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Abstract. – OBJECTIVE: It is unclear wheth-
er photodocumentation is associated with col-
orectal neoplasm (CRN) detection at colonosco-
py, despite its ability to take more images with 
the development of affordable digital imaging 
systems. This study aimed to investigate wheth-
er photodocumentation-related factors could af-
fect the detection rate of CRNs in healthy sub-
jects.

PATIENTS AND METHODS: A total of 2,637 
subjects undergoing screening colonoscopy in 
routine health check-ups at CHA Bundang Med-
ical from January to September 2016 were en-
rolled in this study. Only the endoscopic im-
age data for observation purposes during colo-
noscopy withdrawal was used in this analy-
sis. The number of observation images, obser-
vation time and the speed of photodocumenta-
tion (SPD) defined as the number of observation 
images per minute were used as quantity mea-
sures of photodocumentation. The presence of 
documented anatomical landmarks such as ap-
pendix orifice (AO), ileocecal valve (ICV), ano-
rectal junction was used as quality measures of 
photodocumentation. 

RESULTS: Among subject-related factors, the 
independent factors for CRN detection in the 
multivariate analysis were age, male sex, waist 
circumference, and family history of colorectal 
cancer. In photo-documentation-related factors, 
SPD [Odds ratio (OR) 0.800; 95% confidence 
interval (CI), 0.740 to 0.864], observation time 
over 6 min (OR 1.671; 95% CI, 1.145 to 2.439), 
clear documentation of appendix orifice (AO) 
(OR 5.976; 95% CI, 4.548 to 7.852) and ileocecal 
valve (ICV) (OR 3.826; 95% CI, 2.985 to 4.904), 

and endoscopists (p < 0.001) were independent-
ly significant factors. However, the number of 
observation images was not associated with the 
detection of CRNs. 

CONCLUSIONS: Lower SPD and clear docu-
mentation of cecal landmarks might be associ-
ated with an increased detection rate of CRNs.

Key Words:
Colonoscopy, Endoscopy, Colorectal neoplasms. 

Introduction

Post-colonoscopy colorectal cancers (PC-
CRCs), which are defined as CRCs diagnosed 
months or years after a colonoscopy that are neg-
ative for CRC or premalignant lesions, may arise 
from missed cancers and missed or incompletely 
resected benign lesions1. In a previous study2, the 
rate of PCCRCs within 3 years was 7.4%. A total 
of 85% of PCCRCs are caused by missed lesions3. 
A recent meta-analysis and review article4,5 re-
ported that the colorectal neoplasm (CRN) miss 
rate at a single colonoscopy was approximately 
26%. Previous studies4,6-8 have shown that inad-
equate bowel preparation, incomplete colonosco-
py, and a short withdrawal time may be predictive 
of missed CRNs. However, a significant CRN 
miss rate is still observed9 with adequate bow-
el preparation and withdrawal time. Therefore, 
additional studies on other factors associated 
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with CRN detection are required. The factors 
associated with CRN detection can be divided 
into subject-related factors (e.g., age, male sex, 
metabolic syndrome, smoking, family history, 
and bowel preparation)10-13 and procedure-related 
factors (e.g., observation time during withdrawal, 
insertion time, repeat exploration or retroflexion 
of the right colon, video recording, and position 
change)14-17. In contrast to subject-related factors, 
procedure-related factors can be modified by en-
doscopists. However, studies of procedure-related 
factors are limited. 

With the development of affordable digital 
imaging systems, the quality and quantity of 
photodocumentation among endoscopic proce-
dures are growing rapidly18. However, studies 
on photodocumentation-related factors asso-
ciated with CRN detection are lacking and 
virtual chromoendoscopy, such as narrow band 
images, has not yet had a significant impact 
on CRN detection19. Among photodocumen-
tation-related factors, observation time (with-
drawal time) is associated with increased CRN 
detection17,20-23. The observation time is divided 
into the time consumed for real-time observa-
tion during endoscopic movement and the time 
consumed for photodocumentation (freezing/
capturing images) during the pause of endo-
scopic movement. 

