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Abstract. Helicobacter pylori (Hp) infection is a major cause of 
gastric cancer. The use of proton-pump inhibitors, anti-platelet 
and anti‑coagulant has become widespread in the clinic. Thus, 
it would be clinically useful to distinguish Hp-positive stom-
achs by endoscopic findings alone. Blue laser imaging (BLI) 
is a new image-enhanced endoscopy technique that utilizes 
a laser light source developed for narrow-band light observa-
tion. We investigated the diagnostic ability of magnifying BLI 
endoscopy to distinguish Hp-positive stomach in cancer free 
subjects. The data were also compared to the diagnostic ability 
of magnifying narrow-band imaging (NBI) endoscopy. In total, 
215 participants were randomly assigned to the NBI (n=112) 
and BLI (n=113) groups. The greater curvature of the gastric 
middle and upper corpus were carefully evaluated with magni-
fying NBI or BLI. Small, round pits, accompanied with regular 
honeycomb-like subepithelial capillary networks  (SECNs), 
being regularly interspersed with collecting venules were 
considered as Hp infection negative, while enlarged or elon-
gated pits with unclear SECNs or dense fine irregular vessels 
were considered as Hp infection positive. Sensitivity, specificity, 
positive predictive value (PPV) and negative predictive value 
(NPV) for the diagnosis of Hp infection for the NBI group was 
0.97, 0.81, 0.87 and 0.95, respectively. Sensitivity, specificity, 
PPV and NPV for the BLI group was 0.98, 0.92, 0.93 and 0.98, 
respectively. There was no significant difference among the 
values for the NBI and BLI groups (all P>0.2). In conclusion, 
the diagnostic ability of magnifying BLI is acceptable, since it 
is similar to that of magnifying NBI.

Introduction

Helicobacter pylori (Hp) infection is a major cause of gastric 
cancer (1-3). It has been previously demonstrated that Hp erad-
ication significantly reduces the incidence of metachronous 
gastric cancer following endoscopic resection of early gastric 
cancer (4).

Therefore, eradication therapy for patients with 
Hp-positive chronic gastritis, now covered by the social 
insurance systems in Japan, is crucial in the assessment of 
the Hp status when undergoing endoscopic examination (4). 
Furthermore, the use of proton‑pump inhibitors (PPIs), anti-
platelet and anti‑coagulant has become widespread in the 
clinic. Consequently, it is imperative to establish diagnostic 
criteria to distinguish Hp-positive stomachs on the basis of 
endoscopic findings alone.

Many clinical studies have reported on the diagnostic 
performance of image‑enhanced endoscopy (IEE) techniques 
such as narrow-band imaging  (NBI) for diagnosing endo-
scopic lesions (5-8). NBI enhances the visualization of the 
surface vascular pattern using optical filters against a xenon 
lamp that allows narrow-band light to pass at wavelengths of 
415 and 540 nm. Combining the NBI and magnifying endos-
copy provides accurate real-time diagnostic performance in 
gastric neoplastic lesion as well as Hp gastritis compared to 
conventional white light endoscopy (9,10).

Recently, Fujifilm developed an endoscope system with 
a semiconductor laser as a light source. The system includes 
two types of lasers with wavelengths of 410 and 450 nm. The 
450 nm laser irradiates phosphor to produce illumination light 
similar to that obtained with a xenon lamp. The combination 
of strong 410  nm laser light, weak 450  nm laser light, 
and fluorescent light enables blue laser imaging (BLI) via 
narrow‑band light observation. Magnifying endoscopy with 
BLI is useful for evaluating mucosal surface information such 
as surface blood vessel and structure patterns (11-15). The 
present study reported that the diagnostic ability of magnifying 
BLI endoscopy in early gastric cancer is higher than that of 
conventional white light endoscopy and was similar to that of 
magnifying NBI endoscopy (15).
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Magnifying BLI is also potentially useful in distinguishing 
Hp-positive stomachs as magnifying NBI. We aimed to inves-
tigate the diagnostic ability of magnifying BLI endoscopy to 
distinguish Hp-positive stomach in cancer‑free subjects. The 
data were also compared to the diagnostic ability of magni-
fying NBI endoscopy.

Patients and methods

Patients. Study participants were prospectively enrolled from 
cancer-free patients of the endoscopy Center of Fujita Health 
University (Toyoake, Japan) and Ieda Hospital (Toyota, Japan) 
from December 2012 to December 2015. In total, 215 partici-
pants were initially invited, and all agreed to participate. All 
the participants underwent upper gastroscopy for various 
indications, including annual screening for gastric cancer, 
secondary complete check‑up after barium radiographic 
examination due to a suspicion of gastric cancer or peptic 
ulcer disease, and complaints of abdominal discomfort. Of 
the 215 participants, 112 and 113 participants were assigned 
to the NBI and BLI groups, respectively, in a random manner. 
Patients were excluded from the study if they had malignancy, 
severe systemic disease or advanced chronic liver disease; 
were receiving non‑steroidal anti-inflammatory drugs, PPIs 
or H2 receptor antagonists; had undergone Hp eradication 
therapy; and had a history of gastric surgery.

