308
(38.3%)
vs. 80/
315
(25.4%)

165 adenomas 132 adenomas 252/484

detected
(N=484)

detected
(N=478)

(52%) vs.
177/478
(37%)

144 adenomas 120 adenomas 118/184

detected
(N=184)

detected
(N=185)

(64%) vs.
102/185
(55%)

adenomas 5 mm or
smaller at a higher
proportion in the
CADe group
(33.7%) compared
to the control
(26.5%)

7.03 (1.01) vs. 659 patients were

5.68 (1.26)

randomized with
AQCS significantly
increasing adenoma
detection rates
(0.289 compared to
0.165). There was a
superior withdrawal
time in the AQCS
group with 7.03 min
compared to

5.68 min in the
control group

7.46 (2.02) vs. The adenoma

6.99 (1.57)

detection rate was
higher in the CADe
group (0.34)
compared to the
sham group (0.28).
Polyps initially
missed by
endoscopists by
identified by the
CADe system were
typically small in
size, flat in shape,
isochromatic, had
unclear boundaries,
were on the edge of
the visual field, were
also partly behind
colon folds

overall adenomas
detected per
coloscopy without
altering withdrawal
times

AQCS could improve
colonoscopists’
performance during
the withdrawal phase
and improve the
detection of
adenomas

Polyps that are difficult
for skilled
endoscopists to
recognize can be
detected using high-
performance CADe
systems during
colonoscopies

6.74 (1.35) vs. The adenoma missrate  GADe colonoscopy

7.29 2.01)

was lower in the
CADe colonoscopy
group (13.9%)
compared to the
routine group (40%)

lowered the overall
miss rate of
adenomas when
endoscopists used
CADe systems;
therefore, reducing
the incidence of
interval colon cancers
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(Continued)
Polyp Withdrawal
Adenomas  detection time in
References, Technology Adenomas detected in  rate in the minutes (SD)
No. country Title Domain Methodology specifications detected in IG SG IG vs. SG IG vs. SG Overall findings Conclusions
routine white-light
colonoscopy
9  Kamba Reducing adenoma Developing computer-  Multicenter randomized CADe system 111 adenomas 93 adenomas  120/172 7.23 (1.35) vs. The adenoma missrate The miss rate of
et all" miss rate of aided detection controlled trial with (LPIXEL Inc. and The  detected detected (69.8%) 7.48 (1.48) of the CADe group adenomatous lesions
Japan colonoscopy assisted  (CADe) systems 358 patients aged Jikei University (N=172) (N=174) vs. 106/ (13.8%) was lower was lowered with
by artificial using an original 40-80y assigned to  School of Medicine) 174 compared to the coloscopies assisted
intelligence: a deep learning the CADe and (60.9%) standard group with the CADe system
multicenter algorithm based on standard (36.7%). The
randomized convolutional neural colonoscopy group adenoma detection
controlled trial networks to assist rate for CADe-
endoscopists in assisted coloscopies
detecting colorectal was 64.5%
adenomas during compared to 53.6%
colonoscopies of the standard
colonoscopy group
10 Yao etal?  Effect of an artificial Real-time monitoring of - Single-center placebo-  Colonoscopy with the 205 adenomas 40 adenomas  NA NA The adenoma CAQ was a useful add-
China intelligence-based adenoma detection controlled trial with assistance of detected detected detection rate was on to the efficacy of
quality improvement rate with both 1076 patients ENDOANGEL’s polyp  (N=2805) (N=271) 14.76% in the CADe in the parallel
system on efficacy of  computer-aided randomized into detection and quality control group controlled study. The
a computer-aided polyp detection (CADe, CAQ and monitoring functions whereas in the interaction effect on
detection system in (CADe) system and CADe + CAQ) groups CADe, CAQ, and improving adenoma
colonoscopy: a four- computer-aided compared to control, CADe + CAQ, it was  detection can be
group parallel study quality improvement  to compute adenoma 21.27, 24.54, and stated with
(CAQ) system detection rate 30.6% respectively significance
11 Zippelius Diagnostic accuracy of  Artificial intelligence The prospective clinical Artificial intelligence 76 adenomas 78 adenomas ~ 297/311 NA The adenoma The Al system was
et al", a novel artificial system in real-time trial compared and system (no further detected detected (95.5%) detection rate in considered to be
Germany intelligence system colonoscopy to analyzed 150 specifications) (N=150) (N=150) vs. 294/ routine colonoscopy ~ comparable to that of
for adenoma improve endoscopic patients undergoing 311 was 52% compared  experienced
detection in daily quality and reduce diagnostic (94.5%) t0 50.7% in the Al endoscopists during
practice: a the rate of interval endoscopy with and system, yielding no real-time colonoscopy
prospective cancer without the artificial significant with equally high
nonrandomized intelligence system differences. Routine  adenoma detection
comparative study colonoscopy rates (> 50%)

