
Introduction
Colorectal cancer (CRC) is a leading cause of cancer-related
morbidity and mortality, and colonoscopy is effective at redu-
cing the risk through the removal of adenomatous polyps [1,
2]. Techniques for endoscopic polyp resection include cold or
hot biopsy forceps and cold or hot snare, and significant varia-
tion exists in clinical practice [3]. Cold snare polypectomy is
used to remove colonic polyps up to 10mm in size through
transection of the polyp base along with a 1–2mm cuff of nor-

mal mucosa to achieve complete resection. This technique
avoids the use of electrocautery and its potential for deep ther-
mal injury associated delayed bleeding or perforation [4].

The effectiveness of colonoscopy in reducing CRC is depen-
dent on accurate detection and complete resection of colorec-
tal polyps. CRC diagnosed soon after colonoscopy (“interval”
CRC) may be due to incompletely resected polyps in 19% of
cases [5]. Significant variation exists in rates of complete resec-
tion depending on the polypectomy technique used. Cold biop-
sy forceps achieved a complete resection rate of 39% of di-
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ABSTRACT

Background and study aims The evidence for efficacy

and safety of cold snare polypectomy is limited. The aim of

this study was to assess the completeness of resection and

safety of cold snare polypectomy, using either traditional or

dedicated cold snares.

Patients and methods This was a prospective, non-ran-

domized study performed at a single tertiary hospital. Adult

patients with at least one colorectal polyp (size ≤10mm)

removed by cold snare were included. In the first phase, all

patients had polyps removed by traditional snare without

diathermy. In the second phase, all patients had polyps re-

moved by dedicated cold snare. Complete endoscopic re-

section was determined from histological examination of

quadrantic polypectomy margin biopsies. Immediate or de-

layed bleeding within 2 weeks was recorded.

Results In total, 181 patients with 299 eligible polyps (n=

93 (173 polyps) traditional snare group, n =88 (126 polyps)

dedicated cold snare group) were included. Patient demo-

graphics and procedure indications were similar between

groups. Mean polyp size was 6mm in both groups (P=

0.25). Complete polyp resection was 165 /173 (95.4%; 95

%CI 90.5–97.6%) in the traditional snare group and 124/

126 (98.4%; 95%CI 93.7–99.6%) in the dedicated cold

snare group (P=0.16). Serrated polyps, compared with ade-

nomatous polyps, had a higher rate of incomplete resection

(7% vs. 2%, P=0.03). There was no statistically significant

difference in the rate of immediate bleeding (3% vs. 1%, P

=0.41) and there were no delayed hemorrhages or perfora-

tions.

Conclusions Cold snare polypectomy is effective and safe

for the complete endoscopic resection of small (≤10mm)

colorectal polyps with either traditional or dedicated cold

snares.
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minutive polyps in a study where endoscopic mucosal resection
(EMR) of the polyp base was used to assess for residual polyp
[6]. Incomplete polyp resection can be present in 10.1% (95%
CI: 6.9%–13.3%) of polypectomies of 5–20mm sessile polyps
using snare polypectomy [7]. Cold snare polypectomy resulted
in a statistically significantly higher complete resection rate
compared with cold forceps polypectomy for polyps≤7mm
using endoscopic mucosal resection (EMR) to assess for resi-
dual polyp tissue (97% vs 83%, P=0.01) [8]. Dedicated cold
snares with thinner monofilament wires and diamond-shaped
snare loops are now available and may be more effective than
traditional snares with thicker, braided current-carrying wires
and oval-shaped snare loops for the resection of small colo-
rectal polyps. In a study of 76 patients with 210 eligible polyps
(≤10mm diameter), complete resection was statistically signif-
icantly greater with dedicated cold snares than with traditional
cold snares (91% vs 79%, P=0.015) [9].

In addition to complete polyp resection, another important
consideration with regard to polypectomy is safety. Post-poly-
pectomy bleeding can affect 1% of patients [10] and increases
to over 10% in patients taking warfarin [11]. Cold snare poly-
pectomy typically eliminates the risk of delayed bleeding and
perforation associated with electrocautery, and immediate
bleeding is typically capillary in nature and of little clinical sig-
nificance. Due to its favorable safety profile, cold snare poly-
pectomy is the preferred resection technique for small colorec-
tal polyps in patients taking warfarin [12]. The aim of this study
was to assess prospectively the completeness of endoscopic re-
section and safety of cold snare polypectomy using either tradi-
tional snares or dedicated cold snares.

