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INTRODUCTION: Underwater endoscopic mucosal resection (UEMR) and cold snare polypectomy (CSP) are novel

endoscopic procedures for superficial nonampullary duodenal epithelial tumors (SNADET). However,

consensus on how to use both procedures appropriately has not been established. In this study, we

evaluated treatment outcomes of both procedures, including resectability.

METHODS: In this single-center randomized controlled study conducted between January 2020 and June

2022, patients with SNADET £12 mm were randomly allocated to UEMR and CSP groups. The

primary end point was sufficient vertical R0 resection (SVR0), which was defined as R0 resection

including a sufficient submucosal layer. We compared treatment outcomes including SVR0 rate

between groups.

RESULTS: TheSVR0 ratewas significantly higher in theUEMRgroup than in theCSPgroup (65.6%vs41.5%,P5
0.01). By contrast, theR0 resection ratewas not significantly different between study groups (70.3%vs

61.5%,P50.29). The submucosal layer thicknesswas significantly greater in theUEMRgroup than in

the CSP group (median 546 [range, 309–833] mm vs 69 [0–295] mm, P < 0.01). CSP had a shorter

total procedure time (median 12 [range, 8–16] min vs 1 [1–3] min, P < 0.01) and fewer total bleeding

events (9.4% vs 1.5%, P 5 0.06).

DISCUSSION: UEMRhas superior vertical resectability compared with CSP, but CSP has a shorter procedure time and

fewer bleeding events. Although CSP is preferable for most small SNADET, UEMR should be selected

for lesions that cannot be definitively diagnosed as mucosal low-grade neoplasias.
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INTRODUCTION
Superficial nonampullary duodenal epithelial tumors (SNADET)
were previously considered very rare; however, the likelihood of
detecting SNADET has increased with advancements in endo-
scopic techniques and increased vigilance (1,2). SNADET, a
clinical diagnosis including adenomas, intramucosal carcinomas,
and submucosal invasive carcinomas, requires reliable treat-
ment (1).

Surgical procedures such as pancreatoduodenectomy are
treatment options for duodenal carcinomabut are associatedwith
considerable morbidity and mortality of 30%–40% and 1%–4%,
respectively (3–5). Endoscopic treatment is a reasonable alter-
native because it is minimally invasive, can preserve organs, and
can maintain the patient’s postoperative quality of life. Endo-
scopic treatment such as endoscopic submucosal dissection
(ESD) commonly performed for large lesions (6,7) is technically

1Division of Gastroenterology and Hepatology, Department of Internal Medicine, Keio University School of Medicine, Tokyo, Japan; 2Division of Research and
Development for Minimally Invasive Treatment, Cancer Center, Keio University School of Medicine, Tokyo, Japan; 3Center for Preventive Medicine, Keio University
School of Medicine, Tokyo, Japan; 4Preventive Medical Plaza, Kurashiki Central Hospital, Okayama, Japan; 5Center for Diagnostic and Therapeutic Endoscopy, Keio
University School of Medicine, Tokyo, Japan; 6Division of Pathology and Diagnosis, Keio University School of Medicine, Tokyo, Japan; 7Department of Biostatistics,
Clinical Research Support Center, Shizuoka Cancer Center, Shizuoka, Japan. Correspondence:Motohiko Kato, MD, PhD. E-mail: motohikokato@keio.jp.
Received August 20, 2023; accepted November 10, 2023; published online December 22, 2023

The American Journal of GASTROENTEROLOGY VOLUME 119 | MAY 2024 www.amjgastro.com

ARTICLE856
EN

D
O
SC

O
P
Y

Copyright © 2024 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/ajg by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

n
Y

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 08/22/2024

https://doi.org/10.14309/ajg.0000000000002634
mailto:motohikokato@keio.jp
http://www.amjgastro.com


challenging and often causes severe adverse events (8–11).
Therefore, resection using a snare, which is technically relatively
easy, is commonly preferred for small lesions. Thus, in SNADET,
it is very important to select the appropriate procedure for each
lesion characteristic.

As a representative procedure using snare, endoscopic mu-
cosal resection (EMR) is an acceptable treatment option for small
lesions (12–15). However, EMR is challenging in cases with
biopsy-induced fibrosis or sublesional Brunner’s glands because
this often leads to nonlifting tumors (12,16,17). Because pre-
operative diagnosis is relatively difficult in SNADET, biopsies are
often performed preoperatively. Hence, fibrotic lesions after
preoperative SNADET biopsy can be encountered (18).

