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ABSTRACT

Background and study aims Delayed bleeding is believed

to occur less frequently after cold snare polypectomy (CSP),

but this has not been validated in clinical trials. This study

aimed to compare rates of delayed bleeding after CSP and

hot snare polypectomy (HSP).

Patients and methods We conducted a multicenter, ran-

domized controlled trial. Participants scheduled to undergo

endoscopic resection of colorectal polyps ≤10mm were en-

rolled and randomly assigned to CSP or HSP. Prophylactic

clipping was performed at the endoscopists’ discretion.

The primary outcome was delayed bleeding rate. Secondary

outcomes included immediate bleeding rate and clipping

rate. Sample size calculation showed that 451 patients

were required in each arm.

Results At the end of the study period decided in advance,

308 participants were recruited and an interim analysis was

performed. A total of 273 patients (mean age 62.2 ±8.8

years; 188 males) were analyzed, with 139 patients alloca-

ted to CSP and 134 to HSP. In total, 367 polyps were resect-

ed with CSP and 360 polyps with HSP. There were no signif-

icant differences in patient demographics or polyp charac-

teristics. In per-patient-based analysis, delayed bleeding

rates were 0.7% after CSP and 0.7% after HSP. Per-polyp a-

nalysis showed similar results (CSP: 0.3% vs. HSP: 0.6%).

The immediate bleeding rate was significantly higher with

CSP vs. HSP (54% vs.14%, P <0.0001), while clipping rates

were 18% and 19%, respectively.

Conclusion This interim analysis did not demonstrate that

delayed bleeding after CSP is less frequent than after HSP.

The delayed bleeding rate after HSP was lower than expect-

ed.

Meeting presentations: Digestive Disease Week 2017

University Hospital Medical Network Clinical Trials Registry

UMIN000012520

TRIAL REGISTRATION: Multicenter randomized controlled

trial UMIN000012520 at http://www.umin.ac.jp
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Introduction
Colonoscopic resection of adenomatous polyps is useful to pre-
vent colorectal cancer progression based on the adenoma-car-
cinoma sequence, and reduces the colorectal cancer mortality
rate [1, 2]. Polypectomy using electrocautery, the so-called
“hot polypectomy,” is relatively safe but may cause polypecto-
my-related complications such as bleeding and perforation [3,
4]. There are numerous case series describing significant bleed-
ing after hot snare polypectomy (HSP), which required surgical
intervention. In a 1988 survey by the American Society for Gas-
trointestinal Endoscopy [5], 516 members performed 13,081
hot biopsy forceps resections (one type of hot resection), and
16% reported patients with significant complications such as
bleeding, perforation, post-coagulation syndrome, or death.

Because cold snare polypectomy (CSP) for diminutive polyps
was introduced in 1992 [6], colonoscopists advocate CSP due to
shorter procedure time and a lower rate of complications, par-
ticularly delayed bleeding. Small polyps do not typically contain
large blood vessels and delayed bleeding usually stops sponta-
neously. A recent European Society for Gastrointestinal Endos-
copy (ESGE) clinical guideline recommends use of CSP as the
preferred technique to remove polyps ≤5mm [7]. In a large –
scale clinical trial reported in 2013, incidence of delayed bleed-
ing was zero for 1015 polyps < 1 cm [8]. However, this trial had
only one treatment arm. To our knowledge, there have not
been any randomized clinical trials (RCTs) to compare delayed
bleeding rate as primary outcome or demonstrate any signifi-
cant difference. In 2014, one prospective RCT was reported
with a significantly lower rate of delayed bleeding after CSP
[9]. However, the generalizability of this finding is limited be-
cause it was a single-center small-scale study (n=70) with pa-
tients receiving anticoagulant therapy. Therefore, we conduct-
ed a multicenter RCT to compare rates of delayed bleeding
after CSP and HSP.

Patients and methods
Trial design

We conducted a RCT in six centers (Aizu Medical Center, Takeda
General Hospital, Fukushima Rosai Hospital, Hokkaido Gastro-
enterology Hospital, Saitama Medical Center, and Fujita Gener-
al Hospital) in Japan. The study protocol followed ethical guide-
lines of the Helsinki Declaration, was approved by the Institu-
tional Review Board at each institution and the trial registered
with the University Hospital Medical Information Network
(UMIN000012520). Enrollment occurred from September
2013 to June 2016. The CONSORT (Consolidated Standards of
Reporting Trials) guidelines were followed in reporting this
study.

