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INTRODUCTION

With the progression in artificial intelligence (AI) tech-
nology, various computer-aided detection (CADe) systems
have been developed for colonoscopy to overcome the
limitation of human recognition errors.' CADe is designed

Background/Aims: We investigated how interactions between humans and computer-aided de-
tection (CADe) systems are influenced by the user’s experience and polyp characteristics.

Methods: We developed a CADe system using YOLOv4, trained on 16,996 polyp images from
1,914 patients and 1,800 synthesized sessile serrated lesion (SSL) images. The performance of
polyp detection with CADe assistance was evaluated using a computerized test module. Eigh-
teen participants were grouped by colonoscopy experience (nurses, fellows, and experts). The
value added by CADe based on the histopathology and detection difficulty of polyps were ana-
lyzed.

Results: The area under the curve for CADe was 0.87 (95% confidence interval [Cl], 0.83 to
0.91). CADe assistance increased overall polyp detection accuracy from 69.7% to 77.7% (odds
ratio [OR], 1.88; 95% ClI, 1.69 to 2.09). However, accuracy decreased when CADe inaccurately
detected a polyp (OR, 0.72; 95% Cl, 0.58 to 0.87). The impact of CADe assistance was most and
least prominent in the nurses (OR, 1.97; 95% Cl, 1.71 to 2.27) and the experts (OR, 1.42; 95%
Cl, 1.15 to 1.74), respectively. Participants demonstrated better sensitivity with CADe assistance,
achieving 81.7% for adenomas and 92.4% for easy-to-detect polyps, surpassing the standalone
CADe performance of 79.7% and 89.8%, respectively. For SSLs and difficult-to-detect polyps,
participants' sensitivities with CADe assistance (66.5% and 71.5%, respectively) were below
those of standalone CADe (81.1% and 74.4%). Compared to the other two groups (56.1% and
61.7%), the expert group showed sensitivity closest to that of standalone CADe in detecting SSLs
(79.7% vs 81.1%, respectively).

Conclusions: CADe assistance boosts polyp detection significantly, but its effectiveness de-
pends on the user’s experience, particularly for challenging lesions. (Gut Liver 2024;18:857-866)

Key Words: Colonoscopy; Polyps; Atrtificial intelligence

to assist endoscopists by automatically identifying polyp
patterns, thereby minimizing operator variability and en-
hancing the efficacy of colonoscopy screening. Clinical
studies have demonstrated that CADe effectively improves
polyp detection, leading to an increase in the adenoma
detection rate and a decrease in the adenoma miss rate.”’
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Furthermore, a recent meta-analysis including 12 previous
randomized controlled trials (RCTs) has indicated the ef-
fectiveness of CADe in adenoma detection, regardless of
the size, location, and morphology of the adenomas.’

However, recent studies examining the practical ap-
plication of CADe systems have raised concerns about
the discrepancy between the expected benefits of CADe
demonstrated in previous RCTs and the actual outcomes
observed in real-world settings.”'* Those real-world stud-
ies have not shown an improved adenoma detection rate
in Al-assisted colonoscopy compared to the standard
colonoscopy. Particularly, three studies employing the GI-
Genius system, recognized as one of the most authentic
CADe systems, indicated a declining trend in detecting ad-
enomas or advanced adenomas during the colonoscopies
using CADe.”"""? This observation raises a question for the
expectation that endoscopist-CADe collaboration invari-
ably leads to better outcomes than those achieved using
either modality independently.

Despite the advancement in Al development, the cur-
rent CADe system still faces several algorithmic challenges,
including a high rate of false positives (approximately 27
false alarms per colonoscopy) and reduced efficacy in
detecting elusive lesions, such as sessile serrated lesions
(SSLs)." Ultimately, these limitations can have a detrimen-
tal impact on endoscopists’ perceptions of CADe, poten-
tially leading to distraction or fatigue during procedures
and diminishing the reliability of CADe alarms."”"* These
potential drawbacks of CADe can impact the interaction
between human operators and the Al system, resulting
in various outcomes. Additionally, these results might be
further influenced by endoscopist-specific factors, such as
their overall experience with colonoscopy and the level of
their background knowledge of various colon polyps and
Al technologies.