To overcome such problems, underwater EMR (UEMR) has
been proposed and has recently become popular because it is
considered safe and effective (19–25). Regarding colorectal le-
sions, UEMR, which does not require injection, has already been
reported to be useful for residual or recurrent lesions with non-
lifting following injection (26). Kiguchi et al (24) reported that in
SNADET, UEMR is less likely than EMR to be converted to ESD
due to nonlifting or poor maneuverability. Furthermore, Oki-
moto et al reported that UEMR has a significantly higher R0
resection rate than EMR and a lower risk of delayed bleeding
(27,28).

However, cold snare polypectomy (CSP), the standard treat-
ment for nonpedunculated colorectal polyps ,10 mm, is also
becoming popular as a treatment for small SNADET, and
its efficacy and safety have been reported (29,30). Maruoka et al
(31) report that CSP is safe and effective, especially for SNA-
DET #6 mm.

Thus, UEMR and CSP are both effective procedures for rela-
tively small SNADET. However, direct comparisons of their ef-
fectiveness have not been reported yet. In evaluating the
effectiveness of these 2 procedures, we focused on pathological
resectability. Reliable resection including the submucosal layer is
very important not only for curative treatment but also for the
accurate pathological diagnosis and appropriate judgment re-
garding the need for additional treatment because submucosal
invasion might be underestimated in resected specimens without
submucosal layer. Even for small SNADET that are resectable by
UEMR or CSP, it would be desirable to obtain specimens that will
enable appropriate judgment regarding the need for additional
treatment. Therefore, we conducted a randomized controlled trial
to compare the effectiveness of these 2 procedures including their
resectability with pathological analysis.

METHODS
Study design

This single-center randomized controlled trial was performed in
accordance with the 2008 version of the Declaration of Helsinki.
The study protocolwas approved by theKeioUniversity School of
Medicine Ethics Committee (No. 20190147;November 25, 2019).
All patients were sufficiently informed about the trial, and con-
sent in writing was obtained. The study was registered in the
University Hospital Medical Network Clinical Trials Registry
(UMIN000039061). All authors had access to the study data and
reviewed and approved the final manuscript.

Patient population

Eligibility criteria were patients aged 20 years or older scheduled
for snare-based endoscopic resection of small SNADET with

suspected mucosal low-grade neoplasia equivalent to Vienna
classification category 3. Because a correlation has been reported
between tumor diameter and carcinoma rate in duodenal tumors,
we defined a small lesion as a lesion below the cutoff value of
12 mm based on its receiver operating characteristic curve (32).
Lesion size was measured by comparison with an open biopsy
forceps of 4 mm. It has been reported that the malignancy of
lesions with intestinal phenotype is lower than that with gastric
phenotype, and the lesion phenotype is to some extent predictable
based on endoscopic findings (33). Because SNADET with white
opaque substance (WOS) are presumably mucosal low-grade
neoplasia, we mainly estimated the malignancy potential of
SNADET based on the presence of WOS (32). The endoscopic
diagnosis was based onwhite light imaging, indigo carmine spray,
and magnified narrow-band or blue laser imaging. In patients
with multiple lesions, only the largest lesion scheduled for snare
treatment was registered to maintain the independence and dis-
tribution of analyzed units.

Exclusion criteria were familial adenomatous polyposis or
hereditary nonpolyposis colorectal carcinoma, previous surgery
to the upper gastrointestinal tract, antithrombotic drug contra-
indications according to the guidelines for gastrointestinal en-
doscopy, vital organ failure, and other reasons considered to be
inappropriate for enrollment by the doctors in our department.

Operators

All operators received specialized training in the detailed evalu-
ation and treatment of SNADET in our department. Operators
who had encountered $300 or ,300 lesion ESDs were consid-
ered experts (n5 5) and nonexperts (n 5 8), respectively.

Endoscopic procedures

All procedures were conducted using the EVIS-X1 endoscopy
system (Olympus Medical Systems, Tokyo, Japan). All operators
used a high-vision therapeutic endoscope with a water jet func-
tion (GIF-H290T or GIF-Q260J; Olympus Medical Systems) and
a snare (SnareMaster 10 mm or SnareMaster Plus 10 mm,
OlympusMedical Systems; Captivator Cold 10mmor Captivator
II 13 mm; Boston Scientific, Marlborough, MA) depending on
lesion size and shape. The choice of the scope and snare was
determined by the operators’ preference, and all operators
attempted initial en bloc resection.