Participants

Patients aged 20 to 80 years scheduled to undergo colono-
scopic polypectomy and who provided informed consent were
eligible for enrollment. Recruitment of qualified patients in this
study focused on individuals with diminutive colon polyps (≤9
mm) detected during previous colonoscopy but who did not

undergo endoscopic resection for various reasons, or patients
referred to undergo polypectomy for diminutive colon polyps
(≤9mm). Pedunculated polyps were not excluded in this study.
Exclusion criteria included: (1) patients with polyps measur-
ing≥10mm in a previous colonoscopy; (2) patients unable to
discontinue anticoagulants or antiplatelet therapy, according
to the Japanese guidelines [10] or who had an existing hemor-
rhagic diathesis; (3) history of inflammatory bowel disease; (4)
history of familial adenomatous polyposis; or (5) an apparently
invasive colorectal cancer.

Assignment

Participants scheduled to undergo endoscopic polypectomy
were enrolled and randomly allocated to CSP or HSP (allocation
ratio 1:1). Random allocation was performed by a research as-
sistant using a computer-generated randomization sequence.
Just before colonoscopy, the allocation was made known to
the operator and the patients, using the telephone.

Procedure

Patients underwent standard bowel preparation beginning on
the day prior to the procedure. In general, patients were not
given sedation, but all were given an anticholinergic agent (bu-
tylscopolammonium bromide) or glucagon. If patients com-
plained of severe pain or discomfort, sedation was adminis-
tered at the endoscopists’ discretion. Twelve operators per-
formed the procedures, 11 of whom had a personal experience
of > 2,000 colonoscopies. Cecal intubation was confirmed ei-
ther by ileal intubation or visualization of both the appendiceal
orifice and the ileocecal valve. Quality of bowel preparation was
assessed according to the extent of mucosal visualization after
suction of any residual fluid, using the Aronchick Bowel Prepa-
ration scale [11]. After cecal intubation, the operator searched
for polyps while withdrawing the endoscope. The operator
performed the polypectomy by the allocated method (CSP or
HSP). Regardless of allocation, the same snare wire (Captivator
13mm, Profile 27mm) was arranged in advance at each hospi-
tal, and snare wires dedicated to cold resection were not used
in this study. The technique used was cold resection of the
polyp without tenting and then suction of the transected polyp
into a trap followed by histopathologic evaluation. An ERBE
VIO300 (Amco, Tokyo, Japan) was used in the Endocut mode
with the effect 3 current set at output limit 120W and forced
coagulation current set at an output limit of 35W for HSP (con-
ventional) polypectomy. Submucosal injection of saline before
removal was not performed, regardless of the assignment. He-
mostatic clipping was performed to stop active bleeding such
as spurting or oozing that continued for more than one minute
after polypectomy. Prophylactic clipping of resection sites was
permitted at the endoscopists’ discretion. Size, morphology
and location of polyps were recorded. Within 1 month after po-
lypectomy, all patients visited the outpatient clinic to be in-
formed of the histology and to confirm any occurrence of de-
layed bleeding. Occurrence of any adverse events or gastroin-
testinal symptoms including perforation were recorded.
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Drop-outs

The study was discontinued in patients: (1) who had no polyps
measuring ≤9 mm; (2) who had ≥10mm polyps; (3) who had
conversion of the resection method; (4) in whom total colonos-
copy could not be accomplished; or (5) whose bowel prepara-
tion was poor.

Outcome measures

The primary outcome measure was rate of delayed bleeding at
24 hours or later after resection. Secondary outcome measures
were the rate of immediate bleeding during the procedure,
rates of prophylactic clipping, and early (within 24 hours)
bleeding. Delayed or early bleeding was determined based on
clinical history, regardless of achieving endoscopic hemostasis.
A slight decrease in hemoglobin (1mg/dL or less) was not de-
fined as bleeding. Immediate bleeding was defined as spurting
or oozing that continued for more than 1 minute, regardless of
clipping.

Sample size calculation

Sample size was calculated based on patient-based data from
previous studies with a 0.1% bleeding rate using CSP, and a 2%
bleeding rate using HSP for diminutive polyps (≤9mm) [4, 8].

