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Abstract
Background Incomplete polyp resection (IPR) is recognized as a risk factor for interval colorectal cancer (ICC), and is, therefore,
an important issue in polypectomy. Cold snare polypectomy (CSP) is a procedure that does not involve electrocautery and has no
burn effect. Therefore, there is the possibility that the risk of ICC associated with IPR is higher in cases undergoing CSP than in
those undergoing hot polypectomy. However, little is known about the risk factors for IPR after CSP.
Purpose Precise identification of the risk factors can lead to prevention of IPR after CSP. Therefore, we performed this obser-
vational study for accurate identification of the risk factors for IPR after CSP.
Methods Medical records of a total of 501 patients with 1177 colorectal polyps that were resected at Omori Red Cross Hospital
between October 2017 and March 2018 were retrospectively reviewed. The lateral and deep margins of the resected polyps were
evaluated to check for the resection completeness.
Results Among the 1177 polyp resections, 1163 were included in the final analysis. IPR was detected in 206 (17.7%) cases.
Performance of the resection by a trainee (OR (95% CI) 1.87 (1.328–2.632); P < 0.001) was identified as an independent risk
factor for IPR in patients undergoing CSP.
Conclusions Performance of the polypectomy by a trainee was identified as a significant risk factor for IPR in patients undergoing
CSP. Prospective, randomized studies are necessary in the future to develop effective methods for the prevention/control of IPR
after CSP.

Keywords Colorectal polyps . Cold snare polypectomy . Incomplete polyp resection . Interval colorectal cancer

Introduction

The incidence of colorectal cancer (CRC) continues to in-
crease worldwide [1, 2]. Most cases of CRC originate from
adenomas [3], and their removal has been shown to reduce the
risk of death fromCRC [4]. Therefore, the importance of early
detection and early treatment is growing, and endoscopic re-
moval of all detected colorectal polyps is currently a standard
practice during colonoscopic screening. Hot polypectomy
(HP) and endoscopic mucosal resection (EMR), which

involve the use of electrocautery, are the most commonly per-
formed endoscopic therapies to resect colorectal polyps.
However, there is a major concern about delayed
postpolypectomy bleeding (DPPB) as a complication of HP
and EMR [5–8]. In contrast, cold snare polypectomy (CSP)
does not involve the use of electrocautery and has also been
reported to be superior to conventional HP and EMR in terms
of the procedure time [9, 10]. In addition, several studies have
shown that DPPB is less common after CSP than after con-
ventional polypectomy [11–14]. Therefore, CSP has spread
rapidly in recent years because of its convenience and safety.

Although endoscopic polyp resection is highly efficient in
preventing CRC, the risk of interval colorectal cancer (ICC)
after resection of polyps (HP and EMR) still exists. One of the
main causes for the development of ICC is incomplete polyp
resection (IPR) [15–20]; therefore, IPR is an important issue
after polypectomy. In the cases of HP and EMR, it might be
assumed that even in cases of IPR, the burn effect can prevent,
at least to some extent, local recurrence and ICC. On the other
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hand, CSP does not involve the use of electrocautery and has
no burn effect, and there is the possibility that the risk of local
recurrence and ICC associated with IPR is higher in patients
undergoing CSP than in those undergoing HP or EMR.
Moreover, CSP is also occasionally associated with difficul-
ties in histopathological assessment of the margins of the
resected polyps, which might be related to the tissue damage
that is caused during the suctioning of the resected polyps
through the endoscope channel [12]. IPR after CSP is more
common than that after HP or EMR. Therefore, IPR after CSP
is an important issue in clinical practice.

Although identification of the risk factors for IPR af-
ter CSP is an issue of clinical importance, little is yet
known about the risk factors for IPR after CSP. A recent
study showed that female gender of the patient was an
independent risk factor for IPR after CSP [21]. However,
there is only one study about the risk factors for IPR
after CSP. Precise identification of the risk factors can
lead to prevention of IPR after CSP. Therefore, we per-
formed this observational study in a large study sample
for identifying the risk factors for IPR after CSP.