The Fujita Health University School of Medicine approved 
the protocol (IRB no.  HM16-225). Written informed consent 
was obtained from all participants.

Endoscopic procedure. Prior to endoscopic examination 
being initiated, 20,000  units of pronase (Pronase MS; 
Kaken Pharmaceutical Products Inc., Tokyo, Japan) were 

administered to each participant to remove gastric mucus. The 
magnifying video endoscope used in the present study was a 
GIF-H260Z (Olympus Medical Systems Co., Tokyo, Japan) for 
the NBI group and an EG-L590ZW (Fujifilm Corp., Tokyo, 
Japan) for the BLI group, respectively.

After the endoscope was inserted, the entire stomach was 
initially observed with conventional white light to exclude 
obvious lesions. At least 40 images were captured from the 
entire stomach, even if there was no obvious lesion.

After the initial survey, the NBI or BLI light source was 
turned on, and the non-pathological mucosa of the greater 
curvature of the gastric middle and upper corpus were care-
fully evaluated with magnification view, the distal tip of the 
endoscope being attached to the mucosa. During the proce-
dure, a transparent hood, Elastic Touch (Top Corp., Tokyo, 
Japan), was attached approximately 1.5 mm distal to the tip of 
the endoscope to maintain the focal distance. This attachment 
allowed us to obtaine clear, magnified images more quickly. 
For the BLI system, the high contrast mode (BLI-contrast) was 
used to evaluate the gastric mucosal pattern.

To determine Hp status by magnifying NBI or BLI 
endoscopy, small, round pits, accompanied with regular honey-
comb-like subepithelial capillary networks (SECNs), being 
regularly interspersed with collecting venules were considered 
to indicate Hp infection‑negative gastric mucosa (9,10) (Fig. 1). 
On the other hand, enlarged or elongated pits with unclear 
SECNs or dense fine irregular vessels were considered to 
indicate a Hp infection‑positive gastric mucosa (9) (Fig. 1). All 
of the endoscopic examinations were performed by a single 
expert endoscopist (TT). Using the endoscopic image of the 
most predominant magnifying NBI or BLI pattern, mucosal 
patterns of each case were assessed via consensus among the 
two expert endoscopists (TT and TS).

Figure 1. Magnifying NBI (left) and BLI (right) features of Hp infection negative (Hp-, upper) and positive (Hp+, lower) gastric mucosa. Hp- gastric mucosa is 
characterized as small, round pits, accompanied with regular honeycomb-like SECNs, being regularly interspersed with collecting venules (light blue arrow). 
On the other hand, Hp+ gastric mucosa is characterized as enlarged or elongated pits with unclear SECNs or dense fine irregular vessels. NBI, narrow-band 
imaging; BLI, blue laser imaging; Hp, Helicobacter pylori; SECNs, subepithelial capillary networks.
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Detection of Hp infection. Urea breath test (UBT), histology 
using two biopsy specimens from the greater curvature of the 
gastric antrum and the corpus, as well as the serum titer, were 
used for the diagnosis of Hp infection. A positive result in 
either of these tests was diagnosed as Hp infection. A nega-
tive result in any of the tests was diagnosed as Hp infection 
negative.

Data correction and statistical analysis. The association 
between endoscopic mucosal patterns using magnifying NBI 
or BLI endoscopy and Hp infection was evaluated in terms 
of sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV). Sensitivity, specificity, PPV 
and NPV among NBI and BLI groups were compared using 
the Fisher's exact test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Clinicopathological characteristics. Clinicopathological 
characteristics of subjects in the NBI and BLI groups are 
shown in the Table  I. Age and sex were not significantly 
different between the two groups. During the endoscopy, 
neoplastic lesions were not detected for either group, while 
7 and 9 patients were diagnosed as having gastric and duodenal 
ulcer in the NBI group. On the other hand, 2 and 4 patients 
were diagnosed as having gastric and duodenal ulcer in the 
BLI group, albeit the prevalence of gastric and duodenal 

ulcers identified in the two groups was not statistically signifi-
cant (P>0.05).

Hp infection in the NBI and BLI groups. The mucosal patterns 
of the greater curvature of the gastric corpus were clearly visu-
alized in all cases in the NBI and BLI groups (Fig. 1). In the 
NBI groups (n=112), 41 cases were considered as Hp infection 
negative based on the magnifying NBI pattern and 39 cases 
were diagnosed as Hp infection negative by the clinical test 
(UBT, histology and serum titer). On the other hand, 71 cases 
were considered as Hp infection positive based on the magni-
fying NBI pattern and 62 cases were diagnosed as Hp infection 
positive by the clinical test. As for the BLI group (n=113), 
50 cases were considered as Hp infection negative based on 
the magnifying BLI pattern and 49 cases were diagnosed as 
Hp infection negative by the clinical test. On the other hand, 
62 cases were considered as Hp infection positive based on the 
magnifying NBI pattern and 58 cases were diagnosed as Hp 
infection positive by the clinical test (Fig. 2). Sensitivity, speci-
ficity, PPV and NPV for diagnosing Hp infection for the NBI 
group was 0.97, 0.81, 0.87 and 0.95, respectively. Sensitivity, 
specificity, PPV and NPV for the BLI group was 0.98, 0.92, 
0.93 and 0.98, respectively. There was no significant difference 
in values between the NBI and BLI groups (all P>0.2; Table II).

