
INTRODUCTION 

“Can machines think?” These were the opening words of Alan 
Turing’s landmark paper “Computing Machinery and Intelli-
gence” in 1950 [1], where he introduced the concept of using 
computers to simulate intelligent behavior and critical thinking [2, 
3]. In that paper, he described the “Turing test,” or the “imitation 
game,” a simple test of a machine’s ability to exhibit intelligent be-
havior indistinguishable from that of a human—a machine would 
pass the test if a human could not reliably tell apart a machine 
from a human [1]. The term “artificial intelligence (AI)” was sub-

The imitation game: a review of the use of artificial 
intelligence in colonoscopy, and endoscopists’ 
perceptions thereof
Sarah Tham1* , Frederick H. Koh2,3* , Jasmine Ladlad2,3 , Koy-Min Chue1,3 ; SKH Endoscopy Centre3; 
Cui-Li Lin3,4 , Eng-Kiong Teo3,4 , Fung-Joon Foo2,3 
1Department of General Surgery, Sengkang General Hospital, SingHealth Services, Singapore
2Colorectal Service, Department of General Surgery, Sengkang General Hospital, SingHealth Services, Singapore
3SKH Endoscopy Centre, Division of Hyperacute Care, Sengkang General Hospital, SingHealth Services, Singapore
4Department of Gastroenterology and Hepatology, Sengkang General Hospital, SingHealth Services, Singapore

Review
Ann Coloproctol 2023;39(5):385-394

pISSN: 2287-9714 • eISSN: 2287-9722
https://doi.org/10.3393/ac.2022.00878.0125

Received: October 30, 2022; Revised: December 22, 2022; Accepted: January 9, 2023
Correspondence to: Frederick H. Koh, FRCS Colorectal Service
Department of General Surgery, Sengkang General Hospital, 110 Sengkang East Way, Singapore 544886 
Email: frederickkohhx@gmail.com

*Sarah Tham and Frederick H. Koh contributed equally to this study as co-first authors.

The development of deep learning systems in artificial intelligence (AI) has enabled advances in endoscopy, and AI-aided colonosco-
py has recently been ushered into clinical practice as a clinical decision-support tool. This has enabled real-time AI-aided detection of 
polyps with a higher sensitivity than the average endoscopist, and evidence to support its use has been promising thus far. This review 
article provides a summary of currently published data relating to AI-aided colonoscopy, discusses current clinical applications, and 
introduces ongoing research directions. We also explore endoscopists’ perceptions and attitudes toward the use of this technology, and 
discuss factors influencing its uptake in clinical practice. 

Keywords: Artificial intelligence; Colonic polyps; Adenoma; Colonoscopy; Biodmedical technology assessment  

sequently coined by John McCarthy in 1956, referring to “the sci-
ence and engineering of making intelligent machines” [4, 5]. Sev-
enty years later, we have arrived in an era in which machines can 
not only simulate human intelligence, but can even supersede it 
with increased speed, accuracy, and reproducibility [6]. 

AI systems are built on techniques that mimic facets of human 
intelligence, such as machine learning and deep learning [7]. Ma-
chine learning involves automatically identifying patterns within 
datasets, building algorithms from them, and “learning” to apply 
these predictive models to future scenarios for improved deci-
sion-making [8]. Deep learning involves the self-creation of an ar-
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tificial neural network, a multilayered network in which various 
algorithms, like neurons of a human brain, can interconnect via 
hidden neural layers, to improve the overall efficiency of the net-
work and process vast amounts of data [7, 9, 10]. 

The widespread application of AI to medicine has ballooned 
In the past 2 decades as a result of advances in information tech-
nology, big data collection and processing, and increased elec-
tronification of medical data [6]. The advent of deep learning in 
particular has significantly advanced the field of AI by rendering 
AI systems capable of analyzing complex algorithms and 
self-learning [2]. 

AI IN COLONOSCOPY 

Within medicine, one of the most successful uses of AI has been 
in the field of computer-aided diagnostics (CAD) in colonoscopy. 
The use of AI in colonoscopy has far-reaching clinical benefits. 

