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Abstract
Artificial intelligence has become an increasingly hot topic in the last several
years,and it has also gained its way into the medical field. In recent years, the
application of artificial intelligence in the gastroenterology field has been of
increasing interest,particularly in the colonoscopy setting.Novel technologies
such as deep neural networks have enabled real-time computer-aided polyp
detection and diagnosis during colonoscopy.This might lead to increased per-
formance of endoscopists as well as potentially reducing the costs of unnec-
essary polypectomies of hyperplastic polyps.Newly published prospective tri-
als studying computer-aided detection showed that the assistance of artificial
intelligence significantly increased the detection of polyps and non-advanced
adenomas approximately by 10%,while three tandem randomized control tri-
als proved that the adenoma miss rate was significantly reduced (e.g., 13.8%
vs.36.7% in one Japanese multicenter trial).Promising results have also been
shown in prospective single-arm trials on computer-aided polyp diagnosis,but
the evidence is insufficient to reach a conclusion.
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INTRODUCTION

Colorectal cancer (CRC) is the third most diagnosed
cancer in the world,with the second-highest cancer mor-
tality rate.1 Most CRCs develop sporadically from col-
orectal adenomatous polyps, and colonoscopy is estab-
lished as the gold standard for the detection of these
lesions.Colonoscopy is also considered the only screen-
ing technique that provides both a diagnostic and ther-
apeutic effect, and it has been shown that endoscopic
polypectomy of these pre-cancerous lesions reduces
the incidence and mortality of CRC.However, the quality
of the colonoscopy is a determining factor in the diag-
nosis, and the adenoma detection rate (ADR) may vary
greatly depending on the operator.2,3

Artificial intelligence (AI) is being increasingly adopted
in medical diagnostics, and in recent years, it has
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also paved its way into the gastroenterology field, par-
ticularly in the colonoscopy setting. Novel techniques
such as deep neural networks have enabled the use
of computer-aided polyp detection (CADe) and diag-
nosis (CADx), potentially leading to increased quality
of endoscopy and reduction of unnecessary polypec-
tomies. These concepts have been studied in prospec-
tive trials in the last couple of years, generally con-
cluding with increased detection of polyps and non-
advanced adenomas, as well as a significant reduction
in the adenoma miss rate (AMR).However, improvement
of the advanced adenoma detection rate (A-ADR) has
yet to be proven. The use of CADx has also been stud-
ied in prospective single-arm trials, showing promising
results, but still, the evidence is quite scarce. Neverthe-
less,encouraging results so far will with no doubt lead to
increased exploration of this area,potentially paving the
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way for a completely new strategy in the colonoscopy
setting.

The aim of this review is to assess the current status
of AI in the colonoscopy setting and to review the results
of relevant prospective studies on these topics.

Quality indicators for colonoscopy

As colonoscopy is a procedure performed by humans,
there is a natural variation in the quality of the
colonoscopy.According to the European Society of Gas-
trointestinal Endoscopy guidelines from 2017, there are
seven key performance measures relevant for the qual-
ity of lower gastrointestinal endoscopy.4 These include
the rate of adequate bowel preparation, cecal intuba-
tion rate, ADR, and appropriate polypectomy technique,
among others. They also include minor performance
measures such as withdrawal time, polyp detection rate
(PDR), and polyp retrieval rate.

Adenomas are major precursor lesions for CRC, and
ADR is, therefore,a key quality indicator for colonoscopy,
particularly in the screening setting. The ADR is a mea-
sure of the skills of individual endoscopists to detect
adenomas during a colonoscopy procedure, and there
is a great variation between endoscopists (e.g., 7,4%
vs. 52,5% in one US study).5 ADR has been shown
to be inversely related to the risk of interval CRC and
mortality,4 which is also proven in the same US study,
which reported a 3% decrease in the risk of interval
CRC for every 1% increase in ADR.5 A Polish study
demonstrated that an ADR above 24.6% was a prereq-
uisite for reducing the risk of interval CRC, which is in
line with the current recommendation targeting an ADR
of at least 25% for a mixed male/female population.4,6

Withdrawal time is also a widely used quality indi-
cator, particularly for screening colonoscopy, and it is
closely related to ADR. The withdrawal time is used
to identify pathology during withdrawal from the cecum
to the anal canal. A mean withdrawal time of at least
6 min is associated with a higher ADR and subse-
quently reduced risk of interval CRC. Hence, withdrawal
time is also inversely related to the interval CRC risk.4

A large population-based analysis studying the rela-
tionship between these two quality indicators actually
proved that a –1-min increase in withdrawal time led to a
3.6% absolute increase in the ADR.7 Even though not as
high a yield as the ADR, the withdrawal time remains a
useful quality indicator, particularly in settings where the
observed ADR is less than the minimum recommenda-
tion of 25%.4

Although many more measures are important factors
for the quality of colonoscopy, ADR and withdrawal time
are particularly interesting, as they can potentially be
improved with the assistance of AI. This suggests that
the use of AI in the colonoscopy setting might lead to
increased performance of endoscopists, thereby provid-

ing a more standardized and equal offer for all patients,
and then again potentially aid in the reduction of interval
CRC and mortality in the long run.