Although the photodocumentation process 
takes up a significant part of the observation time, 
few studies in literature have investigated wheth-
er photodocumentation is related to CRN detec-
tion. Unlike the real-time observation process 
during endoscopic movement, the main purpose 
of photodocumentation is to record rather than 
to observe, which could have a negative effect 
on CRN detection. On the other hand, photod-
ocumentation could play a positive role in CRN 
detection by inducing mucosal cleansing, meticu-
lous inspection, and longer withdrawal time15,24,25. 
In addition, freezing an image can play a positive 
role in CRN detection by providing an opportuni-
ty to observe the area of interest without artifacts 
caused by patient movement24. A recent study26 
showed that meticulous cecal documentation is 
related to improved polyp detection. However, 
another study27 reported that cecal documentation 
was not significantly associated with adenoma 
and polyp detection rates. In upper gastrointes-
tinal endoscopy, documentation of anatomical 
landmarks and the number of images are relat-
ed to abnormal mucosal lesion detection24,28-30. 
However, studies investigating the association 

between photodocumentation and CRN detection 
are still limited. 

Therefore, this study aimed to define several 
factors related to photodocumentation (number 
of observation images, observation time, speed 
of photodocumentation, and clear documentation 
of landmarks) and investigated the association 
between these factors and CRN detection.

Patients and Methods

Ethical Approval and Informed Consent
This study was approved by the Institutional 

Review Board (IRB) of CHA Bundang Medi-
cal Center (approval number: CHAMC 2022-04-
067). All methods were performed in accordance 
with the relevant guidelines and regulations of the 
IRB. All participants provided written informed 
consent for participation in the study.

Study Population
This cross-sectional, retrospective study re-

viewed the medical records of subjects who un-
derwent colonoscopy as part of routine health 
check-ups from January to September 2016 at the 
CHA Bundang Medical Center, Korea. A total of 
2,637 subjects who underwent colonoscopy were 
enrolled. We excluded subjects who had any of 
the following: (1) colonoscopy for any reason 
in the previous 5 years; (2) history of colorectal 
cancer; (3) history of colorectal surgery or pol-
ypectomy; (4) history of inflammatory bowel 
disease or intestinal tuberculosis; (5) cecal intu-
bation failure; (6) Boston bowel preparation scale 
(BBPS) under 7; (7) failure of an adequate biopsy; 
(8) image transfer error to Picture Archiving and 
Communication Systems (PACS); and (9) exam-
ination by an unregistered endoscopist (Figure 1).

Colonoscopic 
Photodocumentation-Related Factors 

All images and times were based on data up-
loaded to the PACS. In the observation image, 
only images for observational purposes during 
withdrawal were included, excluding images tak-
en at the time of insertion, images of anal red-out, 
images with blurred focus, images recorded for 
treatment purposes, and images of the terminal 
ileum. In the case of the appendix orifice (AO) 
image, only a close-up shot with the endoscope 
entering the cecal base was accepted (Figure 2A), 
and a distantly captured image with the ICV was 
not accepted (Figure 2C). In addition, if a turbid 
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Figure 1. Cases accepted as appendix orifice images (A-B) and not accepted (C-D).

Figure 2. Cases accepted as ileocecal valve images (A-B) and not accepted (C-D).
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liquid (Figure 2D) or a solid material other than 
the transparent serous fluid (Figure 2B) covers 
the orifice, it is not acknowledged as an accurate 
AO image. For ICV images, only close-up images 
showing more than half of the opening lip were 
accepted (Figure 3A-B). Moreover, even a close-
up image was not approved if the opening lip was 
less than half visible (Figure 3C-D). An anorectal 
junction retroflexion image was defined as a case 
in which the inserted endoscope was visible with 
anorectal junction.

The observation time was calculated using 
PACS, because the present time is simultaneously 
stored when endoscopists perform image capture. 
The observation time was calculated by subtract-
ing the time between the first image of the cecum 
and the last image of the rectum. When endo-
scopic procedures such as biopsy or polypectomy 
were performed during withdrawal, in agreement 
with the literature, we subtracted the procedure 
time calculated via PACS22,31. Since the current 
guidelines and literature suggest that 6 min is the 
minimum adequate mean withdrawal time for 
screening colonoscopy in which no polyps are re-
moved, we divided the observation time into two 
groups (≥ 6 min vs. < 6 min)23,31,32. The SPD is a 

new concept created in this study based on other 
studies33 and is defined as the number of observa-
tion images in observation time (min). This study 
was designed to investigate whether the simple 
number of colonoscopically captured images and 
the number of images per unit time are related to 
the quality of colonoscopy. 

