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INTRODUCTION

In recent years, the incidence of  colorectal cancer (CRC) in 
China has increased and brought the country to the third 
place in the world, in terms of  incidence of  the disease.
[1,2] At present, colonoscopy is considered to be the gold 
standard for reducing the morbidity and mortality of  
CRC.[3,4] It is generally believed that 80%–95% of  CRC 
evolves from colorectal polyps step by step, especially 
adenomatous polyps. Timely removal of  polyps can 
effectively prevent the occurrence of  CRC. Therefore, 
colonoscopy reduces the incidence of  CRC by detecting 

and excising adenomatous polyps. Nowadays, the workload 
of  colonoscopy in third‑class level A hospitals is heavy. 
Doctors’ fatigue state, as well as doctors’ lack of  experience, 
may easily lead to mis‑ and missed diagnosis of  diseases, 
which then directly affects the detection rate and diagnostic 
accuracy of  colonoscopy.[5] The factors affecting the 
detection rate of  intestinal polyps include blind areas and 
human errors. Blind areas can be solved by wide‑angle 
range or remote connection, and artificial intelligence (AI) 
can solve human errors and is attracting wide attention.[6‑11] 
To solve human errors, we obtained a large number 
of  colonoscopic videos and used an automatic image 
feature extraction and machine‑learning‑based AI system 
algorithm to evaluate the performance of  computer‑aided 
detection  (CADe) system, so that the detection rate of  
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polyps and adenomas can be increased through the CADe 
system.

MATERIALS AND METHODS

CADe system of polyp
The CADe system of  polyps (Henan Xuanweitang Medical 
Information Technology Co., LTD., Zhengzhou City, 
Henan Province, China)  (Former name: Henan Tongyu 
Medical Technology Co., Ltd) was developed on the basis of  
in‑depth learning architecture with the help of  endoscopists 
and modelers. In our study, one endoscopy specialist of  
Endoscopy Center  (had performed  >20,000  cases of  
colonoscopy) retrospectively commented on the presence 
of  polyps in each frame of  each video, which was used as 
the gold standard for the detection of  polyps. To use these 
videos for machine learning and evaluation, we divided these 
full‑length videos into short videos according to the method 
described in the document and produced 151 polyp‑positive 
videos and 384 polyp‑negative videos. These 535 videos 
were randomly divided into two groups: the study samples 
(101 polyp‑positive cases and 300 polyp‑negative cases) 
and the test samples (46 polyp‑positive cases and 88 
polyp‑negative cases). The study samples were used for 
machine learning, and the test samples were used to evaluate 
the performance of  our system. Therefore, the test sample 
set was a completely independent data set that had never 
been used during machine learning. From the colonoscopy 
system, the video stream was captured by a high‑definition 
frame capture device. The aperture describing image 
information in each successively captured frame can be 
clipped to ignore all unnecessary image data, such as black 
frames or screen displays. The clipped images were then 
color transformed, and the information from three color 
channels was weighted according to their participation 
degree in the information. Next, the weighted combination 
of  color, structure, texture, and motion information was 
used to detect the image area where the polyp may be 
located. Once the image content of  the detected area 
remained constant for at least three consecutive frames, 
an enhancement mask was provided, which was repeated 
for each frame of  the captured image stream. Therefore, 
endoscopists were encouraged to pay special attention to 
each area and check whether such markers matched polyps. 
The system was designed to highlight potential polypoid 
structures during real‑time colonoscopy.

System algorithms
In this study, we developed a new original algorithm based 
on convolutional three‑dimensional (3D) neural network, 
which was a kind of  deep learning. Deep learning is the 
latest machine learning method using deep neural network. 

If  a large number of  learning samples are available, it can 
automatically extract specific features from data without 
human resources. The convolutional 3D network is 
designed for spatiotemporal data. Therefore, compared 
with previous deep learning methods, it is more suitable 
for video data sets.