detected adenomas
in two patients that
were otherwise
missed by the Al
system

Al indicates artificial intelligence; |G, intervened group; SG, standard group.
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Interventional Group  Standard Group 0Odds Ratio 0Odds Ratio Risk of Bias
Study or Subgroup Events Total Events  Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI ABCDEFG
Wang, 2019 262 498 160 269 9.8% 0.76 [0.56, 1.02] CTTT T
Liu, 2020 250 486 144 248 9.7% 0.77 [0.56, 1.04] —
Zippelius, 2021 76 150 78 150 §.5% 0.95[0.60, 1.49] N ( ] 1
Wang, 2020 (2) 165 484 132 478 10.0% 1.36[1.03,1.78] —
Kamba, 2021 11 172 93 174 8.7% 1.58[1.03, 2.44]
Repici, 2020 1687 M 139 344 98% 1.79[1.32,2.42) —_—
Wang, 2020 (3) 144 184 120 185  8.4% 1.95[1.23,3.10] —_—
Yao, 2021 205 805 40 271 9.2% 1.97 [1.36, 2.86] ——s
Misawa, 2018 73 155 40 135 8.2% 2.1 [1.30, 3.44) —_—
Gong, 2020 58 355 27 349 83% 2.33[1.44,3.78] _—
Su, 2020 13 308 56 315 9.2% 2,68 [1.85,3.88] =S
Total (95% CI) 3938 2918 100.0% 1,51 [1.15, 1.99] il
Total events 1644 1029

Heterageneity: Tau®= 0.18; Chi*= 60.72, df= 10 (P < 0.00001); F=84%

Test for overall effect: Z=2.94 (P = 0.003)

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)
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Figure 2. Adenoma detection rate forest plot and risk of bias

(P <0.00001); > =84%. Test for overall effect: Z="2.94 (P=0.003).
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Figure 3. Polyp detection rate forest plot. Odds ratio =1.89, 95% Cl=1.66-2.15. Heterogeneity: Tau?=0.01; y°=12.22, df=9 (P=0.20); I*=26%. Test for
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Interventional Standard Group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Wang, 2020 (3) 6.74 135 184 729 201 185 6.5% -0.32[-0.53,-0.12]
Kamba, 2021 723 135 172 748 148 174 61% -0.18 [-0.39, 0.04] B
Repici, 2020 695 1.68 341 725 248 344 12.2% -0.14 [-0.29, 0.01] ===
Liu, 2020 682 178 508 674 162 518 18.3% 0.05[-0.08, 0.17) i -
Wang, 2020 (2) 746 202 484 699 157 478 17.0% 0.26[0.13, 0.39] —
Wang, 2019 689 179 522 639 121 536 18.6% 0.33[0.21, 0.45] —=—
Gong, 2020 638 248 355 476 254 349 11.9% 0.64 [0.49, 0.80) -
Su, 2020 7.03 1.01 308 568 1.26 315 9.4% 1.18 (1.01, 1.35) ==
Total (95% CI) 2874 2899 100.0% 0.25[0.20, 0.31] L 2
Heterogeneity: Chi*= 22414, df= 7 (P < 0.00001); F= 97% f t t t
Testfor overall effect: Z= 3.48 (P < 0.00001) -1 -0.5 0 05 1

Favours [Interventional group]

Favours [Standard group]
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Figure 5. Risk of bias graph: review authors’ judgments about each risk of bias
item presented as percentages across all included studies.

Ten of the 11 studies provided information on PDRs; 3341
individuals were intervened with Al-colonoscopy and 3344
underwent standard colonoscopy procedures. Individuals who
intervened with Al systems had a higher PDR (OR=1.89, 95%
CI=1.66-2.15. P<0.00001). There was less heterogeneity
among the included studies (I*=26%) (Fig. 3).

Eight of the 11 studies enlisted withdrawal timings (in min-
utes). The computed findings of withdrawal timings were pre-
sented as SMD to denote the effect size. A medium effect size of
0.25 was determined (SMD =0.25, 95% CI=0.2-0.31). Given
the relatively small effect size for withdrawal, there are limited
practical applications of withdrawal time as a measure for RCTs
assessing Al-assisted detection of adenomas and polyps (Fig. 4).
Large heterogeneity was observed in the SMD assessment for
withdrawal time, indicating that there were discrepancies in
methodologies, aside from clinical differences; both Su et al.l'®!
and Gong et al.'® deviated most from the weighted average,
suggesting sources of heterogeneity.

