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ABSTRACT

Background and study aims Narrow-band imaging (NBI)
with or without magnification has recently been used for di-
agnosis of gastric intestinal metaplasia (GIM). Endocytosco-
py is a newly developed endoscopic technique that enables
ultra-high (500 x) magnification of the digestive tract mu-
cosa. This study aimed to analyze the ultra-magnifying NBI
characteristics of GIM.

Patients and methods This was a retrospective observa-
tional study conducted in a cancer referral center. Patients
who underwent ultra-magnifying NBI of the gastric mucosa
using endocytoscopy were eligible. A soft black cap was
used for non-contact observation. We compared the char-
acteristic findings of GIM by ultra-magnifying NBI of meta-
plastic and non-metaplastic mucosae. A reference standard
for GIM in this study was conventional magnifying NBI find-
ings of GIM.

Results We obtained 28 images of metaplastic mucosa
and 32 of non-metaplastic mucosa from 38 patients. Ultra-
magnifying NBI revealed the cobblestone-like cellular struc-
ture in the marginal crypt epithelium of metaplastic and
non-metaplastic mucosa. Diagnostic values (sensitivity,
specificity, accuracy and kappa value [95% confidence in-
terval]) for the heterogeneous cellular structure and rough
contour of the marginal crypt epithelium were 82 % (68 %-
96%), 94% (85%-100%), 88% (80%-96%), and 0.70, and
86% (73%-99%), 94% (85%-100%), 90% (82%-98%), and
0.71, respectively.

Conclusions The characteristic ultrastructural features of
GIM were identified by ultra-magnifying NBI, warranting
validation of diagnostic value in a prospective study.

Introduction

Gastric intestinal metaplasia (GIM) is a high-risk mucosal condi-
tion for development of gastric cancer; therefore, individuals
with GIM are recommended to undergo surveillance endoscopy
[1,2]. Currently, the standard method for diagnosing GIM is his-
tological examination of biopsy specimens [3,4]. However, vir-
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tual chromoendoscopy including narrow-band imaging (NBI),
with or without magnification, has recently been used for iden-
tification of patients at high risk of development of gastric can-
cer [2,5-7].

Endocytoscopy is a newly developed endoscopic technique
that provides ultra-high (500 %) magnification of the digestive
tract mucosa [8]. When we performed observation of the gas-
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tric mucosa using a cap, we noticed that endocytoscopy
showed ultra-magnifying reflected light images of the epithe-
lium using NBI short wavelength light. The aim of this prelimin-
ary image analysis was to explore using endocytoscopy the
characteristic ultra-magnifying NBI findings of GIM.

Patients and methods
Study design and participants

This was a retrospective observational study conducted in a
cancer referral center, Osaka International Cancer Institute, Ja-
pan. Patients who underwent esophagogastroduodenoscopy
using endocytoscopy between January and May 2019 were eli-
gible. We excluded patients with unevaluable images of the
mucosa, that is, mucosa covered with mucus or blood, and
out-of-focus mucosal images. All patients gave written in-
formed consent for the endoscopic procedure and for the use
of endoscopic images for clinical studies, and were provided
the opportunity to opt out from this study. All clinical data and
endoscopic images were anonymized for analysis. The study
protocol was approved by the Institutional Review Board on 3
June 2019 (No.19044).

Endoscopic procedure

All examinations were performed by an endoscopist (N.U.) who
had >10 years’ experience in performing magnifying NBI. Just
before the examination, the patients ingested a mixture con-
sisting of a mucolytic agent (20,000 U pronase, Pronase MS; Ka-
ken Pharmaceutical Co. Ltd., Tokyo, Japan), defoaming agent
(80mg, 2% dimethicone, GASCON Drops; Kissei Pharmaceuti-
cal Co. Ltd., Matsumoto, Japan), and 1g of sodium bicarbonate
diluted in 40 mL of water. Topical anesthesia was performed
with anesthetizing gel (200mg 2 % lidocaine, xylocaine viscous;
Aspen Japan K.K., Tokyo, Japan) a few minutes before insertion
of the endoscope. Conscious sedation was given with intrave-
nous midazolam (2.5-5.0 mg, Dormicum; Maruishi Pharmaceu-
tical Co. Ltd. Osaka, Japan).