This study investigated the impact of CADe on detec-
tion performance among 18 staff members with varying
levels of colonoscopy experience and background knowl-
edge in multicenter endoscopy departments. We aimed to
evaluate the differences in responses to CADe alerts based
on the correctness of CADe system assistance and the par-
ticipants' career. Additionally, we explored the various in-
teractions between humans and CADe in polyp detection,
which vary depending on the polyp characteristics.

MATERIALS AND METHODS

1. Study design and participants
In this experimental study, we used a computerized
testing module to assess the accurate localization of co-
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lon polyps. This module was developed using MATLAB
(MATLAB R2020b; MathWorks Inc., Natick, MA, USA).
The test was conducted two times on the same set of test
images, depending on the CADe assistance.

Opverall, 18 participants were enrolled in this study; they
were categorized into three groups based on their experi-
ence with colonoscopy. Group 1 comprised six nurses
who had no experience in performing colonoscopies but
had worked in the endoscopy unit as assistant nurses for
>3 years. They also had prior experience assisting CADe-
assisted colonoscopy. Before participating in this study, all
participants in group 1 completed 30-minute educational
courses on the clinical knowledge of various colorectal
polyps. Group 2 included six fellows from the Department
of Gastroenterology at Seoul National University Hospital
(SNUH) with >1 year but <3 years of experience with colo-
noscopy. Group 3 comprised six specialized board-certified
gastroenterologists from SNUH Healthcare System Gang-
nam Center, each with >6 years of colonoscopy experience
and had conducted >5,000 colonoscopies (Supplementary
Table 1).

This study was conducted as a part of the SNUH Colo-
noscopy Al (SCAI) project. The study protocol adhered to
the ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the SNUH Institutional Review
Board (IRB number: H-2107-235-1240).

2. Test process for polyp detection

In test 1, participants were required to detect polyps
within each test image. When the participants could
not detect the polyp, their answers were automatically
interpreted as the absence of a polyp. If the participants
identified a polyp on the test screen, they were required
to accurately delineate the boundaries of the polyp using
a bounding box. To mitigate recall bias, approximately 2
months after completing test 1, test 2 was conducted. The
images used in the test remained unchanged; however,
their sequence was randomly altered. In test 2, the same
participants conducted the test with CADe assistance.
In cases where the CADe detected polyps, the auxiliary
Al screen displayed the boundaries of the polyps using a
bounding box. Additionally, the confidence probability
indicating the potential presence of polyp was explicitly
specified (Fig. 1).

3. The composition and characteristics of the test set

The colonoscopy images used in the test were extracted
from our prospective database. The prospective database
comprised colonoscopy videos and still images obtained
from patients who underwent colonoscopy at SNUH
Healthcare System Gangnam Center from January 2020
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to December 2021. All image collections were conducted
with written informed consent.

Two experts who did not participate in the test reviewed
all images and selected a total of 300 high-quality white-
light colonoscopy images, comprising 219 polyps and 81
normal images. The normal images included normal bowel
walls (n=63, 77.3%) or bowel contents (n=18, 22.2%), such
as bubbles and fecal materials. Among the 219 polyp im-
ages, 152, 30, and 37 were adenomatous polyps, hyperplas-
tic polyps, and SSLs, respectively. To investigate the effect
of the CADe according to the level of difficulty for polyp
detection, all polyp images were classified as “difficult-
to-detect polyp” and “easy-to-detect polyp” A polyp was
considered a “difficult-to-detect polyp” if it met at least one
of the following criteria: (1) polyps occupying <5% of the
total frame; (2) subtle polyps exhibiting only color changes
compared to the adjacent normal mucosa; (3) polyps re-
sembling normal structures, such as folds; and (4) polyps
situated at the four corner edges of the frame (Supplemen-
tary Fig. 1). Among the polyps, 160 (73.1%) and 59 (26.9%)
were difficult-to-detect and easy-to-detect polyps, respec-
tively (Table 1).

To establish ground truth for polyps, these two experts
separately marked the boundaries of all polyps using the
Labellmg version 1.8.6 software (https://github.com/tzuta-
lin/labellmg), and assessed the level of detection difficulty.
A third expert made minimal adjustments if there were
significant disagreements between the two experts’ assess-
ments.

