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ABSTRACT

Purpose: It is unclear whether high-definition (HD) imaging improves visibility and 
diagnostic ability in early gastric cancer (EGC) compared with standard-definition (SD) 
imaging. We aimed to compare the diagnostic performance and visibility scores of HD and 
SD ultraslim endoscopes in EGC.
Materials and Methods: We used HD and SD ultraslim endoscopes to obtain 60 images 
with similar compositions of gastric environments. Of the 60 images, 30 showed EGC (15 
images for each modality) and 30 showed no EGC (15 images for each modality). Seventeen 
endoscopists evaluated the presence and location of the lesions in each image. Diagnostic 
ability was compared between modalities. The color difference between a lesion and the 
surrounding mucosa (ΔE) was measured and compared between the modalities.
Results: The ability of HD to detect EGC was significantly higher than that of SD (accuracy: 
80.8% vs. 71.6%, P=0.017; sensitivity: 94.9% vs. 76.5%, P<0.001; positive predictive value, 
76.2% vs. 55.3%, P<0.001; and negative predictive value (NPV), 94.1% vs. 73.5%, P<0.001). 
The ability of HD to determine the horizontal extent of EGC was significantly higher than 
that of SD (accuracy: 71.0% vs. 57.8%, P=0.004; sensitivity: 75.3% vs. 49.0%, P<0.001; NPV, 
72.9% vs. 55.9%, P<0.001; and area under the curve: 0.891 vs. 0.631, P=0.038). The mean ΔE 
was significantly higher for HD than for SD (10.3 vs. 5.9, P=0.011).
Conclusions: The HD ultraslim endoscope showed a higher diagnostic performance in EGC 
than the SD endoscope because it provided good color contrast.
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INTRODUCTION

According to the World Health Organization, gastric cancer is the third most common 
cause of cancer-related deaths in men and women worldwide, with almost 3-quarters of a 
million deaths occurring annually [1]. Mortality due to gastric cancer can be reduced more 
effectively by detecting gastric lesions at an early stage. In regions with a high prevalence of 
gastric cancer, such as the East Asian countries, endoscopic resection is widely accepted as 
a less invasive treatment for differentiated- and undifferentiated-type early gastric cancer 
(EGC) with good long-term outcomes [2-6]. The 5-year survival rate in stage I gastric cancer 
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following endoscopic or surgical treatment is reportedly greater than 85% [7,8]. Furthermore, 
early detection of gastric cancer is important for reducing healthcare costs [9]. Therefore, 
diagnosis in the early stages is important for managing patients with gastric cancer.

Esophagogastroduodenoscopy is the best modality for detecting EGC and is widely used 
for gastric cancer screening in regions with a high prevalence of gastric cancer [10]. It has a 
sensitivity of 78%–84% for gastric cancer and reduces gastric cancer mortality by 47%–67% 
[11-13]. Endoscopic technology has developed dramatically with respect to the outer diameter 
and image quality. High-definition (HD) imaging has recently been developed for ultraslim 
endoscopes. The image resolution of HD is 1,280 × 720 pixels and that of standard-definition 
(SD) is 720 × 480 pixels. Since HD endoscopes provide higher quality images than SD 
endoscopes, HD imaging is likely to improve visualization and diagnostic ability in gastric 
cancer. However, to the best of our knowledge, no studies have investigated the effects of 
endoscopic image quality on the visibility and diagnostic ability in gastric cancer. As HD 
endoscopes were developed only in the past few decades, they are more expensive than SD 
endoscopes and are not used worldwide, such that SD endoscopes are still commonly used 
in some regions, especially in developing countries. If it could be shown that HD endoscopes 
have higher diagnostic ability than SD endoscopes, it may promote the widespread use of HD 
endoscopes in such regions. Therefore, we aimed to compare the diagnostic performance of 
HD and SD imaging in EGC using ultraslim endoscopes.

