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Abstract
AIM
To compare the efficacy and safety of cold snare polype-
ctomy (CSP) and hot forceps biopsy (HFB) for diminutive 
colorectal polyps.
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METHODS
This prospective, randomized single-center clinical trial 
included consecutive patients ≥ 20 years of age with 
diminutive colorectal polyps 3-5 mm from December 
2014 to October 2015. The primary outcome measures 
were en-bloc  resection (endoscopic evaluation) and 
complete resection rates (pathological evaluation). 
The secondary outcome measures were the immediate 
bleeding or immediate perforation rate after poly-
pectomy, delayed bleeding or delayed perforation 
rate after polypectomy, use of clipping for bleeding 
or perforation, and polyp retrieval rate. Prophylactic 
clipping after polyp removal wasn’t routinely performed.

RESULTS
Two hundred eight patients were randomized into the 
CSP (102), HFB (106) and 283 polyps were evaluated 
(CSP: 148, HFB: 135). The en-bloc  resection rate was 
significantly higher with CSP than with HFB [99.3% 
(147/148) vs  80.0% (108/135), P  < 0.0001]. The 
complete resection rate was significantly higher with CSP 
than with HFB [80.4% (119/148) vs  47.4% (64/135), 
P  < 0.0001]. The immediate bleeding rate was similar 
between the groups [8.6% (13/148) vs  8.1% (11/135), 
P  = 1.000], and endoscopic hemostasis with hemoclips 
was successful in all cases. No cases of perforation or 
delayed bleeding occurred. The rate of severe tissue 
injury to the pathological specimen was higher HFB 
than CSP [52.6% (71/135) vs  1.3% (2/148), P  < 
0.0001]. Polyp retrieval failure was encountered CSP 
(7), HFB (2).

CONCLUSION
CSP is more effective than HFB for resecting diminutive 
polyps. Further long-term follow-up study is required.

Key words: Cold snare polypectomy; Colonoscopy; 
Polypectomy; Colorectal diminutive polyps; Hot forceps 
biopsy
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Core tip: Cold snare polypectomy (CSP) is more 
effective in terms of both endoscopic en-bloc  resection 
rate and pathological complete resection rate than 
hot forceps biopsy (HFB) for resecting diminutive 
polyps. Moreover, CSP and HFB did not result in any 
serious adverse events such as delayed bleeding and 
perforation.
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INTRODUCTION
The United States National Polyp Study demonstrated 
that a clean colon (i.e., a colon in which all adeno
matous polyps have been eliminated) significantly 
decreases the mortality rate for colorectal cancer[1]. 
Accordingly, there is a need to consider the resection 
of neoplastic polyps, including diminutive polyps, when 
performing colonoscopy. Cold snare polypectomy (CSP) 
is becoming a common method for resecting small or 
diminutive polyps without using submucosal injections 
or electrocautery, and it is regarded as a safe treatment 
in Western countries[2]. Recently, it has also gradually 
gained popularity in Japan[35]. The advantages of 
CSP are that electrocauteryrelated damages to the 
submucosal vascular tissue are prevented and there are 
fewer restrictions on patients’ postoperative activity or 
diet. Low rates of postoperative bleeding and perforation 
can also be expected, because electrocautery is not 
used during CSP.

Hot forceps biopsy (HFB) is another method used 
to remove diminutive polyps; it has been widely used 
in Japan, because it is comparatively easy to use. 
Although the HFB approach is advantageous in that 
possible adenomatous remnants are fulgurated and the 
blood vessels are coagulated, it also has disadvantages 
associated with electrocautery, such as perforation and 
delayed bleeding[6,7]. To our knowledge, CSP and HFB 
have not been directly compared. We hypothesized that 
CSP would be more effective than HFB for resecting 
diminutive polyps 35 mm. Therefore, the present study 
aimed to compare the efficacy and safety of CSP and 
HFB for removing colorectal polyps measuring 35 mm.

