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Abstract

Background Colonoscopy is a mainstay to detect premalignant neoplastic lesions in the colon. Real-time Artificial Intel-
ligence (Al)-aided colonoscopy purportedly improves the polyp detection rate, especially for small flat lesions. The aim of
this study is to evaluate the performance of real-time Al-aided colonoscopy in the detection of colonic polyps.

Methods A prospective single institution cohort study was conducted in Singapore. All real-time Al-aided colonoscopies,
regardless of indication, performed by specialist-grade endoscopists were anonymously recorded from July to September
2021 and reviewed by 2 independent authors (FHK, JL). Sustained detection of an area by the program was regarded as a
“hit”. Histology for the polypectomies were reviewed to determine adenoma detection rate (ADR). Individual endoscopist’s
performance with Al were compared against their baseline performance without Al endoscopy.

Results A total of 24 (82.8%) endoscopists participated with 18 (62.1%) performing >5 Al-aided colonoscopies. Of the 18,
72.2% (n=13) were general surgeons. During that 3-months period, 487 “hits” encountered in 298 colonoscopies. Polypecto-
mies were performed for 51.3% and 68.4% of these polypectomies were adenomas on histology. The post-intervention median
ADR was 30.4% was higher than the median baseline polypectomy rate of 24.3% (p=0.02). Of the adenomas excised, 14
(5.6%) were sessile serrated adenomas. Of those who performed > 5 Al-aided colonoscopies, 13 (72.2%) had an improvement
of ADR compared to their polypectomy rate before the introduction of Al, of which 2 of them had significant improvement.
Conclusions Real-time Al-aided colonoscopy have the potential to improved ADR even for experienced endoscopists and
would therefore, improve the quality of colonoscopy.
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Periodic colonoscopy assessment has been recognised as the
modality of choice to assess the colon for polyps by numer-
ous endoscopic society guidelines [1-5]. Society like the
American and European Society for Gastrointestinal Endos-
copy (ASGE and ESGE) acknowledges the diagnostic and
therapeutic ability afforded by colonoscopy, allowing the
endoscopists to not only identify colonic lesions but also to
excise premalignant lesions in the same setting, potentially
eradicate the progression to malignancy [1, 3, 4, 6, 7].

Along with advanced endoscopic excisional techniques
like endoscopic submucosal dissection, the identification
and characterisation of colonic polyps are difficult skillsets
to acquire [8]. Mastering these skillsets require a combina-
tion of studying endoscopic atlases and hands-on experi-
ence, the latter of which inevitably requires time [9, 10].
Identification of the polyps during colonoscopy requires a
combination of meticulous mucosal exposure, inspection
and recognition of vascular-pit patterns and mucosal fold
distortion [8—10]. Invariably, all these are both physically
and mentally demanding on the endoscopists during the
short span of time of the colonoscopy. Cumulating these
demands for all the endoscopic procedures the endoscopists
must perform in each session, the task at hand is nothing
short of challenging.

Artificial intelligence (Al) aims to aid the endoscopists to
reduce the complexity of colonoscopy. Al, first mentioned
in the 1950s, has greatly improve after the turn of the mil-
lennium, especially after the incorporation of deep learning
algorithms [11-19]. Al has increasingly been incorporated
into various aspect of healthcare. Applications of Al include
managing population health, accelerating drug discovery
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especially during the COVID-19 pandemic and improv-
ing diagnostics like in radiology and histopathology proves
that Al can successfully be integrated with the rigors and
demands of healthcare [20]. In the last 5 years, there have
been programs by various companies which allow real-time,
computer-aid detection (CADe) of polyps during colonos-
copy [21, 22]. However, at the time of writing, there have
yet to be any evidence on the improvement Al-aided colo-
noscopy has on individual endoscopist. In addition, details
on the rate of identification of sessile serrated adenomas
(SSA), which are notoriously difficult to identify, by these
Al programs are still lacking.

The aim of this study is to report the performance of
the GI Genius™ Intelligent Endoscopy Module (US-DG-
2000309 © 2021 Medtronic), a real-time CADe of polyps
program, to detect adenomatous lesion, including SSA.
The secondary aim of this study is also to evaluate, collec-
tively and individually, how polyp and adenoma detection
rates (ADR) were affected by the real-time CADe of polyps
program.