The endocytoscopy system consisted of an ultra-high mag-
nification zoom videoendoscope (EVIS-H290EC; Olympus Co.
Ltd., Tokyo, Japan), light source (CLV-290; Olympus), and im-
age processor (CV-290; Olympus). A soft black cap (MAJ-1989;
Olympus) was mounted on the tip of the endoscope. For non-
contact observation, working distance was adjusted by the pro-
truding length of the cap, to make the long dimension of the
endoscopic image ~2mm (»Fig.1). Structural enhancement
was set at B8 for NBI. Brightness control was set at average
mode.

As standard clinical practice, the background gastric mucosa
was observed by NBI with or without magnification to assess
gastric cancer risk [6,7]. After conventional magnifying NBI
of the gastric mucosa, ultra-magnifying NBI was performed
on the same area to obtain corresponding video images
(»Video 1). The maximum magnification level of the endocy-
toscope was optimized for contact observation; therefore, the
endoscopist had to adjust the magnification by fine movement
of a lever to focus the endoscopic images during non-contact
ultra-magnifying NBI. Water immersion using a scope insuffla-
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» Fig. 1 Difference between contact and non-contact observation.
A silhouette image of backward scattered light was seen under
contact observation, while reflected images of the mucosa were
seen under non-contact observation. The working distance was
adjusted by projection length of the cap to make the long dimen-
sion of the endoscopic image ~2mm.

tion button or water pump (OFP-2; Olympus) was often used to
avoid catching the light at the mucosal surface in endoscopic
images and to achieve a natural magnification effect [9]. Air in-
sufflation and the water pump were set at the lowest pressure.
Allimages were stored in the computerized image server (Sole-
mioEndo; Olympus). In some patients, ultra-magnifying NBI
was performed on the areas from where biopsy specimens
were taken, according to the updated Sydney system, to com-
pare endocytoscopic and histological findings.

Endoscopic images and definitions of GIM

The endoscopic findings of GIM were regarded as a reference
standard for GIM. The metaplastic mucosa was defined as hav-
ing any indicative endoscopic signs of GIM; that is, light blue
crest (LBC) [5], marginal turbid band [10], or white opaque sub-
stance (WOS) [11] in conventional magnifying NBI. Non-meta-
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45 patients
evaluated gastric mucosa with endocytoscopy

Excluded

= Images covered with mucus (n=4)
= Unfocused images (n=2)

= Unmatched to GIM status (n=1)

10 patients 28 patients
without endoscopic with endoscopic
finding of GIM finding of GIM

No index test
No image of
non-metaplastic
mucosa (n=6)

38 patients for analysis
28 metaplastic mucosa
32 non-metaplastic mucosa

» Fig.2 Flowchart of study subjects.

plastic mucosa was defined as having none of the above-men-
tioned characteristic signs of GIM. When multiple areas were
observed in the same patient, only images of the most repre-
sentative area were chosen for analysis. In patients with endo-
scopic findings of GIM, images of one area of metaplastic and
non-metaplastic mucosae were used for analysis. In patients
without endoscopic findings of GIM, images of one area of
non-metaplastic mucosa were used.

Helicobacter pylori infection status

Helicobacter pylori infection was diagnosed based on antibody
titer and histological examination. When anti-H. pylori antibody
titer was <3 U/mL and no H. pylori-like organism was found in
biopsy specimens, the patient was considered to be uninfected.
When anti-H. pylori antibody titer was 3 to 9 U/mL and no H. py-
lori-like organism was found in biopsy specimens, the patient
was considered to have had previous H. pylori infection. When
patients had either anti-H. pylori antibody titer 210 U/mL or
H. pylori-like organisms in biopsy specimens, the patient was
considered to have active H. pylori infection.