MATERIALS AND METHODS

Patient and endoscopic image extraction
We retrospectively reviewed the medical records and endoscopic images of 23 patients with 
EGC who underwent endoscopic submucosal dissection (ESD) at Nihon University Hospital 
between March 1, 2020, and May 1, 2020. If the gastric lesions were initially examined using an 
SD ultraslim endoscope (GIF-290N; Olympus Co., Tokyo, Japan), we also examined the lesions 
using an HD ultraslim endoscope (GIF-1200N; Olympus Co.) to evaluate lesion characteristics 
in detail and determine an appropriate treatment strategy. We compared the endoscopic 
images acquired using the HD ultraslim endoscope and those acquired using the SD ultraslim 
endoscope. These images were obtained using the same endoscopic processor (EVIS X1; 
Olympus Co.), the same structure emphasis (A5), and the same color emphasis (C0). Finally, 
images of 7 lesions in 7 patients who were examined using both HD and SD endoscopes before 
ESD were included in this study. Images from the remaining 16 patients were excluded, as these 
patients were examined using other endoscopes or only an HD endoscope. The study protocol 
was approved by the Ethics Committee of Nihon University Hospital (IRB No. 20200705).

For each patient, one investigator selected 2 to 3 endoscopic images with or without gastric 
cancer for each modality using the following criteria: 1) endoscopic images were obtained by 
white-light imaging, not narrow-band imaging or chromoendoscopy with indigo carmine; 
2) in the images with gastric cancer, the entire lesion was captured in the endoscopic 
image; 3) a paired set of endoscopic images for each modality had a similar composition 
(Supplementary Fig. 1); and 4) all endoscopic images in each modality had different 
compositions. In total, 30 endoscopic images of gastric cancer (15 endoscopic images for 
each modality) and 30 endoscopic images without gastric cancer (15 endoscopic images for 
each modality) were prepared with similar image compositions in each set. The investigator 
performed the analysis and was not involved in further evaluations.
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Analysis of the diagnostic ability of both modalities in gastric cancer
The site and horizontal extent of gastric cancer in each endoscopic image were determined 
by collating the pathological diagnosis with ESD. All endoscopic images were divided into 
9 sections using lines to divide the length and width into 3 equal parts (Fig. 1A and B). 
Seventeen endoscopists at our hospital evaluated 60 endoscopic images randomly and 
were asked to identify the section with gastric cancer in each image. Information on the 
type of imaging (HD or SD) and the number of images with gastric cancer was concealed. 
In endoscopic images of gastric cancer, detection of gastric cancer was defined as correct 
when endoscopists correctly identified at least one of the sections that included gastric 
cancer (Fig. 1C), and determination of the horizontal extent of gastric cancer was defined as 
correct when they correctly identified all the sections that included gastric cancer (Fig. 1D). 
In endoscopic images without gastric cancer, detection of gastric cancer and determination 
of the horizontal extent of gastric cancer were defined as correct when they identified that no 
section had gastric cancer.
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Fig. 1. Definition of detection of gastric cancer and determination of the horizontal extent of gastric cancer. 
(A) Type 0-IIc early gastric cancer is shown on the bottom left of the endoscopic image (yellow arrows). (B) 
Endoscopic images were divided into 9 sections using lines that divided the length and width into 3 equal parts. 
The lesion is present in sections 4 and 7. Detection of gastric cancer was defined as correct when any of the 
sections that included gastric cancer (either section 4 or 7 in this image) were identified. Determination of the 
horizontal extent of gastric cancer was defined as correct when all the sections that included gastric cancer (both 
sections 4 and 7 in this image) were identified. (C) When endoscopists selected section 4, the detection of gastric 
cancer was correct, but the determination of the horizontal extent of gastric cancer was incorrect. (D) When 
endoscopists selected both sections 4 and 7, both detection of gastric cancer and determination of the horizontal 
extent of gastric cancer were correct.



