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Abstract

Artificial intelligence (Al) is a branch of computer science. As a new technological
science, it mainly develops and expands human intelligence through the research
of intelligence theory, methods and technology. In the medical field, Al has bright
application prospects (for example: imaging, diagnosis and treatment). The
exploration of robotic gastroscopy and colonoscopy systems is not only a bold
attempt, but also an inevitable trend of Al in the development of digestive
endoscopy in the future. Based on the current research findings, this article
summarizes the research progress of colonoscopy, and looking forward for the
application of Al in colonoscopy.
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Core Tip: Artificial intelligence is a new technological science that studies and develops
theories, methods, technologies and application systems for simulating and expanding
human intelligence. This article will systematically review the exploration and
application of artificial intelligence technology in colonoscopy, and look forward to the
development direction of intelligent colonoscopy.
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INTRODUCTION

Artificial intelligence (Al) is a new technological science that studies and develops
theories, methods, technologies and application systems for simulating and expanding
human intelligence. It relates to many fields, for instance, computer science,
cybernetics, information theory, and neuroscience. The first Al seminar at Dartmouth
College in 1956 marked the birth of the Al, but the development of Al has experienced
several ups and downs. Al has achieved results both theoretically and practically in
these cycles. It has made solid progress in the world, especially when scientists made
breakthrough progress in deep learning.

In its more than 60 years of development, Al has been used in computer vision,
natural language processing, data mining, automatic speech recognition. The applic-
ations of intelligent robot, automatic programming, and expert systems are becoming
increasingly mature, making Al one of the three cutting-edge technologies in the 21
century.

Al is hailed as the stethoscope of the 21% century[1]. With the strengthening of
people's health awareness, preventive and precise treatments have been paid more
attention at the same time. The improvement of medical standards and the
improvement of medical equipment have made the process of patients' visits produce
increasingly medical data. Image recognition, speech/semantic recognition, and expert
system have received more and more attention in the medical field, smart medical
products have gradually emerged[2-4]. A large amount of image data and diagnostic
data are used to simulate the mind and diagnostic process of medical experts
especially in the field of medical image recognition, Al is expected to partially replace
traditional empirical diagnosis so as to provide a more reliable diagnosis and
treatment plan.

Al HELPS BREAK THROUGH THE BOTTLENECK OF COLONOSCOPY

In recent years, the incidence of colorectal adenoma, colorectal cancer, and inflam-
matory bowel disease has increased significantly[5-7], causing great harm to human's
health. Colonoscopy is the first choice for the diagnosis and treatment of colorectal
diseases. It can not only intuitively judge the nature of the lesion, but also obtain
biopsy specimens for pathological diagnosis. Colonoscopy is of great significance,
especially in preventing and treating colorectal cancer, as it can be used to screen and
follow up high-risk groups in patients who are asymptomatic. We can greatly reduce
the incidence of colorectal cancer by adopting corresponding treatments according to
the condition, and achieve the purpose of primary prevention. Even if colorectal
lesions develop to the early stage of cancer, the 5-year survival rate of endoscopic
treatment can still exceed 90%[6].

Studies have found that gradual expansion of colorectal cancer screening in
asymptomatic populations and the early diagnosis promotion have extremely
important socio-economic significance[8-10]. The popularization of colonoscopy
screening among high-risk populations is restricted by the hard operation, excessive
physical exertion, and limitation of technical inheritance, which has caused
bottlenecks. At this time, the development and maturity of Al technology provides
new ideas and possibilities for breaking through these bottlenecks.

RESEARCH ON THE MECHANISM OF COLONOSCOPY INTO LOOPS AND
UNLOOPS

According to the anatomical characteristics of the intestine, the ascending colon,
descending colon and upper rectum, which are straighter and smaller in extension, are
generally easier to pass with colonoscopy. However, the transverse colon and sigmoid
colon are in a free state, with longer mesentery and larger mobility, which can easily
cause loops. Common types of loops in the sigmoid colon include N loops, a loops,
reverse a loops, and atypical loops, while the common types of loops in the transverse
colon include deep loops/dangling loops, deep large y loops, and inverted splenic
loops[11]. Usually, the time for a skilled endoscopist to enter the cecum is about 4-6
minutes, but someone who have difficulty in this process may not be able to reach it,
even if the operation time is more than 1 h[12].
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In view of the factors of patients who develop a loop during colonoscopy, experts
have conducted many studies which found that factors including long-term
constipation, abdominal surgery history, female, body mass index is lower or higher
than normal, the volume of visceral fat tissue is low and the proficiency of
colonoscopy directly affect the formation of intestinal loops[13] (Figure 1).

