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Abstract

Background Cold snare polypectomy (CSP) has not
undergone sufficient histopathological evaluation. This
study aimed to clarify the histopathological features of CSP
specimens, including resection depth and layer, as com-
pared with endoscopic mucosal resection (EMR).
Methods Polyps were recruited retrospectively. Sessile,
semi-pedunculated, and O-Ila polyps of <9 mm were
selected by propensity score matching and classified as
either a complete resection or one with an unevalu-
able/positive (X/+) margin. Resection depth and layer
were estimated and the risk factors for an X/+ margin were
evaluated.

Results A total of 1072 polyps were enrolled. After
matching, 184 polyp pairs were selected. An X/4+ margin
was seen in 105/184 (57%) vs. 70/184 (38%) CSP vs. EMR
specimens (p < 0.001): specimen damage was 53/184
(29%) vs. 30/184 (16%) (p < 0.01) and vertical margin
(VM) X/+ was 11/184 (6%) vs. 2/184 (1%) (p < 0.05).
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Among 193 completely resected specimens, resection
depth from the muscularis mucosae in CSP vs. EMR was
76 vs. 338 um (p < 0.001) and resection layer was the
submucosa in 7/79 (9%) vs. 105/114 (92%) (p < 0.001). In
multivariate analysis, CSP was a risk factor for procedure-
associated VMX/+ [odds ratio (OR) 6.80, 95% confidence
interval (CI) 1.33-34.69, p < 0.05]. Sessile serrated ade-
noma/polyp (SSA/P) was a risk factor for VMX/+ margin
in CSP specimens (OR 58.36, 95% CI 7.45-456.96,
p < 0.001).

Conclusions SSA/P and colorectal cancer may not be
suitable for CSP adoption.

Keywords Cold snare polypectomy - Muscularis
mucosae - Resection depth - Resection layer - Colorectal

polyp

Abbreviations
CSP Cold snare polypectomy

EMR  Endoscopic mucosal resection
X/+ Unevaluable/positive

VM Vertical margin

HM Horizontal margin

IQR Interquartile range

OR Odds ratio
CI Confidence interval

FOBT Fecal occult blood test
SSA/P  Sessile serrated adenoma/polyp
CFP Cold forceps polypectomy
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Introduction

In Japan, colorectal cancer is the leading cause of death by
malignancy among women and the third most common
cause among men [1]. Although the overall incidence and
mortality of colorectal cancer have been rising since the
mid 1990s [1, 2], adenomatous polyp resection has been
shown to reduce both of these factors [3, 4]. For large
polyps, endoscopic resection is also cost-effective than
surgery [5]. Various endoscopic techniques are employed
to resect colorectal polyps, including polypectomy (cold or
hot, snare or forceps), endoscopic mucosal resection
(EMR), and endoscopic submucosal dissection. EMR is the
most widely used method for polyp removal in Japan. Cold
snare polypectomy (CSP), which uses snare resection
without submucosal fluid injection or electrocautery [6],
has been reported as safe and effective for the removal of
small colorectal polyps and is being increasingly adopted
for growths of < 10 mm in diameter [7, 8]. The
histopathological features of CSP specimens have not,
however, been sufficiently evaluated.

In our clinical experience, the frequency of unevaluable
or positive margins among CSP specimens appears to be
greater than that in samples obtained by EMR. We there-
fore hypothesized that resection depth in CSP was less than
that in EMR. This study clarified histopathological features
of CSP specimens as compared with EMR specimens
matched by propensity scores to estimate resection layer
and depth.

Methods
Selection of participants and polyps

This study was conducted at the Tateiwa Clinic and
Shinshu University Hospital in Nagano Prefecture, Japan,
between September 2014 and October 2016. Colorectal
polyps from consecutive patients were removed by either
CSP or EMR. Patients < 20 years of age or with a history
of inflammatory bowel disease or polyposis syndrome were
excluded. Polyps with a diameter of < 9 mm were inclu-
ded in the study if they were sessile (Is), semi-pedunculated
(Isp), or O-Ila. Polyps were excluded if they were pedun-
culated (Ip), depressed, > 10 mm in diameter, removed by
piecemeal resection, contained a non-epithelial neoplastic
lesion on histopathological examination, or were missing
endoscopic images.
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CSP and EMR procedures