MATERIALS AND METHODS
Study design, subjects, and methods
This prospective, randomized, singlecenter comparison 
study was conducted from December 2014 to October 
2015. The inclusion criteria were consecutive patients 
over 20 years old and those who were scheduled to 
undergo the removal of colorectal polyps measuring 
35 mm. The preoperative exclusion criteria were 
patients with inflammatory bowel disease, polyposis, 
polyps suggestive of cancer, and hyperplastic polyps 
measuring less than 5 mm in the distal colon. Similar to 
hyperplastic polyps less than 5 mm, typical hyperplastic 
polyps featuring white, flat protrusions with a diameter 
of 5 mm or less, which are frequently observed in the 
distal colon (rectum and sigmoid colon), reportedly 
exhibit no relationship with adenoma onset in the 
future, and guidelines state that no proactive action is 
required. The intraoperative exclusion criteria were 
patients converted to endoscopic mucosal resection 
(EMR), those with polyp retrieval failure, and patients 
with nonneoplastic polyps. Patients presenting with 
diminutive polyps were assigned to either the CSP 
or HFB group using computergenerated random 
sequencing. The polyp size was estimated on the basis 
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of the maximum width of the opened snare or HFB. 
Endoscopic and pathological images obtained during 
the tests were deidentified, and they were used to 
make diagnoses on the basis of the findings. No limit 
was set for the number of polyps removed per patient. 
Each polypectomy was considered independent of the 
others.

The study was approved by the institutional ethics 
committee (registration number 26180; date: Dec 2 
2014), and it was registered with the University Hospital 
Medical Information Network (UMIN ID: 000015016; 
date of registration: Sep 1, 2014). Written informed 
consent was obtained from all patients.

Outcome measures
The primary outcome measures were as follows: 
the en-bloc resection rate (endoscopic evaluation 
was used to confirm the tumorfree cut margin with 
magnified endoscopic view) and complete resection 
rate (pathological evaluation was used to confirm 
the tumorfree cut margin in microscopic view). The 
secondary outcome measures were as follows: the 
immediate bleeding or immediate perforation rate after 
polypectomy, delayed bleeding or delayed perforation 
rate after polypectomy, use of clipping for bleeding or 
perforation, and polyp retrieval rate.

Immediate bleeding was defined as spurting or 
oozing blood that continued for more than 1 min 
following resection that was stopped with hemoclips. 
Delayed bleeding was clinically defined as evident 

hematochezia after the patient was removed from the 
endoscopic room; this was confirmed by a question
naire at the time of the patient’s next hospital visit 
(710 d after treatment). Prophylactic clipping after 
polyp removal was not routinely performed, except 
in patients with immediate bleeding or in those with 
a high risk for perforation, patients with a bleeding 
tendency, those taking antithrombotic agents, etc.

Endoscopic procedures
All colonoscopic procedures were performed by six 
experienced endoscopists (H.K., T.S., Y.A., Y.K., T.N., 
and H.M.) who had each performed more than 1000 
polypectomies before. No colonoscopist had performed 
CSP before this trial. Highdefinition endoscopes 
(PCFQ260AZI, CFH260AZI, CFHQ290I; Olympus 
Medical Systems, Tokyo, Japan) were used in this 
study. Patients drank a polyethylene glycolelectrolyte 
solution (Ajinomoto Pharmaceutical Co., Tokyo, Japan) 
for bowel preparation. Two types of snares were used 
for CSP: the Profile snare and CaptivatorII Snare 
(Boston Scientific, Natick, MA, United States), both 
of which are approved for cold polypectomy in Japan. 
Each endoscopist chose which snare they preferred. 
In addition, the FD1U1 forceps (Olympus) was used 
to perform HFB. The respective maximum widths of 
the FD1U1 forceps, Profile snare, and CaptivatorII 
Snare were 7, 10, and 11 mm.