Methods

Patients

Patients referred and scheduled for screening or surveillance
colonoscopy were enrolled between October 2017 and
March 2018; during this period, 501 patients underwent
CSP at Omori Red Cross Hospital. CSP is indicated for colo-
rectal polyps up to 10 mm in diameter, excluding lesions with
submucosal invasion and lesions suspected as being cancer-
ous at the preprocedural diagnostic evaluation. Narrow-band
imaging, magnifying endoscopy, and chromoendoscopy were
used for the diagnosis. We included all patients who
underwent CSP, including those that were receiving treatment
with multiple antithrombotic agents. However, patients whose
resected polyp specimens could not be retrieved were
excluded.

In this study, we counted each polyp; two or more
polyps resected by the same CSP procedure were count-
ed as two or more polyps. We excluded 14 polyps
(specimen retrieval failure). The study protocol was in
compliance with Declaration of Helsinki and the Ethics
Guidelines for Clinical Research published by the
Ministry of Health, Labour and Welfare, Japan.
Approval for the study was obtained from the Ethics
Committee of Omori Red Cross Hospital on January
11, 2018. The protocol and informed consent forms
were approved by the institutional ethics committee of
Omori Red Cross Hospital.

CSP procedure

Bowel preparation for the procedure was initiated a day prior
to the colonoscopy. Each patient was instructed to consume a
low-residue diet and take 5 mg of oral sodium picosulfate on
the evening before the colonoscopy. On the day of the colo-
noscopy, each patient was given 1500 ml of polyethylene
glycol (PEG). If the stools were not sufficiently clear, an ad-
ditional 500 ml of PEG was given to ensure sufficient bowel
cleaning. In almost all cases, conscious sedation with midazo-
lam (2–5 mg) and pethidine (17.5–35mg) was administered at
the beginning of the procedure. During the procedure, the
blood pressure, heart rate, electrocardiography, and peripheral
oxygen saturation were monitored. Intravenous glucagon or
scopolamine was administered, as needed, to reduce colonic
movements.

A standard or magnifying colonoscope was used in all
cases (CF-H260AZI, PCF-Q260AZI, PCF-Q290AZI, PCF-
H290ZI; Olympus Co., Tokyo, Japan), with carbon dioxide
insufflation. A transparent attachment was used at the tip of
the endoscope. Cecum intubation was verified by identifica-
tion of the appendiceal orifice and ileocecal valve. The loca-
tion, size, and macroscopic type of all the detected lesions
were documented according to the Paris Classification [22].
Retroflexion in the rectum was routinely performed. Polyp
resection was performed with a Snaremaster-Plus (Olympus)
in all cases. Endoscopists were instructed to measure the
polyps using the size of the snare catheter or the snare diam-
eter. All detected colorectal polyps that were up to 10 mm,
except for tiny hyperplastic polyps in the rectum and distal
sigmoid colon, were resected.We usually perform CSP during
the colonoscopy. Every polyp was examined in detail to de-
termine the appropriateness of its resection by CSP. Whether
the lesions were resected by HP (or EMR) or CSP was left to
the judgment of experts. At our hospital, we usually undertake
these steps as a routine in daily clinical practice. The CSP was
performed on either an outpatient or inpatient basis. All pa-
tients were started on a regular diet from the evening on the
day of the CSP.

Data analysis and definition of IPR after CSP
The polyps were categorized according to the pathological