Detection of Colorectal Neoplasms
All colonoscopies were conducted by one 

of four endoscopists with specialty certificates 
in gastroenterology and endoscopy. For bowel 
preparation, 2 L of polyethylene glycol with 
ascorbate (CM Light Power®; CMG Pharmaceu-
ticals, Seoul, South Korea) was prescribed prior 
to colonoscopy. The number, size, and location of 
CRN were obtained from a colonoscopy report. 
Polyp size was measured using biopsy forceps. 
The location of CRN was classified into the fol-
lowing four sections: (1) cecum, (2) ascending co-
lon containing hepatic flexure, (3) transverse co-
lon containing splenic flexure, and (4) descending 
colon to the rectum. Histological findings of CRN 
were classified as tubular adenoma (TA), tubu-
lovillous adenoma or villous adenoma (TVA or 
VA), high-grade dysplasia (HGD), sessile serrated 

Figure 3. Flow diagram illustrating the exclusion of the study subjects from this analysis for the reasons indicated.  *The 
wrong person’s image is uploaded, there is no image in PACS, or only an image captured incorrectly is uploaded. 
†Endoscopists who are not registered full-time at the center where the subjects received colonoscopy. CRN, colorectal neo-
plasm; PACS, Picture Archiving and Communication Systems.
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adenoma (SSA), and cancer. Advanced CRN was 
defined as cancer or adenoma that satisfied any 
of the following criteria: (1) at least 10 mm in 
diameter, (2) high-grade dysplasia, and (3) a vil-
lous or tubulovillous component. If three or more 
adenomas were found in a single examination, 
it was defined as multiple CRNs and separated 
into groups with and without multiple CRNs. For 
subjects with two or more CRNs, the size and 
pathology of neoplasms with the largest size or 
advanced pathology were recorded. 

Measurements, Definitions, and 
Laboratory Assays

All body measurements (height, weight, and 
waist circumference) of the subjects were per-
formed by well-trained nurses. Metabolic syn-
drome was defined based on the updated National 
Cholesterol Education Program/Adult Treatment 
Panel III criteria34. Laboratory tests, including 
serum glucose and lipid profiles, were measured 
after a fasting period of at least 12 h on the day of 
endoscopy. The presence of fatty liver was deter-
mined using abdominal ultrasonography.

Questionnaire
All subjects responded to the following items 

on the questionnaire: smoking status (ever, never), 
alcohol consumption, physical activity, family his-
tory (FH) of CRC in first-degree relatives, aspirin 
use (confirmed prescription in the medical record), 

and current medications (diabetes and hyperten-
sion). Subjects receiving antihypertensive medi-
cations were included in the hypertension group. 
Subjects receiving diabetes treatment or with a 
fasting blood glucose level of 110 mg/dL or more 
were included in the high fasting glucose group34. 

Statistical Analysis 
All statistical analyses were performed using 

SPSS version 27 for Windows (IBM Corp., Ar-
monk, NY, USA). Differences in categorical vari-
ables between the groups were analyzed using the 
Chi-square test or Fisher’s exact test. Continuous 
variables were compared using Student’s t-test. 
All risk factors with a significant difference, as 
determined by univariate analysis, were included 
in the multivariate analysis using forward step-
wise logistic regression. OR and 95% CIs were 
calculated for each variable in the multivariate 
analysis. Statistical significance was set at p < 
0.0535,36. 

Results

Subject-Related Factors Associated with 
Colorectal Neoplasm Detection  

After the exclusions were complete, 2,356 sub-
jects were included in the analysis (Figure 1). 
Table I presents the baseline characteristics of the 
subjects and the univariate analysis of subject-re-

Table I. Univariate analysis of subject-related factors associated with CRN detection.

 Subject-related factors CRN positive (n = 568) CRN negative (n = 1,788) p-value

Male sex  388 (68.3%) 942 (52.7%) < 0.001
Age, years 52.0 ± 11.0 44.7 ± 10.6 < 0.001
Body mass index, kg/m2 24.5 ± 3.1 23.6 ± 3.5 < 0.001
Metabolic syndrome 73/532 (13.7%) 165/1,732 (9.5%) 0.006
Waist circumference, cm 86.6 ± 8.9 83.8 ± 9.5 < 0.001
Hypertension 216/532 (40.6%) 465/1,732 (26.8%) < 0.001
High fasting glucose 115/532 (21.6%) 185/1,732 (10.7%) < 0.001
Triglycerides, mg/dL 122.9 ± 87.7 109.8 ± 72.7 0.002
HDL, mg/dL 55.8 ± 14.8 59.0 ± 15.9 < 0.001
LDL, mg/dL 131.5 ± 36.1 131.3 ± 33.7 0.904
Total cholesterol, mg/dL 201.8 ± 39.1 202.7 ± 35.4 0.642
Smoking (ever) 304/531 (57.3%) 719/1,730 (41.6%) < 0.001
Alcohol consumption 301/531 (56.7%) 906/1,730 (52.4%) 0.081
Aspirin use 26/532 (4.9%) 44/1,732 (2.5%) 0.006
Fatty liver 216/532 (40.6%) 526/1,732 (30.4%) < 0.001
Physical activity 303/532 (57.0%) 1,019/1,732 (58.8%) 0.442
FH of CRC 45/532 (8.5%) 86/1,732 (5.0%) 0.003