Assessment of ongoing clinical trials

A total of 33 ongoing clinical trials were identified. These are
enlisted in Supplementary Materials, Supplemental Digital
Content 2, http:/links.lww.com/MS9/A11, with key information
pertaining to the following: NCT number, title, status, targeted
conditions, interventions, outcome measure, collaborators, sex
and age, enrollment, study type, study design, primary comple-
tion date, and locations.
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Figure 6. Funnel plot depicting publication bias. OR, odds ratio.
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Methodological assessment of the included studies

The methodological quality of included studies is presented
individually in Figure 2 and summarized in Figure 5. Concerning
the random sequence generation (selection bias), four studies had
a low risk of bias, two had a high risk of bias, and five had an
unclear risk of bias. This meant that the majority of the studies
either had low risk or unclear risks about the nonrandom com-
ponent in the sequence generation process. On reviewing allo-
cation concealment (selection bias) which is the technique of
concealing the allocation sequence from those who assign parti-
cipants to the interventional groups, four studies had a low risk of
bias, whereas three had a high risk of bias; four studies had an
unclear risk of bias.

Blinding of participants and healthcare personnel (perfor-
mance bias), was deemed low risk in four studies, whereas it was
unclear in the other seven studies. Blinding of outcome assess-
ment (attrition bias) was considered low risk in eight studies,
whereas it was unclear in three studies. Incomplete outcome data
(attrition bias), had low risks in five studies, whereas it was
unclear in six studies. Selecting reporting (reporting bias) was low
risk in five studies, unclear risk in five studies, and high risk in
one study.

Publication bias

Assessment for publication bias was done because more than 10
studies were included. Wang et al.", Liu et al"*, and Su
et al.'®! deviated from an inverted funnel shape. All the other
eight studies were well within the remit of an inverted funnel
shape (Fig. 6). Publication bias was less likely to have been pre-
sent, however, our interpretation should be used with caution
since we could not quantify findings of the Egger’s test due to
software limitations.

Discussion

To our knowledge, ours is the largest meta-analysis exploring
ADR, PDR, and withdrawal time with the assistance of Al
technological systems in coloscopies comprising 11 studies. We
analyzed 6856 participants of which 57.4% were intervened with
CADe and quality control systems where the ADR was com-
puted. PDR and withdrawal times were assessed in 10 and 8
studies, respectively. While ADR was various across the trials,
Wang et al."* (OR=0.76, 95% CI=0.56-1.02), Liu et al."
(OR=0.77, 95% CI=0.56-1.04), and Zippelius et all*!!
(OR=0.95,95% CI=0.6-1.49), reported less favorable odds of
adenoma detection with their computer-aided Al systems.
However, all other studies favored the technology add-on to
colonoscopies.

Deliwala et al.*?! performed an extensive search through
January 2021 to locate clinical trials reporting ADR/PDR and
they included a total of six trials with 4996 participants. The OR
for adenoma was 1.77 (95% CI=1.57-2.08) whereas, polyps
were detected with an OR of 1.91 (95% CI=1.68-2.16)"21,
Their findings suggest that Al-assisted colonoscopy can be a
useful proxy to address critical gaps in colorectal adenoma
detection?!. Zhang and colleagues included seven studies with a
total of 5427 individuals. Al-aided colonoscopy improved ADR
(OR=1.72,95% CI=1.52-1.95) and PDR (OR =1.95,95% CI:
1.75-2.19) significantly®3. Ashat et al**' performed a
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systematic review and meta-analysis to assess the impact of Al-
assisted colonoscopy in clinical practice. The authors identified
six studies with 5058 participants. The ADR was higher with Al
systems (33.7%) compared to controls (22.9%) (OR=1.76,
95% CI=1.55-2); similarly PDR favored Al-intervention
(OR=1.9, 95% CI=1.68-2.15)2*. Barua et al.*>! compared
colonoscopy with and without Al by calculating relative risks for
detecting adenomas; they included a total of five studies where the
ADR with AI was 29.6 and 19.3% with standard procedures.
PDR was 45.4% with Al compared to 30.6% without Al Aziz
et al.*®! meta-analyzed three studies with a total of 2815 patients
and found improved ADR (IG=32.9% vs. SG=20.8%) and
PDR (IG=32.9% vs. SG=20.8%). Mohan et al.*”! searched
multiple databases until May 2020 and included six RCTs in the
analysis that used convolutional neural network-based CADe-
assisted colonoscopy. The relative risks of Al-powered groups
being detected with an adenoma compared to the SG were
RR=1.5 (95% CI=1.3-1.72); similarly, the relative risks for
PDR were 1.42 (95% CI=1.33-1.51; P < 0.00001)?”!. Overall,
our findings are comparative with literature that supports the
idea that Al-assisted colonoscopies are superior to standard
clinical colonoscopies, characterized by improvement in ADR
and PDR.