Outcome and statistical method

Measured outcomes were sensitivity, specificity, and accuracy
of each characteristic ultra-magnifying NBI finding for the me-
taplastic mucosa. The data were presented with 95% confi-
dence intervals (Cls). Interobserver variability for evaluation of
each ultra-magnifying NBI finding between two endoscopists
(H.I.and N. U.) was examined, and it was presented with kappa
value [12].
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» Table1 Demographics of study subjects

Patients n=38
Sex

= Male 25 (66)
= Female 13 (34)

Median age (range) 72 (46-88) years

Indication
= Screening endoscopy for GC 4(11)
= Pretreatment evaluation of GC 18 (47)
= Surveillance after ER for early GC 16 (42)
H. pylori infection status
= Uninfected 1(2.6)
= Pastinfection 19 (50)
= Active infection 9 (24)
= Not evaluated 9 (24)
Endoscopic findings of GIM
= Absent 10 (26)
= Present 29 (76)
No. of evaluated mucosal images n=60
= Non-metaplastic mucosa 32(53)
- Antrum 22(37)
- Corpus 10(17)
= Metaplastic mucosa 28 (47)
- Antrum 21(35)
- Corpus 7(12)

Data expressed as number (%).
ER, endoscopic resection; GC, gastric cancer; GIM, gastric intestinal meta-
plasia.

Results
Study subjects

Forty-five patients underwent endoscopic examination using
endocytoscopy between March and June 2019. The following
patients were excluded: four whose mucosa was covered with
mucus that interfered with observation of cellular structure;
two with unfocused images; and one whose ultra-magnifying
images could not be matched to conventional magnifying ima-
ges for determination of GIM status, leaving ten patients with-
out endoscopic findings of GIM and twenty-eight patients with
endoscopic findings of GIM for enrollment. Non-metaplastic
mucosa was not assessed in six patients with endoscopic find-
ings of GIM, therefore twenty-eight images of metaplastic mu-
cosa and 32 images of non-metaplastic mucosa were finally ex-
tracted for analysis from 38 patients (» Fig.2). Demographic of
the patients and areas were listed in » Table 1.
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» Fig.3 a Conventional and b ultra-magnifying NBI of non-meta-
plastic mucosa. NBI: narrow-band imaging.

.I
x4

» Fig.4 a Conventional and b ultra-magnifying NBI of metaplastic
mucosa, showing LBC (yellow arrows) and sporadic large cells
(white arrows). LBC, light blue crest; NBI, narrow-band imaging.

» Fig.5 a Conventional and b ultra-magnifying NBI of the meta-
plastic mucosa with WOS. NBI: narrow-band imaging; WOS: white
opaque substance.

Ultra-magnifying NBI findings of metaplastic and
non-metaplastic mucosa

Ultra-magnifying NBI showed cobblestone-like appearance that
consisted of small compartments partitioned by membranous
septa in the marginal crypt epithelium (»Fig.3b, »Fig.4b,
» Fig.5b, » Fig. 6). We called this appearance the cellular struc-
ture.

In comparison with non-metaplastic mucosa (» Fig.3a), we
found there were characteristic ultra-magnifying NBI findings
in cellular structure, contour of the marginal crypt epithelium,
and presence of LBC and WOS in the metaplastic mucosa
(»Fig.4a and »Fig.5a). Heterogeneous cellular structure: in
the non-metaplastic mucosa, the cellular structure was round
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» Fig.6 Ultra-magnifying NBI of boundary between metaplastic
(lower half) and non-metaplastic mucosa (upper half). NBI, narrow-
band imaging. Areas in the white and yellow outlined rectangles cor-
respond with » Fig.7a and » Fig. 7b, respectively.

