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Abstract

Background Helicobacter pylori (H. pylori) is associated with gastric cancer. Early and accurate diagnosis of H. pylori
infection can reduce risk of gastric cancer. Conventional white light imaging (WLI) and image-enhanced endoscopic
(IEE) techniques such as narrow-band imaging (NBI), linked color imaging (LCl) and blue laser imaging (BLI) plays
pivotal role in H. pylori diagnosis. This study aimed to determine diagnostic performance of real-time endoscopy
between WLI and other IEE techniques for diagnosis of H. pylori infection.

Methods This prospective study compared endoscopic images by gastroscopy using WLI and IEE techniques
(LCI, Magnifying-BLI, and Magnifying-NBI) at Thammasat University Hospital, Thailand between January 2020, and
July 2021. All participants underwent gastroscopy. Three biopsies at gastric antrum and two biopsies at body were
obtained for H.pylori diagnosis. H. pylori infection was defined as a positive test of either one of the following tests:
rapid urease test, histopathology, H. pylori culture.

Results Of 167 dyspeptic patients undergoing gastroscopy, 100 were enrolled in this study. Overall H. pylori infection
was 40%. Patients had the mean age of 59.1 years and 53% were males. Enlarged gastric folds and antral nodularity
can predict H. pylori infection with 100% PPV, while fundic gland polyps and red streak provided 100% PPV for
exclusion of H. pylori infection on WLI. Sensitivity, specificity, PPV, NPV and accuracy for diagnosis of H. pylori infection
for WLI were 80%, 71.7%, 65.3%, 84.3% and 75% respectively, while those for LCl were 90%, 70%, 66.7%, 91.3% and
78% respectively. M-NBI and M-BLI endoscopy demonstrated elongated pits in H. pylori-positive patients. Sensitivity,
specificity, PPV, NPV and accuracy for M-BLI were 95%, 80%, 76%, 96% and 86% respectively, whereas those for M-NBI
were 92.5%, 86.7%, 82.2%, 94.6% and 89% respectively. Sensitivity of M-BLI was better than WLI, while sensitivities of
LCl and M-NBI were also numerically higher than WLI without statistical difference (M-BLI 95%vs.WLI 80%, p=0.03;
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M-NBI 92.5%vs.WLI 80%, p=0.13; LCl 90%vs.WLI 80%, p=0.22). Sensitivities of all IEE modes were not different from
one another (LCI 90%vs.M-BLI 95%, p=0.50; LCl 90%vs.M-NBI 92.5%, p=1.00, M-BLI 95%vs.M-NBI 92.5%, p=1.00).

Conclusions M-BLI significantly improved sensitivity of real-time endoscopic diagnosis of H. pylori infection
compared with WLI. Enlarged gastric folds and antral nodularity could be reliable predictors for H. pylori infection,
while fundic gland polyps and red streak could be important endoscopic findings for H. pylori-negative mucosa.
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Introduction
Helicobacter pylori (H. pylori), a spiral-shaped Gram-
negative bacterium, is a cause of common persistent
infection worldwide [1]. After adherence to gastric epi-
thelial cells, H. pylori induces chronic gastritis which can
result in more severe conditions such as peptic ulcers,
gastric mucosa-associated lymphoid tissue lymphoma,
and particularly gastric adenocarcinoma through the
Correa’s cascade [2, 3]. Classified as a definite carcinogen,
H. pylori eradication is recommended to prevent gastric
cancer [4, 5]. Early and accurate diagnosis of H. pylori
infection is an initial step for gastric cancer preven-
tion. Although non-invasive tests can be used to detect
H. pylori infection in young patients without alarm fea-
tures [2], upper gastrointestinal (GI) endoscopy is indi-
cated in dyspeptic patients with alarm symptoms, age
of onset after 50 years, and non-responders to proton
pump inhibitor (PPI) trial [6]. Several endoscopy-based
tests require biopsy samples resulting in mucosal injury
and high medical expenses. Recognition of specific endo-
scopic findings according to the Kyoto classification of
gastritis can help physicians determine H. pylori infec-
tion status and avoid unnecessary biopsies [7].
Image-enhanced endoscopy (IEE) is a diagnostic
modality developed to enhance contrast of mucosal
surface and provide more accurate diagnosis of gastric
lesions [8]. There are various IEE techniques including
narrow band imaging (NBI), blue laser imaging (BLI),
and linked color imaging (LCI) [8, 9]. NBI and BLI use
specific bands of light which are absorbed by hemoglobin
in blood vessels but reflected by surrounding mucosa to
obtain detailed images of microvasculature and micro-
structure on the mucosal surface [10, 11]. LCI displays
brighter mucosal color than conventional white light
imaging (WLI) and can be used as a screening tool for
gastrointestinal lesions [11]. IEE provides high diagnos-
tic performance in detection of dysplasia and early gas-
tric cancer as recommended by the recent guideline [2].
However, real-time endoscopic diagnosis of H. pylori
infection by IEE were reported in limited studies [9, 12].
The previous meta-analysis suggested that assessment of
pit and vascular patterns in the gastric body could also
provide high diagnostic potential for H. pylori infection
[13].