During CSP, the polyps were resected without 
injection or electrocautery, and some of the surrounding 
normal mucosa was removed (Figure 1). The transected 
polyps in the CSP group were vacuumed into a trap and 
were collected (Figure 2). During HFB, an electrocautery 
with coagulating current at 2530 W in the setting of 
the electrosurgical unit VIO300D (Erbe Elektromedizin, 
Tuebingen, Germany) was applied to the polyp until the 
white coagulum was seen at the polyp base (Figure 3)[8], 
and then the polyp was removed by gently pulling it 
from the mucosa. The resected polyps in the HFB group 
were collected in the cup of the forceps.

All tissue specimens were examined by an ex
perienced pathologist (T.T.) who was blinded to the 
clinical information concerning the patient and polyp, 
and to how the polyp was resected. The vertical and 
lateral cut margins and tissue damage were evaluated 
with a hematoxylin and eosin stain.

Sample size calculation and statistical analysis
The sample size was calculated on the basis of the 
overall estimated complete resection rate. We assumed 
that it would be 95% in the CSP group and 80% in 
the HFB group according to the results of previous 
reports (93% and 83%, respectively)[9,10]. Thus, the 
needed sample size was 150 polyps per group with 
a significance level of 5% (twotailed) and power of 
80% when the Fisher exact test was used to confirm 
superiority of CSP to HFB. We assumed a dropout rate 
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229 patients were recruited

Excluded: 3 patients (rejected)

226 patients were enrolled in this study

Excluded: 18 patients 
(no diminutive polyps)

Screened, 208 patients in whom at least one polyps was detected

Randomization

CSP group
102 patients
183 polyps

HFP group
106 patients
156 polyps

Excluded, 21 polyps
   Converted to EMR (1)
   Polyp retrival failure (2)
   Non-neoplastic (18)

Excluded, 35 polyps
   Converted to EMR (2)
   Polyp retrival failure (7)
   Non-neoplastic (26)

Included, 148 polyps Included, 135 polyps

Figure 1  Enrollment flowchart. CSP: Cold snare polypectomy; HFB: Hot 
forceps biopsy; EMR: Endoscopic mucosal resection.
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from ITT analysis because endoscopic/pathological 
evaluation of these polyps could not originally be per
formed. The target of modified ITT analysis was 157 
polyps in CSP and 138 polyps in HFB. 

All statistical analyses were performed using SAS 
software, version 9.4 (SAS Institute, Cary, NC, United 
States). Statistical review of the study was performed 
by a biomedical statistician.

RESULTS
Patients’ and polyps’ characteristics
Two hundred eight patients were enrolled in the study 
[mean ± SD: age 69.0 ± 8.0 years (range 3587 

of 10%; thus, we determined that the sample size 
should be 165 polyps per group.

Categorical variables were compared with the Fisher 
exact test, and continuous variables were compared 
with the ttest. To determine predictive factors of 
complete resection, we conducted multivariable logistic 
regression analysis with the resection method (CSP or 
HFB) and polyp characteristics (location, shape, and 
histology) as explanatory variables. 

We performed a modified intentiontotreat (ITT) 
analysis. In our modified ITT analysis, we considered 
polyps converted to EMR and polyp retrieval failure 
as incomplete en-bloc resection and pathological 
resection. We excluded the nonneoplastic polyps 

Figure 2  Technique for cold snare polypectomy. A: Chromoendoscopy was used to detect the polyp and surrounding normal mucosa, which were captured with 
a snare, and resection was performed without electrocautery; B: The mucosal defect was assessed to ensure complete resection and no persistent bleeding; C: The 
free cut-margin was negative for neoplastic tissue (area between the arrows).