margin status after CSP into the negative-margin group,
unclear-margin group, or positive-margin group (Fig. 1).
Cases where both the lateral and deep margins were free of
dysplastic cells were classified into the negative-margin
group. Cases where it was unclear whether resection margins
were involved or not were classified into the unclear-margin
group. Cases where either or both the lateral margin and deep
margin contained dysplastic cells were classified into the
positive-margin group. Finally, complete resection (CR)
group was defined as resection of the lesion with a patholog-
ical negative margin [23]. Cases of the unclear-margin group
and positive-margin group were classified into the IPR group.
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The primary endpoint was identification of the risk factors
for IPR after CSP. To investigate the potential risk factors for
IPR after CSP, we investigated the age, sex, polyp location,
polyp diameter (< 6 mm/≥ 6 mm), morphology, histopatholo-
gy, presence/absence of DPPB, presence/absence of immedi-
ate bleeding, antithrombotic agent therapy (present/absent),
endoscopist’s experience (expert/trainee), and the frequency
of IPR after CSP. We used a polyp diameter of 6 mm as the
cutoff, based on a previous report [21]. DPPBwas defined as a
fall in the hemoglobin level by at least 2 g/dl below the most
recent preoperative level, or necessitation of endoscopic he-
mostasis and/or blood transfusion, and/or massive melena [24,
25]. Prophylactic clipping after polyp removal was not rou-
tinely performed; however, hemostatic clipping was carried
out during the procedure for immediate bleeding. Spurting
or oozing that continued for more than 30 s was defined as
immediate bleeding necessitating hemostatic clipping [26].
This definition was used to avoid the potential for a biased
assessment of immediate bleeding. Experts were defined as
endoscopists with experience of ≥ 500 colonoscopies and
trainees were defined as endoscopists with experience of <
500 colonoscopies. We used the cutoff value for endoscopy
experience of 500 colonoscopies, based on a previous report
that experience of at least 500 colonoscopies was probably
required to ensure reliable independent completion rates [27].

Statistical analysis

The results are presented as means or medians (± standard
deviation or range) for the quantitative data, and as frequen-
cies (percentage) for the categorical data. Categorical data
were analyzed by the χ2 test or Fisher’s exact test, as appro-
priate. Data showing normal distribution were compared by
the t test, and those showing non-normal distribution were
compared by theMann-WhitneyU test, to assess the statistical
significance of differences. P < 0.05 was considered as

denoting statistical significance. Multivariate analyses were
performed using the risk factors that were identified as being
significant by the univariate analyses. All statistical analyses
were carried out using SPSS statistics, version 18 (SPSS,
Chicago, IL, USA).

Results

Study flow

We performed CSP in 501 patients (516 CSP procedures,
1177 polyps) at Omori Red Cross Hospital between October
2017 and March 2018. We excluded 14 polyps (specimen
retrieval failure), and data of 1163 polyp resections were in-
cluded in the final analysis (Fig. 1). Depending on the patho-
logical margin status after CSP, the polyps were divided into
three groups: the negative-margin group (957 polyps), the
unclear-margin group (205 polyps), and the positive-margin
group (1 polyp). The 957 polyps of the negative-margin group
were classified into the CR group, while the remaining 206
polyps (including 205 of the unclear-margin group and 1 of
the positive-margin group) were classified into the IPR group.
The rate of IPR after CSP was 17.7% (206/1163).

Patient characteristics

The clinical characteristics of the patients are presented in
Table 1. The total number of patients was 501, and the mean
age ± SD of the patients was 69.1 ± 8.2 years. In all, 109
patients were receiving antithrombotic therapy: the indication
was ischemic heart disease in 22.9% of patients, atrial

Table 1 Clinical characteristics of the patients

Characteristics of the patients

Number of patients 501

Sex (M:F) 310:191

Age (mean ± SD) 69.1 ± 8.2

Patients receiving antithrombotic agents 109

Antiplatelet agents 49

Warfarin 9

DOAC 26

Multiple antithrombotic agents 25

Indication for use of antithrombotic agents

Ischemic heart disease 25 (22.9%)

Atrial fibrillation 32 (29.4%)

Cerebrovascular disease 31 (28.4%)

As preventive medication 21 (19.3%)

CSP, cold snare polypectomy; DOAC, direct oral anticoagulants

Fig. 1 Study flow. A total of 1163 colorectal polyps were included in this
analysis
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fibrillation in 29.4% of patients, cerebrovascular events in
28.4% of patients, and as preventive medication in 19.3% of
patients.

Characteristics of the colorectal polyps

The characteristics of the colorectal polyps are presented in
Table 2. The total number of polyps resected was 1177 and the
number of lesions that were included in the final analysis was
1163. In all, 86 (7.4%) of the resected polyps were located in
the rectum. The mean polyp size was 4.58 ± 1.81 mm, and the
predominant morphological type was the type IIa morpholo-
gy. There was only case of piecemeal resection. Of the total,
276 (23.7%) polyps were resected by trainees, and 887

(76.3%) polyps were resected by experts. The rate of imme-
diate bleeding during CSP was 5.4% (63/1163); however,
there were no cases of DPPB in this study. With regard to
the histopathology, 992 (85.3%) of the resected polyps (the
majority) were low-grade adenomas. There was no case of
carcinoma (0%) in this study. A total of 206 polyps (including
205 of the unclear-margin group and 1 of the positive-margin
group) were classified into the IPR group.