Although there has been more popular use of IEE for
diagnosis of gastric precancerous lesions and H. pylori
infection in the past decade, most studies were from East
Asian countries. Until now, there has been limited data
about diagnostic performance of IEE on H. pylori infec-
tion in Thailand. This study aimed to determine diagnos-
tic performance of different IEE modalities for H. pylori
infection.

Methods

Study design

This was a prospective study conducted at tertiary care
center in Thailand between January 2020 and July 2021.
The inclusion criteria were Thai patients aged 18-75
years who underwent esophagogastroduodenoscopy
(EGD) as indicated for diagnostic evaluation of symp-
toms (e.g., dyspepsia, dysphagia, chronic abdominal pain,
and iron deficiency anemia). The exclusion criteria were
patients with severe comorbidities, contraindication
to gastric biopsy, upper GI bleeding, previous H. pylori
eradication, pregnancy, or unwilling to participate in the
study. Informed consent was obtained from all patients
prior to the enrolment and all study procedures.

Endoscopic procedure

All endoscopic examinations were performed by
three expert endoscopists who had previously per-
formed>1,000 EGDs. EGD was performed using a GIF-
290 endoscope (Olympus Co. Ltd., Tokyo, Japan) and an
EG-760R endoscope (Fyjifilm Co., Tokyo, Japan). Every
patient underwent EGD by both endoscopes. The first
endoscope was randomly assigned and inserted into the
stomach. Adequate air insufflation and application of
mucosal cleaning techniques were used to achieve satis-
factory endoscopic visualization [14]. Endoscopic image
documentation of anatomical landmarks of the stomach
was performed by capturing at least 4 representative
photographs using conventional WLI: (1) gastric car-
dia and fundus on retroflexed view, (2) gastric body in
either retroflexed or forward view, (3) incisura angula-
ris on retroflexed view, (4) antrum and pylorus. If other
obvious lesions such as erosion, or ulcer, or polyp were
seen, additional photography of these lesions were per-
formed. Subsequently, the endoscopist activated LCI,
BLIL or NBI modes. Image documentation in LCI mode
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was similar to WLI, whereas images in NBI or BLI mode
were magnified and captured in close-up views at greater
curvature of mid gastric body to carefully examine gas-
tric mucosal architecture and vascular patterns. Patients
subsequently underwent EGD by the second endoscope
and the endoscopist activated the remaining IEE mode
to record mucosal patterns. The number of endoscopic
images for diagnosis of H. pylori infection were at least
4, 4, 1, and 1 for WLI, LCI, BLI, and NBI, respectively.
After gastric images of all patients had been collected,
endoscopic H. pylori infection status of each patient was
determined by the consensus of three expert endosco-
pists who were blinded to results of rapid urease test,
histopathology, and culture. The criteria for endoscopic
diagnosis of H. pylori infection by each IEE mode is in the
next subsection.

Endoscopic diagnosis of H. pylori infection

Normal gastric mucosa without H. pylori infection can be
determined by various endoscopic findings. The presence
of a regular arrangement of collecting venules (RAC) at
lesser curvature on WLI is a predictor of H. pylori-nega-
tive stomach with high sensitivity [15]. RAC is a tiny red
starfish-like appearance regularly distributed throughout
the entire lesser curvature [15]. LCI demonstrated white
apricot mucosa in H. pylori-negative patients [16], while
magnifying NBI (M-NBI) or magnifying BLI (M-BLI)
showed small round pits encircled by regular honey-
comb-like subepithelial capillary networks (SECNs) and
interspersed collecting venules in the gastric body [12,
17].