500.00 μm

CA B

500.00 μm

D

A B

C

Figure 3  Technique for hot forceps biopsy. A: A slightly protruded polyp was detected with magnified chromoendoscopy; B: The polyp was captured in the cup of 
the forceps and gently pulled from the mucosa; C: The electrocautery current was applied to the polyp until the color changed to white at the polyp base. Then the 
polyp was completely removed from the mucosa; D: Pathologic evaluation of the free cut-margin was difficult to perform because of a thermal tissue injury (arrow).
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years), 31% women], and we excluded 3 patients who 
were rejected (the rejection rate for inclusion in the 
trial was 1.3%: 3/229) and 18 patients who had no 
diminutive polyps (7.9%: 18/229). After randomization 
was performed, 102 patients were allocated to the 
CSP group, and 106 were allocated to the HFB group. 
A flowchart of the study enrollment is shown in Figure 
1. The mean ages were 69.4 ± 9.4 in the CSP group 
and 68.9 ± 7.9 in the HFB group. The mean number 
of resected polyps per patient was 1.5 in the CSP 
group and 1.3 in the HFB group. Finally, 283 polyps 
(CSP group: 148 polyps, HFB group: 135 polyps) 
were evaluated after excluding some polyps (polyps 
removed with EMR, polyps that could not be retrieved, 
and nonneoplastic polyps). There was no significant 
difference between the two groups with regard to the 
characteristics of the patients and polyps (Tables 1 and 
2). According to the pathological diagnosis, tubular 
adenoma with lowgrade dysplasia accounted for 
83.4% of polyps in the CSP group and 93.3% in the 
HFB group.

Primary and secondary outcomes
The en-bloc resection rate was significantly higher 
with CSP than with HFB [99.3% (147/148) vs 80.0% 
(108/135), P < 0.0001]. The complete resection rate 

was significantly higher with CSP than with HFB [80.4% 
(119/148) vs 47.4% (64/135), P < 0.0001]; however, 
there were 6 polyps in the CSP group that broke into 
pieces during retrieval by aspiration (Table 3). The 
immediate bleeding rate was similar between the two 
groups [CSP group: 8.8% (13/148) vs HFB group: 
8.1% (11/135), P = 1.000]. Endoscopic hemostasis 
with hemoclips was successful in cases of immediate 
bleeding. Serious adverse events such as perforation 
or delayed bleeding did not occur in any case, although 
prophylactic clipping after polyp removal was not 
routinely performed, except in cases of immediate 
bleeding or in those with a high risk of bleeding.

The rate of tissue injury according to the pathologic 
specimen was higher in the HFB group than in the 
CSP group [52.6% (71/135) vs 1.3% (2/148), P < 
0.0001]. The frequency of polyp retrieval failure was 
higher in the CSP group than in the HFB group (7/148 
vs 2/135). There was no significant difference between 
the Profile snare and Captivator II Snare for CSP in 
terms of all the factors (Table 4). 

The results of this modified ITT analysis were that 
the en-bloc resection rate was significantly higher 
with CSP than with HFB [87.9% (138/157) vs 76.0% 
(105/138), P < 0.0001]. The complete resection rate 
was significantly higher with CSP than with HFB [70.1% 
(110/157) vs 44.2% (61/138), P < 0.0001]. There 
was no significant difference between the original data 
and modified ITT analysis.

Multivariable logistic regression analysis showed 
that the resection method (CSP vs HFB) was the stron
gest predictive factor for complete resection (Table 5).

DISCUSSION
We demonstrated that CSP is more effective than HFB 
for resecting diminutive polyps 35 mm. Recently, 
in a randomized controlled trial at a single center, 
Lee et al[9] reported that CSP was superior to CFP for 
removing small polyps ≤ 5 mm (93% vs 76%, P = 
0.009). Kim et al[11] also demonstrated that the overall 
complete resection rate was significantly higher in the 
CSP group than in the CFP (96.6% vs 82.6%, P = 0.01) 
for polyps ≤ 7 mm. Authors of a pilot study conducted 
in Japan reported that the rate of complete resection 
after CSP for polyps < 10 mm was 60%[3]. The present 
study’s findings showed that the overall complete 
resection rate for polyps 35 mm was significantly 
higher with CSP than with HFB, although six polyps in 
the CSP group could not be evaluated because they 
broke into pieces in the working channel of the scope 
during aspiration. In 19.6% of patients in the CSP 
group, the resected free cutmargin was very close to 
the lesion, thus it was considered unclear (i.e., tumor 
involvement of the horizontal margin could not be 
determined).

