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VAT Xa AIM: to estimate the implementation of the original method that uses artificial intelligence (AI) to detect colorectal
neoplasms.
MATERIALS AND METHODS: we selected 1070 colonoscopy videos from our archive with 5 types of lesions:
hyperplastic polyp, serrated adenoma, adenoma with low-grade dysplasia, adenoma with high-grade dys-
plasia and invasive cancer. Then 9838 informative frames were selected, including 6543 with neoplasms.
Lesions were annotated to obtain data set that was finally used for training a convolution al neural network
(YOLOv5).
RESULTS: the trained algorithm is able to detect neoplasms with an accuracy of 83.2% and a sensitiv-
ity of 77.2% on a test sample of the dataset. The most common algorithm errors were revealed and
analyzed.
CONCLUSION: the obtained data set provided an AI-based algorithm that can detect colorectal neoplasms in the video
stream of a colonoscopy recording. Further development of the technology probably will provide creation of a clinical
decision support system in colonoscopy.

KEYWORDS: colonoscopy, endoscopy, artificial intelligence, computer vision, machine learning, adenoma, cancer, neoplasm

CONFLICT OF INTEREST: the authors declare no conflict of interest

SOURCES OF FUNDING: subsidy of the Ministry of Health of Russia

FOR CITATION: Mtvralashvili D.A., Shakhmatov D.G., Likutov A.A., Zapolsky A.G., Suslova D.I., Borodinov A.A., Sushkov 0.I.,
Achkasov S.I. Al-based algorithm for clinical decision support system in colonoscopy. Koloproktologia. 2023;22(2):92-102. (in Russ.).
https://doi.org/10.33878/2073-7556-2023-22-2-92-102

ADDRESS FOR CORRESPONDENCE: Shakhmatov D.G., Ryzhikh National Medical Research Center of Coloproctology, Salyama Adilya st., 2, Moscow,
123423, Russia; e-mail: mma02 @yandex.ru

Received — 18.04.2023

INTRODUCTION

Colorectal cancer (CRC) is a socially significant
oncological disease, occupying leading posi-
tions in the rate of detection and causes of
death from neoplasms in different countries of
the world. In the Russian Federation, more than
38 thousand deaths from this pathology are
registered annually, and the number of newly
detected cases of CRC exceeds 71 thousand [1].
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CRC in the majority of cases passes the stage
of benign neoplasm — adenoma. Large epide-
miological studies have shown that timely en-
doscopic removal of adenomas reduces the risk
of colorectal cancer by 90% [2]. In this regard,
great importance is attached to screening
colonoscopy, during which the rate of detec-
tion of adenomas (in English-language litera-
ture —adenoma detection rate, ADR) ranges
from 30% to 64% [3-6]. At the same time,
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various studies demonstrate a relatively high
percentage of lost neoplasms. Thus, the rate of
adenomas missed during colonoscopy, accord-
ing to Hassan, C.'s meta-analysis, is 37.5% [4].
The omission of adenomas during colonoscopy
depends on the size of the neoplasm — in the
study by van Rijn, J.C., the rate of missed pol-
yps was 2.1%, 13% and 26% for adenomas over
10 mm, 5-10 mm and less than 5 mm, respec-
tively [5]. In addition, poor bowel cleansing, as
well as the human factor, are considered pos-
sible reasons for skipping [6,7].

Thus, an increase in the information content
of colonoscopy is expected to reduce morbid-
ity and mortality from CRC due to the timely
performance of endoscopic polypectomy.

One of the tools for solving this problem is ar-
tificial intelligence (AI) technology for pro-
cessing and preliminary analysis of video colo-
noscopy data [8-11]. According to the papers,
the use of automation of video processing of
colonoscopy during screening colonoscopy will
help to level the subjectivity of the endosco-
pist and increase diagnostic accuracy and sen-
sitivity regarding the detection of adenomas
and adenocarcinomas of the large intestine, as
well as reduce the time of the study descrip-
tion [10]. This technology is not an indepen-
dent diagnostic option, but is considered as a
clinical decision support system (CDSS).

In the world literature, every year more and
more attention is paid to the use of Al in
colonoscopy. The data obtained inspire some
optimism.

In the study by Luo, Y., et al. [11], based on
a survey of 150 patients, it was shown that
the AI system increases the rate of detection
of polyps in real clinical conditions (38.7%
vs. 34.0%, p < 0.001). At the same time, colo-
noscopy using an Al system significantly in-
creases the detect ability of polyps smaller
than 6 mm (91% vs. 69%, p < 0.001), but does
not detect differences in relation to larger
neoplasms.