All procedures were performed among 23 endoscopists,
consisting of 10 colonoscopy experts (> 5000 colono-
scopies performed) and 13 non-experts (> 1000 colono-
scopies performed). A 10-mm Captivator II (Boston
Scientific, Marlborough, MA, USA) polypectomy snare
was used for CSP, which was performed by ensnaring
1-2 mm of normal mucosa surrounding the polyp under
gentle suction to reduce colon wall tension. EMR was
conducted by means of the injection and cut technique:
normal (0.9%) saline was injected into the submucosa with
a 25-gauge needle, and the lifted lesion was resected using
an electrosurgical snare (SD-210U-25; Olympus Medical,
Tokyo, Japan). Resected polyps were retrieved through the
endoscope by suction into a trap. Those unobtainable by
suction were taken using a retrieval net or tripod-type
grasping forceps. The endoscopist recorded the specimen
size, location, and macroscopic type. Resected polyps were
later fixed, embedded in paraffin, sectioned into 4 pm sli-
ces, and stained with hematoxylin—eosin for further
assessment.

Data collection

Data on patient sex, age, size, location, macroscopic type,
and histopathological type of polyps, and adverse events
were isolated from electronic records, endoscopy and
histopathology reports. Delayed bleeding was defined as
hemorrhage requiring endoscopic intervention within
2 weeks after polypectomy. The cut ends of each case were
recorded as being either a complete resection or having an
unevaluable/positive (X/4-) margin based on histopatho-
logical examination. Complete resection was defined as an
endoscopic en bloc resection of the entire lesion with
histopathologically tumor-free margins horizontally (more
than two directions) and vertically (Fig. 1a, b). Cases of X/
+ margins were further subdivided into one of four
histopathological groups: (1) destruction of the specimen
due to retrieval (specimen damage) (Fig. 1c), (2) inade-
quate sectioning of the specimen (inadequate sectioning)
(Fig. 1d, e), (3) tumor invasion or damage to the horizontal
margin by a burn effect or mechanical process (HMX/+),
or (4) tumor invasion or damage to the vertical margin by a
burn effect or mechanical process (VMX/+). All speci-
mens were reviewed independently by a pathologist (HO)
and a gastroenterologist (AI) who were blinded to the
patient details. Inter-observer variation was resolved by re-
evaluation under a multihead microscope and discussion to
reach a consensus in the case of a discrepancy.
Completely resected specimens were adopted to evalu-
ate resection layer based on the presence or absence of the
submucosa or muscularis mucosae and resection depth
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Fig. 1 Histopathological evaluation of cut ends. a Schematic of an
adequately sectioned specimen. b Example of a completely resected
specimen obtained by cold snare polypectomy using the approach in
Fig. la. ¢ Example of specimen damage of a specimen obtained by

using a virtual pathology system (Nanozoomer digital
pathology, Hamamatsu photonics, Hamamatsu, Japan).
Resection depth was determined using the calculated areas
of the submucosa and muscularis mucosae and the length
of the muscularis mucosae obtained from the virtual
pathology system (Fig. 2).

Sample size calculations

The primary outcome of interest was the VMX/+ rate as
assessed by the histopathological examination of CSP
specimens. We hypothesized that the residual polyps after
CSP were mainly caused by VMX/+ due to shallower
resection depth. A previous study reported that the residual
polyp rate for small polyps (6-9 mm) by CSP and EMR
was 8.5 and 1.5%, respectively [9], based on additional
biopsy at the CSP or EMR sites. In contrast, we presumed
that VMX/+ rarely contributed to residual polyps in EMR.
Although our search of the literature revealed no data for
VMX/+ for polyps < 9 mm resected by CSP or EMR, the
above study’s value was used as the basis for our sample
size estimation. At an o value of 0.05, a sample size of 179
polyps per study arm was required to confirm a higher
VMX/+ rate in the CSP group than in the EMR group with
80% power.

cold snare polypectomy. d Schematic of an inadequately sectioned
specimen. e Example of an incompletely resected specimen obtained
by endoscopic mucosal resection using the inadequate approach in
Fig. 1d