Endoscopic features on WLI associated with H. pylori
infection are diffuse redness, spotty redness, antral
nodularity, sticky mucus, enlarged gastric folds, muco-
sal edema, xanthoma, and hyperplastic polyp [18]. LCI
can enhance color contrast and improve endoscopic
detection of H. pylori infection. Deep crimson mucosa
of entire fundic gland region and spotty redness by LCI
were demonstrated in H. pylori-positive patients [9, 19].
NBI system uses filters to produce 415-nm blue and
540-nm green light which are absorbed by hemoglobin
in superficial capillaries and deeper submucosal vessels,
respectively [10]. These bands of light are reflected by
mucosa creating contrast between vascular structures
and surrounding mucosa [10]. BLI uses 410-nm blue-vio-
let and 450-nm blue lasers to obtain detailed images of
microstructure on the mucosal surface [11]. In H. pylori-
positive patients, M-NBI or M-BLI revealed enlarged or
elongated pits with obscure SECNs or dense fine irregu-
lar vessels [12, 20]. Data of endoscopic features were col-
lected according to each endoscopic mode as follows:

1. Endoscopic diagnosis of H. pylori infection on WLI
or LCI was defined as comprehensive findings on
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WLI or LCI which were the presence of at least
one of eight endoscopic findings based on Kyoto
classification: diffuse redness, spotty redness, antral
nodularity, sticky mucus, enlarged gastric folds,
mucosal edema, xanthoma, or hyperplastic polyp.

2. Endoscopic diagnosis of H. pylori infection on
M-BLI or M-NBI was defined as the presence of
enlarged or elongated pits with obscure SECNs or
dense fine irregular vessels.

Detection of H. pylori infection

After image documentation by the second endoscopy,
five gastric biopsies (3 biopsies at antrum and 2 biopsies
at body) were obtained. Rapid urease test (one biopsy
from antrum and one from gastric body), histopathol-
ogy (one biopsy from antrum and one from gastric body),
and H. pylori culture (one biopsy from antrum) were per-
formed in all patients. H. pylori infection was defined as
a positive test of either one of the aforementioned tests.

Statistical analysis

All data were analyzed by using SPSS version 22 (SPSS
Inc., Chicago, IL, USA). Categorical variables were ana-
lyzed by Fisher’s exact test, or Chi-squared test where
appropriate. Continuous variables were analyzed by
using Student’s t-test. For endoscopic mucosal pattern
evaluation, sensitivities, specificities, positive predictive
values (PPV), negative predictive values (NPV), and diag-
nostic accuracies were calculated for each endoscopic
technique. Comparison of sensitivities between diagnos-
tic methods was analyzed by McNemar’s test with Yates’
continuity correction. The p-value<0.05 was considered
as statistical significance. This study was approved by the
Human Research Ethics Committee of Thammasat Uni-
versity (MTU-EC-IM-6-196/62).

Results

Of 167 patients enrolled in this study, 32 patients with
severe comorbidities, 19 with previous H. pylori eradi-
cation, 8 with upper GI bleeding, and 8 who withdrew
informed consent were excluded (Fig. 1). One hundred
patients were included in this study with the mean age of
59.1%+11.5 years and 53% were men. All patients had indi-
cations for upper GI endoscopy suggested by the Gastro-
enterological Association of Thailand. Indications were
dyspepsia (46%), chronic abdominal pain (30%), iron
deficiency anemia (16%), and dysphagia (8%). The preva-
lence of H. pylori infection was 40%. Majority of patients
had no comorbidity (53%). Hypertension (33%) was the
most common comorbidity, followed by dyslipidemia
(30%), and diabetes mellitus (22%) as demonstrated in
Table 1. Endoscopic findings demonstrated peptic ulcers
(17%: gastric ulcer 13%, gastric and duodenal ulcers 3%,
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167 patients eligible
67 patients excluded
32 had severe comorbidities.
> 19 had previous H. pylori eradication.

8 had upper GI bleeding.
8 withdrew consent.

v
100 patients included

Fig. 1 Patient enrollment flowchart

Table 1 Baseline characteristics of patients

Factors Total patients

(N=100)

Gender (%Male) 53 (53%)
Age (years+SD) 59.1+£115
Underlying diseases

None 53 (53%)

Hypertension 33 (33%)

Dyslipidemia 30 (30%)

Diabetes mellitus 22 (22%)

Cirrhosis 20 (20%)
Medication use

NSAID 16 (16%)

Aspirin 14 (14%)
Alcohol use 18 (18%)
Smoking 9 (9%)
Endoscopic findings

Peptic ulcers 17 (17%)

Intestinal metaplasia 17 (17%)

Gastric atrophy 8 (8%)

NSAID=Nonsteroidal anti-inflammatory drug

duodenal ulcer 1%,), intestinal metaplasia (17%), and gas-
tric atrophy (8%).

