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Abstract

AIM: To evaluate the relationship between Helicobacter
pyilori (H. pylori)-induced gastritis and white gastric mu-
cosal crypt openings (COs) in the gastric corpus.

METHODS: A total of 175 consecutive patients (in-
cluding 69 patients with gastric cancer) were enrolled
in this study. We used magnifying endoscopy (ME) to
observe the mucosa microsurface of the lesser and
greater curvature of the gastric corpus (350 areas in
all). We focused on areas with a round pit microstruc-
ture (primarily observed in non-atrophied areas) and
evaluated the white openings of these gastric pits. We
classified the whiteness of the COs as the “white-edged
dark spot” type (consisting of a dark spot bordered by
white); the “white” type (pure white with no dark spot);
and the “dense white pit (DWP)" type (dense white,
resembling a snowball). Gastritis was also histologically
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evaluated according to the updated Sydney System.

RESULTS: We detected round COs using ME in 246 of
the 350 areas examined. The histological examination
showed significantly more mononuclear cells and neu-
trophil infiltration in the “white” and "DWP” types than
the “white-edged dark spot” type (P < 0.001). Further-
more, significantly high-grade inflammation and evi-
dence of active H. pylori-induced gastritis was observed
in the "DWP” type (P < 0.001). Significant differences
were observed in the whiteness of COs between A.
pyilori-positive (n = 139) and negative (7 = 36) patients
(P < 0.001). The sensitivity and specificity of the “white”
and “DWP” types for predicting H. pylori infection were
78.5% and 81.7%, respectively. Of the patients with
gastric cancer, 22.5% (18/80) had “white-edged dark
spots”, 51.3% (41/80) had “white” COs, and 26.3%
(21/80) had “DWP"-type COs. "DWPs” were frequently
observed among patients with undifferentiated gastric
cancer [45.7% (16/35)].

CONCLUSION: CO whiteness detected via ME was as-
sociated with histological evidence of gastritis and helps
to predict the severity of inflammation and H. pylori-
induced activity.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Recent studies have reported that advances
in magnifying endoscopy (ME) have led to better cor-
relations between histopathological findings and the
ME features of Helicobacter pylori (H. pylori)-induced
gastritis. However, the ME findings regarding H. pylori-
induced severe inflammation are insufficient. There-
fore, we evaluated the relationship between H. pylori-
induced gastritis and the whiteness of gastric mucosal
crypt openings (COs) in the gastric corpus using ME.
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Our results showed that mononuclear cell and neu-
trophil infiltration differed significantly among the CO
subtypes. CO whiteness detected via ME was associ-
ated with histological evidence of gastritis and helps to
predict the severity of inflammation or activity induced
by H. pylori in the gastric corpus.
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INTRODUCTION

Helicobacter pylori (H. pylori) infection causes acute and
chronic inflammation accompanied by neutrophil or lym-
phocyte infiltration. This type of persistent inflammation
can result in gastric mucosal changes such as glandular

atrophy, ir{llt%stinal metaplasia, dysplasia, and eventually

carcinoma . Previous studies using conventional stan-
dard endoscopy have reported correlations between H.
pylori-induced gastritis and endoscopic findings. Endo-
scopic atrophy is correlated with the grade of glandular
atrophy and intestinal metaplasia'®. With regard to severe
grades of H. pylori-induced inflammation, nodular gastri-
tis in the antral area is an endoscopic marker for the early
phase of H. pylori infection and an exaggerated immune
responsep'm].

Advances in magnifying endoscopy (ME) and narrow-
band imaging have enabled the real-time observation of
the microsurface structure and microvascular architecture
of the gastric mucosa. Recent studies have reported that
these advances have led to stronger correlations between
histopathological findings and the ME features of H.
pylori-induced gastritis compated with data obtained us-
ing standard endoscopy" """, Using ME, one can observe
the microsurface structure of the gastric mucosa change
from a round pit pattern to vertical long pits, tubular and
granular patterns after the start of H. pylori-induced gas-
tritis.

