W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 / wjg.v20.i43.16311

World | Gastroenterol 2014 November 21; 20(43): 16311-16317
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2014 Baishideng Publishing Group Inc. All rights reserved.

PROSPECTIVE STUDY

Surveillance using trimodal imaging endoscopy after
endoscopic submucosal dissection for superficial gastric

neoplasia

Hiroyuki Imaeda, Naoki Hosoe, Kazuhiro Kashiwagi, Yosuke Ida, Rieko Nakamura, Hidekazu Suzuki,
Yoshimasa Saito, Naohisa Yahagi, Yasushi Iwao, Yuko Kitagawa, Toshifumi Hibi, Haruhiko Ogata, Takanori Kanai

Hiroyuki Imaeda, Department of General Internal Medicine,
Saitama Medical University, Saitama 350-0495, Japan

Hiroyuki Imaeda, Naoki Hosoe, Kazuhiro Kashiwagi, Rieko
Nakamura, Haruhiko Ogata, Center for Diagnostic and Thera-
peutic Endoscopy, School of Medicine, Keio University, Tokyo
108-8345, Japan

Yosuke Ida, Hidekazu Suzuki, Yoshimasa Saito, Toshifumi
Hibi, Takanori Kanai, Division of Gastroenterology, Depart-
ment of Internal Medicine, School of Medicine, Keio Univer-
sity, Tokyo 108-8345, Japan

Naohisa Yahagi, Cancer Center, School of Medicine, Keio Uni-
versity, Tokyo 108-8345, Japan

Yasushi Iwao, Center for Preventive Medicine, School of Medi-
cine, Keio University, Tokyo 108-8345, Japan

Yuko Kitagawa, Department of Surgery, School of Medicine,
Keio University, Tokyo 108-8345, Japan

Author contributions: Imaeda H was endoscopist, planner of
study design and enrollment of patients; Hosoe N was endo-
scopist and advisor of study, design, enrollment of patients and
statistical analysis; Kashiwagi K and Ida Y were endoscopists
and advisors of study design and enrollment of patients; Naka-
mura R, Suzuki H, Saito Y, Iwao Y and Kitagawa Y were col-
laborators for enrollment of patients; Yahagi N, Hibi T, Ogata H
and Kanai T were supervisors.

Supported by A grant from the Japanese Foundation for Re-
search and Promotion of Endoscopy (JFE) Grant
Correspondence to: Hiroyuki Imaeda, MD, Department of
General Internal Medicine, Saitama Medical University, 38
Morohongo, Moroyama-machi, Iruma-gun, Saitama 350-0495,
Japan. imaedahi@yahoo.co.jp

Telephone: +81-49-2761667 Fax: +81-49-2761667

Received: January 10,2014 Revised: February 22, 2014
Accepted: July 16,2014

Published online: November 21, 2014

Abstract

AIM: To evaluate the effectiveness of trimodal imag-
ing endoscopy (TME) to detect another lesion after
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endoscopic submucosal dissection (ESD) for superficial
gastric neoplasia (SGN).

METHODS: Surveillance esophagogastroduodenosco-
py (EGD) using a TME was conducted in 182 patients
that had undergone ESD for SGN. Autofluorescence
imaging (AFI) was conducted after white-light imaging
(WLI). When SGN was suspicious, magnifying endos-
copy with narrow-band imaging (ME-NBI) was con-
ducted. Final diagnoses were made by histopathologic
findings of biopsy specimens. The detection rates of
lesions in WLI, AFI, and NBI, and the characteristics of
lesions detected by WLI and ones missed by WLI but
detected by AFI were examined. The sensitivity, speci-
ficity, and accuracy of endoscopic diagnosis using WLI,
AFI and ME-NBI were evaluated.

RESULTS: In 242 surveillance EGDs, 27 lesions were
determined pathologically to be neoplasias. Sixteen
early gastric cancers and 6 gastric adenomas could be
detected by WLI. Sixteen lesions were reddish and 6
were whitish. Five gastric neoplasias were missed by
WLI but were detected by AFI, and all were whitish and
protruded gastric adenomas. There was a significant dif-
ference in color and pathology between the two groups
(P = 0.006). Sensitivity, specificity and accuracy in ME-
NBI were higher than those in both WLI and AFI. Speci-
ficity and accuracy in AFI were lower than those in WLI.