Variables shown are numbers (percentages) or expressed as the mean ± standard deviation. Some data are missing. Differences 
in categorical variables between groups were analyzed using the Chi-square test or Fisher’s exact test. Continuous variables were 
compared by Student’s t-test. CRN, colorectal neoplasm; HDL, high-density lipoprotein; LDL, low-density lipoprotein; FH of 
CRC, family history of colorectal cancer.
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lated factors associated with the detection of 
CRNs. The overall prevalence of colorectal neo-
plasms was 24.1% (568/2,356). Compared to the 
CRN-negative (control) group, the CRN-positive 
group was more likely made up of men, older, 
who had a family history of colorectal cancer, 
higher body mass index (BMI), higher waist cir-
cumference, higher triglyceride and lower HDL 
levels, and had a higher prevalence of metabolic 
syndrome, fatty liver, hypertension, high fasting 
glucose, smoking (ever), and aspirin use. 

The clinicopathological characteristics (loca-
tion, pathology, and numerical features) of the 
detected CRNs are shown in Supplementary 
Table I. There were 41 cases of advanced CRNs, 
accounting for 7.2% of the total CRN-positive 
group. The average number of CRNs in CRN-pos-
itive subjects was 1.56, and the proportion of sub-
jects with multiple CRNs (≥ 3) was 32.6%. 

Photodocumentation-Related Factors 
Associated with CRN Detection 

The univariate analysis of the photodocumen-
tation-related factors that are associated with the 
detection of CRNs is shown in Table II. When 
comparing the results of the quantitative measure-
ments, the mean number of observation images 
did not differ between the two groups. However, 
the observation time of the CRN-positive group 
was longer than that of the control group (309.3 
s vs. 274.1 s; p < 0.001). The CRN-positive group 
also had a higher prevalence of long observation 
time (≥ 6 min) compared to the control group 
(24.1% vs. 7.2%, p < 0.001). On the other hand, 

the speed of photodocumentation (SPD) was sig-
nificantly lower in the CRN positive group (6.9 
± 2.6 in CRN positive group vs. 7.6 ± 2.4 in the 
control group, p < 0.001).

Regarding quality measurements, the 
CRN-positive group showed a higher proportion 
of documentation of the appendix orifice (AO) 
than the CRN-negative group (75.2% vs. 40.1%, 
p < 0.001). The proportion of documentation 
of the ileocecal valve (ICV) was also higher 
in the CRN-positive group (58.1% vs. 24.9%, 
p < 0.001). However, there were no significant 
differences in the proportion of documented 
anorectal junction retroflexion views between 
the two groups. The endoscopists themselves 
were also a significant factor in CRN detection 
(p < 0.001).

Multivariate Analysis of The Factors 
Associated with CRN Detection

A total of 18 factors (13 subject-related and five 
photodocumentation-related) with a significant 
difference, as determined by univariate analyses, 
were included in the multivariate analysis for the 
factors associated with CRN detection. Among 
the five photodocumentation-related factors, an 
observation time ≥ 6 min, SPD, AO, ICV, and 
endoscopists were included in the analysis. 

Forward stepwise logistic regression was 
used for multivariate analysis and the results are 
shown in Table III. Among the subject-related 
factors, age (OR, 1.055; 95% CI, 1.043-1.066), 
male sex (OR 2.095; 95% CI, 1.596-2.748), waist 
circumference (OR, 1.018; 95% CI, 1.004-1.032), 

Table II. Univariate analysis of photodocumentation-related factors associated with CRN detection.