For the study to have 80% power at a significance level of
0.05, 451 patients were required in each arm. If the sample
size does not reach this estimate by the end of the study period,
an interim analysis is scheduled to decide whether to extend or
terminate the trial. In this interim analysis, the study will be ter-
minated if a P value <0.01 or conditional power < 50% is deter-
mined at that time.

Statistical methods

All outcome measures, i. e. bleeding rates and clipping rates,
were calculated with 95% confidence intervals (CI) using the
Clopper-Pearson method and expressed as “n [proportion,
95% CI]”. For nominal data, statistical comparisons were made
using the chi-square test for equality of proportions. Patient
demographic data and polyp characteristic data were calculat-
ed with a 95% CI using the Clopper-Pearson method and are
expressed as “n [proportion, 95% CI]”. For continuous data
with a normal distribution, Student’s t-test was applied. All
P values are two-tailed, and values < 0.05 were considered to in-
dicate statistical significance. All statistical analyses were per-
formed with Stata 13.0® (Stata Corp., Texas, United States).

Results
Interim analysis

At the end of the study period (decided in advance), 308 parti-
cipants were recruited from September 2013 to June 2016. To
decide whether to extend the trial or to terminate the trial, we
performed this interim analysis.

Patients and polyps

After 35 patients were excluded (29 had no polyps; 6 had pro-
tocol violation), 273 patients (mean age 62.2±8.8 years; 188
males) were enrolled with 139 patients allocated to CSP and
134 patients to HSP. A total of 367 polyps were resected in CSP
vs. 360 polyps in HSP (▶Fig. 1). There were no significant dif-
ferences in patient demographics between the two groups
(▶Table 1). Characteristics of polyps removed were similar in
both groups (▶Table2). Location and morphology showed
slight deviations.

CSP, N = 139
(367 polyps)

HSP, N = 134
(360 polyps)

Excluded, N = 35
 No polyp, N = 29
 Protocol violation, N = 6

Patients reviewed, N = 308 

Outcome measurements, N = 273 

▶ Fig. 1 Study flow Diagram.

▶ Table 1 Patient demographics.

CSP (n=139) HSP (n=134)

Gender Female 46 (33.1, 25.4–41.6) 39 (29.1, 21.6–37.6)

Male 93 (66.9, 58.4–74.6) 95 (70.9, 62.4–78.4)

Age, years Mean ± SD 65.7 ± 8.8 66.7 ± 8.8

20–40 1 (0.7, 0.0–3.9) 0 (0.0, not applicable)

41–60 30 (21.6, 15.1–29.4) 32 (23.9, 16.9–32.0)

61–80 108 (77.7, 69.9 –84.3) 102 (76.1, 68.0 –83.1)

Except for “mean ± SD”, all values are expressed as “n [percentage, 95% CI].
SD, standard deviation; CI, confidence interval.
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Patient-based analyses

There were no significant differences in the early/delayed
bleeding rates. In contrast, the rate of immediate bleeding was
significantly higher in CSP, compared with HSP (P<0.001)
(▶Table 3). However, rates of hemostatic clipping were almost
the same in both groups.

Polyp-based analyses

The results were similar to the patient-based analysis (▶Ta-
ble4). Except for immediate bleeding, there were no significant
differences in bleeding rates or clipping rate. Using the number
of polyps resected per-patient, a subgroup analysis was con-
ducted (▶Supplementary Table 1). The number of polyps re-
sected per-patient did not affect the results.

▶ Table 2 Characteristics of polyps.

CSP (n=367) HSP (n=360)

Location Proximal colon 191 (52.0, 46.8 –57.3) 152 (42.2, 37.1 –47.5)

Distal colon 137 (37.3, 32.4 –42.5) 154 (42.8, 36.7 –48.1)

Rectum 39 (10.6, 7.7–14.2) 54 (15.0, 11.5–19.1)

Size, mm Mean ± SD 5.1 ± 1.7 5.2 ± 1.9

1–5 233 (63.5, 58.3 –68.4) 224 (62.2, 57.0 –67.3)

6–10 134 (36.5, 31.6 –41.7) 136 (37.8, 32.7 –43.0)

Morphology 0-IIa 81 (22.1, 17.9–26.7) 65 (18.1, 14,2–22.4)

0-Is 274 (74.7, 69.9 –79.0) 291 (80.8, 76.4 –84.8)

0-Ip 12 (3.3, 1.7– 5.6) 4 (1.1, 0.3–2.8)

Histology Adenoma 311 (84.7, 80.6 –88.3) 311 (86.4, 82.4 –89.8)