However, many investigators have reported that the
morphological changes identified using ME are closely
associated with histological glandular atrophy or intestinal
metaplasia. The data regarding the characteristics of the
ME findings in H. pylori-induced severe inflammation,
such as nodular gastritis in the antral area, are insufficient.
Therefore, we used high-resolution ME to investigate the
charactetistics of H. pylori-induced inflammation of the
gastric corpus in H. pylori-negative and H. pylori-positive
patients.

MATERIALS AND METHODS

Patients and methods
This observational study was performed in the endos-
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copy unit of a city hospital (JR Sendai Hospital, Sendai,
Mi-, Japan). Between September 2007 and November
2010, 175 consecutive patients who had undergone ME
in our hospital as part of their annual health checks to
investigate digestive symptoms (or as an additional pre-
treatment examination) were enrolled. Patients were ex-
cluded if they had severe systemic disease; had a history
of upper digestive tract surgery; had been treated with
nonsteroidal anti-inflammatory drugs, antiplatelet agents,
or anticoagulants within 7 d of endoscopy; or had active
bleeding, advanced gastric cancer, or other non-gastric
malignancies. Patients who received H. pylori eradica-
tion therapy were also excluded. H. pylori infection was
diagnosed using a rapid urease test, which examined the
histology of biopsy specimens obtained from the greater
curvature of the gastric antrum and body, and the urea
breath test. Patients who tested positive on any of these
tests were considered positive for H. pylori infection. Writ-
ten informed consent was obtained from each patient,
and the institutional review board of JR Sendai Hospital
approved the study protocol.

Endoscopic procedure

Magnifying endoscopy was performed using either a
CV-240 or CV-260 video system (Olympus Optical, To-
kyo, Japan) and a magnifying endoscope (Model Q240Z
or H260Z, Olympus). To obtain a clear view using ME, a
black rubber attachment (MB-46 or MB-162, Olympus)
was fitted to the tip of the videoendoscope to ensure
an appropriate distance between the lens and the muco-
sal surface. A single experienced endoscopist (Masashi
Kawamura) performed all procedures. A videoendoscope
was inserted into the patient’s stomach, and the diseased
and uninvolved gastric mucosa were visualized using
standard and magnified views. The microsurface struc-
tures of the non-cancerous areas in the greater and lesser
curvatures of the upper gastric corpus were evaluated for
the presence of patterns such as round pit, long pit, tu-
bular, or granular. If areas with round pit microstructures
were observed under maximum magnification, then we
evaluated the whiteness of the gastric pit crypt openings
(COs). Then, the specific area that had just been magni-
fied was biopsied under magnification. The whiteness of
each round CO was classified into one of the following
three categories: A round dark spot bordered by white
was classified as a “white-edged dark spot” CO; pure
white COs without a dark spot were classified as “white”
COs; and densely white COs resembling snowballs were

classified as “dense white pit” (“DWP”) COs (Figure 1).

Histological assessment

Biopsy specimens were fixed with buffered formalin and
embedded in paratfin. Sections were stained with hema-
toxylin and eosin. An expert pathologist who was un-
awate of the endoscopic findings assessed the grade of
histological gastritis in each biopsy sample. The degree of
mononuclear cell and neutrophil infiltration, atrophy, and
intestinal metaplasia was assessed and graded as normal,
mild, moderate, or marked using a visual analog scale in-
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Figure 1 The whiteness of crypt openings (HE, x 100). A: "White-edged dark spot" crypt openings (COs) (a round dark spot bordered by white); B: Histological
image of "white-edged dark spot" COs; C: "White" COs (pure white COs without a dark spot); D: Histological image of "white" COs; E: "Dense white pit" ("DWP") COs
(densely white COs resembling snowballs); F: Histological image of "DWP" COs.

cluded in the updated Sydney System”. Gastric carcino-
mas were classified as differentiated or undifferentiated
based on the degree of glandular structure formation
among the tumor cells (the Japanese Classification was
proposed by the Japanese Research Society for Gastric
Cancer)"”. These types match the intestinal and diffuse
types of gastric carcinoma, respectively, described in the
Lauren classification™

