Gastroenterologia y Hepatologia 46 (2023) 203-213

Gastroenterologia y Hepatologia

www.elsevier.es/gastroenterologia

REVIEW
The application of artificial intelligence in improving m
colonoscopic adenoma detection rate: |

Where are we and where are we going

Peiling Gan®", Peiling Li*', Huifang Xia®', Xian Zhou?, Xiaowei Tang?"*

a Department of Gastroenterology, Affiliated Hospital of Southwest Medical University, Luzhou, China
b Department of Gastroenterology, The First Medical Center of Chinese PLA General Hospital, Beijing, China

Received 1 August 2021; accepted 18 March 2022

Available online 27 April 2022

KEYWORDS
Artificial intelligence;
Adenoma detection
rate;

Convolutional neural
networks;
Computer-aided
diagnosis

PALABRAS CLAVE
Inteligencia artificial;
Tasa de deteccion de
adenomas;

Redes neuronales
convolucionales;
Diagnostico asistido
por ordenador

Abstract Colorectal cancer (CRC) is one of the common malignant tumors in the world.
Colonoscopy is the crucial examination technique in CRC screening programs for the early
detection of precursor lesions, and treatment of early colorectal cancer, which can reduce the
morbidity and mortality of CRC significantly. However, pooled polyp miss rates during colono-
scopic examination are as high as 22%. Artificial intelligence (Al) provides a promising way to
improve the colonoscopic adenoma detection rate (ADR). It might assist endoscopists in avoid-
ing missing polyps and offer an accurate optical diagnosis of suspected lesions. Herein, we
described some of the milestone studies in using Al for colonoscopy, and the future application
directions of Al in improving colonoscopic ADR.

© 2022 Elsevier Espana, S.L.U. All rights reserved.

Aplicacion de inteligencia artificial para mejorar la tasa de deteccion endoscopica de
adenomas: donde estamos y hacia donde vamos

Resumen El cancer colorrectal (CCR) es uno de los tumores malignos mas comunes del mundo.
La colonoscopia es la técnica de examen crucial en los programas de deteccion del CCR para
la deteccion temprana de lesiones precursoras y el tratamiento del cancer colorrectal precoz,
pudiendo reducir su morbilidad y mortalidad de manera significativa. Sin embargo, las tasas
de pérdida de polipos agrupadas durante el examen colonoscopico son tan altas como el 22%.
La inteligencia artificial (IA) proporciona una forma prometedora de mejorar la tasa de detec-
cion de adenomas colonoscopicos (ADR). Podria ayudar a los endoscopistas a evitar la pérdida
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de polipos y ofrecer un diagndstico optico preciso de las lesiones sospechosas. En este docu-
mento, revisamos algunos de los principales estudios sobre el uso de IA en colonoscopia y las
perspectivas futuras en la mejora de la ADR colonoscopica.

© 2022 Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

Colorectal cancer (CRC) is one of the most common malig-
nant tumors all over the world. According to global cancer
statistics 2021, it ranks third in incidence and second in
mortality." CRC arises from the epithelial cells of the lumen,
and multiple disease processes, such as polyps, adeno-
mas, and intraepithelial neoplasia, can participate in the
transition from ordinary to advanced malignant mucous
membranes.? If screening can occur during this period,
early detection may significantly decrease CRC mortality
and morbidity. Additionally, the ADR is an independent
indicator of interval colorectal cancer.>* The incidence of
post-colonoscopy CRC and CRC-related mortality has been
shown reversely associated with ADR during colonoscopy.
There is evidence that for every 1.0% increase in ADR, the
probability of interval CRC decreases by 3.0%.4°

However, colonic polyps can be missed, with missing rates
recorded up to 27%.%7 Several factors were put forward to
understand the reasons by which polyps may be missed,
including differences in tracking patterns and skill level,
the distraction caused by fatigue, the distraction caused by
emotional factors, ‘‘change blindness,’’ and *‘inattentional
blindness’’.8-"" Besides, the analysis time must be quick
for efficiency, and there should be no significant delay,
leading to the lesions displayed on video monitors not rec-
ognized by endoscopists correctly. Furthermore, flat and
depressed lesions are not only difficult to identify but are
also more likely to present with advanced histopathology,
whereas sessile serrated lesions show endoscopic character-
istics such as mucus capping, unclear boundaries, and pale
color. Because of these characteristics, they are more dif-
ficult to distinguish from background mucosa than typical
adenomas.'? Artificial intelligence (Al) can improve medical
diagnosis and treatment quality, overcome human errors and
draw tremendous attention.’>-"7 To understand the current
state of research and academic hotspots, we conducted this
review (Fig. 1, Table 1).

Machine learning and deep learning

In mass media, Al is a term for machine mediated
automation, intended to substitute human cognitive pro-
cesses. Contemporary Al should be evaluated as complex
algorithms, which can complete tasks without any clear
guidance. This expertise is also known as machine learning
(ML). ML models can extract and transform characteristics
through different data sets and realize self-learning classi-
fication and prediction. One of the most popular uses of ML

is the classification of objects such as lesions into specific
classes based on input features obtained from segmented
objects. In other words, the task of ML is to determine
optimal boundaries based on the input features for sepa-
rating classes. In this use, an ML algorithm is often called
a classifier. ‘‘Deep learning (DL),”” which means that sev-
eral algorithms are merged into complex layers, is a superior
type of ML. DL directly uses images as input (uses pixel val-
ues in images directly instead of features calculated from
segmented objects as input information), does not require
feature calculation or object segmentation. Because DL
can avoid errors caused by inaccurate feature calculation
and segmentation, which often occur for subtle or complex
objects, the performance of DL is generally higher than ML.
“*Artificial neural networks (ANN)’’ or ‘‘convolutional neu-
ral networks (CNN)’’ are the common terminology used for
Al. ANNs and CNNs with image input do the entire process
from input images to the final classification. However, there
are some differences between CNNs and ANNs. For exam-
ple, CNNs require a large number of training images because
of a large number of parameters in the model, whereas
ANNs require a minimal number of training images. These
interconnected algorithms can classify data features that
cannot be completed by a separate algorithm on their own,
exponentially boosting algorithmic learning ability. Most Al
systems are based on DL methodology in contemporary times
(Table 2).

The development of Al has gone through three waves.
The first two waves happened in the 70s and 90s, respec-
tively. The application of Al in different industries had not
reached satisfactory results due to the algorithm’s limita-
tions at that time. With DL technology installed in 2006,®
Al ushered the third wave, allowing CNN to be widely used
in image recognition.

Computer-aided diagnosis (CAD) is growing into a com-
mon means of fixing the human error. Computer-aided
detection and characterization of colorectal polyps are gain-
ing popularity these days. For a long time, researchers have
been researching the concept and use of CAD technology
for colonoscopy.'®?° Al plays essential roles in colonoscopy
practice, including computer-aided detection (CADe) and
computer-aided characterization (CADx). By displaying the
appearance and position of polyps during colonoscopy in
real-time, CAD theoretically has the potential to draw
the endoscopist’s attention to polyps that are visible on
the monitor but maybe overlooked visually. This, in turn,
will result in a higher ADR. Additionally, by providing the
predicted pathology or endoscopic classification of any
identified polyps, CADx contributes to the accurate char-
acterization of colorectal polyps (Fig. 2).
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Table 1

Characteristics of studies on colorectal polyp detection and histology prediction by artificial intelligence.