▪ High-grade 7 (1.9, 0.8–3.9) 11 (3.1, 1.5– 5.4)

▪ Low-grade 302 (82.3, 78.0 –86.1) 295 (81.9, 77.6 –85.8)

Mucosal cancer 2 (0.5, 0.1–2.0) 5 (1.4, 0.5–3.2)

Hyperplastic polyp 26 (7.1, 4.7– 10.2) 28 (7.8, 5.2– 11.0)

SSA/P 6 (1.6, 0.6–3.5) 3 (0.8, 0.2–2.4)

TSA 2 (0.5, 0.1–2.0) 2 (0.5, 0.1–2.0)

Leiomyoma 1 (0.3, 0.0–1.5) 0 (0,0, not applicable)

Irretrievable polyp 21 (5.7, 3.6– 8.6) 11 (3.1, 1.5– 5.4)

Except for “mean±SD”, all values are expressed as “n (percentage, 95% CI].
SD, standard deviation; CI, confidence interval.

▶ Table 3 Patient-based analysis.

Bleeding rates and clipping rate, n (percentage, 95%CI) P value1

CSP (n=139) HSP (n=134)

Immediate bleeding 88 (63.3, 54.7–71.3) 38 (28.4, 20.9–36.8) < 0.001

Clipping 48 (34.5, 26.7–43.1) 49 (36.6, 28.4–45.3) 0.725

Early bleeding 0 (0.0, not applicable) 2 (1.5, 0.0–3.9) 0.148

Delayed bleeding 1 (0.7, 0.0–3.9) 1 (0.7, 0.0–3.9) 0.979

CI, confidence interval; CSP, cold snare polypectomy; HSP, hot snare polypectomy.
Early bleeding rate: within 24 hours. Delayed bleeding rate: over 24 hours.
1 chi-square test
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Bleeding

▶Table5 summarizes details of procedures complicated by
bleeding. Mean size of polyps associated with delayed bleeding
was relatively large in the CSP group (9mm) but smaller in the
HSP group (three quarters were diminutive). After CSP, delayed
bleeding occurred in only one lesion (▶Fig. 2a, ▶Fig. 2b,

▶Fig.2c, ▶Fig. 2d). Bleeding occurred 10 days after resection,
and was stopped immediately by hemostatic clipping. No blood
transfusion was required.

Discussion
This study directly compared the delayed bleeding rates (pri-
mary outcome) after CSP and HSP, but did not show a statisti-
cally significant difference. We calculated conditional power to
consider termination due to futility. Because the conditional
power was <50% (10.3%), we decided to terminate this clinical
trial. We failed to prove the hypothesis that the delayed bleed-
ing rate after CSP is lower than after HSP.

There are several reasons for the failure to demonstrate a
difference. The overall delayed bleeding rate was much lower
than expected, especially the delayed bleeding rate after HSP,
which was much lower than in previous studies (0.7%–2.0%)

▶ Table 4 Polyp-based analysis.

Bleeding rate and clipping rate, n (percentage, 95%CI) P value1

CSP (n =367) HSP (n=360)

Immediate bleeding 198 (54.0, 48.7–59.1) 50 (13.9, 10.5– 23.3) < 0.001

Clipping 67 (18.3, 14.4– 22.6) 68 (18.9, 15.0– 23.3) 0.826

Early bleeding 0 (0, not applicable) 2 (0.6, 0.0– 2.0) 0.153

Delayed bleeding 1 (0.3, 0.0– 1.5) 2 (0.6, 0.0– 2.0) 0.552

CI, confidence interval; CSP, cold snare polypectomy; HSP, hot snare polypectomy.
Early bleeding rate: within 24 hours. Delayed bleeding rate: over 24 hours.
1 Chi-square test

▶ Table 5 Bleeding lesions.

Lesion

no.

Group Early/

late

Age Gender Location Morphology Size Immediate

Bleeding

Clipping Histology

1 HSP Early 78 male distal 0-Is 7mm Absent No HP

2 HSP Early 59 female distal 0-Is 4mm Absent Done LGA

3 CSP Late 47 male proximal 0-Is 9mm Present Done LGA

4 HSP Late 73 male distal 0-IIa 4mm Absent Done HGA

5 HSP Late 73 male distal 0-Is 3mm Absent Done LGA

CSP, cold snare polypectomy; HSP, hot snare polypectomy; LGA, low-grade adenoma; HGA, high-grade adenoma; HP, hyperplastic polyp.

