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Abstract

Background

Factors associated with efficacy and safety of cold snare polypectomy (CSP) are not well
established. The aim is to elucidate the predictors of RO resection and immediate bleeding
of CSP.

Methods

We retrospectively reviewed a database of patients who underwent CSP for subcentimetric
polyps at the University of Tokyo Hospital in Japan. Using the data regarding the character-
istics of patients and polyps, such as location, size, and macroscopic appearance; use of
narrow band imaging with magnification (NBI-M); and endoscopists’ experience, we
revealed the predictive factors associated with RO resection and immediate post-CSP
bleeding by univariate and multivariate analyses.

Results

In total, 399 polyps, in 200 patients without antithrombotics, were removed. Failure of tissue
retrieval was noted in 4% of resected lesions. There was no intramucosal carcinoma
observed. The overall rate of RO resection was 46%. Multivariate analysis elucidated that
the observation of the polyp with NBI-M was an independent predictor associated with RO
resection (odds ratio [OR] 1.90; p = 0.024). Although immediate post-CSP bleeding
occurred in 19 polyps (4.8%), no delayed bleeding or perforation was observed. Multivariate
analysis revealed protruded lesion as an independent risk factor forimmediate bleeding
(OR 3.54; p=10.018).
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Conclusions

A higher rate of RO resection with CSP can be achieved by performing colonoscopy with
NBI-M, than with white-light imaging. Macroscopic protruding appearance of a polyp is a risk
factor forimmediate bleeding.

Introduction

Colorectal cancer (CRC) is a fatal cancer that ranks fourth around the world, and second in
Japan, in mortality among all malignant disorders.[1,2] Colonoscopy is associated with a
reduced incidence and mortality of CRC, and endoscopic polypectomy at the time of colonos-
copy has become effective in interrupting the progression of the adenoma-carcinoma
sequence, consequently preventing death from CRC.[3-6]

As for endoscopic polypectomy, a RO resection of polyps should be performed, since
incomplete resection is considered to account for 19% to 30.8% of interval CRC.[7-9] In addi-
tion, polypectomy carries a definite risk of complications, such as bleeding or perforation.
[3,10] Thus, it is desirable for the therapeutic procedure of polypectomy to provide the high
RO resection rate and safety.

Previous studies have revealed that most polypectomies are performed for subcentimetric
(< 10 mm) lesions, which represent over 80% of all polyps, and recently, the high efficacy and
safety of cold polypectomy without electrocautery current for subcentimetric polyps has been
reported.[11] In general, cold polypectomy consists of cold forceps polypectomy (CFP) and
cold snare polypectomy (CSP). CSP has been determined to be superior to CFP in the RO
resection rate of small colorectal polyps.[12,13] Additionally, there are few complications, such
as delayed bleeding or perforation, after CSP.[11,14-16] Thus, CSP is a safe and reliable tech-
nique for the treatment of diminutive and small colorectal polyps.

Although high RO resection rates were achieved in prospective trials in which the histologic
eradication was assessed by biopsy samples from the edge of resected polys or by endoscopic
mucosal resection of the polypectomy site, only 59% of the neoplastic lesions removed by CSP
were classified as horizontal margins (HMs) 0 (i.e., no tumor identified at the lateral margin)
in the conventional histologic evaluation method of clinical practice.[12,13,17,18] It also
should be noted that several studies reported immediate bleeding following lesion removal,
requiring endoscopic hemostasis.[11,18]

Therefore, the knowledge of the factors that lead to incomplete resection and complications
is significant; however, the evaluation of factors associated with efficacy and safety of CSP is
deficit. Accordingly, we conducted a retrospective study to elucidate the predictive factors of
RO resection and complications of CSP for subcentimetric lesions.

Materials and methods
Study design, setting, and participants

We retrospectively identified patients who underwent colorectal CSP for a subcentimetric
polyp at the University of Tokyo Hospital in Japan, from December 2013 to November 2014.
Data was collected from an endoscopic database, which is a searchable collection of records
into which endoscopists prospectively add data after the procedure. CSP was not performed
for lesions with suspected carcinomas, based on endoscopic assessments. CSP was not per-
formed without the cessation of antithrombotic agents. This study complied with the
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Declaration of Helsinki. The design was approved by the ethics committee of The University
of Tokyo (approval number 2058). This study was a retrospective observational study, and
informed consent to participate was carried out by the opt-out method of our hospital website.
Patient information was anonymized and deidentified before analysis.