Colorectal cancer is the third most diagnosed cancer in the 
world, with the second highest mortality rate [11]. In Singapore, it 
is the most common cancer, accounting for 16.9% of all cancer di-
agnoses in men and 13.1% in women [12]. Colonoscopy remains 
the gold standard for detection of colonic polyps and colorectal 
cancer, with both diagnostic (biopsy) and potentially therapeutic 
(polyp removal) advantages [13–15]. Periodic colonoscopy assess-
ments have been shown to play an important preventive role in 
decreasing the incidence of colorectal cancer by detecting precan-
cerous adenomas at an early stage [16, 17], and thereby also re-
ducing mortality from colorectal cancer [18, 19]. 

However, postcolonoscopy colorectal cancer (PCCRC) remains 
recognized problem, in which colorectal cancer is diagnosed after 
a colonoscopy in which no cancer was found [20]. A retrospective 
single-center study of 107 PCCRCs in England found that 73% of 
PCCRCs were determined to be affected by technical endoscopic 
factors and 27% by decision-making factors. Nineteen percent of 
index colonoscopies had poor bowel preparation and 85% of PC-
CRCs were classified as possible missed lesions [21]. A meta-anal-
ysis by Zhao et al. [22] of more than 15,000 tandem colonoscopies 
showed an adenoma miss rate (AMR) of 26%—in other words, 
about one-fourth of adenomas are missed during colonoscopy. 
These results show that the effectiveness of colonoscopy hinges 
upon quality indicators, such as the adenoma detection rate 
(ADR), complete resection rate, adequate bowel preparation, cecal 
intubation rate (i.e., completion of colonoscopy), and withdrawal 
time, as suggested by the European Society of Gastrointestinal 
Endoscopy guidelines [23]. This is where AI comes into play—to 
improve the quality of colonoscopies. 

The use of AI in colonoscopy is dependent on deep convoluted 

neural networks for real-time image analysis (Fig. 1) [24]. There 
are 2 major CAD systems thus far: computer-aided detection 
(CADe) and computer-aided diagnosis (CADx). 

Computer-aided detection 
CADe involves real-time image analysis to detect polyps, with the 
aim of increasing the ADR and decreasing the AMR [7, 25]. Stud-
ies have shown the ADR to be inversely related to the risk of inter-
val colorectal cancer and mortality [23, 26], and a US study of 
more than 300,000 colonoscopies reported a 3% decrease in the 
risk of interval colorectal cancer for every 1% increase in the ADR 
[27]. CADe systems have enabled the real-time AI-aided detec-
tion of adenomas with higher sensitivity than the average endos-
copist [28]. Examples include Medtronic’s “GI Genius,” Pentax’s 
“Discovery AI,” and Fujifilm’s “CAD-EYE.” 

This has been well supported by many randomized controlled 
trials (RCTs) comparing human to AI endoscopists in terms of 
ADRs [29–31]. A meta-analysis [32] of 5 RCTs [33–37] consisting 
of a total of 4,354 patients showed that the pooled ADR was sig-
nificantly higher in the CADe group (36.6%) than in the control 
group (25.2%; relative risk, 1.44). Sessile serrated lesions, which 
are notoriously frequently missed on colonoscopy [38], were also 
detected at a higher rate using CADe (relative risk, 1.52) [32]. 

The first CADe system to be approved by the U.S. Food and 
Drug Administration was Medtronic’s GI Genius, which has been 
shown to have a 99.7% sensitivity rate [39]. A multicenter ran-
domized trial of 685 subjects conducted by Repici et al. [37] 
showed a significantly higher ADR in patients who underwent GI 
Genius-aided colonoscopy (54.8%) than in patients who under-
went colonoscopy without GI Genius assistance (40.4%; relative 
risk, 1.30). A more recent study by Wallace et al. [40] showed a 
nearly 50% reduction in the AMR with GI Genius (15.5%) com-
pared to unassisted colonoscopy (32.4%). 