Methodology

After Institutional Review Board approval was obtained,
an investigator-initiated, prospective cohort study was
performed in a single referral centre in Singapore, from 1
July 2021 to 30 Sept 2021. This coincided with the trial
period of a real-time Al-assisted colonoscopy device (GI
Genius™ Intelligent Endoscopy Module, US-DG-2000309
© 2021 Medtronic) made available to the endoscopy unit
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of the institution. The device was paired with the pre-exist-
ing Olympus EVIS EXERA III 190 Video endoscopy sys-
tem (Olympus Medical System Corp., Shinjuku Monolith,
Shinjuku-ku, Tokyo, Japan) in the institution’s Endoscopy
Centre.

All colonoscopy, regardless of indication to repre-
sent the realistic performance of the Al device, that
were performed in the rooms fitted with the AI mod-
ule were included into the study. These colonoscopies
were performed in the usual fashion by specialist-grade
endoscopists (gastroenterologists or general surgeons) as
per the institution’s usual practice. The videos of these
colonoscopies were recorded and retrospectively reviewed
by two experienced endoscopists who have had at least
10 years of colonoscopy experienced (FHK and JL).

During the video review, each persistent green box
highlighting a mucosal abnormality was defined as a “hit”,
complete polyp removals, be it whole or in a piecemeal
fashion, either by using forceps or snares, were defined as
a “polypectomy”. The ratio of polypectomies to hit rate
was calculated. The nature of all polypectomies performed
during the trial period was compared with their respective
histopathological report and adenomatous lesions were
classified as an “adenoma”. In addition to the adenoma
detection rate (ADR), the ratio of the number of colo-
noscopies with adenoma detected to the total number of
colonoscopies was also calculated. The number of sessile
serrated adenomas (SSA) excised and confirmed histologi-
cally were also recorded.

The number of Al-guided colonoscopies performed per
endoscopists were recorded and their performances were
compared to each endoscopist’s baseline polypectomy rate
based on the last 3 years hospital audit performance. The
baseline adenoma detection rate for each endoscopists was
not available. To determine the effect of real-time CADe,
the changes between the ADR during the study was com-
pared against each endoscopist’s baseline polypectomy
rate, where the baseline ADR was deemed to be equal or
less than the baseline polypectomy rate.

All statistical data were handled with Stata v. 17.0
software (Stata Corporation LLC, College Station, USA).
Categorical data were presented as proportions or rates
and the Z-test was used as the test for difference. Con-
tinuous variables were treated using their median value
with inter-quartile ranges described, Mann—Whitney U test
was performed for the test of difference between continu-
ous variables. A p-value of <0.05 was considered to be
statistically significant. To account for the familiarisation
time with the CADe of polyp program, only endoscopists
who had performed at least 5 procedures using the system
in the 3-month period were analysed for their individual
performance.
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Table 1 Endoscopist demographics
n (%)

Total number of endoscopists (V) 29
Number of endoscopists with>5 procedures with Al 18 (62.1)
Specialty
Gastroenterologist 5/10 (50.0)
Surgeon 13/19 (68.4)
Grade of training
Associate consultants/fellows 4(22.2)
Consultants/attendings 14 (77.8)

Table 2 Overall performance with real-time Al-aided colonoscopy

n

Number of Al-aided colonoscopies performed 298

Number of “hits” 487

250:487 (51.3)
171:250 (68.4)
14 (5.6)

Polypectomy: “hit” ratio (%)
Adenoma: polypectomy ratio (%)
Number of Sessile Serrated Adenomas (%)