Wallace, M.B., et al. [12] conducted a study
with two consecutive colonoscopies — stan-
dard and using AIL. The rate of missed adeno-
mas was 32.4% and 15.5%, respectively. The
average number of adenomas during repeated

AHFOPMTM HA OCHOBE MCKYCCTBEHHOTO MHTEINIEKTA AN CUCTEMBI
noAaAepPXKU NPUHATHUS chquHoro pPeLweHnsa Nnpu KoTOHOCKONUU

colonoscopy was determined less in the group
in which AI was used in the first study, com-
pared with the group in which AI was not used
in the first study (0.33 + 0.63 vs. 0.70 + 0.97,
P < 0.001). The rate of false false-negative
results was 6.8% and 29.6% at the first colo-
noscopies with and without the use of Al re-
spectively (OR 0.17; 95% CI 0.05-0.67). Thus,
Al provided approximately a twofold reduction
in the rate of colorectal neoplasia skipping,
reducing the perception errors of small and in-
conspicuous neoplasms.

In the study by Xu, H., et al. [13], in addition
to ADR, the average number of adenomas per
colonoscopy was estimated, the correlation of
ADR with the experience of the endoscopist
and the time of removal of the device during
colonoscopy.3,059 patients were randomly as-
signed to a group for colonoscopy using the Al
system (n=1,519) and without it (n = 1,540).In
the process of colonoscopy using Al, the Eagle-
Eye polyp detection system was used, with
real-time notification on the same monitor of
the endoscopic system. The level of total ADR
(39.9% vs. 32.4%; p < 0.001), ADR in experts
(42.3% vs. 32.8%, p < 0.001) and non-special-
ist endoscopists (37.5% vs. 32.1%; P = 0.023)
were significantly higher during colonoscopy
using the AI system. The average withdrawal
time of the device (8.3 minutes vs. 7.8 min-
utes; P = 0.004) was slightly longer in the AI
group. It was concluded that in asymptomatic
patients, colonoscopy using Al increased the
overall ADR level, as well as the rate of detec-
tion of adenomas by both experts and less ex-
perienced specialists [13].

An increase in the detection of adenomas dur-
ing colonoscopy has a significant economic ef-
fect. For example, Areia, M., et al. [14], based on
modeling the use of machine vision technology
in colonoscopy, concluded that this tool would
reduce the number of colorectal cancer cases
in the United States by 7,194 cases annually,
and the number of deaths from this disease by
2,089 people. At the same time, the economic
benefit from the implementation of Al in colo-
noscopy is estimated to be US$ 290 million an-
nually due to the reduction of costs for the di-
agnosis and treatment of colorectal cancer and
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other costs associated with the development
of colorectal tumors.

The available Russian literature provides a sin-
gle experience of using artificial intelligence
technology in colonoscopy, while there is no
data on the widespread use of the described
approach in clinical practice [15,16].

Thus, the development and implementation of
the domestic CDSS in colonoscopy based on AI
is relevant from a scientific and practical point
of view. Such study was started in the RNMRC
of Coloproctology of the Health Ministry of
Russia in 2022.

MATERIALS AND METHODS

The material of the study was an elec-
tronic archive of video recordings of colo-
noscopies performed at the RNMRC of
Coloproctology of the Health Ministry of
Russia. The studies included in the work
were performed on the Pentax 7010 (Japan)
and Olympus Exera-IIT (Japan) with high

definition (HD) in the period from January
2021 to October 2022.

The design of the study is shown in Figure 1.
Video recordings of the studies, during which
were detected colorectal tumors subsequently
removed and pathomorphologically examined
in accordance with the protocolin force at the
Center, were selected for the work. Neoplasms
belonging to one of the five types listed below
were subjected to marking:

1) Hyperplastic polyp

2) Serrated neoplasm

3) Adenoma with low-grade dysplasia

4) Adenoma with high-grade dysplasia

5) Invasive cancer

The allocation of these classes is due to the
rate of occurrence and their clinical signifi-
cance, which is determined by different ap-
proaches to the treatment of such neoplasms.
At the same time, cases were excluded from
further analysis when the colorectal neoplasm
did not correspond to the above classes by
histological structure or was not confirmed.
Video recordings of colonoscopy of patients