Author Year  Study type Country or  Polyp no. Patient no. No. of Imaging modality Computer-aided Real- Video Diminutive
region polyp model time polyps
images involved
Tischendorf 2010 Retrospective Germany 209 128 NA NBI Region growing N N N
JJ¥ algorithm
Takemura Y 2010 Retrospective Japan NA NA 134 Magnifying Watershed N N N
endoscopy algorithm
Takemura Y#' 2012  Retrospective Japan 371 NA NA NBI Support vector N N N
machine (SVM)
André B%® 2012 Retrospective France 135 71 NA Confocal laser Retrieval-based N Y N
endomicroscopy  software
classification
Kudo SE* 2014 Retrospective Japan 514 455 NA Magnifying CNN model N N Y
chromoendoscopy
Mori Y>3 2015 Retrospective Japan 176 152 NA Endocytoscopy, Support vector N Y N
NBI machine (SVM)
Kuiper T°° 2015 Retrospective Netherlands 207 87 NA Laser-induced WavSTAT N N Y
fluorscene
spectroscopy
Fernandez- 2016 Retrospective Spain 31 NA 612 WLI Window Median N Y N
Esparrach Depth of Valleys
G* (WM-DOVA maps)
Kominami Y# 2016 Prospective Japan 118 41 NA NBI Support vector Y Y Y
machine (SVM)
Mori Y* 2016 Retrospective Japan 205 123 NA Endocytoscopy, Support vector N N Y
NBI machine (SVM)
Misawa M>¢ 2016 Retrospective Japan 85 NA 1079 Endocytoscopy, Support vector N Y N
NBI machine (SVM)
Rath T 2016  Prospective Germany 137 27 NA Laser-induced WavSTAT4 Y Y Y
fluorscene
spectroscopy
Komeda Y’ 2017 Retrospective Japan NA NA 1200 WLI, NBI, CNN model N N N
chromoendoscopy
Zhang R*® 2017 Retrospective China 215 NA 826 NBI, WLI Support vector N N N

machine (SVM)

€17-£02 (£207) 9 e18ojo1eday A ei50)0193u90.43529



90¢

Table 1 (Continued)
Author Year  Study type Country or  Polyp no. Patient no. No. of Imaging modality Computer-aided Real- Video Diminutive
region polyp model time polyps
images involved
Takeda K>® 2017 Retrospective Japan 238 242 5543 Endocytoscopy Support vector N N N
machine (SVM)
Misawa M?6 2018 Retrospective Japan 155 73 NA WLI CNN model N Y N
Urban G%’ 2018 Retrospective United 4088 NA 8641 WLI CNN model Y Y Y
States
Wang P%8 2018 Retrospective China 3634 1290 3634 WLI CNN model Y Y Y
Mori Y°7 2018 Prospective Japan 466 325 NA Endocytoscopy, Support vector Y Y Y
NBI machine (SVM)
Yamada M?° 2019 Retrospective Japan 752 NA 4887 WLI CNN model Y Y Y
Wang P 2019  Prospective China 767 1058 NA WLI CNN model Y Y Y
Su JR¥! 2019 Prospective China 273 659 NA WLI Deep Y Y Y
convolutional
neural network
(DCNN) models
Sanchez- 2019 Retrospective Spain 225 NA 225 WLI Support vector N N Y
Montes machines (SVM)
C38
Min M 2019 Retrospective China 181 91 NA LClI Gaussian mixture N N N
model (GMM)
Jin EH» 2020 Retrospective South Korea 300 NA 300 NBI CNN model N N Y
Liu WN3? 2020 Prospective China 734 1026 NA WLI CNN model Y Y N
Wang P33 2020 Prospective China NA 369 NA WLI Deep Y Y Y
convolutional
neural network
(DCNN) model
Ozawa T¢' 2020 Retrospective Japan 4752 3021 16418 NBI, WLI CNN model N N Y

N=No; Y =Yes; NA=not available; NBI = narrow-band imaging; WLI = white-light imaging; LCl = Linked-color imaging.
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Country  Papers
Germany 3
] Country Papers
Austria 2
USA 2
Spain 2
Country Papers
France 1
Netherlands 1
South Korea 1
Italy 1
England 1
1

Portugal

>
,‘J . Country Papers
?

Japan 16

4 O

Country Papers

China 7

Figure 1 The worldwide distribution of literatures on colorectal polyp detection and histology prediction by artificial intelligence.

Table 2 The main Al systems.

Name R&D Company? Year Application
WavSTAT4 Optical Biopsy System SpectraScience 2016 Real-time diagnosis of pre-cancerous
colon polyps
Real-Time Automatic Polyp Detection Shanghai Wision Al Co., Ltd. 2016 Real-time auxiliary diagnosis
System
Endoscopic Video System (EVIS Olympus Corporation 2017 Real-time monitoring of video images
LUCERA ELITE CV-290/CLV-290SL)
ENDOANGEL Wuhan EndoAngel Medical Technology 2018 Monitoring of video images and
Co., Ltd. assisting physicians in prompting
suspicious lesions in real-time.
The CADe system of polyps Henan Xuanweitang Medical 2019 Quality monitoring and auxiliary
Information Technology Co., LTD., diagnosis
Zhengzhou City, Henan Province,
China (Former name: Henan Tongyu
Medical Technology Co., Ltd.
Gl Genius™ Intelligent Endoscopy Medtronic 2019 Detect colorectal polyps of various
Module sizes, shapes, and morphologies
CAD EYE FUJIFILM Europe GmbH 2020 Real-time detection of colonic polyps
and real-time colon polyp
characterization
ENDO-AID (EVIS X1) Olympus Corporation 2020 Real-time display of automatically

detected suspicious lesions

@ R&D Company, Research and Development Company.

Diagnostic performance of Al in polyp
characterization

The application of Al in colonoscopy can improve the qual-
ity of colonoscopy.”>?° Al can automatically monitor the
real-time withdrawal speed of colonoscopy and remind

the endoscopists to control the withdrawal speed within
a safe range during colonoscopy. The above characteristic
can lead to an increase in ADR and the average number of
polyps found in colonoscopy patients when the withdrawal
time was more than 6 min.?"?? The incidence of colorectal
cancer was significantly lower in patients who had longer
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Al systems with
image input

Monitor the ;
withdrawal speed |
—

Detect in real-time

The Al system will
classify between
neoplastic vs non-
neoplastic and take the
best clinical decision.

Display the area where the

Characterization

Identify pixel values

suspicious polyp is detected

Figure 2
Medical University.)

Table 3  Artificial intelligence pros and cons.