Factors associated with IPR after CSP

The results of univariate analysis and multivariate analysis
performed to identify the risk factors for IPR after CSP are
presented in Table 3. The IPR group included 206 polyps, and
the CR group included 957 polyps. Of the 206 cases of IPR
after CSP, 82 polyps (39.8%) were resected from patients who
were ≥ 75 years old (P = 0.034). Among the polyps of the
protruded morphology type, IPR occurred in 89 cases (P =
0.026). With regard to the influence of the endoscopist’s ex-
perience, the rate of IPR was higher in the polyp resections
performed by trainees than in those performed by experts.
There were no significant differences in any of the other var-
iables (sex, location of the polyps, polyp diameter, proportion
of patients receiving antithrombotic agent therapy, histopa-
thology, proportion of patients with immediate bleeding) be-
tween the CR and IPR groups.

We also performed multivariate analysis using the risk fac-
tors that were identified as being significant by the multivar-
iate analysis. Multivariate analysis identified performance of
the CSP by trainees (OR (95% CI) 1.87 (1.328–2.632);
P < 0.001) as an independent risk factor for IPR.While patient
age is ≥ 75 years and the protruded morphology type were
identified as significant factors by univariate analysis, and
therefore considered as potential risk factors for IPR, multi-
variate failed to confirm these as significant independent risk
factors for IPR.

Discussion

IPR is a risk factor for ICC, even in cases of HP and EMR
[15–20]. Therefore, there is the possibility that the risk of local
recurrence and ICC associated with IPR is higher in cases
undergoing CSP than in those undergoing HP or EMR, since
CSP does not involve the use of electrocautery and has no
burn effect. CSP has spread rapidly in recent years and it is
expected that the number of CSP cases will continue to in-
crease. Therefore, IPR after CSP is an important issue in clin-
ical practice. This study, conducted in a consecutive series of
over 1000 polypectomies, showed that performance of the
procedure by trainees was an independent risk factor for IPR
after CSP.

Table 2 Clinical characteristics of colorectal polyps resected by CSP in
the total sample

Characteristics of the polyps

Number of polyps (resected: 1177) 1163

Polyp location

Colon 1077 (92.6%)

Rectum 86 (7.4%)

Polyp diameter, mm (mean ± SD) 4.58 ± 1.81

Morphology type

Is 343 (29.5%)

Isp 80 (6.9%)

IIa 740 (63.6%)

Type of resection

En bloc 1162 (99.9%)

Piecemeal 1 (0.1%)

Number of polyps resected by endoscopists’ experience

Trainees 276 (23.7%)

Experts 887 (76.3%)

Immediate bleeding

Yes 63 (5.4%)

Prophylactic clipping

Yes 70 (6.1%)

DPPB

Yes 0 (0%)

Histopathology

Low-grade adenoma 992 (85.3%)

High-grade adenoma 2 (0.1%)

Hyperplastic polyp 110 (9.5%)

SSA/P 59 (5.1%)

Carcinoma 0 (0%)

Pathological margin

Negative 957 (82.3%)

Unclear 205 (17.6%)

Positive 1 (0.1%)

CSP, cold snare polypectomy; DPPB, delayed post polypectomy bleed-
ing; SSA/P, sessile serrated adenoma/polyp
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Several studies have addressed about the association be-
tween the learning curve and proficiency of colonoscopy in
trainee fellows. Lee et al. [28] reported that experience of a
minimum of 150 colonoscopies is required to ensure reliable
completion rates. Another study suggested that competence in
diagnostic colonoscopy in a trainee fellow group requires ex-
perience of more than 500 colonoscopies [27]. Concerning the
adenoma detection rate (ADR), the ADR increased markedly
with the level of training [29]. In addition, several studies have
addressed the association between the skill level for
polypectomy and experience in colonoscopy for trainee fel-
lows. Choi et al. [30] reported that the resection completeness
of polyps depended on the experience level of the endoscopist
in the trainee fellow group, and as the number of procedures
increased, a higher rate of CR was achieved. In the trainee
fellow group, inadequate experience in the procedure was
closely associated with poor polypectomy outcomes, which