Assessment of the color value and color difference
When determining differences between HD and SD imaging in their ability to diagnose 
gastric cancer, we investigated the color difference between the lesion and surrounding 
mucosa in each imaging modality. We measured the color value of the lesion and surrounding 
mucosa in all endoscopic images of gastric cancer and calculated the color difference 
between the lesion and the surrounding mucosa.

We referred to a previous study by Kanzaki et al. [14] to measure the color value of images of 
EGC and surrounding mucosa. This process was performed using Adobe Photoshop (Adobe 
Systems Inc., San Jose, CA, USA). First, a line was drawn along the border between the lesion 
and surrounding mucosa by collating the pathological diagnosis of ESD (Fig. 2A). Second, an 
outer line was drawn parallel to the border line. This outer line enclosed an area twice as large 
as the area enclosed by the border line. Finally, an inner line was drawn inside and parallel to 
the border line, such that the distance between the border line and the inner line was equal 
to the distance between the border line and the outer line. A rectangle, one-third of the width 
of the lesion, was drawn in the center of the lesion (Fig. 2B). The rectangle was set to avoid 
shadows, mucus, bleeding, and halation. The sections separated by this rectangle and the 
3 lines were the region of interest (ROI) of the lesion and surrounding mucosa, respectively 
(Fig. 2C). The color value of the images of the lesion and surrounding mucosa was defined 
as the average color value in each ROI using CIE 1976 (L*a*b*) color space (CIELAB).[15] In 
CIELAB, color is expressed as 3 values: L* for perceptual lightness, and a* and b* for the 4 
unique colors of human vision: red, green, blue, and yellow. The color value of the lesion 
(L*l, a*l, b*l) and surrounding mucosa (L*s, a*s, b*s) were converted from RGB, and the 
color difference between the lesion and surrounding mucosa (ΔE) was calculated using the 
following equation [16]:

ΔE=√(L*l- L*s)2+(a*l-a*s)2+(b*l-b*s)2 

249https://jgc-online.org https://doi.org/10.5230/jgc.2021.21.e23

Endoscopic Imaging in Gastric Cancer

A B C

Fig. 2. Process of measuring the color value of the lesion and the surrounding mucosa. (A) A border line between the lesion and the surrounding mucosa (black) 
was drawn. (B) An outer line (blue) was drawn parallel to the border line, enclosing an area twice as large as the area enclosed by the border line. An inner 
line (green) was drawn inside and parallel to the border line, and the width between the border line and the inner line was equal to the width between the 
border line and the outer line. A rectangle (white line) was drawn in the center of the lesion with a width of one-third of the width of the lesion. (C) The sections 
separated by this rectangle and the 3 lines were the ROI of the lesion (red shaded area) and the surrounding mucosa (blue shaded area). The color value of the 
lesion and the surrounding mucosa was defined as the average of the color value in each ROI. 
ROI = region of interest.



Study outcomes and statistical analysis
The primary study outcome was the diagnostic ability of HD and SD endoscopic imaging 
for gastric cancer. The number of correct and incorrect identifications for each endoscopist 
were summated. The accuracy, sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) of each endoscope modality were calculated. The calculated 
values were compared between HD and SD imaging using the Mann-Whitney U test. We also 
analyzed the diagnostic ability of each endoscope using the receiver operating characteristic 
(ROC) curve and area under the curve (AUC). The correct answers in the images with and 
without gastric cancer were scored as 1 and 0, respectively. The ROC curves relating to the 
points marked for each endoscopist and the presence of gastric cancer were plotted, and the 
AUCs were calculated and compared between HD and SD endoscopy.

The secondary outcome was the comparison of the color difference of the lesion and 
surrounding mucosa between the 2 endoscopic imaging modalities. The color differences of 
ΔL*, Δa*, Δb*, and ΔE were compared using the Mann-Whitney U test.