The UEMR procedure included (i) detection of the lesion
under CO2 insufflation, (ii) complete deflation of the duodenal
lumen, (iii) total immersion of the lumen with saline using a
mechanical water pump (OFR-2;OlympusMedical Systems), (iv)
snaring of the lesion and surrounding mucosa, and (v) resection
using electrical energizing (Figure 1). The snare was powered by a
high-frequency electrosurgical unit (VIO 3; ERBE Elek-
tromedizin, Tübingen, Germany), which supported dissection
(endo cut Q function, effect 1.0) and hemostasis with the snare tip
(forced coagulation function, effect 2.0).

The CSP procedure included (i) detection of the lesion under
CO2 insufflation, (ii) snaring of the lesion and surrounding mu-
cosa, and (iii) resection without electrical energizing (Figure 1).
Apparent or suspected residual lesions were resected using the
same procedure until complete removal was achieved. Resected
wounds were closed with clips (EZ clip; Olympus Medical Sys-
tems) according to the operator’s preference. To prevent speci-
men fragmentation due to strong suction forces, the resected
specimen was collected by withdrawing the scope with suction
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while the device used for resection was retained in the delivery
channel of the endoscope.

Pathological diagnosis

The collected specimens were laid out on filter paper and fixed
with 10% formalin. Afterward, the specimens were sent to the
Department of Pathology for histological assessment and divided
into sections at 2-mm intervals for pathological evaluation. A
pathologist specialized in gastrointestinal disorders evaluated all
tumors based on the Vienna classification (34).

Pathological image evaluation

We analyzed all cases using ImageJ (National Institutes ofHealth,
Bethesda, MD) based on the largest tissue section of each lesion.
We evaluated whether specimens included the entire muscularis
mucosa and submucosal layer beneath the lesion. For specimens that
included the submucosa, we determined the submucosal layer thick-
ness. The submucosal area and length of themuscularis mucosa were
measured using ImageJ, and submucosal thickness was calculated as
the submucosal area divided bymuscularis mucosa length (Figure 2).

Randomization and masking

Allocation tables were created using Excel 2016 (Microsoft,
Redmond, WA). Eligible patients were 1:1 randomly assigned to
the CSP or UEMR group using simple randomization. Stratified
or allocation factors were not set for randomization. Patients were
masked to their assigned group during the endoscopic procedure.
Operators were not blinded; they were informed immediately
before the procedure which group the patient was allocated to.

Outcomes

A sufficient vertical R0 resection (SVR0) rate was the primary
outcome of this study. R0 resection including a sufficient sub-
mucosal layer beneath the entire lesion, regardless of layer
thickness, was defined as SVR0. We considered SVR0 very

important and set it as the primary outcome because specimens
that include the submucosal layer allow us not only to achieve
curative treatment but also to perform accurate pathological di-
agnosis including invasion depth, even in carcinomas with sub-
mucosal invasion.

Secondary outcomes included en bloc resection rate, R0 re-
section rate, resection time, closure time, total procedure time,
specimen size, fasting period, hospitalization period, adverse
events, and local recurrence rate. En bloc resection was defined as
complete endoscopic resection of the lesion in 1 piece. R0 re-
section was defined as en bloc resection with a histologically
confirmed negative resection margin. Resection time was mea-
sured from the time of snare delivery until complete resectionwas
achieved. Closure time was measured from the time of clip for-
ceps delivery until finishing the suture. Total procedure time was
defined as the sum of resection time and closure time. Adverse
events were subdivided into 7 items (muscular layer injury,
intraprocedural perforation, delayed perforation, total bleeding,
intraprocedural bleeding, delayed bleeding, and aspiration
pneumonia). Intraprocedural perforation was defined as visible
peritoneal fat on the endoscopic image. Delayed perforation was
defined as abdominal pain with evidence of air or luminal con-
tents outside the gastrointestinal tract on abdominal computed
tomography. Intraprocedural bleeding was defined as bleeding
requiring hemostasis. Delayed bleeding was defined as any
hematemesis or hemorrhage with decreased hemoglobin that
required endoscopic hemostasis. Total bleeding was defined as
the sum of intraprocedural bleeding and delayed bleeding. Local
recurrence was assessed endoscopically 6 months after resection.