could be attributed to their overall poor skills in polypectomy
owing to factors such as lack of adequate familiarity with the
manipulation of the scope, snare, and determination of the
cutting plane of the snare, resulting in their inability to secure
an adequate margin [31]. Choi et al. [30] reported that such
limitations of trainee fellows could be overcome by accumu-
lated cumulative experience. These findings support the need
for adequate education and supervision by expert
endoscopists to ensure proficiency of trainees in endoscopic
procedures, and suggest that trainee endoscopists might re-
quire careful and close attention before he/she acquires ade-
quate skill to achieve CR [32]. Considerable training and ex-
perience are required for optimal performance of
polypectomy, including securing adequate resection margins.
Therefore, endoscopic quality improvement programs should
include training for improving polypectomy completeness,
besides increasing the ADRs, because CR rates could be

Table 3 Univariate and
multivariate analysis performed to
identify the risk factors for IPR
after CSP

Univariate analysis Multivariate analysis

IPR group CR group P value OR (95% CI) P value

Number of polyps (= 1163) 206 957

Age (years) 0.034 1.33 (0.967–1.828) NS

≥75 82 (39.8%) 305 (31.9%)

<75 124 (60.2%) 652 (68.1%)

Sex NS

Male 134 (65.0%) 636 (66.5%)

Female 72 (35.0%) 321 (33.5%)

Location NS

Rectum 17 (8.3%) 69 (7.2%)

Colon 189 (91.7%) 888 (92.8%)

Polyp diameter (mm) NS

≥6 mm 53 (25.7%) 232 (24.2%)

<6 mm 153 (74.3%) 725 (75.8%)

Morphology 0.026 1.20 (0.868–1.669) NS

Protruded (0-Is, Isp, Ip) 89 (43.2%) 334 (34.9%)

Superficial, elevated (0-IIa) 117 (56.8%) 623 (65.1%)

Antithrombotic agents NS

Present 55 (26.7%) 206 (21.5%)

Absent 151 (73.3%) 751 (78.5%)

Endoscopists’ experience < 0.001 1.87 (1.328–2.632) < 0.001

Trainees 73 (35.4%) 203 (21.2%)

Experts 133 (64.6%) 754 (78.8%)

Histopathology NS

Adenoma 169 (82.0%) 825 (86.2%)

Hyperplastic polyp, SSA/P 37 (18.0%) 132 (13.8%)

Immediate bleeding NS

Yes 15 (7.3%) 48 (5.0%)

No 191 (92.7%) 909 (95.0%)

IPR, incomplete polyp resection; CSP, cold snare polypectomy; CR, complete resection; NS, not significant; SSA/
P, sessile serrated adenoma/polyp
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improved by practice and IPR is associated with the occur-
rence of ICC [15, 20]. It is desirable to conduct a prospective
study in the future to determine whether fellowship education
and supervision could change the outcomes of polypectomy.

In this study, we achieved a good total CR rate with a
negative pathological margin (82.3%) and there were no
cases of carcinoma (0%). Each polyp resected by CSP
was examined in detail to determine the appropriateness
of its resection. Whether the polyp resection was per-
formed by HP (or EMR) or CSP was left to the judgment
of experts. If carcinoma was suspected, the polyps were
resected by HP or EMR, and not by CSP. We were able
to diagnose correctly; this may have influenced the good
results obtained in respect of the histopathology and the
pathological margin.