Statistical analysis

The results are presented as the mean + SD. Kruskal-
Wallis and Mann-Whitney U tests were used to evaluate
the relationship between the whiteness of the COs and
the histological findings. The differences between the H.
Pylori-negative and H. pylori-positive groups with regard to
CO type were compared using the Mann-Whitney U test.
Data analyses were performed using R Version 3.0.1 (The
R Foundation for Statistical Computing, Vienna, Austria);
P values < 0.05 were considered significant.

RESULTS

Of the 175 enrolled patients, 116 were men and 59
women; their mean age was 63.9 years. The diagnoses in-
cluded 46 patients with differentiated-type gastric cancer,
23 with undifferentiated-type gastric cancer, 22 with ac-
tive duodenal ulcers, and eight with active gastric ulcers.
A total of 76 patients had only gastritis or normal findings.
The ME observations of the lesser and greater curvatures
revealed round pit patterns in 246 of the 350 areas exam-
ined (Table 1).

Regarding the whiteness of the round COs, 89 had
the “white-edged dark spot”, 114 were “white”, and
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43 were “DWP” COs. Figure 2 shows the relationship
between CO whiteness and the severity of gastritis diag-
nosed histologically based on the updated Sydney System.
In both “white” and “DWP” type COs, the histological
examination tended to show moderate or marked mono-
nuclear cell and neutrophil infiltration accompanied by
normal-to-mild glandular atrophy and intestinal metapla-
sia. These variables were mostly classified as normal to
mild among “white-edged datk spot” COs. We evaluated
the histological findings according to the updated Sydney
system, which uses 4 classes (none, mild, moderate and
marked) for each parameter [inflammation (mononuclear
cell infiltration), activity (neutrophil infiltration|, atrophy
(elandular atrophy), and intestinal metaplasia). Significant
differences (P < 0.001) were found between the three
CO types in the parameters of inflammation and activity;
however, the degree of glandular atrophy and intestinal
metaplasia did not differ significantly across CO type.
The grades of inflammation and activity were higher
among “DWP” COs compared with “white” COs (P <
0.001).

In this study, 139 patients were positive and 36 were
negative for current H. pylori infection. Of the 186 round
pit areas found in H. pyleri-positive patients, 21.5%
(40/186) were “white-edged datk spot” COs, 55.4%
(103/186) were “white”, and 23.1% (43/186) wetre
“DWP” COs. Of the 60 round pit areas found among
H. pylori-negative patients, 81.7% (49/60) were “white-
edged dark spot” COs, 18.3% (11/60) were “white”, and
none (0/60) wete “DWP” COs. Significant differences
were found between the “white” and “DWP” COs in H.
pylori-positive patients, and “white-edged dark spot” COs
were found among H. pylori-negative patients (P < 0.001).
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Figure 2 Whiteness of crypt opening and grade of gastritis according to the updated Sydney System. Kruskal-Wallis test showed significant correlations
between grades of histological inflammation (P < 0.001) and activity (P < 0.001) and whiteness of crypt openings (COs). Glandular atrophy and intestinal metaplasia

were not significantly correlated with whiteness of COs. DWP: Dense white pit.

Table 1 Characteristics of study patients 7 (%)

Diff-GC Undiff-GC GU DU Gastritis and

normal

Number of 46 23 8 22 76

patients

Age (yr, 70.6+92 655+82 62.6+10.6 49.2+124 63.7+125

mean + SD)

Sex, male/ 36/10 7/16 6/2 17/5 50/26

female

Current 40 (87.0) 21 (91.3) 8 (100) 22 (100) 48 (63.2)

Helicobacter

pylori-

infection

Endoscopic  3/14/29 9/12/2 2/2/4 20/2/0  41/15/20

degree of

atrophy

(mild/

moderate/

severe)

Round pits 12 (35.3) 12 (52.2) 3 (37.5) 22 (100) 48 (63.2)

in LC

Round pits 33 (71.7) 23 (100) 8 (100) 22 (100) 63 (82.9)

in GC

Diff-GC: Differentiated-type gastric cancer; DU: Duodenal ulcer; GC:
Greater curvature of corpus; GU: Gastric ulcer; LC: Lesser curvature of
corpus; Undiff-GC: Undifferentiated-type gastric cancer.

