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ABSTRACT

Background and study aims Small colorectal polyps are

removed by various methods, including cold snare polypec-

tomy (CSP), hot snare polypectomy (HSP), and underwater

endoscopic mucosal resection (UEMR), but the indications

for using these methods are unclear. We retrospectively as-

sessed the efficacy of CSP, HSP, and UEMR for small polyps,

focusing on the depth of the resected specimens.

Patients and methods Outpatients with non-peduncula-

ted small polyps (endoscopically diagnosed as 6 to 9mm),

resected by two endoscopists between July 2019 and Sep-

tember 2020, were enrolled. We histologically evaluated

the specimens resected via CSP, HSP, and UEMR. The main

outcome was the containment rate of the muscularis mu-

cosa (MM) and submucosa (SM) tissues.

Results Forty polyps resected via CSP (n=14), HSP (n=12),

or UEMR (n=14) were enrolled after excluding 13 polyps

with resection depths that were difficult to determine. The

rates of specimens containing MM and SM tissue differed

significantly (57% and 29% for CSP, 92% and 83% for HSP,

and 100% and 100% for UEMR, respectively (P=0.005 for

MM and P <0.001 for SM tissue). Multiple logistic regression

analysis showed UEMR was an independent factor relating

to the containment of SM tissue. The thickness of SM tissue

by CSP, HSP, and UEMR were 52 μm, 623 μm, and 1119 μm,

respectively (P <0.001). The thickness by CSP was signifi-

cantly less than those by HSP and UEMR (P <0.001, Bonfer-

roni correction).

Conclusions UEMR could be the best method to contain

SM tissue without injection. Further studies are needed to

evaluate the indication of UEMR for small polyps.

Supplementary material is available under

https://doi.org/10.1055/a-1785-8616
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Introduction
Colorectal cancer (CRC) is the third most commonly diagnosed
cancer, and the second most common cause of cancer-related
mortality worldwide [1]. Endoscopic detection and removal of
colorectal adenomatous polyps is a standard method of pre-
venting CRC because of its well-established efficacy for de-
creasing CRC incidence and mortality [2–6].

Most polyps detected via colonoscopy (approximately 70%
to 80%) are diminutive (≤5mm) or small (6 to 9mm) [7, 8];
thus, endoscopic management of these polyps is a major task
for endoscopists. Recent western guidelines recommend cold
snare polypectomy (CSP) for diminutive and small polyps owing
to its high complete resection rate and safety profile [9, 10].
From the perspective of biological behavior, diminutive polyps
rarely result in high-grade dysplasia (< 1% of cases) [7, 8], thus
making them good candidates for CSP; however, 1.0% to 3.3%
of small polyps result in high-grade dysplasia [7, 8], which can-
not be ignored when considering the optimal resection meth-
od. Suzuki et al. [11] reported that the resection depth for CSP
was less than that for hot snare polypectomy (HSP), and 76% of
CSP specimens contained no submucosal (SM) tissue. Thus,
considering the behavior of polyps and the characteristics of
the resection method, CSP may cure most small polyps, but re-
section methods with electrical current may be better for re-
secting some small polyps exhibiting high-grade dysplasia.

Many studies have assessed the safety and efficacy of under-
water endoscopic mucosal resection (UEMR), a technique that
is easily available without SM injection and may potentially re-
place HSP [12–14]. However, the efficacy of UEMR for resecting
small polyps, considering their resection depth, remains uncer-
tain. Thus, we retrospectively assessed the efficacy of CSP, HSP,
and UEMR for treating small polyps without submucosal injec-
tion, focusing on the containment of the SM tissue.

Patients and methods
Ethics

This study was conducted in accordance with the Declaration of
Helsinki. The Institutional Review Board at Iwakuni Clinical Cen-
ter approved the study protocol on September 4, 2020. Pa-
tients provided informed consent through an opt-out on the
center’s website.

Patients and study design

We enrolled consecutive outpatients who underwent colonos-
copies performed by two endoscopists, in which at least one
or more colorectal polyps were removed. The inclusion criteria
were that the polyps were: 1) 6 to 9mm in size on the endos-
copy; 2) protruded or flat with elevated morphology; 3) diag-
nosed as low-grade adenomas or serrated lesions via magnify-
ing narrow-band imaging (NBI) endoscopy; and 4) removed by
CSP, HSP, or UEMR. Low-grade adenomas or serrated lesions are
diagnosed endoscopically when magnifying NBI findings
showed Japan NBI Expert Team (JNET) classification Type 2A or
1 [15]. The exclusion criteria were that the polyps: 1) had ped-
unculated or depressed morphology; 2) were suspected to be

cancerous; 3) were characteristic of inflammatory bowel dis-
ease or familial adenomatous polyposis; or 4) could not be pre-
cisely assessed histologically. Antithrombotic drugs were either
continued or stopped as per the Japanese guidelines for endos-
copy with antithrombotic drugs [16, 17]. The characteristics of
each polyp, such as size, location, morphology, and endoscopic
findings according to the JNET classification, were prospectively
recorded in the database, and the eligible polyps were retro-
spectively extracted from the database and histologically asses-
sed for the resection depth.