Prospective comparative study
The prospective study was designed as a randomized 
controlled trial to study the effect of  endoscopist‑assisted 
CAD system on the detection rate of  polyps and adenomas. 
The study was approved by the local ethics committee. 
Colonoscopy videos in the study were selected from the 
participants who underwent colonoscopy in Digestive 
Endoscopy Center of  the 988 Hospital of  the Joint Logistics 
Support Force of  the Chinese People’s Liberation Army 
from October 2018 to March 2019. All the participants 
signed the informed consent, and then routine intestinal 
preparation was performed, followed by oral administration 
of  3 L of  compound polyethylene glycol electrolyte 
powder.  (Beaufour Ipsen Industrie France; Registration 
No: H20140560; specification: the product is a compound 
preparation, containing per pouch: 64.000 g of  polyethylene 
glycol 4000, 5.700 g of  anhydrous sodium fulfate, 1.460 g of  
NaCl, 0.750 g of  KCl, and 1.680 g of  NAHCO3.) Intestinal 
preparation referred to APP video education of  digestive 
endoscopy. Colonoscopy was performed using one 
high‑definition colonoscopy (Fuji EPX‑4450HD) and one 
high‑definition monitor. Exclusion criteria: any participant 
with inflammatory bowel disease, history of  CRC surgery, 
history of  radiotherapy and/or chemotherapy, and biopsy 
contraindications. Before colonoscopy, nurses recorded 
the basic information of  each participant, including the 
gender, age, colonoscopy indications, body mass index, 
history of  smoking, constipation, diabetes, stroke, family 
history of  cancer, abdominal surgery, colonoscopy, aspirin, 
or other nonsteroidal anti‑inflammatory drug use. Before 
colonoscopy, each participant was randomly divided into 
group CON (routine colonoscopy group) and group CADe. 
In group CADe, real‑time polyp CADe system was used 
to assist colonoscopy. The CADe system was only opened 
when colonoscopy exited, especially started from the point 
the endoscopist identified the opening of  the appendix . The 
system was connected with the endoscope generator and 
the video stream was collected synchronously. In addition, 
the system processed each frame and displayed the detected 
polyps. The CADe system represented the probability of  
polyps by percentage (0%–100%) in each frame. Figure 1 
shows the probability provided by the CADe system in 
the upper left corner of  the endoscopic image. When the 
probability exceeded the critical value, the CADe system 
warned of  the possibility of  polyps by changing the color 
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of  the four corners of  the endoscopic image to red. When 
lesions appeared on the screen, a warning was issued, and 
when lesions disappeared from the screen, the warning 
would stop. Endoscopists focused mainly on the main 
monitor during the examination process, and a voice alarm 
prompted them to view the system monitor to check the 
location of  each polyp detected by the system. The above 
operations were done without the assistance of  nurses, 
trainees, or staff. In both groups, nurses needed to record 
the insertion time, withdrawal time, and Boston Bowel 
Preparation Scale  (BBPS). When polyps were detected, 
nurses also assisted in biopsy pathological examination. 
Nurses also recorded the location, size, and morphological 
characteristics according to the Paris Classification.[12] In 
group CADe, missed polyps and system error alarms were 
also recorded. These missed polyps were defined as polyps 
confirmed by the colonoscopist but not detected by the 
system. False alarms were defined as lesions detected and 
continuously tracked but were not identified as polyps by 
the system.

Statistical analysis
SPSS 21.0 was used for statistical analysis. The intergroup 
comparison of  the basal clinical and demographic 
characteristics was performed by the χ2 test of  categorical 
variables and double‑sample t‑test of  continuous variables. 
Logistic regression analysis was used to analyze the 
impact of  the CADe system on the detection rate of  
polyps/adenomas in colonoscopy. The response variable 
was the binary result of  whether polyps/adenomas were 
detected. The covariate was the group variable indicating 
whether patients belong to group CADe. Regarding the 
number of  polyps and adenomas detected, Poisson’s 
regression was used to evaluate the effectiveness 
of  computer‑aided diagnosis of  colonoscopy, with 

P < 0.05 (bilateral) as statistically significant. If  any basal 
clinical and demographic characteristics showed statistical 
differences between the two groups, an additional covariate 
was constructed to adjust the logistic/Poisson’s regression 
model to address possible confusion effects by adding these 
significant features as covariates to the model. The main 
result was the detection rate of  adenoma. The secondary 
results included were the detection rate of  polyp, the 
average number of  polyps detected by colonoscopy in 
each case, the average number of  adenomas detected 
by colonoscopy in each case, and false‑positive and 
false‑negative rates.