4. Outcome measures and statistical analysis

We assessed the changes in polyp detection perfor-
mance for each group according to the CADe assistance,
using accuracy, sensitivity, and false positive rate (FPR) as
evaluation metrics. The difference in the effects of CADe

Test screen

(with CADe assistance)

Al screen

AT\« AT\ -

Test 2 . .
Fig. 1. Study design. CADe, com-

puter-aided detection; Al, artificial
intelligence.

Table 1. Details of the Test Set Images

e Number
(n=300)
Polyp image 219
Pathology
Adenoma (adenocarcinomal)* 152
Hyperplastic polyp 30
Sessile serrated lesion 37
Morphology
Protruded (Is and Isp) 31
Flat (lla, Ilb, and lic) 188
Percentage of area occupied by polyps on the screen
<5% 148
>5% 71
Levels of difficulty for polyp detection
Difficult-to-detect 160
Easy-to-detect 59
Normal image 81

*Adenoma (n=151) and adenocarcinoma (n=1).

assistance based on participant groups and polyp charac-
teristics was also evaluated. Additionally, we compared the
change in polyp localization performance according to the
CADe assistance using the intersection over union (IoU)
to measure localization accuracy. An IoU value <0.5 indi-
cated the polyp absence.

The changes in performance metrics (accuracy, sensitiv-
ity, FPR, and IoU) were compared using a one-sample pro-
portional test. A generalized linear mixed-effect model was
used to measure the effect of CADe on the polyp detection
performance. A receiver operating characteristics curve
was also plotted to evaluate the detection performance of
our CADe system. Statistical significance was set at p<0.05.
Categorical variables are presented as frequency counts
and percentages. Continuous variables are expressed as
means and standard deviations. All statistical analyses were
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performed using the R statistical programming software (R
Core Team 2022; R Foundation for Statistical Computing,
Vienna, Austria, http://www.R-project.org).

5. CADe model

Colonoscopy images for developing the CADe algo-
rithm were collected from retrospective and prospective
databases, as mentioned above. The retrospective dataset
was constructed by extracting still images of polyps col-
lected for the Gangnam-Real-Time Optical Diagnosis pro-
gram, as described in detail by Bae et al."”

We used the YOLOV4 to develop a computer-aided pol-
yp detection algorithm with the following conditions: 100
epochs, 64 batch size, 0.001 learning rate, 0.949 momen-
tum, 0.0005 decay, and nine sizes of anchors optimized
with our training dataset. Regarding training, we used
16,996 high-quality images (8,481, 2,956, and 5,559 images
of adenomatous polyps, SSLs, and hyperplastic polyps,
respectively) from 1,914 patients. The SSL polyp synthesis
augmentation technique was used to overcome the low
detection rate due to the relative lack of SSL images.'® We
used 1,800 SSL synthetic images for training. Subsequently,
15,532 false-positive images, including fecal or remnant
food material from 197 normal videos, were extracted and
used for training to reduce the FPR.

To evaluate the performance of CADe, 51 and 39 polyp
and normal images, respectively, were used as validation
data. The sensitivity and specificity of CADe were 98.0%
and 97.0%, respectively; the positive and negative predic-
tive values were 98.0% and 97.0%, respectively.

RESULTS

1. The effect of CADe across different participating

groups

For the test set, the CADe system demonstrated an ac-
curacy of 79.0% in detecting polyps. The overall accuracy
of all three groups in polyp detection increased signifi-
cantly from 69.7% to 77.7% (p<0.001) (Table 2). Group 1
(nurses) and group 2 (fellows) showed accuracy increases
of 14.7% and 5.7%, respectively, while group 3 (experts)
exhibited a 3.6% improvement in accuracy (Table 2, Fig
2A). The overall accuracy in polyp localization assessed us-
ing IoU also significantly increased from 0.52 to 0.61 with
CADe assistance (p<0.001). The performance of polyp lo-
calization according to participating groups is described in
Supplementary Table 2.

