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Abstract

BACKGROUND

Gastric intestinal metaplasia (GIM) is a precancerous lesion of the stomach, which
severely affects human life and health. Currently, a variety of endoscopic techni-
ques are used to screen/evaluate GIM. Traditional white-light endoscopy (WLE)
and acetic-acid chromoendoscopy combined with magnifying endoscopy (ME-
AAQC) are the interventions of choice due to their diagnostic efficacy for GIM.
Optical-enhanced magnifying endoscopy (ME-OE) is a new virtual chromoen-
doscopy technique to identify GIM, which combines bandwidth-limited light and
image enhancement processing technology to enhance the detection of mucosal
and vascular details. We hypothesized that ME-OE is superior to WLE and ME-
AAC in the evaluation of GIM.

AIM
To directly compare the diagnostic value of WLE, ME-AAC, and ME-OE for
detection of GIM.

METHODS

3895 June 6,2021 | Volume9 | Issuel6 |


https://www.f6publishing.com
https://dx.doi.org/10.12998/wjcc.v9.i16.3895
http://orcid.org/0000-0003-0171-9722
http://orcid.org/0000-0003-0171-9722
http://orcid.org/0000-0002-0795-622X
http://orcid.org/0000-0002-0795-622X
http://orcid.org/0000-0001-6508-4354
http://orcid.org/0000-0001-6508-4354
http://orcid.org/0000-0003-4763-7650
http://orcid.org/0000-0003-4763-7650
http://orcid.org/0000-0002-9885-2097
http://orcid.org/0000-0002-9885-2097
http://orcid.org/0000-0002-6808-5317
http://orcid.org/0000-0002-6808-5317
http://orcid.org/0000-0003-4935-3539
http://orcid.org/0000-0003-4935-3539
http://orcid.org/0000-0003-1514-2549
http://orcid.org/0000-0003-1514-2549
http://orcid.org/0000-0002-0670-9307
http://orcid.org/0000-0002-0670-9307
http://orcid.org/0000-0002-9678-4596
http://orcid.org/0000-0002-9678-4596
mailto:wuhuili660912@126.com

Song YH et al. WLE, ME-OE for gastric intestinal metaplasia

Committee of Zhengzhou Central
Hospital Affiliated to Zhengzhou
University, No. 202031.

Clinical trial registration statement:
This study was registered at
chictr.org.cn. The registration
identification number is
ChiCTR2000032072.

Informed consent statement: All
participating patients provided
written informed consent.

Conflict-of-interest statement: All
authors declare no potential

conflicting interests related to this

paper.

Data sharing statement: No
additional data are available.

CONSORT 2010 statement: The
authors have read the CONSORT
2010 Statement, and the
manuscript was prepared and
revised according to the
CONSORT 2010 Statement.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ /creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Specialty type: Medicine, research
and experimental

Country/Territory of origin: China

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): 0

Grade D (Fair): D

Grade E (Poor): 0

Jaishideng®

WJCC | https://www.wjgnet.com

A total of 156 patients were subjected to consecutive upper gastrointestinal
endoscopy examinations using WLE, ME-AAC, and ME-OE. Histopathological
findings were utilized as the reference standard. Accuracy, sensitivity, specificity,
and positive and negative predictive values of the three endoscopy methods in
the diagnosis of GIM were evaluated. Moreover, the time to diagnosis with ME-
AAC and ME-OE was analyzed. Two experts and two non-experts evaluated the
GIM images diagnosed using ME-OE, and diagnostic accuracy and intra- and
inter-observer agreement were analyzed.

RESULTS

GIM was detected in 68 of 156 patients (43.6%). The accuracy of ME-OE was
highest (91.7%), followed by ME-AAC (86.5%), while that of WLE (51.9%) was
lowest. Per-site analysis showed that the overall diagnostic accuracy of ME-OE
was higher than that of ME-AAC (P = 0.011) and WLE (P < 0.001). The average
diagnosis time was lower in ME-OE than in ME-AAC (64 £ 7 s vs 151 £30's, P <
0.001). Finally, the inter-observer agreement was strong for both experts (k =
0.862) and non-experts (k = 0.800). The internal consistency was strong for experts
(k = 0.713, k = 0.724) and moderate for non-experts (k = 0.667, k = 0.598).

CONCLUSION

For endoscopists, especially experienced endoscopists, ME-OE is an efficient,
convenient, and time-saving endoscopic technique that should be used for the
diagnosis of GIM.