Statistical analysis

Data were described as the median (interquartile range
[IQR], range) for continuous variables and percentages for
categorical variables. The Fisher’s exact, Pearson’s Chi-
squared, and Mann—Whitney U tests were used as appro-
priate. The odds ratio (OR) and 95% confidence interval
(CI) were calculated using logistic regression models to
identify risk factors associated with X/+ margins.
Propensity score matching was conducted to reduce bias in
polyp selection [10], in which logistic regression was used
to generate a propensity score using seven variables con-
sidered most likely to influence histopathological classifi-
cation (age, sex, macroscopic type, location, lesion size,
histopathological type, and endoscopist experience).
Propensity score matching was applied at a 1:1 CSP-to-
EMR ratio using the nearest-neighbor matching method
without replacement using a 0.1 caliper width [11]. Sta-
tistical analyses were performed with IBM SPSS Statistics
software for Windows, v23.0 (IBM Corp., Armonk, NY,
USA). A p value of < 0.05 was considered statistically
significant.
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Fig. 2 Formula for the calculation of resection depth and measure-
ment location. Resection depth = (area of muscularis
mucosae + submucosa)/(length of muscularis mucosae) (resection
depth = 667 pm in the specimen shown). a Completely resected

Ethical considerations

This study was approved by the Ethics Committee of
Shinshu University School of Medicine (reference number:
3369). Written informed consent for endoscopic resection
was obtained from every patient prior to the investigation.
Further informed consent for the retrospective study was
not necessary.

Results
Participant and polyp characteristics

A total of 1490 colorectal polyps were resected from 643
individuals who met the participant inclusioncriteria. Of
these, 418 (28%) specimens did not meet the polyp
inclusion criteria and were excluded (Fig. 3). Of the
remaining 1072 polyps from 462 participants, 373 (35%;
126 participants) were resected by CSP and 699 (65%; 408
participants) by EMR. After matching by propensity
scores, 368/1072 (34%) polyps were ultimately selected for
analysis [184/373 (49%) CSP, 184/699 (26%) EMR]
(Fig. 3).

The overall median age was 69 (IQR: 61-75, range:
31-90) years and 346 (65%) participants were male.
Among the 1072 polyps, significant differences were noted
between the CSP and EMR groups for median polyp size (4
vs. 5 mm; p < 0.001) and macroscopic polyp type distri-
bution (p < 0.001) (Table 1). No remarkable differences
were detected between the groups after propensity score
matching (Table 1).

Cut end histopathology
On histopathological examination, X/4 margins were
found in 105/184 (57%) polyps in the CSP group and

70/184 (38%) polyps in the EMR group (p < 0.001)
(Table 2). Polyps with X/+ margins in the CSP group were
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specimen obtained by endoscopic mucosal resection. b Highlighted
section indicates the area of the muscularis mucosae 4+ submucosa
(13.0 mm?); ¢ Superimposed line shows the length of the muscularis
mucosae (19.5 mm)

significantly more likely to have specimen damage or
VMX/+ margins than those in the EMR group (29 vs. 16%
and 6 vs. 1%; p < 0.01 and p < 0.05, respectively).

Resection depth and layer

Resection depth and layer were assessed in 193 completely
resected specimens. The median resection depth from the
muscularis mucosae was 76 (IQR: 44—127, range: 7-290)
pm in the CSP group and 338 (IQR: 237-468, range:
49-1017) um in the EMR group (p < 0.001). The respec-
tive median resection depths by non-experts and experts
were 87 and 68 pm in the CSP group (p = 0.583) and
293 pm and 425 pm in the EMR group (p < 0.01). The
resected layer was mostly the muscularis mucosae [72/79
(91%)] in the CSP group and predominantly the submucosa
[105/114 (92%)] in the EMR group (p < 0.001).

Risk factors for X/+ margins

CSP was a significant risk factor for procedure-associated
specimen damage and VMX/4 in CSP and EMR speci-
mens (OR 2.02, 95% CI 1.21-3.35, p < 0.01 and OR 6.80,
95% CI 1.33-34.69, p < 0.05, respectively) (Table 3).
SSA/P was found to be a significant risk factor for VMX/
+ in CSP specimens (OR 58.36, 95% CI 7.45-456.96,
p < 0.001) (Table 4).

