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ABSTRACT

Background and study aims Adverse events are uncom-

mon with cold snaring, but cold techniques are generally

reserved for lesions ≤9mm out of concern for incomplete

resection or inability to mechanically resect larger lesions.

In a non-distended, water-filled lumen, colorectal lesions

are not stretched, enabling capture and en bloc resection

of large lesions. We assessed the effectiveness and safety

of underwater cold snare resection (UCSR) without submu-

cosal injection (SI) of ≥10mm non-pedunculated, non-

bulky (≤5mm elevation) lesions with small, thin wire

snares.

Patients and methods Retrospective analysis of an obser-

vational cohort of lesions removed by UCSR during colonos-

copy. A single endoscopist performed procedures using a

small thin wire (9-mm diameter) cold or (10-mm diameter)

hybrid snare.

Results Fifty-three lesions (mean 15.8mm [SD 6.9]; range

10–35mm) were removed by UCSR from 44 patients. Com-

pared to a historical cohort, significantly more lesions were

resected en bloc by UCSR (84.9% [45/53]; P=0.04) compar-

ed to conventional endoscopic mucosal resection (EMR)

(64.0% [32/50]). Results were driven by high en bloc resec-

tion rates for 10– to 19-mm lesions (97.3% [36/37]; P=

0.01). Multiple logistic regression analysis adjusted for po-

tential confounders showed en bloc resection was signifi-

cantly associated with UCSR compared to conventional

EMR (OR 3.47, P=0.027). Omission of SI and forgoing pro-

phylactic clipping of post-resection sites did not result in

adverse outcomes.

Conclusions UCSR of≥10mm non-pedunculated, non-

bulky colorectal lesions is feasible with high en bloc resec-

tion rates without adverse outcomes. Omission of SI and

prophylactic clipping decreased resource utilization with

economic benefits. UCSR deserves further evaluation in a

prospective comparative study.
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Introduction
Conventional endoscopic mucosal resection (EMR) and under-
water resection (polypectomy) are established techniques for
removal of colorectal lesions. Although a newer approach, un-
derwater resection is safe and effective [1, 2] with advantages
compared to conventional EMR including faster resection and
reduced resource utilization [3]. But underwater resection is
still not widely practiced outside of referral centers. Simplified,
practical, safe and effective modifications to the technique may
encourage adoption.

Endoscopic resection of neoplastic colorectal lesions≥10
mm in size is generally accomplished with a snare and electro-
cautery. Though effective, diathermy to assist with polypecto-
my introduces risks, including perforation, delayed bleeding
and post-polypectomy syndrome [4]. Conversely, adverse
events (AEs) are uncommon with cold resection techniques
that avoid electrocautery [3–7], but cold techniques have
been reserved mainly for lesions≤9mm in size out of concern
for incomplete resection, immediate bleeding and/or inability
to remove lesions≥10mm en bloc.

The role of cold snare resection has expanded recently, how-
ever, owing to its safety and efficacy, although cold snaring lar-
ger (≥10mm) lesions remains more limited and, at present, pri-
marily focused on serrated class lesions [8–12] as these polyps
commonly lack high grade histology and have lower rates of
submucosal extension [13]. Polypectomy is often successfully
performed in a piecemeal fashion for larger serrated lesions
with smaller sized (9–10mm) dedicated cold snares with en-
hanced mechanical cutting characteristics. However, concern
for incomplete resection of polyps and residual or recurrent
neoplasia, commonly associated with piecemeal resection
[14], is a notable area that deserves attention.

Underwater resection of colorectal lesions with a snare, with
or without diathermy, is a safe and effective alternative to tradi-
tional resection techniques [3]. An observed advantage of un-
derwater resection is the ability to capture larger surface areas
and volumes of tissue in a non-distended lumen compared to
polypectomy in a gas-distended colon. Even large lesions can
be removed en bloc [15]. But underwater resection of lesions≥
10mm has also generally been performed with electrocautery
and thus, still carries with it the accompanying thermal risks.
Therefore, our aim was to assess the safety and effectiveness
of a simplified approach, underwater cold snare resection
(UCSR) without submucosal injection (SI) of≥10mm non-ped-
unculated, non-bulky (≤5mm elevation) colorectal lesions uti-
lizing small, thin (0.3mm) wire dedicated cold or hybrid snares.