Li and colleagues published a meta-analysis in 2021 that
employed a total of five studies with 4311 patients that ful-
filled the selection criteria; their results showed that the ADR
and PDR with the assistance of Al had a pooled OR of 1.91
(95% CI=1.68-2.16) and 1.75 (95% CI=1.52-2.01),
respectively. They found that the morphology of adenomas
and polyps in colonoscopy impacted detection rates and the
characteristics likely influenced the results!?®). Hassan and
colleagues included five RCTs with 4356 patients. The pooled
ADR and PDR were significantly higher in the CADe group
compared to the control group (36.6 vs. 25.2%) and (50.3 vs.
34.6%), respectively!?®. The authors concluded that AI aids
the detection of any colorectal neoplasia and is independent of
main adenoma characteristics'*®!. Zhang et al.!** stated that
polyps and adenomas of smaller sizes were better detected.
Al-based systems used during colonoscopy increased the
detection of small nonadvanced adenomas, but not advanced
adenomas!’!. In light of current gaps in the literature, the
shape and pathology recognition of polyps and adenomas may
be improved with the Al technique which may be addressed in
ongoing and future clinical trials. Taghiakbari et al.*®! found
Al-assisted colonoscopies to have promising results in the
detection of colorectal polyps and adenomas, however, the
real-time application in clinical practice is not yet determined
because the design, validation, and testing of Al models are
underway. The largest ongoing Al-assisted clinical trial,
PREEMPT CRC currently ongoing across the United States
and the United Arab Emirates, will enroll 25,000 patients to
screen for CRC among participants who are undergoing rou-
tine screening colonoscopies®!. Our study appraises some of
the aforementioned limitations of the AI technology while also
providing support for future applications in colonoscopy
procedures.

Lui and Leung”“' in their review express concerns about
missed lesions during colonoscopy, which is a central reason for
postcolonoscopy CRC. Challenges in the timely detection of CRC
have promoted the development of Al-enabled polyp/adenoma
detection®?!. However, certain challenges must be considered

[32]
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with the incorporation of Al-assisted screening tools for CRC.
Ameen et al.13] state that while Al systems are often promoted as
solutions to improve the accuracy and quality of clinical deci-
sions, they often rely on computational determinism and deduc-
tive reasoning. Clinical experience, autonomy, and judgment are
reduced to inputs and outputs termed binary or multiclass clas-
sification problems!®3!, In their argumentative review of Al and
CRC, the authors write that to optimize the benefits of Al systems
and avoid negative consequences for clinical decision making and
patient care, there is a need for more balanced and nuanced
approaches to Al system deployment and use in CRCP3l
Adenoma miss rates could be as high as 26% with standard
techniques in current practice. Our study identified that the odds
of detecting adenomas increase by around 50%, and of polyps by
around 90%, with the use of Al systems with coloscopies
(P=0.003). Nonetheless, there is heterogeneity across the Al
models and study designs as well as a lack of any long-term
outcomes*?!,

Eight of the 11 studies enlisted withdrawal timings (in min-
utes). The computed findings of withdrawal timings were pre-
sented as SMD to denote the effect size. A medium effect size of
0.25 was determined (SMD=0.25, 95% CI=0.2-0.31). given
the relatively small effect size for withdrawal, there are limited
practical applications of withdrawal time as a measure for RCTs
assessing Al-assisted detection of adenomas and polyps (Fig. 4).

In the group supplemented with an Al system, the cumulative
mean withdrawal time was 6.94 minutes. In the standard colo-
noscopy group, the overall mean withdrawal time was
6.57 minutes. The effect size computed in the meta-analysis was
0.25, meaning that no setbacks were faced with Al systems. The
additional process did not increase withdrawal times worth
noting. Current literature and expert opinion suggest that a
minimum adequate mean withdrawal time of 6 minutes is
required for screening colonoscopy to achieve the target PDR and
ADRP*31 Tt is useful for future trials to assess withdrawal times
and compare with the current industry standard, and the com-
parative findings of our study (6.94 min).