RESULTS

Patient enrolment and basal data
A total of  1100 consecutive patients were enrolled. Of  
these patients, 84  cases  (40 in group  CON and 44 in 
group CADe) were excluded because they met the exclusion 
criteria. A total of  1026 eligible patients were analyzed. They 
were prospectively divided into group CON (518 cases) and 
group  CADe  (508  cases). The basal characteristics are 
shown in Table 1. There was no significant difference in the 
demographic data and risk factors for adenoma detection 
between the two groups. No complications were reported. 
The total withdrawal time of  group CON and group CADe 
was 6.74 and 6.82 min, respectively (P < 0.001). Totally 232 
biopsies were performed in group CADe. The withdrawal 
time of  biopsy was 6.11 min in group CON and 6.16 min 
in group CADe (P > 0.05).

Polyp characteristics, average number of polyps per 
patient, and detection rate of polyp
A total of  734 polyps were detected, including 
392 cases of  adenoma (53.41%) and 31 cases of  sessile 
serrated adenoma  (4.22%). In all, 248 polyps were 
found in group  CON  (33.79%) and 486 polyps in 
group  CADe  (66.21%)  [Table  2]. The average number 
of  polyps detected by colonoscopy in group CON and 
group CADE was 0.57 and 0.87, respectively (P < 0.001). 
The average number of  polyps detected in both groups 
increased by 1.53 times [95% confidence interval (CI) was 
1.652–2.297, P < 0.001] [Table 3]. The detection rates of  
polyps in group CON and group CADs were 0.28 and 0.44, 
respectively [odds ratio (OR) =1.57, 95% CI 1.586–2.483, 
P < 0.001] [Table 3]. There was no significant difference 
in the basal clinical and demographic variables between 
the two groups. Therefore, the covariate adjustment model 
was not considered to solve the potential confusion effect.

Adenoma characteristics, average number of adenomas 
per patient, and detection rate of adenomas
A total of  392 adenomas were detected  [Table  2]. The 

Figure 1: CADe system provides the probability in the upper left corner 
of the endoscopic image
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average number of  adenomas detected by colonoscopy 
in group  CON and group  CADe was 0.34 and 0.52, 
respectively (P < 0.001). The average number of  adenomas 
detected in both groups increased by 1.51 times (95% CI 
1.423–2.016, P < 0.001) [Table 3]. The detection rates of  
adenomas in group  CON and group  CADe were 0.23 
and 0.39, OR = 1.64, 95% CI 1.201–2.220, respectively, 
P < 0.001 [Table 3]. The number of  polyps detected in 
group CADe was significantly higher than group CON 
when considering sessile polyps, polyps ranging from 
0 to 1 cm, and polyps in all parts of  the colon. The number 
of  adenomas detected in group  CADe also increased 
significantly when considering sessile polyps, polyps less 
than 0.5 cm, and polyps in all parts of  the colon except 
cecum and ascending colon [Table 3].

Results of good bowel preparation (BBPS <7)
The adenoma detection rate in group  CADe was 5.8% 
higher than group  CON when intestinal preparation 
was good. However, due to the insufficient sample size 
of  subgroup analysis, this study failed to show statistical 
significance. Other outcomes in group CADe, including 
the average number of  adenomas detected, the average 
number of  polyps detected, and the detection rate of  
polyps, increased significantly [Table 4].

Misreporting of polyp by CADe system
There were 36 false alarms (false‑positive) in group CADe, 

with an average of  0.071 false alarms per colonoscopy 
[Table 5]. Of  all polyps detected in group CADe, no polyps 
were missed [Table 5].