Patients and methods
Study design

This was a retrospective observational study conducted at a US
Veterans Affairs Medical Center. The study was approved by the
Institutional Review Board at the Sacramento VA Medical Cen-
ter, Veterans Affairs Northern California Health Care System
(VACHCS) to report deidentified data.

Study population and polyps

Retrospective analysis was performed on prospectively collec-
ted data of consecutive lesions removed by UCSR without SI
from adult (≥18 years old) patients presenting for scheduled
routine colonoscopies from January 2016 to November 2020.

Patients excluded from this analysis were those recruited for
enrollment in our unit’s other prospective endoscopic clinical
trials; patients on uninterrupted antithrombotic therapy, aside
from low dose aspirin, at the time of their procedure; hospita-
lized patients; or patients with uncorrected coagulopathy (in-
ternational normalization ratio > 1.5) or thrombocytopenia
(platelet count < 50,000/µL).

Eligible polyps were ≥10mm in size. Polyps excluded from
the analysis were lesions < 10 mm; pedunculated lesions; and
bulky lesions with >5-mm elevation from the colon wall (with
the tip of a 2.4-mm snare sheath as reference) where mechan-
ical transection of tissue by cold techniques can be limited and
where advanced imaging techniques cannot be applied to as-
sess for advanced histology in the deeper portion of a polyp.
As standard practice, lesions with endoscopic evidence of deep
submucosal invasion (NICE type 3 [16]; Kudo pit pattern V
[17]), were not endoscopically resected or included in this anal-
ysis. All polyps identified were photographed and their size,
morphology and location were documented. Polyp sizes were
assessed objectively in a gas-distended colon using a fully
open snare of known dimensions for reference to gain the
most accurate in situ estimate of lesion size (▶Fig. 1). Morphol-
ogy of polyps was recorded according to the Paris classification
[18].

Colonoscopy and instruments

All patients received split-dose bowel preparation with 4 liters
of polyethylene glycol 3350 and electrolytes oral solution be-
fore colonoscopy. One experienced endoscopist (AWY) per-
formed all procedures using high-definition colonoscopes
(Olympus PCF-H 190 L/I; Olympus America, Center Valley,
Pennsylvania, United States) with a distal transparent cap at-
tachment (Disposable Distal Attachment D-201–12704; Olym-
pus America, Center Valley, Pennsylvania, United States). Pa-
tients were under moderate or no sedation for their examina-
tion. The technique of combined water exchange and cap-assis-
ted colonoscopy [19] was performed for colonoscope insertion
and the colon was fully distended with carbon dioxide for with-
drawal inspection, evaluation and measurement of polyps.

UCSR technique

For polyps removed by UCSR, gas was completely suctioned
from the segment of bowel where the lesion was located and
sterile water at room temperature was infused with a foot ped-
al-operated water pump for partial distention of the lumen.
There was no limit to the amount of water infused to maintain
visualization of the field. Water exchange, infusion of clear wa-
ter and suctioning of turbid or bloody fluid, is emphasized to
maintain a clear field. SI, as in traditional EMR, was not used.
Endoscopic ultrasound and marking of the periphery of the le-
sion was not performed. Underwater views with or without nar-
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row band imaging helped enhance the visualization of lesion
borders (▶Video 1). Polyps were removed with a thin (0.3
mm) wire 9-mm diameter dedicated cold snare (Exacto Cold
Snare; US Endoscopy, Mentor, Ohio, United States) or 10-mm
diameter (0.3mm thick) hybrid (hot/cold) snare (Olympus
America; Center Valley, Pennsylvania, United States) at the dis-
cretion of the endoscopist. Electrocautery and SI were not used
for any resection. Attempts were made to completely remove
lesions en bloc (▶Fig. 2 and ▶Video 1).