Notably, the development of novel techniques and devices
aimed at improving ADR comprise of full-spectrum endoscopy,
the Third Eye panoramic cap and balloon-colonoscope
system®®!, These technologies are not widely applied due to
limited expertise and high costs. On the other hand, with the use
of simple add-on devices to the tips of endoscopes, direct views
behind colonic folds can be facilitated®®!. As per current guide-
lines, there is a growing interest in said devices to improve ADR,
despite mixed results, there is still an assumption of their super-
jority as compared to standard colonoscopy>®’. There are certain
risk factors for the recurrence of advanced colorectal adenoma
after polypectomy, however, the potential impact of adenoma
detection on screening surveillance must be discussed. In a ret-
rospective study enrolling 3360 patients that underwent poly-
pectomy and colonoscopy, 746 patients were detected with 1017
advanced adenomas'®”!. Based on the retrospective analysis by
Facciorusso et al.”, the recurrence rate was highest among those
with high-grade dysplasia greater than or equal to 15 mm. It was
suggested that patients with high-grade dysplasia undergo more
intensive surveillance, while those without high-grade dysplasia
could consider longer follow-up periods given a lower risk of

advanced colorectal adenomal®”1.



Aslam et al. Annals of Medicine & Surgery (2023)

Appraisal of application to current practice: setbacks and
notes for future trials

The proposed CADe system by Misawa et al.l''! has potential
benefits in automating the detection of colorectal polyps, the
nonopen-source nature of the Al platform provides limited ben-
efit to healthcare. The high reproducibility, uniformity, and
fidelity of Wang’s et al."?' CADe system offer potential large-
scale advantages compared with human assistance which
requires prospective evaluation. Polyps/adenomas were not suc-
cessfully detected in the ascending colon and cecum due to the
instability of the colonoscope, meaning diagnostic equipment
may lead to biased outcomes!'?!. Repici et al.'*! find that a higher
PDR/ADR with CADe was consistent across all centers of the
multicenter trial, reducing the possibility of operator bias.
However, limitations exist in terms of operators’ psychological
biases!"*!. Inexperienced endoscopists may contribute to larger
false-positive results, leading to prolonged withdrawal times!™!.
It is pertinent to consider a combined approach to detecting
polyps and adenomas in unison with endoscopists and Al systems
to overcome human and technical errors.

The ENDOANGEL system by Gong et al."3! has been vali-
dated at only one center and the PDR/ADR was improved for
different polyp/adenoma sizes with the system; further need for
multicenter clinical trials arises to investigate and adopt the
effectiveness of the system in other areas of the world. There were
36 false alarms with an average of 0.071 false alarms per colo-
noscopy by Liu et al.'™ and none were missed. However, the
findings by Liu et al.'"*! may not be extrapolated to more bur-
dened areas as the enrolled population had a low overall PDR/
ADR due to geocultural factors (i.e. genetics, diet, lifestyle,
habits).

Quality control of current and future Al-enabled systems for
polyp/adenoma detection requires further consideration. Su
et al.’s!*®! prospective RCT tested an automatic quality control
system (AQCS), with results indicating that the quality control
system could improve the detection of colorectal polyps and
adenomas. A technical challenge is that the system could only
review images obtained from the Pentax imaging system, mean-
ing that AQCS requires adaptation to other vendors for endo-
scope images!'®). PDR/ADR can be increased with a senior
endoscopist operating the tool, which may lead to under-
estimation of the true effectiveness of CADe systems''”. CADe
systems are effective and safe to increase adenoma detection
during coloscopies, however, long-term observation is required
worldwide!'”!, False prompts do exist with AQCS, meaning that
further training and larger datasets could correct current
errorst'®l. Data quality may also be improved with a multicenter
site design to adapt Al-enabled systems in clinical practice!*°!.
Overall, small increases in the quality of colonoscopy programs
can lead to net gains in large-scale CRC screening which may be
possible with Al quality controlled systems for polyp and ade-
noma detection!”!,

Conclusion

In summary, Al increases the polyp and ADR in colonoscopy,
with no noteworthy delay in withdrawal time. Al assistance can
be improved with more large-scale prospective trials which
account for interoperator differences, technical errors, and tuning
of Al quality control systems. CRC is highly preventable and the
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incorporation of Al-assisted tools into routine practice has the
strong potential to reduce incidence rates of CRC in the near
future.
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