Patients and methods
Study design and population

This was a prospective, non-randomized comparison of two
methods of cold snare polypectomy. Adult patients undergoing
colonoscopy for routine indications with at least one sessile
(Paris classification 0– Is) or flat (Paris classification 0– IIa, 0–
IIb or 0– IIc) colorectal polyp (size ≤10mm) were included. Pro-
spectively enrolled patients who underwent cold snare poly-
pectomy in 2015 using the Exacto® snare (US endoscopy,
Ohio, United States) were compared with a previously reported
cohort of patients from 2011 and 2014 for which the SnareMas-
ter® snare (Olympus, Tokyo, Japan) was used [13, 14]. Patients
with pedunculated polyps or who underwent concurrent hot
snare polypectomy or EMR were excluded. The study was per-
formed at The Alfred Hospital in Melbourne, Australia. The
study protocol was approved by the Human Ethics Committee
at The Alfred Hospital and all patients gave their written in-
formed consent.

Endoscopy proceduralist, equipment, and
procedure

Procedures were performed by experienced gastroenterology
consultants and/or consultant-supervised trainees using vari-
able stiffness, high definition colonoscopes (Olympus 180 or
190-series, Tokyo, Japan). In the first phase of the study during

2011 and 2014, all patients had polyps removed by traditional
snare without diathermy (see ▶Fig. 1, SnareMaster® snare,
loop size 10mm, 0.40 or 0.47mm wire diameter). In the second
phase during 2015, all patients had polyps removed by dedi-
cated cold snare (see ▶Fig. 1, Exacto® snare, loop size 9mm,
0.30mm wire diameter). Polyp size was estimated using the
size of the snare catheter or the open snare loop. Cold snare po-
lypectomy was performed as previously described [15], namely
the polyp was positioned at 5 o’clock with the fully opened
snare placed over the polyp ensuring a ≥1–2mm margin of
normal mucosa. With gentle forward pressure on the snare
catheter, the snare was closed and the polyp transected in a
continuous motion without tenting. Following retrieval of the
polyp through the suction channel into a polyp trap, careful
white light and narrow-band imaging (NBI) inspection of the
polyp defect was performed and further snare resection could
be performed for any residual polyp. After polyp resection was
considered complete macroscopically, quadrantic biopsies
were obtained from the resection margin. Piecemeal resected
polyps could still be considered completely resected histologi-
cally if biopsies of polypectomy margins were free from residual
polyps. Cold snare polypectomy of ≤10mm sessile or flat
polyps could be performed in patients taking antiplatelet or
anticoagulant therapy in accordance with our protocol. Prophy-
lactic placement of hemostatic clips post-polypectomy was not
routinely performed in anticoagulated patients but could be
placed in patients with prolonged immediate bleeding (> 30
seconds) at the discretion of the endoscopist.

Outcome variables

Following the colonoscopy, the endoscopist completed a data
sheet recording the procedure indication, antiplatelet or antic-
oagulant therapy, consultant or trainee performed procedure,
snare type used, size, number and location of polyps resected
and retrieved, the presence of any immediate bleeding, and
whether any hemostatic therapy was performed post-polypec-
tomy. Two weeks following the procedure, patients were re-
viewed either in the clinic or by phone and histopathology re-
sults and any adverse events documented. The primary out-
come of completeness of endoscopic resection was determined

▶ Fig. 1 Traditional and dedicated cold snares.
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from histological examination of the polypectomy specimen
and quadrantic biopsies taken from the margin of the polypec-
tomy site.

Sample size and statistical analyses

The sample size was not determined statistically, but pragmati-
cally set at 100 patients per group as the study was limited not
only by the number of referrals for colonoscopy, and subse-
quent consents, but also by the study duration. As this was a
non-randomized study, and to allow for clustering of polyps
within individuals, the method of Generalized Estimating Equa-
tions, as implemented in SAS® version 9.4, was used to esti-
mate rates of complete resection and their 95% confidence in-
tervals in each group. Two-sided P values are reported for com-
parisons of the groups with the caveat that the study was not a
randomized study; Fisher’s exact test was used for categorical
variables and Student’s t test for continuous variables.