or oval and appeared similar and homogeneously arranged like
fish scales (» Fig.3b). In contrast, in the metaplastic mucosa,
the shape, size and arrangement of the cellular structure were
heterogeneous, and round cells larger than the others were of-
ten distributed sporadically in the marginal crypt epithelium
(» Fig.4b). Rough contour of the marginal crypt epithelium: in
the non-metaplastic mucosa, the contour of the marginal crypt
epithelium was smooth and appeared as a line (» Fig. 3b). In the
metaplastic mucosa, the contour of the marginal crypt epithe-
lium was rough, and often appeared as multiple lines (» Fig.
4b). LBC: this was seen in the metaplastic mucosa but not in
the non-metaplastic mucosa. Because roughness of the LBC be-
came apparent in ultra-magnifying NBI, diagnosis of LBC was
easier than that in conventional magnifying NBI. In convention-
al magnifying NBI, the LBC was observed only on the edge of
the marginal crypt epithelium, whereas, in ultra-magnifying
NBI images, it was observed also inside the marginal crypt epi-
thelium (» Fig.4b and » Fig.6). WOS: this was seen in the me-
taplastic mucosa but not in the non-metaplastic mucosa. In the
ultra-magnifying NBI images, the WOS was seen as whitish
matter within the cellular structure (»Fig.5b). Besides these
findings, in the metaplastic mucosa, each cellular component
was often cloudier than that in the non-metaplastic mucosa
(»Fig.4b). Therefore, subepithelial capillaries looked hazy in
the metaplastic mucosa compared with the non-metaplastic
mucosa. In some areas at the periphery of the metaplastic mu-
cosa, there was a distinctive boundary with the non-metaplas-
tic mucosa (» Fig. 6).

Prevalence of each finding in metaplastic and non-metaplas-
tic mucosa, its diagnostic values, and interobserver variability
were listed in » Table 2. Because all diagnostic values of hetero-
geneous cellular structure and rough contours of the marginal
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> Fig.7 a Enlarged image of the marginal crypt epithelium in the non-metaplastic mucosa, showing homogeneous round cellar structure
and smooth contour (white arrows). b Image of the marginal crypt epithelium in the metaplastic mucosa, showing heterogeneous cellular
structure including sporadic large cells (yellow triangle) and rough multiple contours (yellow arrows). Images a and b correspond to the white
and yellow rectangles in > Fig. 6, respectively. Histological appearance of biopsy specimens from a non-metaplastic mucosa and d metaplastic
mucosa. The former shows round and homogeneous arrangement of epithelial cells containing uniform mucin, with ¢ smooth epithelial sur-
face (blue arrows). The latter shows heterogeneous epithelial cells, including goblet cells (green triangle), and the d epithelial surface looked

rough (green arrows).

crypt epithelium exceeded 80%, they were regarded as promis-
ing diagnostic criteria for GIM in ultra-magnifying NBI.

Histological findings of the metaplastic and
non-metaplastic mucosa

In two patients without endoscopic finding of GIM and three pa-
tients with endoscopic finding of GIM, ultra-magnifying NBI
images of the non-metaplastic and metaplastic mucosae were
captured from the biopsy sites. The surface and intraepithelial
structure of the marginal crypt epithelium was compared be-
tween the non-metaplastic and metaplastic mucosa. The edge
of the surface epithelium in the non-metaplastic mucosa was
smooth (»Fig.7a), whereas that in the metaplastic mucosa
was uneven and somewhat jagged (»Fig.7b). This suggests
that these histological findings presented as rough contours of
the marginal crypt epithelium in the ultra-magnifying NBI ima-
ges (»Fig.7c and »Fig.7d). For the intraepithelial structure,
epithelial cells and intracellular distribution of mucin were uni-
form in the surface epithelium in the non-metaplastic mucosa
(»Fig. 7a), whereas those in the metaplastic mucosa were non-
uniform, and there were sporadic, large goblet cells (» Fig. 7b).
This suggests that these findings presented as heterogeneous
cellular structures with sporadic distribution of large cells in
the ultra-magnifying NBl images (» Fig. 7c and » Fig. 7d).
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Discussion

In our study, non-contact ultra-magnifying NBI using endocyto-
scopy showed cellular structure in the gastric epithelium, and
characteristic findings of GIM, heterogeneous cellular structure
including sporadic large cells, and rough contours of the mar-
ginal crypt epithelium with LBCs. To the best of our knowledge,
this is the first study to investigate ultrastructure of the epithe-
lium of the gastric mucosa in vivo.