CONCLUSION: Surveillance using trimodal imaging
endoscopy might be useful for detecting another lesion
after endoscopic submucosal dissection for superficial
gastric neoplasia.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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mucosal dissection; Superficial gastric neoplasia
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Core tip: We report surveillance esophagogastroduode-
noscopy (EGD) using trimodal imaging videoendoscopy
(TME) to detect another lesion after endoscopic sub-
mucosal dissection (ESD) for superficial gastric neopla-
sia (SGN). In 242 surveillance EGDs, 16 early gastric
cancers and 11 gastric adenomas were detected, 5 of
which were missed by white-light imaging (WLI) but
were detected by autofluorescence imaging (AFI). The
five were whitish and protruded gastric adenomas.
Sensitivity, specificity and accuracy in magnifying en-
doscopy with narrow-band imaging were higher com-
pared to those in both WLI and AFI. Surveillance using
TME is useful for detecting another lesion after ESD for
SGN.
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INTRODUCTION

Endoscopic submucosal dissection (ESD) for eatly gas-
tric cancer (EGC) has been developed recently . Since
en bloc resection is needed for accurate histopathologic
diagnosis, ESD has become the standard endoscopic
treatment for EGC in Japan. Metachronous multiple
gastric cancers, however, developed within 3-5 years in
2.7%-14% of patients after endoscopic resection (ER)
for EGC"". The frequency of metachronous gastric
cancers in patients after ER for EGC is higher than that
of gastric cancers in the general population. Eradication
of Helicobacter pylori (H. pylori) infection was reported to
decrease the incidence of metachronous gastric cancers
in patients who had undergone ER for EGC, but about
3% of them had metachronous lesions at 3-year follow-
up'™. Surveillance using esophagogastroduodenoscopy
(EGD) after ER for EGC is therefore very important for
detecting such lesions at the eatly stage, when they are
still resectable by ESD.

Exogenous fluorophores such as 5-aminolevulinic
acid” and endogenous fluorophores such as collagens,
nicotinamides, adenine dinucleotides, flavins, and por-
phyrins""'? are used in autofluorescence (AF) endos-
copy for examining the gastrointestinal (GI) tract. When
the mucosal layer and the submucosal layer are illumi-
nated with blue excitation light, green AF light is emitted
from endogenous fluorophores in the submucosal layer.
The intensity of this AF was diminished by abnormal
vessels, the thick mucosa, fibrosis, inflammation, and the
changes of endogenous fluorophores correlated with
the neoplasia“om. AF videoendoscopy (GIF-FQ260Z,
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Olympus Medical Systems Corp., Tokyo, Japan) using
combination of autofluorescence imaging (AFI) and
reflectance imaging has been reported in observation of
superficial neoplasias-in the esophagusmm, stomach!™*"”
and colon"”. Kato ez a/™ reported that AFI detected
10% more neoplasms than did white-light imaging (WLI)
and that although the sensitivities of WLI and AFI are
comparable, clinical value of AFI is limited because its
specificity is considerably lower than that of WLI (ie.,
its use resulted in a large number of false positives). The
GIF-FQ260Z videoendoscopy combines not only AFI
endoscopy but also magnifying endoscopy with WLI and
narrow-band imaging (NBI) in a single endoscope with
two charge-coupled devices. It is a trimodal imaging en-
doscopy (TME) system, and TME is effective for detect-
ing early-stage neoplasias in the esophagus[zﬂ, stomach™”
and colon®”

The aim of this study was to evaluate the ability of
surveillance EGD using TME system to detect another
lesion after ESD for SGN.

MATERIALS AND METHODS

Patient population

One hundred eighty-two patients (147 male and 35 fe-
male; mean age 70.2 years) who had undergone ESD for
SGN at Keio University Hospital were enrolled between
January 2010 and December 2011 in this prospective
study.

The study protocol was approved by the institutional
review board at our hospital, and it was registered with
the UMIN Clinical Trials Registry (UMIN000003120).
Informed consent was obtained from each patient.

Overall study design
We used a high-resolution magnifying endoscopy with
80-fold optical magnification (GIF-FQ260Z), that is
able to be easily switched from WLI mode to AFI or
NBI mode and the standard videoendoscopy system
(LUCERA_CV-260SL; Olympus Medical Systems Corp.).
The TME system conducts illumination of red, green,
and blue light, which were used for WLI and NBI and
illumination of an excitation/reflected light, which were
used for AFI. Hemoglobin absorbs short-wavelength
blue light, therefore, the appearance of microvessels in
the superficial mucosal layer is enhanced. NBI mode
was performed with magnification. The AFI allowed the
light emitted from a xenon lamp to direct to a rotating
filter wheel that passed 390-470 nm excitation light and
540-560 nm green light. A pseudocolor image based
on the AF signals and reflected light was reconstructed,
therefore high-intensity of AF showed green color and
low-intensity of AF showed magenta color. The AFI
system displayed the pyloric mucosa or the atrophic
mucosa as green, blood vessels as dark green, and the
fundic mucosa or neoplasia as magenta.