Results
Patients

In total, 200 patients with 347 polyps were initially recruited for
the study (▶Fig. 2). Thirty polyps (27 normal histology, 1 no
base biopsies taken, 2 no follow-up) and 18 polyps (11 normal
histology, 7 concomitant EMR) were excluded from the tradi-
tional snare and dedicated cold snare groups, respectively, so
181 patients with 299 eligible polyps (n =93 (173 polyps) tradi-
tional snare group, n =88 (126 polyps) dedicated cold snare
group) were included in the final analysis. Patient demographic
data is summarized in ▶Table1. There were no associations be-
tween snare-type cohort and gender, age or indication. More

Assessed for eligibility 
(n = 200 patients, n = 347 polyps)

Traditional snare 
(n = 105 patients, 

n = 203 polyps)

Dedicated cold snare 
(n = 95 patients, 
n = 144 polyps)

Traditional snare
(n = 93 patients,                
n = 173 polyps)

Dedicated cold snare 
(n = 88 patients,
n = 126 polyps)

30 excluded polyps                                
▪ 27 normal 
 histology     
▪ 1 no base 
 biopsies
▪ 2 no follow-up 

18 excluded polyps           
▪ 11 normal 
 histology 
▪ 7 concomitant 
 EMR

▶ Fig. 2 Enrolment flow chart.

▶ Table 1 Patient demographic data at baseline, overall and by type of snare.

Overall

n (%)

Snare type P value

Traditional snare

n (%)

Dedicated cold snare

n (%)

Patients 181 93 88

Male gender 115 (64) 60 (65) 55 (63) 0.88

Age, mean (range) 64 (28–89) 65 (29–89) 63 (28–83) 0.34

Indication

▪ Screening/surveillance 125 (69) 64 (69) 61 (69) 1.0

▪ Iron deficiency anemia 18 (10) 8 (9) 10 (11) 0.62

▪ Symptoms 37 (20) 21 (23) 16 (18) 0.58

▪ Other 1 (1) 0 (0) 1 (1) 0.49

Antithrombotic agent used 27 (15) 21 (23) 6 (7) 0.01

▪ Aspirin 17 (9) 13 (14) 4 (5) 0.04

▪ Clopidogrel 1 (1) 0 (0) 1 (1) 0.49

▪ Warfarin 9 (5) 8 (9) 1 (1) 0.04

Proceduralist

▪ Consultant 38 (21) 27 (29) 11 (13) 0.01

▪ Fellow 138 (76) 65 (70) 73 (83) 0.05

▪ Registrar 5 (3) 1 (1) 4 (5) 0.20
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patients in the traditional snare group were taking antithrom-
botic agents (23% vs. 7%, P=0.01) and had a consultant proce-
duralist (P=0.01).

Polypectomy

Polyp characteristics and polypectomy outcomes are shown in

▶Table 2. Significantly more polyps were resected per patient
in the traditional snare group than in the dedicated cold snare
group (2 vs. 1, P=0.01). Mean polyp size was 6mm in both
groups (P=0.25) and there was no statistically significant dif-
ference in size category (≤5mm,≥6mm) between groups.
More polyps in the dedicated cold snare group were located in
the right colon (proximal to splenic flexure) (71% vs. 57%, P=
0.01). The suction pseudopolyp technique was used for 5 (3%)
polyps in the traditional snare group and none in the dedicated
cold snare group. Piecemeal resection was used more frequent-
ly in the traditional snare group than in the dedicated cold
snare group (13% vs. 5%, P=0.03). The rate of successful polyp
retrieval was 100% in both groups.

The complete polyp resection rate was 165/173 (95.4%; 95
%CI 90.5–97.6%) in the traditional snare group and 124/126
(98.4%; 95%CI 93.7–99.6%) in the dedicated cold snare group
(P=0.16). The difference between the snare-type cohorts re-
mained unchanged when adjusted for proceduralist, antith-

rombotic use, and polyp size. There were more sessile serrated
adenomas in the dedicated cold snare group (17% vs. 9%, P=
0.05).