Table I. Clinicopathological characteristics of subjects.

Variables	 NBI group	 BLI group

No. of subjects	 112	 113
Age in years, median (range)	 64 (22-87)	 63 (24-86)
Sex, male (%)	 48 (42.9)	 44 (38.9)
Gastric ulcer, n (%)	 7 (6.3)	 2 (1.8)
Duodenal ulcer, n (%)	 9 (8)	 4 (3.5)

NBI, narrow-band imaging; BLI, blue laser imaging.

Figure 2. Patient distribution showing the clinical background.

Table II. Sensitivity, specificity, PPV and NPV in magnifying 
NBI and BLI endoscopy for predicting Helicobacter  pylori 
status.

	 Magnifying NBI	 Magnifying BLI
Variables	 endoscopy	 endoscopy	 P-value

Sensitivity	 0.97	 0.98	 1
Specificity	 0.81	 0.92	 0.24
PPV	 0.87	 0.93	 0.26
NPV	 0.95	 0.98	 0.59

Statistical analysis was performed by the Fisher's exact test. 
PPV, positive predictive value; NPV, negative predictive value; 
NBI, narrow-band imaging; BLI, blue laser imaging.
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Discussion

Results of the present study have shown that the diagnostic 
ability of magnifying BLI to distinguish Hp-positive 
stomach seemed to be acceptable for clinical settings, 
which was similar to the diagnostic ability of magni-
fying NBI. Magnifying BLI uses narrow‑band laser light 
combined with illumination light. The system provides 
a high contrast clear view of fine mucosal and capillary 
structures. Diagnostic effectiveness of BLI endoscopy 
has been suggested in colorectal tumors and early gastric 
cancers (11,15). The current study presents new evidence 
that magnifying BLI endoscopy is useful in distinguishing 
Hp-positive stomach. Similar to NBI endoscopy, the 
magnifying BLI feature of Hp-negative gastric mucosa 
was characterized as small, round pits, accompanied with 
regular honeycomb-like SECNs, being regularly inter-
spersed with collecting venules, while Hp-positive gastric 
mucosa was characterized as various sizes of enlarged or 
elongated pits with unclear SECNs or dense fine irregular 
vessels. Previous findings have shown that the magnifying 
NBI patterns of gastric mucosa are closely associated with 
histological degrees of inflammation and atrophy (9). This 
is because the histological condition of Hp-positive gastric 
mucosa is characterized as chronic inflammation with 
enhanced infiltration of neutrophils and mononuclear cells. 
Additionally, the continuous destruction and regeneration 
of new vessels and edema due to severe active inflamma-
tion may reflect increased density of irregular microvessels 
and enlarged or prolonged pits, seen in Hp-positive gastric 
mucosa. It is possible that magnifying NBI and BLI visual-
izes fine mucosal patterns and capillary patterns in detail, 
which suggests the more detailed histological condition of 
gastric mucosa than the conventional white light endoscopy. 
Indeed, it has been reported that white light endoscopy itself 
has limited ability to distinguish Hp‑infected subjects (10). 
It is essential to use IEE such as magnifying NBI and BLI 
for the endoscopic diagnosis of Hp infection.

Since the diagnostic ability was similar among magni-
fying NBI and BLI, the magnifying BLI system would serve 
as a promising tool for the diagnosis of Hp-positive stomach. 
The use of PPIs, anti-platelet and anti-coagulant has recently 
become widespread in the clinic. Diagnostic accuracy of a 
UBT, which is thought to be most sensitive clinical test for 
detecting Hp, may be decreased by the use of PPIs (16) while 
the risk of bleeding due to biopsy should not be disregarded 
for culture of Hp or histological analysis in patients taking 
anti-platelet and anti-coagulant. Therefore, the magnifying 
BLI system would play an important role for patients under-
going such medications. In the present study, we assessed 
the magnifying NBI and BLI mucosal patterns in the greater 
curvature of the gastric middle and upper corpus, where the 
gastric atrophy would be mildest in the stomach. It has also 
been suggested that magnifying endoscopic assessment of Hp 
status should be carried out in mucosa without atrophy (17). 
The participants in the present study were all cancer-free 
patients. However, it should be noted that endoscopic assess-
ment of Hp status may become difficult in patients of gastric 
cancer, especially those that have spread of severe atrophy in 
the entire stomach.

In Japan, eradication therapy for patients with Hp-positive 
chronic gastritis is now covered in medical insurance schemes. 
It has been shown that the magnifying NBI endoscopy can 
be useful in the assessment of Hp status following eradication 
therapy (10,18). Our findings may lead to further longitudinal 
investigation of magnifying BLI endoscopy to determine its 
clinical utility in such settings.

In conclusion, the present finidngs show that the diagnostic 
ability of magnifying BLI for predicting Hp status is accept-
able, since it is similar to that of magnifying NBI.
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