Endoscopic resection (CSP, HSP, and UEMR)

All patients received standardized instructions for bowel prepa-
ration. We used the same high-definition video colonoscope
model (Olympus PCF-H290ZI; Olympus Co. Tokyo, Japan) and
a round snare (10-mm Snare Master Plus, Olympus, Tokyo, Ja-
pan) for the CSP, HSP and UEMR. Endoscopic resection was in-
itiated by inspecting the mucosa during the withdrawal period.
Once a target polyp was identified, we carefully recorded its
characteristics. After the snare completely opened, the polyp
was then captured. For CSP, polyps were resected without elec-
trocautery. For HSP, polyps were resected with an electrosurgi-
cal generator (forced coagulation effect 2 40W; VIO300D ERBE
5; Tubingen, Germany) with a short current. For UEMR [12], the
colorectal lumen was deflated, then the lumen was filled with
normal saline using the water jet function. Finally, the polyps
were resected with a short current (effect 40W). All resection
techniques were performed without SM injection. After resec-
tion, the mucosal defect was washed with the water jet func-
tion, and the marginal mucosa was carefully observed using
NBI. If remnant colorectal polyps were suspected or present, re-
sidual lesions were resected using the same technique. For HSP
and UEMR, the mucosal defect was closed with clips to prevent
hemostasis. Polyps were suctioned and retrieved for histologic
assessment. The resection technique was chosen according to
the endoscopists’ preference.

Histological assessment

All collected specimens were fixed in 10% formalin without
stretching and sectioned at 2-mm intervals. An expert gastroin-
testinal pathologist evaluated the specimens according to the
Vienna classification (adenomatous or serrated lesion and the
lesional margin) [18]. The two endoscopists, with the help of
an expert pathologist, then evaluated whether the specimens
were appropriate or inappropriate for assessing and calculating
the resection depth (▶Fig. 1). “Appropriate” specimens were
defined as those not destroyed by the retrieval process or in-
adequate sectioning.

The endoscopists and pathologist (who was blinded to the
resection method) evaluated and discussed whether the speci-
mens contained MM and SM tissues, and measured the thick-
ness from the muscularis mucosa (MM) to the vertical resection
margin of SM tissue at the center of the resected specimens.
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Outcome variables

The primary outcome in this study was the rates that MM and
SM tissues were contained in the resection. The secondary out-
comes were thickness of SM tissue achieved via CSP, HSP, and
UEMR, en bloc resection rates, endoscopic and histologic com-
plete resection rates, adverse event (e. g., bleeding, perfora-
tion) rates, and the factors relating the containment of MM
and SM tissues. En bloc resection was defined as removal of
the whole lesion in one piece. Endoscopic complete resection
was defined as absence of residual tumor as per endoscopic ob-
servation. Histologic complete resection was defined as clear
confirmation of normal tissue in the resection margin as per
pathological assessment.

Statistics

Results are presented as the median (range) for continuous
variables. Fisher’s exact tests were used to compare categorical
data; Kruskal-Wallis and Mann-Whitney U tests were used to
compare continuous data where appropriate. Multiple logistic
regression analysis was used to evaluate the variable factors re-
lating the containment rate of the MM and SM tissues. Because
of quasi-complete separation, odds ratios were calculated
using a penalized maximum likelihood logistic regression [19]
using Stata user-driven command firthlogit. Multiple linear re-
gression analysis was also performed evaluating the relation
between thickness of SM tissue and variables. P<0.05 was con-
sidered statistically significant for comparisons between three
groups. P <0.05 was considered statistically significant for com-
parisons between two groups if P <0.05 was shown among
three groups. The analyses were performed using Stata 17 soft-
ware (StataCorp LLC, College Station, Texas, United States) and
JMP 15 software (SAS Institute, Cary, North Carolina, United
States).