The successful removal of the loop is key for a colonoscopy to reach the cecum, and
it is necessary for the endoscopist to be able to observe and monitor the shape of
colonoscopy in order to overcome this technical difficulty. With the continuous
advancement of colonoscopy accessories, magnetic endoscopic imaging (MEI), a real-
time three-dimensional imaging colonoscopy-assisted positioning technology, has
become an effective tool for observing the shape of the colonoscopy in human body
[14]. There is a meta-analysis that summarizes 8 randomized controlled trials and
contains 2967 patients which compares cecal intubation rates and times, sedation dose,
abdominal pain scores and the use of ancillary maneuvers between MEI and standard
colonoscopy. The conclusion is that compared with traditional technique, MEI has an
advantages in cecal intubation rate, but MEI did not have any distinct advantages for
cecal intubation time and lower pain scores[15] (DW1). The variable stiffness of the
colonoscopy body, flexible tubing, and Responsive Insertion Technology (RIT)[16,17]
make the inspection equipment more maneuverable. Prieto-de-Frias ef al[17] and
Pasternak et al[18] studied the application of RIT technology in reducing discomfort
and pain during colonoscopy insertion. The results showed that the RIT group
shortened the cecal intubation time, decrease intestinal loop formation, lower manual
pressure of abdomen and decrease discomfort or pain of patients. Although RIT
technology has shown good application prospects, it still relies on the experience of
unwinding of endoscopists, some examinations are time-consuming and patients
cannot achieve a good medical result.

MEI and RIT technology are an improvement of traditional colonoscopy in response
to the actual problems in the endoscopy process. Al can explore the images of MEI
technology in guiding colonoscopy. Applying deep learning to analyze a large number
of unloop images, it is possible in the future to form a complete set of loop prediction
and unlooping strategies system. The RIT technology can automatically adjust the
bending angle of the intestinal cavity by sensing the degree of curvature of the
endoscopic body, and minimize the formation of acute angles. These measures help to
reduce the traction of the colonoscopy on the mesentery and the damage to the
intestinal mucosa, and achieve the purpose of reducing the pain and injury of the
patient during the colonoscopy. In general, MEI and RIT technologies provide useful
explorations for the gradual migration of colonoscopy from artificial to intelligent
(DW2).

COMBINATION OF COLONOSCOPY AND Al

Traditional research methods have limitations, such as multi-factors, complex
variables, interrelationships, descriptive difficulties and quantitative mechanisms. It is
urgent to introduce new ideas and methods to solve these problems. It can be
described with a simplified model by demonstrating whether the colonoscopy is
looped, and providing the corresponding unlooping strategy, as we mentioned above.
The operation of the colonoscopy handle and insertion part by the endoscopist can be
regarded as an input function. Analyze the correspondence between the data of the
input function under the loop condition and the corresponding results of loop and
unloop in a large number of cases, also fitting the unloop strategy function to assist the
doctor in decision-making through the intelligent system. MEI and other technologies
can display the posture of the colonoscopy in the intestine in real time, and wearable
pressure sensor device can generate a series of mechanical data. A specific neural
network model can be constructed to synthesize a loop-free strategy function by
analyzing large amounts of data. We look forward to the Al-assisted system will be
able to realize a loopless and painless colonoscopy in the future (DW3).

COLONOSCOPY FOR SMART MEDICINE

Smart medicine is the application of Al to improve the ability of medical services,
which is the trend of future medical advancement. Smart medical care is to create a
regional medical information platform for health records and use advanced Internet of
Things technology to realize the interaction among patient-medical staff, institutions
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Figure 1 The idea of using magnetic endoscopic imaging to guide endoscopists in colonoscopy. MEI: Magnetic endoscopic imaging.
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and equipment for achieving informatization gradually. Intelligent medicine cannot be
separated from Al technology. On the basis of digital medicine, internet medicine and
mobile medicine, smart medicine is gradually taking shape.