▶ Fig. 2 Delayed bleeding after cold snare polypectomy. a Colonoscopic image before polypectomy. b Immediate bleeding occurred just after
resection. c Bleeding was successfully controlled with hemostatic clipping. d Ten days later, delayed bleeding occurred. A clot was observed
between the clips.
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[4, 12–14]. The extremely low bleeding rate after HSP may be
influenced by the open-label nature of this intervention. It is
speculated that, in the HSP group, the snare may have been
held more tightly closed, in a manner similar to CSP, and that
electrocautery was applied for a shorter time, to reduce dam-
age to the deep submucosal layer. Colonoscopists participating
in this clinical trial may have unconsciously performed HSP
more carefully than usual because they are aware that HSP is
believed to cause more delayed bleeding than CSP.

The observed high rate of endoscopic clip application may
be related to the low delayed bleeding rate. Generally, immedi-
ate bleeding after CSP stops spontaneously and does not re-
quire hemostatic clipping [6]. Hemostatic clipping is effective
for control of immediate bleeding after polypectomy [15], but
prophylactic use of hemostatic clips has not been proven to
prevent delayed bleeding after conventional polypectomy
[16–18]. In this study, however, the clipping rate was high
(nearly 20% in both groups). Despite the low rate of immediate
bleeding after HSP, the hemostatic clipping rate was the same
as during CSP. Because prophylactic clipping at resection sites
was permitted at the endoscopists’ discretion, it may have
been performed, regardless of presence of active bleeding.

An imbalance in polyp location and morphology could affect
the low delayed bleeding rates, although an imbalance in mor-
phology might be neglected due to a slight deviation. In con-
trast, polyps resected with CSP apparently deviated to the prox-
imal colon. Several previous papers [19–20] stated that de-
layed post-polypectomy bleeding frequently occurred in the
proximal colon. Conversely, one Japanese report [14] demon-
strated almost the same rate of delayed bleeding. In the current
series, one of the five polyps with delayed bleeding was in the
proximal colon, implying that an imbalance in location would
not greatly affect the results.

Conclusion
In conclusion, this interim analysis did not demonstrate that
delayed bleeding after CSP is lower than after HSP. The delayed
bleeding rate after HSP was much lower than expected.
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▶ Supplementary Table 1 Polyp-based subgroup analysis according to the number of polyps resected per-patient.

Number of

polyps resected

per-patient

Rate, n [percentage, 95%CI] P value1

CSP HSP

Immediate bleeding 1 29/51 (56.9, 42.2–70.7) 10/40 (25.0, 12.7– 41.2) 0.002

2 30/58 (51.7, 38.2–65.0) 10/76 (13.2, 6.5–22.9) < 0.001

3 36/69 (52.2, 39.8–64.4) 6/60 (10.0, 3.8–20.5) < 0.001

4 37/56 (66.1, 52.2–78.2) 13/65 (20.0, 11.1– 31.8) < 0.001

≥5 66/133 (49.6, 40.8–58.4) 11/119 (9.2, 4.7–15.9) < 0.001

Clipping 1 12/51 (23.5, 12.8–37.5) 13/40 (32.5, 18.6– 49.1) 0.341

2 16/58 (27.6, 16.7–40.9) 10/76 (13.2, 6.5–22.9) 0.036

3 14/69 (20.3, 11.6–31.7) 16/60 (26.7, 16.1– 39.7) 0.392

4 11/56 (19.6, 11.7–32.0) 18/65 (27.7, 18.2– 39.6) 0.301

≥5 14/133 (10.5, 5.9–17.0) 11/119 (9.2, 4.7–15.9) 0.734

Early bleeding 1 0/51 (0, not applicable) 1/40 (2.5, 0.0– 13.2) 0.256

≥2 0/316 (0, not applicable) 1/320 (0.3, 0.0–1.7) 0.320

Delayed bleeding 1 1/51 (2.0, 0.0–10.4) 0/40 (0.0, not applicable) 0.373

≥2 0/316 (0, not applicable) 2/320 (0.6, 0.0–2.2) 0.159

CI, confidence interval; CSP, cold snare polypectomy; HSP, hot snare polypectomy.
Early bleeding rate: within 24 hours. Delayed bleeding rate: over 24 hours
1 Chi-square test
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