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Abstract

Background Underwater polypectomy (UWP) of large (>20 mm) colorectal lesions is well described, but reports of UWP
for lesions <20 mm in size, which account for >95% of polyps encountered in routine clinical practice, are limited. We
assessed the feasibility of UWP in routine practice across various sites for colorectal lesions <20 mm in size.

Methods A multicenter retrospective study was performed on pooled data from nine colonoscopists at 3 U.S., 1 Taiwanese
and 2 Italian sites. Outcomes related to UWP on lesions <20 mm in size were analyzed.

Results In 117 patients, UWP netted 169 lesions. Polypectomy by hot (HSP, 54%) or cold (CSP, 41%) snare, and cold
forceps (CFP, 5%) were performed successfully without endoscopic evidence of residual neoplasia or immediate clinically
significant adverse events. The majority (74.6%) were tubular adenomas; 60.9% were from the proximal colon. Histopatho-
logic margins were positive in 4 and unavailable in 26 CSP and 24 HSP specimens. The remainder had negative resection
margins on pathologic reports.

Conclusion UWP for colorectal lesions <20 mm in routine practice across multiple sites confirms the feasibility and accept-
ability of this technique. Improvement of resection outcomes by UWP in routine practice deserves further evaluation in a
randomized controlled trial.
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Abbreviations

UWP Underwater polypectomy
WE  Water exchange

[2] and water-assisted [3] colonoscopy have led to familiar-
ity with use of water instead of air to distend the colon. The
increasing use of water as a distending medium during colo-

HSP  Hot snare polypectomy noscopy warrants assessment of the feasibility of underwater
CSP  Cold snare polypectomy interventions, including polypectomy.
CFP  Cold forceps polypectomy Underwater polypectomy (UWP) of large (=20 mm) colo-

SD Standard deviation
RCT Randomized controlled trial

rectal lesions was first described in a retrospective observa-
tional study from a referral-based practice [4]. Similar reports
from other referral centers [5-7] and community practice
[8] followed, but large polyps account for < 5% of colorectal

Polypectomy during colonoscopy decreases the incidence of
and mortality from colorectal cancer [1]. Safe, effective and
complete removal of pre-cancerous lesions contributes to
high-quality colonoscopy. Removal of polyps during endos-
copy has traditionally been performed with the colon fully
distended with gas. However, the techniques of water-aided
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lesions encountered during colonoscopy [9, 10] and experi-
ence with UWP of lesions <20 mm in routine practice to date
has been limited to a case report [11], small case series [12]
and a study with limited number of centers and endoscopists
[13], despite the significantly more common occurrence
of lesions in this size range. Early observations associated
with water exchange (WE) colonoscopy, the simultaneous
infusion of clean water and suctioning of turbid effluent
and residual stool with gas exclusion, raised interests about
further documentation of UWP for lesions of various sizes
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in routine practice. At a meeting for the endoscopy interest
group International WATERS (Water-Aided Techniques in
Endoscopy and Research Society), members from multiple
international sites active in the use of WE endorsed pooling
practice data to document feasibility and outcomes of UWP
for polyps <20 mm in size in routine clinical practice.

Materials and methods
Study design

We performed a multicenter retrospective observational
study on data collected from 9 members of International
WATERS across various practice sites related to UWP of
colorectal lesions <20 mm in size. Eligibility criteria for
inclusion were consecutive adult patients (> 18 years old)
whose <20 mm polyps encountered in routine practice were
removed underwater from February 2011 to June 2015. The
data collecting settings and locations (Table 1) were the
usual practice sites of the members of the interest group. In
the usual consent for colonoscopy in which water-assisted
techniques were used (e.g., water exchange), patients were
informed about the possibility of performing interventions
(e.g., biopsy, polypectomy) underwater. De-identified data
are reported in accordance with local IRB (Sacramento
VAMC, Palo Alto VAMC, West Los Angeles VAMC, Tzu
Chi Buddhist Hospital) or Ethical Committee (Valduce Hos-
pital, S. Barbara Hospital) approval and/or standards.

Definitions

UWP was defined as polypectomy performed in a water
distended colon with gas exclusion. Feasibility and success
of UWP were determined by (1) the ability to completely
resect a colorectal lesion without endoscopic evidence of

residual neoplasia; (2) the avoidance of salvage techniques
to remove or eradicate a polyp such as transition to con-
ventional resection in a gas-filled colon or use of ablative
therapies for residual neoplasia; (3) absence of clinically
significant immediate complications including perforation,
immediate post-polypectomy bleeding requiring interven-
tion for hemostasis, unplanned hospital admission or need
for additional therapeutic procedures; and (4) the retrieval
of the resected specimen for histologic assessment. Per rou-
tine practice for resection of diminutive and small polyps,
long-term follow-up was not systematically performed for
each patient.