The emergence of smart medicine provides a new feasible path to solve the
outstanding problems that restrict the medical development. Intelligent medical care
plays an important role in science, it not only changes the traditional diagnosis and
treatment methods but also improves the accuracy and efficiency, in addition, it relies
on the advanced algorithms and powerful computing power of Al technology to
significantly increase the success rate of medical innovation research and development
and shorten time. In addition, smart medicine can also solve social problems, such as
insufficient medical resources, unbalanced regional distribution, costs, personalized
medical services, and respond to aging and chronic disease diagnosis and treatment
needs. With the development of smart medical technology, Al can completely assist
doctors in such arduous diagnoses in future, for example pathological diagnosis,
laboratory test diagnosis, and imaging diagnosis.

COLONOSCOPY CONTINUUM ROBOT-ASSIST SYSTEM

Regarding the colonoscopy continuum robot-assisted system, some scholars have
studied structural design, passability, compliance control based on force perception,
and multi-motor control system design. Lee et al[19] proposed a caterpillar-like flexible
self-propelled colonoscopy robot, which can effectively corner bends and conducted
clinical trials, while Breedveld proposed a colonoscopy robot movement method based
on a rollable doughnut[20]. Scholars research on the relevant working environment
and clinical experiment results of the colonoscopy continuum robot assistance system,
the flexible arbitrary bending of the colonoscopy assistance system, the exploration of
the biomimetic and the continuum robot design, which are the most irreplaceable
(DW4) part of the robot-assisted colonoscopy system, its structure and design provide
an important reference.

FLEXIBLE ENDOSCOPY CONTROL ROBOT

In December 1998, the first Da Vinci Robot-Assisted Surgery System came out. In June
2000, the Da Vinci Robot-Assisted Surgery System became the first automatic
mechanical system approved by the Food and Drug Administration for laparoscopic
surgery. At present, the system is widely used. In 2017, the flexible endoscopy
manipulation robot developed by the General Hospital of the Chinese People's
Liberation Army successfully carried out clinical applications. It surpassed the
traditional endoscopy operation method in terms of coordinated operation of multiple
degrees of freedom of the endoscopy and quantitative display of operating
parameters, and laid the foundation for high-quality standardized operation and
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internet medical treatment.

The research on small soft robots with multi-mode motion published by Hu has
attracted widespread attention[21]. The article pointed out that the soft robot has
bright prospects in the fields of bioengineering and minimally invasive treatment.
They have greater potential to achieve high maneuverability through multi-channel
motion because small soft robots have a higher degree of freedom than rigid robots.
We can expect that these small flexible robots are equipped with camera devices to
produce soft motion which is similar to worms that can move in the human digestive
tract and has better control and operability than the magnetic-control capsule
endoscopy.

At present, there are no reports on the use of flexible endoscopic robots for
endoscopic treatment, and the author believes that the reason is that endoscopic
treatment is different from examination. Endoscopic treatment have higher
requirements for the operation technology, including horizontal and vertical joint
movement of the endoscope handle to achieve rotation, control colonoscopy and
handle strength during the treatment (DW5). The grasp of the patients’ breathing and
coordination with its movement are relatively subtle that are difficult to achieve at this
stage. However, with the accumulation of quantitatively analyzed endoscopic
operation data and the construction of software endoscopic operation strategy
functions, combined with powerful algorithms and machine learning, Al will continue
to improve the existing colonoscopy equipment, accessories and instruments in the
future. At the same time, it may partly replace manual labor, reduce medical costs and
improve efficiency.

APPLICATION STATUS OF Al IN COLONOSCOPY IMAGE RECOGNITION

With the progress of colonoscopy operation technology and endoscopic imaging
technology, especially magnifying endoscopy has achieved remarkable results in the
detection of fine structure on the surface of colorectal tumors. It should be pointed out
that the development of electronic staining endoscopy is extremely rapid, such as
narrowband imaging technology (NBI), flexible spectral imaging color enhancement
technology (FICE) and i-Scan digital contrast technology (iSCAN), etc. (DW6). These
imaging technologies can highlight the mucosal surface structure or capillary
morphology by switching between different wavelengths of light, clearly observe the
boundary and scope of the lesion, and obtain a visual effect similar to chromoen-
doscopy.

Depth research for colonoscopy image recognition has already started, using
specific data sets and special deep learning network structure models to establish a
labeled colonic lesion image data set to provide technical support for intelligent image
recognition of colonoscopy images. Computer-aided diagnosis analysis used for
accurately classify neoplastic/hyperplastic, adenoma/non-adenomas colorectal polyps
found that the system have a classification accuracy rate above 90%, and the diagnosis
time required is decreased compared with endoscopy experts and non-experts[4,22-
24].