The FPR of the CADe system for the test set was 19.8%.
The overall FPR across the three groups slightly decreased
from 21.5% to 20.5% with CADe assistance; however, sta-
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tistical significance was not observed (p=0.381). The FPR
of group 1 increased from 13.6% to 13.8% (p=0.914), while
that of groups 2 and 3 decreased by 1.4% and 1.8% with
CADe assistance, respectively (Fig. 2B). These differences
were not statistically significant.

The CADe system exhibited a sensitivity of 78.5% in
detecting all polyps within the test set. The overall sensitiv-
ity in polyp detection increased with CADe assistance by
20.3%, 7.3%, and 4.2% in groups 1, 2, and 3, respectively
(p<0.001) (Fig. 2C).

2. Human-Al interaction according to the correctness

of CADe

The area under the curve for the CADe system was
0.87 (95% confidence interval [CI], 0.83 to 0.91), indicat-
ing good detection performance (Fig. 3). When CADe
detected polyps accurately, a significant increase was found
in the accuracy of polyp detection among the total partici-
pants (odd ratio [OR], 2.87; 95% CI, 2.52 to 3.28; p<0.001)
(Table 3). However, the accuracy of total participants in
polyp detection decreased when CADe did not accurately
detect polyps (OR, 0.72; 95% CI, 0.59 to 0.87; p<0.001). Of
the cases that the participants detected incorrectly in test 1,
48.9% were correctly detected with CADe assistance in test
2. Among the cases correctly detected by the participants
in test 1, 9.7% were misguided with CADe assistance in
test 2 (Table 4).

Table 2. The Effect of CADe on the Accuracy of Polyp Detection

Group Participants, % Participants+CADe, % p-value
Total (n=18) 69.7 77.7 <0.001
Group 1 (nurses) 60.1 74.8 <0.001

N1 48.7 74.7
N2 59.7 77.7
N3 62.3 65.7
N4 66.7 77.0
N5 56.0 73.0
N6 67.0 80.7
Group 2 (fellows) 70.2 75.9 <0.001
F1 58.7 70.7
F2 74.3 77.7
F3 69.3 68.7
Fé4 75.0 80.0
F5 73.3 82.7
Fé 70.3 76.0
Group 3 (experts) 78.9 82.5 0.010
E1 81.3 83.7
E2 81.7 83.3
E3 79.3 82.7
E4 75.3 80.7
E5 75.7 83.7
E6 80.3 81.0

CADe, computer-aided detection.
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Table 3. The Interaction between CADe and Participating Groups Ac-
cording to True or False Guidance by the CADe

Group OR (95% Cl) p-value

Overall

Total 1.88 (1.69-2.09) <0.001

Group 1 1.97 (1.71-2.27) <0.001

Group 2 1.60 (1.33-1.94) <0.001

Group 3 1.42 (1.15-1.74) <0.001
Correct CADe assistance

Total 2.87(2.52-3.28) <0.001

Group 1 6.78 (5.25-8.84) <0.001

Group 2 2.15(1.71-2.70) <0.001

Group 3 2.18(1.68-2.83) <0.001
Incorrect CADe assistance

Total 0.72 (0.59-0.87) <0.001

Group 1 0.66(0.45-0.94) 0.026

Group 2 0.80 (0.57-1.14) 0.206

Group 3 0.60(0.42-0.87) 0.005

[ Group standalone
[ Group+CADe

30

25.7

243 25.3

25 1 23.5

215
20 A
15 4 13.613.8

10 A

False positive rate (%)

0 T T T
Total Group 1 Group 2

Group 3

Fig. 2. The effect of CADe on polyp detection according to participat-
ing groups. (A) Accuracy. (B) False positive rate. (C) Sensitivity. CADe,
computer-aided detection; Group 1, nurses; Group 2, fellows; Group 3,
experts.

CADe, computer-aided detection; OR, odds ratio; Cl, confidence inter-
val; Group 1, nurses; Group 2, fellows; Group 3, experts.

3. The impact of CADe assistance based on polyp

characteristics

The area under the curve of CADe were 0.87 (95% CI,

1.00 AUC=0.87 g
0.75 1 39
z
Z e
@ 0.50 e
c e
o) .
n L
0.25 - /’/ — ROC curve
e O Group1 @ Group 1+CADe
e O Group2 @ Group 2+CADe
e Group 3 Group 3+CADe
0 0.25 0.50 0.75 1.00
1-Specificity

Fig. 3. The ROC curve evaluating detection performance of the CADe
system. ROC, receiver operating characteristic; CADe, computer-
aided detection; AUC, area under the curve; Group 1, nurses; Group 2,
fellows; Group 3, experts.