Key Words: Magnifying endoscopy; Optical-enhanced; Acetic-acid; Gastric intestinal
metaplasia

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study evaluated the diagnostic value of optical-enhanced magnifying
endoscopy (ME-OE) for gastric intestinal metaplasia. By comparing ME-OE with
existing magnifying endoscopy techniques, the study evaluated their diagnostic ability,
operating time, and inter- and intra-observer agreements. Our study showed that ME-
OE is an efficient, convenient, and time-saving endoscopic technique for endoscopists,
especially experienced endoscopists. We recommend its wide clinical application in
diagnosing gastric intestinal metaplasia.

Citation: Song YH, Xu LD, Xing MX, Li KK, Xiao XG, Zhang Y, Li L, Xiao YJ, Qu YL, Wu
HL. Comparison of white-light endoscopy, optical-enhanced and acetic-acid magnifying
endoscopy for detecting gastric intestinal metaplasia: A randomized trial. World J Clin Cases
2021; 9(16): 3895-3907

URL: https://www.wjgnet.com/2307-8960/full/v9/i16/3895.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i16.3895

INTRODUCTION

Gastric cancer poses a tremendous threat to human health due to its high morbidity
and mortality worldwide. It is the third leading cause of mortality among all
cancers[1]. Correa[2] proposed a cascade (superficial gastritis, atrophic gastritis, gastric
intestinal metaplasia (GIM), gastric intraepithelial neoplasia, and intestinal-type
gastric cancer), of which GIM is of high clinical significance.

In most cases GIM develops from atrophic gastritis. Early diagnosis and prompt
treatment may prevent GIM from progressing to intestinal-type gastric cancer. If left
untreated, GIM will further evolve into intraepithelial neoplasia and eventually
progress to intestinal-type gastric cancer. Patients with GIM are prone to gastric
cancer, and those with high grade dysplasia have a 25% chance of developing gastric
cancer within one year[3], which is approximately 10 to 20 times higher in terms of
relative risk of gastric cancer development compared with the general population[4].
Therefore, early and accurate assessment is critical for the treatment and prognosis of
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gastric cancer[5]. Annual endoscopic examinations for these high-risk patients increase
the chance of detecting early gastric cancer, and thus improving the survival rate[6]. In
addition, they are a cost-effective way of detecting early gastric cancer and precan-
cerous lesions[7].

However, a previous study showed the limitations of white-light endoscopy (WLE)
for the detection of GIM[5]; the major factors responsible for these limitations include
the lack of specific manifestations of GIM under white light and lack of effective
diagnostic indicators for GIM under WLE. With the development of endoscopic
techniques, the application of acetic-acid chromoendoscopy (AAC) has gradually
increased. Acetic acid reversibly denatures cytoplasmic proteins by destroying
disulfide bonds of glycoproteins, thus enhancing the mucosal architecture and pit-
pattern of the columnar epithelium[8]. Previous studies have shown that AAC can be
used effectively to detect GIM[8,9]. Optical-enhanced endoscopy (OE) is a novel
technique of electronic chromoendoscopy[10]. The innovative optical filters may
achieve higher overall transmittance by connecting the peaks of hemoglobin
absorption spectrum (415 nm, 540 nm and 570 nm), generating a continuous
wavelength spectrum. There are two modes with different OE filters (Modes 1 and 2).
Mode 1 is designed mainly to improve visualization of microvessels with a sufficient
amount of light, and Mode 2 is designed to improve contrast of white-light
observation by bringing the color tone of the overall image closer to that of natural
color (white-color tone) with much more light than with Mode 1 filter.

Since the gastric epithelium requires careful observation and the light blue crest
(LBC) sign is important under narrow band imaging, Mode 1 enables better diagnosis
of GIM through the use of a high-resolution magnifying endoscope system. However,
to the best of our knowledge, no study has been conducted to evaluate the efficacy of
OE for GIM detection. In addition, there is a scarcity of data regarding the diagnosis of
GIM using only acetic-acid chromoendoscopy combined with magnifying endoscopy
(ME-AAC) or optical-enhanced magnifying endoscopy (ME-OE). Therefore, in this
study, we evaluated and compared the efficacies of ME-OE and ME-AAC for the
detection of GIM.