Sample size

In a previous retrospective observational study at our institution,
the R0 resection rate of UEMR for SNADET was 67% (24). Be-
cause the SVR0 rate was assumed to be lower than this rate, the
SVR0 rate of UEMRwas estimated to be 60%. Regarding CSP, the

Figure1.CSPandUEMRprocedures and resected specimens. (a) Awhite light image of a lesion in the descending part of the duodenumbeforeUEMR. (b)
NBI during snaring in UEMR. Underwater snaring was performed while confirming the extent of the lesion with NBI. Resection was performed using
electrical energizing. (c) Awhite light image of the resected specimenafter UEMRwith indigo carmine spraying. R0 resectionwas achieved. (d) Awhite light
image of a lesion in the descending part of the duodenum before CSP. (e) A white light image during snaring in CSP. Snaring was performed to ensure an
adequate normalmucosa, and resection was performedwithout electrical energizing. (f) Awhite light image of the resected specimen after CSPwith indigo
carmine spraying. R0 resection was achieved. CSP, cold snare polypectomy; NBI, narrow-band imaging; UEMR, underwater endoscopic mucosal
resection.
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R0 rate for SNADET has been reported to be 68% (31). Another
CSP study on colorectal polyps reported that the resection rate of
small colorectal polyps including the submucosal layer was 24%
(35). Considering these reports, we estimated the SVR0 rate of
CSP as 35%. Based on these rates with overall 2-sided a and b
errors of 0.05 and 0.20, respectively, the required sample size was
130 patients, allowing for an approximate 10% dropout rate.

Statistical analysis

We compared the clinical outcomes between the UEMR and CSP
groups. The x2 and Fisher exact tests were used for comparisons
of categorical variables. TheWilcoxon rank sum test was used for
comparisons of continuous variables. All statistical analyses were
performed using JMP version 16.2.0 (SAS Institute, Cary, NC). P
, 0.05 was considered statistically significant.

RESULTS
Participant flow

From October 2020 to June 2022, 174 patients presented SNA-
DET # 12 mm, which were suspected to be mucosal low-grade
neoplasia. After excluding patients with familial adenomatous

polyposis (n 5 25), those with prior upper gastrointestinal sur-
gery (n 5 5), those who could not discontinue antithrombotic
drugs (n5 5), thosewho had vital organ failure (n5 5), and those
who were judged inappropriate for enrollment (n 5 4), 130 pa-
tients were enrolled. After the exclusion of one patient who
withdrew consent, 129 patients were analyzed. Patients were
randomly allocated to the UEMR (n 5 64) and CSP (n 5 65)
groups (Figure 3).

Participant and lesion characteristics

Characteristics of the 129 patients are summarized in Table 1.
Although the median patient age was significantly higher in the
UEMR group, all other patient characteristics were balanced
between the 2 groups. The median lesion size was 7 mm in the
UEMR group and 6 mm in the CSP group. In both groups,
nonexperts treated approximately 80% of patients.

Sufficient vertical R0 resection

The SVR0 rates in both groups are shown in Figure 4. In the
UEMR group, the SVR0 rate was 65.6% (42/64). By contrast, the
SVR0 rate in the CSP group was 41.5% (27/65). The SVR0 rate

Figure 2. Pathological image evaluation. The length of the muscularis mucosa and the submucosal area were measured using ImageJ. Submucosal
thickness was defined as the submucosal area divided by muscularis mucosa length.

Figure 3. Patient flow in this study. CSP, cold snare polypectomy; FAP, familial adenomatous polyposis; SNADET, superficial nonampullary duodenal
epithelial tumor; UEMR, underwater endoscopic mucosal resection.
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was significantly higher in the UEMR group than in the CSP
group (P 5 0.01).

Treatment outcomes and clinical courses

Treatment outcomes and clinical courses in both groups are
summarized in Table 2. In both groups, en bloc resection was
achieved at a high rate of . 90%. R0 resection rates did not
significantly differ between the groups. Both resection and closure

time were significantly longer in the UEMR group, and total
treatment time was also significantly longer in this group. There
were no significant group differences regarding fasting and hos-
pitalization periods. Intraoperative and postoperative perforation
did not occur in either group. Two cases of intraprocedural
bleeding were recorded in the UEMR group, both of which were
endoscopically terminated. More total bleedings occurred in the
UEMR group without reaching significance. There was no group
difference regarding other adverse events. Only 1 local recurrence
was observed in the CSP group.

Pathological image evaluation

The results of pathological image evaluations in both groups are
summarized in Table 3, and representative images are shown in
Figure 5. The rate of lesions that had been resected with the entire
muscularismucosa and submucosal layer was significantly higher
in the UEMR group than in the CSP group (P , 0.01). The
median submucosal layer thickness was also significantly higher
in the UEMR group (P, 0.01).