Originally, the endocytoscopy system was designed for con-
tact observation of the mucosa. Therefore, in conventional en-
docytoscopy, the objective lens makes contact with the muco-
sal surface and the superficial mucosal images are observed
with backward scattering light through the mucosa. For in-
stance, absorptive dyes are used to stain nuclei [13-15], and
sometimes cytoplasm to contrast nuclear images [16-19], and
the nuclearimages are observed as a silhouette. In this method,
nuclear findings are evaluated for diagnosis, but other findings
of the epithelium are not assessable. Moreover, conventional
contact endocytoscopy requires time and effort to remove mu-
cus from the mucosal surface, and to stain nuclei and cyto-
plasm with application of dyes to the mucosal surface. To the
best of our knowledge, this is the first report to indicate the
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» Table2 Diagnostic values for ultra-magnifying NBI findings from the gastric mucosa.

Metaplastic

mucosa (n=28) mucosa (n=32)

Heterogeneous cellular 23 2
structure

Rough contour of the 24 2
marginal crypt epithelium

Light blue crest 22 2
White opaque substance 15 3

Non-metaplastic

Sensitivity % Specificity % Accuracy % Kappa
(95% CI) (95% Cl) (95% CI) value
82 (68-96) 94 (85-100) 88 (80-96) 0.70
86 (73-99) 94 (85-100) 90 (82-98) 0.71
79 (63-94) 94 (85-100) 87 (78-95) 0.87
54 (35-72) 91(81-100) 73 (62-85) 0.64

Kappa value: <0, no agreement; 0.00-0.20, slight agreement; 0.21-0.40, fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; and

0.81-1.00, almost perfect agreement.
NBI, narrow-band imaging.

possible use of ultra-magnifying NBI to evaluate ultrastructure
of the epithelium without any staining.

Some investigators have used contact ultra-magnifying NBI
to diagnose diminutive colorectal polyps [20], and invasive
colorectal carcinoma [21, 22]. However, in contact observation,
NBIimages are dark and coarse because the NBI light is dimmer
than white light and the short wavelength light does not pene-
trate the mucosa well. Therefore, only vascular findings are
evaluated. In our non-contact observation, NBI light illumina-
ted the mucosal surface and precise ultra-magnifying reflected
images were captured. We found that the marginal crypt epi-
thelium of the metaplastic mucosa had rough and multiple con-
tours with LBCs. Scanning electron microscopy showed that the
mucosal surface of GIM was undulated [23] and when we ob-
served the structure tangentially, it appeared to have multiple
contours. Such three-dimensional aspects of the mucosal sur-
face may not be recognized by histological sections. Ultra-mag-
nifying NBI facilitates understanding the ultrastructure of the
surface epithelium in the gastrointestinal tract.

Beyond a certain magnification level of the ultra-magnifying
NBI images, we found that the cellular structure inside the mar-
ginal crypt epithelium could be seen. The cellular structure of
the non-metaplastic mucosa was round and homogeneous. In
relation to the size of each component of the cellular structure
and width of the marginal crypt epithelium, we speculated that
the size of the cellular components in the ultra-magnifying NBI
images corresponded to that of the cell. Moreover, scanning
electron microscopy shows that the surface of the non-meta-
plastic gastric epithelium has a cobblestone-like appearance
that consists of apices of surface mucous cells and intercellular
clefts [23-25]. This is similar to the findings of ultra-magnifying
NBI. When a semi-transparent substance is illuminated, its
components are visualized according light reflection at the bor-
der between substances with different refractive indices.
Therefore, we suspected that each component of the cellular
structure in the ultra-magnifying NBI images corresponded
with mucin in the cell. Histological analysis of biopsy specimens
showed that the structure of the cells and mucin in the non-
metaplastic mucosa was round and homogeneous, whereas
that in the metaplastic mucosa was heterogeneous. We did
not confirm that the small cellular components in the ultra-
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magnifying NBI images were identical to the real cells; there-
fore, the term cellular structure was used in this study. Further
analysis is needed for histological findings that correspond to
ultra-magnifying NBI images.