For UCSR, coordination with the assistant is important to en-
sure success of mechanical resection of lesions. A systematic
approach is necessary and utilizing the long axis of the snare
can assist with capturing lesions > 10mm. After capturing a le-
sion underwater and ensuring a margin of≥1mm normal tis-
sue, slow, controlled closure of the snare (over at least a 5 to 7
second count, particularly if the snare is full) reduces entrap-
ment of deep submucosa and muscularis propria, which can
hinder successful cold resection. It is important to keep the en-
tire snare sheath/shaft as straight as possible throughout the
cutting process to transmit a constant and consistent cutting
force. This results in resection of the majority of lesions. If a le-
sion is not initially severed from the colon wall with these man-
euvers, continuing to hold the snare handle completely closed
with firm pressure for an additional period of at least 5 seconds
will often result in completion of the resection. If a lesion still
cannot be severed from the colon with these maneuvers, the
snare and the entrapped polyp are gently drawn back into the
instrument channel, with the snare handle still held closed, to
create a shearing force that will often complete the polypecto-
my (▶Video 2). If these maneuvers still do not successfully re-
sect the lesion, it is often because of a captured thick, submu-

cosal cord, and as the snare and polyp are lifted away from the
colon wall, the snare is opened slightly to release the base of
the cord and reclosed without releasing the polyp, and the
steps above repeated (▶Video 3).

This approach allows resection of a rather generous surface
area of mucosa (▶Fig. 2), but some experience with this tech-
nique is still needed to recognize when too much volume is cap-
tured by the snare before the resection is initiated. A post-re-
section submucosal protrusion can be observed after resection
[20].

Piecemeal resection was only utilized in this cohort for le-
sions that could not be removed en bloc by the above tech-
nique (▶Fig. 3 and ▶Video 4). Although not needed in this se-
ries, availability of a hybrid snare has the advantage of allowing
application of electrocautery without switching accessories or
releasing the captured polyp in the event it is needed to com-
plete the resection if cold snaring alone does not severe the le-
sion from the colon.

Resection was deemed complete once all macroscopic evi-
dence of the polyp had been removed after careful inspection
of the polypectomy base and margin in a water-filled lumen
and then confirmed in a gas-distended colon. Water injected
into the submucosa of the polypectomy base with the foot ped-
al-operated pump helped to further enhance evaluation of the
border of the resection site. If any residual polyp was suspect-
ed, additional snare resection was performed underwater to
ensure clearance of the site. Adjuvant thermal ablative tech-
niques were not applied in this cohort. All polyps were collected
and placed in separate jars for histopathologic assessment. No
prophylactic clipping of post-polypectomy sites was per-
formed.

▶ Fig. 1 a Large sessile serrated lesion. b Narrow band imaging of lesion. c Polyp size assessed in a gas-distended colon with a fully open snare
of known dimensions (9-mm diameter, 23-mm length). d Narrow band imaging of a separate sessile serrated lesion. e Polyp size assessed with
a fully open snare. f Polyp size assessed with the long axis of the snare.
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Outcome variables

The primary outcome measure was the en bloc resection rate
based on endoscopic assessment. Secondary outcomes were
immediate adverse event rates including perforation requiring
intervention, including endoscopic closure or surgery; delayed
bleeding within 30 days requiring blood transfusion and/or
need for surgery, an interventional radiology procedure, or re-
peat colonoscopy; or other event requiring unexpected hospi-

talization. Immediate post-polypectomy bleeding (bleeding
that did not stop on its own after 30 seconds and requiring
endoscopic intervention) was also recorded.

▶ Fig. 2 a 16-mm flat (0-IIa) tubular adenoma in a gas-distended
colon. b Narrow band imaging of lesion. c Lesion underwater, ap-
pears more compact and floats into the collapsed lumen. d Ensnar-
ing the lesion underwater with a thin wire snare. e En bloc post-po-
lypectomy site in a gas-filled lumen. f Irregularly shaped
15-mm 0-IIa tubular adenoma in a gas-distended colon. g Narrow
band imaging of lesion. h Lesion underwater, appears more com-
pact and completely captured in the long axis of the snare. i En-
snaring the lesion underwater. j En bloc post-polypectomy site in
a gas-filled lumen. (▶Video 3).