Computer-aided diagnosis 
CADx involves characterizing polyps based on morphological pa-
rameters, such as surface, vascular patterns, shape, size, and loca-
tion, to generate probability scores for malignancy or nonmalig-
nancy [41]. This helps to improve the accuracy of optical biopsies, 
which refer to the in vivo prediction of polyp histology before re-
section and formal histological analysis [42]. Most of these sys-
tems use image-enhanced endoscopy techniques such as nar-
row-band imaging and blue laser imaging (BLI) to enhance the 
accuracy of predictions. 

The goal is to reduce unnecessary polypectomies for nonneo-
plastic lesions, such that colonoscopy becomes more cost-effective 
and timesaving, and potentially avoiding the rare but significant 
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Fig. 1. How artificial intelligence (AI) in colonoscopy works. CADe, computer-aided detection; CADx, computer-aided diagnosis.

complications that come with polypectomy, such as bleeding, in-
fection and perforation of the bowel [43]. These methods can po-
tentially allow the implementation of a “resect and discard” [44] 
or “detect and leave” [45] strategy for diminutive polyps (5 mm or 
smaller), using technology that provides a negative predictive val-
ue (NPV) of more than 90% for adenomatous histology, accord-
ing to the thresholds set by the American Society for Gastrointes-
tinal Endoscopy (ASGE) Preservation and Incorporation of Valu-
able Endoscopic Innovations (PIVI) recommendations [46]. 

There is currently intense interest in the area of developing re-
altime CADx systems. Fujifilm’s CAD-EYE is the first AI system 
to include both CADe and CADx (using BLI) on the same plat-
form. CAD-EYE’s CADx module obtained an accuracy of 93.2% 
with white-light endoscopy and 94.9% with BLI [47]. These re-
sults exceed the ASGE PIVI thresholds of 90% NPV, and the sys-
tem has been approved for clinical use in the European Union. 
Medtronic’s GI Genius has also included a CADx module in its 

newest iteration, but it has so far only managed to achieve 85% 
accuracy with white-light endoscopy in the recent study conduct-
ed by Biffi et al. [48]. 

Besides distinguishing neoplastic from nonneoplastic lesions, 
CADx has been explored as a way to diagnose the depth of cancer 
invasion. Tamai et al. [49] developed a CADx system that is able 
to distinguish colorectal lesions with deep submucosal invasion 
(T1b cancer) with 83.9% sensitivity and 82.6% specificity, achiev-
ing a diagnostic accuracy greater than that of clinicians (reported 
to be less than 80% [20]). This might prove to be very useful in 
clinical practice if it can potentially advise on the need for ad-
vanced resection methods such as endoscopic submucosal dissec-
tion and surgery [25]. 

Computer-aided quality control 
Adenoma detection relies upon 2 main factors: the identification of 
mucosal abnormalities and adequate colonic mucosal exposure [50].  
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ARTIFICIAL INTELLIGENCE IN 
COLONOSCOPY

Within medicine, one of the most successful uses of AI has been 
in the field of computer-aided diagnostics (CAD) in colonoscopy. 
The use of AI in colonoscopy has far-reaching clinical benefits.

Colorectal cancer is the third most diagnosed cancer in the 
world, with the second highest mortality rate [11]. In Singapore, it 
is the most common cancer, accounting for 16.9% of all cancer 
diagnoses in men and 13.1% in women [12]. Colonoscopy re-
mains the gold standard for detection of colonic polyps and 
colorectal cancer, with both diagnostic (biopsy) and potentially 
therapeutic (polyp removal) advantages [13–15]. Periodic colo-
noscopy assessments have been shown to play an important pre-
ventive role in decreasing the incidence of colorectal cancer by 
detecting precancerous adenomas at an early stage [16, 17], and 
thereby also reducing mortality from colorectal cancer [18, 19].

However, postcolonoscopy colorectal cancer (PCCRC) remains 

recognized problem, in which colorectal cancer is diagnosed after 
a colonoscopy in which no cancer was found [20]. A retrospective 
single-center study of 107 PCCRCs in England found that 73% of 
PCCRCs were determined to be affected by technical endoscopic 
factors and 27% by decision-making factors. Nineteen percent of 
index colonoscopies had poor bowel preparation and 85% of PC-
CRCs were classified as possible missed lesions [21]. A meta-
analysis by Zhao et al. [22] of more than 15,000 tandem colonos-
copies showed an adenoma miss rate (AMR) of 26%—in other 
words, about one-fourth of adenomas are missed during colonos-
copy. These results show that the effectiveness of colonoscopy 
hinges upon quality indicators, such as the adenoma detection 
rate (ADR), complete resection rate, adequate bowel preparation, 
cecal intubation rate (i.e., completion of colonoscopy), and with-
drawal time, as suggested by the European Society of Gastrointes-
tinal Endoscopy guidelines [23]. This is where AI comes into 
play—to improve the quality of colonoscopies.