  CRN positive CRN negative
 Photodocumentation-related factors (n = 568) (n = 1,788) p-value

Number of observation images (N) 32.8 ± 9.5 33.6 ± 9.5 0.078
Observation time (T)* 309.3 ± 102.5 274.1 ± 60.4 < 0.001
Observation time (≥ 6 min) 137 (24.1%) 129 (7.2%) < 0.001
Speed of photodocumentation (SPD, N/T)† 6.9 ± 2.6 7.6 ± 2.4 < 0.001

Clear photodocumentation of Appendix orifice 427 (75.2%) 717 (40.1%) < 0.001
Ileocecal valve 330 (58.1%) 445 (24.9%) < 0.001
Anorectal junction retroflexion view 563 (99.1%) 1,775 (99.3%) 0.715
Endoscopists   < 0.001
  A 122 (21.0%) 458 (79.0%) 
  B 130 (20.9%) 492 (79.1%) 
  C 135 (25.2%) 400 (74.8%) 
  D 181 (29.2%) 438 (71.8%) 

Variables shown are numbers (percentages) or expressed as the mean ± standard deviation. Differences in the categorical 
variables between the groups were analyzed using Chi-square test or Fisher’s exact test. Continuous variables were compared 
by Student’s t-test.  *The unit of observation time (T) is s. †The unit of photodocumentation speed (N/T) is the number per min.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-46.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-46.pdf
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and family history of colorectal cancer (OR, 
1.585; 95% CI, 1.004-2.504) were significant in-
dependent risk factors for CRN detection. Among 
photodocumentation-related factors, SPD (OR, 
0.800; 95% CI, 0.740-0.864), observation time ≥ 
6 min (OR 1.671; 95% CI, 1.145-2.439), AO (OR 
5.976; 95% CI, 4.548-7.852), and ICV (OR 3.826; 
95% CI 2.985-4.904) were independently signif-
icant factors. Endoscopists (p < 0.001) remained 
significant independent factors influencing CRN 
detection.

Multivariate Analysis of the Factors 
Associated with CRN Detection Stratified 
by Individual Endoscopists

An additional stratified analysis was per-
formed to determine whether similar results were 
obtained when the same analysis was performed 

by each endoscopist. Stratified analysis by indi-
vidual endoscopists showed that four factors (age, 
SPD, AO, and ICV) were common factors asso-
ciated with CRN detection in all endoscopists 
(Table IV-VII).

Multivariate Analysis of the Factors 
Associated with Advanced CRN or 
Multiple CRN Detection

Additional multivariate analysis was per-
formed for factors associated with the detection 
of advanced CRNs (adCRNs) or multiple CRNs 
(mCRNs, ≥ 3). In the case of adCRN (Supple-
mentary Table II) detection, a total of four 
subject-related factors, such as age (OR, 1.059; 
95% CI, 1.042-1.076), smoking (OR, 1.944; 95% 
CI, 1.338-2.824), waist circumference (OR, 1.033; 
95% CI, 1.012-1.054), and FH of CRC (OR, 2.209; 

Table III. Multivariate analysis of the factors associated with CRN detection.

                          95% confidence Interval
   
 Variable p-value Odds ratio Lower Upper

Subject-related factors    
Age  < 0.001 1.055 1.043 1.066
Male sex < 0.001 2.095 1.596 2.748
Waist circumference 0.013 1.018 1.004 1.032
FH of CRC 0.048 1.585 1.004 2.504
Photodocumentation-related factors    
SPD < 0.001 0.800 0.740 0.864
Observation time (≥ 6 min) 0.008 1.671 1.145 2.439
Appendix orifice < 0.001 5.976 4.548 7.852
Ileocecal valve < 0.001 3.826 2.985 4.904
Endoscopist < 0.001   
A  1.000  
B < 0.001 3.219 2.191 4.728
C 0.986 1.003 0.706 1.426
D 0.004 1.966 1.233 3.134

SPD, speed of photodocumentation (per minute).

Table IV. Endoscopist A.

                          95% confidence Interval
   
 Variable p-value Odds ratio Lower Upper

Subject-related factors    
Age  0.005 1.033 1.010  1.058
Male sex < 0.001 3.008 1.718  5.268
Photodocumentation-related factors    
SPD < 0.001 0.684 0.550  0.852
Appendix orifice < 0.001 8.993 5.103 15.848
Ileocecal valve < 0.001 5.262 3.030  9.138

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-27.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-II-27.pdf


Colonoscopic photodocumentation and colorectal neoplasms

3559

95% CI, 1.240-3.938) were independently signif-
icant. In terms of photodocumentation-related 
factors, four factors, SPD (OR, 0.700; 95% CI, 
0.631-0.776), AO (OR, 2.331; 95% CI, 1.556-
3.492), ICV (OR, 3.629; 95% CI, 2.491-5.288), 
and endoscopists (p < 0.001) were significant. 
In terms of mCRN detection (Supplementary 
Table III), two factors, including the presence of 

fatty liver (OR, 2.210; 95% CI, 1.158-4.217) and 
FH of CRC (OR, 2.684; 95% CI, 1.045-6.896) 
were significant among subject-related factors. 
Among photodocumentation-related factors, SPD 
(OR 0.682; 95% CI, 0.531-0.876), observation 
time ≥ 6 min (OR, 2.393; 95% CI, 1.023-5.597), 
and AO (OR, 6.153; 95% CI, 2.443-15.493) were 
significant. 