The significance level was set at 2-tailed P<0.05 in all analyses. EZR statistical analysis software 
(Jichi Medical University Saitama Medical Center, Saitama, Japan) was used for statistical analyses.

Sample size
Generally, the diagnostic accuracy of various inspection methods is sufficient at an AUC 
of ≥0.8 in. In this study, a total of 28 images (14 images with gastric cancer and 14 images 
without gastric cancer) were deemed necessary based on the following parameters: AUC=0.8, 
power=0.9, α=0.05 (2-sided), and the ratio of presence of gastric cancer to no gastric 
cancer=1:1. According to this hypothesis, we required a sample size of 30 images in this study 
(15 with gastric cancer and 15 without gastric cancer) for each endoscopic imaging modality.

RESULTS

Endoscopic and pathological characteristics of the lesions
All endoscopic images showed gastric mucosal atrophy. In the 15 endoscopic images with 
gastric cancer, the lesion characteristics were as follows: the locations were lower-third in 6 
(40.0%), middle-third in 5 (33.3%), and upper-third in 4 (26.7%) images; the macroscopic 
types were 0-IIc in 8 (53.3%) and 0-IIa in 7 (46.7%) images; the histological types were 
well-differentiated tubular adenocarcinoma in 11 (73.3%), moderately differentiated tubular 
adenocarcinoma in 2 (13.3%), and non-solid type poorly differentiated adenocarcinoma in 2 
(13.3%) images; the depth of invasion was T1a in 13 (86.7%) and T1b in 2 (13.3%) images; and 
the lesion size (mean±standard deviation [range]) was 17.7±6.2 (11–27) mm.

Diagnostic performance of HD and SD imaging in gastric cancer
Regarding the detection of gastric cancer, Fig. 3A illustrates the ROC curves and AUCs of HD 
and SD images, and Table 1 summarizes the accuracy, sensitivity, specificity, PPV, and NPV of 
both modalities. The ability of HD imaging to detect gastric cancer was significantly higher 
than that of SD imaging in terms of accuracy (80.8% vs. 71.6%, P=0.017), sensitivity (94.9% 
vs. 76.5%, P<0.001), PPV (76.2% vs. 55.3%, P<0.001), and NPV (94.1% vs. 73.5%, P<0.001). 
The AUC for detection of gastric cancer was higher for HD images than for SD images, but 
the difference was not statistically significant (1.000 vs. 0.876, P=0.056). The Supplementary 
Fig. 1 shows 2 paired sets of endoscopic images comparing HD and SD.
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Regarding the determination of the horizontal extent of gastric cancer, Fig. 3B illustrates 
the ROC curves and AUCs of HD and SD images, and Table 2 summarizes the accuracy, 
sensitivity, specificity, PPV, and NPV of HD and SD images. The ability of HD images to 
determine the horizontal extent of gastric cancer was significantly higher than that of SD 
images in terms of accuracy (71.0% vs. 57.8%, P=0.004), sensitivity (75.3% vs. 49.0%, 
P<0.001), NPV (72.9% vs. 55.9%, P<0.001), and AUC (0.891 vs. 0.631, P=0.038).
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Fig. 3. The receiver-operating characteristic curve and the AUC values of HD and SD images in the detection of gastric cancer (A) and determination of the 
horizontal extent of gastric cancer (B). (A) The AUC value for the detection of gastric cancer in HD images was higher than that in SD images; however, it did 
not reach statistical significance (1.000 vs. 0.876, P=0.056). (B) The AUC value for the determination of the horizontal extent of gastric cancer in HD images was 
significantly higher than that in SD images (0.891 vs. 0.631, P=0.038). 
AUC = area under the curve; HD = high-definition; SD = standard-definition.