Diagnostic performance of endoscopic modalities for
diagnosis of H. pylori infection

Several endoscopic features associated with H. pylori
infection were determined by WLI. Mucosal edema,
diffuse redness, spotty redness, sticky mucus, enlarged
gastric folds, antral nodularity, gastric xanthoma, and
hyperplastic polyp on WLI were related to H. pylori

infection with sensitivity/specificity of 75%/78.3%,
57.5%/90%,  35%/95%, 12.5%/98.3%,  12.5%/100%,
10%/100%, 2.5%/98.3%, and 0%/98.3%, respectively.
Mucosal edema provided the highest sensitivity to diag-
nose H. pylori infection on WLI (75%). However, false
positive rate was high (21.7%), especially in cirrhotic
patients since 28.6% of them with mucosal edema did not
have H. pylori infection. Enlarged gastric folds and antral
nodularity on WLI exhibited 100% PPV for diagnosis of
H. pylori infection. Fundic gland polyps, red streak, and
presence of RAC on WLI demonstrated excellent PPV for
predicting H. pylori-negative status of 100%, 100%, and
96.3%, respectively. RAC-positive and RAC-negative pat-
terns on WLI were presented in Fig. 2. Sensitivities/speci-
ficities of mucosal edema, diffuse redness, spotty redness,
sticky mucus, enlarged gastric folds, antral nodularity,
gastric xanthoma, and hyperplastic polyp on LCI for
diagnosis of H. pylori infection were 80%/80%, 75%/90%,
55%/95%,  10%/98.3%,  12.5%/100%,  12.5%/100%,
2.5%/96.7%, and 0%/98.3%, respectively. When LCI mode
was activated, diffuse redness and spotty redness were
more commonly detected by color enhancement. Sensi-
tivities of diffuse redness and spotty redness for diagnosis
of H. pylori infection using LCI mode increased by 30.4%
and 57.1% compared with WLI, respectively. Diagnostic
performance of endoscopic findings for diagnosis of H.
pylori status by WLI or LCI was demonstrated in Table 2.

WLI demonstrated sensitivity, specificity, PPV, NPV
and accuracy of 80%, 71.7%, 65.3%, 84.3% and 75%,
respectively for diagnosis of H. pylori infection. M-BLI
mode reported the highest sensitivity of 95%, while
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RAC-positive

Fig. 2 RAC-positive and RAC-negative pattern on WLI
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RAC-negative

Table 2 Diagnostic performance of endoscopic findings for diagnosis of H. pylori status by WLI or LCI

Diagnostic performance to predict H. pylori-positive status

Findings on each endoscopic mode Sensitivity
Mucosal edema on WLI 75%

on LCI 80%
Diffuse redness on WLI 57.5%

on LClI 75%
Spotty redness on WLI 35%

on LCl 55%
Sticky mucus on WLI 12.5%

on LCI 10%
Enlarged gastric folds on WLI 12.5%

on LCI 12.5%
Antral nodularity on WLI 10%

on LCl 12.5%
Gastric xanthoma on WLI 2.5%

on LCl 2.5%
Hyperplastic polyp on WLI 0%

on LCI 0%
Diagnostic performance to predict H. pylori-negative status
Findings on each endoscopic mode Sensitivity
Presence of RAC on WLI 86.7%

on LCl 83.3%
Fundic gland polyps on WLI 16.7%

on LCI 16.7%
Hematin spots on WLI 15%

on LCI 16.7%
Red streak on WLI 8.3%

on LCI 8.3%

Specificity PPV NPV Accuracy
78.3% 69.8% 82.5% 77%
80% 72.7% 85.7% 80%
90% 79.3% 76.1% 77%
90% 83.3% 84.4% 84%
95% 82.4% 68.7% 71%
95% 88% 76% 79%
98.3% 83.3% 62.8% 64%
98.3% 80% 62.1% 63%
100% 100% 63.2% 65%
100% 100% 63.2% 65%
100% 100% 62.5% 64%
100% 100% 63.2% 65%
98.3% 50% 60.2% 60%
96.7% 33.3% 59.8% 59%
98.3% 0% 59.6% 59%
98.3% 0% 59.6% 59%
Specificity PPV NPV Accuracy
95% 96.3% 82.6% 90%
85% 89.3% 77.3% 84%
100% 100% 55.6% 50%
100% 100% 55.6% 50%
97.5% 90% 56.7% 48%
97.5% 90.9% 43.8% 51%
100% 100% 42.1% 45%
100% 100% 42.1% 45%

LCl=Linked Color Imaging, NPV=Negative predictive value, PPV=Positive predictive value, RAC=Regular arrangement of collecting venules, WLI=White Light

