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Taking More Gastroscopy Images Increases the Detection Rate of 
Clinically Significant Gastric Lesions: Validation of a Systematic 
Screening Protocol for the Stomach
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Department of Internal Medicine, Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Incheon, Korea

Background/Aims: For systematic screening protocol for the stomach (SSS), 22 gastroscopy images are considered sufficient to 
avoid blind spots during gastroscopy. The aim of this study was to investigate the relationship between the number of gastroscopy 
images taken during the gastroscopy procedure and the detection rate of clinically significant gastric lesions (CSGLs).
Materials and Methods: We retrospectively reviewed the data obtained from a cohort of consecutive subjects at a health promotion 
center. The primary outcome measure was the detection rate of CSGLs per endoscopist, according to the number of gastroscopy 
images. We also analyzed whether all the CSGLs were detected via SSS.
Results: The mean number of gastroscopy images obtained by eight endoscopists was 27.6±10.5 in 2,912 subjects without CSGLs 
and without biopsies. Among the 5,970 subjects who underwent gastroscopy by the eight endoscopists, 712 CSGLs were detected 
in 551 subjects. Fifty-six CSGLs (7.9%) in 55 subjects (10.0%) were not detected during the SSS. Photo-endoscopists who took 
more images achieved a higher detection rate of CSGLs than those who took fewer images (adjusted OR 2.07, 95% CI 1.41~3.05; 
P<0.0001).
Conclusions: The modified SSS, which included 22 SSS images, the fundus, and the saddle area, detected significantly more 
CSGLs. This modified SSS should be validated with further prospective studies. (Korean J Helicobacter Up Gastrointest Res 
2020;20:225-232)
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INTRODUCTION

Taking multiple images during diagnostic esophagogas-

troduodenoscopy (EGD) is an important quality indicator 

and is recommended by endoscopy societies from various 

regions. European Society of Gastrointestinal Endoscopy 

(ESGE) recommended taking eight anatomical landmark im-

ages, including two images for the esophagus, four images 

for the stomach, and two images for the duodenum, with 

a focus on demonstrating the completeness of the EGD 

in 2001.1 In the updated version in 2016, ESGE recom-

mended taking a total of 10 images, adding one each in 

the esophagus and in the stomach.2 Recently systematic 

screening protocol for the stomach (SSS) focused on the 

detection of early gastric cancer (EGC) has been suggested 

in Japan.3 This protocol proposed to take 22 gastroscopy 

images as a standardized protocol for mapping the entire 

stomach to avoid blind spots during EGD. The locations 

of 22 images of the SSS are as follows; in the antegrade 

view, endoscopic images of the four quadrants of the gastric 

antrum, lower body, and middle-upper body; in the retro-

flex view, endoscopic images of the four quadrants of the 

fundus and cardia, and three quadrants of middle-upper 

body and angle.3 However, to our knowledge, this protocol 

has not been validated for other gastric lesions.

Most of endoscopists might agree that taking enough 

endoscopy images during EGD is an important indicator 

of completeness for EGD. However, there has been no 

report on the relationship between the number of gas-

troscopy images and the detection rate of clinically sig-

nificant gastric lesions (CSGLs) during EGD. The aim of 

this study was to investigate the relationship between 

the number of gastroscopy images and the detection 
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rate of CSGLs. We also tried to analyze whether all the 

CSGLs might be included within SSS.

MATERIALS AND METHODS

1. Study design and participants

We retrospectively reviewed the medical records and 

digitally stored gastroscopy images of consecutive sub-

jects who underwent screening EGD at a health promo-

tion center in a tertiary referral hospital, between May 

2017 and November 2017. We collected patients’ data 

such as body mass index, alcohol, and cigarette smoking 

based on the questionnaire and physical examination 

charts. Subjects with gastrointestinal symptoms on the 

questionnaire were excluded.

Three board-certified endoscopists and five trainees 

were included in this study. Trainees performed at least 

500 cases of EGD under supervision before participating 

in this study. All EGDs were performed using standard up-

per gastrointestinal endoscopes (GIF Q260 or GIF H260; 

Olympus, Tokyo, Japan). We excluded subjects with 1) <18 

years old, 2) prominent gastric lesions such as gastric vari-

ces, polyposis, and advanced gastric cancer that were im-

mediately detected at the time of EGD, 3) anatomical de-

formity due to gastrectomy or ulcer scarring, 4) incomplete 

study due to food stasis or other causes, 5) loss of digital 

images, and 6) inadequately blurred gastroscopy images. 

The Institutional Review Boards of Hospital approved this 

study (No: OC18RESI0119).