MATERIALS AND METHODS
Subjects

This was a prospective, randomized, and single-center study conducted at a teaching
hospital in Zhengzhou, China. All participating patients provided written informed
consent. The research protocol was approved by the Ethics Committee of Zhengzhou
Central Hospital Affiliated to Zhengzhou University (202031) and registered in the
China Clinical Trial Registry (ChiCTR2000032072).

All consecutive patients who were undergoing gastroscopy examinations were
routinely evaluated for potential symptoms including upper abdominal discomfort/
pain, anemia, acid reflux/heartburn, suspected peptic ulcer, and dyspepsia. Other
relevant data such as the findings on physical examination and medical history
(smoking habit, alcohol consumption, Helicobacter pylori infection, and gastric cancer
family history) were also included. The exclusion criteria were as follows: (1) age < 18
years or > 80 years; (2) gastrointestinal hemorrhage, peptic ulcer, history of
gastrectomy, or advanced gastric cancer; (3) dysfunction of the coagulation system; (4)
allergy to acetic acid or narcotic drugs; and (5) inability to provide written informed
consent.

Study protocol
As no diagnostic criteria are currently available for GIM by ME-OE, we considered the
LBC (Figure 1A and B)[11] identified on the surface of gastric mucosa by magnifying
narrow-band imaging system endoscopy (ME-NBI) as a manifestation of GIM. Tanaka,
Toyoda[12] divided the enhanced microstructure of the gastric mucosa surface after
spraying acetic acid solution into five types, and classified type III (gastric pits
demonstrating cerebral gyrus- or villi-like changes, different from oval, patchy, or
irregular white nodules of the surrounding mucosa) (Figure 1C and D) as GIM
manifestations.

As the effect of acetic acid on the gastric mucosa usually lasts from a few seconds to
a few minutes[8,13], we were unable to observe the entire stomach in such a short
period of time. Therefore, the gastric antrum and angular notch, the most common
localizations of GIM[13], were chosen as the main examination areas|[14].
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Figure 1 Endoscopic images in the magnifying mode. A and B: In the optical-enhanced endoscopy Mode 1 and magnifying endoscopy image, light blue
crest appears as blue-white lines visible on the epithelial surface; C and D: After spraying acetic acid, villous or cerebral gyrus-like structure, partial pits missing, and
irregular arrangement are usually shown in magnifying mode.

JBaishideng®

Endoscopic procedure

The two endoscopists (Wu, Li), who had more than five years of endoscopic operation
experience, were trained for two weeks on endoscopic images containing LBC and
cerebral gyrus-like or villi-like changes and were subsequently evaluated. Fifty images
containing LBC changes, 50 images containing cerebral gyrus or villi-like changes, and
20 images of normal gastric mucosa were selected. Eighty images were randomly
selected each time for evaluation. In total, three evaluations were performed, and an
accuracy rate greater than 80% in each evaluation was required from the endoscopists
for their qualification. Moreover, each endoscopic technique was performed for at least
50 pre-study trainings using the same equipment.

Approximately 15-20 min before the examination, patients were given oral
streptomycin particles and simethicone emulsion (method: 20000 units of dew
protease particles, sodium bicarbonate 1 g, and simethicone emulsion 5 mL dissolved
in 60 mL lukewarm water). The endoscopy system used in this study was EK-i7000
from Pentax (Pentax, Tokyo, Japan), and the magnifying endoscope model was
MagniView EG-2990Zi, with a focal range of 4-100 mm, and the maximum 136 x
optical zoom capability. All gastroscopic examinations were performed with a black
silicone elastomer cap on the distal end of the gastroscope (Pentax DiStal Rubber Hood
OE-A59, Pentax, Tokyo, Japan). All enrolled patients received intravenous anesthesia.
The anesthetic drugs (propofol 10 mL or midazolam 10 mL) were administered
intravenously 5 min before the endoscopic examinations. All patients were given nasal
cannula oxygen during the anesthesia process, the entire anesthesia process was
performed by a certified anesthetist, and vital signs were monitored throughout the
entire procedure.