Archive of video recordings

Selection:
- excluded videos without neoplasms,
- video from the IBD

y

Selected videos

Y

Anonymization and

slicing into fragments of 10-15 seconds for markup

Impersonal fragments of
video recordings that do not
contain neoplasms

Impersonal fragments of video
recordings that contain
neoplasms

Selection of various frames,

at least 1 out of 24,

marking upthe grade of training
& asper the Boston Scale

Selection of diagnostically valuable frames of neoplasms
in good quality (at least 5 per a neoplasm), contouring with a polygon

y

Frames with marks on preparation
as per the Boston scale

Frames with contours and
classification of neoplasms

Machine training

Validation of the quality Control of the quality of training

model of training
L4 v v
Training sample V:';dr::;" Test sample

Figure 1. Flow-chart of preliminary work for the creation of CDSS in colonoscopy
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Table 1. Marking main characteristics

Ne Class Label Name Markup Color
Main classes (slices on the frame)

1 Hyperplastic polyp Hyperplastic polyp

2 Serrated neoplasm Serrated neoplasm

3 Adenoma with low-grade_dysplasia Adenoma with low-grade_dysplasia

4 Adenoma with high-grade_dysplasia/
early_cancer

Adenoma with high-grade_dysplasia/

early_cancer

5 Carcinoma_cancer Carcinoma_cancer
Additional classes
6 Clean_frame Clean_frame

suffering from inflammatory bowel diseases
were also excluded.

Thus, for further study, 1070 videos of colo-
noscopy were selected, corresponding to the
selected criteria, with a total volume of 46
gigabytes.

Video colonoscopy recordings were character-
ized by a rate of 29, 30 or 50 Hz. The frame
height was at least 1,080 pixels — the source
videos are overwhelmingly presented in a defi-
nition of 1300x1080 (66.4%) or 1920x1080
(27.3%).

The frames that meet the quality criteria were
selected from these video fragments:

e clear;

e without dimming;

e without seriousblurring of neoplasm;

e out of the moment of switching between
modes (white light/NBI);

® out of the moment of irrigation.

For the subsequent marking of the identified
neoplasm, at least 5 frames of good quality
were selected from different angles for each
study mode (white light / NBI), while the time
interval between frames was at least 1 second.
Also, frames that did not contain neoplasms
were randomly selected in a ratio of 1:2 as a
norm control. These frames were marked with
video quality and a score of bowel cleansing
according to the Boston scale.

AHFOPMTM HA OCHOBE MCKYCCTBEHHOTO MHTEINIEKTA AN CUCTEMBI
noAAepXKU NPUHATUSA Bpoqeﬁuoro PeLlJeHMﬂ HPM KOJIOHOCKONUH

In total, 9838 frames were selected in accor-
dance with the above approach, which served
as the material for the final data set.

All the data have been anonymized (deperson-
alized) in order to ensure the protection of
personal data by deleting the frame area con-
taining information about the patient.

The marking of the selected and depersonal-
ized data was performed by 12 endoscopists
at the Center with 5-24 years of independent
practical work experience. The 3 most experi-
enced specialists with over-15-year experience
validated the markup and were involved for a
“second opinion” in difficult cases.

Each study was marked up by one endoscopist.
Markup validation was carried out selectively
by a specialist of higher qualification, and in
20% of cases cross-validation was performed
by a second expert.

The markup was carried out in accordance with
the following strategy. For each neoplasm, the
endoscopist selected at least 5 diagnostically
most informative frames on the video frag-
ment. Then, with the help of a graphic editor,
he outlined the neoplasm with a polygonal line
on each of the selected frames and assigned
a class label in accordance with the table be-
low (Table 1). In all the cases, the conclusion
of the pathomorphology removed specimen
was used as a method of verification and final
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Table 2. Interpretation of the algorithm results on the test sample

Algorithm output

Opinion of 2 experts

The result of the work

The neoplasm isolated

The neoplasm is present in the frame

True positive

There is no isolation

There is no neoplasm

True negative

The neoplasm isolated

There is no neoplasm

False positive

There is no isolation

The neoplasm is present in the frame

False negative

attribution of the neoplasm to a particular
class.

The marking of neoplasms was performed by
polygons with a large number of points corre-
sponding to the contours of neoplasms. Since
rectangles adjacent to the boundaries of neo-
plasms were needed for training and testing
the machine training algorithm, polygons were
converted into rectangles.

The marked-up data set was divided into train-
ing, test and validation samples in the propor-
tions of 70%, 15% and 15%, respectively. The
distribution of frames by samples was carried
out in proportion to the distribution by class.
To evaluate the possibility of machine train-
ing in order to automate the detection of neo-
plasms during colonoscopy in real time, the
YOLOv5 neural network algorithm was used,
which is one of the most common algorithms
for detecting objects, due to its speed and ac-
curacy [17].

Machine training of a neural network was car-
ried out by downloading a training sample of a
data set (4668 marked-up frames). An indepen-
dent validation sample (957 marked-up frames)
was used to optimize the algorithm, increase
its accuracy by fine-tuning the neural network.