Imaging

specificity, PPV, NPV and accuracy were 80%, 76%, 96%,
and 86%, respectively. Sensitivity, specificity, PPV, NPV
and accuracy for M-NBI were 92.5%, 86.7%, 82.2%, 94.6%
and 89% respectively, whereas those for LCI were 90%,
70%, 66.7%, 91.3% and 78% respectively. Diagnostic per-
formance of each endoscopic modality for diagnosis of

H. pylori infection was demonstrated in Table 3. Sensi-
tivity of M-BLI was better than WLI, while sensitivities
of LCI and M-NBI were also numerically higher than
WLI without statistical difference (M-BLI 95% vs. WLI
80%, p=0.03; M-NBI 92.5% vs. WLI 80%, p=0.13; LCI
90% vs. WLI 80%, p=0.22). Interestingly, there were 20%
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Table 3 Diagnostic performance of each endoscopic modality
for diagnosis of H. pylori infection

Endoscopic Sensi- Speci- PPV NPV  Accu-

technique tivity ficity (95%Cl)  (95% racy
(95% (95% ql) (95%
cl) cl) Cl)

M-BLI 95% 80% 76% 9%  86%

Enlarged or elongat-  (83.1- 67.7— (65.5-84.1) (86.1- (77.6—

ed pits with obscure  99.4) 89.2) 989)  92.1)

SECNs or dense fine

irregular vessels

M-NBI 92.5% 86.7% 82.2% 946% 89%

Enlarged or elongat-  (79.6— (754~ (70.7-89.9) (853- (81.2-

ed pits with obscure  98.4) 94.1) 98.1)  944)

SECNs or dense fine

irregular vessels

LCl 90% 70% 66.7% 913% 78%

Comprehensive (76.3— (56.8— (57.3-749) (803- (68.6—

findings on LCl were  97.2) 81.2) 96.4)  85.7)

the presence of > 1

of 8 endoscopic find-

ings based on Kyoto

classification®

WLI 80% 717%  653% 843% 75%

Comprehensive (644- (586~  (55.0-743) (73.9- (653~

findings on WLI were  91.0) 82.6) 91.1)  83.1)

the presence of > 1

of 8 endoscopic find-

ings based on Kyoto

classification*

LCl=Linked Color Imaging, M-BLI=Magnifying Blue Light Imaging,

M-NBI=Magnifying Narrow Band Imaging, NPV=Negative predictive value,
PPV=Positive predictive value, SECNs=Subepithelial capillary networks,
WLI=White Light Imaging

*Eight endoscopic findings based on Kyoto classification included diffuse
redness, spotty redness, antral nodularity, sticky mucus, enlarged gastric folds,
mucosal edema, xanthoma, and hyperplastic polyp

(8/40) of H. pylori-infected patients with endoscopically
normal gastric mucosa on WLI, but most of them had
their endoscopic H. pylori detection while using M-BLI
(6/8) or M-NBI (6/8). Sensitivities of all IEE modes were
not different from one another (LCI 90% vs. M-BLI 95%,
p=0.50; LCI 90% vs. M-NBI 92.5%, p=1.00, M-BLI 95%
vs. M-NBI 92.5%, p=1.00). Different endoscopic fea-
tures of H. pylori-positive and H. pylori-negative gastric
mucosa by each endoscopic mode were demonstrated in
Fig. 3.

Discussion

Rapid and accurate diagnosis of H. pylori infection is
essential for treatment initiation in order to prevent gas-
tric cancer. This study highlighted the diagnostic perfor-
mance of conventional WLI and IEE performed on the
same patient for diagnosis of H. pylori infection. All IEE
techniques improved sensitivities above 90% and might
be used for real-time endoscopic diagnosis of H. pylori
infection. Enlarged gastric folds and antral nodularity
are endoscopic features for predicting H. pylori infection,
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whereas fundic gland polyps and red streak are demon-
strated in H. pylori-negative gastric mucosa.

Endoscopic diagnosis of H. pylori infection can be ini-
tially determined by conventional WLI. This study dem-
onstrated that mucosal edema could indicate H. pylori
infection with the highest sensitivity on WLI (75%)
which was comparable to the previous study (72.3%)
[21]. However, we observed that false positive rate was
high in cirrhotic patients with gastric mucosal edema as
28.6% of them did not have H. pylori infection. Therefore,
mucosal edema should be interpreted cautiously in cir-
rhotic patients since it can be caused by congestion and
hyperemia from portal hypertension itself [22]. Diffuse
redness (57.5%) and spotty redness (35%) were identified
in lower number of patients than prior studies (58-81%
for diffuse redness, 60—65% for spotty redness) [21, 23].
Other features including sticky mucus, enlarged gastric
folds, antral nodularity, and xanthoma demonstrated low
sensitivities but high specificities (90-100%) for H. pylori
diagnosis in this study. Fundic gland polyps and red
streak could predict negative H. pylori status with 100%
PPV which was higher than previous studies in China
and Japan [7, 21, 24]. Presence of RAC yielded the highest
sensitivity (86.7%) and accuracy (90%) in predicting non-
infected gastric mucosa. RAC-positive pattern provided
excellent PPV (96.3%) for exclusion of H. pylori infection
which was similar to prior studies [15, 25].

