
Introduction
Endoscopic resection of rectal neuroendocrine tumor grade 1
(NET G1; carcinoid) ≤10mm in diameter is commonly per-
formed in the clinical setting. However, despite the existence
of various endoscopic resection methods, it is difficult to
achieve complete histological resection of rectal NET G1 be-
cause most extend to the submucosa [1]. Several novel meth-
ods have been reported to overcome the difficulties associated
with resecting the submucosal layer under the tumor, such as
endoscopic submucosal resection with a ligation device
(ESMR-L) [2] and endoscopic submucosal dissection (ESD) [3].
We also previously reported that underwater endoscopic mu-
cosal resection (UEMR) could facilitate the resection of rectal
NET G1 [4]. UEMR is a new technique for removing flat colorec-

tal lesions, first described by Binmoeller et al. [5], in which the
bowel lumen is filled with water rather than air, and the lesion is
then resected without submucosal injection. Some studies re-
ported that UEMR was a safe and effective procedure for re-
moving flat colorectal polyps [5, 6]. However, to the best of
our knowledge, only 2 cases of UEMR for colorectal submucosal
tumors have been reported [4, 7]. This study aimed to evaluate
the safety and efficacy of UEMR for removing rectal NET G1
≤10mm in diameter.
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ABSTRACT

Background and study aims Rectal neuroendocrine tu-

mors grade 1 (NET G1; carcinoid)≤10mm in diameter often

extend into the submucosa, making their complete histolo-

gical resection difficult using endoscopic techniques. Endo-

scopic submucosal resection with a ligation device (ESMR-L)

and endoscopic submucosal dissection (ESD) are commonly

used to overcome these difficulties. We also previously re-

ported that underwater endoscopic mucosal resection

(UEMR) could facilitate resection of rectal NET G1. This

study aimed to evaluate the safety and efficacy of UEMR

for removing rectal NET G1≤10mm in diameter. 6 consecu-

tive patients with rectal NET G1≤10mm in diameter under-

went UEMR at our hospital. The rate of en bloc resection

was 100%, and the rate of R0 resection was 83%. The medi-

an procedure time was 8min (range 5–12min). No perfora-

tions or delayed bleeding occurred in this study. In conclu-

sion, UEMR allows the safe and reliable resection of rectal

NET G1≤10mm in diameter with comparable results to

ESMR-L or ESD, including high en bloc and R0 resection

rates with no increase in significant adverse events. A multi-

center trial is required to confirm the validity of the present

results.
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Case Reports
Patients and methods

This study was performed at Osaka Red Cross Hospital. 6 conse-
cutive patients with rectal NET G1≤10mm in diameter were in-
cluded between March 2016 and June 2017. The main out-
comes of this study were en bloc resection rate, R0 resection
rate, and complications. All patients in this study were evaluat-
ed by endoscopic ultrasonography to confirm that the tumor
was ≤10mm in diameter, and that the tumor was located in
the muscularis mucosae or submucosa before UEMR.

UEMR procedure

The UEMR procedure was performed as described previously
[4]. All procedures were carried out using a colonoscope (CF-
HQ290, PCF-PQ260 L, Olympus Medical Systems, Tokyo, Japan).
Electrical cutting and coagulation was carried out using a VIO
300D (ERBE Elektromedizin, Tübingen, Germany) power

source. The UEMR procedure employed a polypectomy snare
(DRAGONARE™, Xemex, Tokyo, Japan). The rectum lumen was
completely deflated and the tumor was totally immersed in wa-
ter using a water pump (OFP-2; Olympus) to elevate the tumor.
The tumor was then snared, together with the surrounding nor-
mal mucosa, and resected (▶Video 1). The mucosal defect was
then closed using endoscopic clips. The procedure time was
measured from the initial immersion in water until complete
closure of the mucosal defect. All patients consumed a soft
meal the following day and remained in hospital for 2 days. All
patients underwent a postoperative follow-up hospital visit
about 2 weeks after polypectomy.

Results
6 consecutive patients with rectal NET G1≤10mm in diameter
underwent UEMR at our hospital during the study period. The
baseline characteristics are presented in ▶Table 1. There were
3 men and 3 women, with a median age (range) of 70 (47–86)
years. 4 NET G1 were located in the rectum below the perito-
neal reflection and 2 above the peritoneal reflection. The medi-
an tumor size was 5.5mm (range 4–10mm). The UEMR proce-
dures were performed by 3 fully-trained endoscopists (A, B, and
C); surgeons' endoscopic experience is shown in ▶Table2. The
rate of en bloc resection was 100% (6 /6), and 1 patient had a
positive vertical margin; the rate of R0 resection was 83% (5 /
6). The mucosal defect was closed using clips in all cases. The
median procedure time was 8min (range 5–12min). All cases
were diagnosed as a NET G1 (carcinoid) by pathological exami-
nation. No perforations or delayed bleeding occurred in this
study. 6 months later, we performed follow-up colonoscopy in
a non-R0 resection patient and found a UEMR scar without resi-
dual tumor.

Discussion
In this study, UEMR for rectal NET G1≤10mm in diameter
achieved a high en bloc resection rate of 100% and R0 resection
rate of 83%, without adverse events. This success was associat-
ed with the creation by UEMR of a pseudopedicle, allowing the

Video 1 Underwater EMR showed an approximately 8-mm-di-
ameter yellow-white submucosal tumor in the rectum and a
pseudopedicle of the neuroendocrine tumor created by water
emersion, facilitating easy excision of the tumor.