Results
Participant flow and baseline characteristics

Between July 2019 and September 2020, a total of 87 outpati-
ents with small polyps underwent resection by two endos-
copists. Of these, pedunculated polyps, patients with familial
adenomatous polyposis or inflammation bowel disease, on
whom EMR had been performed, and with insufficient informa-
tion about lesion characteristics were excluded. Thus, 37 pa-
tients with 53 polyps resected via CSP, HSP, or UEMR were eval-
uated for histology. Thirteen polyps were excluded because
they were evaluated as inappropriate for pathologically asses-
sing the depth. Finally, 40 polyps were included in this study.
Among these, 14 polyps were resected via CSP, 12 via HSP, and
14 via UEMR (▶Fig. 2).

▶Table 1 shows baseline characteristic of the patients and
lesions. The three groups did not differ significantly in mor-

Excluded 13 polyps are 
difficult to evaluate the 
depth pathology

37patients, 53 polyps with endoscopically 6–9 mm in 
size resected by CSP, HSP or UEMR

Eligible n = 40

CSP n = 16 HSP n = 18 UEMR n = 19

CSP n = 14 HSP n = 12 UEMR n = 14

▶ Fig. 2 Flow diagram showing the study enrollment.

▶ Fig. 1 Histopathological specimens taken during CSP, HSP, and
UEMR. a Specimen resected during CSP containing only muscularis
mucosa. b Specimen resected during HSP containing muscularis
mucosa and SM tissue. c Specimen resected during UEMR contain-
ing muscularis mucosa and SM tissue.
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phology or location. Lesion sizes significantly differed among
the three groups (P=0.02, Kruskal-Wallis test). Lesion size for
CSP tended to be smaller than that for HSP (P=0.12, Mann-
Whitney U test) and was significantly smaller than that for
UEMR (P=0.008, Mann-Whitney U test, Bonferroni correction).
Thirty-five polyps (83%) were histologically diagnosed as ade-
nomas.

Treatment results

▶Table 2 shows treatment results. En bloc resection and endo-
scopic complete resection rates were 100% in all groups. Histo-
logic complete resection rates significantly differed among the
three groups (P=0.03, Fisher’s exact test,). The histological
complete resection rate tended to be higher for UEMR than for
CSP, but not significantly different (P=0.04, Fisher’s exact test,
Bonferroni correction).

Main outcomes

Rates of specimens containing MM and SM tissue differed sig-
nificantly (57% and 29% for CSP, 92% and 83% for HSP, and
100% and 100% for UEMR, respectively; P=0.005 for MM; P≤
0.001 for SM, Fisher’s exact test). The rate of CSP specimens
containing SM tissue was significantly lower than that of UEMR
specimens (P=0.002, Fisher’s exact test, Bonferroni correc-
tion). The mean thicknesses of SM tissue differed significantly
among CSP (52 μm), HSP (623 μm), and UEMR (1119 μm; P≤
0.001, Kruskal-Wallis). The thickness of SM tissue resected by

CSP was significantly less than that by HSP and UEMR (both P<
0.001, Mann-Whitney U test, Bonferroni correction), and the
thickness by HSP tended to be less than that by UEMR, but not
significantly different (P=0.04, Mann-Whitney U test, Bonfer-
roni correction; ▶Fig. 3).

Factors relating to containment of MM and SM
tissues

▶Table 3 shows single and multiple logistic regression analyses
of the containment rate of MM and SM tissues. UEMR was a sig-
nificant factor relating to containment of SM tissue (P=0.02).
UEMR tended to be a factor relating the containment of MM tis-
sue, but not significant.

Multiple linear regression and subgroup analysis
egarding the thickness of SM tissue

Supplementary Table 1 shows the single and multiple regres-
sion analyses regarding the thickness of SM tissue. The right-si-
ded colon (cecum and ascending and transverse colon) and CSP
were the significant independent factors for a shallower resec-
tion depth. Conversely, UEMR was significantly correlated with
a deeper resection depth. Supplementary Fig. 1 shows the
thickness of SM tissue considering morphological classification.
For UEMR, the thickness tended to be larger, but not signifi-
cantly, for polyps classified as 0-Is than for those classified as
0-IIa (P=0.09, Mann-Whitney U test).

▶Table 1 Baseline characteristics of the three groups.