The study flowchart is shown in Figure 2. First, a random endoscopist entered the
room. The first one to enter the room was referred to as the ME-OE endoscopist, and
the second one to enter the room was referred to as the ME-AAC endoscopist. The
examination was performed with the routine WLE procedure. Any mucosal
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Patients eligible
n=156

14 patients excluded:
gastrointestinal hemorhage: 7 = 4
gastrectomy: n =5

coagulopathy: n =14

advanced gastric cancer: 7 = 1
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Y
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Figure 2 Flow chart of the examinations: 180 patients enrolled, 156 patients eligible for white-light endoscopy (24 patients excluded: 4
with gastrointestinal hemorrhage, 5 with gastrectomy, 14 with coagulopathy, and one patient with advanced gastric cancer). WLE: White-
light endoscopy; ME-AAC: Acetic-acid chromoendoscopy combined with magnifying endoscopy.

abnormalities, such as rough mucosal surface and localized discoloration, were
carefully examined and evaluated. Among the abnormalities, gray-white nodule
changes (Figure 3A and D) were considered indicators of GIM lesions in WLE. The
locations of the abnormalities were recorded and potential GIM lesions were reported
to a research assistant. The areas of the abnormalities were then rinsed. For areas
difficult to rinse, pronase and simethicone were added. Subsequently, OE Mode 1 was
turned on, and it was observed whether there were bluish-whitish areas (Figure 3B
and E). After the area was zoomed in to observe whether there was LBC on the
mucosal surface (Figure 1A and B), the area was photographed and the findings
reported to a research assistant. The assistant recorded the time from turning on Mode
1 to reaching the diagnosis. After turning off the OE Mode 1, the area was rinsed, and
fluid in the stomach was completely aspirated. In order to avoid damaging the mucous
membrane and affecting the observation, we did not perform the biopsy until after the
ME-AAC examination. The ME-OE endoscopist left the room after the procedure, and
then the ME-AAC endoscopist entered the room. During the whole process, any form
of communication between the endoscopists was not allowed. A total of 20 mL of 2%
acetic acid solution was evenly sprayed on the gastric antrum and angular notch using
a spray tube, and excess acetic acid solution was aspirated after spraying. After about
5-10 s, when the reaction appeared (Figure 3C and F), the presence of gyrus- or villi-
like changes (Figure 1C and D) was observed in magnification mode, photographed,
and reported to the research assistant. The research assistant recorded the location of
the lesion in detail, as well as the time from inserting the spray tube to reaching the
diagnosis and withdrawing the spray tube. Targeted biopsies were performed
whenever lesions were suspected by the ME-AAC endoscopist. The ME-AAC
endoscopist then performed targeted biopsies of the sites that had been identified by
the ME-OE endoscopist if they had not already been sampled during the ME-AAC
procedure. The research assistant, who was present throughout the process, confirmed
that the ME-AAC endoscopist had taken one biopsy from each identified site. In
addition, three random biopsies were collected by the ME-AAC endoscopist from the
gastric antrum and angular notch of each patient. The research assistant recorded the
biopsy locations. The specimens were subjected to histopathological examination.

Histological assessment

The tissue specimens collected during endoscopies were placed into formalin solution
for 24 h, subjected to conventional dehydration, paraffin embedding, and sectioning,
and then stained using the hematoxylin and eosin (H/E) staining method. Two
experienced pathologists reviewed the slides independently and reached histological
conclusions without knowing the endoscopic findings. If the conclusions of the two
pathologists were notably different, a third pathologist was consulted. The diagnostic
histopathological criteria were based on the Vienna classification.
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Figure 3 Appearance of gastric intestinal metaplasia under three different endoscopic methods. A and D: Lesions as ash-colored nodular
changes (white-light endoscopy); B and E: Bluish-whitish lesion area (optical-enhanced endoscopy, Mode 1); C and F: The clearer, whitish patches observed after
spraying with acetic acid (acetic-acid chromoendoscopy).
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Endpoints
With histopathological evaluation as a reference standard, we evaluated the accuracy,
sensitivity, specificity, and positive and negative predictive values of WLE, ME-AAC,
and ME-OE endoscopy for detection of GIM, as primary outcomes.

The secondary outcome measures included the comparison of the time needed to
reach a diagnosis of GIM by ME-AAC and ME-OE, and the intra- and inter-observer
agreements when ME-OE was used.

Sample size

In this study, histopathological diagnosis from tissue biopsies was used as the gold
standard. WLE, ME-AAC, and ME-OE endoscopic examinations were performed in
enrolled patients to evaluate the diagnostic value of the three examination methods.
The sensitivity of ME-AAC for the diagnosis of GIM was estimated to be 77.6%[9] with
an acceptable error of sensitivity of 10%; the specificity was 94.4%[9] with an
acceptable error of 10%, and the confidence was specified as 0.95. The same number of
samples was used to calculate both parameters using PASS11 software. The required
sample size was 152 patients.