Table V. Endoscopist B.

                           95% confidence Interval
   
 Variable p-value Odds ratio Lower Upper

Subject-related factors    
Age  < 0.001 1.058 1.036 1.080
Body mass index, kg/m2 0.001 1.119 1.045 1.198
Photodocumentation-related factors    
SPD 0.005 0.839 0.741 0.950
Appendix orifice < 0.001 3.421 2.140 5.470
Ileocecal valve < 0.001 3.767 2.296 6.180

Table VI. Endoscopist C.

                           95% confidence Interval
   
 Variable p-value Odds ratio Lower Upper

Subject-related factors    
Age  < 0.001 1.075 1.050 1.100
Male sex < 0.001 2.067 1.111 3.844
Metabolic syndrome 0.001 0.189 0.073 0.495
Waist circumference 0.006 1.044 1.012 1.076
Triglycerides, mg/dL 0.004 1.006 1.002 1.009
HDL, mg/dL 0.029 1.023 1.002 1.043
Photodocumentation-related factors    
SPD < 0.001 0.737 0.637 0.852
Appendix orifice < 0.001 6.645 3.772 11.707
Ileocecal valve < 0.001 3.004 1.809 4.990

Table VII. Endoscopist D.

                           95% confidence Interval
   
 Variable p-value Odds ratio Lower Upper

Subject-related factors    
Age  < 0.001 1.063 1.041 1.086
Male sex < 0.001 3.104 1.901 5.068
Photodocumentation-related factors    
SPD  0.022 0.851 0.741 0.977
Observation time (≥ 6 min) < 0.001 4.943 2.021 12.088
Appendix orifice < 0.001 11.976 5.006 28.652
Ileocecal valve < 0.001 4.609 2.821 7.532

Multivariate analysis of the factors associated with CRN detection stratified by individual endoscopists.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-III-16.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-III-16.pdf
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Discussion

This cross-sectional study assessed photod-
ocumentation-related factors associated with 
the detection rate of CRNs. We found that five 
photodocumentation-related factors, including 
SPD, observation time of ≥ 6 min, clear photod-
ocumentation of AO and ICV, and endoscopists, 
were independently associated with CRN detec-
tion. Among them, SPD and clear photodocumen-
tation of AO and ICV were commonly significant 
factors in the stratified analysis performed to 
compensate for the influence of the relatively 
limited number (four) of endoscopists. In the 
additional multivariate analysis of the factors 
associated with the detection of adCRNs, four 
factors (SPD, AO, ICV, and endoscopists) were 
significant, whereas, in mCRNs, three factors 
(SPD, observation time ≥ 6 min, and AO docu-
mentation) were significant. 

In our hypothesis, we expected the number 
of observation images to be a significant factor 
associated with CRN detection because photodo-
cumentation might be closely correlated with me-
ticulous observation behavior. Interestingly, not 
the number of observation images, but the SPD 
was an independent factor commonly associated 
with CRN, adCRN, and mCRN detection. SPD 
was a common significant factor for CRN detec-
tion in all endoscopists in the stratified analysis. 
The lower the SPD value, the significantly in-
creased the CRN detection rate. Because the SPD 
value is the number of images taken during the 
unit observation time (1 min), the lower the SPD 
value, the fewer images are taken per unit ob-
servation time, which means that the proportion 
of time spent on photodocumentation decreases, 
and inversely, the proportion of time spent on 
real-time observation increases. The observa-
tion time during withdrawal consists of the time 
spent on real-time observation during endoscopic 
movement and the time spent on photodocumen-
tation (freezing and capturing) during the pause 
of endoscopic movement. Therefore, as the time 
required for photodocumentation increases, the 
time spent on real-time observation decreases, 
which may interfere with CRN detection. There-
fore, our results suggest that photodocumentation 
may play a negative role in CRN detection by 
reducing the time spent on real-time observation. 
In contrast, photodocumentation might provide 
an opportunity to observe the area of interest 
without artifacts caused by patient movement, 
and this frozen image observation might play a 

positive role in CRN detection24; however, this 
has not been proven. Furthermore, our results 
suggest that frozen image observations during 
photodocumentation may not play a positive role 
in CRN detection. Assuming that the observation 
time is constant, frozen image observations and 
real-time observations have a quantitative in-
verse relationship. Therefore, an excessive level 
of frozen image observation (or image docu-
mentation) may not be advantageous, but even 
disadvantageous, for CRN detection by inhibiting 
real-time observation. Further studies are needed 
to determine which of the two processes is more 
advantageous for CRN detection and the optimal 
range of SPD values. 