CSP

(n=14)

HSP

(n=12)

UEMR

(n=14)

P value

Age, yr, (range) 73 (46–78) 77 (71–80) 74 (44–87) 0.06

Male/female, n 12/2  6/6 10/4 0.13

Median lesion size, (range)1  6 (6–9)  7.5 (6–10)  8 (6–10) 0.02

Morphology, n (%)

▪ 0-IIa  5 (36)  5 (42)  6 (43) 0.50

▪ 0-Is  9 (64)  7 (58)  8 (57)

Location, n (%)

▪ Right 11 (79)  6 (50) 10 (71) 0.28

▪ Left/rectum  3 (21)  6 (50)  4 (29)

JNET classification

▪ Type 1 13 (93) 10 (83) 12 (86) 0.72

▪ Type 2A  1 (7)  2 (17)  2 (14)

Histology, n (%)

▪ Low-grade adenoma 13 (93) 10 (83) 12 (86) 0.72

▪ Serrated polyp  1 (7)  2 (17)  2 (14)

CSP, cold snare polypectomy; HSP, hot snare polypectomy; UEMR, underwater endoscopic mucosal resection; JNET classification, Japan NBI Expert Team classifica-
tion.
1 Median lesion size showed the histological size after resection.
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Discussion
In this study, we compared containment rates of MM and SM
tissues and the thickness of SM tissue for small colorectal
polyps resected by CSP, HSP, and UEMR. The rate of CSP speci-
mens containing SM tissue was significantly lower than that of
UEMR specimens. The order of resection depth was CSP <HSP<
UEMR, and all lesions resected via UEMR contained SM tissue.
The pathological complete resection rate tended to be higher
for UEMR than for CSP and HSP.

All techniques performed in this study are easily available
without SM injection and cost-effective because they require
only a polypectomy snare as a resection device. Of the three,
CSP is the simplest and safest because it requires no electrical

current or water immersion. Previous reports have shown the
efficacy of CSP for completely removing polyps, especially low-
grade adenomas [20–22], and a randomized controlled trial
demonstrated the non-inferiority of CSP relative to HSP [23].
Similar to previous reports [11, 24], the thickness of SM tissue
for CSP in this study was less than those for HSP and UEMR. Fur-
ther, most CSP-resected specimens contained no submucosa,
suggesting that CSP is unsuited for resecting high-grade or
higher dysplasia in which tumor-free vertical-margin resection
is desirable.

HSP is a conventional technique that requires an electrical
current. The rate of HSP specimens containing SM tissue was
significantly higher than that of CSP specimens; however, sim-
ilar to a previous report, approximately 20% of the resected
specimens contained no submucosa [11]. During HSP, insuffla-
tion increases the luminal extension force and stretches the le-
sion with the surrounding mucosa, making it difficult to snare
at the proper depth and sometimes inducing the snare to slip
off the lesion. Further, attempting to use excess deflation or
applying too much pressure to hold the snare to prevent it
from slipping may cause deeper resection with perforation.
Thus, during HSP, capturing the lesion with sufficient submuco-
sa can be difficult.

UEMR has recently gained attention for its efficacy [12–14,
25, 26]. HSP and UEMR differ only in whether the lumen is sub-
merged; however, in this study, the thickness of SM tissue by
UEMR tended to be larger than that by HSP, and all UEMR speci-
mens contained the submucosa with histologically complete
resections, suggesting that UEMR may be a better technique
for lesions needed to be resected with tumor-free vertical-mar-
gin such as high-grade dysplasia. When the lesions do not show
typical JNET Type 1 or 2A, and the endoscopists have low confi-
dence regarding the diagnosis of JNET, UEMR would be prefer-

▶Table 2 Treatment outcomes of the three groups

CSP

(n=14)

HSP

(n=12)

UEMR

(n=14)

P value

En bloc resection, n (%) 14 (100)  12 (100)   14 (100) 1.0

Complete resection, n (%)

▪ Histologic complete resection  9 (64)  10 (83)   14 (100) 0.03

▪ Endoscopic complete resection 14 (100)  12 (100)   14 (100) 1

▪ Containing MM tissue (%)  8 (57)  11(92)   14 (100) 0.005

▪ Containing SM tissue (%)  4 (29)  10 (83)   14 (100) < 0.001

Thickness of SM tissue, μm <0.001

▪ Mean ± SD 52±105 623±434 1119 ±484

▪ Median (range)  0 (0–353) 706 (0–1287) 1211(338–1876)

Adverse events, n

▪ Perforation  0   0    0 1.0

▪ Delayed bleeding  0   0    0 1.0

CSP, cold snare polypectomy; HSP, hot snare polypectomy; UEMR, underwater endoscopic mucosal resection; MM, muscularis mucosa; SM, submucosa.