Statistical analysis

Statistical analysis was performed using SPSS 26.00 statistical software. Frequencies
with percentages were used to represent qualitative variables, whereas means and
standard deviations were used to represent quantitative variables. Comparisons of
qualitative variables were conducted using Fisher's exact probability test or the chi-
square test, while for comparisons of continuous variables we used the f test. Intra-
observer agreement and inter-observer agreement were determined by the kappa test
(higher values of kappa coefficient denote higher intra- and inter-observer
agreements). A value of P < 0.05 was considered statistically significant.

RESULTS

From April 2020 to October 2020, 180 patients were screened. After excluding 24
patients, 156 patients were included in the study. The detailed clinical characteristics
are presented in Table 1. There were no differences in clinical characteristics.
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Table 1 Demographic and main clinical characteristics of the subjects

Parameter Value
Number 156
Gender (M/F) 83/73
Age (mean * SD), yr M 58.9+89
18 585+7.9
Physical examination 22
Symptoms
Upper abdominal discomfort/pain 30
Anemia 13
Acid reflux/heartburn 37
Suspected peptic ulcer 9
Dyspepsia 45
Medical history
Smoking habit 52
Alcohol consumption 57
Helicobacter pylori infection 31
Family history of gastric cancer 12

SD: Standard deviation.

Jaishideng®
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Primary endpoint

Per-participant analysis: Among 156 patients, 68 had GIM. There were 85 patients
with suspected GIM based on WLE, of which 27 were confirmed by histopathology.
Seventy-one patients with suspected GIM were found using ME-OE, of which 63 were
confirmed by histopathology. Sixty-nine patients with suspected GIM were found by
ME-AAC, of which 58 were confirmed by histopathology. With histopathology as a
reference method, the specificity, sensitivity, and accuracy of the three endoscopic
methods were determined (Table 2). The accuracy of ME-OE was the highest (91.7%),
followed by ME-AAC (86.5%), and WLE (51.9%). The overall diagnostic accuracy of
ME-OE was higher than that of ME-AAC (P < 0.001) and WLE (P < 0.001).

Per-site analysis: A total of 361 targeted biopsies were taken, and 248 of them were
diagnosed as GIM by histopathology. WLE assessment indicated suspected GIM in 106
sites, of which 85 were confirmed by histopathology. ME-OE suspected GIM in 275
sites, of which 239 were confirmed by histopathology. ME-AAC found suspected GIM
in 291 sites, of which 230 were confirmed by histopathology. In addition, a total of 468
random biopsies were analyzed, of which 40 were histopathologically diagnosed as
GIM. The accuracy of ME-OE (89.7%) was higher than that of ME-AAC (85.6%) and
WLE (73%). The overall diagnostic accuracy of ME-OE was higher than that of ME-
AAC (P =0.011) and WLE (P < 0.001) as shown in Table 3.

Secondary endpoints

Average diagnosis time was 64 + 7 s for ME-OE and 151 # 30 s for ME-AAC (P <
0.001), indicating that ME-OE took only 40% of the time taken by ME-AAC (Figure 4).
White light endoscopy is only a preliminary identification of abnormal areas. Thus, the
diagnosis time was not evaluated. After completion of all experiments, we conducted a
retrospective analysis. From all the images obtained in this study, 20 ME-OE images
diagnosed with GIM and 10 ME-OE images without GIM were selected by the
research assistant. Two experts (Liang and Xu) with more than 5 years of endoscopic
experience and two non-experts (Chang and Qu) with less than 2 years of endoscopic
experience, who did not participate in the initial analysis, judged these images
immediately after 30 min of training and again after 2 wk. The overall accuracy of the
four physicians was 79.2%, the overall accuracy of the two experts was 83.3% (83.3%,
83.3%), and the overall accuracy of the two non-expert doctors was 75% (76.7%, 80%).
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Table 2 Diagnostic accuracy of three endoscopic methods for patients with gastric intestinal metaplasia

Sensitivity Specificity PPV NPV Accuracy P value
WLE 39.7% 61.4% 44.3% 56.8% 51.9% 0.001
ME-OE 92.6% 90.9% 88.7% 94.1% 91.7% 0.001
ME-AAC 85.3% 87.5% 84.1% 88.5% 86.5%

WLE: White-light endoscopy; ME-OE: Optical-enhanced magnifying endoscopy; ME-AAC: Acetic-acid chromoendoscopy combined with magnifying
endoscopy; PPV: Positive predictive value; NPV: Negative predictive value.