Procedure

All procedures performed at the 6 sites were completed on
an outpatient basis by nine endoscopists experienced with
water-aided colonoscopy. Procedures were performed with
or without procedural sedation and colonoscopes used were
based on local availability and endoscopist preference. Polyp
size was estimated visually by the endoscopist and assessed
for suitability of resection, e.g., no suggestion of deep sub-
mucosal invasion. At the site of polypectomy, all gas from
the segment of bowel was suctioned and replaced by sterile
water to distend the lumen for visualization of the field of
resection. There was no limit to the amount of water that
could be used. Electrosurgical generator settings, snares used
and choice of hot or cold resection techniques were based on
routine practice patterns by individual endoscopists. Polyps
were resected completely underwater until no endoscopic
evidence of residual neoplasia remained. Submucosal injec-
tion prior to polypectomy was not performed in any case in
this series.

De-identified data including patient age, gender, polyp
characteristics (location, size, pathology), polypectomy
approach (hot snare [HSP] (Fig. 1), cold snare [CSP]

Table 1 Data collection settings

N Site Investigators Settings, locations Num-
and locations ber of
polyps
Sacramento VAMC AW Yen VA, United States 98
JW Leung
Palo Alto VAMC S Friedland
West Los Angeles VAMC J Sul
FW Leung
Valduce Hospital A Amato Community Hospital, Italy 44
S. Barbara Hospital S Cadoni
M Liggi
Tzu Chi Buddhist Hospital YH Hsieh Community Hospital, Taiwan 27

VAMC Veterans Affairs Medical Center
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Fig.1 A Underwater view of a 10 mm sessile granular lesion in the
ascending colon. B Polyp captured and removed by hot snare under-
water without submucosal injection. C Underwater view of polypec-
tomy site

(Fig. 2), cold forceps [CFP]), complications (immediate
bleeding, perforation, hospitalization) and, when available,
histopathologic margins (clear or involved) were collected.

Statistics

Descriptive statistics were used to present data as fre-
quency counts (n), percentages of total (%) and normally
distributed variables are presented as means and standard

Fig.2 A 6 mm non-granular lesion in a gas distended colon. B
Ensnaring the lesion underwater with a dedicated cold snare. C Cap-
turing a rim of normal mucosa (small arrow) around the lesion (big
arrow) to achieve complete resection. D Post-resection site in a gas
distended colon

deviations (SD). For continuous variables, p values for
comparison of the group means were obtained using # test
and a value of p <0.05 was considered significant.
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Results

Table 1 shows data collection settings and locations. Nine
members of International WATERS from various sites (3
USA, 1 Taiwan, 2 Italy) provided data. UWP was performed
on 169 polypoid and non-polypoid lesions in 117 patients
(mean age 63.4 years [SD 9.5]; 93 male, 24 female). Ninety-
nine (58.6%) polypectomies were performed in patients
receiving sedation. Indications for colonoscopy were screen-
ing (n=43), surveillance (n=38) and diagnostic (n=36).
One-hundred-three (60.9%) polyps were from the proximal
colon (cecum =22, ileocecal valve =2, ascending colon =46,
hepatic flexure =2, transverse colon=31) and the remain-
ing were from the left colon (descending colon=18, sig-
moid =42, rectum=6). HSP (92/169, 54%), CSP (69/169,
41%) and CFP (8/169, 5%) were performed successfully
and safely without perforation. All lesions were removed
underwater and appeared to be completely removed endo-
scopically without the need for salvage therapies. After HSP,
clipping to control immediate bleeding occurred in 2 (1.2%).
One polyp removed by HSP was not retrieved. No other pro-
cedural or immediate post-procedural complications were
noted. Late complications were not tracked in this retrospec-
tive analysis.

Tubular adenomas accounted for 74.6% (126/169) of
resected lesions and 4 were tubulovillous adenomas (one
with high grade dysplasia). There were 6 sessile serrated
polyps (one with high grade dysplasia), 30 hyperplastic pol-
yps and 2 inflammatory polyps (Table 2).