0.82 to 0.91) for adenomas and 0.92 (95% CI, 0.86 to 0.98)
for SSLs, respectively, indicating good-to-excellent perfor-
mance. For easy-to-detect and difficult-to-detect polyps,
the area under the curves of the CADe system were 0.94
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Table 4. The Effect of the CADe on Changes of Confusion Matrix

Distribution

Group 1
(nurses)

Group 2
(fellows)

Group 3

Total P~

Corrected cases when assisted/incorrect cases when unassisted

48.9(799/1,635) 52.2(375/719)  43.2(232/537)  50.7 (192/379)

(FP to TNJ/FP 49.0 (154/314)  63.6 (42/66) 39.2 (49/125) 51.2 (63/123)
(FN to TP)/FN 48.8(645/1,321) 51.0(333/653)  44.4(183/412)  50.4(129/256)
Misguided cases when assisted /originally correct cases when unassisted 9.7 (366/3,765) 10.2(110/1,081) 10.1(128/1,263) 9.0 (128/1,421)
(TP to FN)/TP 8.7(227/2,621) 10.1(67/661) 9.5 (86/902) 7.0 (74/1,058)
(TN to FP)/TN 12.2(139/1,144)  10.2 (43/420) 11.6 (42/361) 14.9 (54/363)
Data are presented as percent (number/number).
CADe, computer-aided detection; FP, false positive; TN, true negative; FN, false negative; TP, true positive.
Table 5. The Influence of CADe on the Sensitivity According to Pathology and Levels of Difficulty for Polyp Detection
Group CADe, % Participants, % Participants+CADe, % p-value
Total
Adenoma 79.5 73.5 81.7 <0.001
Sessile serrated lesion 81.1 49.6 66.5 <0.001
Easy-to-detect 89.8 86.4 92.4 <0.001
Difficult-to-detect 744 59.2 71.5 <0.001
Group 1 (nurses)
Adenoma 79.5 60.6 76.7 <0.001
Sessile serrated lesion 81.1 26.6 58.1 <0.001
Easy-to-detect 89.8 75.4 91.0 <0.001
Difficult-to-detect 74.4 41.0 63.0 <0.001
Group 2 (fellows)
Adenoma 79.5 75.4 82.2 <0.001
Sessile serrated lesion 81.1 50.9 61.7 0.001
Easy-to-detect 89.8 89.6 91.5 0.237
Difficult-to-detect 744 60.9 70.3 <0.001
Group 3 (experts)
Adenoma 79.5 84.4 86.2 0.151
Sessile serrated lesion 81.1 71.2 79.7 0.003
Easy-to-detect 89.8 94.1 94.6 0.655
Difficult-to-detect 744 755 81.0 <0.001

CADe, computer-aided detection.

(95% CI, 0.90 to 0.98) and 0.85 (95% CI, 0.80 to 0.89), re-
spectively (Supplementary Fig. 2).

For adenoma detection, the integration of CADe with
participants also demonstrated an increase in sensitivity. In
group 3, no significant difference was observed in sensitiv-
ity for adenoma detection with CADe assistance (84.4%
vs 86.2%, p=0.151). However, groups 1 and 2 exhibited
statistically significant increases in sensitivity by 16.1%
and 6.8%, respectively (p<0.001) (Table 5, Fig. 4A). When
interaction occurred between participants and CADe, the
overall sensitivity for adenoma detection exceeded that ob-
served when participants or CADe operated alone (Table 5,
Fig. 4A). This tendency was also observed in the detection
of easy-to-detect polyps (Table 5, Fig. 4C).

In detecting SSLs and difficult-to-detect polyps, all three
groups showed statistically significant increase in sensitiv-
ity with CADe assistance (Table 5, Fig 4B and D). However,
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participants failed to achieve the performance of CADe
as a standalone tool. Nonetheless, group 3 demonstrated
results closest to the sensitivity of CADe alone in detecting
SSLs (79.7% vs 81.1%, respectively), compared to the other
two groups.