Table 3 Diagnostic accuracy of three endoscopic methods for gastric intestinal metaplasia sites

Sensitivity Specificity PPV NPV Accuracy P value
WLE 29.5% 96.1% 80.2% 71.9% 73% 0.001
ME-OE 82.9% 93.3% 86.9% 91.2% 89.7% 0.011
ME-AAC 79.9% 88.7% 79.0% 89.2% 85.6%

WLE: White-light endoscopy; ME-OE: Optical-enhanced magnifying endoscopy; ME-AAC: Acetic-acid chromoendoscopy combined with magnifying
endoscopy; PPV: Positive predictive value; NPV: Negative predictive value.

ME-OE vs ME-AAC (P value < 0.001; fold change = 0.42)

200

150

100

Observation time (second)

ME-OE (1 = 275) ME-AAC (7 = 291)

Figure 4 The time required for optical-enhanced magnifying endoscopy and acetic-acid chromoendoscopy combined with magnifying
endoscopy to diagnose gastric intestinal metaplasia. Fold change was calculated by dividing the time required for optical-enhanced magnifying endoscopy
by the time required for acetic-acid chromoendoscopy combined with magnifying endoscopy. ME-OE: Optical-enhanced magnifying endoscopy; ME-AAC: Acetic-acid
chromoendoscopy combined with magnifying endoscopy.

The inter-observer agreement was almost perfect (k = 0.862) for experts and substantial
(k = 0.800) for non-experts. The intra-observer agreement was substantial for the
experts (k = 0.713, k = 0.724) and substantial (k = 0.667) and moderate (k = 0.598) for the
non-experts (Tables 4-6).

DISCUSSION

Our study shows that ME-OE is more advantageous than WLE and ME-AAC in the
diagnosis of GIM. First, more patients with GIM and more GIM sites were detected by
ME-OE than by the other two methods. Second, ME-OE is a more reliable GIM
diagnostic tool than ME-AAC for an experienced endoscopist. Third, compared with
ME-AAC, ME-OE significantly reduces the procedure time.
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Table 4 Diagnostic ability of the four endoscopists for gastric intestinal metaplasia

Endoscopist Sensitivity Specificity PPV NPV Accuracy
Expert ., 85% 80% 89.5% 72.7% 83.3%
Expert y, 80% 90% 94.1% 69.2% 83.3%
Non-expert pang 65% 80% 86.7% 53.3% 76.7%
Non-expert g, 75% 90% 93.8% 64.3% 80%

PPV: Positive predictive value; NPV: Negative predictive value.

Table 5 Diagnostic ability of experts, non-experts, and all observers for gastric intestinal metaplasia

Sensitivity Specificity PPV NPV Accuracy
Experts (1 = 2) 82.5% 85% 91.7% 70.8% 83.3%
Non-experts (1 = 2) 70% 85% 90.3% 58.6% 75%
All observers (n = 4) 76.3% 85% 91.0% 64.1% 79.2%

PPV: Positive predictive value; NPV: Negative predictive value.

Table 6 Inter-observer agreement and intra-observer agreement

Inter-observer agreement Intra-observer agreement

Experts (n = 2) 0.862 Expert 0.713
Expert y,, 0.724

Non-experts (1 = 2) 0.800 Non-expert ¢,y 0.667
Non-expert g, 0.598

WLE is used as a standard endoscopy examination and is the most commonly used
endoscopic technique for digestive tract diseases. Kaminishi et al[15] evaluated the
accuracy of endoscopy in the diagnosis of chronic gastritis, and found that the gray-
white nodule changes showed high specificity, but very low sensitivity. In our study,
the sensitivity of WLE for diagnosis of GIM was 39.7%, specificity was 61.4%, and
accuracy was 51.9%. Similar observations were reported in other studies[5,16]. As
WLE cannot adequately predict the presence of GIM[17],which may lead to missed
diagnosis of some early cancers and precancerous lesions. Another study suggested a
very poor correlation between WLE endoscopic manifestations and histopathological
diagnosis[18], consistent with our WLE results of correct diagnosis in 27 along with
misjudgment in 58 patients. This may reflect (1) the high requirements for the
operation ability and professional knowledge of endoscopists[19,20]; and (2) the fact
that WLE can only observe the morphology of mucous membrane macroscopically,
while missing some microstructural mucosal lesions. These results demonstrate that
WLE has a low diagnosis rate for GIM, and may not be suitable for the diagnosis of
GIM.