2. Number of gastroscopy images

Twenty-two gastroscopy images as in the SSS and images 

of other regions were counted and duplicated images at 

the same sites were discarded. Mean number of gastroscopy 

images for each endoscopist was calculated from cases 

without CSGLs and without biopsy. Endoscopists were clas-

sified into two groups based on their mean number of gas-

troscopy images using cut-off of 22 as in the SSS; one who 

took more endoscopic images (more photo-endoscopist) 

and the other who took less endoscopic images (less pho-

to-endoscopist).

3. Observation time of stomach and frequency 
of biopsy rates

Observation time in the stomach was calculated from 

the images which showed the time that the image was 

taken. Observation time in the stomach was defined as 

the time interval between the initial image of stomach 

and the last image of stomach without biopsy. Using 

mean observation time of eight endoscopists as cut-off 

time, they were classified into fast endoscopists and 

slow endoscopists as in the previous study.4 The eight 

endocopists were also classified into two groups accord-

ing to the mean frequency of biopsy rate.

4. Outcomes and measurement

1) Primary outcome

The primary outcome was the detection rate of CSGLs 

according to the number of endoscopic images taken. 

We defined CSGLs as EGC, adenoma/dysplasia, neuro-

endocrine tumor (NET), mucosa-associated lymphoid tis-

sue (MALT) lymphoma, subepithelial tumor (SET), polyp, 

and benign gastric ulcer (open ulcer only) in this study. 

All the lesions at least 5 mm in diameter was calculated. 

Lesions of the esophagus and duodenum were not in-

vestigated in this study. Among the CSGLs, EGC, ad-

enoma/dysplasia, NET, MALT lymphoma, and benign 

gastric ulcer were confirmed histologically while SET 

and polyp were diagnosed endoscopically. We classified 

CSGLs into neoplastic lesions (EGC, adenoma/dysplasia, 

NET, MALT lymphoma) and non-neoplastic lesions (SET, 

polyp, benign gastric ulcer). The relationship between 

the number of gastroscopy images and the detection 

rate CSGLs were analyzed.

2) Secondary outcome

The secondary outcome was to validate whether all 

the CSGLs were included in the SSS. The ratio of CSGLs 

out of SSS over the total number of CSGLs were 

calculated. Two board-certified endoscopists reviewed 

and confirmed the locations of CSGLs. Stomach was div-

ided into seven parts longitudinally and into four quad-
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Table 1. Baseline Characteristics of the Subjects and Observed 
Clinically Significant Gastric Lesions

Subjects Total (n=5,970)

Age (years)   56.8±10.3

Male 2,852 (47.8)

Body mass index (kg/m2) 24.2±3.0

Smoking  547 (9.2)

Alcohol 1,732 (29.0)

Clinically significant gastric lesions   712 lesions/551 subjects

  Early gastric cancer 7/7

  Adenoma/dysplasia 13/13

  Neuroendocrine tumor 1/1

  MALT lymphoma 1/1

  Subepithelial tumor 166/152

  Benign gastric ulcer 99/57

  Polyp 425/320

Values are presented as mean±standard deviation or n (%) unless 
otherwise indicated.
MALT, mucosa-associated lymphoid tissue.

rants circumferentially to analyze the location of lesion. 

Seven parts were designated as antrum, low body, mid 

body, high body, angle, cardia, and fundus while four 

quadrants were designated as anterior wall, posterior 

wall, lesser curvature, and greater curvature.5,6 We de-

fined the boundary between antrum and low body in 

the greater curvature as the area where gastric fold 

ends. We also defined the boundary between high body 

and fundus in the greater curvature as saddle area.

5. Statistical methods

Student’s t-test was used to analyze the differences in 

detection rate of CSGLs between more photo-endo-

scopists and less photo-endoscopists. Chi-squared test or 

Fisher’s exact test were used to compare categorical 

variables. Descriptive data was presented as mean±SD. 

The relationship between mean number of gastroscopy 

images and detection rate of CSGLs for each endoscopist 

was analyzed using Pearson’s correlation coefficient. 

Logistic regression analysis was used to identify in-

dependent factors affecting the detection rate of CSGLs. 

Variables that showed a significant association with CSGLs 

in the univariate analysis were included in the multivariate 

analysis. P-values less than 0.05 were considered statisti-

cally significant. Statistical analyses were performed using 

SPSS version 20.0 (IBM Corp, Armonk, NY, USA). 