CADe and CADx

Novel deep learning techniques have made it possi-
ble for endoscope manufacturers to develop specific
AI tools in the colonoscopy setting, enabling real-time
polyp detection and diagnosis. The interest in applying
AI to colonoscopy has also been strong among indi-
vidual gastroenterologists,particularly regarding CADe.8

While CADe aims to decrease the rate of missed polyps
during colonoscopy and ultimately increase the perfor-
mance of the endoscopists, CADx has the property of
real-time interpretation of the polyp optical diagnosis,
potentially being able to reduce the rate of unneces-
sary polypectomies of non-neoplastic lesions.9 Regard-
ing the cost-effectiveness of AI, CADe, and CADx might
create different scenarios, particularly on a short-term
basis. Implementation of CADe might further increase
the short-term cost as more polyps are detected, which
again leads to increased rates of polypectomies, patho-
logical examinations,and ultimately surveillance colono-
scopies.CADx,on the other hand,might in fact decrease
colonoscopy-related costs, as it might lead to the reduc-
tion of unnecessary polypectomies, thereby stopping
the subsequent cost requiring a chain of events. In
the long term, CADe might also prove to be cost-
effective, as the increased detection rate can lead to a
reduced incidence of interval CRC.Additional long-term
follow-up data are required to decide whether the use
of AI assistance is more cost-effective than standard
colonoscopy. Regarding the clinical effectiveness of AI
in the colonoscopy setting, an answer might be in the
near future, and several trials have already been pub-
lished on this matter.

CADe and computer-aided quality
improvement

Going back roughly two years in time, CADe had only
been studied in a retrospective manner,using videos and
images as test sets.10–12 As the results were increas-
ingly positive, testing in real-time became increasingly
attractive and was also a necessary next step to clearly
understand the effect of automated polyp detection in
colonoscopy.

In the last couple of years, automated polyp detec-
tion has been studied in several prospective trials look-
ing primarily at AMR and ADR. Three relatively new
tandem randomized controlled trials (RCTs) published
in 2020 and 2021 demonstrated that AMR was signifi-
cantly decreased in the CADe group compared to the
standard colonoscopy group13–15 (e.g.,13,8% vs.36,7%
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in a Japanese multicenter trial and 20.12% vs.31.25% in
a US multicenter trial). Additionally, an increasing num-
ber of prospective trials studying the effect of AI on ADR
have been published, mainly from China16–20,21–23 but
also from Italy conducted in a multi-center fashion.24 The
studies were published between 2019 and 2021, and
the colonoscopy indications included screening, symp-
tomatic, and surveillance patients. All the studies were
RCTs conducted in a single-center fashion, except for
the Italian study,which included three centers.The num-
ber of included patients ranged approximately from 150
to 1000. Six of the studies aimed to assess the effi-
cacy of CADe systems on the detection rate of colorec-
tal polyps and adenomas17,19,20,22–24, while one study
constructed a real-time quality improvement system to
monitor the withdrawal time with the primary endpoint
of ADR.16 Additionally, Su et al. conducted a study for
both quality control and polyp identification.18 While the
quality control studies of the withdrawal time did not
directly aim at polyp identification, they evaluated the
colonoscopy quality with the assistance of AI. Recently,
a research group from Wuhan University in China pub-
lished a four-group parallel study comparing the ADR of
CADe and computer-aided quality improvement (CAQ)
interaction.21 Participants were randomly assigned to
either a control group,CADe group,CAQ group,or CADe
plus CAQ (COMBO) group. They concluded that CAQ
significantly improved the efficacy of CADe,with an ADR
of 30.6% compared to 21.27% with CADe only. No sig-
nificant difference was found between the CAQ and
COMBO groups. The other RCTs conducted on the use
of CADe mainly concluded that the assistance of AI in
colonoscopy significantly increased the detection rate
of polyps and non-advanced adenomas approximately
by 10%.25,26 However, the detection rate of advanced
adenomas remained unchanged. Nevertheless, these
results were the most encouraging and certainly, pave
the way for further exploration in this area.The next rele-
vant step will be to conduct larger-scale RCTs preferably
with long-term follow-up to fully understand the effect of
AI on the quality of colonoscopy.