Acetic-acid staining is a classic staining method first applied in colposcopy by
Hinselmann[21] in 1938. Then, acetic-acid chromoendoscopy was mainly used for
staining the gastric and esophageal mucosa. Currently, AAC is the most commonly
used method for gastric mucosa staining as it is a practical and economical method for
evaluating the size and degree of mucosal lesions. After spraying acetic acid, optical
properties of the epithelial cells are changed by slightly changing the pH or by
reversibly changing their protein architecture, highlighting the columnar epithelial
cells and reflecting white light from the mucosal surface[22]. In a previous study of
acetic-acid chromoendoscopy without magnification, Song et al[9] showed that the
overall diagnostic accuracy of acetic-acid gastroscopy could reach 89%, while the
sensitivity and specificity were 77.6% and 94.4%, respectively. AAC is a valid and
reproducible approach to determine the extent of GIM and may become a practical
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method for identifying individuals at high risk of gastric cancer. According to the
available data, there seems to be no significant difference between the use of AAC
without magnification and the use of ME-AAC in the diagnosis of GIM. In our study,
we did not use AAC without magnification to diagnose GIM, and we will confirm our
speculation in future studies.

The principle of ME-OE is similar to that of ME-NBI. Uedo et al[11] reported that the
detection of LBC on the surface of gastric mucosa epithelium in ME-NBI may be a
unique endoscopic manifestation related to intestinal metaplasia, and other ME-NBIs
studies[11,23,24], confirmed LBC as a highly accurate sign of the histological presence
of intestinal metaplasia. In addition, LBC is associated with the progression to severe
GIM[25]. Due to the nature of the NBI filter, the resulting light is very weak, so the
image is very dark, However, this drawback is compensated by OE. This may bring
some benefits to diagnosing GIM.

Per-participant detection rates of GIM differed significantly among the three
endoscopic methods. The diagnostic accuracy of ME-OE for GIM was significantly
higher than that of ME-AAC (91.7% vs 86.5%, P < 0.001) and WLE (91.7% vs 51.9%, P <
0.001). Per-site diagnostic accuracy of ME-OE for GIM was also significantly higher
than that of ME-AAC (89.7% vs 85.6%, P = 0.011) and WLE (89.7% vs 73%, P < 0.001),
and more GIM patients and GIM sites were diagnosed. This finding is relevant,
because, at present, sufficient evidence on the usefulness of ME-OE for GIM is lacking.
Our study shows higher diagnostic capability of ME-OE compared with the other two
techniques, proving that LBC diagnosis of GIM is also applicable to ME-OE. The
possible explanations for this are as follows: (1) WLE can only detect lesions visible to
the naked eye, causing misdiagnosis of some mucosal microstructural lesions; (2) ME-
AAC spraying skills determine how much the lesion site is exposed (inability to
master the spraying technique will lead to missed diagnosis of the lesion site); (3) ME-
OE can be switched to the correct mode by simply pressing a button. The operation is
simple, no additional skills are needed, and changes in mucosal microstructure can be
observed, which greatly enhances the diagnosis; and (4) ME-OE overcomes the
disadvantage of the dim NBI light source.

In terms of diagnosis time, ME-OE was also faster and convenient than ME-AAC (64
+7swvs151 +30s, P <0.001). After the study, we communicated with the operating
physicians and summarized the possible reasons for longer diagnosis time with ME-
AAC as follows: (1) it takes a certain time to insert and withdraw the spray tube; (2) it
is difficult to accurately and successfully spray the lesion in one attempt; (3) the
physician needs to wait for the whitening reaction of acetic acid; and (4) inaccurate
spraying or insignificant whitening reaction results in a longer judgment time. Of
these, the difficulty to accurately spray in one attempt is likely the major factor
affecting the operation time. Furthermore, we also analyzed the operation time of ME-
OE and showed that the time was mainly spent on flushing the mucous membrane
surface and magnifying the view to find LBC. Our study found that most of the subtle
lesions were blocked by mucus or other substances; thus, it is necessary to rinse the
mucosal surface until it is clean, as otherwise it may affect the observation and
judgment. However, improper irrigation can also cause minor mucosal bleeding,
which may affect the observation. Hence, this requires the physicians to operate gently
and observe carefully.