Procedures

Colonoscopy was performed using electronic video endoscopes (type PCF-2401I, PCF-Q260AI,
or PCF-PQ260L; Olympus Optical, Tokyo, Japan) or a magnifying electronic video endoscope
(PCF-Q260AZI; Olympus Optical, Tokyo, Japan). The prediction of polyp histopathology was
performed with or without magnification to determine the indication for CSP.[19,20] We also
evaluated the lateral expanse of the lesion with white light imaging (WLI) and NBI (Fig 1).
Bowel preparation was performed using a 2-L polyethylene glycol electrolyte lavage solution.
Additionally, CSP was performed using a single-use oval snare, with a loop width of 13 mm
(Rotatable snare; Boston Scientific, Natick, MA, USA), without electrocautery.[21] Subse-
quently, the transected polyp was retrieved through the colonoscopic suction channel, into the
gauze placed over the suction port. To maintain a non-neoplastic mucosal margin for poly-
pectomy, we captured the polyp with 1 mm to a few mm of surrounding normal tissue located
around the lesion. Colorectal polyps up to 9 mm, without suspected carcinomas, were
removed by CSP if the polyps could be easily captured with the surrounding normal tissue.
For polyps that we could not technically resect using the extended resection method, such as
polyps at the strong bending or fixed location, we performed CFP or endoscopic mucosal
resection (EMR). In our institution, hot snare polypectomy (HSP) was not routinely per-
formed. Polyps of 10mm or larger, or suspected carcinomas were resected by EMR or

Fig 1. Qualitative and quantitative evaluation of colonic polyp with WLI (A), NBI (B) and NBI-M (C, D, and E).

https://doi.org/10.1371/journal.pone.0213281.g001
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endoscopic submucosal dissection. Following CSP, the polypectomy ulcer was rinsed by force-
ful irrigation with water, and to confirm the endoscopic complete resection of the polyp.
Hemostatic clipping was carried out during the procedure for immediate bleeding, and hemo-
stasis was obtained in all patients at the end of colonoscopy. The retrieved specimens were
immersed in 20% formalin without pinning on a plate. After fixation, the specimens were
embedded in paraffin blocks. Single largest section was prepared from each specimen and then
examined using standard hematoxylin and eosin staining. Thereafter, the success of histologic
eradication was judged by performing a histologic diagnosis, determined according to the cri-
teria from the World Health Organization.

All patients who underwent CSP visited our hospital two weeks after procedure to be
informed of the histopathological results from the polyps that were removed. At the same
time, they were interviewed for post-CSP complications, including bleeding and perforation.
For patients who complained of equivocal symptoms, the presence of progressive anemia was
investigated by performing a blood test, as necessary.

Parameters

All required variables (i.e., characteristics of patients, characteristics of polyps such as location,
size, and macroscopic appearance); use of NBI-M (i.e., narrow-band imaging with magnifica-
tion); and details on the endoscopists’ experience were collected from a recorded colonoscopic
database, into which endoscopists prospectively input data following the completion of endos-
copies. The polyp location was categorized as either right side (i.e., cecum, ascending colon, or
transverse colon) or left side (i.e., descending colon, sigmoid colon, or rectum). The size of
each polyp was determined using a 13-mm snare for CSP, or the opening width of the biopsy
forceps (FB-240U; Olympus Optical, Tokyo, Japan). The polyp size was classified as either
diminutive (i.e., ] mm to 5 mm) or small (i.e., 6 mm to 9 mm).[22] The macroscopic appear-
ance was classified as either superficial or protruded, according to the Paris classification.[23]
Use of NBI-M was identified by the colonoscope information and endoscopic images. CSP
was performed by 21 endoscopists, including eight experts with experience of > 3,000 colonos-
copies, and 13 non-experts.[24]

Outcome measures

We assessed the RO resection or CSP-related complications including post-CSP bleeding and
perforation. RO resection was defined as en bloc resection with histologically assessed clear
margins[25]. One experienced pathologist, who was blinded to the endoscopic findings, re-
evaluated the horizontal margins of all of the polyp specimens in this study. For the purpose of
this study, post-CSP bleeding includes immediate bleeding and delayed bleeding.[26] Immedi-
ate bleeding that required hemostatic clipping was defined as spurting or oozing that contin-
ued after resection for more than 30 seconds, while delayed bleeding was defined as bleeding
within two weeks after CSP, requiring endoscopic intervention.

Statistics

Predictive factors for RO resection and post-CSP bleeding were evaluated by univariate analysis
using Pearson’s Chi-squared test or Fisher’s exact test as appropriate. Logistic regression analy-
sis was used to estimate crude and adjusted odds ratios (OR) and 95% confidence intervals
(CI). As for post-CSP bleeding, 19 bleeding events allowed for the analysis of two variables at
most in multiple analyses, and then we entered only variables with a univariate significance of
P < 0.2 into the multivariate analysis.[27] P-values < 0.05 were considered significant. We did
not perform sample estimation because our study was strongly based on a descriptive and
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exploratory design. All data were statistically analyzed using STATA version 13 software (Sta-
taCorp, College Station, TX, USA).