Factors associated with incomplete resection

Univariate analysis showed no association between complete
polyp resection and snare type, resection method (en bloc vs
piecemeal), polyp size, polyp location or proceduralist (▶Table
3). Conversely, polyps with serrated or hyperplastic histology
had a higher rate of incomplete resection compared with ade-
nomatous polyps (7% vs. 2%, P=0.03).

Post-polypectomy adverse events

There was no difference in the rate of immediate post-polypec-
tomy bleeding between groups (▶Table 4). There was one case
of immediate bleeding in the traditional snare group with five
polyps resected on warfarin requiring hemoclips and one case
in the dedicated cold snare group. There were no delayed
post-polypectomy bleeds or perforations in either group.

▶ Table 2 Polypectomy outcomes and histopathology.

Overall

n (%)

Snare type P value

Traditional snare

n (%)

Dedicated cold snare

n (%)

Total polyps 299 173 126

Polyps per patient, mean [SD] 2 [1] 2 [1] 1 [1] 0.01

Polyp size, mean [SD] 6 [2] 6 [2] 6 [2] 0.25

Polyp size

▪ 1–5mm 158 (53) 84 (49) 74 (59) 0.10

▪ ≥6mm 141 (47) 89 (51) 52 (41) 0.10

Polyp location

▪ Right colon1 188 (63) 98 (57) 90 (71) 0.01

▪ Left colon2 111 (37) 75 (43) 36 (29) 0.01

Suction pseudopolyp technique 5 (2) 5 (3) 0 0.08

Piecemeal resection 28 (9) 22 (13) 6 (5) 0.03

Complete resection rate 289/299 (97) 165/173 (95) 124/126 (98) 0.16

Polyp histology

▪ Tubular adenoma 194 (65) 120 (69) 74 (59) 0.07

▪ Tubulovillous adenoma 24 (8) 15 (9) 9 (7) 0.67

▪ Serrated adenoma 36 (12) 15 (9) 21 (17) 0.05

▪ Hyperplastic 45 (15) 23 (13) 22 (17) 0.33

1 Right colon refers to proximal to splenic flexure.
2 Left colon is distal to/and including splenic flexure.
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Discussion
Cold snare polypectomy is rapidly replacing hot snare and biop-
sy forceps as the preferred technique for the removal of colo-
rectal polyps up to 10mm [16, 17]. Cold snare polypectomy re-
duces the risks of delayed bleeding and perforation associated
with electrocautery and is more effective than cold biopsy for-
ceps resection for diminutive polyps [18]. However, over 10% of
sessile polyps may be incompletely resected by snares [7],
which may result in residual polyp regrowth and ultimately pro-
gression to CRC [5]. Dedicated cold snares, with thinner mono-
filament wire and a unique diamond-shaped snare loop, may be
more effective at tissue transection and complete polyp resec-
tion than traditional snares. In this study, we prospectively as-
sessed completeness of endoscopic resection and safety of
cold snare polypectomy of colorectal polyps≤10mm using ei-
ther traditional snares or dedicated cold snares. We found very
high rates of complete resection (95.4% traditional snare vs.
98.4% dedicated cold snare, P=0.16) with both snare types
and an excellent safety profile with no delayed post-polypecto-
my bleeds or perforations.

Significant variability in polypectomy technique exists
amongst endoscopists and there is limited evidence to guide
best practice. Cold snare polypectomy is superior to cold for-
ceps polypectomy for complete resection of small colorectal
polyps (> 3mm) [8, 18, 19]. Hot biopsy forceps are associated
with incomplete polyp resection [20] and increased risk of
deep thermal injury and therefore should be avoided [21]. In
comparison to hot snare polypectomy, cold snare polypectomy
avoids the use of electrocautery and the associated risks of per-
foration and delayed bleeding. Recent studies have compared
dedicated cold snares with traditional snares with respect to
completeness of endoscopic resection and safety. Horiuchi et
al. showed a higher complete resection rate with a dedicated
cold snare (Exacto®, US endoscopy) than with a traditional
cold snare (SnareMaster®, Olympus) (91% vs 79%, P=0.015) in
patients with colorectal polyps ≤10mm [9]. Similarly, Din et al.
found higher complete endoscopic excision with the Exacto®

snare compared to a 0.47mm wire diameter oval Olympus

▶ Table 3 Univariate analysis for predictors of incomplete polyp
resection.