Sensitivity = x 100%

TP + FN

TP + TN

Accuracy = x 100%

TP+ TN+ FN + TN

Figure 2. Formulas for the sensitivity and accuracy of a diag-
nostic test. TP — true positive; TN — true negative; FP — false
positive; FN — false negative

KOJIONPOKTOJIOTUS, Tom 22, N2 2, 2023

The most significant parameters characteriz-
ing the effectiveness of the algorithm in de-
tecting colorectal neoplasms are sensitivity
and accuracy. To calculate these parameters,
we used the generally accepted formulas for
diagnostic tests (Fig. 2) and the following in-
terpretations of the results of the algorithm
(Table 2).

RESULTS

We have studied the distribution of frames
with neoplasms by class (Fig. 3). It is neces-
sary to note a pronounced imbalance of class-
es due to the natural difference in the rate of
occurrence of neoplasms of these types. The
structure of 4140 (58.3%) marked neoplasms
corresponded to adenoma without high-grade
dysplasia.

The recognition of neoplasms by the algorithm
was influenced by the number of objects in the
frame. In 414 (6.4%) cases, 2 or more neoplasms
were present on the marked frames (Fig. 4).

In order to assess the quality of the obtained
data set, as well as to predict the possibility
of developing a CDSS based on it, the action
of the trained algorithm was tested on 828
marked frames that made up the test sample.
The sensitivity of the algorithm was 77.2%, the
accuracy of detecting neoplasms was 83.2%.
We analyzed the errors of the model and
identified the most common causes of miss-
ing neoplasms on the frame or false positive
triggering.

Thus, the model tends to skip the neoplasm
thatisin the foreground of the frame: this may
be due to an insufficient number of marked

KOLOPROKTOLOGIA, vol. 22, N2 2, 2023



OPUTUHAJIbHBIE CTATBU

ORIGINAL ARTICLES

neoplasms close to the borders of the frame
(Fig. 5).

A similar problem occurred with multiple neo-
plasms in one frame, when the model recog-
nized only one of several objects (Fig. 6).
Another situation when polyp omissions were
recorded was neoplasms of a small size (Fig. 7).
During testing, we recorded false positive trig-
gering when the model identified areas on the
frame that did not contain neoplasms — these
are folds, glare, dirt. At the same time, dur-
ing the testing of the model, we noted 5 cases
when the model detected neoplasms that were

not taken into account during the initial mark-
ing by a specialist (Fig. 8). The presence of ob-
jects of interest in such cases was confirmed
when considering the frame by two experts, as
well as by reviewing the original video frag-
ment of the colonoscopy recording.

Thus, errors in the operation of the algorithm
are registered in the following cases:
Neoplasm in the foreground

. Small size of the neoplasm

“Blurred” neoplasm

Neoplasm on gaustra

Multiple neoplasms

U N WP -

Diagnosis statistics

4000
3500
3000
2500
2000

1500

o 1014 (14.28%
704 (9.91%)
- -
0

hyperplastic

The number of marked neoplasms

sermated

Figure 3. Distribution of annotated lesions by classes

4140 (58.29%

low-scale_dysplasia
Diagnosis

703 (9.9%
542 (7.63%) Lo

hight-scale_dysplasia‘early_cancer carcinoma_cancer

Distribution of the number of polyps in the frame with markup (logarithmic scale)

10

10

Number of frames

6039

3
288
3 76
29
10 8
5
2 2

" SRR
10 I N I e

1 2 3 4 5 6 7 8 9 10 n 14

Number of polyps

Figure 4. Distribution of frames by amount of annotated lesions
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6. Colonoscopy in NBI mode;
7. The presence of foreign objects (biopsy cap,
clip) in the frame.

DISCUSSION

Artificial intelligence technology is one of the
most actively developing fields of science, the
widespread use of which is expected to have a
significant impact on various aspects of life.
In healthcare, this technology has also been
actively used in recent years, with the greatest
success achieved in medical imaging. The first
reports about the use of artificial intelligence
to help a doctor perform a colonoscopy are

task_39.10_FRAMEgi17.png

polyp
spolyp

1

encouraging. At the same time, the technology
requires further development, technical issues
of unification of the corresponding software
have not been resolved, the effectiveness of
the clinical decision support system based on
artificialintelligence has not been sufficiently
studied. In addition, the regulatory framework
for the application of this technique in every-
day medical practice has not been developed.