Patients underwent surveillance EGD using TME
system under conscious sedation with flunitrazepam
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(0.2-0.4 mg). First, an examiner performed endoscopic
observation using WLI, second, did that using AFI.
Third, if lesions were suspected by WLI or AFI, endo-
scopic observation using magnifying endoscopy with
narrow-band imaging (ME-NBI) was performed. All
lesions identified by WLI or AFI modalities that seemed
to be neoplasias were recorded as endoscopic neoplasias
and biopsies were performed. A lesion identified by WLI
endoscopy was recorded as a neoplasia if it was, from
its color and appearance, recognized as or suspected
to be an EGC or adenoma. A lesion identified by AFI
endoscopy was recorded as a neoplasia if its color was
different from that of the surrounding mucosa and its
circumferential margin was definite. A lesion in ME-NBI
was recorded as a neoplasia if it could be demarcated
from the surrounding mucosa by irregular microsur-
face pattern and/or irregular microvascular pattern.
The histopathologic finding obtained from the biopsy
specimens were deemed to be the gold standard for the
diagnosis. The examinations were performed by one of
four endoscopists. AFI and ME-NBI were considerably
different from WLI, the AFT and ME-NBI examina-
tions were, therefore, performed by endoscopists who
had previously experienced diagnosis of EGC by TME
system using AFI and ME-NBI mode for more than 20
lesions.

Characteristics of SGNs detected by WLI and ones
missed by WLI but detected by AFI were analysed. The
sensitivity, specificity, and accuracy of endoscopic diag-
nosis using WLI, AFI and ME-NBI of pathology-prov-
en neoplasia were evaluated. Assessment of the spread
of atrophic gastritis evident by AFI mode was based
on Kimura-Takemoto classification: closed-type gastric
mucosal atrophy has an atrophic border in the antrum or
the lesser curvature of the gastric body, and open-type
gastric mucosal atrophy has that in the lateral wall or
the greater curvature of it™. If the mucosa in the lesser
curvature of the gastric body was purple, the diagnosis
was closed-type atrophic gastritis; if the mucosa in the
lateral wall or the greater curvature of it was green, the
diagnosis was open-type atrophic gastritis.

Histopathology

Biopsy specimens were immersed in 10% formalin, em-
bedded in paraffin, sectioned serially, and stained with
hematoxylin and eosin. The diagnostic histopathologic
criteria were based on the revised Vienna classification””.
Category 3, which was mucosal low-grade neoplasia was
classified as gastric adenoma, and category 4, which was
mucosal high-grade neoplasia was-classified as gastric
carcinoma. Expert GI pathologists diagnosed the histo-
pathologic findings of all biopsy specimens.

Statistical analysis

The data were analysed using SPSS software, version
17 (SPSS Inc., Chicago, IL), and statistical significance
was assessed by Fischer’s exact test, Student’s ~test and

Mann-Whitney’s U test. All probability values calculated
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in this analysis were sided, and P values of less than 0.05
were considered to denote statistical significance.

RESULTS

Two hundred and forty-two surveillance EGDs using
the TME system were conducted in 182 patients. EGD
was performed once in 129 patients, twice in 46 patients,
and three times in 7 patients. Forty lesions detected by
WLI were suspected to be neoplasias; of these lesions,
23 were identified as possible neoplasias by ME-NBI.
Twenty-two of these 23 lesions were determined patho-
logically to be neoplasias. Thirty-four lesions detected by
AFI were suspected to be neoplasias, five of them were
identified as possible neoplasias by ME-NBI. All five
were determined pathologically to be neoplasias (Figure
1). All of the 27 lesions determined pathologically to be
neoplasias were detected by ME-NBI. Sixteen lesions in
16 patients were determined pathologically to be EGC
(15 intramucosal lesions and one slightly submucosal

lesion, and 15 well-differentiated adenocarcinomas and
one moderately-differentiated adenocarcinoma). Eleven
lesions in 10 patients were pathologically defined as gas-
tric adenoma. SGN was detected in 2 of the 28 patients
(7.1%) with closed-type atrophic gastritis and in 24 of
the 154 patients (15.6%) with open-type atrophic gas-
tritis. The number of lesions did not differ significantly
between patients with the closed and open types of atro-
phic gastritis (P = 0.38).