RESULTS

1. Subjects

A total of 6,061 subjects were reviewed and a total of 

5,970 subjects were analyzed in this study. Excluded 

subjects were as follows; gastric varix (n=1), polyposis 

(n=1), advanced gastric cancer (n=1), previous gastrectomy 

(n=36), incomplete study due to food stasis (n=14), other 

causes (n=18), and loss of digital images (n=20). Table 1 

shows the characteristics of the subjects and the CSGLs 

detected in this study. The mean age of subjects was 

56.8±10.3 years, and 2,852 (47.8%) were males.

2. Number of gastroscopy images and detection 
rate of CSGLs

Among 5,970 subjects, there was no CSGL and biopsy 

was not performed in 2,912 subjects. Mean number of 

endoscopy images and observation time for each endo-

scopist were calculated from these 2,912 subjects.

Mean number of gastroscopy images for more pho-

to-endoscopists was 32.6±8.0 and that of less pho-

to-endoscopists was 15.9±4.5 (P=0.001). The detection 

rates of CSGLs for each endoscopist were from 1.89% to 

17.12% (Table 2). Mean number of gastroscopy images 

and the detection rate of CSGLs were positively corre-

lated (Fig. 1).

Using 22 images of the SSS as cut-off, six endoscopists 

were classified as more photo-endoscopists and two endo-

scopists were classified as less photo-endoscopists. More 

photo-endoscopists had a higher detection rate of CSGLs 

than less photo-endoscopists (10.36% vs. 3.91%, P<0.0001, 

in terms of subjects). However, there was no difference 

in detection rate of EGC in two groups (0.10% vs. 0.19%, 

P=0.355, in terms of subjects). Also there was no difference 

in the detection rates of dysplasia/adenoma (0.24% vs. 

0.09%, P=0.712, in terms of the subjects), NET (0.02% vs. 
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Table 2. Characteristics of Each Endoscopist and Detection Rate of Clinically Significant Gastric Lesions

Endoscopist
Mean number of 

gastroscopic imagesa
Mean examination 

time (seconds)a Biopsy rate (%)b

Detection rateb

Number of 
EGDs

Number of subjects 
with CSGLs

A 29.1±4.6 135.5±43.4  61.0 (459/752) 752 74 (9.84)

B 26.9±5.3 94.3±29.0    23.9 (248/1,036) 1,036 83 (8.01)

C 42.1±5.0 126.6±40.1  75.2 (610/811) 811 139 (17.12)

D 31.0±8.7 86.6±43.7 41.7 (305/731) 731 58 (7.93)

E 38.3±4.3 113.9±39.2  40.6 (378/930) 930   94 (10.11)

F 14.3±4.4 45.8±23.9 21.8 (102/468) 468 30 (6.41)

G 17.0±4.2 62.1±28.1 9.5 (56/592) 592 11 (1.89)

H 37.6±6.0 74.6±20.1 37.2 (242/650) 650 62 (9.54)

Total   27.6±10.5 87.9±42.7     40.2 (2,400/5,970) 5,970 551 (9.23)

Correlation coefficient (P-value) 0.70 (0.055) 0.75 (0.032)  0.55 (0.156) 0.82 (0.012) 

Values are presented as mean±standard deviation or n (%) unless otherwise indicated.
EGD, esophagogastroduodenoscopy; CSGL, clinically significant gastric lesion.
aAnalyzed from 2,912 subjects without CSGLs and without biopsy.
bAnalyzed from total 5,970 subjects.
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Fig. 1. The detection rate of the gastric lesion according to the mean 
number of images obtained during gastroscopy by eight endoscopists.

0.00%, P=1.00, in terms of the subjects), and MALT lym-

phoma (0.02% vs. 0.00%, P=1.00, in terms of the subjects) 

between the two groups.

3. Number of gastroscopy images, observation 
time, and frequency of biopsy

Mean observation time measured in 2,912 subjects with-

out CSGLs and without biopsy by the eight endoscopists 

was 87.9±42.7 seconds. With Pearson’s correlation test, 

there was a tendency of correlation between mean number 

of images and observation time for each endoscopists, al-

though statistically not significant (r=0.70; P=0.055).

We classified the endoscopists into fast endoscopists 

(n=4) and slow endoscopists (n=4) using mean ob-

servation time for eight endoscopists as cut-off of 87 

seconds. Slow endoscopists showed a significantly higher 

detection rate of CSGLs than fast endoscopists (11.1% vs. 

6.6%, P<0.0001).

The eight endoscopists were also divided into high bi-

opsy rate endoscopists (n=4) and low biopsy rate endo-

scopists (n=4) using mean biopsy rate for eight endo-

scopists as cut-off of 40.2%. High biopsy rate endoscopists 

showed a higher detection rate of CSGLs than low biopsy 

rate endoscopists (11.3% vs. 6.8%, P<0.0001).