DISCUSSION
In this study, more resected specimens in the UEMR group
contained sufficient submucosal layers compared with those in
the CSP group. Although the R0 resection rate did not signifi-
cantly differ between the study groups, the SVR0 rate was sig-
nificantly higher in the UEMR group because R0 resection
without submucosal layer was more frequent in the CSP group,
i.e., many specimens contained only a very shallow layer. This
indicates that UEMR has superior vertical resectability. Our
findings mirror a previous report in colorectal polyps

Table 1. Clinical characteristics of study population (n 5 129)

UEMR (n 5 64) CSP (n 5 65) P value

Age

Median [IQR], yr 65 [57–73] 58 [50–67] 0.01a

Sex

Male, n (%) 39 (60.9%) 44 (67.7%) 0.47

Lesion size

Median [IQR], mm 7 [5–8] 6 [5–10] 0.77

Macroscopic type, n (%)

0-IIa 38 (59.4%) 41 (63.1%) 0.78

0-IIc 24 (37.5%) 21 (32.3%)

Others 2 (3.1%) 3 (4.6%)

Location, n (%)

Duodenal bulb; superior duodenal angle 7 (10.9%) 7 (10.7%) 0.86

Descending part 47 (73.4%) 50 (76.9%)

Inferior duodenal angle ; horizontal part 10 (15.6%) 8 (12.3%)

Occupied circumference, 0%–25%, n (%) 64 (100.0%) 65 (100.0%) —

Preoperative biopsy, n (%) 18 (28.1%) 25 (38.5%) 0.26

Operator Nonexpert, n (%) 51 (79.7%) 55 (84.6%) 0.46

CSP, cold snare polypectomy; IQR, interquartile range; UEMR, underwater endoscopic mucosal resection.
aStatistically significant.

Figure 4. SVR0 rates of the 2 study groups. CSP, cold snare polypectomy;
SVR0, sufficient vertical R0 resection; UEMR, underwater endoscopic
mucosal resection.
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demonstrating that CSP results in shallower resection depth than
hot snare polypectomy or UEMR (35,36). Moreover, the median
thickness of the submucosal layer in theUEMRgroup (546mm) is
highly indicative of sufficient resectability given the definitions of
submucosal deep invasion for other gastrointestinal carcinomas
(esophagus 200 mm, stomach 500 mm, and colon 1,000 mm).

However, resection and total procedure time were signifi-
cantly shorter in the CSP group than in the UEMR group,

although en bloc and R0 resection rates were equivalent in both
study groups. Furthermore, although not significantly different,
total bleeding events tended to be fewer in theCSP group.Had the
sample size been larger, delayed bleeding might have become
significantly more frequent in the UEMR group. These data
suggest that CSP is a simple and safe procedure with a lateral
resectability equivalent to that of UEMR.

In addition, we need to consider the specific characteristics of
SNADET. Although Nakayama et al (32) reported that the
presence of WOS and lesion size are associated with lesion ma-
lignancy, the diagnostic criteria of SNADET are not fully estab-
lished yet. We occasionally experience cases of invasive
carcinoma (equivalent to Vienna classification category C5.2),
even in small lesions (37). To achieve the best possible curative
resection and pathological diagnosis including invasion depth,
the indication for CSP should be carefully considered for lesions
where mucosal high-grade neoplasia cannot be excluded because
resecting only the mucosal layer may be insufficient for a path-
ological evaluation and submucosal invasion depth may be
underestimated. By contrast, with a sufficient submucosal layer,
the need for additional surgery can be appropriately determined.
For such lesions, we recommend UEMR including the sub-
mucosal layer. For small SNADET with WOS, which can with
high confidence be suspected to bemucosal low-grade neoplasias,

Table 2. Treatment outcomes and clinical courses (n 5 129)