The use of AI in colonoscopy is dependent on deep convoluted 

Fig. 1. How artificial intelligence (AI) in colonoscopy works. CADe, computer-aided detection; CADx, computer-aided diagnosis.
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While CADe and CADx target the former, the use of AI has also 
been explored for the latter. AI has been used to automate and en-
hance quality control in colonoscopy, by monitoring technical and 
mechanical factors of colonoscopy, such as withdrawal time and 
the adequacy of bowel preparation. 

For example, the ENDOANGEL system, developed by Renmin 
Hospital of Wuhan University in China, is a real-time quality im-
provement system that provides automated monitoring of the 
withdrawal time, withdrawal speed, and adequacy of mucosal ex-
posure, and relays this information to the endoscopist in real 
time. It has been shown to result in a significantly longer mean 
withdrawal time (6.38 minutes vs. 4.76 minutes) and significantly 
higher ADR (16% vs. 8%) than unassisted colonoscopy [51].  

OUR CENTER’S EXPERIENCE WITH 
AIAIDED COLONOSCOPY 

Commercial AI-aided colonoscopy systems have only been intro-
duced to Singapore fairly recently, since 2021. Their use has most-
ly been limited to product trials, and only Medtronic’s GI Genius 
CADe system has been formally evaluated. In 2021, our center 
conducted a single-institution cohort study of 24 consultant-grade 
endoscopists [52], of whom 18 performed 5 or more GI Ge-
nius-aided colonoscopies over a period of 3 months. 

We examined the effects of GI Genius on ADR on both a col-
lective and individual level. Collectively, the median ADR of 
30.4% with GI Genius was higher than the baseline polypectomy 

rate of 24.3% (P =  0.02). Individually, 13 out of 18 endoscopists 
with 5 or more GI Genius-aided colonoscopies achieved a higher 
ADR rate with GI Genius, with 2 experiencing significant im-
provement in the ADR (39% and 40%). The median improvement 
was 8.5% (interquartile range, –2.8% to 17.8%), and 14 of all 250 
polypectomies (5.6%) performed were also found to be sessile 
serrated lesions on histology, which was higher than the expected 
rate of 2% to 3% [53]. 

These results serve to highlight the benefits of CADe in helping 
even experienced endoscopists detect more adenomatous lesions, 
including those that are notoriously difficult to detect with the 
naked eye (Fig. 2). These results also concur with those achieved 
by multiple existing RCTs on CADe, as mentioned previously 
[32]. 

KNOWLEDGE, PERCEPTIONS, AND 
BEHAVIORS OF ENDOSCOPISTS 
TOWARDS AI-AIDED COLONOSCOPY 

Physician sentiment is often a significant determinant of how 
quickly technologies are deployed in a clinical setting [54]. De-
spite evidence proving the benefit of AI-aided colonoscopy sys-
tems, not all endoscopists seem to welcome the advent of such 
systems. 

An online survey conducted amongst 124 gastroenterologists in 
the United States from 2018 to 2019 [55] showed that while most 
indicated interest in the application of AI to colonoscopy (86.0%) 

Fig. 2. Benefits and drawbacks of artificial intelligence (AI) in colonoscopy (data from Hassan et al. [32]). ADR, adenoma detection rate; CADe, 
computer-aided detection; CADx, computer-aided diagnosis.
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GI Genius-aided colonoscopies over a period of 3 months.
We examined the effects of GI Genius on ADR on both a collec-

tive and individual level. Collectively, the median ADR of 30.4% 
with GI Genius was higher than the baseline polypectomy rate of 
24.3% (P= 0.02). Individually, 13 out of 18 endoscopists with 5 or 
more GI Genius-aided colonoscopies achieved a higher ADR rate 
with GI Genius, with 2 experiencing significant improvement in 
the ADR (39% and 40%). The median improvement was 8.5% 
(interquartile range, –2.8% to 17.8%), and 14 of all 250 polypecto-
mies (5.6%) performed were also found to be sessile serrated le-
sions on histology, which was higher than the expected rate of 2% 
to 3% [53].