Results

Over a 3-month period, 298 recorded colonoscopies were
performed with the real-time CADe of polyp program in
our institution. A total of 18 of the 29 (62.1%) specialist-
grade endoscopists, 50.0% (5/10) of the gastroenterolo-
gists and 68.4% (13/19) of the general surgeons, clocked
at least 5 procedures using the system. Table 1 provides
further details of the endoscopists involved in the study.
After video review by 2 independent endoscopists, there
were 487 “hits” picked up in the 298 colonoscopies per-
formed. Polypectomies were performed for 51.3% of the
“hits” and the 68.4% of the polypectomies performed was
histologically proven to be adenomatous lesions. Out of the
250 polyps removed, 14 (5.6%) of which were found to be
sessile serrated adenomas on histology. Table 2 provides
details of the outcome of the Al-aided colonoscopies.
The post-intervention collective ADR was 30.4%
was higher than the baseline polypectomy rate of 24.3%
(p=0.02). Of the 18 endoscopists who had performed at
least 5 Al-aid colonoscopies during the study period, 13 of
them (72.2%) had an individual ADR rate that was higher
than that of their baseline polypectomy rate without CADe
of polyp. Of those who improved, 2 of them experienced
significant improvement in ADR. The median improve-
ment was 8.5% (IQR: — 2.8 to 17.8). Of note, most of
the endoscopists (7/8, 87.5%) who had performed 10 or
more Al-aided colonoscopies showed improvement of
their ADR as compared to their baseline polypectomy rate
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Table 3 Performance by endoscopist

Endoscopists | baseline number of | polypectomy : "hit” | Adenoma difference p-
polypectomy | procedures | percentage detection between ADR | value
rate with Al rate (ADR) | and baseline

polypectomy
rate

1 0.54 8 70.6 0.38

2 0.28 5 40.0 0

3 0.40 7 29.4 0.57 +0.17 0.55

4 0.17 8 76.7 0.25 +0.08 0.56

5 0.14 13 35.7 0.23 +0.09 0.40

6 0.17 34 54.4 0.56 +0.39 <0.01

7 0.24 33 48.9 0.30 +0.06 0.41

8 0.21 36 58.6 0.25 +0.04 <0.01

9 0.19 7 4.0 0 0.20

10 0.11 7 43.8 0.29 +0.18 0.14

11 0.12 7 75.0 0.29 +0.17 0.17

12 0.23 11 533 0.27 +0.04 0.73

13 0.11 7 30.8 0.29 +0.18 0.15

14 0.25 36 382 0.17 0.23

15 0.21 6 54.5 0.17 0.81

16 0.28 14 424 0.43 +0.15 0.24

17 0.12 6 77.8 0.33 +0.21 0.12

18 0.20 10 78.6 0.40 +0.20 0.15
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without AI. Table 3 details the breakdown of the indi-
vidual endoscopists’ performance with and without the
Al technology.

Discussion

Our single institution experience revealed that with the
incorporation of the real-time CADe of polyps pro-
gram resulted in a median 8.5% (IQR: — 0.03 to 17.8%)
improvement in individual endoscopist’s ADR from their
baseline polypectomy rate. This potentially means that
the true ADR improvement after the introduction of Al
technology is greater than that. Of note, 5.6% (n=14) of
the polypectomies (n=250) performed during the study
period was found to be SSA on histology. Based on exist-
ing endoscopy literature, where CADe of polyps program
was not used, this rate is already higher than the usual
expected SSA rate of 2-3% [23, 24]. These results high-
lighted that pairing real-time Al technology with colo-
noscopy does help experienced endoscopists identify
more adenomatous lesions and improves the detection of
notoriously difficult lesions to identify with the naked eye,
improving the quality of colonoscopy. This is consistent
with other publication utilising other real-time Al-aided
polyp detection program of different brands, providing
assurance that Al has a part to play in endoscopic assess-
ment of the colon [25, 26].

A recent meta-analysis highlighted that the CADe of
polyp had a sensitivity of 95% (95% CI 0.95-0.98) [26]. In
our experience, of the 18 endoscopist who had at least 10
procedures done with Al program, the median ADR was
28.5% (IQR 23.0-40.0). Such high sensitivity modality
can potentially help reduce the variation of quality which
is highly user dependent. The reduction of variability of
quality would ultimately benefit the patients coming for
colonoscopy and gives them good confidence regardless
of the endoscopists [25, 27-29]. This is especially impor-
tant for endoscopists with lower procedural volume (i.e.,
“part-time” endoscopists) to help reduce their variabil-
ity and maintain high standards of colonoscopic evalua-
tion for their patients. From the training angle, consultant
endoscopists may then have more reassurance to allow
trainee endoscopists perform colonoscopy on their behalf
under direct or oversight supervision [30]. From the train-
ees point-of-view, being able to perform more endoscopies
would also potentially allow a quicker ascend for these
trainees to attain competence [8].