The dynamic recognition system decomposes the real-time video of the colonoscopy
into a continuous picture. The deep learning neural network is used for the recognition
of the marked images, and the fine recognition of each image is carried out to realize
the purpose of automatically discovering and classifying the lesions. Mori et al[25]
used deep learning models to analyze colonoscopy videos to classify adenomatous
and hyperplastic polyps in real time, the results find that the accuracy of the Al model
is 94%, the sensitivity and the specificity is 98% and 83% respectively (Figure 2).

We expect that Al combined with white light, chromoendoscopy and magnifying
endoscopy will greatly reduce the time spent on diagnosis and treatment in the future,
thereby providing great help for the clinical and scientific research of gastrointestinal
diseases.

APPLICATION OF Al IN CAPSULE ENDOSCOPY

In recent years, the rapid development of capsule endoscopy technology, especially
the appearance of magnetron capsule endoscopy, which has realized the control-
lability of the capsule endoscopy on some extent. The emergence of capsule endoscopy
has made up for the insufficiency of gastroscopy and colonoscopy, the patients
acceptance is high because of the whole examination process is painless. Nowadays,
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Figure 2 Artificial intelligence diagnosis system for colonoscopy lesions based on deep learning.
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the application of capsule endoscopy is mostly focused on discovery of small bowel
disease, for example bleeding.

Al is widely used in capsule endoscopy technology. The pixels are grouped by
super pixel segmentation, the red ratio in the RGB space is used to extract the features
of each super pixel, and these things are input into Support Vector Machines (SVM)
for classification for intelligent recognition of capsule endoscopic bleeding. The
specificity of the experimental results is 83%-98%, and the sensitivity is 94%-99%][26,
27].

In order to identify polyps in capsule endoscopy images, Yuan and Meng[28]
proposed a new complex feature learning method, which is a stacked sparse
autoencoder with image manifold constraint. This method introduces multiple image
constraints force images in the same category to share similar learning features and
keep them, so the learned features retain a large number of differences and small
internal differences in the images. The results show that the average overall
recognition accuracy of this method is 98%, and could be further utilized in the clinical
trials to help physicians from the tedious image reading work.

THE PROBLEMS FACED BY Al IN THE APPLICATION OF COLONOSCOPY

The development of depth research has enabled Al to achieve fruitful results in many
aspects. However, there is no major breakthrough in the theory that Al follows, and
the methods from supervised learning to unsupervised learning are still being
explored. Therefore, looking for in-depth theoretical explanations is an important issue
that must be solved in the development of the studies. In addition, deep learning
generally requires a large amount of data, but not all applications have the conditions
for it. Therefore, how to realize traditional knowledge expression and data-driven
knowledge learning is an important research direction in the future. Furthermore, the
neural network model needs to be adapted to transfer the learned knowledge to new
conditions and environments in order to acquire the ability to solve many practical
problems from a small number of learning samples. Finally, the method of machine
learning is determined according to the functional relationship between the data and
the target, a "deep forest" learning method, with a comparable setting proposed by
Zhou and Feng[29], achieved a considerable or even better than deep neural networks.

In the field of colonoscopy image recognition, experts and scholars have made very
useful explorations on the intelligent recognition of colorectal lesions, but most of
them are limited to judge colorectal polyps. To achieve the integration of doctors and
patients with auxiliary examination equipment, it is necessary to further expand the
colorectal lesion image data set and the types of diseases involved. It must be pointed
out that the endoscopic manifestations of colorectal diseases are various, the same
disease often manifests differences in different periods and different diseases have
very little difference in a specific period, and pathological diagnosis is still the gold
standard.
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CONCLUSION

In short, Al in colonoscopy has significant social benefits and bright application
prospects, and it is foreseeable that smart medicine is an inevitable trend in medical
development. Based on previous research, integrating colonoscopy’s loop factors,
unlooping strategies, active lesion capture and recognition, and assistive robotics
technology, we have reason to believe that the future smart colonoscopy system will
bring a revolution, and promote the diagnosis and treatment of colorectal diseases,
especially the widespread development of colorectal cancer screening for the benefit of
mankind.
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