How Al systems work in real life. (The picture came from the Endoscopy Centre of The Affiliated Hospital of Southwest

Pros

Cons

Reduce errors caused by fatigue

Predict the pathology or endoscopic classification of polyps

Real-time automatically monitor the withdrawal speed of
colonoscopy

Decrease in unnecessary polypectomies

More effective in assisting novices

Improve the quality of colonoscopy and ADR

May make endoscopy more costly in the initial stages of
clinical use

Al-induced distraction, especially if the output was inaccurate
Over-reliance may cause endoscopists to be less skilled and
meticulous

Biased datasets for ML may lead to unexpected results
Hacking attacks

Risk of loss of important data

ADR: adenoma detection rate.

withdrawal time.?* CAD also improves ADR by generating
predicted pathology or endoscopic classification, resulting
in a substantial decrease in unnecessary polypectomies for
non-neoplastic polyps (Table 3). To denote the specified area
of an image containing a polyp, Fernandez-Esparrach and
colleagues used a window median depth of valleys accu-
mulation (WM-DOVA) energy maps system.?* This system
modeled polyps as protrusions in the mucosa and defined
their boundaries. It is noteworthy that the WM-DOVA method
was especially beneficial for the small flat (Paris 0-11) lesions
and was not negatively affected by bowel preparation.
Identification mistakes induced by lateral observations into
polyps and other structures, including colonic folds and
blood vessels, were among the model’s shortcomings. Eun
Hyo Jin et al. developed a CNN that significantly increases
the accuracy of evaluating diminutive colorectal polyps (as
adenomatous and hyperplastic) and reduces the time of
diagnosis by endoscopists, found that Al is most effective
in assisting novices than experts.?

Computer-aided detection

A critical objective of CADe in colonoscopy is to avoid
missing polyps during colonoscope withdrawal. In 2016,

Fernandez-Esparrach et al. published an early study on auto-
mated polyp detection.?* They evaluated the CADe model
using video recordings of 31 polyps and found a sensitiv-
ity and specificity of more than 70%. Following this study,
Misawa et al. developed a real-time CADe algorithm and
evaluated its effectiveness with 50 polyp videos and 85
non-polyp videos, achieving 90% and 63% sensitivity and
specificity, respectively.?’ Urban and colleagues also devel-
oped a CADe model. They reported an area under the curve
of 0.991 (a metric in which values of 0.5 correspond to
chance observation and values of 1.0 correspond to per-
fect accuracy) and an accuracy of 96%.2” Wang et al. also
have developed a CADe model with over 90% sensitivity and
specificity for video-based analysis.?® More recently, Yamada
et al. trained their CADe using 1244 polypoid lesion images,
891 frames obtained from videos, and 2843 non-polypoid
lesion images, achieving 97.3% sensitivity and 99.0% speci-
ficity. Interestingly, the sensitivity decreased to 74.6% when
input video data into their CADe.” Several prospective
randomized control trials using CADe have recently been
reported.’*-32 These tests of CADe have all demonstrated
considerably higher ADR. Wang et al. recently published
a randomized trial using their CADe system. This study
helps analyze the effectiveness of CADe systems since it
assessed the adenoma miss rate, which is another valuable
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colonoscopy efficiency indicator. Adenoma miss rate in this
study was substantially lower than without CADe (13.89%
vs. 40.00%, P<0.001).>* Hence, CADe systems appear to
increase ADR. Until recently, the study of Hassan C et al.
supported the benefit when adding CADe to colonoscopy,
argued for the independence between the additional bene-
fit and the traditional features of colorectal neoplasia.** In
detail, CADe led to a significant increase in the ADR, regard-
less of whether the polyps were diminutive, small, or large,
of those located in the proximal or the distal colon, and of
those flat and polypoid. However, in their study, CADe had
no meaningful effect on the efficiency of colonoscopy due to
the similar withdrawal time. They also argued that specific
studies are needed for both low- and high-detectors pre-
cisely because the relationship between baseline ADR and
CADe benefit could not be properly assessed at present.

Computer-aided characterization

The CADx is designed to predict the pathology of polyps.
CADx could theoretically improve the precision and pathol-
ogy evaluation of optical biopsy, thus reducing excessive
resection of distal non-neoplastic polyps.* It will also make
it possible for novice endoscopists to adopt the technique
of resect-and-discard strategy in clinical practice.?®

The most basic and practicable modality of endoscopy
diagnosis is white-light endoscopy (WLI). Hence, the CADx
application to WLI would also be beneficial. Komeda et al.
reported a CADx using DL for distinguishing adenomatous and
non-adenomatous lesions.*” However, its accuracy of diagno-
sis was just 75.1%. Further tuning of the algorithm was then
required. Sanchez-Montes et al. have developed a CADx for
WLI to assess whether or not a lesion is dysplastic. Their
accuracy was 91.1%.%% Nevertheless, CADx for WLI would
not be as reliable as CADx for narrow-band imaging (NBI)
or other image enhancement techniques. Further research
is also essential to show the ability of CADx for WLI.

NBI is an image-enhanced technique that enables a
comprehensive assessment of the surface vessel and the
structural patterns. Tamai et al. investigated the use of CADx
in early CRC depth diagnosis, achieving deep submucosal
invasive cancer prediction in 82.8% lesions. Tischendorf
and colleagues first tested the computer-aided classifica-
tion of colorectal polyps with NBI magnification images
and zoom endoscope.* Their CADx algorithm was built on
extracting vessel characteristics from magnified NBI pic-
tures and then classifying these features as neoplastic or
non-neoplastic. This study obtained a sensitivity of 90% and
an accuracy of 70.2% in discriminating between neoplas-
tic and non-neoplastic images compared to histopathology
as the gold standard. The outcome, however, was infe-
rior to human observers. Magnification imaging was used
in many subsequent experiments in Japan. For example,
to classify pit patterns, Takemura and colleagues devel-
oped image analysis tools, reached an accuracy of 98.5% for
their machine algorithm.“’ One significant restriction was
the semi-automation of the system, specific images require
a manual processing stage, and the decision took some min-
utes.

Further retrospective research of this group used
a computer-based system based on the Hiroshima

classification to characterize 371 polyps into neoplastic or
non-neoplastic.*’ The surface structure and microvessels
identified by NBI are classified into A types (non-neoplastic)
and B-C types (neoplastic). For diagnosis of neoplastic
lesions (type B-C3), the software achieved an accuracy of
97.8%, a sensitivity of 97.8%, and a specificity of 97.9%.
The techniques, however, also required experts to pick
and manually extract regions of interest. Subsequently,
the upgraded software was evaluated prospectively.®
It is worth noting that, in Japan, the research group at
Hiroshima University played an important role in developing
CAD models.®**” Their CADx works in real-time and has
been used for 93.2% precision in a real-time clinical trial
for separating adenomas from non-neoplastic polyps.*?

To overcome the limitation of small labeled datasets,
Zhang and colleagues developed a CNN for polyp classifi-
cation using the transfer learning principle.“® 1930 pictures
included in the endoscopy dataset (1104 non-polyps, 263
hyperplastic polyps, and 563 adenomatous polyps). The
images were taken from 215 polyps (65 hyperplastic and
150 adenomatous) and zoomed in with WLI and NBI images.
The overall accuracy reached 85.9%, the sensitivity reached
87.6%, which was higher than the results of endoscopists
measured on the same dataset.