In ultra-magnifying methylene blue chromoendoscopy
using endocytoscopy, goblet cells are seen as small unstained
circular areas in the marginal crypt epithelium [18], showing
sensitivity of 89% and specificity of 71% for diagnosis of GIM
[26]. In ultra-magnifying NBI, sporadic distribution of large
cells is consistent with the small unstained circular areas in ul-
tra-magnifying chromoendoscopy. In the current analysis, sen-
sitivity of this finding was 61% (95% Cl 41%-79%), which was
lower than that of ultra-magnifying chromoendoscopy. One
reason for the low sensitivity of ultra-magnifying NBI is difficul-
ty in recognition of the sporadic large cells compared to recog-
nition of unstained areas among the stained epithelium. Gener-
ally, color contrast in chromoendoscopic images is higher than
that in NBI images.

It is considered that WOS is visualized by strong scattering
and reflection of light by the lipid droplets that are absorbed
into the mucosa of GIM [27]. In histological examination of mu-
cosa with WOS, lipid droplets are present inside the epithelial

DO VIDEO

Ultra-magnifying Narrow H 2 for Endoscopic Diagnosis
of Gastric Intestinal M 28 Image Analysis Study

Osaka International Cancer Institute
Iwagami H, Uedo N, Yip HC

» Video 1 Ultra-magnifying observation of non-metaplastic and
metaplastic mucosa. A soft black cap was mounted and non-con-
tact observation was performed with a water immersion tech-
nique.
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cells in all cases and, in 61.5% of cases, lipid droplets are also
distributed underneath the epithelial cells [26]. In ultra-magni-
fying NBI, most WOS was observed inside the cellular structure
partitioned by intercellular septa. Accordingly, we speculate
that intraepithelial, rather than subepithelial, lipid droplets
contributed to visualization of the WOS.

Although ultra-magnifying NBI may improve endoscopic di-
agnosis of GIM, the clinical importance of this method should
be investigated further. One of the objectives of diagnosis of
GIM is risk assessment for developing gastric cancer. Endo-
scopic diagnosis of GIM has advantages over biopsy because it
avoids risk of bleeding caused by multiple forceps biopsies, and
it can quantify the extent of GIM in the gastric mucosa. The uti-
lity of near-focus NBI [6, 7] or magnifying NBI [28] for risk stag-
ing of gastric cancer has recently been reported. Compared to
those methods, non-contact ultra-magnifying observation is
technically more demanding. It requires delicate maneuver of
the lever to control the magnification and adjust the focus of
the endoscopic images. Moreover, because light distribution
of the current endocytoscope is not optimized for non-contact
observation, an endoscopist has to adapt working distance be-
tween lens and the mucosa for appropriate illumination with
fine push-pull movement of the scope. Furthermore, endocyto-
scopy is not readily available worldwide. Accordingly, the clini-
cal impact of ultra-magnifying NBI on risk assessment of gastric
cancer may not be as high as with conventional observation
methods of NBI. We suspect that this method would be useful
to reveal the ultrastructure of the gastrointestinal tract and ex-
plain the pathogenesis of the disease. Nevertheless, further ad-
vancement of technology to capture stable ultra-high magnifi-
cation image is expected.

We acknowledge two major limitations of this study. At first,
we did not take biopsy specimens from all patients and evaluate
the histological findings. We used conventional magnifying NBI
as a reference standard instead of histology because precise
correlation between ultra-magnifying images and histological
findings of biopsy specimens is difficult, even with targeted
biopsy. However, in endoscopic observation, we can continu-
ously increase magnification and correlate conventional magni-
fying with ultra-magnifying NB images. Conventional magnify-
ing NBI has high diagnostic accuracy for diagnosis of histologi-
cal GIM (90% sensitivity and 90% specificity) [29]. Next, only
representative good images were chosen for analysis, resulting
in non-negligible overestimation of diagnostic accuracy. The di-
agnostic performance of ultra-magnifying NBI using the char-
acteristic endoscopic findings revealed in this study should be
investigated in a future prospective study in relation to histolo-
gical findings.

Conclusion

In conclusion, analysis of ultra-magnifying NBI of GIM revealed
the characteristic epithelial ultrastructure of GIM, heteroge-
neous cellular structure, and rough contours of the marginal
crypt epithelium with LBC. Further investigation of actual diag-
nostic accuracy and clinical relevance of these endoscopic find-
ings for GIM is warranted.
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