Results
Patient and polyp characteristics

During the study period, 2042 subcentimetric lesions were resected (CSP, 399 lesions; CFP,
410 lesions; EMR, 1233 lesions). CSP was attempted in 200 patients (male, 72%; mean age, 65
y; range, 32-89 y) (Table 1). CSP procedures in 77 (39%) of the patients were performed by
non-experts, while experts performed CSP in 123 (61%) of the patients. No one was undergo-
ing antithrombotic therapy at the time of procedure. The major indication for colonoscopy
was surveillance (i.e., post-polypectomy or post-colorectal cancer resection). In total, 399 sub-
centimetric lesions were resected by CSP (Table 2). Of these, 182 (46%) were located in the left
side of colon, and 355 (89%) were diminutive. Two hundred and twenty-three (56%) were
superficial/elevated (0-IIa), 167 (42%) were protruded/sessile (0-Is), and eight (2%) were pro-
truded/pedunculated (0-Ip). NBI-M was performed for 75 (19%) lesions. Retrieval was unsuc-
cessful in 15 (4%) of resected lesions. Histologically, the majority of polyps evaluated were
adenomatous polyps (85%), and there was no intramucosal carcinoma.

The rate and predictive factors of RO resection

Among 377 polyps (i.e., 340 adenomatous polyps, 35 hyperplastic polyps, and 2 juvenile pol-
yps), the overall rate of RO resection was 46% (Table 3). We excluded lesions that were either
not retrieved (n = 15, 4%) or diagnosed as mucosal tag or inflammation (n = 7, 2%). The pre-
dictive factors for RO resection are shown in Table 4. Univariate analysis revealed the observa-
tion of the polyp with NBI-M (OR, 1.83; 95% CI, 1.09-3.09; p = 0.021) as the significant
predictor for RO resection, and multivariate regression analysis elucidated NBI-M (OR, 1.90;
95% CI, 1.09-3.32; p = 0.024) to be the independent predictor for RO resection.

Table 1. Baseline characteristics of patients (n = 200).

Characteristic Value

Mean age, years (+ SD) 65+ 11

Age >65 years, n (%)
Sex, Male/Female, n (%)

Endoscopist, non-expert/expert, n (%)

140 (70)
143 (72)/57 (28)
77 (39)/123 (61)

Antithrombotic drugs, n (%) 0(0)
Procedure times, min. (+ SD)
Insertion 10+7
Withdrawal 26+ 14
Indications, n (%)
Screening 52 (26)
Surveillance 100 (50)
Bleeding/anemia 19 (10)
Pain 4(2)
Diarrhea 2(1)
Other 23 (12)

Values presented with a plus/minus sign are means * standard deviation.

https://doi.org/10.1371/journal.pone.0213281.t001
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Table 2. Baseline characteristics of polyps (n = 399).

Characteristic
Location, Left/Right side of colon, n (%)
Size, Small/Diminutive, n (%)
Shape, Flat/Sessile/Pedunculated, n (%)
NBI-M, Yes/No, n (%)
Histology, n (%)
Adenoma
Tubular adenoma
Sessile serrated adenoma / polyp
Tubulovillous adenoma
Serrated adenoma
Hyperplastic polyp
Other polyps, mucosal tag, or inflammation

Tissue retrieval failure

Value

182 (46)/216 (54)

44 (11)/355 (89)

223 (56)/167 (42)/8 (2)
75 (19)/324 (81)

340 (85)
333 (83)
4(1)
2(1)
1(0.2)
35 (9)
9(2)

15 (4)

Abbreviations: NBI-M, narrow-band imaging with magnification.

https://doi.org/10.1371/journal.pone.0213281.t1002

The rate and risk factors of post-CSP bleeding

Although immediate post-CSP bleeding requiring endoscopic hemostasis occurred in 19 pol-
yps of 16 (8%) patients, no delayed bleeding requiring endoscopic intervention after CSP or
perforation was observed (Table 3). The risk factors for immediate bleeding are shown in
Table 5. Univariate analysis revealed protruded lesion (OR, 3.77; 95% CI, 1.33-10.7; p = 0.013)
as the significant risk factor for immediate bleeding, and multivariate regression analysis eluci-
dated protruded lesion (OR, 3.54; 95% CI, 1.24-10.1; p = 0.018) as the independent risk factor
for immediate bleeding.

Discussion

In this retrospective study, we focused on the efficacy and safety of CSP and those associated
factors. Our results show the low rate of retrieval failure, the absence of intramucosal carci-
noma and the low rate of complications, which indicated the high efficacy and safety of CSP.
In addition, we reveal that CSP with NBI-M was a positive predictor for RO resection, while
protruded lesion was the risk factor for immediate post-CSP bleeding.

Table 3. Efficacy and safety of CSP.

Outcome Value
RO resection, n (%)* 174 (46)
Complications, n (%)**
Immediate bleeding 16 (8.0)
Delayed bleeding 0 (0)
Perforation 0(0)

*histologically re-evaluated specimens other than mucosal tag or inflammation (n = 377)
**all patients (n = 200)

19 polyps of 16 (8%) patients

Abbreviations: CSP, cold snare polypectomy.

https://doi.org/10.1371/journal.pone.0213281.t1003
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Table 4. Predictive factors for RO resection (n = 377).