This is also the first study to investigate the inter- and intra-observer agreement for
GIM judgment using ME-OE, and to further compare the diagnostic accuracy of
experienced and inexperienced endoscopists to understand whether the degree of
experience affects the accuracy of diagnosis. Here we showed that the consistency in
both the experts and non-experts was strong. The diagnostic accuracy of experienced
endoscopists was better than that of inexperienced endoscopists (83.3% vs 75%). The
internal consistency of the expert observers was strong, while that of non-expert
observers was moderate. Nevertheless, the diagnostic consistency of ME-OE was
acceptable even for non-experts. The European Society of Gastrointestinal Endos-
copy[26] suggests competency in optical diagnosis can be learned by attending a
validated optical diagnosis training course based on a validated classification, and self-
learning with a minimum number of lesions. From a study viewpoint, in expert hands,
optical diagnosis has been demonstrated to be very helpful in predicting the histology,
and endoscopic experience can help to improve the diagnostic accuracy of GIM and
does have some influence on diagnostic reliability.

This study also had some limitations. Namely, this was a single-center study with a
small sample size, and thus, further in-depth, large-scale, and multi-center studies are
required in the future. In addition, no specific GIM optical diagnosis criteria for ME-
OE are available thus far, and we hope that in the near future an ME-OE diagnostic
standard for GIM can be established. In this study, we selected the regions with the
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highest prevalence of intestinal metaplasia, the gastric antrum and angular notch.
Future studies should examine the whole stomach to reduce the risk of misdiagnosis.
The participants in this study were all from the same hospital, which may also have
affected the results. The repeatability of ME-OE diagnosis of GIM needs to be further
verified by more cases and observations.

In spite of its limitations, the strengths of the study included the in-depth analysis of
the reasons for the differences in accuracy and operation time of various endoscopic
techniques on the basis of previous similar studies. Despite the established association
with increased gastric cancer risk, the diagnosis of GIM presents a dilemma for many
gastroenterologists. WLE in the diagnosis of GIM seems to impracticable, the ability to
diagnose ME-AAC is modest and a significant amount of time is necessary[27]. The
study adds to our understanding of the diagnosis of GIM by ME-OE. In addition, the
ability of ME-OE to diagnose GIM was significantly better than that of ME-AAC and
WLE, the method not only has high accuracy but is also simple to perform with ME-
AAC and saves time. Furthermore, endoscopic experience and education are needed
to raise the diagnostic accuracy of GIM.

CONCLUSION

ME-OE is an efficient, convenient, and time-saving endoscopic technique for
diagnosing GIM, and the results of this study have some important implications for
future practice. Further research is required to establish its diagnostic efficiency for
GIM.

ARTICLE HIGHLIGHTS

Research background

Optical-enhanced endoscopy is a newly developed endoscopic technology and is
currently commercially available. However, there is a scarcity of data regarding the
diagnosis of gastric intestinal metaplasia (GIM) using only acetic-acid chromoen-
doscopy combined with magnifying endoscopy (ME-AAC) or optical-enhanced
magnifying endoscopy (ME-OE).

Research motivation

To provide a theoretical basis and practical guidance for new endoscopic techniques to
diagnose GIM.

Research objectives
To directly compare the diagnostic value of white-light endoscopy (WLE), ME-AAC,
and ME-OE for the detection of GIM.

Research methods

A total of 156 patients were subjected to consecutive upper gastrointestinal endoscopy
examinations using WLE, ME-AAC, and ME-OE. The accuracy of these three
endoscopic methods in the diagnosis of GIM were evaluated. Moreover, the time to
diagnosis with ME-AAC and ME-OE was analyzed. Two experts and two non-experts
evaluated the GIM images diagnosed using ME-OE, and diagnostic accuracy and
intra- and inter-observer agreement were analyzed.

Research results

The ability of ME-OE to diagnose GIM was significantly better than that of ME-AAC
and WLE, the method not only has high accuracy but is also simple to perform with
ME-AAC and saves time. Furthermore, endoscopic experience and education are
needed to raise the diagnostic accuracy of GIM.

Research conclusions
For endoscopists, especially experienced endoscopists, ME-OE is an efficient,
convenient, and time-saving endoscopic technique for the diagnosis of GIM.

Research perspectives
The results of this study have some important implications for future practice. Further
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research is required to establish the diagnostic efficiency of ME-OE for GIM.
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