These results serve to highlight the benefits of CADe in helping 
even experienced endoscopists detect more adenomatous lesions, 
including those that are notoriously difficult to detect with the 
naked eye (Fig. 2). These results also concur with those achieved 
by multiple existing RCTs on CADe, as mentioned previously 
[32].

KNOWLEDGE, PERCEPTIONS, AND 
BEHAVIORS OF ENDOSCOPISTS TOWARDS 
AI-AIDED COLONOSCOPY

Physician sentiment is often a significant determinant of how 
quickly technologies are deployed in a clinical setting [54]. De-
spite evidence proving the benefit of AI-aided colonoscopy sys-
tems, not all endoscopists seem to welcome the advent of such 
systems.

An online survey conducted amongst 124 gastroenterologists in 

the United States from 2018 to 2019 [55] showed that while most 
indicated interest in the application of AI to colonoscopy (86.0%) 
and felt that CADe would improve their endoscopic performance 
(84.7%), there were significant concerns about cost (75.2%), oper-
ator dependence or “deskilling” due to over-reliance on AI 
(62.8%), and increased procedural time (60.3%). In contrast to 
the support for CADe, only 57.2% of respondents felt comfortable 
using CADx to support a “diagnose and leave” strategy for hyper-
plastic polyps, which may indicate that while endoscopists may be 
more welcoming towards the use of AI as an adjunct for diagno-
sis, there is still a significant proportion who are skeptical toward 
relying on AI solely to make decisions on intervention. Interest-
ingly, it was shown that postfellowship experience of less than 15 
years was the most important factor in determining whether phy-
sicians were likely to believe that CADe would lead to more re-
moved polyps (odds ratio, 5.09; P= 0.01), which serves to high-
light how “expert” endoscopists may find AI less beneficial than 
“novice” endoscopists in elevating their endoscopic practice.

While the above survey was a prospective one undertaken prior 
to the use of actual AI in endoscopy, our center conducted a ret-
rospective survey of endoscopists who had already experienced 
using AI-aided colonoscopy. We also sought to determine 
whether one’s existing experience with AI influenced the uptake 
of AI-aided colonoscopy. Using the same sample of 24 consultant-
grade endoscopists from the study by Koh et al. [52], our center 
conducted a survey on the knowledge of AI, perceptions of AI in 
medicine, and behaviors regarding use of AI-aided colonoscopy, 2 
months after the implementation of Medtronic’s GI Genius in 
colonoscopy, with a response rate of 66.7% (16 of 24) [56]. The 

Fig. 2. Benefits and drawbacks of artificial intelligence (AI) in colonoscopy (data from Hassan et al. [32]). ADR, adenoma detection rate; 
CADe, computer-aided detection; CADx, computer-aided diagnosis.
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and felt that CADe would improve their endoscopic performance 
(84.7%), there were significant concerns about cost (75.2%), oper-
ator dependence or “deskilling” due to over-reliance on AI 
(62.8%), and increased procedural time (60.3%). In contrast to the 
support for CADe, only 57.2% of respondents felt comfortable us-
ing CADx to support a “diagnose and leave” strategy for hyper-
plastic polyps, which may indicate that while endoscopists may be 
more welcoming towards the use of AI as an adjunct for diagno-
sis, there is still a significant proportion who are skeptical toward 
relying on AI solely to make decisions on intervention. Interest-
ingly, it was shown that postfellowship experience of less than 15 
years was the most important factor in determining whether phy-
sicians were likely to believe that CADe would lead to more re-
moved polyps (odds ratio, 5.09; P = 0.01), which serves to high-
light how “expert” endoscopists may find AI less beneficial than 
“novice” endoscopists in elevating their endoscopic practice. 