RO resection (n = 174) Univariate analysis Multivariate analysis
Crude OR (95% CI) P value Adjusted OR (95% CI) P value
Age, n (%)
>65 93 (42) 0.69 (0.46-1.04) 0.074 0.69 (0.45-1.05) 0.085
<65 81 (52)
Sex, n (%)
Male 129 (46) 0.96 (0.60-1.53) 0.870 0.90 (0.56-1.45) 0.674
Female 45 (47)
Location, n (%)
Left 88 (51) 1.47 (0.98-2.21) 0.066 1.35 (0.88-2.05) 0.165
Right 86 (42)
Size, n (%)
Small 21 (49) 1.13 (0.60-2.13) 0.708 1.12 (0.58-2.14) 0.736
Diminutive 153 (46)
Shape, n (%)
Protruded 75 (45) 0.95 (0.63-1.43) 0.810 1.04 (0.68-1.59) 0.857
Superficial 99 (47)
Endoscopist, n (%)
Non-expert 60 (43) 0.83 (0.54-1.26) 0.373 1.02 (0.65-1.59) 0.945
Expert 114 (48)
NBI-M, n (%)
Yes 42 (58) 1.83 (1.09-3.09) 0.021 1.90 (1.09-3.32) 0.024
No 132 (43)

Abbreviations: OR, odds ratio; CI, confidence interval; NBI-M, narrow-band imaging with magnification.

https://doi.org/10.1371/journal.pone.0213281.t1004

The rate of RO resection was lower in this study (i.e., 46%) than in previous prospective
studies (i.e., over 90%).[12,13,28] This discrepancy may be due to the different methods for
evaluating RO resection, or the different types of snares used. Furthermore, in prior studies,
samples collected using two or more additional biopsies after CSP were used for evaluation
[13], or excised specimens were mounted with pins on Styrofoam plates and fixed in 10% for-
malin to evaluate lateral margins.[28] In this study, however, we evaluated the RO resection
using only the CSP specimens themselves, without any additional methods of fixation. It is
convenient for pathologists to identify the edge of tissues if the polyps were resected with elec-
trocautery. As for CSP, it tends to be more difficult to assess the horizontal margins in order to
estimate. Indeed, a retrospective study involving the similar method of histologic evaluation
from Japan reported that the negative horizontal margin rate was 59%, which was comparable
with our results.[18]

Another reason for the low RO resection rate may be the fact that the snare, which we
adapted, was not specifically designed for CSP. In actuality, the dedicated cold snare (Exacto
cold snare, US Endoscopy, Mentor, OH, USA) showed the advantage in complete resection
rate in previous studies.[12,28] The snare, which we adapted, allowed for the method of poly-
pectomy with or without electrocautery current to be successful, and appears to be more suit-
able for use in the routine colonoscopy procedure from the clinical and economic
perspectives. Indeed, using the same snare for CSP, we performed polypectomy with electro-
cautery current in the case of 41 (21%) patients in this CSP study.

Because incomplete histologic resection of neoplastic polyps may contribute to the develop-
ment of CRC after colonoscopy, it is important to keep the high complete histologic resection
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Table 5. Risk factors for immediate post-CSP bleeding (n = 399).

Immediate bleeding (n = 19) Univariate analysis Multivariate analysis
Crude OR (95% CI) P value Adjusted OR (95% CI) P value
Age, n (%)
>65 9(3.8) 0.60 (0.24-1.51) 0.278
<65 10 (6.2)
Sex, n (%)
Male 15 (5.0) 1.27 (0.41-3.91) 0.680
Female 4(4.0)
Location, n (%)
Left 8 (4.4) 0.86 (0.34-2.18) 0.745
Right 11 (5.1)
Size, n (%)
Small 3(6.8) 1.55 (0.43-5.55) 0.500
Diminutive 16 (4.5)
Shape, n (%)
Protruded 14 (8.0) 3.77 (1.33-10.7) 0.013 3.54 (1.24-10.1) 0.018
Superficial 5(2.2)
Endoscopist, n (%)
Non-expert 10 (6.7) 1.90 (0.76-4.80) 0.172 1.63 (0.64-4.17) 0.307
Expert 9 (3.6)
NBI-M, n (%)
Yes 3 (4.0) 0.80 (0.23-2.83) 0.731
No 16 (4.9)

Abbreviations: CSP, cold snare polypectomy; OR, odds ratio; CI, confidence interval; NBI-M, narrow-band imaging with magnification.

https://doi.org/10.1371/journal.pone.0213281.t005

rate in polypectomy. Although a recent study[29] suggested that polyp lateral margins could
not be useful in assessing the completeness of resection, it still seems meaningful to achieve
negative histopathological margin of polyps. Incomplete resection cases existed when failed to
obtain negative horizontal margin in that study, actually we experience such cases in clinical
practice. With respect to completeness of resection, both CSP and CFP fail to RO resection to
some degree, and CFP is known to be inadequate for diminutive polyps because of the low R0
resection rate (i.e., 39%).[30] Lee et al. reported that the rate of recurrence after CFP was 17%
during a median follow-up period of 59.7 months (Interquartile range [IQR], 41.1-75.6
months) in a retrospective study, whereas it remains unknown about recurrence after CSP.
[31] As such, the rate of recurrence after CSP should be evaluated in a prospective study.