VIDEO

▶ Video 1 Underwater cold snare resection without submucosal
injection of a 13mm sessile serrated lesion.

VIDEO

▶ Video 2 Underwater cold snare resection with application of a
shearing force to complete en bloc polypectomy.

VIDEO

▶ Video 3 Underwater cold snare resection with application of a
shearing force and release of a submucosal cord to complete en
bloc polypectomy.
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Patients received a routine post-procedure telephone call
the following business day after their procedure to assess for
post-procedure complications and electronic medical records
were reviewed at the end of 30 days to evaluate for unexpected
hospitalizations or treatment. Departmental notification of
post-procedure hospitalizations outside of VANCHCS and

within 30 days of an endoscopic procedure was also routinely
performed as part of standard care for the facility.

Statistics

Descriptive statistics were used to report collected data. Cate-
gorical variables were evaluated by the Fisher exact test and
differences between means were compared using one-way a-
nalysis of variance (ANOVA). Stepwise multiple logistic regres-
sion analysis, based on backward likelihood ratio test selection
method, were used to obtain unadjusted and adjusted odds ra-
tios (OR), 95% confidence intervals (CI), and P values for the as-
sociation between en bloc resection and resection techniques.
Nine variables, including age, sex, indication, body mass index,
American Society of Anesthesiologists Classification, sedation
method, polyp location, polyp size and polyp morphology
were evaluated as potential confounders in the regression
model.

Results
In 44 patients, 53 lesions (mean size 15.8mm [SD 6.9]) (range
10–35mm) were removed by UCSR (▶Table1). The majority of
lesions (62.3%) were tubular adenomas and most (45/53) were
resected from the proximal colon. En bloc resection was suc-
cessful in 84.9% (45/53), with all but one 10– to 19-mm lesion

▶ Fig. 3 a 35-mm flat (0-IIa) tubular adenoma in a gas-distended colon straddling a haustral fold. b Narrow band imaging of lesion. c Lesion
underwater, configuration is favorably altered in a collapsed lumen and more easily accessible for snare resection. d Piecemeal resection (4 snare
resections total) underwater with a thin wire snare to completely remove lesion. e Post-polypectomy site in a gas-filled lumen (▶Video 4).

VIDEO

▶ Video 4 Piecemeal underwater cold snare resection of a large
tubular adenoma.

Yen Andrew W et al. Safety and effectiveness… Endosc Int Open 2022; 10: E791–E800 | © 2022. The Author(s). E795



(97.3%; 36/37) removed with one snare resection. The remain-
ing lesions required more than one snare resection for com-
plete clearance.

Compared to a published historical cohort from a random-
ized controlled trial (RCT) of underwater hot snare without SI
and conventional EMR – submucosal injection, lift and hot
snare – by the author [3], UCSR outperformed conventional
EMR for en bloc resection, particularly for lesions 10 to 19mm
in size (▶Table 2), even though a larger (15-mm diameter)
snare was used in the RCT. Recent published en bloc resection
rates from the literature [21, 22] from groups comparing un-
derwater and conventional resection techniques (also using lar-
ger snares than this cohort) are provided for additional refer-
ence in ▶Table 2.

Results from the stepwise multiple logistic regression analy-
sis indicated that en bloc resection was significantly associated
with UCSR, compared to conventional EMR (adjusted OR=3.47,
95% CI =1.15–10.43, P=0.027) adjusted for polyp size. In con-
trast, en bloc resection was not significantly associated with un-
derwater hot snare without SI, compared to conventional EMR
(adjusted OR=1.32, 95% CI = 0.53–3.30, P=0.550) adjusted for
polyp size (▶Table3).

AEs with UCSR were not observed and there was one case of
immediate bleeding after piecemeal resection of a 23-mm ses-
sile serrated lesion in the cecum that was successfully managed
by endoscopic intervention (clipping) for hemostasis.