Our study is aimed at creating an original
universal algorithm based on machine train-
ing, which will allow providing support to an
endoscopist during colonoscopy in real time,
highlighting neoplasms in the video stream.
It is assumed that the algorithm will classify
the detected neoplasms, and in the future also

task_39.10_FRAMEwdd7.png

_polyp 0.7

Figure 5. An example of an algorithm error. Missing of the lesion in the foreground. A. Annotation by specialist. b. Algorithm

output
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Figure 7. An example of an algorithm error. Missing of the small lesion. A. Annotation by specialist. b. Algorithm output
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Table 3. Comparative characteristics of different data sets

Data-set Description Format Ima.gfa Object of Detection
Definition
Kvasir-SEG / Hyper 1,000 images Image Different Masks, BBox
Kvasir
PICCOLO 3,433 images (2,131 WLand | Image | 854 x 480, Masks.
1,302 NBI) of 76 neoplasms 1920 x 1080 Classification:
from 48 patients Paris and NICE,
Adenocarcinoma, Adenoma, Hyperplastic
KUMC Collected from several Image Different BBox.
datasets; more than 30,000 Classification:
images Adenoma, Hyperplastic
SUN 49,136 images; 100 Image N/A BBox
neoplasms; polyp, non-polyp annotations
109,554 images without
neoplasms
Colorectal Polyp ~31,400 images (~22,600 WL | Video 768 x 576 BBox
Image Cohort and ~8,800 NBI); and BBox
(PIBAdb) 1,176 neoplasms; Image Classification:
~17,300 images without Adenoma, Hyperplastic, Sessile Serrated
neoplasms Adenoma, Traditional Serrated Adenoma, Non
Epithelial Neoplastic, Invasive
Data-set by 1,070 videos, 6,453 images Video Different, Masks.
RNMRC of with neoplasms and at least Classification:
Coloproctology Image 1,080 in Hyperplastic, serrated,
height low-grade_dysplasia,
high-grade_dysplasia/ early_cancer,
carcinoma_cancer

task_34.1ah task_34.1 FPM“: ’”6 ROJ

task_34 . 14mh

Figure 8. An example of revealing by the algorithm not annotated lesions. AB. Primary annotation by specialist. b,I. Algorithm
output
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Table 4. Comparative characteristics of artificial intelligence algorithms in the detection of neoplasms during colonoscopy

Authors Year Data-Set Sensitivity Accuracy
Pacal et al. 2022 Training and test: 79.9% 92.6%
piccolo

Nogueira-Rodriguez 2022 Training: private 60.0% 76.0%
et al. Test: piccolo

Li K. et al. 2021 Training and test: 86.2% 91.2%

kumc

RNMRC of 2022 Collected data-set 77.2% 83.2%
Coloproctology

form a preliminary examination protocol, not-
ing the level of examination of the intestine
and the quality of its preparation, the number,
size and class of detected changes.

At this stage of our study, the algorithm of
a promising CDSS demonstrated an acceptable
level of sensitivity and accuracy on a test
sample — 77.2% and 83.2%, respectively. At
the same time, an interesting observation is
the cases of the allocation of neoplasms by
the algorithm that were not mistakenly an-
notated by an endoscopist. We also analyzed
various situations that are difficult to inter-
pret with machine vision, which makes it ex-
pedient to retrain the program by expanding
the data set by including additional marked
frames.

When comparing with the data sets published in
the public domain, it can be stated that our data
set is assembled from higher-definition frames,
contains a large number of images of neoplasms,
while 5classes of objects are differentiated
(Table 3).

The potential operability of a promising CDSS
based on the obtained algorithm trained on
this data set is illustrated by the relatively
high specificity and accuracy of the test. At
the same time, according to these character-
istics, the developed algorithm in the current
version is inferior to a number of the most de-
veloped analogues (Table 4).

The presented data should be interpreted
with caution, since the sensitivity and accu-
racy of the algorithm were determined on test
samples, while the declared parameters can

KOJIONPOKTOJIOTUS, Tom 22, N2 2, 2023

be significantly improved by further training
the model. The real effectiveness of the algo-
rithm and the CDSS created on its basis should
be studied through comparative clinical trials.
Developing the design of this kind of research
is a non-trivial task, since colonoscopy does
not have a verification method for the detec-
tion of adenomas, and performing two consec-
utive endoscopic examinations in one patient
is not entirely ethical. In this regard, it seems
appropriate to abandon direct comparison in
favor of large studies on homogeneous groups
of patients.

CONCLUSION

The marked-up data set made it possible to
develop an algorithm based on artificial intel-
ligence technology that determines colorectal
neoplasms in the colonoscopy recording video
stream with an accuracy of 83.2%. The tech-
nology seems promising. However, it requires
further development, improvement to the CDSS
and study of effectiveness from the standpoint
of evidence-based medicine.
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