DISCUSSION

In this study, we evaluated the interaction between hu-
mans and CADe-assisted colonoscopy using a sophisticat-
ed test platform involving participants with various levels
of expertise. Notably, no report exists on the relationship
between the endoscopist and CADe according to the char-
acteristics of the user and the polyps to be detected. Our
findings provide a pivotal insight into integrating Al tools
in real practice. These data indicate that participants were
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Fig. 4. The influence of CADe assistance in polyp detection: an analysis of sensitivity based on polyp characteristics. (A} Adenoma. (B) Sessile ser-
rated lesion. (C) Easy-to-detect polyp. (D) Difficult-to-detect polyp. CADe, computer-aided detection; Group 1, nurses; Group 2, fellows; Group 3,

experts.

more receptive to CADe guidance when it was correct
(OR, 2.87) than instances where CADe provided incorrect
advice (OR, 0.72). This suggests that endoscopists can dis-
cern and adopt appropriate recommendations from CADe.
Particularly, the advantage of correct guidance from CADe
outweighs the risks associated with inaccurate guidance.
Additionally, our results reveal that the interpretation of
CADe outputs varies depending on the user’s background
knowledge (or skill level) and the specific characteristics
of the polyp. Consequently, the optimal effect achieved
through the collaboration between humans and CADe
differs across the groups. This highlights the importance
of comprehensive training in foundational colonoscopy
knowledge for endoscopists, even in an era increasingly
dominated by AI technologies.

A recent meta-analysis including 12 RCTs with 11,340
patients found evidence of CADe effect on adenoma de-
tection, which resulted in 26% and 8.4% increases in the
relative and absolute adenoma detection rate, respectively.’
Another meta-analysis for miss rates of colon polyps also
demonstrated 65% and 78% reduction in adenoma and
SSL miss rates, respectively.”” Nonetheless, recent studies
examining CADe performance in real-world settings have

revealed that implementing Al has not improved quality
metrics in clinical practice. This striking discrepancy be-
tween real-world data and previous RCTs suggested new
insight and opportunity for study, enabling us to under-
stand what transformed a useful Al tool into a bothersome
assistant in terms of the human- Al interaction.

In this study, the CADe system exhibited a substantial
impact on the accuracy of detecting colon polyps across all
groups. The human-Al interaction was also most and least
significant in the nurse group (OR, 1.97) and the expert
group (OR, 1.42), respectively. This finding deviates from
our initial expectations, which anticipated that nurses,
given their relatively lower level of colonoscopy expertise
compared to fellows and experts, would derive limited
benefits from CADe assistance. Previous research applying
the Unified Theory of Acceptance and Use of Technology
model suggests a strong correlation between physicians’
overall perceptions of Al-assisted technology and their
acceptance and adoption of Al systems.' In the prelimi-
nary survey of this study, the nurse group demonstrated
a relatively higher familiarity with AI technology due to
their experience assisting CADe-assisted colonoscopy,
which seemed to lead to significant interaction with CADe

https://doi.org/10.5009/gnl240068 863
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despite their relatively lower baseline performance. Con-
versely, the expert group tended to adhere to their original
decisions, potentially reflecting a reliance on their estab-
lished expertise. This finding underscores the necessity for
further research to investigate the impact of user attitudes,
particularly their reliance on Al on the efficacy of the sys-
tem.

Our study revealed that the nurse and fellow groups
exhibited limited performance with the CADe system,
notably in detecting SSLs and other challenging lesions,
failing to achieve the performance of CADe when used
alone. This observation suggests that accumulating in-
depth knowledge about complex polyp types, such as SSLs,
would significantly enhance the efficacy of Al-assisted
colonoscopy. When CADe assisted in recognizing subtle
and challenging lesions, the performance (assessed using
the sensitivity) of the fellow group was lower than that of
the expert group. This observation highlights the need for
advanced expertise in the field, even with the assistance
of sophisticated technology, while also emphasizing the
necessity for more targeted and comprehensive education
on challenging lesions for trainees. An increasing body of
evidence suggests a correlation between improved SSL de-
tection and the extent of lesion-specific knowledge.””' In a
preliminary questionnaire, all members of the nurse group
reported no prior knowledge of optical diagnosis for colon
polyps, and only half of the individuals in the fellow group
indicated a high level of familiarity with the Workgroup
Serrated Polyps and Polyposis classification. In contrast,
members of the expert group were well acquainted with
the Workgroup Serrated Polyps and Polyposis classifica-
tion and had undergone training in optical diagnosis for
SSLS'IS,ZO