Short-term endoscopic follow-up was not routinely per-
formed for lesions in the 10- to 19-mm size range, but for pa-
tients with lesions ≥20mm surveillance in 6 to 12 months was
conducted as part of standard practice. In this series, 16 such
lesions were removed from 15 patients. All but three patients
returned for follow-up.One patient moved; another did not re-
turn after being diagnosed with a non-gastrointestinal cancer;
and another with two lesions≥20mm declined follow-up.At
first follow-up there was no evidence of residual/recurrent neo-
plasia in 9/12 (75%). In cases where residual neoplasia was
identified, it was small and easily addressed endoscopically
(▶Table4).

Discussion
Our results confirm the success of simplifying the technique of
underwater resection. We report the feasibility, safety and effi-
cacy of UCSR without SI of ≥10mm non-pedunculated, non-
bulky, adenomatous and serrated class colorectal lesions. Using
a 9- to 10-mm diameter dedicated thin (0.3-mm) wire cold or
hybrid snare and a systematic approach, UCSR results in high
en bloc resection rates with no observed AEs.

Polypectomy is effective in reducing the incidence and mor-
tality of colorectal cancer [23], but the introduction of diather-
my accounts for the majority of complications related to colo-
noscopy. Current guidelines [24, 25] support cold snaring for
removal of small (< 10mm) lesions because of the ease, efficacy
and safety of this technique. Cold snaring larger lesions is at-
tractive because of the safety profile but concerns about in-
complete resection and inability to remove larger areas by me-
chanical resection have limited wider adoption. However, the
notion that electrocautery reduces incomplete resection, even
for small polyps, has been challenged [14], and additional fac-
tors such as ensuring a clear margin and reducing piecemeal re-

▶Table 1 Patient demographics (n = 44) and characteristics of
≥10-mm non-pedunculated, non-bulky colorectal lesions (n =53)
removed by underwater cold snare resection

Number of patients, n 44

Age (SD) 65.7 (8.9)

M/F (%) 43/1 (97.7)

Body mass index, kg/m2 (SD) 29.3 (5.0)

Antithrombotic use (%) 26/44 (59.1)

▪ Aspirin 23/44 (52.3)

▪ Other  3/44 (6.8)

Procedure Indication (%)

▪ Screening 15/44 (34.1)

▪ Surveillance 16/44 (36.4)

▪ Diagnostic  7/44 (15.9)

▪ Therapeutic  4/44 (9.1)

▪ Polypectomy follow up  2/44 (4.5)

Sedation (%)

▪ Moderate sedation 38/44 (86.4)

▪ No sedation  6/44 (13.6)

ASA classification (%)

▪ II 22/44 (50)

▪ III 22/44 (50)

Bowel preparation quality (%)

▪ Adequate (excellent or good) 44/44 (100)

▪ Inadequate (fair or poor)  0/44 (0)

Number of lesions, n 53

Mean size [mm] (SD) 15.8 (6.9)

Size range [mm] 10–35

10–19mm ≥20mm

Number of lesions, n 37 16

Proximal colon (%) 31/37 (83.8) 14/16 (87.5)

Tubular adenoma (%) 23 (62.2) 10 (62.5)

Sessile serrated lesion (%) 14 (37.8)  6 (37.5)

Morphology (Paris Classification)

▪ 0-Is 12  1

▪ 0-IIa 23 11

▪ 0-IIb  2  4

SD, standard deviation; ASA, American Society of Anesthesiologists.
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sections, may be equally, or possibly more important. Other
factors, such as SI, may also play a role in completeness of re-
section. A recent RCT demonstrated lower complete resection
rates related to the use of SI in cold snare resection of small le-
sions [26].