UEMR (n5 64) CSP (n5 65) P value

En bloc resection, n (%) 59 (92.2%) 62 (95.4%) 0.49

R0 resection, n (%) 45 (70.3%) 40 (61.5%) 0.29

Resection time, median [IQR], min 4 [2–7] 1 [1–3] ,0.01a

Closure time, median [IQR], min 6 [5–9] 0 [0–0] ,0.01a

Total procedure time, median [IQR], min 12 [8–16] 1 [1–3] ,0.01a

Specimen size, median [IQR], min 10 [8–14] 10 [8–13] 0.93

Fasting period, median [IQR], min 1 [1–1] 1 [1–1] 0.31

Hospitalization period, median [IQR], min 4 [4–4] 4 [4–4] 0.34

Adverse events

Muscular layer injury, n (%) 0 (0.0%) 0 (0.0%) —

Intraprocedural perforation, n (%) 0 (0.0%) 0 (0.0%) —

Delayed perforation, n (%) 0 (0.0%) 0 (0.0%) —

Total bleeding, n (%) 6 (9.4%) 1 (1.5%) 0.06

Intraprocedural bleeding, n (%) 2 (3.1%) 0 (0.0%) 0.24

Delayed bleeding, n (%) 4 (6.3%) 1 (1.5%) 0.21

Aspiration pneumonia, n (%) 2 (3.1%) 3 (4.6%) 1.00

Histological diagnosis

Vienna classification

Category 3 47 (78.3%) 52 (82.5%) 0.46

Category 4.1 13 (21.7%) 10 (15.9%)

Category 4.2 0 (0.0%) 1 (1.6%)

Beyond category 5.1 0 (0.0%) 0 (0.0%)

Local recurrence, n (%) 0 (0.0%) 1 (1.5%) 1.00

CSP, cold snare polypectomy; IQR, interquartile range; UEMR, underwater endoscopic mucosal resection.
aStatistically significant.

Table 3. Outcomes of pathological image evaluation (n 5 129)

UEMR (n5 64) CSP (n5 65) P value

Muscularis mucosa

Including, n (%)

56 (87.5%) 43 (66.2%) ,0.01a

Submucosal layer

Including, n (%)

56 (87.5%) 35 (53.8%) ,0.01a

Thickness of submucosal layer

Median [IQR], mm

546 [309–833] 69 [0–295] ,0.01a

CSP, cold snare polypectomy; IQR, interquartile range; UEMR, underwater
endoscopic mucosal resection.
aStatistically significant.
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CSP is considered the preferable treatment because of its adequate
lateral resectability, short procedure time, relatively lower total
bleeding, and simplicity.

The strengths of our study are its randomized controlled trial
design and the novelty of its focus. Although previous reports
compared UEMR with EMR (24,27,28,38), none compared
UEMR with CSP, which have recently become mainstream pro-
cedures for small SNADET. It should also be emphasized that the
SVR0 rate was the primary outcome to evaluate vertical re-
sectability, and the submucosal layer thickness was calculated in
all cases as supportive data. As mentioned earlier, clear criteria
for use of these 2 procedures are lacking, and the indications
depend on the judgment of each institution and operator. Our
study has shown a possible solution; we suggest how to use 2
procedures based on endoscopic lesion findings, with a sufficient
understanding of the advantages and disadvantages of each
procedure.

Our study also has several limitations. First, it was a single-
center study. Our hospital is a high-volume center that has per-
formed numerous diagnostic and therapeutic endoscopies for
SNADET, and we consider many of our operators to be highly
experienced in this field. Therefore, the results of this study may
not be directly transferable to other hospitals. Second, patient
characteristics differed because this study was designed with
simple randomization. Themedian patient age differed by 7 years
between groups, andwe cannot completely rule out the possibility
that this may have affected the results. Third, the operators were
not blinded. Fourth, there may be a learning curve in CSP and
UEMR techniques. Because these clinical data were obtained over
approximately 2.5 years, we cannot deny the possibility that
technical improvements during this period may have affected the
treatment outcomes. Fifth, the calculated thickness of the sub-
mucosal layer (the submucosal layer area divided by the length of
the muscularis mucosa) may differ from the actual thickness of
the submucosal layer because the muscularis mucosa is not
straight. Sixth, adverse events were insufficiently considered be-
cause the sample size was defined to evaluate SVR0.

In conclusion, this trial demonstrated that for small SNADET,
UEMR had superior vertical resectability compared with CSP.
However, CSP had fewer bleeding events, a shorter procedure
time, and an R0 resection rate equivalent to UEMR. Although
CSP is preferable for most small SNADET, UEMR should be
selected for lesions that cannot be definitively diagnosed as mu-
cosal low-grade neoplasias.
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Study Highlights

WHAT IS KNOWN

3 Superficial nonampullary duodenal epithelial tumors can be
endoscopically removed.

3 Underwater endoscopic mucosal resection (UEMR) and cold
snare polypectomy (CSP) are 2 novel endoscopic
procedures.

WHAT IS NEW HERE

3 For small superficial nonampullary duodenal epithelial
tumors, UEMR had superior vertical resectability compared
with CSP.

3 CSP has a shorter procedure time and fewer bleeding events
compared with UEMR.

REFERENCES
1. Goda K, Kikuchi D, Yamamoto Y, et al. Endoscopic diagnosis of

superficial non-ampullary duodenal epithelial tumors in Japan:
Multicenter case series. Dig Endosc 2014;26(Suppl 2):23–9.