Indigo carmine or crystal violet magnifying chromoen-
doscopy assists endoscopists in identifying the surface
structure of colorectal polyps, leading to the high accu-
racy of lesion pathology predictions in the pit patterns
diagnosis.* CAD systems generally use one of two methods
for pit pattern diagnoses: quantitative pit structure analysis
or texture analysis of the whole endoscopic image. Takemura
et al. utilized the former approach and achieved an overall
accuracy of 98.5%.“C Although these approaches have shown
outstanding diagnostic accuracy experimentally, up-to-date,
no further assessment has been performed.

Linked color imaging (LCI) system, a new endoscopic
imaging modality, has been developed in recent years. It can
produce clear and bright images by using short wavelength
narrow-band laser light. This newly emerged modality can
enhance the colors of lesions during a colonoscopy, empha-
size vascular and surface structures and color differences
while maintaining a bright vision, and make red areas appear
redder and white areas appear whiter.>® Adenomatous and
non-adenomatous polyps may be possible to be distinguished
by color evaluation on LCl images. In 2019, Min et al. trained
a CADe system based on LCI Images.>' This system can obtain
the histology prediction of polyps by analyzing the lesions’
colors, achieved an accuracy of 78.4%, a sensitivity of 83.3%,
a specificity of 70.1%. The results indicated that a novel
CADe system based on LCI could be a rapid and power-
ful decision-making tool for endoscopists. However, further
research is still needed.

Endocytoscopy is a microscopic imaging modality in vivo
contact. This helps endoscopists during colonoscopy to
obtain real-time cellular images with 500-fold magnifica-
tion power, providing the ultra-magnification capability to
visualize nuclei.”? This device is thought to be ideal for
CAD, because it still offers focused, fixed-size images that
lead to a more rigorous but easier CAD image analysis. A
Japanese research group has conducted an in-depth study
of endocytoscopy with CAD. Mori and colleagues tested an
endocytoscope CAD system (EC-CAD) in a pilot study.>® The
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EC-CAD automatically extracted characteristics from nuclei,
and the pathological classification can be predicted within
0.3s. In terms of identifying neoplastic polyps, the sen-
sitivity reached 92.0%, and the accuracy reached 89.2%.
This performance was similar to that of experts. The speci-
ficity was 79.5%, and there were no significant differences
between the experts or trainees. The same group has
tested a second-generation EC-CAD with web-based image
analysis.>* It extracted 296 features and classified polyps
as nonneoplastic, adenoma, or invasive cancer and pro-
vided a diagnostic output in 0.2s. Its accuracy was 89%,
and with a sensitivity of 89%, a specificity of 88%. The out-
come again equivalent to the performance of experts and
is substantially higher than that of non-experts. This system
was subsequently utilized to discriminate between invasive
cancer and adenomatous lesions, providing a sensitivity of
89.4%, a 98.9% specificity, and an accuracy of 94.1% for
188 Images.® Endoscopic treatment will not be curative
in the presence of deep submucosal invasion. Therefore,
this differentiation is critical in guiding therapy. They also
developed a more user-friendly CAD system based on endo-
cytoscopy combined with NBI (EC-NBI), which overcomes the
constraint of pre-staining lesions with dyes, which is neces-
sary with traditional endocytoscopy.®® The system is mainly
used to analyze the microvessels on the surface of polyps,
with an overall accuracy rate of 90.0%. Recently, to evaluate
the performance of real-time CAD with endocytoscopes pro-
viding microvascular and cellular visualization of colorectal
polyps after application of the NBI, Mori et al. conducted a
prospective study.®” Overall, 466 diminutive polyps (includ-
ing 250 rectosigmoids) from 325 patients were assessed by
CAD, with a pathologic prediction rate of 98.1%.

Another in vivo contact microscopic imaging method,
confocal laser endomicroscopy, enables endoscopists to
get real-time cellular images with 1000-fold magnifica-
tion power during colonoscopy. There have been various
researches to evaluate confocal endomicroscopy. 89.6% of
the accuracy of the adenoma differentiation from the non-
neoplastic polyps was reported in studies performed by
Andre et al.”®

Laser-induced autofluorescence spectroscopy uses an
optical fiber integrated into the biopsy forceps to enable
optical biopsy of colorectal polyps. The fiber emits laser
light, and the tissue absorbs it. CAD then analyses the
polyp’s resultant autofluorescence signal, offering an in-
vivo prediction of neoplasia. Kuiper et al. and Rath et al.
published a CAD system with laser-induced autofluores-
cence spectroscopy.” %’ Both research groups evaluated this
CAD system’s performance for predicting polyp pathology
(namely neoplastic or nonneoplastic) in real-time. The sys-
tem is integrated into standard biopsy forceps. Endoscopists
can then use these forceps to detect diminutive polyps,
obtain pathological results predicted by CAD, and resect
them later with the same biopsy forceps as needed.

Simultaneous usage of computer-aided detection
and computer-aided characterization

The combination of CADe and CADx is considered to be
the most desirable. A Japanese research group presented
a technique they developed based on the DL algorithm,

which can simultaneously detect and predict polyp pathol-
ogy. The system is designed to detect polyps in WLI, the
endoscopic image obtained by photographing with the endo-
scope’s tip in contact with the polyp.'> Ozawa et al. reported
a similar system that can detect and characterize targets
simultaneously.®’ Their system, trained on 16,418 images
from 4752 polyps, could predict one of five histopathological
categories (hyperplastic, sessile serrated lesions, adenoma,
cancer, and others). Their system had a sensitivity of 92%
for WLI detection of colorectal polyps and the accuracy of
characterizing reached 83%. These technologies are encour-
aging since both CADe and CADx are critical components of
clinical colonoscopy.

Current limitations and future directions of Al in
improving ADR

Currently, the use of Al in colonoscopy still carries such
shortcoming, such as Al-induced distraction, over-reliance,
biased datasets for ML, and hacking (Table 3). Endoscopists
with CAD must pay heed while carrying out their examination
of the output of CADe and/or CADx. This might distract endo-
scopists’ attention, resulting in missing or mischaracterizing
polyps, especially if the output was inaccurate. Because Al
provides a sense of security, over-reliance on Al may cause
the next generation of endoscopists to be less skilled and
meticulous.

Although the current findings appear encouraging, the
data supporting CAD combined with colonoscopy is still
finite. Furthermore, because the majority of the studies are
retrospective, there may be considerable selection bias that
leads to conclusions in favor of CAD. Some well-designed
prospective trials were statistically more trustworthy than
others because they eliminated the possibility of lesion
selection bias, accounted for missing data, evaluated the
success rate of data interpretation and the accuracy of CAD
systems. However, the number of such trials is limited.

There are currently no Al systems for a colonoscopy
that incorporate data from different countries since ADR
may be influenced by several variables like genetics,
lifestyles, diet, and behavior, and the incidence of colonic
polyps/adenomas, polyp morphology, and the quality of
bowel preparation can vary considerably between different
countries. Similarly, differences in endoscopy technology
between endoscopy manufacturers in different regions of
the world may significantly affect the performance of the
Al if the training datasets do not contain a full range of
data. Small and unrepresentative datasets may lead to unex-
pected results.