Evidence for cold resection of large serrated class lesions is
accumulating [8–12], but experience for adenomas is limited.
Adenomas may have more submucosal fibrosis and extension,
which may make mechanical resection more difficult. Piece-
meal resection of large serrated and adenomatous lesions by
cold snare has been reported, but piecemeal resection also in-
creases the frequency of residual neoplasia and achieving en

bloc resection was associated with lower incomplete resection
rates [14]. Performing en bloc resection may be more challen-
ging, however, for lesions≥10mm using small diameter (9–
10mm) snares optimized for cold snaring. These thin wire
snares are firmer and have a stiffer sheath which can enhance
cutting characteristics compared to standard snares; but draw-
backs have been the need to resort to piecemeal resection
when removing larger lesions, particularly if SI is utilized, as
this further expands and enlarges lesions. The ability to fully
capture a lesion and still be able to utilize the properties of a
snare optimized for cold resection would be beneficial. Collap-
sing the colon lumen, “shrinking” a polyp and applying the

▶Table 3 Stepwise multiple logistic regression analysis of the association between en bloc resection and endoscopic resection techniques.

Variable Odds ratio 95% confidence interval P value

Endoscopic resection techniques

Conventional EMR with hot snare 1.00 – –

Underwater cold snare without SI 3.47 1.15–10.43 0.027

Underwater hot snare without SI 1.32 0.53–3.30 0.553

Polyp size (mm) 0.86 0.81–0.90 <0.001

Other variables evaluated in the multiple logistic regression models included age, sex, body mass index, American Society of Anesthesiologists classification, seda-
tion (moderate versus no), polyp morphology (Paris classification), procedure indication (screening, surveillance, diagnostic, therapeutic), and polyp location.
EMR, endoscopic mucosal resection; SI, submucosal injection.
Nagelkerke R2=0.36

▶Table 4 Residual or recurrent neoplasia at first and second endoscopic follow up for lesions≥20mm in size.

Lesion size

(mm)

Location Pathology En bloc resection Residual/recurrent at first

follow-up

Residual/recurrent at second

follow-up

23 Cecum SSL (–) (–) n/a

21 Transverse TA (+) Data unavailable n/a

22 Descending SSL (+) (–) n/a

20 Transverse TA (+) (–) n/a

20 Descending SSL (+) (–) n/a

25 Ascending TA (–) (+) Pending follow up

35 Ascending TA (–) (–) n/a

27 Transverse SSL (+) (–) n/a

20 Transverse TA (+) (–) n/a

22 Ascending SSL (+) (+) (–)

30 Cecum SSL (–) (–) n/a

30 Cecum TA (–) (+) (–)

34 Cecum TA (–) (–) n/a

23 Ascending TA (+) Data unavailable n/a

30 Ascending TA (–) Data unavailable n/a

20 Transverse TA (+) Data unavailable n/a

SSL, sessile serrated lesion; TA, tubular adenoma; n/a, not applicable.
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steps of UCSR in a systematic approach may help accomplish
this.

Underwater resection of colorectal polyps has been report-
ed by our group as a safe and effective alternative for removal
of colorectal lesions in a RCT [3]. The technique has advantages
compared to conventional resection [3], but underwater re-
moval of lesions≥10mm is still generally accomplished with
diathermy. UCSR possibly retains the advantages of underwater
interventions but avoids electrocautery (example in Videos).
Reductions in polyp size in a collapsed, water-filled lumen is
crucial with this approach when capturing a lesion within a
smaller snare. The importance of selecting appropriate lesions
for resection with this technique and applying a systematic ap-
proach must be emphasized, however, as not all lesions should
be removed by UCSR; but adhering to the standard principles
outlined demonstrates the feasibility of this approach.

In our analysis, both adenomatous and serrated class lesions
were successfully removed with UCSR while maintaining high
en bloc resection rates for lesions up to 20mm. Despite the
small diameter snares in this study, en bloc resection rates for
UCSR (84.9% overall [45/53]) remained high, particularly for
10– to 19-mm lesions (97.3% [36/37]). The overall en bloc re-
section rate was significantly higher compared to the author’s
historical cohort of lesions ≥10mm removed by conventional
EMR (64.0% [32/50]) [3], where SI and a 15-mm hot snare
were used. En bloc resection remained significantly associated
with UCSR compared to conventional EMR in the multiple logis-
tic regression model. Compared to other groups experienced
with underwater and conventional resection techniques, the
en bloc resection rate of UCSR was also comparable or better
than those reported in a recent multicenter RCT [21] and retro-
spective study [22]. In these trials, standard sized snares were
used for resections.