Table 1. Diagnostic performance of HD and SD images in the detection of early gastric cancer
Measurements HD SD P-value
Accuracy 80.8 (75.3–86.3) 71.6 (67.0–76.2) 0.017
Sensitivity 94.9 (90.4–99.4) 76.5 (70.8–82.2) <0.001
Specificity 66.7 (55.4–78.0) 66.7 (56.6–76.7) 0.917
PPV 76.2 (69.5–82.8) 55.3 (48.4–62.2) <0.001
NPV 94.1 (89.7–98.4) 73.5 (68.4–78.5) <0.001
Values are given as a percentage (95% confidence interval).
HD = high-definition; SD = standard-definition; PPV = positive predictive value; NPV = negative predictive value.

Table 2. Diagnostic performance of HD and SD images in determining the horizontal extent of early gastric cancer
Measurements HD SD P-value
Accuracy 71.0 (65.2–76.8) 57.8 (51.8–63.9) 0.004
Sensitivity 75.3 (69.0–81.6) 49.0 (42.3–55.8) <0.001
Specificity 66.7 (55.4–78.0) 66.7 (56.6–76.7) 0.917
PPV 72.1 (64.5–79.8) 61.4 (54.5–68.2) 0.053
NPV 72.9 (66.8–79.0) 55.9 (49.5–62.3) <0.001
Values are given as a percentage (95% confidence interval).
HD = high-definition; SD = standard-definition; PPV = positive predictive value; NPV = negative predictive value.



Diagnostic performance of HD and SD imaging according to histological types
Regarding differentiated cancer, the ability of HD imaging to detect gastric cancer was 
significantly higher than that of SD imaging in terms of accuracy (79.4% vs. 71.0%, P=0.042), 
sensitivity (94.1% vs. 76.0%, P<0.001), PPV (73.6% vs. 50.1%, P<0.001), and NPV (94.1% vs. 
75.4%, P<0.001), and the ability of HD images to determine the horizontal extent of gastric 
cancer was significantly higher than that of SD images in terms of accuracy (69.1% vs. 58.2%, 
P=0.015), sensitivity (71.9% vs. 48.4%, P<0.001), PPV (68.6% vs. 38.2%, P<0.001), and NPV 
(73.1% vs. 58.8%, P=0.001).

Regarding undifferentiated cancer, the ability of HD imaging to detect gastric cancer 
was significantly higher than that of SD imaging in terms of sensitivity (100% vs. 79.4%, 
P=0.009), PPV (38.5% vs. 21.9%, P=0.016), and NPV (100% vs. 96.7%, P=0.009), and the 
ability of HD images to determine the horizontal extent of gastric cancer was significantly 
higher than that of SD images in terms of sensitivity (97.1% vs. 52.9%, P<0.001), PPV (37.6% 
vs. 20.1%, P=0.009), and NPV (99.6% vs. 89.8%, P<0.001).

Diagnostic performance of HD and SD imaging according to physician's level
We defined an expert as a Board Certified Fellow of the Japan Gastroenterological Endoscopy 
Society and a non-expert as an endoscopist without certification. Among the 17 endoscopists 
who evaluated the endoscopic image sets, 7 were experts and 10 were non-experts.

In expert endoscopists, the accuracy, sensitivity, specificity, PPV, and NPV for detecting 
gastric cancer in HD and SD were as follows: 80.0% vs. 70.0%, P=0.053; 94.3% vs. 75.2%, 
P=0.003; 65.7% vs. 64.8%, P=1.000; 74.9% vs. 56.2%, P=0.041; and 93.7% vs. 70.5%, 
P=0.002, respectively. In non-expert endoscopists, the accuracy, sensitivity, specificity, 
PPV, and NPV for detecting gastric cancer in HD and SD were as follows: 81.3% vs. 72.7%, 
P=0.128; 95.3% vs. 77.3%, P=0.002; 67.3% vs. 68.0%, P=0.970; 77.0% vs. 54.7%, P=0.002; 
and 94.3% vs. 75.5%, P=0.002, respectively.