Adverse events

There were no complications of perforation in either group.
Delayed bleeding was observed in two cases [2/373 (1%)]
in the CSP group and 19 cases [19/699 (3%)] in the EMR
group (p < 0.05), all of which were managed successfully
by clips. There were no polyps clipped just after CSP.
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1,490 polyps resected from
643 adult participants

Excluded (418 polyps)
Pedunculated = 117 polyps
Depressed type = 19 polyps

A 4

Included in propensity score
matching (1,072 polyps)
CSP: 373 polyps (n = 126 patients)
EMR: 699 polyps (n = 408 patients)

\ 4
Propensity score matching

A 4 A 4
CSP group EMR group
184 polyps 184 polyps

h 4

210 mm diameter = 231 polyps
Piecemeal resection = 7 polyps
Non-neoplastic lesion = 12 polyps
Missing images = 32 polyps

*Variables used to generate
propensity score

Participant
Age, Sex
Lesion
Macroscopic type, Location
Size, Histopathological type
Endoscopist experience
Expert or non-expert

Fig. 3 Patient flow-chart. CSP cold snare polypectomy, EMR endoscopic mucosal resection

Discussion

In the present study, a higher proportion of specimens
obtained by CSP had X/+ margins than did propensity
score-matched polyps taken by EMR, likely due to speci-
men damage and VMX/+ . The median resection depth of
CSP specimens was shallower than that of EMR specimens
regardless of endoscopist experience, with most layers
being in the muscularis mucosae. In multivariate analysis,
CSP was an independent risk factor for procedure-associ-
ated VMX/+ , and SSA/P was a significant risk factor for
VMX/+ in CSP specimens. To our knowledge, this is the
first study to clarify the details of X/+ margins in CSP and
compare resection depth with those of EMR specimens.
From the lumen outwards, the intestinal walls are
composed of four layers: the mucosa (mucosal epithelium,
lamina propria and muscularis mucosae), submucosa,
muscularis propria and serosa/adventitia. The lamina pro-
pria and submucosa are connective tissue composed mostly
of collagen fibers [12, 13]. Both the muscularis mucosae
and muscularis propria are characterized by outer longitu-
dinal and inner circular muscle layers [14]. Thus, the
muscularis mucosae is supported by bidirectional collagen
fibers (lamina propria and submucosa), with possible fra-
gility between the longitudinal and circular muscle layers.
As the snaring approach employed in CSP is often con-
ducted longitudinally along the intestinal tract, there is a
chance for a polyp to be physically resected from a fragile

area. One study found that the submucosa was resected by
CSP in only 1/59 (2%) polyps [15], and another suggested
that protrusions within the cold snare defect represent
incomplete mucosal layer resection [16]. Our results were
consistent with these reports.

CSP is widely believed to be a safe and easy procedure
for the removal of colorectal polyps [7, 8]. Recent studies
have found that the complete resection rate of CSP by
experts was 93.8-98.5% based on the absence rate of
residual polyp tissue in additional EMR or biopsy per-
formed at the CSP site [9, 15, 17], i.e., the residual tissue
rate after CSP was several percent. CSP is indeed a clini-
cally useful procedure, but we believe that its adoption will
be controversial. The most remarkable results were a
higher proportion of VMX/4 in CSP specimens than in
EMR specimens (Table 2). Furthermore, SSA/P was an
independent risk factor for VMX/4 in CSP specimens
(Table 4). Immediately after CSP, it is important to suffi-
ciently assess endoscopic resection sites for the presence of
a residual polyp, although bleeding renders it difficult to
evaluate for residual polyps of VM endoscopically. Since
CSP was found to be a significant risk factor for procedure-
associated VMX/+ in multivariate analysis (Table 3), it
will be important to evaluate histopathological VM in CSP
specimens.

