Efficacy of Full-Spectrum Endoscopy to Visualize the
Major Duodenal Papilla in Patients with Familial

Adenomatous Polyposis

H AR R PG R A7 RHE LR
NERIH L ZR AR A 5 I
T S i —

f& & 2022 4
EAE ®iEEH &



Research Article

Digestion 2020;101:563-570
DOI: 10.1159/000501476

Received: February 28, 2019
Accepted after revision: June 13, 2019
Published online: July 16, 2019

Efficacy of Full-Spectrum Endoscopy to Visualize
the Major Duodenal Papilla in Patients with
Familial Adenomatous Polyposis

Ryoji Ichijima®®  Seiichiro Abe® Shunsuke Kobayashi¢ Takeyoshi Minagawa®
Teppei Tagawa® Takeshi Nakajima®f Masayoshi Yamada®

Hiroyuki Takamaru® Masau Sekiguchi®¢ Taku Sakamoto® Ichiro OdaP
Takahisa Matsuda®9 Yutaka Saito® Takuji Gotoda?

2Division of Gastroenterology and Hepatology, Department of Medicine, Nihon University School of Medicine,
Tokyo, Japan; PEndoscopy Division, National Cancer Center Hospital, Tokyo, Japan; “Division of Gastroenterology
and Hepatology, Toho University Omori Medical Center, Tokyo, Japan; ¢Department of Gastroenterology, Tonan
Hospital, Sapporo, Japan; ®Tagawa Clinic, Yokohama, Japan; ‘Department of Clinical Genetic Oncology, Cancer
Institute Hospital, Tokyo, Japan; 9Cancer Screening Center, National Cancer Center Hospital, Tokyo, Japan

Keywords

Esophagogastroduodenoscopy - Full-spectrum

endoscopy - Major duodenal papilla - Familial adenomatous
polyposis - Duodenum

Abstract

Background and Aims: Duodenal cancer is one of the extra-
colonic malignancies with known mortality in familial ade-
nomatous polyposis (FAP) patients. Visualization of the ma-
jorduodenal papilla (MDP) with a standard esophagogastro-
duodenoscopy (EGD) is currently insufficient because of the
limited field of view. Full-spectrum endoscopy (FUSE), utiliz-
ing double imagers located on the front and side of the en-
doscopic tip, provides a wider field of view up to 245 de-
grees. The aim of this study was to evaluate the efficacy of
FUSE in visualizing MDP in patients with FAP. Methods: This
study was a single-center retrospective study including 49

FAP patients undergoing surveillance at our institution. EGD
was performed by qualified endoscopists using FUSE, and
visibility of the MDP was evaluated. All examinations were
video-recorded, and the clips for individual patient were ed-
ited to forward view images alone (conventional group) and
2-view images of the duodenum (forward and side-view
[FUSE group]). Three other qualified external endoscopists
independently reviewed the videos and compared the visi-
bility of MDP between the conventional and the FUSE
groups. Primary endpoint was the rate of Type 1 visibility
(whole area of the papilla) in off-site video reviews. We also
assessed MDP visibility on-site as secondary endpoint. Re-
sults: The rate of type 1 MDP visibility was significantly high-
erinthe FUSE group than conventional group in both on-site
(32.6/100%, p<0.001) and off-site reviews (8.2, 16.3,14.3/100,
98, and 100%, p < 0.001). Conclusions: FUSE is recommend-
ed inscreening and surveillance EGD to better visualize MDP
in FAP patients. ©20195. Karger AG, Basel
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Introduction

Familial adenomatous polyposis (FAP) is an autoso-
mal dominant disease, characterized by the presence
of large number of colorectal adenomatous polyps
caused by mutations in the adenomatous polyposis
coli gene. The most frequent cause of death in FAP
was colorectal cancer, as hundreds to thousands of ad-
enomatous polyps invariably progress to cancer if
left untreated. Since the introduction of guidelines to
better define the indications and timing of prophylactic
colectomy, colorectal cancer-related mortality has re-
duced [1-4]. Despite this, FAP patients have a lower life
expectancy. This has been attributed to extracolonic
manifestations, of which upper gastrointestinal malig-
nancies are the most common. Gastric and duodenal
cancers, among other extracolonic lesions in FAP pa-
tients, have been studied. The risk of periampullary
cancer is estimated to be 3-8.5%, which is 200-300
times greater than that in the general population [5-
12]. It is crucial, therefore, to inspect major duodenal
papilla (MDP) carefully during screening and surveil-
lance endoscopy to ensure detection of periampullary
disease.