In expert endoscopists, the accuracy, sensitivity, specificity, PPV, and NPV for determining 
the horizontal extent of gastric cancer in HD and SD were as follows: 71.9% vs. 55.2%, 
P=0.017; 78.1% vs. 45.7%, P=0.007; 65.7% vs. 64.8%, P=1.000; 71.3% vs. 58.6%, P=0.055; 
and 76.0% vs. 53.1%, P=0.011, respectively. In non-expert endoscopists, the accuracy, 
sensitivity, specificity, PPV, and NPV for determining the horizontal extent of gastric cancer 
in HD and SD were as follows: 70.3% vs. 59.7%, P=0.102; 73.3% vs. 51.3%, P=0.001; 67.3% vs. 
68.0%, P=0.970; 72.7% vs. 63.3%, P=0.226; and 70.8% vs. 57.8%, P=0.015, respectively.

Color difference between the lesion and surrounding mucosa
The ΔE (mean±standard deviation [range]) was 10.3±4.9 (1.6–16.9) in HD images and 5.9±3.1 
(1.9–14.7) images in SD images. ΔE was significantly higher in HD images than in SD images 
(P=0.011) (Fig. 4A). In the subgroup analysis of ΔL*, Δa*, and Δb*, ΔL* was significantly 
higher in HD images than that in SD images (5.9±3.6 vs. 3.3±2.2, P=0.025). There was no 
significant difference in Δa* (5.9±3.5 vs. 4.1±2.0, P=0.135) and Δb* (4.1±2.4 vs. 2.3±1.4, 
P=0.051) (Fig. 4B).
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DISCUSSION

To the best of our knowledge, this is the first study to investigate and compare the diagnostic 
abilities of HD and SD endoscopy in gastric cancer. Our results indicated that HD imaging 
using an ultraslim endoscope had higher diagnostic performance in EGC than SD imaging, 
in particular, in terms of determining the horizontal extent of gastric cancer. Additionally, we 
observed a significant color difference between HD and SD imaging, which suggested that 
this could be the reason HD endoscopy shows a higher diagnostic ability than SD endoscopy.

Although there are no reports comparing the diagnostic ability of HD and SD imaging in 
gastric lesions, several studies have compared the performance of HD and SD imaging in 
colonoscopy. The major indicator for assessing the outcome quality of colonoscopy is the 
adenoma detection rate (ADR) [17-19]. The usefulness of HD imaging for colonoscopy ADR 
is debatable. Pioche et al. reported that the ADR of HD imaging was significantly higher than 
that of SD imaging (43.8% vs. 36.5%, P=0.030) [20]. In contrast, other studies reported that 
there were no significant differences in colonoscopy ADR between HD and SD imaging [21-
23]. The difference in the impact of HD imaging between gastric and colorectal lesions could 
be due to the morphological differences in the lesions. More than half of EGCs are of the flat 
or depressed type [24], whereas most colorectal adenomas are of the protruded type, with 
the flat type constituting <10% of adenomas [20-22]. Lesions with significant morphological 
changes, such as protruded or pedunculated polyps, can be easily detected irrespective of 
the endoscopic image quality; however, lesions with few morphological changes, such as 
flat or depressed lesions, might be difficult to detect in poor quality endoscopy images. 
Some studies have provided supportive data on our hypotheses. Rastogi et al. reported 
that HD endoscopy improved the detection of flat colorectal adenomas compared with SD 
endoscopy (9.5% vs. 2.4%) [22]. The quality of HD images might help identify lesions with 
few morphological changes in both gastric and colorectal lesions.
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HD = high-definition; SD = standard-definition.