We clarify CSP with NBI-M as a new predictor for RO resection. This study’s results indicate
that NBI-M may be a promising tool not only for qualitative diagnosis to prevent from remov-
ing subcentimetric carcinomas in CSP as previously reported, but also for the precise evalua-
tion of a lateral neoplastic extent in order to achieve RO resection.[32] Inconsistent with
previous studies, polyp size was not the associated factor for RO resection in our study.

The incidence of immediate bleeding requiring endoscopic hemostasis in the present study
was low (i.e., 4%, per-polyp), and was consistent with previous studies demonstrating 2% to
3%, per-polyp.[11,18] Additionally, we found that protruded lesion was the risk factor for
immediate bleeding, although no studies have proposed this previously as a risk factor. Repici
et al. reported that antiplatelet agents and larger polyp size (i.e., 6 mm to 9 mm) were indepen-
dent predictors of bleeding, but the study included CFP (63%) in addition to CSP (37%).[11]
Takeuchi et al. also proposed that larger polyp size (i.e., 6 mm to 9 mm) was the predictor of
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bleeding, but there were not enough bleeding cases (n = 8) included in the study to reveal this
relationship.[18] Thus, the bleeding risks of CSP are not yet concluded. However, thinking of
the result of a prospective study, which showed that intraprocedural bleeding was significantly
more frequent in CSP group than that in a HSP group, special attention should be paid to
bleeding risks such as protruded polyps and larger polyps on CSP.[16] It is unclear why pro-
truded lesions carry the higher risk than superficial lesions, but it is possible that higher (i.e.,
larger-volume) polyps have the supply of thicker blood vessels than lower (i.e., smaller-vol-
ume) polyps, which may lead to bleeding after CSP without spontaneously resolving.

Our study had some limitations. In addition to the relatively small sample size, this was a
retrospective single-center study without long-term outcomes consideration of CSP. Because
of the retrospective design, the exact times after CSP could not be confirmed, although we
intended to wait for 30 seconds before hemostatic clipping. In addition, although the extended
resection method seemed important for RO resection, the extended resection method could
not be precisely confirmed by photographs or videos. Therefore, we could not evaluate the
association between the extended resection method and RO resection. Furthermore, different
from several randomized controlled studies[12,13], we could not evaluate the surrounding
mucosa with biopsy or EMR after CSP for assessing the residual polyp tissue.

Despite these limitations, however, the study also had several strengths. First, this study was
performed by 21 endoscopists, so results can be generalized in clinical practice. Second, one
experienced pathologist re-evaluated the horizontal margins of all of the polyp specimens for
this study, which provided unified estimation for RO resection.

In conclusion, CSP has a high level of safety, and could be considered as the reasonable pro-
cedure for subcentimetric polys removal. A higher rate of RO resection with CSP can be
achieved by colonoscopy with NBI-M than with white-light imaging. Following CSP for pro-
truded lesions, we should pay attention to post-CSP bleeding, especially immediate bleeding.

Acknowledgments

We wish to express our gratitude to all members of Gastroenterology department in the Uni-
versity of Tokyo Hospital.

Writing assistance: This manuscript was edited by Editage (www.editage.jp) for English
language editing.

Author Contributions
Conceptualization: Shuntaro Yoshida.

Data curation: Tomonori Aoki, Hiroyuki Abe, Satoshi Ono, Ayako Nakada, Yumiko Ota,
Akiko Narita, Takeshi Yoshikawa, Hiroto Kinoshita, Yosuke Tsuji, Atsuo Yamada, Mitsu-
hiro Fujishiro, Yoshihiro Hirata.

Formal analysis: Tomonori Aoki, Shuntaro Yoshida.
Supervision: Masashi Fukayama, Kazuhiko Koike.
Writing - original draft: Tomonori Aoki, Shuntaro Yoshida.

Writing - review & editing: Shuntaro Yoshida, Satoshi Ono, Ayako Nakada, Yumiko Ota,
Akiko Narita, Takeshi Yoshikawa, Hiroto Kinoshita, Yosuke Tsuji, Atsuo Yamada, Mitsu-
hiro Fujishiro, Yoshihiro Hirata, Masashi Fukayama, Kazuhiko Koike.

PLOS ONE | https://doi.org/10.1371/journal.pone.0213281 March 1,2019 9/11


http://www.editage.jp/
https://doi.org/10.1371/journal.pone.0213281

® PLOS |ONE

Predictors for effective and safe CSP

References

1.

10.

1.

12

13.

14.

15.

16.

17.

GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and national age-sex specific
all-cause and cause-specific mortality for 240 causes of death, 1990-2013: a systematic analysis for
the Global Burden of Disease Study 2013. Lancet. 2015; 385: 117—171. https://doi.org/10.1016/S0140-
6736(14)61682-2 PMID: 25530442

Hori M, Matsuda T, Shibata A, Katanoda K, Sobue T, Nishimoto H, et al. Cancer incidence and inci-
dence rates in Japan in 2009: a study of 32 population-based cancer registries for the Monitoring of
Cancer Incidence in Japan (MCIJ) project. Jpn J Clin Oncol. 2015; 45: 884—891. https://doi.org/10.
1093/jjco/hyv088 PMID: 26142437

Nishihara R, Wu K, Lochhead P, Morikawa T, Liao X, Qian ZR, et al. Long-term colorectal-cancer inci-
dence and mortality after lower endoscopy. N Engl J Med. 2013; 369: 1095—1105. https://doi.org/10.
1056/NEJMoa1301969 PMID: 24047059

Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger AC, Leppert M, et al. Genetic alterations
during colorectal-tumor development. N Engl J Med. 1988; 319: 525-532. https://doi.org/10.1056/
NEJM198809013190901 PMID: 2841597

Winawer SJ, Zauber AG, Ho MN, O’Brien MJ, Gottlieb LS, Sternberg SS, et al. Prevention of colorectal
cancer by colonoscopic polypectomy. The National Polyp Study Workgroup. N Engl J Med. 1993; 329:
1977-1981. https://doi.org/10.1056/NEJM199312303292701 PMID: 8247072

Zauber AG, Winawer SJ, O’Brien MJ, Lansdorp-Vogelaar |, van Ballegooijen M, Hankey BF, et al. Colo-
noscopic polypectomy and long-term prevention of colorectal-cancer deaths. N Engl J Med. 2012; 366:
687-696. https://doi.org/10.1056/NEJMoa1100370 PMID: 22356322

Pabby A, Schoen RE, Weissfeld JL, Burt R, Kikendall JW, Lance P, et al. Analysis of colorectal cancer
occurrence during surveillance colonoscopy in the dietary Polyp Prevention Trial. Gastrointest Endosc.
2005; 61: 385—-391. PMID: 15758908

Farrar WD, Sawhney MS, Nelson DB, Lederle FA, Bond JH. Colorectal cancers found after a complete
colonoscopy. Clin Gastroenterol Hepatol. 2006; 4: 1259—-1264. https://doi.org/10.1016/j.cgh.2006.07.
012 PMID: 16996804

Robertson DJ, Lieberman DA, Winawer SJ, Ahnen DJ, Baron JA, Schatzkin A, et al. Colorectal cancers
soon after colonoscopy: a pooled multicohort analysis. Gut. 2014; 63: 949-956. https://doi.org/10.1136/
gutjnl-2012-303796 PMID: 23793224

Oka S, Tanaka S, Kanao H, Ishikawa H, Watanabe T, Igarashi M, et al. Current status in the occurrence
of postoperative bleeding, perforation and residual/local recurrence during colonoscopic treatment in
Japan. Dig Endosc. 2010; 22: 376-380. https://doi.org/10.1111/j.1443-1661.2010.01016.x PMID:
21175503

Repici A, Hassan C, Vitetta E, Ferrara E, Manes G, Gullotti G, et al. Safety of cold polypectomy for
<10mm polyps at colonoscopy: a prospective multicenter study. Endoscopy. 2012; 44: 27-31. hitps://
doi.org/10.1055/s-0031-1291387 PMID: 22125197

Kim JS, Lee BI, Choi H, Jun SY, Park ES, Park JM, et al. Cold snare polypectomy versus cold forceps
polypectomy for diminutive and small colorectal polyps: a randomized controlled trial. Gastrointest
Endosc. 2015; 81: 741-747. https://doi.org/10.1016/j.gie.2014.11.048 PMID: 25708763

Lee CK, Shim JJ, Jang JY. Cold snare polypectomy vs. Cold forceps polypectomy using double-biopsy
technique for removal of diminutive colorectal polyps: a prospective randomized study. Am J Gastroen-
terol. 2013; 108: 1593—1600. https://doi.org/10.1038/2jg.2013.302 PMID: 24042189

Raad D, Tripathi P, Cooper G, Falck-Ytter Y. Role of the cold biopsy technique in diminutive and small
colonic polyp removal: a systematic review and meta-analysis. Gastrointest Endosc. 2016; 83: 508—
515. https://doi.org/10.1016/j.gie.2015.10.038 PMID: 26545637

Ichise Y, Horiuchi A, Nakayama Y, Tanaka N. Prospective randomized comparison of cold snare poly-
pectomy and conventional polypectomy for small colorectal polyps. Digestion. 2011; 84: 78-81. https:/
doi.org/10.1159/000323959 PMID: 21494037

Paspatis GA, Tribonias G, Konstantinidis K, Theodoropoulou A, Vardas E, Voudoukis E, et al. A pro-
spective randomized comparison of cold vs hot snare polypectomy in the occurrence of postpolypect-
omy bleeding in small colonic polyps. Colorectal Dis. 2011; 13: €345-8. https://doi.org/10.1111/j.1463-
1318.2011.02696.x PMID: 21689363