As alluded to earlier, polyp detection depends on 2
main factors, identification of mucosal abnormalities and
adequate colonic mucosal exposure [8—10]. Real-time
CADe of polyps helps to mitigate the learning curve of the
endoscopist to identify mucosal abnormalities, however,

the endoscopists would still have to expose adequate
mucosal for the Al technology to work. With the Al pro-
gram, endoscopists can then focus on honing their skills
to perform an optimal mucosal exposure for polyp iden-
tification. Upon the detection of a possible polyp by the
real-time Al program, endoscopists would still need to be
well-versed with polyp characterisation to identify which
“hits” requires to be excised and which “hits” are false
positives. As one gets more comfortable with the Al-aided
programme, one would expect to get better at characterisa-
tion of polyps, and reduce the false positive polypectomies
which are not without its risks of bleeding or perforation.
Another factor that may affect polyp detection rate is the
quality of the bowel preparation [31, 32]. This can be miti-
gated by the adherence to evidence-based recommendation
of split preparation with one or more bowel preparation
agents. Suffice to conclude, the role of the endoscopists
still remains vital even if Al technology is used and Al
will, therefore, not be able to replace the requirement of
good technical skills during colonoscopy.

One of the limitations of this study is the short duration
and limited sample size. However, the size of the study
population here is comparable with similar studies in litera-
ture. The study unique point would be to evaluate the perfor-
mance of the CADe of polyps device collectively, as an insti-
tutional experience, and provide a breakdown for individual
endoscopist’s performance, the latter being absent in numer-
ous other similar studies. We also presented the performance
of 18 specialist-grade endoscopists performance in this study
and anonymised video recordings of all colonoscopy were
reviewed by 2 independent specialist-grade endoscopists.
This may provide a fair and objective representation of the
variability of performance across the different users. The
heterogeneous recruited patient population may result in
some bias, however, the authors felt that the recruitment
of all colonoscopies performed in our unit within the study
duration provided generalisable and realistic assessment of
the Al technology in our every day practice.

To our knowledge, this is only the second independent
review of the GI Genius™ Intelligent Endoscopy Module
(US-DG-2000309 © 2021 Medtronic) [33]. This module,
which provides real-time CADe of polyps, is “brand agnos-
tic”, compatible with most existing endoscopy stacks, from
all companies, that is use across the world. In our unit, we
paired the module up with the Olympus EVIS EXERA III
190 Video endoscopy system (Olympus Medical System
Corp., Shinjuku Monolith, Shinjuku-ku, Tokyo, Japan). By
providing the review of this system, it provides an opportu-
nity to critically review an Al program that can potentially
be paired up with currently existing endoscopy stakes across
the world and have a far-reaching impact on the adoption of
Al in colonoscopy. The GI Genius™ Intelligent Endoscopy
Module does not consist of a continual machine learning
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algorithm, thus, upgrades of technology are possible through
software update at regular intervals by Medtronic.

Without a doubt, Al technology is a useful tool in today’s
world of healthcare and health service delivery. Embracing
a technology that works and continue to improve would be
important not just to provide better quality care for patients,
but also ease the demands and safeguards the interests on
the healthcare provider. Endoscopy surveillance guidelines
recommends a scope to be performed up to 10 years later
after a normal colonoscopy, that to many is an awfully long
time later and post-colonoscopy colorectal cancer develop-
ment is the main reason why many endoscopists may favor to
repeat a scope earlier than recommended [34]. Now, with the
assistance from Al and paired with a skilled endoscopists,
one can be more certain to then comply better with the rec-
ommended guidelines.

Moving forward, future studies using real-time Al-guided
CADe should focus on evaluating the utility of CADe in
education for endoscopy. Evaluating the learning curve of
novice endoscopist in the characterisation and identifica-
tion with and without CADe in comparison with experience
endoscopists may introduce a different dimension on the uti-
lisation of CADe and a paradigm shift to how endoscopy
can be taught.

Conclusion

Our single centre experience with a real-time Al-aided
CADe of polyps during colonoscopy has showed a signifi-
cantly improved collective ADR rate compared to baseline
and a higher-than-expected SSA detection rate. Individually,
there was also an ADR improvement by most endoscopist.
Therefore, real-time Al-aided colonoscopy have the poten-
tial to improved ADR even for experienced endoscopists and
would therefore, improve the quality of colonoscopy.
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