Current visualization of the duodenum, especially
MDP, is inadequate with a standard forward-view-
ing gastroscope because of the limited field of view
[13]. For patients with FAP, observation with a side-
viewing duodenoscope is recommended in addition to
conventional esophagogastroduodenoscopy (EGD),
when sufficient visualization of the duodenal papilla
cannot be achieved [14-18]. However, additional ex-
amination with side-viewing duodenoscope is time-
consuming, incurs cost, and burdensome for the pa-
tients. Full-spectrum endoscopy (FUSE; Endochoice,
Inc., Alpharetta, GA, USA) EGD is a newly developed
video-endoscope that provides a 245-degree field of
view utilizing double imagers located at the front and
left lateral aspect of the endoscopic tip. FUSE EGD de-
signed with a standard 9.6 mm insertion tube diame-
ter and 10.5 mm distal end diameter and with water
jet function. It does not involve magnification func-
tion with image enhanced function such as narrow
band imaging, blue laser imaging, and linked color im-
aging.

Little is known about the visibility of MDP using
FUSE EGD. The aim of this study was to evaluate the
efficacy of FUSE EGD in visualizing MDP in FAP pa-
tients.
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Methods

Ethics

This study was conducted in accordance with Declaration of
Helsinki. This study was approved by the internal review board in
our institution on October 26, 2016, and written informed consent
was obtained from all patients. This study was registered to Uni-
versity Hospital Medical Information Network Clinical Trails Reg-
istry (www.umin.ac.jp/ctr/; identification No, UMIN000033326).

Patients

This retrospective observational study was conducted at a sin-
gle referral cancer center and included FAP patients under surveil-
lance at the hospital. Patients recruited met at least one of the fol-
lowing criteria: (a) presence of >100 colorectal adenomas, (b) pres-
ence of <100 colorectal adenomas with family history of FAP, (c)
presence of adenomatous polyposis coli gene mutation(s) detected
through DNA analysis [14]. Patients were excluded if they had his-
tory of upper gastrointestinal surgery or duodenal papillectomy.
Figure 1 demonstrates the study flow.

Endoscopic Procedure

Patients were instructed to overnight fast and given water with
pronase (Kaken Pharmaceutical Co., Ltd., Tokyo, Japan) as well as
simethicone 10 min prior to the examination. After oral sprays of
8% topical lidocaine, patients underwent EGD in the left lateral
decubitus position. The type of sedative drugs (propofol, midazol-
am, pethidine hydrochloride), and whether spasmolytics (bu-
tylscopolamine) administered, was determined by the individual
endoscopist. Most of the study subjects previously underwent
EGD at our institution and preferred the same sedative agent as
used before. The order of observation follows routine EGD, start-
ing from the esophagus, stomach, before proceeding into the duo-
denum. Biopsy was taken only in the cases of newly detected pap-
illary lesions, and not performed for previously detected lesions.
All tissue samples were examined by expert pathologists and grad-
ed according to the Vienna classification of gastrointestinal epithe-
lial neoplasia [19].

On-Site Diagnosis

FUSE EGDs were performed by a total of 8 qualified endosco-
pists of the Japanese Gastroenterological Endoscopy Society be-
tween July 2016 and December 2017, Observation of the duode-
num began with visualizing the duodenal bulb before proceeding.
Following identification of MDP, the scope was advanced to the
descending duodenum to observe the caudal aspect of the papilla.
Upon withdrawal, the field of view was expanded and MDP was
inspected again. The endoscope was manoeuvred as much as pos-
sible to optimize visibility in the forward view alone, even in cases
when the MDP was observed in the side view.