Draganov PV, Chang MN, Alkhasawneh A, Dixon LR, Lieb J, Moshiree B, et al. Randomized, controlled
trial of standard, large-capacity versus jumbo biopsy forceps for polypectomy of small, sessile, colorec-
tal polyps. Gastrointest Endosc. 2012; 75: 118—126. https://doi.org/10.1016/j.gie.2011.08.019 PMID:
22196811

PLOS ONE | https://doi.org/10.1371/journal.pone.0213281 March 1,2019 10/11


https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/S0140-6736(14)61682-2
http://www.ncbi.nlm.nih.gov/pubmed/25530442
https://doi.org/10.1093/jjco/hyv088
https://doi.org/10.1093/jjco/hyv088
http://www.ncbi.nlm.nih.gov/pubmed/26142437
https://doi.org/10.1056/NEJMoa1301969
https://doi.org/10.1056/NEJMoa1301969
http://www.ncbi.nlm.nih.gov/pubmed/24047059
https://doi.org/10.1056/NEJM198809013190901
https://doi.org/10.1056/NEJM198809013190901
http://www.ncbi.nlm.nih.gov/pubmed/2841597
https://doi.org/10.1056/NEJM199312303292701
http://www.ncbi.nlm.nih.gov/pubmed/8247072
https://doi.org/10.1056/NEJMoa1100370
http://www.ncbi.nlm.nih.gov/pubmed/22356322
http://www.ncbi.nlm.nih.gov/pubmed/15758908
https://doi.org/10.1016/j.cgh.2006.07.012
https://doi.org/10.1016/j.cgh.2006.07.012
http://www.ncbi.nlm.nih.gov/pubmed/16996804
https://doi.org/10.1136/gutjnl-2012-303796
https://doi.org/10.1136/gutjnl-2012-303796
http://www.ncbi.nlm.nih.gov/pubmed/23793224
https://doi.org/10.1111/j.1443-1661.2010.01016.x
http://www.ncbi.nlm.nih.gov/pubmed/21175503
https://doi.org/10.1055/s-0031-1291387
https://doi.org/10.1055/s-0031-1291387
http://www.ncbi.nlm.nih.gov/pubmed/22125197
https://doi.org/10.1016/j.gie.2014.11.048
http://www.ncbi.nlm.nih.gov/pubmed/25708763
https://doi.org/10.1038/ajg.2013.302
http://www.ncbi.nlm.nih.gov/pubmed/24042189
https://doi.org/10.1016/j.gie.2015.10.038
http://www.ncbi.nlm.nih.gov/pubmed/26545637
https://doi.org/10.1159/000323959
https://doi.org/10.1159/000323959
http://www.ncbi.nlm.nih.gov/pubmed/21494037
https://doi.org/10.1111/j.1463-1318.2011.02696.x
https://doi.org/10.1111/j.1463-1318.2011.02696.x
http://www.ncbi.nlm.nih.gov/pubmed/21689363
https://doi.org/10.1016/j.gie.2011.08.019
http://www.ncbi.nlm.nih.gov/pubmed/22196811
https://doi.org/10.1371/journal.pone.0213281

® PLOS |ONE

Predictors for effective and safe CSP

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Takeuchi Y, Yamashina T, Matsuura N, Ito T, Fujii M, Nagai K, et al. Feasibility of cold snare polypect-
omy in Japan: A pilot study. World J Gastrointest Endosc. 2015; 7: 1250—1256. https://doi.org/10.4253/
wjge.v7.i17.1250 PMID: 26634041

Sano'Y, Ikematsu H, Fu Kl, Emura F, Katagiri A, Horimatsu T, et al. Meshed capillary vessels by use of
narrow-band imaging for differential diagnosis of small colorectal polyps. Gastrointest Endosc. 2009;
69: 278-283. https://doi.org/10.1016/j.gie.2008.04.066 PMID: 18951131

Hewett DG, Kaltenbach T, Sano Y, Tanaka S, Saunders BP, Ponchon T, et al. Validation of a simple
classification system for endoscopic diagnosis of small colorectal polyps using narrow-band imaging.
Gastroenterology. 2012; 143: 599-607.e1. https://doi.org/10.1053/j.gastro.2012.05.006 PMID:
22609383

Deenadayalu VP, Rex DK. Colon polyp retrieval after cold snaring. Gastrointest Endosc. 2005; 62:
253-256. PMID: 16046990

Lieberman DA, Rex DK, Winawer SJ, Giardiello FM, Johnson DA, Levin TR, et al. Guidelines for colo-
noscopy surveillance after screening and polypectomy: a consensus update by the US Multi-Society
Task Force on Colorectal Cancer. Gastroenterology. 2012; 143: 844—-857. hitps://doi.org/10.1053/j.
gastro.2012.06.001 PMID: 22763141

The Paris endoscopic classification of superficial neoplastic lesions: esophagus, stomach, and colon:
November 30 to December 1, 2002. Gastrointest Endosc. 2003; 58: S3—43. PMID: 14652541