The sensitivity and specificity of the “white” and “DWP”
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Table 2 Correlation between current disease and whiteness

of crypt openings in round pit areas 7 (%)

Whiteness of COs White-edged dark spot  White DWP

Diff-GC 16 (35.6) 24(533)  5(111)
Undiff-GC 2(5.7) 17 (48.6) 16 (45.7)
GU 2(18.2) 6(545)  3(27.3)
DU 13 (29.5) 26(59.1) 5 (11.4)
Gastritis and normal 56 (50.5) 41 (36.9) 14 (12.6)

COs: Crypt openings; Diff-GC: Differentiated-type gastric cancer; DU:
Duodenal ulcer; DWP: Dense white pit; GU: Gastric ulcer; Undiff-GC:
Undifferentiated-type gastric cancer.

COs used to predict H. pylori infection were 78.5% and
81.7%, respectively.

In total, 22.5% (18/80) of the COs among patients
with H. pylori-related disease and gastric cancer were
“white-edged dark spot” COs, 51.3% (41/80) were
“white”, and 26.3% (21/80) were “DWP” COs (Table
2). The prevalence of “DWP” COs was higher [45.7%
(16/35)] among patients with undifferentiated-type gas-
tric cancer (Figure 3).

DISCUSSION

This study is the first to investigate the relationship be-
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tween CO whiteness type and H. pylori-induced gastritis.
We categorized CO color in gastric corpus areas with
round pit patterns, and we observed less inflammation
and activity in “white-edged dark spot” COs than in
other types of COs. The round dark spots observed in
the ME images might correspond to tangential views of
the foveolar gland COs, whereas the white portions that
surround the dark spots might be tangential views of the
epithelial cells that surround the ductal lumen. This CO
type is the typical microsurface mucosal pattern of the
gastric corpus among patients without H. pylori infection.
A histological examination of the areas with “white” type
COs revealed degenerated and hypertrophic surface epi-
thelial cells accompanied by lymphocyte and neutrophil
infiltration into the lamina propria. These histological
changes might cause the dark spots to disappear and be
replaced by a white color. The “DWP” COs were accom-
panied by a high degree of lymphocyte and neutrophil
infiltration.

Several studies have evaluated the relationship be-
tween H. pylori-induced gastritis and the microsurface or
microvascular structure of the gastric mucosa »z« ME. In
2007, Yagi et al”" modified their former Z classification
and created the A-B classification based on the combina-
tion of microsurface and microvascular patterns (type B-0
consists of pinhole pits, the network of true capillaries,
and the regular arrangement of collecting venules; type
B-1 consists of round pits and a network of capillaries;
type B-2 consists of white pits and sulci; and type B-3
consists of dilated white pits with surrounding microves-
sels). Although this classification was considered useful
for predicting the grade of H. pylori-induced gastritis, we

often observed other combinations of microstructure
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Figure 3 A case with an early undifferentiated-
type gastric cancer in the middle of the corpus. A:
A 67-year-old woman was found to have a depressed
undifferentiated-type gastric cancer about 20 mm in
diameter in an area found endoscopically to be non-
atrophic; B: Magnifying endoscopy image showing
minute round pits in uninvolved corpus mucosa; C:
The whiteness of the crypt openings is "dense white
pit" type; they resemble snowballs; D: Microscopic
examination of uninvolved corpus mucosa revealed
marked lymphocyte and neutrophil infiltration in the
lamina propria and neutrophil infiltration within the
foveolar lumens (HE stain, x 100).

and microvessel changes than those described in the A-B
classification (e.g., pinhole pits without capillaries). The
current study classified our observations into three types
of ME findings based on the color of the gastric pits
and found strong correlations with histological H. pylori-
induced inflammation and activity. Our classification is
advantageous because it is simple and easy to understand
and does not include variations in the combination of
microstructure and microvessels.