CSP HSP UEMR

P < 0.01
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▶ Fig. 3 Thickness of SM tissue among three groups. The order of
the resection depth thickness was CSP<HSP<UEMR.
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able. Theoretically, water immersion during UEMR decreases
the luminal extension force, increases the mucosal and submu-
cosal buoyancy, and causes the lesion with the surrounding
mucosa to float upward into the lumen, enabling easy snaring
at the proper submucosal depth. In addition, during UEMR,
the muscularis propria remains circular behind the submucosa,
thus preventing perforation, even if the resected specimen
contains thick submucosa.

Although multiple logistic regression analysis regarding
containment of SM tissue showed the procedure (CSP, HSP or
UEMR) was an independent factor solely, multiple regression a-
nalysis regarding the resection depth showed that the right-si-
ded colon was also an independent factor for a shallower resec-
tion depth. Why lesions located on the right-sided colon were
resected at shallower depths is unknown. However, the wall of
the right-sided colon is thought to be thinner than that of the
left side [27], which might lead to shallower resection depths
on the right side.

Although none of the patients experienced exhibited ad-
verse events, the mucosal defects were closed with clips after
HSP and UEMR; thus, evaluating the safety of each procedure
was difficult. Previous reports have shown that CSP may be
safer than HSP because CSP does not cause electricity-induced
tissue damage [28, 29]. Further studies are warranted to evalu-
ate the safety of each procedure, including UEMR.

This study had some limitations. First, this was a single-cen-
ter retrospective pilot study with a small sample size. Lesion
size was different for each technique because it was chosen ac-
cording to the endoscopists’ preference. However, lesion size
was not a significant factor related to containment of MM and
SM tissues. We have provided real-world data regarding resec-
tion depth of each procedure. Second, consecutive patients
who were medically examined by two expert endoscopists
were recruited into this study because these endoscopists
were the only two to use UEMR. A prospectively recorded data-
base was used to reduce the drop-off in eligible polyps; how-
ever, there were some excluded cases. Prospective study is war-
ranted in the future. Third, all polyps were not stretched when
they were fixed in formalin, thus some polyps that were not cut
vertically, resulting in difficulty of pathological assessment,
were excluded. This may have led to selection bias. However,
because specimens resected by each procedure were evaluated
under identical conditions, the influence of bias on the primary
endpoint may be small. Fourth, we excluded endoscopic muco-
sal resection, which requires submucosal injection, because we
evaluated the real submucosal depth of the resected specimens
only for techniques that do not require submucosal injection
[30].

▶Table 3 Single and multiple regression analyses for the containment rate of the MM and SM tissues.

MM tissue SM tissue

Univariate Multivariate Univariate Multivariate

Odds

ratio

95%

CI

P

value

Odds

ratio

95%

CI

P

value

Odds

ratio

95%

CI

P

value

Odds

ratio

95%

CI

P

value

Morphology

▪ 0-IIa 1 1 1 1

▪ 0-Is 0.92 0.19–
4.37

0.92 1.04 0.19–
5.64

0.95 0.84 0.22–
3.15

0.79 0.9 0.16–
5.06

0.9

Lesion size

▪ 6–7mm 1 1 1 1

▪ 8–10mm 2.33 0.45–
12.0

0.31 1.11 0.18–
6.64

0.9 3.58 0.85–
14.9

0.08 1.85 0.29–
11.8

0.51

Lesion location

▪ Right 1 1 1 1

▪ Left/
rectum

2.51 0.37–
16.9

0.34 1.63 0.22–
11.9

0.62 5.8 0.91–
37.0

0.06 5.14 0.56–
1.67

0.14

Procedure

▪ CSP 1 1 1 1

▪ HSP 4.78 0.66–
34.7

0.12 3.8 0.55–
25.8

0.17 7.3 1.28–
41.0

0.02 5.64 0.94–
33.6

0.05

▪ UEMR 19.8 0.99–
394

0.05 13.5 0.69–
265

0.08 55.3 2.75–
1114

0.009 33.5 1.71–
656

0.02

MM, muscularis mucosa; SM, submucosa; CSP, cold snare polypectomy; HSP, hot snare polypectomy; UEMR, underwater endoscopic mucosal resection.
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Conclusions
In conclusion, we showed the containment rate of MM/SM tis-
sue and the thickness of SM tissue of small colorectal polyps re-
sected by CSP, HSP and UEMR using a unified, single polypecto-
my snare. UEMR was a significant factor containing SM tissue.
UEMR may be the best available resection method for contain-
ing SM without injection. Further studies are needed to evalu-
ate the indication of UEMR for small polyps.
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