While the above survey was a prospective one undertaken prior 
to the use of actual AI in endoscopy, our center conducted a ret-
rospective survey of endoscopists who had already experienced 
using AI-aided colonoscopy. We also sought to determine wheth-
er one’s existing experience with AI influenced the uptake of 
AI-aided colonoscopy. Using the same sample of 24 consul-
tant-grade endoscopists from the study by Koh et al. [52], our 
center conducted a survey on the knowledge of AI, perceptions of 
AI in medicine, and behaviors regarding use of AI-aided colonos-
copy, 2 months after the implementation of Medtronic’s GI Ge-
nius in colonoscopy, with a response rate of 66.7% (16 of 24) [56]. 
The parts of our survey pertaining to knowledge and perceptions 
of AI were modeled after the survey administered by Mehta et al. 
[57] to investigate knowledge and perceptions of AI amongst 
medical students in Ontario. 

Knowledge of AI varied amongst endoscopists. Most (100%) 
understood common terms like “artificial intelligence” and “ma-
chine learning,” but only 9 (56.3%) understood more in-depth 
terms like “neural network” and “deep learning.” 

Regarding perceptions of AI in medicine, most endoscopists 
were optimistic about AI’s capabilities in performing objective ad-
ministrative (81.3% to 93.8%) and clinical tasks (62.5% to 93.8%). 
However, most (93.8%) were reserved about AI providing person-
alized, empathetic care. A minority (18.8%) of endoscopists per-
ceived that AI would reduce the number of jobs available to them. 

Regarding behaviors involving the use of AI-aided colonoscopy, 
only 11 endoscopists (68.8%) agreed or strongly agreed that GI 
Genius should be used as an adjunct in colonoscopy. Analyzing 
the 5 endoscopists (31.3%) who disagreed or were ambivalent 
about its use, there was no significant correlation with their 
knowledge or perceptions of AI, but a significant number did not 

enjoy using the program (P= 0.01) and did not think it improved 
the quality of colonoscopy (P= 0.03). We thus concluded that the 
acceptance of AI-aided colonoscopy systems is largely related to 
the endoscopist’s experience with using the program, rather than 
general knowledge or perceptions towards AI. The uptake of such 
systems will thus rely greatly on how the device is delivered to the 
end user. 

INCREASING THE ADOPTION OF AI IN 
COLONOSCOPY 

There is no doubt that AI in colonoscopy is a rapidly developing 
field, and it will likely find its way into mainstream colonoscopy 
practice and guidelines in the future. It is our opinion that AI 
should be embraced, having already proven its clinical benefits, 
and with the potential to do so much more. Time will tell if AI 
will help usher in a new era of enhanced colonoscopy surveillance 
and significant reductions in colorectal cancer mortality, which 
would indeed be practice-changing. 

The benefits of AI in colonoscopy could also extend beyond the 
clinical, as a US modeling study [58] estimated that the addition 
of AI support to guideline-based screening for 60% of eligible US 
adults would cost USD 250 million per year, but could prevent 
approximately 7,000 colorectal cancer cases and 2,000 deaths ev-
ery year. This would translate into net cost savings of more than 
USD 300 million per year, after accounting for the costs of missed 
cancers. These savings could make AI-aided colonoscopy attrac-
tive from a longer-term health economics standpoint, and similar 
data would be valuable in obtaining the necessary buy-in from 
policymakers in supporting AI technologies in colonoscopy. 

While the incidence rates of colorectal cancer have traditionally 
been highest in developed countries, these rates have been notably 
increasing in developing countries [59], as they undergo econom-
ic growth, with increased adoption of a “western” lifestyle and di-
etary habits characterized by higher meat, fat, and total caloric in-
take, along with increased life expectancy and population growth 
[60]. However, this has rarely been accompanied by the imple-
mentation of appropriate colonoscopy screening programs [61], 
due to issues pertaining to as scarcity of resources and gover-
nance. Thus, the increased incidence of colorectal cancer in devel-
oping countries has also been paralleled by increasing mortality 
rates [60, 62] and represents a significant health burden. The im-
plementation of AI technologies in colonoscopy, which is often 
first introduced in developed countries, hence presents issues with 
equity and access. Efforts to bridge these gaps are underway, in-
cluding programs such as the Medtronic Health Equity Assistance 
Programme, which has delivered GI Genius modules to 62 facili-
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ties performing colonoscopies in less-developed communities 
[43]. 