In this study, clear documentation of AO and 
ICV was a significant factor associated with CRN 
detection. AO documentation was an independent-
ly significant factor in the detection of CRNs, 
advanced CRNs, and multiple CRNs. ICV docu-
mentation was an independently significant fac-
tor in the detection of both CRNs and advanced 
CRNs. Photodocumentation of cecal landmarks 
(AO, ICV) has been considered an indicator of 
complete colonoscopy, cecal intubation, and me-
ticulous observation behavior and is included in 
guidelines32,37 as a quality indicator of colonos-
copy. A previous study3 reported that the absence 
of cecal image documentation was related to the 
risk of PCCRC. Another study26 found that clear 
documentation of the cecum was associated with 
improved polyp detection, suggesting that it could 
reflect the meticulous inspection behavior of colo-
noscopists. In addition, a recent study27 showed 
that the adenoma detection rate (ADR) was higher 
in the group with adequate cecal documentation 
than in the group with inadequate cecal image 
documentation, although the difference was not 
statistically significant owing to the small sample 
size (colonoscopies = 286). In the present study, 
cecal image documentation was significantly asso-
ciated with increased CRN detection. This result 
may be attributed to larger sample size (colonosco-
pies = 2,356) and a stricter definition of cecal im-
age documentation (AO image: close-up shot, clear 
image without fecal material; ICV image: close-up 
shot with more than half of the opening lip). How-
ever, the reason why cecal image documentation is 
associated with increased CRN detection remains 
controversial. A few studies38,39 have stated that ce-
cal documentation does not necessarily guarantee 
complete colonoscopy because cecal intubation is 
not correlated with the withdrawal technique asso-
ciated with ADR. Therefore, we hypothesized that 
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the clear documentation of AO and ICV could in-
crease total CRN detection by improving regional 
CRN detection around AO and ICV. In our further 
analysis, the proportion of clear AO documenta-
tion was approximately twice (86.1% vs. 48%, p < 
0.001) higher in CRN in the cecum (CRN-C)-pos-
itive group than in the CRN-C-negative group, 
which means that clear documentation of AO is 
associated with increased detection of cecal CRNs 
(Supplementary Table IV). Similarly, clear docu-
mentation of ICV was significantly associated with 
increased detection of CRN in the ascending colon 
(Supplementary Table V). These results sug-
gest that clear documentation of cecal landmarks 
may reflect meticulous inspection behavior, which 
can improve the detection rate of regional CRNs 
around the cecum and ascending colon where flat 
lesions were more common40. 

Because the total number of observation im-
ages can reflect the colonoscopist’s meticulous 
inspection behavior, it was expected to be a sig-
nificant factor in CRN detection. However, the 
total number of observation images in this study 
did not correlate with CRN detection. Contrary 
to our results, a previous study26 reported that 
colonoscopists who were more meticulous in 
cecal image documentation had a higher polyp 
detection rate and took significantly more obser-
vation images during colonoscopy than non-me-
ticulous endoscopists. This result indicates that a 
meticulous endoscopist could make extra effort 
to obtain clearer and more images, which leads 
to an increase in CRN detection. In addition, 
another study28 found that endoscopists taking 
more images in gastroscopy showed a higher de-
tection rate of clinically significant gastric lesions 
(CSGLs). Moreover, endoscopists taking more 
photo images tended to have longer observation 
times and more biopsies than endoscopists tak-
ing fewer images. Thus, the authors suggested 
that enthusiasm and interest of endoscopists are 
closely related to taking more images, more ob-
servation time, and a higher biopsy rate, which 
may lead to a higher detection rate of CSGLs. 
To our knowledge, our study is the first to in-
vestigate the relationship between the number 
of observation images and CRN detection. The 
number of observation images may reflect the 
operator’s meticulous inspection behavior, which 
could affect CRN detection during colonoscopy. 
However, our data showed that the total number 
of observation images was not associated with 
CRN detection, but the number of observation 
images per unit time (speed of photodocumenta-

tion) was associated with a lower detection rate 
of CRNs. This suggests that taking an excessive 
number of observation images per unit time can 
interfere with real-time observations and nega-
tively affect CRN detection. Thus, further studies 
are necessary to determine the adequate number 
of observation images or the optimal speed of 
photodocumentation during colonoscopy. 