▶ Table 1 Patient and treatment characteristics

Case Age

(years

old)

Gender NET G1

location

NET G1 size/

resected size

(mm)

Procedure

time

(minutes)

Resec-

tion

Margin Lymphovascular

involvement

Depth of

tumor

Endos-

copist

1 24 Female Rb 4/5 7 En bloc negative negative Submucosal B

2 47 Female Ra 5/6 5 En bloc negative negative Intramucosal A

3 58 Male Ra 5/6 12 En bloc VM positive negative Submucosal A

4 63 Male Rb 9/10 9 En bloc negative negative Submucosal B

5 79 Male Rb 10/13 10 En bloc negative negative Submucosal C

6 53 Female Rb 6/10 6 En bloc negative negative Submucosal A

NET G1, neuroendocrine tumor grade 1; Rb, rectum below the peritoneal reflection; Ra, rectum above the peritoneal reflection; VM, vertical margin.
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safe and rapid resection of the tumor. Conventional EMR is a
technique that involves lifting the submucosa by injection;
however, inappropriate injection can make it difficult to cap-
ture the submucosal tumor with the snare (▶Fig. 1a and

▶Fig. 1b). To obtain reliable resection, we believe it is impor-
tant to separate submucosal tumors from the muscularis pro-
pria. The underwater technique likely increases the buoyancy
of submucosal tumors, which lift and float away from the mus-
cularis propria. Also, deflating the air loosens the mucosal folds,
which creates pseudopedicles that allow the operator to more
easily snare the submucosal tumors (▶Fig. 1c and ▶Fig. 1d).
ESMR-L uses injection and a ligation device to separate the mu-
cosa from the muscularis propria, which also makes it easier to

snare submucosal tumors. We consider ESMR-L similar to UEMR
in that the former uses a lift-and-cut method.

The median procedure time, from immersion in water to de-
fect closure, was only 8min. Although several endoscopic re-
section methods are available for rectal NET G1, including
ESMR-L [2] and ESD [3], these techniques are associated with
high costs and effort. ESD is a promising treatment for large,
superficial colorectal neoplasms, with a high en bloc resection
rate, but its mean procedure time for rectal NET G1 was longer
than that of ESMR-L [3]. In contrast, UEMR is also faster than
ESD, and does not require specialized equipment compared
with ESD and ESMR-L, such as endo-knives or ligation devices.
Furthermore, UEMR is easy for experienced endoscopists to

▶ Table 2 Endoscopic experience of each endoscopist.

Endoscope experience

before study

Endoscopic resection

experience before study

UEMR experience before study

Endoscopist A EGD:≥10,000
CS:≥5,000

≥5,000 ≥30

Endoscopist B EGD:≥13,000
CS:≥7,000

≥2,000 5

Endoscopist C EGD:≥15,000
CS:≥10,000

≥3,000 0

EGD, esophagogastroduodenoscopy; CS, colonoscopy; UEMR, underwater endoscopic mucosal resection.

a b

c d

▶ Fig. 1 a Lifting the submucosa by injection in a conventional EMR case. b Inappropriate injection makes it difficult to snare the tumor.
c Deflating the air and immersion under water lift and float away submucosal tumor from the muscularis propria. d A pseudopedicle allows
the operator to more easily snare the submucosal tumor.
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learn. On the other hand, the underwater technique makes it
somewhat difficult to see the tumor because of the narrowed
lumen, and inadequate bowel preparation, oozing, or chromo-
endoscopy increase this difficulty. In these situations, endos-
copists must take more care when snaring.

Histologically complete resection rates of 28.6% to 100%
have been reported for conventional polypectomy or EMR for
rectal NET G1 [2]. In addition, some studies reported R0 resec-
tion rates as high as 82.8% to 100% with ESMR-L [2, 8, 9], and
80.6% to 100% with ESD [3, 8, 9]. However, 1 of the main rea-
sons for the difficulties encountered during endoscopic resec-
tion of NET G1 is that most of them extend to the submucosa
[1], necessitating resection of the submucosal layer under the
NET. Binmoeller et al. reported that immersion in water in the
colon lumen caused the muscularis propria to adopt a spherical
shape, and the mucosa and submucosa to float away from the
muscularis propria, leading to less risk of accidentally cutting
the muscularis propria. We therefore considered that UEMR
could allow resection of the submucosal layer under the NET in
rectal NET G1≤10mm in diameter, leading to high R0 resection
rates with no risk of perforation.

Accordingly, there were no cases of perforation or bleeding
in the current study. Although, ESMR-L and ESD may achieve
higher R0 resection rates than conventional polypectomy or
EMR, the perforation rate of ESD for rectal NET G1 was pre-
viously reported as 2.2% [3]. Although there has been 1 report
of perforation during UEMR [10], the procedure in this case was
performed in a retroflex position, leading to colonic wall thin-
ning due to additional stress on the colonic wall. This would
not normally be an issue in the case of UEMR for rectal NET G1,
because endoscopists pay close attention to any stress on the
colonic wall.

1 limitation of our study was that it was a single-center study
with few patients. Further multicenter studies are required in
larger numbers of patients, including comparisons between
UEMR and other methods.

In conclusion, UEMR allows the safe and reliable resection of
rectal NET G1≤10mm in diameter. It demonstrates compar-
able results to ESMR-L or ESD, including high en bloc and R0 re-
section rates with no increase in significant adverse events. A
multicenter trial is required to confirm the validity of the pres-
ent results.
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