Kim DJ, Kim HW, Park SB, Kang DH, Choi CW, Hong JB, et al. Efficacy of cap-assisted colonoscopy
according to lesion location and endoscopist training level. World J Gastroenterol. 2015; 21: 6261—
6270. https://doi.org/10.3748/wjg.v21.i20.6261 PMID: 26034361

Ferlitsch M, Moss A, Hassan C, Bhandari P, Dumonceau JM, Paspatis G, et al. Colorectal polypectomy
and endoscopic mucosal resection (EMR): European Society of Gastrointestinal Endoscopy (ESGE)
Clinical Guideline. Endoscopy. 2017; 49: 270-297. https://doi.org/10.1055/s-0043-102569 PMID:
28212588

Horiuchi A, Nakayama Y, Kajiyama M, Tanaka N, Sano K, Graham DY. Removal of small colorectal pol-
yps in anticoagulated patients: a prospective randomized comparison of cold snare and conventional
polypectomy. Gastrointest Endosc. 2014; 79: 417—423. https://doi.org/10.1016/.gie.2013.08.040
PMID: 24125514

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of events
per variable in logistic regression analysis. J Clin Epidemiol. 1996; 49: 1373-1379. PMID: 8970487

Horiuchi A, Hosoi K, Kajiyama M, Tanaka N, Sano K, Graham DY. Prospective, randomized compari-
son of 2 methods of cold snare polypectomy for small colorectal polyps. Gastrointest Endosc. 2015; 82:
686—692. https://doi.org/10.1016/j.gie.2015.02.012 PMID: 25922251

Matsuura N, Takeuchi Y, Yamashina T, lto T, Aoi K, Nagai K, et al. Incomplete resection rate of cold
snare polypectomy: a prospective single-arm observational study. Endoscopy. 2017; 49: 251-257.
https://doi.org/10.1055/s-0043-100215 PMID: 28192823

Efthymiou M, Taylor AC, Desmond PV, Allen PB, Chen RY. Biopsy forceps is inadequate for the resec-
tion of diminutive polyps. Endoscopy. 2011; 43: 312-316. https://doi.org/10.1055/s-0030-1256086
PMID: 21412704

Lee HS, Park HW, Lee JS, Kim JC, Choe J, Soh JS, et al. Treatment outcomes and recurrence following
standard cold forceps polypectomy for diminutive polyps. Surg Endosc. 2017; 31: 159-169. https://doi.
org/10.1007/s00464-016-4947-1 PMID: 27369287

Takeuchi Y, Hanafusa M, Kanzaki H, Ohta T, Hanaoka N, Yamamoto S, et al. An alternative option for
"resect and discard" strategy, using magnifying narrow-band imaging: a prospective "proof-of-principle"
study. J Gastroenterol. 2015; 50: 1017—-1026. https://doi.org/10.1007/s00535-015-1048-1 PMID:
25689934

PLOS ONE | https://doi.org/10.1371/journal.pone.0213281 March 1,2019 11/11


https://doi.org/10.4253/wjge.v7.i17.1250
https://doi.org/10.4253/wjge.v7.i17.1250
http://www.ncbi.nlm.nih.gov/pubmed/26634041
https://doi.org/10.1016/j.gie.2008.04.066
http://www.ncbi.nlm.nih.gov/pubmed/18951131
https://doi.org/10.1053/j.gastro.2012.05.006
http://www.ncbi.nlm.nih.gov/pubmed/22609383
http://www.ncbi.nlm.nih.gov/pubmed/16046990
https://doi.org/10.1053/j.gastro.2012.06.001
https://doi.org/10.1053/j.gastro.2012.06.001
http://www.ncbi.nlm.nih.gov/pubmed/22763141
http://www.ncbi.nlm.nih.gov/pubmed/14652541
https://doi.org/10.3748/wjg.v21.i20.6261
http://www.ncbi.nlm.nih.gov/pubmed/26034361
https://doi.org/10.1055/s-0043-102569
http://www.ncbi.nlm.nih.gov/pubmed/28212588
https://doi.org/10.1016/j.gie.2013.08.040
http://www.ncbi.nlm.nih.gov/pubmed/24125514
http://www.ncbi.nlm.nih.gov/pubmed/8970487
https://doi.org/10.1016/j.gie.2015.02.012
http://www.ncbi.nlm.nih.gov/pubmed/25922251
https://doi.org/10.1055/s-0043-100215
http://www.ncbi.nlm.nih.gov/pubmed/28192823
https://doi.org/10.1055/s-0030-1256086
http://www.ncbi.nlm.nih.gov/pubmed/21412704
https://doi.org/10.1007/s00464-016-4947-1
https://doi.org/10.1007/s00464-016-4947-1
http://www.ncbi.nlm.nih.gov/pubmed/27369287
https://doi.org/10.1007/s00535-015-1048-1
http://www.ncbi.nlm.nih.gov/pubmed/25689934
https://doi.org/10.1371/journal.pone.0213281