Twenty-two of 27 lesions (81%) were detected by
WLI (Figure 2) and five (19%) were missed by WLI but
were detected by AFIL. All of the five lesions were, how-
ever, detected in the second WLI after AFI (Figure 3).
There was no significant differences in size, structure,
or location between lesions detected by WLI and ones
missed by the first WLI but detected by AFI (Table 1).
Sixteen of 22 lesions detected by WLI were reddish and
6 were whitish, but all of five lesions missed by the first
WLI but detected by AFI were whitish. There was a
significant difference in color between the two groups
(P = 0.000). Sixteen of 22 lesions detected by WLI were
EGCs and 6 were gastric adenomas, but 5 missed by the
first WLI but detected by AFI were gastric adenomas
that were slightly protruded. There was a significant dif-
ference in pathology (carcinoma/ adenoma) between the
two groups (P = 0.006).

Sensitivity in ME-NBI was higher than that in WLI
(P = 0.02) and that in AFI (P = 0.02). Specificity in ME-
NBI was higher than that in WLI (P < 0.001) and that in
AFI (P < 0.001). Accuracy in ME-NBI was higher than
that in WLI (P < 0.001) and that in AFT (P < 0.001). In
addition, both specificity and accuracy in AFI were lower
than those in WLI (P < 0.001) (Table 2).

DISCUSSION

EGC is a good indication for ER and surveillance EGD is
considered to reduce the mortality correlated with gastric
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242 EGDs enrolled

WLI-neoplasia 40

AFI -neoplasia 34

ME-NBI-neoplasia 23 ME-NBI- non neoplasia 17

WLI-ME-neoplasia 5

WLI-ME- non neoplasia 29

=

Pathology-
neoplasia 22

Pathology-
nonneoplasia 1

Pathology-
nonneoplasia 17

neoplasia 5

Pathology- Pathology-

nonneoplasia 29

Figure 1 Flow diagram of neoplastic lesions detected by trimodal imaging endoscopy. EGD: Esophagogastroduodenoscopy; WLI: White-light imaging; AFI:
Autofluorescence imaging; ME: Magnifying endoscopy; NBI: Narrow-band imaging.

Figure 2 Protruded early gastric cancer. A: Whitish lesion detected in white-light imaging; B: Magenta lesion in autofluorescence imaging; C: Demarcation line in
narrow-band imaging (NBI); D: Irregular mucosal pattern and irregular vascular pattern in magnifying endoscopy with the NBI.

neoplasia[1'3]. Morteover, surveillance EGD after ESD for
SGN is important to detect metachronous SGNs. Twen-
ty-two lesions (81%) were detected by WLI, 5 lesions
(19%) were missed by WLI but were detected by AFI in
this study, therefore approximately one fifth could not be
correctly diagnosed in WLI mode. Kato ez a/'” reported
that the detection rate of EGC was more than 10% not
only by WLI but also by AFL In our study, the detection
by AFI was also similar to that reported by Kato ez a/™”.
Our study found AFI videoendoscopy to be effective for
identifying gastric neoplasias missed by WLI videoendos-
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copy. All five lesions missed by the first WLI were able to
be detected in the second WLI. All five lesions missed by
WLI were, however, gastric adenomas in this study.
Sixteen of the neoplasias detected by WLI were red-
dish and six were whitish, and all five missed by WLI
but detected by AFI were whitish. All five lesions were
located in the atrophic mucosa, and they resembled the
surrounding relatively whitish atrophic mucosa, because
there was little color difference. It thus might be difficult
to detect gastric neoplasias that were minimally protrud-
ed and/or were small. All five lesions were minimally
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Figure 3 Protruded gastric adenoma. A: Lesion not detected in white-light imaging; B: Magenta in autofluorescence imaging; C: Lesion detected in the second
white-light imaging (arrow); D: Demarcation line in narrow-band imaging (NBI); E: Regular mucosal pattern and irregular vascular pattern in magnifying endoscopy
with NBI.