DISCUSSION

CRC is the third most common malignant tumor in the 
world and the fourth leading cause of  cancer death.[13] 
Colonoscopy has been demonstrated to be effective in 
detecting and removing tumors to prevent CRC.[1] However, 
the diagnostic performance of  colonoscopy varies, which 
leads to the importance of  improving quality and reducing 
operator dependence. Adenoma detection rate is an 
independent predictor of  the risk of  interval CRC[14,15] and 
even taking patient‑related factors into account, this key 
indicator varies considerably among endoscopists in similar 
environments.[16,17] The application of  AI in colonoscopy is 
attracting more and more attention because it may improve 
the quality of  colonoscopy.[6,18] The main research focused 
in this field includes automatic paired polyp detection[19,20] 
and feature analysis,[8,10] which may help improve the 
detection rate of  adenomas, respectively. The detection 
rate of  adenomas can also be increased by the shortest 
withdrawal time, fractional‑dose bowel preparation, and 
right colon inversion.[21‑24]  A preliminary study had shown 
that 94% of  test polyps (47 out of  50) were detected by 
AI system, and the false‑positive rate was 60%  (51 out 
of  85).[25]  Despite these advances, polyp specificity still 

Table 1: Comparison of basal data between the two groups
Characteristic CON (n=518) CADe (n=508) P

Age (years) 50.13±12.68 51.02±12.26 0.21
BMI (kg/m2) 24.13±2.96 23.98±2.98 0.87
Withdrawal time (min) 6.74±1.62 6.82±1.78 <0.001
Full time (min) 12.70±4.16 12.41±4.25 0.16
Insertion time (min) 5.96±4.06 5.68±4.09 0.72
Time of polyp‑free withdrawal (min) 6.32±1.09 6.37±0.98 0.52
Biopsy withdrawal time (min) 6.11±1.00 6.16±1.26 0.16
Display n (%) 0.68

Screen 36 (6.95) 30 (5.91)
Symptom 482 (93.05) 478 (94.09)

Sex, n (%) 0.18
Female 231 (44.59) 244 (48.03)
Male 287 (55.41) 264 (51.97)

BMI classification, n (%) 0.61
<25 383 (73.94) 370 (72.84)
25‑30 126 (24.32) 133 (26.18)
>30 9 (1.74) 5 (0.98)

Inspection time, n (%) 0.72
Morning 295 (56.95) 268 (52.76)
Afternoon 223 (43.05) 240 (47.24)

Anesthesia, n (%) 0.88
No 20 (3.86) 18 (3.54)
Yes 498 (96.14) 490 (96.46)

BBPS 6.71±1.24 6.68±1.22 0.92
BBPS rank, n (%) 0.76

Insufficient (total score <6, single intestinal segment <2) 71 (13.71) 66 (12.99)
Sufficiency (total score (>6 points), single intestinal segment (>2 points) 447 (86.29) 442 (87.01)

BMI: Body mass index; BBPS: Boston Bowel Preparation Scale; P: χ2 test or t‑test
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produces many false‑positives. On the contrary, inadequate 
sensitivity will not increase the detection rate of  polyps. In 

addition, to improve the efficiency of  real‑time detection, 
the analysis time must be fast, and there is should be 
no obvious delay by endoscopists. Because of  these 
preconditions, most of  the current studies on automatic 
polyp detection are small‑scale nonclinical studies. 
Nonetheless, with the rapid increase in interest in this field 
and the emergence of  in‑depth learning, great progress can 
be expected in the next few years.

However, part of  missed detection cases may be due to 
endoscopists not adequately recognizing the lesions shown 
on video monitors. It is well‑known that the detection 
rate of  polyps in afternoon colonoscopy is lower than 
that in morning colonoscopy, which may be attributed to 
the fatigue of  endoscopists, consistent with Marcondes 
et al.[5] CADe polyp detection may be suitable to solve this 
problem. Computer monitoring of  colorectal lesions may 
be appropriate to prevent the omission of  polyps during 
endoscopy.