2. Yoshida M, Yabuuchi Y, Kakushima N, et al. The incidence of non-
ampullary duodenal cancer in Japan:Thefirst analysis of a national cancer
registry. J Gastroenterol Hepatol 2021;36(5):1216–21.

3. Cameron JL, Riall TS, Coleman J, et al. One thousand consecutive
pancreaticoduodenectomies. Ann Surg 2006;244(1):10–5.

4. Kim J, Choi SH, Choi DW, et al. Role of transduodenal ampullectomy for
tumors of the ampulla of Vater. J Korean Surg Soc 2011;81(4):250–6.

5. Asbun HJ. Management of duodenal polyps in the era of maximal
interventional endoscopy and minimally invasive surgery: A surgical
perspective. Gastrointest Endosc 2016;84(4):697–9.

6. Arai T, Murata T, Sawabe M, et al. Primary adenocarcinoma of the
duodenum in the elderly: Clinicopathological and immunohistochemical
study of 17 cases. Pathol Int 1999;49(1):23–9.

7. Kakushima N, Kanemoto H, Tanaka M, et al. Treatment for superficial
non-ampullary duodenal epithelial tumors. World J Gastroenterol 2014;
20(35):12501–8.

8. KatoM,TakeuchiY,Hoteya S, et al. Outcomes of endoscopic resection for
superficial duodenal tumors: 10 years’ experience in 18 Japanese high
volume centers. Endoscopy 2022;54(7):663–70.

Figure 5. Representative pathological images. CSP, cold snare polypectomy; UEMR, underwater endoscopic mucosal resection.

The American Journal of GASTROENTEROLOGY VOLUME 119 | MAY 2024 www.amjgastro.com

EN
D
O
SC

O
P
Y

Miyazaki et al862

Copyright © 2024 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/ajg by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

n
Y

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 08/22/2024

https://www.umin.ac.jp/
http://www.amjgastro.com


9. Kakushima N, Ono H, Takao T, et al. Method and timing of resection of
superficial non-ampullary duodenal epithelial tumors. Dig Endosc 2014;
26(Suppl 2):35–40.

10. Hoteya S, Furuhata T, Takahito T, et al. Endoscopic submucosal
dissection and endoscopic mucosal resection for non-ampullary
superficial duodenal tumor. Digestion 2017;95(1):36–42.

11. Nonaka S, Oda I, Tada K, et al. Clinical outcome of endoscopic resection
for nonampullary duodenal tumors. Endoscopy 2015;47(2):129–35.

12. Yamamoto Y, Yoshizawa N, Tomida H, et al. Therapeutic outcomes of
endoscopic resection for superficial non-ampullary duodenal tumor. Dig
Endosc 2014;26(Suppl 2):50–6.

13. Yahagi N, Kato M, Ochiai Y, et al. Outcomes of endoscopic resection for
superficial duodenal epithelial neoplasia. Gastrointest Endosc 2018;88(4):
676–82.

14. Abbass R, Rigaux J, Al-Kawas FH. Nonampullary duodenal polyps:
Characteristics and endoscopic management. Gastrointest Endosc 2010;
71(4):754–9.

15. Alexander S, BourkeMJ,Williams SJ, et al. EMR of large, sessile, sporadic
nonampullary duodenal adenomas: Technical aspects and long-term
outcome (with videos). Gastrointest Endosc 2009;69(1):66–73.

16. Bourke MJ. Endoscopic resection in the duodenum: Current limitations
and future directions. Endoscopy 2013;45(2):127–32.

17. Ochiai Y, Kato M, Kiguchi Y, et al. Current status and challenges of
endoscopic treatments for duodenal tumors. Digestion 2019;99(1):21–6.

18. Kinoshita S, Nishizawa T, Ochiai Y, et al. Accuracy of biopsy for the
preoperative diagnosis of superficial nonampullary duodenal
adenocarcinoma. Gastrointest Endosc 2017;86(2):329–32.

19. Binmoeller KF, Shah JN, Bhat YM, et al. “Underwater” EMR of sporadic
laterally spreading nonampullary duodenal adenomas (with video).
Gastrointest Endosc 2013;78(3):496–502.

20. Yamasaki Y, Uedo N, Takeuchi Y, et al. Underwater endoscopic mucosal
resection for superficial nonampullary duodenal adenomas. Endoscopy
2018;50(2):154–8.