The avoidance of SI with UCSR has cost advantages. The ex-
penses related to the injection needle and injectate solution,
and the additional time needed to perform this maneuver, of-
ten with piecemeal resection, are all reduced if SI is omitted.
Our prior RCT demonstrated that compared to underwater re-
section, SI prior to polypectomy significantly increases the time
to perform polypectomy for lesions ≥10mm in size [3]. Addi-
tionally, because delayed bleeding is uncommon with cold re-
section, clip closure of polypectomy sites is unnecessary, re-
sulting in further savings in time and resources.

Most colorectal lesions encountered in routine practice are <
10mm in size and can be resected safely and effectively by
standard cold snaring. Easily, efficiently and inexpensively ex-
panding the cold snaring armamentarium to larger lesions,
namely those in the 10–19mm size range, would allow endos-
copists to resect the majority of lesions encountered routinely
without the application of diathermy. Importantly, this would
reduce complications related to thermal injury and may im-
prove procedural efficiency and reduce resource utilization.

Similar to other cold resection techniques, AEs were infre-
quent for UCSR. Immediate bleeding was observed in one pa-
tient upon removal of a 23-mm cecal lesion and this was suc-
cessfully managed endoscopically. Delayed bleeding is rare
with cold resection and was not observed even without prophy-

lactic clip closure of resection sites after UCSR. Because AEs are
uncommon with cold techniques, an added benefit is that
endoscopists can be confident that they can secure a generous
margin around polyps and/or extend resection sites to ensure
clearance of neoplasia.

This study has limitations. It is a retrospective analysis of ob-
servational data from a US veteran population; a single endos-
copist experienced with underwater resection performed all ex-
aminations; and the completeness of polyp resection was based
on endoscopic assessment, so results may not be generalizable.
Pathologic assessment for completeness of resections was lim-
ited by specimen fragmentation and standard pathology re-
porting at our site and routine short-term follow-up of resected
polyps in the 10- to 19-mm size range is not performed. How-
ever, our prior RCT demonstrated that careful and systematic
assessment of the margin and polypectomy site results in low
rates of residual neoplasia based on sampling at the margins
and at the first surveillance (for lesions ≥20mm) [3], and the
same approach for endoscopic margin assessment was utilized
for this cohort. In future investigations, however, a more sys-
tematic approach to specimen retrieval and processing, such
as immediate pinning and fixing for accurate sizing and patho-
logic assessment would be useful. Establishing a protocol for
endoscopic follow-up to determine the outcome of residual/re-
current neoplasia would also be important.

In this analysis, the comparison with a historical cohort
might be affected by biases from the differences in the demo-
graphic and clinical characteristics of the patients. However, we
have included potential confounders using multiple logistic re-
gression and adjusted for their effects. Because of the limita-
tions in this small, retrospective study, the impact of findings
requires further investigation and the practical and clinical ef-
fectiveness of UCSR will need to be explored in a RCT. As this is
a novel technique, however, this pilot investigation provides
important observations and insights regarding UCSR feasibility,
outcomes and hypothesis generation and serves as a basis for
planning larger, well designed prospective trials. A similar ap-
proach led by our group investigating underwater resection
techniques beginning with a pilot observational study [27] led
to a funded RCT [3]. Finally, conclusions regarding post-poly-
pectomy complications from a cohort of this size should be
interpreted with some caution.

Conclusions
The novel application of UCSR shows promise as a simplified
method that can assist endoscopists in the safe and efficient re-
moval of intermediate and large sized adenomatous and serra-
ted class colorectal lesions. UCSR is part of the continued evo-
lution of underwater resection techniques that hold promise
for the effective resection of colorectal neoplasia. Prospective
RCTs are necessary to determine its full impacts. The cost and
time savings of avoidance of SI, prophylactic clipping and utili-
zation of multiple and/or larger snares may be an additional in-
centive to evaluate UCSR in practice. Expanding the polypecto-
my toolkit with an efficient, effective and simplified technique
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with lower burden of risk and resources may motivate colonos-
copists to incorporate UCSR into routine clinical care.
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