Image-enhanced endoscopy has been integrated into
everyday practice to augment endoscopic diagnosis of
gastric precancerous lesions and H. pylori infection.
This study displayed numerically higher sensitivities of
M-NBI and LCI than comprehensive findings on WLI
which were similar to previous reports [9, 20]. However,
only M-BLI provided significantly higher sensitivity than
comprehensive findings on WLI. LCI can improve sensi-
tivity in H. pylori diagnosis by emphasizing modest color
differences of gastric mucosa and consequently enhance
visibility of mucosal redness [9, 26]. Our study demon-
strated that LCI provided 30.4% and 57.1% sensitivity
improvement by increasing detection of diffuse redness
and spotty redness, respectively. This is consistent with
the previous review mentioning LCI as a screening tool
for detection of inflamed mucosa especially in wide lumi-
nal organ such as stomach [11]. On the contrary, M-BLI
and M-NBI promote diagnostic ability by assessing pit
and vascular patterns at magnified close-up view [11].
M-BLI yielded maximal sensitivity for H. pylori diagno-
sis in our study, followed by M-NBI. However, there was
no difference between M-BLI and M-NBI in H. pylori
detection which was similar to the previous report [12].
One fifth of H. pylori-infected patients had endoscopi-
cally normal gastric mucosa on WLI, but most of them
had endoscopic H. pylori detection while using M-BLI
or M-NBI. This could be because more severe pit pattern
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Fig. 3 Endoscopic features of H. pylori-positive (upper row) and H. pylori-negative gastric mucosa (bottom row) by different endoscopic modalities
Upper row: Spotty redness of mucosa was demonstrated in WLI and LCl, while M-BLI and M-NBI revealed elongated pits

Bottom row: WLI showed normal mucosa, while LCl demonstrated white apricot mucosa. M-BLI and M-NBI showed small round pits at gastric body
LCl=Linked Color Imaging, M-BLI=Magnifying Blue Light Imaging, M-NBI=Magnifying Narrow Band Imaging, WLI=White Light Imaging

change was correlated with higher histological severity
of H. pylori-related gastritis [17]. Therefore, early minor
change of mucosal pattern detected on magnifying IEE
might be presented before it could be noticed by WLI.
This study added value of M-BLI and M-NBI in the diag-
nosis of H. pylori infection in dyspeptic patients with
normal-appearing gastric mucosa.

Other studies using IEE for diagnosis of H. pylori infec-
tion demonstrated the highest sensitivities by BLI or NBI
(90-98%) followed by LCI (84—95%), whereas WLI had
a wide range of relatively lower sensitivities (67-92%)
compared with IEE as shown in Supplementary Table 1.
Most studies were from Asian countries, especially from
Japan. Majority of studies compared diagnostic perfor-
mance of IEE to WLI except for the study by Ozgiir et al.
comparing NBI to gold standard tests and Tahara et al.
comparing BLI to NBI [9, 12, 20, 26—29]. Our research
was the only one to compare all 4 endoscopic methods
and demonstrated comparable sensitivities and specifici-
ties of WLI and IEE to other studies. This study revealed
excellent sensitivities of BLI (95%) and NBI (92.5%) in H.
pylori detection and demonstrated higher specificities
and PPV of enlarged gastric folds and antral nodularity
on WLI for predicting H. pylori infection than previous
studies as demonstrated in Supplementary Table 2 [7, 21,
24]. According to excellent diagnostic performance, IEE
might be an alternative option for rapid endoscopic diag-
nosis of H. pylori infection in the near future.

In conclusion, the sensitivity of enlarged or elongated
pits with obscure SECNs or dense fine irregular vessels
on magnifying BLI for diagnosis of H. pylori infection

was significantly higher than comprehensive findings on
WLI Enlarged gastric folds and antral nodularity could
be reliable predictors for H. pylori infection, while fun-
dic gland polyps and red streak could be important endo-
scopic findings for H. pylori-negative mucosa.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512876-024-03132-y.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
Not applicable.