Al may make mistakes in diagnosing and interpreting
lesions. Such unintended, potentially negative effects can
result in possible ethical and legal challenges. Therefore, to
address the relevant conflicts underlying the adoption of Al,
medical malpractice insurance may be one aspect of efforts.
It needs to be clear about coverage of medical malpractice
insurance when healthcare decisions are made in part by
Al. This can make up as much as possible for the personal
economic loss in the scenario of mistakes in the diagnosis
and interpretation of lesions induced by Al. The government
also needs to clarify the legally enforceable circumstances
to provide further protection for individuals.
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On the other hand, who should be held legally responsi-
ble for errors caused by the Al system? First, the government
should check the performance of the Al system, set stan-
dards for it, and perform regular quality monitoring. Second,
for clinical use, Research and development company (R&D
company) must justify their analysis, particularly if there
are concerns about unreliable predictions. Otherwise, for
major medical accidents caused by the Al system, R&D com-
panies may not avoid legal liabilities. In this regard, the
future Al in colonoscopy should be international verification
before being used on a global scale. The Al system should use
images that adequately represent the target patient popu-
lation, with a balanced ratio of high-quality and low-quality
images, polyp and non-polyp images, and neoplastic non-
neoplastic images to achieve good training results. Larger
numbers of training images will contribute to better diagno-
sis accuracy, while the minimum amount to hit the learning
plateau is still in an exploratory process.

Although many automated polyp detection systems have
been built in the past decade, evidence for the capac-
ity of this technology to locate and trace polyps during
live colonoscopy is relatively lacking. There are insuf-
ficient data to determine whether sessile serrated or
relatively flat and depressed lesions (Paris 0-11) are effec-
tively identified. A high rate of false-positive results would
complicate the endoscopists’ picture perception task and
reduce colonoscopy quality. In the short term, diagnoses of
endoscopists may be adversely affected by incorrect predic-
tions.

An automated polyp detection device must have high
sensitivity and specificity, appropriate real-time standard
processing time, and an on-screen alerting system to be clin-
ically applicable. Additionally, the delay should be as low
as practicable, from collecting endoscopic image frames to
producing the results examined. Owing to the higher insta-
bility of the colonoscope in the caecum and ascending colon,
thus reducing the visual fields, Al may not have helped the
endoscopist detect more adenomas in these areas. Future
studies may focus on improving ADR in the caecum and
ascending colon. The rise in overall ADRs may potentially
lead to a decreased risk of interval CRC. More research can
explore the role of CADe in reducing interval cancer, the
principal target of any colonoscopy screening.

The polyp detection rate will further increase with the
usage of modern technology. The vast majority of polyps
detected during colonoscopy are diminutive (1-5mm) or
small (6-9 mm), and diminutive polyps account for approx-
imately 60% of all detected polyps.®* These lesions have a
low risk of causing advanced pathology or cancer. Further-
more, diminutive hyperplastic polyps’ detection rate may
also be improved significantly, leading to additional unnec-
essary polypectomies, further adding to the workload. In
the future, more clinical studies should make the CADe sys-
tem integrated into a CADx system to support detection and
diagnosis, as far as disregard strategy to avoid excessive
workload.?’

Conclusion

Al technologies provide great potential for colonoscopy,
are undoubtedly an appealing choice for improving the

quality and efficiency of colonoscopy and standardizing the
practice of colonoscopy. Real-time feedback might be valu-
able for improving ADR, guiding clinical decision-making,
and reducing variance in colonoscopy quality. Several rele-
vant technologies and their supporting evidence are growing
significantly. In the future, we will need to conduct rigor-
ous, high-quality prospective clinical studies to accumulate
evidence and demonstrate the effectiveness of CAD for
colonoscopy. Additionally, a solid collaborative connection
between endoscopists and computer scientists is required
to break down technological barriers and overcome future
challenges. This is crucial for broader implementation.
The increasing industry participation, government incen-
tive measures, and assistance could contribute to significant
advances over the coming years. In addition, considerations
regarding obtaining regulatory clearance for early clinical
use are necessary. With these kinds of inadequacies properly
addressed, CAD will eventually lead to a new colonoscopy
practice generation.

Author contributions

Study conception and design: Xiaowei Tang, Xian Zhou.
Drafting of manuscript: Peiling Gan. Acquisition of data
and critical revision: Peiling Li, Huifang Xia. Revision of
manuscript, and final approval of manuscript: Xiaowei Tang.

Conflict of interest

Dr. Peiling Gan, Dr. Peiling Li, Dr. Huifang Xia, Xian Zhou, Dr.
Xiaowei Tang declare that they have no conflict of interest.

Acknowledgments

This study is independent research funded by the following
grants: Youth Foundation of Southwest Medical University
(No. 0903-00031099), Doctoral research start-up funding
project of Affiliated Hospital of Southwest Medical Univer-
sity(No. 16229), Cooperation Project of Southwest Medical
University and Luzhou Government (No. 2019LZXNYDJ24).

References

1. WHO cancer statistics. https://www.who.int/news-room/fact-
sheets/detail/cancer [accessed 26.10.21].

2. Stadthagen G, Tehler D, Hgyland-Kroghsbo NM, Wen J,
Krogh A, Jensen KT, et al. Loss of miR-10a activates lpo
and collaborates with activated Wnt signaling in inducing
intestinal neoplasia in female mice. PLoS Genet. 2013;9,
http://dx.doi.org/10.1371/journal.pgen.1003913, e1003913.

3. Corley DA, Levin TR, Doubeni CA. Adenoma detection rate
and risk of colorectal cancer and death. N Engl J Med.
2014;370:2541, http://dx.doi.org/10.1056/NEJMc1405329.

4, Kaminski MF, Regula J, Kraszewska E, Polkowski
M, Wojciechowska U, Didkowska J, et al. Quality
indicators for colonoscopy and the risk of inter-
val cancer. N Engl J Med. 2010;362:1795-803,
http://dx.doi.org/10.1056/NEJM0a0907667.

5. Corley DA, Jensen CD, Marks AR, Zhao WK, Lee JK, Doubeni
CA, et al. Adenoma detection rate and risk of colorec-
tal cancer and death. N Engl J Med. 2014;370:1298-306,
http://dx.doi.org/10.1056/NEJMoa1309086.

211


https://www.who.int/news-room/fact-sheets/detail/cancer
https://www.who.int/news-room/fact-sheets/detail/cancer
dx.doi.org/10.1371/journal.pgen.1003913
dx.doi.org/10.1056/NEJMc1405329
dx.doi.org/10.1056/NEJMoa0907667
dx.doi.org/10.1056/NEJMoa1309086

P. Gan, P. Li, H. Xia et al.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Mahmud N, Cohen J, Tsourides K, Berzin TM.
Computer vision and augmented reality in gastroin-
testinal endoscopy. Gastroenterol Rep. 2015;3:179-84,

http://dx.doi.org/10.1093/gastro/gov027.

. Ahn SB, Han DS, Bae JH, Byun TJ, Kim JP, Eun CS. The

miss rate for colorectal adenoma determined by quality-
adjusted, back-to-back colonoscopies. Gut Liver. 2012;6:64-70,
http://dx.doi.org/10.5009/gnl.2012.6.1.64.