Another advantage of this study was the detailed evaluation of the color difference between 
the lesion and the surrounding mucosa. Some reports have investigated the color difference 
between EGC and the surrounding mucosa and demonstrated that the average ΔE was 
6.0–18.6 in white-light imaging [14,25,26]. The ΔE values obtained from HD and SD imaging 
in this study were within the range and comparable to those in previous reports. In this 
study, ΔL* in HD imaging was significantly higher than that in SD imaging. This suggests 
that HD imaging provides brighter and clearer images than SD imaging, which results in a 
higher diagnostic ability for gastric lesions. Image-enhanced endoscopic (IEE) systems that 
enhance the mucosal vasculature and/or architecture without using a dye have also been 
developed. Linked color imaging (LCI) is a newer IEE modality. LCI is intended to enhance 
slight color differences in the red regions of the mucosa. LCI has a higher diagnostic ability or 
detectability in gastritis and gastric neoplasms than white-light imaging [27,28]. Furthermore, 
LCI provides greater color differences in both Δa* and Δb* compared to that of white-light 
imaging while maintaining a high ΔL* [14,26]. These color difference data might support the 
clinical impact of LCI on further improving diagnostic performance in gastric diseases.

We compared HD and SD imaging using ultraslim endoscopes. HD image quality has 
been commonly used in standard transoral endoscopy (approximately 10 mm in diameter) 
or colonoscopy; however, ultraslim endoscopy with HD imaging quality is a newer 
development. Unsedated esophagogastroduodenoscopy using an ultraslim endoscope 
provides similar satisfaction for patients with reduced total procedure costs compared 
to sedated conventional endoscopy [29], and unsedated transnasal endoscopy using 
an ultraslim endoscope offers better comfort and tolerability for patients than sedated 
conventional transoral endoscopy [30,31]. It is therefore used to diagnose gastric cancer, 
Barrett's esophagus, or esophageal varices [32-34]. However, transnasal endoscopy is limited 
by low image quality, because it does not have HD imaging capabilities. The HD ultraslim 
endoscope might overcome such limitations and provide better outcomes in screening 
patients at a higher risk of gastric cancer.

This study had some limitations. First, only a small number of still images were used in 
the analyses. For endoscopies in real clinical practice, lesions are diagnosed using video 
images and not still images. Second, the ratio of the presence to absence of gastric cancer in 
endoscopic images significantly differed from that in real clinical practice. The prevalence or 
detection rate of gastric cancer is 0.8% in clinical practice [13], and it significantly differed 
in half of the endoscopic images showing gastric cancer in this study. We used ROC analysis 
to minimize the limitations; however, the higher rate of gastric cancer might have led to 
overestimation of the diagnostic ability of HD imaging in this study. Finally, the validity of 
the evaluation method for determining the horizontal extent of gastric cancer is uncertain. 
We believe that identifying all included sections approximately determines the extent of 
the lesion. However, as other studies have reported [35], tracing or delineating the lesion 
border in endoscopic images is the method to precisely evaluate lesion extent. Therefore, this 
study result cannot be directly generalized to clinical practice due to the limitation of a small 
number of still images used, the significant difference in the detection rate of gastric cancer, 
and the method of determining the horizontal extent of the lesion.

In conclusion, HD imaging ultraslim endoscopy showed higher diagnostic performance in 
EGC than SD imaging because HD imaging provided a brighter contrast in color difference 
between the lesion and surrounding mucosa. HD was more useful than SD for detecting EGC. 
HD endoscopy is recommended for gastric cancer screening, especially for high-risk patients.
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SUPPLEMENTARY MATERIAL

Supplementary Fig. 1
Two examples of a pair of endoscopic images comparing HD and SD imaging. (A, B) 
Depressed type lesion, 20 mm in diameter, located at the posterior wall of the gastric antrum 
(white arrows). This lesion was examined and captured using HD and SD endoscopy with 
similar composition (A; taken using HD endoscopy, B; taken using SD endoscopy). (C, D) 
Depressed type lesion, 10 mm in diameter, located at the anterior wall of the gastric antrum 
(yellow arrows). This lesion was examined and captured using HD and SD endoscopy with 
similar composition (C; taken using HD endoscopy, D; taken using SD endoscopy).

Click here to view
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