In the present study, the HFB group had a low 

Table 1  Patients’ baseline characteristics n  (%)

CSP group 
(n  = 102)

HFB group 
(n  = 106)

P  value

Age (yr), mean (SD) 69.4 (8.0) 68.9 (7.9) 0.60
Female sex 32 (31.3) 31 (29.2) 0.76
Use of antithrombotic agents 4 (3.9) 3 (2.8) 0.72

CSP: Cold snare polypectomy; HFB: Hot forceps biopsy.

Table 2  Polyps’ characteristics

CSP group HFB group P  value

Total No. of polyps 148 135
Polyp size (mm) 
mean ± SD

4.2 (1.0) 3.8 (1.0)

No. of polyps per 
patient, mean

       1.5        1.3

Location 0.10
   Right1/Left2 44/104 53/82
Shape 0.09
   Protruded 107 110
   Flat   41   25
Histology 0.16
   High-grade adenoma   12     3
   Low-grade adenoma 124 126
   SSA/P     6     4
   Hyperplastic polyp     3     2
   Other     3     0

1Located from the cecum to the splenic flexure; 2Located from the splenic 
flexure to the rectum. SSA/P: Sessile serrated adenoma/polyp; CSP: Cold 
snare polypectomy; HFB: Hot forceps biopsy.
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complete resection rate of 47.4%, significantly low rate 
80.0% with en-bloc resection, and substantial tissue 
damage due to electric resection. It is concerning that 
HFB caused so much thermal damage to the specimen 
that it made the pathological diagnosis difficult.

The current study also demonstrated similar imme
diate bleeding rates in both groups, and endoscopic 
hemostasis with hemoclips was successful in these 
cases. Horiuchi et al[12] reported that CSP was used 
safely even in patients taking antiplatelet agents and 
in those in which therapeutic levels of anticoagulation 

were achieved, although the sample size was small.
In our study, no perforation or delayed bleeding 

occurred in any case. The first author previously re
ported on an animal experiment conducted in pigs at 
another institution, and no perforation occurred with 
CSP for large polyps exceeding 1 cm[13]. In the present 
study, two polyps could not be resected with CSP 
because there was too much resistance during snaring; 
therefore, they were converted with conventional EMR 
using an injection and electrical current was used. 
These cases were excluded from further evaluation. 
Accordingly, a very low incidence of perforation can be 
expected in CSP. The change in the resection method 
may have contributed to the low rate perforation.

A previous study reported a perforation rate of 0.05% 
after HFB, including one case of death[14]. In the present 
study, no serious adverse events (delayed bleeding, 
perforation, or postcoagulation syndrome) were ob
served in HFB group. Although Williams reported a rate 
of 95% for specimens with interpretable histological 
features[8], our study demonstrated that the rate of 
severe histological tissue injury was higher in the HFB 
group than in the CSP group.

Polyp retrieval failure occurred in seven patients 
in the CSP group and two patients in the HFB group. 
This corresponds with a previously reported result that 
specimen retrieval is more difficult when the polyp size 

Table 3  Outcomes and adverse events among the patients

CSP group (95%CI) HFB group (95%CI) P  value

Endoscopic evaluation 147/148 = 99.3% 108/135 = 80.0% < 0.0001
   En-bloc resection rate with free cut-margin (92.3%-100.0%) (72.3%-86.4%)
Pathologic evaluation 119/148 = 80.4%   64/135 = 47.4% < 0.0001
   Complete resection rate with free cut-margin (73.1%-86.5%) (38.8%-56.2%)
Histological tissue injury   2/148 = 1.3%   71/135 = 52.6% < 0.0001

(0.2%-4.8%) (43.8%-61.2%)
Adverse event
   Immediate bleeding 13/148 = 8.8% 11/135 = 8.1% 1.00

(4.8%-14.6%) (4.1%-14.1%)
   Delayed bleeding 0 0
   Perforation 0 0

CSP: Cold snare polypectomy; HFB: Hot forceps biopsy.