Enabling AI modules to be compatible with various endoscopy 
stacks would certainly also help to increase uptake. Medtronic 
takes the lead in this—the GI Genius Intelligent Endoscopy Mod-
ule is “brand agnostic” and compatible with most existing endos-
copy stacks from all companies in use across the world [20, 52]. 

On an individual level, building on the conclusions of our re-
search on endoscopists’ perceptions of AI in colonoscopy [56], it 
would be important for companies to focus on optimizing the 
user experience of their AI-aided colonoscopy products. There 
will be value in undertaking research pertaining to user experi-
ence and using implementational frameworks to improve uptake 
of AI-aided colonoscopy systems. Implementational frameworks, 
such as the integrated-PARIHS (integrated-Promoting Action on 
Research Implementation in Health Services) framework, focus 
on facilitation, whereby external facilitators train internal facilita-
tors to become local experts) [63]. Similarly, priority could be giv-
en to providing hands-on sessions for endoscopists to build famil-
iarity with the system, which is likely to improve their eventual 
acceptance and uptake of it. A summary of the measures that may 
increase institutional AI uptake and implementation for colonos-
copies is depicted in Fig. 3. 

FUTURE DIRECTIONS FOR AI IN 
COLONOSCOPY 

There is still much room for improvement, especially in the field 
of CADx. Besides Fujifilm’s CAD-EYE system, there has not been 
another commercial real-time colonoscopy system with both 
CADe and CADx functions that has been able to achieve the 
ASGE PIVI threshold of an NPV greater than 90% for resecting 
and discarding diminutive polyps without a pathologic assess-

ment [20]. 
Furthermore, current CADx systems are only able to binarily 

distinguish “adenoma” from “nonadenoma”, but not able to per-
form more granular and informative classification such as “hyper-
plastic,” “sessile serrated,” “carcinoma,” and so on [43]. Current 
systems are also not able to further stratify lesions in terms of se-
verity of dysplasia and depth of invasion. These limitations have 
several implications for practice. For instance, sessile serrated le-
sions are considered preneoplastic, whilst hyperplastic polyps are 
considered nonneoplastic; however, both are currently grouped 
together by current CADx under the umbrella term “nonadeno-
ma” even though their management is vastly different. In truth, it 
is difficult to differentiate sessile serrated lesions from hyperplas-
tic polyps, as they have similar surface structures, and current 
CADx systems will require more training or the use of alternative 
image-enhancing methods to differentiate these lesions with 
greater accuracy [20]. Other areas where CADx can potentially 
prove more beneficial are in the detection of submucosal tumors 
(in which the overlying mucosa may resemble normal mucosa), 
in differentiating adenoma from T1 cancer, and T1a from T1b 
cancer (which will have implications for the treatment strategy—
namely, whether to perform endoscopic mucosal resection, endo-
scopic submucosal dissection, or surgery) [20], and in evaluating 
the adequacy of large polyp resection to ensure clear margins [7]. 

Moving forward, another key area to explore would be the use 
of AI in transforming endoscopy education. Colonoscopy is 
known to be a challenging procedure with a steep learning curve, 
and it is demanding of both cognitive and technical abilities [64]. 
Mastering colonoscopy necessitates accurate identification of co-
lonic polyps and meticulous mucosal exposure, all of which re-
quire hands-on experience and time [52, 65]. Studies have report-
ed a minimum number of 100 to 200 colonoscopy procedures to 
reach technical competence [66–68], with an average training pe-
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form more granular and informative classification such as “hyper-
plastic,” “sessile serrated,” “carcinoma,” and so on [43]. Current 
systems are also not able to further stratify lesions in terms of se-
verity of dysplasia and depth of invasion. These limitations have 
several implications for practice. For instance, sessile serrated le-
sions are considered preneoplastic, whilst hyperplastic polyps are 
considered nonneoplastic; however, both are currently grouped 
together by current CADx under the umbrella term “nonade-
noma” even though their management is vastly different. In truth, 
it is difficult to differentiate sessile serrated lesions from hyper-
plastic polyps, as they have similar surface structures, and current 
CADx systems will require more training or the use of alternative 
image-enhancing methods to differentiate these lesions with 
greater accuracy [20]. Other areas where CADx can potentially 
prove more beneficial are in the detection of submucosal tumors 
(in which the overlying mucosa may resemble normal mucosa), 
in differentiating adenoma from T1 cancer, and T1a from T1b 
cancer (which will have implications for the treatment strategy—
namely, whether to perform endoscopic mucosal resection, endo-
scopic submucosal dissection, or surgery) [20], and in evaluating 
the adequacy of large polyp resection to ensure clear margins [7].