The visibility of MDP was evaluated during the procedures and
rated by the performing endoscopists after each FUSE EGD. Com-
parisons were made between the visibility of MDP in the forward-
view alone (conventional group) and combined forward and left-
side view (FUSE group). The visibility of MDP was categorized
into 5 types according to Hew et al. [13] Type 1, whole area of the
papilla; Type 2, upper part of the papilla, including the orifice;
Type 3, upper part of the papilla without orifice; Type 4, lower part
of the papilla, including the orifice; and Type 5, no part of the pa-
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49 FAP patients
undergoing surveillance at our institution
from July 2016 to December 2017

.| Exclusion: history of upper gastrointestinal surgery

A 4

h

and duodenal papillectomy

EGD was performed using FUSE
visibility MDP was rated by the performing endoscopists
comparing the forward-view images (conventional group)
and forward the side images (FUSE group)
(on-site diagnosis)

A

conventional group and FUSE group

All examinations were video-recorded edited into 2 formats;

y

Conventional group FUSE group images rated by 3
independent external endoscopists
(off-line review)

Endpoint assessment:
The onsite and offsite rated visibility data were analyzed

Fig. 1. Study flow. Flowchart of patient’s enrollment summary of this study. FAP, familial adenomatous polyposis; EGD, esophagogas-
troduodenoscopy; FUSE, full-spectrum endoscopy; MDP, major duodenal papilla.

pilla was found (Fig. 2) [12]. The rated types of visibility for each
patient were documented via the electronic medical records, and
the data retrospectively collected.

Off-Site Review

All examinations were video-recorded. The videos were edited
into 2 formats: one-screen video with the forward view visible only
and the left-view obscured (conventional group), or dual-screen
videos with both the forward and left-view visible (FUSE group).
The video clips were presented to the reviewers in random order.
Three qualified external endoscopists, blinded to patients’ clinical
information, independently reviewed the videos, and scored the
visibility of the duodenal papilla in the same manner as the on-site
diagnosis. Given no prior experience with FUSE EGD, the endos-
copists were allowed to watch the videos as many times as required
(Fig. 1).

Assessment

Primary endpoint was the rate of Type 1 visibility in the off-site
video reviews. In addition, the rate of Type 1 visibility during on-
site diagnosis, detection of MDP neoplasm and their visibility, to-
tal and duodenum inspection time, and adverse events were as-
sessed as secondary endpoints. The total inspection time was de-
fined as: the time from the endoscope was inserted into the patient’s
mouth to the time it was withdrawn. The inspection time in the
duodenum was defined as: the time from insertion of scope past
the pyloric ring and withdrawal from it.

Efficacy of FUSE to Visualize the MDP in
Patients with FAP

Statistical Analysis

Continuous variables were expressed as medians and ranges,
and categorical variables were expressed as numbers and frequen-
cies. The between group differences of type 1 ratio was tested using
Mann-Whitney U test. p values of <0.05 were considered to be
statistically significant. All statistical analyses were calculated us-
ing SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA).

Results

Forty-nine FAP patients meeting the inclusion criteria
underwent FUSE EGD. Thirty-eight patients were male
and 11 were female, with a median age of 37 (19-61).
Mean total inspection time was 11.0 + 2.3 min, and duo-
denal inspection time was 1.9 + 0.8 min. Butylscopol-
amine was used as spasmolytic in 28 (57.1%) patients.
Midazolam, propofol, and pethidine hydrochloride were
used in 17 (34.7%), 44 (89.9%), and 7 (14.3%) of patients,
respectively. ALl FUSE EGDs were completed without any
adverse events (Table 1).

Visibility of the MDP on-site was able to be assessed
and scored in all patients. The rates of Type 1, 2-4, and
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Fig. 2. The 5 classification of visualization of MDP. a Type 1, whole area of the papilla. b Type 2, upper part of
the papilla, including the orifice. ¢ Type 3, upper part of the papilla without orifice. d Type 4, lower part of the
papilla, including the orifice. e Type 5, no part of the papilla was found.