The definition of CR and IPR is not standardized. In this
study, CR was defined by histological examination of the
polypectomy specimens, and we used a tumor-free condition
of the horizontal margins of the resected specimen as deter-
mined by histopathology as our definition of CR of a polyp
after CSP. Cases with an unclear-margin and positive-margin
were classified into the IPR group. It is possible that some of
the cases with an unclear margin actually had a clear margin
(CR group). Dwyer et al. [33] reported performance of addi-
tional biopsies from the polypectomy site as a method for
assessing the completeness of endoscopic resection.
Matsuura et al. [21] reported that the best method for deter-
mining the completeness of polyp resection is EMR of the
polypectomy base. However, additional biopsy or additional
EMR from the CSP site may not be feasible in all cases of CSP
and would be associated with an increased risk of complica-
tions, most notably DPPB and perforation. In addition, the
advantage of the CSP procedure is its convenience, and addi-
tional biopsy or EMR would increase the complexity of the
procedure. Although the muscularis shrinks after
polypectomy and it is difficult for the pathologist to accurately
identify the resection margin after CSP, histopathological de-
termination of a negative resection margin for assessing CR is
a more popular and acceptable method in routine clinical prac-
tice. Japanese pathologists are trained to examine the lateral
margins of all polyps and to report the results of completeness
of polyp resection. The pathologists at our hospital are also
experienced in determining the margin status and we believe
that we are able to maintain a high quality. In regard to the
deep margins, we inspected the resultant wound carefully in
all cases to confirm that there was no residual lesion after the
CSP. Tutticci et al. [34] reported that the protrusions within the
cold snare defect (CSDPs) do not represent vascular struc-
tures, do not contain residual polyps, and are not associated
with adverse outcomes in short-term follow-up. It is signifi-
cant that the CSDPs did not represent residual polyps or tumor
components. Therefore, we believe that the resections were
complete.

There were several limitations of this study. First, this study
was a retrospective review conducted at a single center; how-
ever, it had the advantage of a large sample size. Second, there
was no randomization protocol between the trainees and ex-
perts. However, there were a sufficient number of polyp re-
sections included in the present study and multivariate analy-
sis identified performance of the procedure by trainees as an
independent risk factor for IPR after CSP. Therefore, the char-
acteristics of the polyps might not have had any influence on
our results. Taking into consideration these limitations, we
propose to conduct a prospective, multicenter, randomized
controlled trial to confirm our results. Third, we have not
followed up the patients to identify local recurrence or ICC
after IPR. Therefore, it cannot be mentioned whether IPR after
CSP is actually a risk factor for local recurrence or ICC.
However, previous studies have shown that IPR is one of
the main causes for predisposing to the development of ICC
[15–20]. In addition, the main objective of this study was not
to investigate the rate of local recurrence or ICC incidence in
the IPR cases—it was accurate identification of the risk factors
for IPR after CSP, and main outcome was risk factors for IPR
after CSP. We would like to perform another long-term fol-
low-up study to determine the rate of local recurrence rate and
ICC incidence in the cases of IPR after CSP in the future.

In conclusion, our results indicated that performance of
CSP by trainees was a significant risk factor for IPR after
CSP. IPR is recognized as a risk factor for the development
of ICC, and the issue of IPR is therefore of great clinical
significance. Adequate education and supervision by expert
endoscopists to ensure proficiency of the trainees in the per-
formance of endoscopic procedures are necessary for improv-
ing trainee’s skills. Prospective, randomized studies are nec-
essary in the future to develop effective methods for the
prevention/control of IPR after CSP.

Acknowledgments The authors would like to thank the staff of the par-
ticipating institutions for their support in recruiting eligible patients, and
also the patients who participated in this study.

Author contributions JA, HC, TH, TG, and AN conceived the study. JA,
KA, JT, TN, HK, and MN performed the CSP. JA and RF recruited the
study participants. Analysis and interpretation of the data was conducted
by JA, NM, and HC. All the authors have read the final manuscript and
approve of its submission for publication.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A
(2015) Global cancer statistics, 2012. CA Cancer J Clin 65:87–108

1568 Int J Colorectal Dis (2019) 34:1563–1569



2. Anderson WF, Umar A, Brawley OW (2003) Colorectal carcinoma
in black and white race. Cancer Metastasis Rev 22:67–82

3. Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger AC,
Leppert M, Smits AMM, Bos JL (1988) Genetic alterations during
colorectal-tumor development. N Engl J Med 319:525–532

4. Zauber AG, Winawer SJ, O’Brien MJ et al (2012) Colonoscopic
polypectomy and long-term prevention of colorectal-cancer deaths.
N Engl J Med 366:687–696