Variable Incomplete

resection

n (%)

Complete

resection

n (%)

P

value

Total polyps 10 289

Snare type

▪ Traditional snare 8 (5) 165 (95) 0.20

▪ Dedicated cold snare 2 (2) 124 (98)

Resection technique

▪ En bloc resection 9 (3) 262 (97) 1.0

▪ Piecemeal resection 1 (4) 27 (96)

Polyp size

▪ 1–5mm 6 (4) 152 (96) 0.75

▪ ≥6mm 4 (3) 137 (97)

Polyp location

▪ Right colon1 4 (2) 184 (98) 0.18

▪ Left colon2 6 (5) 105 (95)

Proceduralist

▪ Consultant 4 (6) 64 (94) 0.24

▪ Fellow/Registrar 6 (3) 225 (97)

Polyp histology

▪ Serrated/hyperplastic 6 (7) 75 (93) 0.03

▪ Adenomatous 4 (2) 214 (98)

1 Right colon refers to proximal to splenic flexure.
2 Left colon is distal to/and including splenic flexure.

▶ Table 4 Adverse events per polypectomy.

Overall

n (%)

Snare type P value

Traditional snare

n (%)

Dedicated cold snare

n (%)

Total polyps 299 173 126

Immediate bleeding1 6 (2) 5 (3) 1 (1) 0.41

Endoscopic therapy

▪ Hemoclip 6 (2) 5 (3) 1 (1) 0.41

Delayed bleeding2 0 0 0 1.0

Perforation 0 0 0 1.0

1 Immediate bleeding defined as prolonged post-polypectomy bleeding (> 30 seconds).
2 Delayed bleeding defined as any significant gastrointestinal bleeding requiring hospital admission or repeat endoscopy within 2 weeks.
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mini snare (90.2% vs 73.3%, P<0.05), without a statistically sig-
nificant difference in complete histological excision (73.3% vs
65.2%, P=0.4), in patients with 3 to 7mm colorectal polyps
[22]. Features of the Exacto® snare which may result in superior
complete polyp resection compared with traditional snares in-
clude a thinner snare wire (0.3mm) and a unique shield shape
of the open snare loop. Both these features may result in more
effective tissue capture and transection than thicker wire (0.40
mm and 0.47mm) traditional snares, therefore increasing the
likelihood of complete cold snare polyp resection.

In comparison to these studies, we found a high complete
polyp resection rate with traditional snares (0.40 or 0.47mm
snare wire diameter; 95.4% complete excision) without diather-
my and with dedicated cold snares (98.4% complete excision),
with no statistically significant difference between the snare
types. The higher rate of complete polyp excision in our study
may reflect correct cold snaring technique. Correct cold snare
polypectomy technique, as recently outlined by Hewett [16],
focuses on securing a 2–4mm margin of normal mucosa
around the polyp prior to transection to ensure complete histo-
logical eradication. Differences in complete polyp excision
rates between studies may also result from differing methods
of determining complete histological excision. In this study,
complete polyp resection was determined by histological ex-
amination of the polypectomy specimen and quadrantic biop-
sies taken from the polypectomy site margin. In the study by
Horiuchi et al. [9], en bloc specimens were mounted on plates
before formalin fixation, which is commonly performed in Ja-
pan, and histological resection was considered complete if ver-
tical and lateral margins were clear of polyp tissue. Din et al.
[22] used indigo carmine to target biopsies from areas of resi-
dual tissue post-polypectomy, as well as the margin and base
using large capacity biopsy forceps. The best method for deter-
mining complete polyp resection is endoscopic mucosal resec-
tion of the polypectomy base; however, this may not be feasible
in all cases and is associated with increased risk of complica-
tions, most notably delayed bleeding and perforation, compar-
ed with biopsies.