4. Factors associated with detection rate of CSGLs

Table 3 shows logistic regression analysis to identify in-

dependent factors affecting the detection rate of CSGLs. 

In univariate analysis, old age (≥65 years), male, longer 

observation time, and more photo-endoscopists were asso-

ciated with detection rate of CSGLs. However, there was 

no significant difference in detection rate of CSGLs by 

endoscopist experience (OR 0.91, 95% CI 0.76~1.11; 

P=0.364).
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Table 3. Factors Associated with the Detection Rate of Clinically Significant Gastric Lesions

Factors
Total subjects 

(n=5,790)
Subjects with 

CSGLs (n=551)

Univariate analysis Multivariate analysis

OR (95% CI) P-value Adjusted OR (95% CI) P-value

Age (years)

  18~64 4,575 (76.63) 379 (8.28) Reference

  ≥65 1,395 (23.37)   172 (12.33) 1.56 (1.29-1.89) <0.0001 1.45 (1.19-1.76) <0.0001

Sex 

  Male 2,852 (47.77)   339 (11.89) 1.52 (1.27-1.82) <0.0001 1.40 (1.16-1.69) <0.001

  Female 3,118 (52.23) 212 (6.80) Reference

Smoking

  Yes 547 (9.16)   36 (6.58) 0.73 (0.50-1.07) 0.104

  No 1,847 (30.94) 162 (8.77) Reference

  Unknown 3,576 (59.90) 353 (9.87) 1.14 (0.94-1.38) 0.190

Alcohol

  Yes 1,732 (29.01) 128 (7.39) 0.72 (0.56-0.93) 0.013 0.85 (0.65-1.11) 0.228

  No 1,285 (21.52) 128 (9.96) Reference

  Unknown 2,953 (49.46) 295 (9.99) 1.003 (0.81-1.25) 0.977 1.03 (0.83-1.29) 0.786

Examination time (seconds)

  <87 2,441 (40.89) 161 (6.60) Reference

  ≥87 3,529 (59.11)   390 (11.05) 1.76 (1.45-2.13) <0.001 1.18 (0.94-1.47) 0.144

Number of images 

  <22 1,048 (17.55)   41 (3.91) Reference

  ≥22 4,922 (82.45)   510 (10.36) 2.84 (2.05-3.93) <0.001 2.07 (1.41-3.05) <0.0001

Experience

  Board-certified 1,711 (28.66) 105 (6.14) 0.91 (0.76-1.11) 0.364

  Trainee 4,259 (71.34)   447 (10.49) Reference

Values are presented as n (%) unless otherwise indicated.
CSGL, clinically significant gastric lesions; OR, odds ratio; CI, confidence interval.

Table 4. Characteristics of Clinically Significant Gastric Lesions Not Included in Systematic Screening Protocol for the Stomach

Diagnosis Location Number of lesions Mean size of the lesions (mm)

Subepithelial tumor Fundus 23 5.6±2.8

Saddle area 3 7.0±1.7

Polyp Fundus 20 3.0±1.6

Saddle area 10 2.8±0.6

Values are presented as mean±standard deviation or n.

In multivariate analysis, more photo-endoscopists de-

tected CSGLs more commonly than less photo-endo-

scopists (adjusted OR 2.07, 95% CI 1.41~3.05; P<0.0001). 

However, observation time did not affect the detection rate 

of CSGLs (adjusted OR 1.18, 95% CI 0.94~1.47; P=0.144).

5. Analysis on location of gastric lesions

Among 712 CSGLs in 551 subjects, 56 (10.1%) CSGLs 

in 50 subjects were located out of SSS. Of these 56 

CSGLs located out of SSS, SETs were 26 (4.7%) and pol-

yps were 30 (5.4%). Characteristics of CSGLs out of SSS 

are described in Table 4. Additional lesions were located 

in the fundus dome and in the saddle area. Examples 
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 A  B

Fig. 2. Representative image of a sub- 
epithelial tumor (SET) not included in 
the systematic screening protocol for 
the stomach (SSS) at the gastric fundus. 
(A) In the retroflexed view, the SET is 
not observed in one of the SSS images. 
(B) In the antegrade view, the SET is 
detected at the boundary between the 
greater curvature side and the anterior 
wall side of the fundus, located left of 
saddle area (circle). The boundary is not 
included in the 22 images generated 
during the SSS.

are presented in Fig. 2.