Computer-aided polyp diagnosis

Automated polyp diagnosis has also been studied in
several retrospective trials, as well as a few prospec-
tive single-arm trials in recent years. For the retro-
spective studies, several methods for the application of
CADx were studied, including magnifying narrow-band
imaging (NBI), magnifying chromoendoscopy, endocy-
toscopy, confocal endomicroscopy, laser-induced flu-
orescence spectroscopy, autofluorescence endoscopy,
and white light endoscopy. Among these methods, mag-
nifying NBI has been most actively investigated and was
first reported by Tischendorf et al.27 and Gross et al.28

back in 2009 and 2011. Their studies reported diagnos-

tic accuracy of 85.3% and 93.1%, respectively, which
proved that CADx of colon polyps could achieve high
diagnostic performance, but according to Tischendorf
et al., diagnosis by observers was still superior, and fur-
ther research was required to clarify whether the CADx
system could be improved.

In more recent years, a limited number of prospective
single-arm studies have been published on automated
polyp diagnosis, mainly studying methods such as aut-
ofluorescence and NBI.29–34 The studies were published
between 2013 and 2018;hence, the development of this
field has been much slower than automatic polyp detec-
tion.

Aihara et al.29 and Horiuchi et al.30 studied the use of
real-time CADx by using autofluorescence color analy-
sis and looking at the lesions green/red (G/R) ratio. The
first study included a total of 32 patients in which evalu-
ation was performed on 102 colorectal lesions. A cutoff
value of 1.01 G/R ratio was applied for discriminating
between neoplastic lesions and non-neoplastic lesions
and had a sensitivity, specificity, positive predictive
value, and negative predictive value (NPV) of 94.2%,
88.9%, 95.6%, and 85.2%, respectively.29 The second
study included 95 patients with 258 diminutive rec-
tosigmoid polyps and 171 diminutive non-rectosigmoid
polyps. This study demonstrated an accuracy of 91.5%
for differentiating diminutive rectosigmoid neoplastic
polyps.30

Another two studies aimed to evaluate the diagnos-
tic performance of a novel automated polyp diagnosis
system based on laser-induced autofluorescence and
fluorescence spectroscopy.32,34 They evaluated the per-
formance of WavSTAT and WavSTAT4 for their ability
to predict polyp histology, including a total of 87 patients
with 207 small colorectal lesions32 and 27 patients
with 137 diminutive colorectal polyps.34 The first study
showed an accuracy of 74.4%,which was insufficient for
the differentiation of small colorectal lesions.32 The sec-
ond study, however, had an overall accuracy of 84.7%,
which proved to be sufficient to allow distal colorectal
lesions to be left in place and almost reached the thresh-
old for a “resect and discard” method.34

The most recent study on automatic polyp diagno-
sis was published in 2018 and evaluated a real-time
CADx system with ultramagnifying colonoscopes pro-
viding microvascular and cellular visualization of col-
orectal polyps with the application of NBI and methy-
lene blue staining modes, respectively.33 A total of 466
diminutive polyps from 325 patients were assessed
by CADx, proving an NPV of 96.4% (best-case sce-
nario) and 93.7% (worst-case scenario) for diminutive
rectosigmoid adenomas after stained mode application
and 96.5% (best-case scenario) and 95.5% (worst-case
scenario) with NBI. These results proved that real-time
CADx can reach the threshold required for a “diagnose-
and-leave” strategy (NPV ≥ 90%) for diminutive, non-
neoplastic rectosigmoid lesions.33
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The outcomes of these studies are mostly encourag-
ing and could pave the way for new strategies, such as
the resect and discard strategy and the diagnose and
leave strategy. This may provide great benefits in terms
of cost-effectiveness, workload, time, and patient bur-
den. Nevertheless, the evidence of CADx is still scarce
and has yet to be evaluated in larger-scale randomiza-
tion studies to further clarify its benefits vs. risks.

CONCLUSION

Randomized studies on computer-aided detection and
computer-aided quality improvement have proven to
increase the detection rate of polyps and non-advanced
adenomas but remain to show an effect on the detec-
tion rate of advanced adenomas.Computer-aided polyp
diagnosis has shown promising results that might
encourage the use of new strategies,such as the resect
and discard and diagnose and leave strategy. Neverthe-
less, evidence is still scarce on this topic, and further
studies should be performed before reaching a conclu-
sion, preferably larger-scale randomized trials.
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