. Rogart JN, Siddiqui UD, Jamidar PA, Aslanian HR. Fel-

low involvement may increase adenoma detection rates
during colonoscopy. Am J Gastroenterol. 2008;103:2841-6,
http://dx.doi.org/10.1111/j.1572-0241.2008.02085.x.

. Wolfe JM, Reinecke A, Brawn P. Why don’t we see
changes?: the role of attentional bottlenecks and
limited visual memory. Vis Cogn. 2006;14:749-80,

http://dx.doi.org/10.1080/13506280500195292.

Memmert D, Unkelbach C, Ganns S. The impact of
regulatory fit on performance in an inattentional
blindness paradigm. J Gen Psychol. 2010;137:129-39,
http://dx.doi.org/10.1080/00221301003645061.

Simons DJ, Rensink RA. Change blindness: past,
present, and future. Trends Cogn Sci. 2005;9:16-20,
http://dx.doi.org/10.1016/j.tics.2004.11.006.

Hazewinkel Y, Lopez-Ceron M, East JE, Rastogi A, Pel-
lisé M, Nakajima T, et al. Endoscopic features of sessile
serrated adenomas: validation by international experts
using high-resolution white-light endoscopy and narrow-
band imaging. Gastrointest Endosc. 2013;77:916-24,
http://dx.doi.org/10.1016/j.gie.2012.12.018.
Byrne MF, Shahidi N, Rex DK. Will
aided detection and diagnosis revolutionize
colonoscopy? Gastroenterology. 2017;153:1460-4,
http://dx.doi.org/10.1053/j.gastro.2017.10.026, ef.

Chen PJ, Lin MC, Lai MJ, Lin JC, Lu HH, Tseng VS.
Accurate classification of diminutive colorectal polyps using
computer-aided analysis. Gastroenterology. 2018;154:568-75,
http://dx.doi.org/10.1053/j.gastro.2017.10.010.

Mori Y, Kudo SE, Misawa M, Mori K. Simultaneous detection
and characterization of diminutive polyps with the use of arti-
ficial intelligence during colonoscopy. VideoGIE. 2019;4:7-10,
http://dx.doi.org/10.1016/j.vgie.2018.10.006.

Byrne MF, Chapados N, Soudan F, Oertel C, Linares Pérez
M, Kelly R, et al. Real-time differentiation of adenoma-
tous and hyperplastic diminutive colorectal polyps during
analysis of wunaltered videos of standard colonoscopy
using a deep learning model. Gut. 2019;68:94-100,
http://dx.doi.org/10.1136/gutjnl-2017-314547.

Klare P, Sander C, Prinzen M, Haller B, Nowack S, Abdelhafez M,
et al. Automated polyp detection in the colorectum: a prospec-
tive study (with videos). Gastrointest Endosc. 2019;89:576-82,
http://dx.doi.org/10.1016/j.gie.2018.09.042, e1.

Hinton GE, Osindero S, Teh YW. A fast learning algo-
rithm for deep belief nets. Neur Comput. 2006;18:1527-54,
http://dx.doi.org/10.1162/neco.2006.18.7.1527.

computer-

Liedlgruber M, Uhl A. Computer-aided decision sup-
port systems for endoscopy in the gastrointestinal
tract: a review. IEEE Rev Biomed Eng. 2011;4:73-88,

http://dx.doi.org/10.1109/rbme.2011.2175445.

Mori Y, Kudo SE, Berzin TM, Misawa M, Takeda K. Computer-
aided diagnosis for colonoscopy. Endoscopy. 2017;49:813-9,
http://dx.doi.org/10.1055/s-0043-109430.

Lee TJ, Blanks RG, Rees CJ, Wright KC, Nickerson C, Moss
SM, et al. Longer mean colonoscopy withdrawal time is asso-
ciated with increased adenoma detection: evidence from the
Bowel Cancer Screening Programme in England. Endoscopy.
2013;45:20-6, http://dx.doi.org/10.1055/s-0032-1325803.
Butterly L, Robinson CM, Anderson JC, Weiss JE, Goodrich M,
Onega TL, et al. Serrated and adenomatous polyp detection

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

212

increases with longer withdrawal time: results from the
New Hampshire Colonoscopy Registry. Am J Gastroenterol.
2014;109:417-26, http://dx.doi.org/10.1038/ajg.2013.442.
Shaukat A, Rector TS, Church TR, Lederle FA, Kim AS,
Rank JM, et al. Longer withdrawal time is associ-
ated with a reduced incidence of interval cancer after
screening colonoscopy. Gastroenterology. 2015;149:952-7,
http://dx.doi.org/10.1053/j.gastro.2015.06.044.
Fernandez-Esparrach G, Bernal J, Lopez-Cerén M, Coérdova H,
Sanchez-Montes C, Rodriguez de Miguel C, et al. Exploring
the clinical potential of an automatic colonic polyp detec-
tion method based on the creation of energy maps. Endoscopy.
2016;48:837-42, http://dx.doi.org/10.1055/5-0042-108434.
Jin EH, Lee D, Bae JH, Kang HY, Kwak MS, Seo JY,
et al. Improved accuracy in optical diagnosis of col-
orectal polyps using convolutional neural networks with
visual explanations. Gastroenterology. 2020;158:2169-79,
http://dx.doi.org/10.1053/j.gastro.2020.02.036, e8.

Misawa M, Kudo SE, Mori Y, Cho T, Kataoka S, Yamauchi A, et al.
Artificial intelligence-assisted polyp detection for colonoscopy:
initial  experience.  Gastroenterology. 2018;154:2027-9,
http://dx.doi.org/10.1053/j.gastro.2018.04.003, e3.

Urban G, Tripathi P, Alkayali T, Mittal M, Jalali F, Karnes W,
et al. Deep learning localizes and identifies polyps in real time
with 96% accuracy in screening colonoscopy. Gastroenterology.
2018;155, http://dx.doi.org/10.1053/j.gastro.2018.06.037,
e8.

Wang P, Xiao X, Glissen Brown JR, Berzin TM, Tu M, Xiong F, et al.
Development and validation of a deep-learning algorithm for
the detection of polyps during colonoscopy. Nature Biomed Eng.
2018;2:741-8, http://dx.doi.org/10.1038/s41551-018-0301-3.
Yamada M, Saito Y, Imaoka H, Saiko M, Yamada S,
Kondo H, et al. Development of a real-time endoscopic
image diagnosis support system wusing deep learning
technology in colonoscopy. Scient Rep. 2019;9:14465,
http://dx.doi.org/10.1038/s41598-019-50567-5.

Wang P, Berzin TM, Glissen Brown JR, Bharadwaj S, Becq
A, Xiao X, et al. Real-time automatic detection system
increases colonoscopic polyp and adenoma detection rates: a
prospective randomised controlled study. Gut. 2019;68:1813-9,
http://dx.doi.org/10.1136/gutjnl-2018-317500.

Su JR, Li Z, Shao XJ, Ji CR, Ji R, Zhou RC, et al. Impact of a
real-time automatic quality control system on colorectal polyp
and adenoma detection: a prospective randomized controlled
study (with videos). Gastrointest Endosc. 2020;91:415-24,
http://dx.doi.org/10.1016/j.gie.2019.08.026, e4.