Earlier studies have indicated a higher proportion of
HMX/+ in SSA/P in specimens obtained by EMR than TA
[18], although VM was not noted. A proportion of VMX/+
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Table 1 Baseline characteristics of patients and polyps

Characteristic All polyps Propensity-matched polyps
CSP group, median EMR group, median P CSP group, median EMR group, median P
(IQR, range) or n (%) (IQR, range) or n (%) (IQR, range) or n (%) (IQR, range) or n (%)
N 126 408 94 124
Age (years) 72 (63-79, 36-89) 68 (60-75, 31-90) <0.01 71 (62-78, 41-87) 60 (65-76, 41-87) 0.754
Male 85 (67) 261 (64) 0.473 66 (70) 93 (75) 0.431
Indication
Polyp 60 (48) 169 (41) 0.117
surveillance
FOBT positive 32 (25) 117 (29)
Screening 34 (27) 107 (26)
Bleeding 0 (0) 15 4)
Resected polyps 373 699 184 184
Age (years) 72 (63-79, 36-89) 68 (61-75, 31-90) < 0.001 71 (64-78, 41-87) 71 (63-76, 41-87) 0.530
Male 269 (72) 472 (68) 0.121 144 (78) 140 (76) 0.619
Endoscopist
Expert 157 (42) 103 (15) < 0.001 46 (25) 52 (28) 0.479
Non-expert 216 (58) 596 (85) 138 (75) 132 (72)
Size (mm) 4 (3-5, 1-9) 5 (5-7,2-9) < 0.001 5 (4-6,2-9) 4 (4-5, 2-9) 0.112
Macroscopic type
Is 193 (52) 392 (56) <0.01 111 (60) 107 (58) 0.850
Isp 135 (36) 261 (37) 53 (29) 58 (32)
0-Ila 45 (12) 46 (7) 20 (11) 19 (10)
Location
Right colon 161 (43) 251 (36) <0.05 88 (48) 87 (47) 0.917
Left colon® 212 (57) 448 (64) 96 (52) 97 (53)
Histopathological type
Tubular 337 (90) 599 (86) <0.01 165 (90) 164 (89) 0.713
adenoma
Hyperplastic 20 (5) 30 (4) 8 (4) 11 (6)
polyp
SSA/P 15 (4) 37 (5) 11 (6) 9 (5)
Cancer 0 (0) 17 (2) 0 (0) 0 (0)
Other® 1 (0) 16 (2) 0 (0) 0 (0)

CSP cold snare polypectomy, EMR endoscopic mucosal resection, /QR interquartile range, FOBT fecal occult blood test, SSA/P sessile serrated

adenoma/polyp

“Distal to splenic flexure
®Tubulovillous adenoma and traditional serrated adenoma

in EMR specimens might have been due to the resection
layer including the submucosa. SSA/P was an independent
risk factor for VMX/+ in CSP specimens in our study for
two possible reasons. First, the muscularis mucosae in
SSA/P specimens were thin; those resected by EMR were
significantly thinner than TA specimens (Supplemental
Table 1). If a fragile area between the longitudinal and
circular muscle layers is removed, the resection depth in
CSP seems to become shallower in SSA/P. Therefore, VM
may be easily influenced by peristalsis and the position of
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the polyp. Second, SSA/P with epithelial misplacement
may be related to this finding. Epithelial misplacement is a
phenomenon caused by crypts located within the muscu-
laris mucosae or submucosa of the polyp [19, 20]. The
incidence of epithelial misplacement for SSA/P and
hyperplastic polyps was 8.8 and 5.7%, respectively [20]. If
CSP is performed for those lesions, the possibility of
VMX/+ appears to be high. Thus, we believe that SSA/P
cannot easily be resected by CSP.
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Table 2 Assessment of cutend  (Cagegory CSP group (n = 184), n (%)  EMR group (n = 184), n (%) P
histopathology in matched
polyps Complete resection 79 (43) 114 (62) < 0.001
X/+ margin 105 (57) 70 (38)
Specimen damage® 53 (29) 30 (16) < 0.01
Inadequate sectioning” 37 (20) 34 (18) 0.692
VMX/+ 11 (6) 2 (1) < 0.05
HMX/+ 4(2) 4(2) 1.000

X/+ margin unevaluable or positive margin, VMX/+ unevaluable or positive vertical margin, HMX/
+ unevaluable or positive horizontal margin, CSP cold snare polypectomy, EMR endoscopic mucosal

resection, /QR interquartile range

“Destruction of specimen due to retrieval

bInadequate sectioning of specimen

Table 3 Multivariate logistic regression analysis for X/+ margins
associated with procedure