Video sequences collected during colonoscopy can be 
reviewed using CADe retrospectively. The CADe system 
used in this study has also been successfully tested on video 
clips recorded in the past.

One reason why colorectal polyps can be detected by 
colonoscopy may be that frame grabbers are used to 
capture image signals from the colonoscopy system and 
process images, which have no (short) delays between final 
depicting images on the second screen. However, this delay 
may be reduced by directly accessing the image stream of  
the colonoscopy system (without using a frame grabber).

In this study, the detection rates of  adenoma and the 
average number of  polyps and adenomas by colonoscopy 
in group CADe were significantly higher than group CON; 
however, the overall increase in adenoma detection was 
mainly due to the increase in small adenomas. Most of  the 

Table 2: Characteristics of polyps and adenomas
Characteristic CON 

(n=248)
CADe 

(n=486)
P

Pathology 0.210
Cance 0 (0.00) 0 (0.00) 1.000
Sessile serrated adenoma/polyp 13 (5.24) 18 (3.70) 0.538

Adenoma
Advanced adenoma 16 (6.45) 14 (2.88) 0.821
Other 128 (51.61) 236 (48.56) <0.001

Benign lesion
Proliferative and inflammatory 92 (37.10) 203 (41.77) <0.001
Hamartoma 0 (0.00) 0 (0.00) 1.000
Normal colonic mucosa 1 (0.40) 1 (0.21) 0.565

Polyp position <0.001
Cecum 3 (1.21) 6 (1.23) 0.481
Ascending colon 45 (18.15) 100 (20.58) <0.001
Transverse colon 48 (19.36) 112 (23.05) <0.001
Descending colon 23 (9.27) 73 (15.02) <0.001
Sigmoid colon 75 (30.24) 133 (27.37) <0.001
Rectum 54 (21.77) 62 (12.75) 0.260

Polypoid shape 0.088
Pedicle 36 (14.52) 52 (10.70) 0.211
Sessile 96 (38.71) 180 (37.04) <0.001
Flat 116 (46.77) 254 (52.26) <0.001
Polyp size (mm) 5.33±2.89 4.88±2.67 0.053

Classification of polyp size (mm) 0.098
0‑5 169 (68.15) 378 (77.77) <0.001
6‑10 63 (25.40) 86 (17.70) 0.042
>10 16 (6.45) 22 (4.53) 0.211

Adenoma location 0.388
Cecum 3 (2.11) 6 (2.40) 0.322
Ascending colon 40 (28.17) 50 (20.00) 0.320
Transverse colon 38 (26.76) 75 (30.00) <0.001
Descending colon 22 (15.49) 48 (19.20) 0.003
Sigmoid colon 20 (14.09) 35 (14.00) 0.016
Rectum 19 (13.38) 36 (14.40) 0.188

Adenoma shape 0.267
Pedicle 36 (25.35) 40 (16.00) 0.416
Sessile 46 (32.40) 88 (35.20) 0.001
Flat 60 (42.25) 122 (48.80) <0.001
Adenoma size (mm) 5.63±3.09 5.38±3.01 0.380

Classification of adenoma size (mm) 0.172
0‑5 89 (62.68) 166 (66.40) <0.001
6‑10 43 (30.28) 63 (25.20) 0.241
>10 10 (7.04) 21 (8.40) 0.096

P: χ2 test

Table 3: Detection of polyps and adenomas
CON (n=518) CADe (n=508) P FC/OR 95% CI

PDR 0.2781 0.4365 <0.001 1.570 1.586‑2.483
ADR 0.2389 0.3910 <0.001 1.637 1.201‑2.220
Average number of polyps detected 0.5684 0.8720 <0.001 1.534 1.652‑2.297
Average number of adenomas detected 0.3420 0.5178 <0.001 1.514 1.423‑2.016

FC: Fold change; OR: odds ratio; CI: confidence interval; PDR: polyp detection rate; ADR: adenoma detection rate; P: χ2 test or t‑test