Table 1. Patient and endoscopic characteristics

Patients characteristics, total (n = 49)

Age, years, median (range)
Gender, % (n)
Male
Female
Sedation
Propofol, % (1)
Midazolam, % (1)
Pethidine hydrochloride, % (n)
Butylscopolamine, % (n)
Endoscopic procedure
Inspection time (total), min, mean + SD
Inspection time (duodenum),
min, mean + SD
Adenoma of MDP, % (1)
Newly detected adenoma of MDP, % (n)
Adverse events, % (n)

37 (19-46)

77.7 (38)
22.4(11)

89.9 (44)
34.7 (17)
57.1 (28)
14.3 (7)

11.0£2.3

1.9:0.8

24.5 (12)
8.2 (4)
0(0)

MDP, major duodenal papilla.
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5 were 32.6, 38.8, and 28.6%, respectively, in the con-
ventional group. In the FUSE group, Type 1 was
scored for all 49 patients. The rate of Type 1 was sig-
nificantly higher in the FUSE group than the conven-
tional group (p < 0.001). During off-site reviews, the
visibility scores (Type 1/2-4/5) rated by Reviewers A,
B, C were 8.2, 16.3, 14.3/63.2, 53.1, 55.1/28.6, 30.6, and
30.6% in the conventional group and 100, 98, 100/0, 2,
0/0, 0, and 0% in the FUSE group. The number of Type
1 rated by all 3 reviewers was significantly higher in the
FUSE group than conventional group in (p < 0.001; Ta-
ble 2).

Neoplastic lesions of the MDP were detected in 12 pa-
tients (24.5%). Of these, 8 lesions were observed during
previous EGD before study entry, and the remaining 4
were newly diagnosed. Based on the targeted biopsy re-
sults, 3 out of the 4 patients were referred for papillecto-
my. One patient had a small adenoma not requiring fur-
ther intervention, and is undergoing regular surveillance.

In terms of the visibility of the papillary neoplasms in
the 12 patients, the rates of Type 1, 2-4 and 5 were 50.0,
41.7, and 8.3% in the conventional group while the pro-
portion of type 1 was 100% in the FUSE group. During
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Table 2. MDP visibility in the conventional and FUSE groups

n=49 Conventional group Type 1/2-4/5 FUSE group Type 1/2-4/5 p value

Reviewer A, % (1) 8.2 (4)/63.2 (31)/28.6 (14) 100 (49)/0 (0)/0 (0) <0.001

Reviewer B, % (n) 16.3 (8)/53.1 (26)/30.6 (15) 98.0 (48)/2.0 (1)/0 (0) <0.001

Reviewer C, % (n) 14.3 (7)/55.1 (27)/30.6 (15) 100 (49)/0 (0)/0 (0) <0.001

Onsite diagnosis, % (1) 32.6 (16)/38.8 (19)/28.6 (14) 100 (49)/0 (0)/0 (0) <0.001
FUSE, full-spectrum endoscopyMDP, major duodenal papilla.

Table 3. MDP visibility of the detected papillary lesions

n=12 Conventional group Type 1/2-4/5 FUSE group Type 1/2-4/5  pvalue

Reviewer A, % (n) 0 (0)/100 (12)/0 (0) 100 (12)/0 (0)/0 (0) <0.001

Reviewer B, % (n) 12.7 (2)/75.0 (9)/8.3 (1) 100 (12)/0 (0)/0 (0) <0.001

Reviewer C, % (n) 12.7 (2)/87.3 (10)/0 (0) 100 (12)/0 (0)/0 (0) <0.001

Onsite diagnosis, % (1) 50.0 (6)/41.7 (5)/8.3 (1) 100 (12)/0 (0)/0 (0) <0.001
FUSE, full-spectrum endoscopy; MDP, major duodenal papilla.