Liu WN, Zhang YY, Bian XQ, Wang LJ, Yang Q, Zhang XD,
et al. Study on detection rate of polyps and adenomas in
artificial-intelligence-aided colonoscopy. Saudi J Gastroenterol.
2020;26:13-9, http://dx.doi.org/10.4103/sjg.SJG_377_19.
Wang P, Liu P, Glissen Brown JR, Berzin TM, Zhou G, Lei S, et al.
Lower adenoma miss rate of computer-aided detection-assisted
colonoscopy vs routine white-light colonoscopy in a prospec-
tive tandem study. Gastroenterology. 2020;159:1252-61,
http://dx.doi.org/10.1053/j.gastro.2020.06.023, e5.

Hassan C, Spadaccini M, lannone A, Maselli R, Jovani M, Chan-
drasekar VT, et al. Performance of artificial intelligence in
colonoscopy for adenoma and polyp detection: a systematic
review and meta-analysis. Gastrointest Endosc. 2021;93:77-85,
http://dx.doi.org/10.1016/j.gie.2020.06.059, e6.

Hassan C, Pickhardt PJ, Rex DK. A resect and discard
strategy would improve cost-effectiveness of colorectal can-
cer screening. Clinical Gastroenterol Hepatol. 2010;8:865-9,
http://dx.doi.org/10.1016/j.cgh.2010.05.018, 9.e1-3.

Rex DK, Kahi C, O’Brien M, Levin TR, Pohl H, Rastogi A, et al. The
American Society for Gastrointestinal Endoscopy PIVI (Preser-
vation and Incorporation of Valuable Endoscopic Innovations)
on real-time endoscopic assessment of the histology of


dx.doi.org/10.1093/gastro/gov027
dx.doi.org/10.5009/gnl.2012.6.1.64
dx.doi.org/10.1111/j.1572-0241.2008.02085.x
dx.doi.org/10.1080/13506280500195292
dx.doi.org/10.1080/00221301003645061
dx.doi.org/10.1016/j.tics.2004.11.006
dx.doi.org/10.1016/j.gie.2012.12.018
dx.doi.org/10.1053/j.gastro.2017.10.026
dx.doi.org/10.1053/j.gastro.2017.10.010
dx.doi.org/10.1016/j.vgie.2018.10.006
dx.doi.org/10.1136/gutjnl-2017-314547
dx.doi.org/10.1016/j.gie.2018.09.042
dx.doi.org/10.1162/neco.2006.18.7.1527
dx.doi.org/10.1109/rbme.2011.2175445
dx.doi.org/10.1055/s-0043-109430
dx.doi.org/10.1055/s-0032-1325803
dx.doi.org/10.1038/ajg.2013.442
dx.doi.org/10.1053/j.gastro.2015.06.044
dx.doi.org/10.1055/s-0042-108434
dx.doi.org/10.1053/j.gastro.2020.02.036
dx.doi.org/10.1053/j.gastro.2018.04.003
dx.doi.org/10.1053/j.gastro.2018.06.037
dx.doi.org/10.1038/s41551-018-0301-3
dx.doi.org/10.1038/s41598-019-50567-5
dx.doi.org/10.1136/gutjnl-2018-317500
dx.doi.org/10.1016/j.gie.2019.08.026
dx.doi.org/10.4103/sjg.SJG_377_19
dx.doi.org/10.1053/j.gastro.2020.06.023
dx.doi.org/10.1016/j.gie.2020.06.059
dx.doi.org/10.1016/j.cgh.2010.05.018

Gastroenterologia y Hepatologia 46 (2023) 203-213

37.

38.

39.

40.

141.

42.

43.

44,

45.

46.

47.

48.

49.

diminutive  colorectal  polyps.  Gastrointest  Endosc.
2011;73:419-22, http://dx.doi.org/10.1016/j.gie.2011.01.
023.

Komeda Y, Handa H, Watanabe T, Nomura T, Kitahashi M,
Sakurai T, et al. Computer-aided diagnosis based on convolu-
tional neural network system for colorectal polyp classification:
preliminary experience. Oncology. 2017;93 Suppl. 1:30-4,
http://dx.doi.org/10.1159/000481227.

Sanchez-Montes C, Sanchez FJ, Bernal J, Codrdova H,
Lopez-Ceron M, Cuatrecasas M, et al. Computer-aided pre-
diction of polyp histology on white light colonoscopy
using surface pattern analysis. Endoscopy. 2019;51:261-5,
http://dx.doi.org/10.1055/a-0732-5250.

Tischendorf JJ, Gross S, Winograd R, Hecker H, Auer R,
Behrens A, et al. Computer-aided classification of colorectal
polyps based on vascular patterns: a pilot study. Endoscopy.
2010;42:203-7, http://dx.doi.org/10.1055/s-0029-1243861.
Takemura Y, Yoshida S, Tanaka S, Onji K, Oka S, Tamaki T,
et al. Quantitative analysis and development of a computer-
aided system for identification of regular pit patterns of
colorectal lesions. Gastrointest Endosc. 2010;72:1047-51,
http://dx.doi.org/10.1016/j.gie.2010.07.037.
Takemura Y, Yoshida S, Tanaka S, Kawase R,
K, Oka S, et al. Computer-aided system for pre-
dicting the histology of colorectal tumors by
using  narrow-band imaging magnifying  colonoscopy
(with  video).  Gastrointest Endosc. 2012;75:179-85,
http://dx.doi.org/10.1016/j.gie.2011.08.051.

Kominami Y, Yoshida S, Tanaka S, Sanomura Y, Hirakawa
T, Raytchev B, et al. Computer-aided diagnosis of col-
orectal polyp histology by using a real-time image
recognition system and narrow-band imaging magnify-
ing colonoscopy. Gastrointest Endosc. 2016;83:643-9,
http://dx.doi.org/10.1016/j.gie.2015.08.004.

Tamaki T, Yoshimuta J, Kawakami M, Raytchev B,
Kaneda K, Yoshida S, et al. Computer-aided col-
orectal tumor classification in NBI endoscopy using
local features. Med Image Anal. 2013;17:78-100,
http://dx.doi.org/10.1016/j.media.2012.08.003.
Hirakawa T, Tamaki T, Raytchev B,
Koide T, Kominami Y, et al. SVM-MRF segmenta-
tion of colorectal NBI endoscopic images. Annu Int
Conf IEEE Eng Med Biol Soc. 2014;2014:4739-42,
http://dx.doi.org/10.1109/embc.2014.6944683.

Hafner M, Tamaki T, Tanaka S, Uhl A, Wimmer G, Yoshida
S. Local fractal dimension based approaches for colonic
polyp classification. Med Image Anal. 2015;26:92-107,
http://dx.doi.org/10.1016/j.media.2015.08.007.

Wimmer G, Tamaki T, Tischendorf JJ, Hafner M, Yoshida
S, Tanaka S, et al. Directional wavelet based features for
colonic polyp classification. Med Image Anal. 2016;31:16-36,
http://dx.doi.org/10.1016/j.media.2016.02.001.

Okamoto T, Koide T, Sugi K, Shimizu T, Anh-Tuan H, Tamaki T,
et al. Image segmentation of pyramid style identifier based
on Support Vector Machine for colorectal endoscopic images.
Annu Int Conf IEEE Eng Med Biol Soc. 2015;2015:2997-3000,
http://dx.doi.org/10.1109/embc.2015.7319022.