Table 4: Results of good bowel preparation (BBPS ≥7)
CON (n=288) CADe (n=280) P FC/OR 95% CI

PDR 0.2834 0.4007 0.003 1.414 1.189‑2.303
ADR 0.2159 0.2700 0.17 1.251 1.946‑1.998
Average number of polyps detected 0.5048 0.8328 <0.001 1.650 1.302‑1.968
Average number of adenomas detected 0.2714 0.4309 0.006 1.588 1.423‑2.016

BBPS: Boston Bowel Preparation Scale; FC: Fold change; OR: odds ratio; CI: confidence interval; PDR: polyp detection rate; ADR: adenoma detection 
rate; P: χ2 test or t‑test
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small adenomas detected by CADe system were smaller, 
which also proves that smaller polyps are more easily ignored 
in the field of  vision than larger and more prominent polyps. 
Smaller adenomas have a lower risk of  malignancy than 
larger adenomas, but higher overall adenoma detection may 
ultimately help reduce the risk of  CRC, consistent with the 
results by Klare et al.[11] Further research should address the 
role of  CADe system in reducing polyps, which is the main 
objective of  colonoscopy.

The results of  this study show that detection of  
microproliferative polyps increases significantly, which 
may mean that additional unnecessary polypectomy will 
increase the workload. The CADe system is expected to be 
combined with the CADx system to support the detection 
and diagnosis of  lesions, thus avoiding excessive workload.

This system failed to help endoscopists detect more 
adenomas in the cecum and ascending colon, which may 
be due to the high instability of  colonoscopy in these areas, 
which reduces vision. In addition, there was no significant 
difference in the rectum, which may be due to the good 
visibility and stability of  colonoscopy in this segment.

This study is a prospective randomized controlled trial using 
a deep‑learning‑based CADe system to help endoscopists 
detect colon polyps in a large number of  patients. The 
results show that the CADe system can effectively deal 
with unidentified polyps. However, the remaining polyps 
in the blind area remains an unsolved problem.

This study has several limitations. First, in this study, 
we removed the biopsy time from each corresponding 
withdrawal time as an indirect reminder of  attention [Table 1]. 
The withdrawal time of  the two groups was similar 
(6.11 and 6.16 min, P = 0.16), which may represent similar 
observation attention. The CADe system had an average 
of  0.071 false alarms per colonoscopy, while having no 
prolonged withdrawal time.

In the future, double‑blinded studies can be used to study 
the application of  CADe system in improving the detection 

rate of  polyps/adenomas. This study may also help 
determine whether polyps can be detected simultaneously 
by endoscopists and systems or those initially missed by 
endoscopists, which is a problem not designed in current 
studies.

The detection rate of  polyps and adenomas in this study is 
not as high as reported in the Western countries. It may be 
affected by a variety of  factors, including the differences in 
genetics, lifestyle, diet and habits, as well as the incidence of  
colonic polyps/adenomas, between Eastern and Western 
populations. Therefore, the results of  this study may not 
be extended to the areas with higher detection rate of  
polyps/adenomas in the world. The application of  CADe 
system in these fields needs further study.

Although the false‑positives  rate was very low, the system 
designer did not take some false‑positive into account. 
These false‑positive results were caused by feces, fecal 
residue, local bleeding, inflammation, or wrinkled mucosa, 
which lead to distraction during examination or operation. 
This can be corrected by adding enough training samples 
to the system. This study did not control the fatigue level 
of  endoscopists participating in the examination, which 
may be an independent factor affecting adverse reactions. 
The application of  CADe system at different fatigue levels 
needs to be further studied. This study was conducted 
using Fuji Colonoscopy equipment. Therefore, we should 
also discuss the application of  CADe system in other 
colonoscope manufacturers.

In conclusion, this study shows that the CADe system 
based on in‑depth learning increases the detection rate 
of  colorectal polyps and adenomas. Therefore, the CADe 
system is feasible for the detection of  polyps and adenomas 
in colonoscopy.
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