Author contributions

Conceptualization, B.C, N.A. and RV, Data curation, B.C, N.A.and RV, Formal
analysis, N.A. and RV, Funding acquisition, R.V. and Y.Y; Investigation, B.C,,

N.A. and RV,; Methodology, N.A, V.M., and RV, Project administration, V.M.

and RV, Resources, B.C,, N.A. and RV, Software, N.A,; Supervision, Y.Y. and RV,
Validation, B.C, N.A,, and R.V; Visualization, B.C. and N.A,; Writing— original draft,
B.C and N.A; Writing- review & editing, BC, N.A, BP,S.C, S.S, PB, PN, N.I, V.M.,
YY.and RV.

Funding

This study was supported by Thailand Science Research and Innovation
Fundamental Fund, Bualuang ASEAN Chair Professorship at Thammasat
University, and Center of Excellence in Digestive Diseases, Thammasat
University, Thailand.

Data availability

The datasets generated and analysed during the current study are not publicly
available due to privacy but are available from the corresponding author on
reasonable request.


https://doi.org/10.1186/s12876-024-03132-y
https://doi.org/10.1186/s12876-024-03132-y

Chatrangsun et al. BMC Gastroenterology (2024) 24:46

Declarations

Ethics approval and consent to participate

This study was approved by the Human Research Ethics Committee of
Thammasat University and was conducted according to the good clinical
practice guideline, as well as the Declaration of Helsinki. Informed consent
was obtained from all patients in this study.

Consent for publication
Not applicable.

Competing interests
The authors have no conflict of interest to declare.

Author details

'Department of Medicine, Lampang hospital, Lampang, Thailand
2Center of Excellence in Digestive Diseases and Gastroenterology Unit,
Department of Medicine, Thammasat University, Pathumthani, Thailand
3Department of Medicine, Chulabhorn International College of Medicine
(CICM) at Thammasat University, Pathumthani, Thailand

“Department of Environmental and Preventive Medicine, Oita University
Faculty of Medicine, Yufu, Japan

Research Center for Global and Local Infectious Diseases, Oita University,
Yufu, Japan

®Department of Medicine, Gastroenterology and Hepatology Section,
Baylor College of Medicine, Houston, TX, USA

Received: 12 June 2023 / Accepted: 10 January 2024
Published online: 26 January 2024

References

1. Hooi JKY, Lai WY, Ng WK, et al. Global prevalence of Helicobacter pylori
infection: systematic review and meta-analysis. Gastroenterology.
2017;153(2):420-9.

2. Malfertheiner P, Megraud F, Rokkas T, et al. Management of Helicobacter
pylori infection: the Maastricht VI/Florence consensus report. Gut.
2022,71(9):1724-62.

3. Correa P, Houghton J. Carcinogenesis of Helicobacter pylori. Gastroenterology.

2007;133(2):659-72.

4. Cogliano VJ, Baan R, Straif K, et al. Preventable exposures associated with
human cancers. J Natl Cancer Inst. 2011;103(24):1827-39.

5. Ford AC, Yuan Y, Moayyedi P. Helicobacter pylori eradication therapy
to prevent gastric cancer: systematic review and meta-analysis. Gut.
2020;69(12):2113-21.

6.  Pittayanon R, Leelakusolvong S, Vilaichone RK, et al. Thailand Dyspepsia
guidelines: 2018. J Neurogastroenterol Motil. 2019;25(1):15-26.

7. Yoshii S, Mabe K, Watano K, et al. Validity of endoscopic features for the diag-
nosis of Helicobacter pylori infection status based on the Kyoto classification
of gastritis. Dig Endosc. 2020;32(1):74-83.

8. Hussain |, Ang TL. Evidence based review of the impact of image enhanced
endoscopy in the diagnosis of gastric disorders. World J Gastrointest Endosc.
2016;8(20):741-55.

9. Dohi O, YagiN, Onozawa Y, et al. Linked color imaging improves endo-
scopic diagnosis of active Helicobacter pylori infection. Endosc Int Open.
2016;4(7):E800-5.

10.  ASGE Technology Committee, Song LM, Adler DG, et al. Narrow band imag-
ing and multiband imaging. Gastrointest Endosc. 2008;67(4):581-9.

11, Osawa H, Miura Y, Takezawa T, et al. Linked Color Imaging and Blue
Laser Imaging for Upper Gastrointestinal Screening. Clin Endosc.
2018;51(6):513-26.

Page 8 of 8

12. TaharaT, Takahama K, Horiguchi N, et al. A comparative study of magnify-
ing blue laser imaging and magnifying narrow-band imaging system for
endoscopic diagnosis of Helicobacter pylori infection. Biomedical Rep.
2017,7(3):236-40.