5. Levin TR, ZhaoW, Conell C, Seeff LC,Manninen DL, Shapiro JA,
Schulman J (2006) Complications of colonoscopy in an integrated
health care delivery system. Ann Intern Med 145:880–886

6. Watabe H, Yamaji Y, Okamoto M, Kondo S, Ohta M, Ikenoue T,
Kato J, Togo G, Matsumura M, Yoshida H, Kawabe T, Omata M
(2006) Risk assessment for delayed hemorrhagic complication of
colonic polypectomy: polyp-related factors and patient-related fac-
tors. Gastrointest Endosc 64:73–78

7. Sonnenberg A (2012) Management of delayed postpolypectomy
bleeding: a decision analysis. Am J Gastroenterol 107:339–342

8. Choung BS, Kim SH, Ahn DS, Kwon DH, Koh KH, Sohn JY, Park
WS, Kim IH, Lee SO, Lee ST, Kim SW (2014) Incidence and risk
factors of delayed postpolypectomy bleeding: a retrospective cohort
study. J Clin Gastroenterol 48:784–789

9. Ichise Y, Horiuchi A, Nakayama Y, Tanaka N (2011) Prospective
randomized comparison of cold snare polypectomy and conven-
tional polypectomy for small colorectal polyps. Digestion 84:78–81

10. Fujiya M, Sato H, Ueno N, Sakatani A, Tanaka K, Dokoshi T,
Fujibayashi S, Nomura Y, Kashima S, Gotoh T, Sasajima J,
Moriichi K, Watari J, Kohgo Y (2016) Efficacy and adverse events
of cold vs. hot polypectomy: a meta-analysis. World J Gastroenterol
22:5436–5444

11. Aslan F, Camci M, Alper E, Akpinar Z, Arabul M, Celik M, Unsal
B (2014) Cold snare polypectomy versus hot snare polypectomy in
endoscopic treatment of small polyps. Turk J Gastroenterol 25:279–
283

12. Takeuchi Y, Yamashina T, Matsuura N, Ito T, Fujii M, Nagai K,
Matsui F, Akasaka T, Hanaoka N, Higashino K, Iishi H, Ishihara R,
Thorlacius H, UedoN (2015) Feasibility of cold snare polypectomy
in Japan: a pilot study. World J Gastrointest Endosc 7:1250–1256

13. Paspatis GA, Tribonias G, Konstantinidis K et al (2011) A prospec-
tive randomized comparison of cold vs hot snare polypectomy in
the occurrence of postpolypectomy bleeding in small colonic
polyps. Color Dis 13:345–348

14. Yamashina T, Fukuhara M, Maruo T et al (2017) Cold snare
polypectomy reduced delayed postpolypectomy bleeding com-
pared with conventional hot polypectomy: a propensity score-
matching analysis. Endosc Int Open 5:E587–E594

15. FarrarWD, SawhneyMS, NelsonDB, Lederle FA, Bond JH (2006)
Colorectal cancers found after a complete colonoscopy. Clin
Gastroenterol Hepatol 4:1259–1264

16. Pabby A, Schoen RE,Weissfeld JL, Burt R, Kikendall JW, Lance P,
Shike M, Lanza E, Schatzkin A (2005) Analysis of colorectal can-
cer occurrence during surveillance colonoscopy in the dietary polyp
prevention trial. Gastrointest Endosc 61:385–391

17. Singh H, Nugent Z, Mahmud SM, Demers AA, Bernstein CN
(2010) Predictors of colorectal cancer after negative colonoscopy:
a population-based study. Am J Gastroenterol 105:663–673

18. Brenner H, Chang-Claude J, Seiler CM, Hoffmeister M (2012)
Interval cancers after negative colonoscopy: popularion-based
case-control study. Gut 61:1576–1582

19. Huang Y, Gong W, Su B, Zhi F, Liu S, Jiang B (2012) Risk and
cause of interval colorectal cancer after colonoscopic polypectomy.
Digestion 86:148–154

20. Robertson DJ, Lieberman DA, Winawer SJ, Ahnen DJ, Baron JA,
Schatzkin A, Cross AJ, Zauber AG, Church TR, Lance P,
Greenberg ER, Martínez ME (2014) Colorectal cancers soon after
colonoscopy: a pooled multicohort analysis. Gut 63:949–956