Zhang R, Zheng Y, Mak TW, Yu R, Wong SH, Lau JY,
et al. Automatic detection and classification of colorectal
polyps by transferring low-level CNN features from nonmed-
ical domain. IEEE J Biomed Health Inform. 2017;21:41-7,
http://dx.doi.org/10.1109/jbhi.2016.2635662.

Kudo SE, Mori Y, Wakamura K, lkehara N, Ichimasa K,
Wada Y, et al. Endocytoscopy can provide additional
diagnostic ability to magnifying chromoendoscopy for

Onji

Kaneda K,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

213

colorectal neoplasms. J Gastroenterol Hepatol. 2014;29:83-90,
http://dx.doi.org/10.1111/jgh.12374.

Uchiyama K, Takagi T, Kashiwagi S, Toyokawa Y, Tanaka M,
Hotta Y, et al. Assessment of endoscopic mucosal healing of
ulcerative colitis using linked colour imaging, a novel endo-
scopic enhancement system. J Crohn’s Col. 2017;11:963-9,
http://dx.doi.org/10.1093/ecco-jcc/jjx026.

Min M, Su S, He W, Bi Y, Ma Z, Liu Y. Computer-aided
diagnosis of colorectal polyps using linked color imaging
colonoscopy to predict histology. Scient Rep. 2019;9:2881,
http://dx.doi.org/10.1038/s41598-019-39416-7.

Mori Y, Kudo S, lkehara N, Wakamura K, Wada Y, Kutsukawa
M, et al. Comprehensive diagnostic ability of endocytoscopy
compared with biopsy for colorectal neoplasms: a prospective
randomized noninferiority trial. Endoscopy. 2013;45:98-105,
http://dx.doi.org/10.1055/s-0032-1325932.

Mori Y, Kudo SE, Wakamura K, Misawa M, Ogawa Y,
Kutsukawa M, et al. Novel computer-aided diagnostic
system for colorectal lesions by using endocytoscopy
(with  videos).  Gastrointest Endosc.  2015;81:621-9,
http://dx.doi.org/10.1016/j.gie.2014.09.008.

Mori Y, Kudo SE, Chiu PW, Singh R, Misawa M, Waka-
mura K, et al. Impact of an automated system for
endocytoscopic diagnosis of small colorectal lesions: an
international web-based study. Endoscopy. 2016;48:1110-8,
http://dx.doi.org/10.1055/5-0042-113609.

Takeda K, Kudo SE, Mori Y, Misawa M, Kudo T, Wakamura K,
et al. Accuracy of diagnosing invasive colorectal cancer using
computer-aided endocytoscopy. Endoscopy. 2017;49:798-802,
http://dx.doi.org/10.1055/5-0043-105486.

Misawa M, Kudo SE, Mori Y, Nakamura H, Kataoka S,
Maeda Y, et al. Characterization of colorectal lesions
using a computer-aided diagnostic system for narrow-band
imaging endocytoscopy. Gastroenterology. 2016;150:1531-2,
http://dx.doi.org/10.1053/j.gastro.2016.04.004, e3.

Mori Y, Kudo SE, Misawa M, Saito Y, lkematsu H, Hotta
K, et al. Real-time use of artificial intelligence in iden-
tification of diminutive polyps during colonoscopy: a
prospective study. Ann Intern Med. 2018;169:357-66,
http://dx.doi.org/10.7326/m18-0249.

André B, Vercauteren T, Buchner AM, Krishna M, Ayache
N, Wallace MB. Software for automated classification of
probe-based confocal laser endomicroscopy videos of col-
orectal polyps. World J Gastroenterol. 2012;18:5560-9,
http://dx.doi.org/10.3748/wjg.v18.i39.5560.

Kuiper T, Alderlieste YA, Tytgat KM, Vlug MS, Nabuurs JA,
Bastiaansen BA, et al. Automatic optical diagnosis of small col-
orectal lesions by laser-induced autofluorescence. Endoscopy.
2015;47:56-62, http://dx.doi.org/10.1055/s-0034-1378112.
Rath T, Tontini GE, Vieth M, Nagel A, Neurath MF,
Neumann H. In vivo real-time assessment of colorectal
polyp histology using an optical biopsy forceps system
based on laser-induced fluorescence spectroscopy. Endoscopy.
2016;48:557-62, http://dx.doi.org/10.1055/5-0042-102251.
Ozawa T, Ishihara S, Fujishiro M, Kumagai Y, Shichijo
S, Tada T. Automated endoscopic detection and clas-
sification  of colorectal polyps using convolutional
neural networks. Therapeut Adv Gastroenterol. 2020;13,
http://dx.doi.org/10.1177/1756284820910659.

Vleugels JLA, Hassan C, Senore C, Cassoni P, Baron JA,
Rex DK, et al. Diminutive polyps with advanced his-
tologic features do not increase risk for metachronous
advanced colon neoplasia. Gastroenterology. 2019;156:623-34,
http://dx.doi.org/10.1053/j.gastro.2018.10.050, e3.


dx.doi.org/10.1016/j.gie.2011.01.023
dx.doi.org/10.1016/j.gie.2011.01.023
dx.doi.org/10.1159/000481227
dx.doi.org/10.1055/a-0732-5250
dx.doi.org/10.1055/s-0029-1243861
dx.doi.org/10.1016/j.gie.2010.07.037
dx.doi.org/10.1016/j.gie.2011.08.051
dx.doi.org/10.1016/j.gie.2015.08.004
dx.doi.org/10.1016/j.media.2012.08.003
dx.doi.org/10.1109/embc.2014.6944683
dx.doi.org/10.1016/j.media.2015.08.007
dx.doi.org/10.1016/j.media.2016.02.001
dx.doi.org/10.1109/embc.2015.7319022
dx.doi.org/10.1109/jbhi.2016.2635662
dx.doi.org/10.1111/jgh.12374
dx.doi.org/10.1093/ecco-jcc/jjx026
dx.doi.org/10.1038/s41598-019-39416-7
dx.doi.org/10.1055/s-0032-1325932
dx.doi.org/10.1016/j.gie.2014.09.008
dx.doi.org/10.1055/s-0042-113609
dx.doi.org/10.1055/s-0043-105486
dx.doi.org/10.1053/j.gastro.2016.04.004
dx.doi.org/10.7326/m18-0249
dx.doi.org/10.3748/wjg.v18.i39.5560
dx.doi.org/10.1055/s-0034-1378112
dx.doi.org/10.1055/s-0042-102251
dx.doi.org/10.1177/1756284820910659
dx.doi.org/10.1053/j.gastro.2018.10.050

	The application of artificial intelligence in improving colonoscopic adenoma detection rate: Where are we and where are we...
	Introduction
	Machine learning and deep learning
	Diagnostic performance of AI in polyp characterization
	Computer-aided detection
	Computer-aided characterization
	Simultaneous usage of computer-aided detection and computer-aided characterization
	Current limitations and future directions of AI in improving ADR

	Conclusion
	Author contributions
	Conflict of interest
	Acknowledgments
	References