DISCUSSION

While adenoma detection rate is known as the most 

ideal quality indicator in colonoscopy,7,8 there is no 

good quality indicator in EGD due to low incidence of 

EGC. Quality control in EGD consists of three categories: 

structure, procedure, and outcome, among which proce-

dure component assesses endoscopists’ performance dur-

ing EGD and is associated with clinical outcome such as 

detection of tumor.9 Systematic image documentation to 

map the entire stomach is also needed by other several 

reasons. EGD is a subjective examination, and images 

from EGD can be interpreted very differently.10,11 Therefore, 

EGD must be objectified, and this can be possible by 

mapping the entire stomach. The mapping also helps 

establish a baseline endoscopic landscape for potential 

future endoscopic evaluation such as background muco-

sa, and can be ultimately cost-effective by avoiding re-

petitive EGD during a second opinion consultative 

process.12 Patients now have growing understanding on 

medical information and want to check their test results 

through images. In current situation where disputes in 

medical treatments are increasing, the mapping can be 

an effective tool to protect both patients and doctors.

In this study, we found that more photo-endoscopists 

showed a higher detection rate of CSGLs than less pho-

to-endoscopists. Mean number of gastroscopy images and 

the detection rate of CSGLs were positively correlated. It 

seems likely that there was a tendency of somewhat higher 

detection rate of EGCs in more photo-endoscopists. However, 

it should be remembered that EGCs were found only in 

seven cases and sub-group analysis was not possible. So 

endoscopists should be vigilant to take more endoscopy 

images during diagnostic EGD.

As shown in Table 2, more photo-endoscopists tend to 

observe longer and to take biopsy more often than less 

photo-endoscopists. Observation time and biopsy rate 

were quite variable among the endoscopists. It is plausible 

that enthusiasm and interest of endoscopists are closely 

related to taking more pictures, more observation time, and 

more biopsy rate, which might result in more detection 

rate of CSGLs.

Our study showed that observation time did not affect 

the detection rate of CSGLs. However, there were some 

reports on the detection rate of gastric lesions and exami-

nation times. One previous study suggested that 7-minute 

examination time from insertion to removal of scope might 

identify a great number of high-risk gastric lesions.13 

However, the examination time of this study included the 

esophagus, stomach, and duodenum, and we cannot con-

clude how long the endoscopists examined the stomach. 

In another study, withdrawal time of 3 minutes from the 

duodenum might increase the detection rate of upper gas-

trointestinal neoplasm.4 However, the purpose of EGD is 

not always focused on upper gastrointestinal neoplasm. 

Endoscopists should try to find every CSGLs. In our study, 

mean observation time for the stomach was 87.9±42.7 

seconds, which is somewhat shorter compared to previous 

studies. There is no current consensus on observation time 

of the stomach during EGD. Thus, comparison of obtaining 
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enough gastroscopy images in good quality versus exami-

nation time for the stomach in detection rate of CSGLs 

should be elucidated with further prospective studies.

We tried to validate the SSS in this study and found 

that about 10.6% of CSGLs were out of SSS. These 

CSGLs were mainly SETs or polyps and located in the 

fundus dome or saddle area. Cardia, posterior wall side 

of the body, and pylorus are known as blind spots in 

the stomach.14,15 However, SSS includes all of these sites 

while fundus dome and saddle area are blind spots. 

Although neoplastic lesions were not located in the fun-

dus dome and saddle area in this study, neoplastic le-

sions can be found in this area. We would like to sug-

gest a modified SSS as follows; 24 images including 22 

SSS images and additional images for the fundus dome 

and saddle area.

Strength of this study is that we analyzed in a large 

scale including over 5,000 subjects without gastro-

intestinal symptoms. Despite this strength, there are sev-

eral limitations in this study. First, this study has a retro-

spective design. However, we included all consecutive 

cases in a cohort with no missing data to reduce se-

lection bias. Second, the number of endocsopists in the 

study were relatively small. Third, among the endo-

scopists who participated in this study, trainees with 

less experience were included. However, we analyzed 

the data after trainees performed 500 or more EGD under 

supervision. Since American Society of Gastrointestinal 

Endoscopy and European Diploma of Gastroenterology 

require 130 and 300 procedures required for com-

petence, it is reasonable that trainees participated in this 

study have adequate knowledge and technique to detect 

EGC.16,17 Fourth, we did not identify the prior EGD and 

surveillance interval. Fifth, we analyzed the detection 

rate of CSGLs, not neoplastic lesions. However, one study 

showed that the detection rate of SET had positive cor-

relation with the detection rate of EGC.18

In conclusion, mean number of gastroscopy images and 

the detection rate of CSGLs were positively correlated. 

Modified SSS including 22 SSS images and additional im-

ages for the fundus and saddle area might detect most 

of CSGLs. This modified SSS might be validated with 

further prospective studies.
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