This study also showed that polyps with serrated histology
(sessile serrated adenomas or hyperplastic polyps) were asso-
ciated with incomplete resection compared with adenomatous
polyps (7% vs. 2%, P =0.03). In the CARE study, incomplete re-
section of polyps 5 to 20mm in size was greater for sessile ser-
rated adenomas (SSAs) than for conventional adenomas (31%
vs. 7%, P<0.001) [7]. Incomplete resection of SSAs may be
due to their subtle endoscopic appearance including flat mor-
phology, similar color to normal mucosa, clouded surface, ir-
regular shape, and indistinct borders [23]. SSAs are precursors
for sporadic microsatellite unstable CRC, which are located al-
most exclusively in the proximal colon and disproportionately
contribute to interval CRC [24]. Improving the endoscopic re-
cognition and complete resection of SSAs would likely improve
the effectiveness of colonoscopy, particularly in the right colon.
Further studies are needed addressing whether complete re-
section of serrated polyps may be improved by adjunctive tech-
niques such as chromoendoscopy or EMR.

Our study confirms the safety of cold snare polypectomy of
small colorectal polyps. In this study, 6 (2%) polyps in two pa-
tients, one of whom was receiving warfarin therapy, had intra-
procedural bleeding requiring hemostatic clipping and there
were no cases of delayed bleeding or perforation. Variable rates
of immediate bleeding, which are typically clinically insignifi-
cant, have been reported following cold snare polypectomy.
Horiuchi et al. recorded an immediate bleeding rate of 19%
and 21% with dedicated and traditional cold snares, respective-
ly [9]. Other studies have reported no immediate or early
bleeding with cold snare polypectomy [22, 25–27]. Delayed
bleeding or perforation has not been reported in several trials
of cold snare polypectomy [9, 22, 25, 28]. In our study, 15% of
patients underwent cold snare polypectomy on antiplatelet or
anticoagulant medications. In a randomized trial of cold snare
versus hot snare polypectomy in anticoagulated patients with
colorectal polyps≤10mm, cold snare polypectomy resulted in
significantly less immediate bleeding and no cases of delayed
bleeding, whereas 14% of hot snare patients required endo-
scopic hemostasis for delayed bleeding [12]. Cold snare poly-
pectomy is therefore the technique of choice in patients on an-
tithrombotic agents but further randomized trials are needed
to confirm safety.

Limitations to this study include a non-randomized and sin-
gle center study design. However, because blinding of the
endoscopist to the snare type was not possible, randomization
may not have reduced any bias. Furthermore, because tradi-
tional snares were used in 2011 and 2014 and dedicated snares
in 2015, there was potential time bias due to more experience
and improved technique with cold snares in the latter group.
Piecemeal resection of polyps was permitted in this study
when incomplete polyp resection was noted endoscopically.
This was present in 9% of patients overall and was statistically
significantly higher in the traditional snare group than in the
dedicated cold snare group (13% vs. 5%). This may have resul-
ted in a higher complete histological resection rate than if en
bloc resection alone was permitted. However, as polyps up to
10mm were included in this study and because the maximum
open snare sizes of the traditional and dedicated cold snares
were 10mm and 9mm, respectively, it was deemed necessary
in some cases to perform piecemeal resection of larger polyps
in order to achieve a 1–2mm cuff of normal mucosa in the re-
section. The higher complete polyp resection rate (95.4%)
achieved with the traditional snare in this study compared
with previous studies (65.2–79%) [9, 22] may have resulted in
our study being under-powered to detect a statistically signifi-
cant difference in complete resection rates between snare
types.

In summary, this study confirms the efficacy and safety of
cold snares for the complete resection of small (≤10mm) colo-
rectal polyps. Traditional snares and dedicated cold snares had
complete resection rates of 95% and 98%, respectively. Only
polyps with serrated histology, compared with adenomatous
polyps, were associated with higher rates of incomplete resec-
tion. Cold snare polypectomy should be utilized for the resec-
tion of all small colorectal polyps. Improvements in polyp de-
tection, cold snare technique (focusing on ensuring complete
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polyp resection), and endoscopic technology such as dedicated
cold snares, may increase the impact of colonoscopy on the
burden of CRC.
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