Table 4 Multivariate logistic regression analysis for X/+ margins in
CSP specimens

Univariate Multivariate Univariate Multivariate
P OR 95% CI P P OR 95% CI P
Specimen damage® Specimen damage®
EMR 1 Reference Size (mm)
CSp < 0.01 2.02 1.21-3.35 < 0.01 <5 1 Reference
Inadequate sectioning” 6-9 < 0.05 2.88 1.35-6.10 < 0.01
EMR 1 Reference Histopathological type
CSp 0.692 1.13 0.67-1.93 0.646 Adenoma 1 Reference
VMX/+ SSA/P 0.931 0.57 0.13-2.44 0.445
EMR 1 Reference Experience
CSp < 0.05 6.80 1.33-34.69 < 0.05 Expert 1 Reference
HMX/+ Non-expert 0.450 0.50 0.20-1.26 0.144
EMR 1 Reference VMX/+
CSP 1.000 1.40 0.31-6.23 0.662 Size (mm)
Results are adjusted for age, sex, macroscopic type, location, size, =5 1 Reference
histopathological type and experience 6-9 0.085 2.27 0.29-17.49 0.432
CSP cold snare polypectomy, EMR endoscopic mucosal resection, X/ Histopathological type
+ margin unevaluable or positive margin, VMX/4 unevaluable or Adenoma 1 Reference
posmlve vertical margin, HMX/+ unev.aluable or positive horizontal SSA/P <0.00] 5836 7.45-456.96 <0.001
margin, OR odds ratio, CI confidence interval )
a . . . Experience
Destruction of specimen due to retrieval
b .. . Expert 1 Reference
Inadequate sectioning of specimen
Non-expert 0.641 1.40 0.16-12.14 0.758

In Japan, early colorectal cancer with an invasion depth
of < 1000 pm is considered an indication for endoscopic
resection due to no probability of lymph node metastasis
[21]. In our results, CSP specimens could frequently not
resect enough of the submucosa, and there were only a few
CSP specimens for which histopathological curability
could be estimated. The incidence rate of colorectal cancer
was 0.46% in polyps of < 5 mm in diameter and 3.3% in
polyps with a diameter of 6-9 mm [22]. Submucosal
invasive colorectal cancer from polyps of < 10 mm is low

Results are adjusted for age, sex, macroscopic type, and location

CSP cold snare polypectomy, X/4- margin unevaluable or positive
margin, VMX/+ unevaluable or positive vertical margin, SSA/P ses-
sile serrated adenoma/polyp, OR odds ratio, CI confidence interval

“Destruction of specimen due to retrieval

[23]. In cases of slightly invasive colorectal cancer, addi-
tional surgical resection would be necessary if histological
vertical margin evaluation in the CSP specimen was posi-
tive. As there are no clear guidelines for when the
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histopathological evaluation is X/+ , colorectal cancer may
be not suitable for resection by CSP.

This study had several limitations. First, it was retro-
spective and conducted at only two institutions. We used
propensity score matching analysis to minimize selection
bias. Second, the study did not include a systematic eval-
uation of recurrence after polyp resection, so it was
unknown which method minimized recurrence. Third, the
selection criteria for CSP and EMR for colorectal polyps
may have differed slightly among the endoscopists, which
could not be clarified in this retrospective study. Although
we believe that polyps of <5 mm in diameter are not
suitable for EMR, many such cases were resected with
polyps of > 6 mm. Polyps of < 3 mm in diameter are a
good indication for cold forceps polypectomy (CFP) [24].
Fourth, we were unable to examine for risk factors for
HMX/+ in CSP specimens due to our limited sample size
(2/182). Prospective, multicenter studies involving larger
numbers of individuals are needed to further investigate
this issue.

In conclusion, our findings suggest that histopathologi-
cal type may be an important factor associated with VMX/
+ or histopathological curability in CSP specimens. We
believe that CSP may eventually become the standard
treatment for non-pedunculated polyps of < 9 mm, but
recommend that SSA/P and colorectal cancer might be
excluded from CSP adoption. Endoscopists should perform
careful endoscopic diagnosis prior to resection by CSP,
including magnified endoscopy and image-enhanced
endoscopy.
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