Interestingly, this study is the first to identify the effects
of the CADe system on nurses” detection performance.
Among the three groups, the nurse group had the most
significant improvement in polyp detection. In the early
2000s, the interest in and demand for nurses who perform
colonoscopies in many countries increased because of the
growing demand for colonoscopies as a screening tool for
colorectal cancer.”” In Korea, nurses do not perform colo-
noscopies because of medicolegal issues. However, their
assistance with colonoscopy procedures and therapeutic
interventions is essential.”* Improvement in the ability of
nurses to recognize polyps is crucial to the effectiveness
and safety of colonoscopy procedures. CADe implemen-
tation in clinical practice might positively influence the
nurses’ performance because they are less likely to have
sufficient training opportunities than physicians.

This study had some limitations. First, the evaluation of
the interaction between the CADe system and participants
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was conducted using an ex vivo approach, employing a
computerized test module rather than a real-time study.
Nonetheless, the sophisticated test module assessed the im-
pact of the CADe system on recognition accuracy among
participants with differing levels of knowledge and experi-
ence. This decision was made due to the impracticality
of conducting in vivo studies for the design of this study,
which aimed to be performed under controlled conditions
with consistent polyp characteristics, excluding proficiency
in the exposure technique. Second, more than half of the
polyp images utilized in the test set were classified as dif-
ficult-to-detect, following consensus among three experts.
This prevalence may not precisely represent the typical
clinical setting and could exaggerate or diminish the ef-
fectiveness of the CADe system. Consequently, the CADe
system exhibited lower detection performance on the test
set compared to the validation phase. However, it is impor-
tant to note that missed polyps frequently presented as flat
or small lesions. We prioritized the occurrence of missed
polyps as criterion for identifying difficult-to-detect polyps
in categorizing the polyp images within the test set. This
approach in our test design underscores the necessity for
developing a more sophisticated CADe system capable of
more effectively detecting challenging lesions. Addition-
ally, in contrast to previous studies, “the proportion of the
lesion in the entire frame,” rather than the actual size of
the polyp, was used to classify polyps, which reflects the
distance of the polyp observed from the operator. This can
provide a more realistic assessment of the interaction be-
tween humans and CADe systems. Lastly, the performance
of CADe systems can play a crucial role in determining
their effectiveness. In fact, Nehme et al."’ reported that en-
doscopists have cited the FPR, a key performance indicator
of CADe systems, as a major concern in their incorpora-
tion into colonoscopy practice. Furthermore, a recent
study that directly compare the performance of different
commercial CADe systems indicated that clinicians might
take these performance discrepancies into account when
selecting a CADe system to meet specific requirements.”
These findings suggest that CADe systems with varying
performance levels could have diverse impacts on user’s
behaviors and attitudes towards CADe. The CADe system
used in this study was an early-stage model that demon-
strated substantial performance levels. Further research is
necessary to determine how the interaction between CADe
and users may differ when a higher-performance CADe
system is employed.

In conclusion, CADe assistance enhanced performance
for polyp detection across various groups, encompassing
nurses, fellows, and experts. However, the extent of its im-
pact on polyp recognition and the synergistic interaction
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between human operators and CADe systems appears to
be influenced by the career stage of the participants and
the specific characteristics of the polyps. This variability
may stem from differences in the endoscopists’ founda-
tional knowledge of colonoscopy or their attitudes toward
adopting new technologies. Establishing a harmonious
collaboration between humans and Al necessitates a focus
on continuous education in both basic colonoscopy skills
and Al technology. Moreover, fostering a balanced attitude
(neither over-reliance nor under-reliance) towards Al tech-
nology is crucial for the successful integration of CADe
systems into colonoscopy practices.
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