13. QiQ,Guo G, JiR, et al. Diagnostic performance of magnifying Endos-
copy for Helicobacter pylori infection: a Meta-analysis. PLoS ONE.
2016;11(12):e0168201.

14.  Banks M, Graham D, Jansen M, et al. British Society of Gastroenterology
guidelines on the diagnosis and management of patients at risk of gastric
adenocarcinoma. Gut. 2019;68(9):1545-75.

15.  Garces-Duran R, Garcia-Rodriguez A, Cordova H, et al. Association between a
regular arrangement of collecting venules and absence of Helicobacter pylori
infection in a European population. Gastrointest Endosc. 2019,90(3):461-6.

16.  Chatrangsun B, Vilaichone RK. Endoscopic diagnosis for H. pylori infection:
White Light Imaging (WLI) vs. image-enhanced endoscopy (IEE). Asian Pac J
Cancer Prev. 2021:22(9):3031-38.

17. TaharaT, Shibata T, Nakamura M, et al. Gastric mucosal pattern by using
magnifying narrow-band imaging endoscopy clearly distinguishes histo-
logical and serological severity of chronic gastritis. Gastrointest Endosc.
2009;70(2):246-53.

18.  Kato M. Endoscopic findings of H. pylori infection. In: Suzuki H, Warren R,
Marshall B, editors. Helicobacter pylori. Tokyo: Springer; 2016. 157-67.

19. TakedaT, Asaoka D, Nojiri S, et al. Linked Color Imaging and the Kyoto classi-
fication of Gastritis: evaluation of visibility and inter-rater reliability. Digestion.
2020;101(5):598-607.

20. TaharaT, Horiguchi N, Yamada H, et al. Comparative study of magnifying
narrow-band imaging and conventional white light endoscopy in the
diagnosis of Helicobacter pylori status after eradication therapy. Medicine
(Baltimore). 2019,98(46):e17697.

21. MaoT,Wang,Yin F, et al. Association of Endoscopic Features of gastric
mucosa with Helicobacter pylori infection in Chinese patients. Gastroenterol
Res Pract. 2016;2016:6539639.

22. Ohta M, Hashizume M, Higashi H, et al. Portal and gastric mucosal hemody-
namics in cirrhotic patients with portal-hypertensive gastropathy. Hepatol-
ogy. 1994;20(6):1432-36.

23. Wang K, Zhao J, Jin H, et al. Establishment of a modified Kyoto classification
scoring model and its significance in the diagnosis of Helicobacter pylori
current infection. Gastrointest Endosc. 2023;97(4):684-93.

24. KatoT,YagiN, Kamada T, et al. Diagnosis of Helicobacter pylori infection in
gastric mucosa by endoscopic features: a multicenter prospective study. Dig
Endosc. 2013;25(5):508-18.

25. Glover B, Teare J, Patel N. Assessment of Helicobacter pylori status by exami-
nation of gastric mucosal patterns: diagnostic accuracy of white-light endos-
copy and narrow-band imaging. BMJ Open Gastroenterol. 2021;8(1):e000608.

26. Ono S, Dohi O, Yagi N, et al. Accuracies of endoscopic diagnosis of Heli-
cobacter pylori-Gastritis: Multicenter prospective study using White Light
Imaging and Linked Color Imaging. Digestion. 2020;101(5):624-30.

27. Cho JH, Jeon SR, Jin SY, et al. Standard vs magnifying narrow-band imaging
endoscopy for diagnosis of Helicobacter pylori infection and gastric precan-
cerous conditions. World J Gastroenterol. 2021;27(18):2238-50.

28. OzgurT, Ozkan TB, Erdemir G, et al. The diagnostic value of endoscopic
narrow band imaging in helicobacter pylori gastritis in children. Turk J Gastro-
enterol. 2015;26(2):112-6.

29. Wang L, Lin XC, Li HL, et al. Clinical significance and influencing factors of
linked color imaging technique in real-time diagnosis of active Helicobacter
pylori infection. Chin Med J (Engl). 2019;132(20):2395-401.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Simultaneous detection of ﻿Helicobacter pylori﻿ infection comparing between white light and image-enhanced endoscopy
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Endoscopic procedure
	﻿Endoscopic diagnosis of ﻿H. pylori﻿ infection
	﻿Detection of ﻿H. pylori﻿ infection
	﻿Statistical analysis

	﻿Results
	﻿Diagnostic performance of endoscopic modalities for diagnosis of ﻿H. pylori﻿ infection

	﻿Discussion
	﻿References