Table 4  Outcomes and adverse events in terms of the snares used for cold snare polypectomy

Profile snare (95%CI) Captivator-II snare (95%CI) P  value

Endoscopic evaluation   88/88 = 100% 59/60 = 98.3% 0.41
   En-bloc resection rate with free cut-margin (95.9%-100.0%) (91.2%-100.0%)
Pathologic evaluation    75/88 = 85.2% 44/60 = 73.3% 0.09
   Complete resection rate with free cut-margin (76.1%-91.9%) (60.3%-83.9%)
Histological tissue injury 0/88 = 0% 2/60 = 3.3% 0.16

(0.0%-4.1%) (0.4%-11.5%)
Adverse event
   Immediate bleeding      9/88 = 10.2% 4/60 = 6.7% 0.56

(4.8%-18.5%) (1.8%-16.2%)
   Delayed bleeding 0 0
   Perforation 0 0

There were no differences in the type or number of polyps in these groups. CSP: Cold snare polypectomy.

Table 5  Results of multivariable logistic regression analysis of 
the complete resection rate

Variable Odds ratio (95%CI) P  value

Resection method
   CSP/HFB 4.70 (2.68-8.24) < 0.0001
Location
   Left1/Right2 1.24 (0.71-2.17) 0.45
Shape
   Flat/protruded 0.94 (0.50-1.78) 0.85
Histology
   Non-TA/TA 1.34 (0.44-4.08) 0.61

1Located from the cecum to the splenic flexure; 2Located from the splenic 
flexure to the rectum. CSP: Cold snare polypectomy; HFB: Hot forceps 
biopsy; TA: Tubular adenoma.
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is ≤ 5 mm[15].
There were some limitations to this study. It was 

performed at a single university hospital. We only 
used the two types of snares that are approved for 
cold resection in Japan; thus, our results may not be 
applicable to other snares. In this study, we did not 
assess the amount of time required using each of the 
two techniques for complete polyp resection in each 
colonoscopy because the time for polypectomy did not 
differ between cold forceps polypectomy as almost 
same technique of HFB and CSP in a previous study[16]. 
We did not compare the two procedures. Lastly, the 
study did not include longterm followup after resection.

In conclusion, our results showed that CSP is more 
effective than HFB for resecting diminutive polyps. 
The endoscopic en-bloc resection rate and pathologic 
complete resection rate were lower with HFB, as 
histological evaluation in the HFB group was difficult due 
to tissue injury. Serious adverse events such as delayed 
bleeding and perforation did not occur in either group. 
Further study with longterm followup is required.

COMMENTS
Background
The advantages of cold snare polypectomy (CSP) are that electrocautery-
related damage to the submucosal vascular tissue is prevented, and there 
are fewer restrictions on patients’ postoperative activity and diet. Low rates 
of postoperative bleeding and perforation can also be expected, because 
electrocautery is not used during CSP. Hot forceps biopsy (HFB) is another 
method used to remove diminutive polyps because it is comparatively easy to 
use. CSP and HFB have not previously been directly compared.

Research frontiers
A few human studies in the West have suggested that CSP is a safe treatment 
without electrocautery-related damages and HFB has disadvantages associated 
with electrocautery, such as perforation and delayed bleeding.

Innovations and breakthroughs
This is the first randomized controlled prospective study to compare the efficacy 
of CSP and HFB. CSP is more effective in terms of both endoscopic en-bloc 
resection rate and pathological complete resection rate than HFB for resecting 
diminutive polyps, as histological evaluation with HFB was difficult due to tissue 
injury.

Applications
CSP is preferable under the removal of colorectal diminutive polyps without 
polyps suggestive of cancer, and hyperplastic polyps measuring less than 5 mm 
in the distal colon.

Terminology
CSP is a method for resecting diminutive polyps without using submucosal 
injections or electrocautery. HFB captures the polyp in the cup of the forceps 
and gently pulls it from the mucosa with electrocautery.

Peer-review
This study showed a topic of interest in clinical practice.
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