21. Yamasaki Y, Uedo N, Takeuchi Y, et al. Current status of endoscopic
resection for superficial nonampullary duodenal epithelial tumors.
Digestion 2018;97(1):45–51.

22. Yamasaki Y, Uedo N, Akamatsu T, et al. Nonrecurrence rate of
underwater EMR for#20-mm nonampullary duodenal adenomas: A
multicenter prospective study (D-UEMR study). Clin Gastroenterol
Hepatol 2022;20(5):1010–8. e3.

23. Zhang Z, Xia Y, Cui H, et al. Underwater versus conventional endoscopic
mucosal resection for small size non-pedunculated colorectal polyps: A
randomized controlled trial: (UEMR vs. CEMR for small size non-
pedunculated colorectal polyps). BMC Gastroenterol 2020;20(1):311.

24. Kiguchi Y, Kato M, Nakayama A, et al. Feasibility study comparing
underwater endoscopic mucosal resection and conventional endoscopic
mucosal resection for superficial non-ampullary duodenal epithelial
tumor, 20 mm. Dig Endosc 2020;32(5):753–60.

25. ShibukawaG, IrisawaA, SatoA, et al. Endoscopicmucosal resectionperformed
underwater for nonampullary duodenal epithelial tumor: Evaluation of
feasibility and safety. Gastroenterol Res Pract 2018;2018:7490961.

26. Shichijo S, Takeuchi Y, Uedo N, et al. Management of local recurrence
after endoscopic resection of neoplastic colonic polyps. World J
Gastrointest Endosc 2018;10(12):378–82.

27. Okimoto K, Maruoka D, Matsumura T, et al. Utility of underwater EMR
for nonpolypoid superficial nonampullary duodenal epithelial tumors
#20 mm. Gastrointest Endosc 2022;95(1):140–8.

28. Okimoto K, Maruoka D, Matsumura T, et al. Appropriate selection of
endoscopic resection for superficial nonampullary duodenal adenomas in
association with recurrence. Gastrointest Endosc 2022;95(5):939–47.

29. Takizawa K, Kakushima N, Tanaka M, et al. Cold snare polypectomy for
superficial non-ampullary duodenal epithelial tumor: A prospective
clinical trial (pilot study). Surg Endosc 2022;36(7):5217–23.

30. Hamada K, Takeuchi Y, Ishikawa H, et al. Safety of cold snare
polypectomy for duodenal adenomas in familial adenomatous polyposis:
A prospective exploratory study. Endoscopy 2018;50(5):511–7.

31. MaruokaD,MatsumuraT,Kasamatsu S, et al.Coldpolypectomy for duodenal
adenomas: A prospective clinical trial. Endoscopy 2017;49(8):776–83.

32. NakayamaA, KatoM, Takatori Y, et al. How I do it: Endoscopic diagnosis
for superficial non-ampullary duodenal epithelial tumors. Dig Endosc
2020;32(3):417–24.

33. Akazawa Y, Ueyama H, Tsuyama S, et al. Endoscopic and
clinicopathological features of superficial non-ampullary duodenal tumor
based on the mucin phenotypes. Digestion 2021;102(5):663–70.

34. Schlemper RJ, Riddell RH, Kato Y, et al. The Vienna classification of
gastrointestinal epithelial neoplasia. Gut 2000;47(2):251–5.

35. Suzuki S, Gotoda T, Kusano C, et al. Width and depth of resection for
small colorectal polyps: Hot versus cold snare polypectomy. Gastrointest
Endosc 2018;87(4):1095–103.

36. Toyosawa J, Yamasaki Y, Fujimoto T, et al. Resection depth for small
colorectal polyps comparing cold snare polypectomy, hot snare
polypectomy and underwater endoscopic mucosal resection. Endosc Int
Open 2022;10(5):E602–8.

37. Matsuura N, Kato M, Irino T, et al. Gastrointestinal: Ten-millimeter
advanced duodenal cancer with a gastric phenotype. J Gastroenterol
Hepatol 2023;38(3):347.

38. Toya Y, Endo M, Yamazato M, et al. Resectability of underwater
endoscopic mucosal resection for duodenal tumor: A single-center,
retrospective pilot study. J Gastroenterol Hepatol 2021;36(11):3191–5.

© 2024 by The American College of Gastroenterology The American Journal of GASTROENTEROLOGY

EN
D
O
SC

O
P
Y

Resectability of Small Duodenal Tumors 863

Copyright © 2024 by The American College of Gastroenterology. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/ajg by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

n
Y

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dtw
nfK

Z
B

Y
tw

s=
 on 08/22/2024