Moving forward, another key area to explore would be the use 
of AI in transforming endoscopy education. Colonoscopy is 
known to be a challenging procedure with a steep learning curve, 
and it is demanding of both cognitive and technical abilities [64]. 
Mastering colonoscopy necessitates accurate identification of co-
lonic polyps and meticulous mucosal exposure, all of which re-
quire hands-on experience and time [52, 65]. Studies have re-
ported a minimum number of 100 to 200 colonoscopy proce-
dures to reach technical competence [66–68], with an average 
training period of 4 years in the United Kingdom [69]. Thus, 
there is bound to be great variation amongst endoscopists in 
terms of skill [26]. A US study reported differential ADR rates of 
7.4% to 52.5% between endoscopists [27]. AI can potentially act 
as a levelling tool between novice and expert endoscopists, as a 
study by Jin et al. [70] in 2020 evaluating the efficacy of a CADx 

tool noted that the use of CADx in colonoscopy led to the greatest 
improvement in novice endoscopists (73.8% to 85.6%, P <  0.05), 
who almost reached the accuracy of experts (89.0%, P= 0.10). AI 
can potentially also help novice endoscopists achieve competency 
faster, through CADe, CADx, and real-time feedback on the qual-
ity of one’s endoscopy. Studies evaluating the learning curve of 
novice versus expert endoscopists with and without AI-aided 
colonoscopy are still underway, and it would be interesting to see 
how AI can help novice endoscopists mount the learning curve.

CONCLUSION

In conclusion, AI-aided colonoscopy is an expanding and exciting 
field of development that has shown promise in improving the 
quality of screening and diagnosis of colorectal cancer. Further 
studies are required to evaluate its real-world impact on colorectal 
cancer incidence and mortality rates and cost-effectiveness for 
implementation. The technology is still early on the adoption 
curve, and efforts to increase the uptake of the technology should 
take into account accessibility, usability, and physician sentiment.
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riod of 4 years in the United Kingdom [69]. Thus, there is bound 
to be great variation amongst endoscopists in terms of skill [26]. 
A US study reported differential ADR rates of 7.4% to 52.5% be-
tween endoscopists [27]. AI can potentially act as a levelling tool 
between novice and expert endoscopists, as a study by Jin et al. 
[70] in 2020 evaluating the efficacy of a CADx tool noted that the 
use of CADx in colonoscopy led to the greatest improvement in 
novice endoscopists (73.8% to 85.6%, P < 0.05), who almost 
reached the accuracy of experts (89.0%, P= 0.10). AI can poten-
tially also help novice endoscopists achieve competency faster, 
through CADe, CADx, and real-time feedback on the quality of 
one’s endoscopy. Studies evaluating the learning curve of novice 
versus expert endoscopists with and without AI-aided colonosco-
py are still underway, and it would be interesting to see how AI 
can help novice endoscopists mount the learning curve. 

CONCLUSION 

In conclusion, AI-aided colonoscopy is an expanding and exciting 
field of development that has shown promise in improving the 
quality of screening and diagnosis of colorectal cancer. Further 
studies are required to evaluate its real-world impact on colorectal 
cancer incidence and mortality rates and cost-effectiveness for 
implementation. The technology is still early on the adoption 
curve, and efforts to increase the uptake of the technology should 
take into account accessibility, usability, and physician sentiment.  
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