In this study, an observation time of over 6 
min was associated with increased detection of 
CRNs and mCRNs but not with that of adCRNs. 
This finding is consistent with the results of 
previous studies20,21. This finding may be related 
to the larger size or distinct morphology of ad-
CRNs, which are usually more detectable once 
visualized. A previous study41 found that the miss 
rate for large-size CRNs was significantly lower 
than that for small-size CRNs (6% in CRNs ≥ 10 
mm vs. 27% in CRNs ≤ 5 mm) in back-to-back 
colonoscopy performed on the same day, and 
another study42 showed that an observation time 
of over 6 min was not a significant predictor for 
the detection of polyps (≥ 5 mm). This result 
suggests that a longer observation time may play 
a significant role in increasing the detection rate 
of small CRNs, which may play a small or no role 
in detecting adCRNs or large CRNs. Therefore, 
it is necessary to identify other procedure-related 
factors that can increase the detection rate of ad-
CRNs, in addition to a longer observation time. 
In this study, we found SPD to be a novel predic-
tive factor for the detection rate of adCRNs. In 
our stratified analysis, according to endoscopists, 
an observation time of over 6 min was significant 
in only one of four endoscopists as an indepen-
dent factor for CRN detection, but the SPD value 
was significant in all endoscopists. Although a 
longer observation time has been validated to 
some extent as a predictive factor for CRN de-
tection in previous studies in literature, it has 
significant limitations. For instance, an inefficient 
endoscopist may spend more than 6 min without 
complete visualization of the mucosa proximal to 
folds and flexures, appropriate colonic distension, 
and washing of debris. Thus, other factors that re-
flect meticulous inspection behavior or complete 
visualization should be investigated43. The results 
of the stratified analysis in this study showed 
that reducing the photodocumentation speed can 
be more effective in improving the detection of 
CRNs than a longer observation time, according 
to the individual endoscopist. Therefore, SPD can 
be considered a novel colonoscopy quality indica-
tor that can supplement observation time.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-IV-9.pdf
https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-V-5.pdf
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Limitations 
This study has some limitations. First, this 

is a retrospective cross-sectional study, and the 
antecedent relationship is unknown. Second, 
only a limited number of endoscopists from a 
single institution were included in the study. A 
single-institutional study is disadvantageous for 
the generalization of the results, but it has the 
advantage of ensuring good quality control. To 
mitigate the influence of the limited number of 
endoscopists, an additional stratified analysis 
was performed for each endoscopist. Third, data 
on time variables related to photodocumentation 
(observation time, procedure time, and SPD) 
were collected and analyzed through a retro-
spective analysis of time information recorded 
in Picture Archiving and Communication Sys-
tems (PACS) images. Therefore, there may be 
differences in the real-time data. Fourth, bowel 
preparation score, a key predictive factor for 
CRN detection, was not included as an analy-
sis variable. However, only subjects satisfying 
adequate bowel preparation (BBPS score ≥ 7) 
were enrolled in this study, and it is known 
that an additional supra-optimal level of bowel 
preparation is not necessary for CRN detection 
once adequate bowel preparation is secured44. In 
addition, bowel preparation is a subject-related 
factor, which is not the main concern of this 
study because it is associated with compliance 
with bowel cleansing, socioeconomic status, 
constipation, diabetes, and chronic narcotics. 
Fifth, we did not suggest an optimal SPD range 
for CRN detection. Finally, we analyzed only 
SPD values   for the total colon (cecum to rectum). 
Because there are many limitations in accurately 
differentiating individual colonic segments by 
retrospectively analyzing the PACS images, we 
did not analyze the SPD value for each colonic 
segment. Optimal SPD may have a different 
optimal range for individual colonic segments, 
similar to the observation time45. Therefore, 
further prospective studies with SPD measured 
by endoscopists could clarify the relationship 
between SPD and CRN detection according to 
the individual colonic segments.

Conclusions

A lower speed of photodocumentation and 
clear documentation of cecal landmarks (AO and 
ICV) during colonoscopy might improve the de-
tection rate of CRNs. Photodocumentation of 

overspeed can negatively affect CRN detection; 
therefore, further research on appropriate photod-
ocumentation is needed. 
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