Several reports have described that the prevalence,
distribution, and grade of H. pylori-induced gastritis varies
among individuals™*’, We previously reported that the
ME findings of the gastric mucosa in H. pylori-infected
patients are also heterogeneous in the stomach'”!. The
present study investigated each case at two sites (the
greater and lesser curvature of the upper corpus) because
a multipoint evaluation of gastritis is important for as-
sessing its status. Our results indicated that most round
pit areas existed in the endoscopic non-atrophied area;
furthermore, more were found in the greater curvature
of the corpus. These results are in agreement with those
of a previous report showing that gastric atrophy starts
at the lower portion of the lesser curvature in the corpus,
then extends to the upper portion and laterally involves
the greater curvature”™, The diagnosis for the CO white-
ness grade seemed to be homogenous under magnified
observations (see the figures). We diagnosed using maxi-
mum magnification at all sites; therefore, the CO white-
ness types were recognized as a homogenous pattern
using these narrow fields of view (approximately 2-mm
squares).

The present study showed that the CO whiteness type
had higher sensitivity and specificity than that reported
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for conventional endoscopy™”? but lower sensitivity and
specificity for detecting H. pylori infections than have
been previously reported for ME assessment!™>'", This
discrepancy might have been caused by the differences in
the H. pylori strain or immune responses. Our CO white-
ness classification system was advantageous because it
helped to predict the severity of inflammation and the H.
Ppylori-induced activity in the gastric corpus.

Many reports have suggested that a relationship exists
between differentiated-type gastric carcinoma and the se-
vere atrophic gastritis caused by persistent H. pylori infec-
tion™, Conversely, undifferentiated-type gastric cancer is
associated with H. pylori-induced active gastritis™?". The
present report showed that “DWP”-type COs that were
accompanied by a histologically high grade of inflamma-
tion and activity were frequently observed in the gastric
corpus of patients with undifferentiated-type gastric
cancer; however, additional investigations are needed to
clarify the relationship between CO whiteness and gastric
cancer in a large population study.

The current study did not detect an area with round
pits in 104/350 of the areas examined. As noted in eatlier
reports' !, the microsurface pattern changes a round pit
pattern to vertical long pits, tubular and granular patterns
with continuous H. pylori inflammation. Thus, in the case
of severe endoscopic atrophy, tubular and granular pat-
terns (but not pit patterns) were often observed via ME.
Given the difficulty of assessing histological inflamma-
tion (which differs from histological glandular atrophy)
under endoscopic observations, our results suggest that
ME is a useful method for predicting H. pylori inflamma-
tion in detail. However, our ME classification might not
be acceptable in cases with severe atrophy.

Another limitation of this study is its small number
of patients. An analysis of patients with other H. pylori-
related diseases is needed. In addition, assessments of
the inter- and intra-observer variability with regard to the
classification of CO whiteness are required to generalize
the diagnostic ability of our findings. Another limitation
is that we did not investigate the nature of the white sub-
stance in “DWP”-type COs. As described in the updated
Sydney System!"", the marked neutrophil infiltration of
foveolar lumens induced by H. pylori-infection might
cause the formation of “pit abscesses”. We speculate that
the appearance of “DWP”-type COs is attributable to the
severe degenerative and hypertrophic changes in surface
epithelial cells that are accompanied by lymphocyte and
neutrophil infiltration; additional analyses are needed to
investigate this possibility.

In conclusion, we found that CO whiteness in ME
images of the gastric corpus was correlated with histo-
logical findings of inflammation and activity. ME obser-
vation of CO whiteness might facilitate the histological
diagnosis of the inflammation and activity induced by H.

Pylori.
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