Table 4. Comparison of MDP visibility with or without butylscopolamine in the conventional group

n=49 Conventional group Type 1/2-4/5 p value

butylscopolamine + (n = 28) butylscopolamine - (n = 21)
Reviewer A, % (1) 10.7 (3)/64.3 (18)/25.0 (7) 4.8 (1)/61.9 (13)/33.3 (7) 0.625
Reviewer B, % (n) 25.0 (7)/46.4 (13)/28.6 (8) 4.8 (1)/61.9 (13)/33.3 (7) 0.115

Reviewer C, % (n)
Onsite diagnosis, % (1)

14.3 (57.1)/57.1 (16)/8.6 (8)
50.0 (14)/32.1 (9)/17.9 (5)

14.3 (3)/52.4 (11)/33.3 (7) 1
28.6 (6)/33.3 (7)/38.1 (8) 0.154

MDP, major duodenal papilla.

off-site review, the rates of Type 1, 2-4,and 5 in reviewers
A, B, Cwere 0, 12.7, 12.7/100, 75.0, 87.3/0, 8.3, and 0%,
respectively, in the conventional group, while all lesion
were uniformly scored as Type 1 by the 3 reviewers in the
FUSE group. The rate of Type 1 visibility was significant-
ly higher in the FUSE group (p < 0.001; Table 3). Simi-
larly, in the 4 newly diagnosed lesions, all were rated as
Type 1in the FUSE group during both on-site and off-site
reviews.

Furthermore, we investigated the difference in visibil-
ity between the FUSE and conventional groups with and
without butylscopolamine. There was no significant dif-
ference in the rates of Type 1 visibility between the 2
groups (Table 4, 5).

Efficacy of FUSE to Visualize the MDP in
Patients with FAP

Figure 3 demonstrates a representative case of a newly
detected MDP lesion viewed with FUSE EGD. In com-
parison, the MDP was only partially observed in forward
view alone (Fig. 4).

Discussion

This study investigated the visibility of MDP using
FUSE in FAP patients. FUSE EGD examination allowed
observation of the entire papilla in almost all study pa-
tients, as rated by the on-site endoscopists and off-site
reviewers. In this study, the order of the edited videos was
presented in a random order to eliminate carryover effect,
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Table 5. Comparison of MDP visibility with or without butylscopolamine in the FUSE group

n=49 FUSE group Type 1/2-4/5 pvalue
butylscopolamine + (1 = 28) butylscopolamine - (n = 21)

Reviewer A, % (n) 100 (28)/0 (0)/0 (0) 100 (21)/0 (0)/0 (0) 1

Reviewer B, % (n) 100 (28)/0 (0)/0 (0) 95.2 (20)/4.8 (1)/0 (0) 0.429

Reviewer C, % (n) 100 (28)/0 (0)/0 (0) 100 (21)/0 (0)/0 (0) 1

Onsite diagnosis, % (n) 100 (28)/0 (0)/0 (0) 100 (21)/0 (0)/0 (0) 1

FUSE, full-spectrum endoscopy; MDP, major duodenal papilla.

Fig.3. FUSE images in left side (a) and forward (b) viewing (FUSE group). Whole area of the papilla was observed
clearly in left side viewing. Biopsy was taken from the whitish mucosa and revealed tubular adenoma.

Fig. 4. Conventional image in forward view only (conventional
group). Duodenal papilla was partially observed.
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Color version available online

and the visibility was independently scored by 3 external
reviewers without prior experience with FUSE EGD.

To the best of our knowledge, there are few studies of
FUSE EGD [20, 21]. Kakushima et al. [20] reported that
duodenal papilla was visible in 19 (90%) out of 21 cases
and concluded FUSE EGD improved the visibility of
MDP. However, it was a pilot study consisting of small
sample of healthy volunteers. The study evaluated wheth-
er MDP was visible or not, but did not assess the level of
visibility [20]. Our study included patients with FAP and
demonstrated the efficacy of FUSE EGD in patients with
high risk of duodenal cancer. Neoplastic lesions were
found in the duodenal papilla in 12 cases in the present
study. Of these, 4 lesions were missed during prior rou-
tine surveillance using standard EGD, despite using the
same sedatives. The finding in our study is of paramount
clinical significance. FUSE EGD increases visual field an-
gle and prevents missing papillary neoplasm due to better
visualization of MDP.
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Current FAP guidelines recommend switching to a
side-viewing scope when sufficient visualization of the
duodenal papilla cannot be achieved. However, use of a
side-viewing duodenoscope requires 2 scope insertions,
at times on a different occasion as not all endoscopists are
proficient with duodenoscopes. This is time consuming
and contributes to patients’ discomfort and anxiety asso-
ciated with the procedures with potentially more adverse
events. Surveillance EGD in FAP patients without side-
viewing duodenoscope is feasible when using FUSE EGD.
Furthermore, FUSE colonoscopy has been shown to re-
duce adenoma miss rates [22-26].