Table 1 Characteristics of superficial gastric neoplasias detected by white light imaging and of those detected not by white light im-

aging but by autofluorescence imaging

Detection mode WLI not WLI but AFI P value
n (%) 22 (81) 5(19)

Mean tumor size (mm) 12.1 (5-60) 11.6 (5-20) 0.400
Color (reddish: whitish) 16:6 0:5 0.006
Type (protruded:depressed) 14:8 5:0 0.280
Location (U:M:L) 2:9:11 0:2:3 0.640
Pathology (carcinoma:adenoma) 16:6 0:5 0.006

WLI: White light imaging; AFI: Autofluorescence imaging; U: Upper-third portion of the body; M: Middle-third portion of the body; L: Lower-third portion
of the body.

tected by WLI and/or AFI, it is, therefore, deemed to be
the mainstay of TME system in increase of diagnostic
accuracy for SGN™. Diagnoses based on WLI and AFI

Table 2 Comparison of diagnostic accuracy for white light,

autofluorescence and magnifying endoscopy with narrow band

Method WLI AFI ME-NBI depend on the changes in the color and configuration
Sensitivity 81.5%" 81.5%" 100% of lesions, that are not always-specific for gastric neo-
ape e o/ b o/ bd 0 . . . . .
Sipaicily oL.7% 14.9% " 2 plasias. In our data, the specificity in AFI was especially

Accuracy 68.9% 39.2%" 98.6%

low. ME-NBI, in contrast, has the advantage of yielded
clearer images of the microsurface pattern and micro-
vascular pattern, which show abnormalities specific for
neoplasia and enables an endoscopically pathologic di-
agnosislzo]. Therefore, ME-NBI reveals high diagnostic

°P = 0.02, "P < 0.01 vs magnifying endoscopy with narrow band imaging
(ME-NBI); P < 0.01 vs white light imaging (WLI). AFI: Autofluorescence
imaging.

protruded, and three of 5 were small (7 mm or less).
Moreover, two of 5 lesions missed by the first WLI were
located in the anterior wall behind the angle, which were
necessary to be observed carefully not to be missed.
ME-NBI can reduce large false-positive numbers de-
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specificity for SGN and makes a correct diagnosis of
the false-positive lesion detected by WLI and AFI in the
TME system. Recently, the number of patients being ad-
ministered antithrombotic drugs is increasing, therefore,
endoscopic biopsy might increase the risk of post-biop-
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sy hemorrhage in such patients. Histological findings by
biopsy specimen might not be sufficient for evaluating
the whole region in some gastric neoplasias, while endo-
scopic findings of the TME system could evaluate the
whole region, due to high accuracy of the TME system.
The biopsy samples are deemed to be the gold standard
for diagnosis, however, they might not always be neces-
sary for some gastric neoplasias.

Ezoe et al” reported that sensitivities in WLI and
WLI + ME-NBI were respectively 40.0% and 95.0%. In
out study the sensitivity in WLI was 81.5%. In the study
reported by Ezoe et a/”, all lesions were depressed-type
gastric cancers less than 10 mm in diameter, whereas 19
of the 27 lesions in our study protruded and 10 were
over 10 mm in diameter. This may be the reason the
WLI-mode sensitivity in our study was higher than that
reported by Ezoe ef al”!. The specificities in WLI and
ME-NBI reported by Ezoe ef al” were similar to those
in our study.

Hanaoka ¢ a/™ reported that the recurrence rate af-
ter ESD for EGCs was higher in the open-type atrophic
gastritis than in the closed-type one. No significant dif-
ference between the two groups was noted in our study,
perhaps because our data were analysed at only one
point in only about 70% of the patients. Hanaoka ez al®,
however, reported results obtained when surveillance
EGD was scheduled annually after ESD and eradica-
tion of H. pylori infection, and in their study the median
follow-up duration was 55 mo.

There are some limitations to our study. It was per-
formed in a single center and the sample size was small.
About one-fifth of the neoplasias in this study were
found by AFI rather than WLI, all of them were not,
however, adenocarcinomas but gastric adenomas. Three
gastric adenomas which were missed by WLI but were
detected by AFI were histologically diagnosed by only
biopsy specimens, because the patients did not hope to
undergo ESD. Therefore, those histopathologic findings
might be not accurate, because it is sometimes difficult
to differentiate gastric cancers from gastric adenomas by
biopsy specimens. AFI videoendoscopy has low specific-
ity in detecting gastric neoplasias, and it has large numbers
of false positives. TME using ME-NBI as well as WLI
and AFI, takes more time than endoscopic observation
using only WLI but eliminates the need to take biopsy
specimens so false positive lesions can be excluded patho-
logically. In this study, four well-trained endoscopists
performed the TME videoendoscopy. The advanced
techniques of ME-NBI are necessary to obtain clearer im-
ages of lesions and to clarify the advantages. Tada ez al””
reported that AFI improved sensitivity of endoscopic di-
agnosis of EGC by less experienced endoscopists. In the
near future, we need additional study using TME system
by less experienced endoscopists.

In conclusion, surveillance using trimodal imaging
endoscopy might be useful for detecting another lesion
after endoscopic submucosal dissection for superficial
gastric neoplasia.
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