21. Matsuura N, Takeuchi Y, Yamashina T et al (2017) Incomplete
resection rate of cold snare polypectomy: a prospective single-arm
observational study. Endoscopy 49:251–257

22. Participants in the Paris Workshop (2003) The Paris endoscopic
classification of superficial neoplastic lesions: esophagus, stomach,
and colon-November 30 to December 1, 2002. Gastrointest Endosc
58:3–43

23. Horiuchi A, Hosoi K, KajiyamaM, Tanaka N, SanoK, GrahamDY
(2015) Prospective, randomized comparison of 2 methods of cold
snare polypectomy for small colorectal polyps. Gastrointest Endosc
82(4):686–692

24. Tajiri H, Kitano S (2004) Complication associated with endoscopic
mucosal resection: definition of bleeding that can be viewed as
accidental. Dig Endosc 16(Suppl 1):S134–S136

25. Arimoto J, Higurashi T, Chiba H, Misawa N, Yoshihara T, Kato T,
Kanoshima K, Fuyuki A, Ohkubo H, Goto S, Ishikawa Y,
Tachikawa J, Ashikari K, Nonaka T, Taguri M, Kuriyama H,
Atsukawa K, Nakajima A (2018) Continued use of a single anti-
platelet agent does not increase the risk of delayed bleeding after
colorectal endoscopic submucosal dissection. Dig Dis Sci 63:218–
227

26. Horiuchi A, NakayamaY, KajiyamaM, TanakaN, SanoK, Graham
DY (2014) Removal of small colorectal polyps in anticoagulated
patients: a prospective randomized comparison of cold snare and
conventional polypectomy. Gastroinetest Endosc 79:417–423

27. Bret J, Mark B, Patrick R et al (2010) Colonoscopy training in
gastroenterology fellowships: determining competence.
Gastrointest Endosc 71:319–324

28. Lee SH, Chung IK, Kim SJ, Kim JO, Ko BM, Hwangbo Y, Kim
WH, Park DH, Lee SK, Park CH, Baek IH, Park DI, Park SJ, Ji JS,
Jang BI, Jeen YT, Shin JE, Byeon JS, Eun CS, Han DS (2008) An
adequate level of training for technical competence in screening and
diagnostic colonoscopy: a prospective multicenter evaluation of the
learning curve. Gastrointest Endosc 67:683–689

29. Peters SL, Hasan AG, Jacobson NB, Austin GL (2010) Level of
fellowship training increases adenoma detection rates. Clin
Gastroenterol Hepatol 8:439–442

30. Choi JM, Lee C, Park JH, Oh HJ, Hwang SW, Chun J, Koh SJ, Im
JP, Kim JW, Kim JS, Kim BG, Lee KL (2015) Complete resection
of colorectal adenomas: what are the important factors in fellow
training? Dig Dis Sci 60:1579–1588

31. Woodward TA, Heckman MG, Cleveland P, de Melo S, Raimondo
M, Wallace M (2012) Predictors of complete endoscopic mucosal
resection of flat and depressed gastrointestinal neoplasia of the co-
lon. Am J Gastroenterol 107:650–654

32. Training C, Sedlack RE, Shami VM et al (2012) Colonoscopy core
curriculum. Gastointest Endosc 76:482–490

33. Dwyer JP, Tan YC, Urquhart P et al (2017) A prospective compar-
ison of cold snare polypectomy using traditional or dedicated cold
snares for the resection of small sessile colorectal polyps. Endosc
Int Open 05:E1062–E1068

34. Tutticci N, Burqess NG, Pellise M, et al (2015) Characterization
and significance of protrusions in the mucosal defect after cold
snare polypectomy. Gastrointest Endosc 82:523–8

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Int J Colorectal Dis (2019) 34:1563–1569 1569


	Risk factors for incomplete polyp resection after cold snare polypectomy
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Patients
	CSP procedure
	Statistical analysis

	Results
	Study flow
	Patient characteristics
	Characteristics of the colorectal polyps
	Factors associated with IPR after CSP

	Discussion
	References