Although FUSE EGD was superior to conventional en-
doscopy about visibility of duodenal papilla, there were
some disadvantages of FUSE EGD. First, when a targeted
lesion was in the side-view, biopsy needed to be per-
formed in the forward view as done with conventional
EGD because a biopsy forceps came out from the distal
end of the FUSE EGD. However, if biopsy is to be per-
formed on a lesion that can only be observed in side-view,
it may be necessary to switch to side-viewing scope. All
cases could be biopsied in this study. Second, FUSE EGD
may be inferior to high-definition EGD in terms of neo-
plasm detection in esophagus and stomach because FUSE
EGD does not involve image-enhanced function such as
narrow band imaging, blue laser imaging, and linked col-
or imaging, which are useful to detect esophageal squa-
mous cell carcinoma and gastric cancer [27-33], although
there is no difference in resolution between FUSE EGD
and high-definition EGD. Third, FUSE EGD can be less
cost-effective because another scope system is required to
introduce FUSE EGD. Although the visibility of MDP
was better in FUSE EGD compared with standard EGD
in FAP patients, there would be little advantage in screen-
ing EGD to observe stomach and esophagus. It was one
of the reasons that explained FUSE was not prevalent in
Japan and other countries.

There were several limitations in this study. First, it
was a single-center retrospective study. With the pa-
tients’ clinical information successively stored in a FAP
database, there was potential for introducing selection
bias when utilizing the database for patient inclusion in
our study. Second, the examinations were limited to ex-
perts. In this study, the total and duodenal observation
times were longer. The mean total inspection time was
11.0 + 2.3 min and duodenal inspection time was 1.9 +
0.8 min, which were supposed to be longer than routine
screening endoscopy. This may have contributed to the
improved visibility in the FAP patients with higher risk
of duodenal cancers. Third, we did not compare FUSE

Efficacy of FUSE to Visualize the MDP in
Patients with FAP

EGD with side-viewing duodenoscope. A side-viewing
duodenoscope allows for direct visualization of the am-
pulla from a perpendicular view rather than tangential
and allows for entire inspection of the ampulla. Al-
though further comparative studies between FUSE EGD
and a side-viewing duodenoscope are warranted, we be-
lieve that there are some merits in FUSE EGD regarding
major papilla inspection compared with a side-viewing
scope. First, scope access to reach major papilla in FUSE
EGD is technically much easier than that in a side-view-
ing scope. Second, we don’t need to change and reinsert
the endoscope during the examination when using
FUSE EGD. Finally, the performance of FUSE EGD was
not compared with standard EGD, which we use in rou-
tine clinical practice. The visual field angle of the front
view of FUSE EGD scope is 160°, slightly wider com-
pared to the 140° angle of standard gastrointestinal
scopes GIF-H290, GIF-Q260, and GIF-H260 (Olympus,
Tokyo, Japan). The wider forward view angle of the
FUSE EGD scope may produce better visibility than the
normal endoscopes used in clinical practice. Further
multicenter prospective studies are warranted to con-
firm our results.

In conclusion, FUSE is recommended in screening
and or surveillance EGD in FAP patients to prevent miss-
ing periamupullary lesions through better visualization of
MDP.
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Efficacy of Full-Spectrum Endoscopy to Visualize the Major Duodenal Papilla in Patients with

Familial Adenomatous Polyposis
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