Of the 69 polyps resected by CSP, 56 (81%) were non-
polypoid (pathologic size 5.3 mm [2.3]) and 13 (19%) were
polypoid (pathologic size 5.9 mm [3.1]). Of the 92 polyps
resected by HSP, 55 (60%) were non-polypoid (pathologic

Table 2 Details of CFP/CSP/HSP for adenomas/tubulovillous adeno-
mas/sessile serrated polyps/hyperplastic polyps/inflammatory polyps

CFP CSP HSP Total

Adenomas 4 48 73 126
Adenomas with high-grade dysplasia 1
(HGD)

Tubulovillous adenomas (TVA) 3 4
TVA with HGD 1

Sessile serrated polyps 5 6
Sessile serrated polyps with HGD 1
Hyperplastic polyps 4 20 6 30
Inflammatory polyps 2 2
Not retrieved 1 1
Total 8 69 92 169

CFP cold forceps polypectomy, CSP cold snare polypectomy, HSP
hot snare polypectomy HGD high grade dysplasia, TVA tubulovillous
adenoma
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size 11.5 mm [6.0]) and 37 (40%) were polypoid (pathologic
size 8.8 mm [3.1]).

Mean (SD) underwater size (10.3 mm [5.4]) was signifi-
cantly larger than the reported pathological size (8.8 mm
[5.0]). Mean size of lesions removed by CFP was 4.6 mm
[0.5]; CSP 6.0 mm [1.8]; and HSP 12.9 mm [5.9]. Compared
with HSP, CSP was applied to significantly smaller lesions
(12.9 mm [SD 5.9] vs. 6.0 [SD 1.8], p=0.0001).

Of the 69 polyps removed by CSP, margins were his-
topathologically negative in 43, positive in none, and not
reported on pathology in 26. Pathologists across sites vari-
ably reported margin involvement and in other cases frag-
mentation of resected lesions during retrieval and/or pro-
cessing prevented reliable margin assessment. Thus, margins
were clear in at least 62% (43/69) of resections. Of the 91
retrieved polyps removed by HSP, margins were negative
in 63, positive in four and not reported in 24. Margins were
clear in at least 69% (63/91). Four (4.4%) polyps removed
by HSP had positive histopathologic margins (two 10 mm
polypoid adenomas, one 12 mm non-polypoid adenoma,
one 20 mm non-polypoid tubulovillous adenoma). If only
polyps with known margins were considered, 100% of CSP
and 94% of HSP had clear margins. The en bloc success
rate was not recorded by all endoscopists for lesions in this
size range.

Discussion

UWP using hot and cold resection techniques is a novel
approach that is feasible and appears effective for the
removal of the most commonly sized colorectal polyps
(<20 mm) encountered in routine clinical practice. No clini-
cally significant procedural adverse events were noted in this
series and all but one lesion was successfully retrieved for
histopathologic analysis.

The introduction of WE colonoscopy raised questions
about the feasibility of UWP. With more widespread use,
additional advantages of water-aided colonoscopy emerged.
The anecdotal failure to capture an elusive 10 mm peduncu-
lated polyp in an air-filled, spastic sigmoid, was overcome
by water-filling the colon, and UWP highlighted the mer-
its of this novel approach [11]. The ease of finding magni-
fied polyps underwater during WE insertion [14] and early
reports of large polyp removal underwater by hot snare [4-8]
attracted further interest. The majority of polyps encoun-
tered during colonoscopy, however, are <20 mm in size [9,
10], so interest in outcomes for UWP in routine practice
has grown.

Three cases of UWP during insertion WE colonoscopy
of smaller sized lesions were initially reported by Ocampo
et al. [12], using HSP and CSP, suggesting the possibil-
ity of extending UWP with hot and cold techniques to
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lesions <20 mm. The observations also raised interests
in documenting the expanded role of UWP regardless of
the phase of colonoscopic examination (insertion or with-
drawal) and the use of various approaches involving HSP,
CSP and CFP on commonly encountered lesions. In the
current report, this multicenter series shows that this novel
approach can be performed effectively and safely and pro-
vides an opportunity to further explore potential benefits of
the technique in routine practice.

A randomized controlled trial (RCT) from Switzerland
reported a polyp miss rate of 7.3% for lesions <10 mm in
size when polypectomy was limited to colonoscope with-
drawal. The investigators advised small polyps be removed
during insertion and withdrawal [15]. This recommenda-
tion generates further interest in UWP associated with WE,
where submerged polyps encountered on insertion are more
easily identified [14]. The data reported here support the
feasibility of UWP during WE insertion, and this practice
may have implications for reducing polyp miss rates.

CSP is superior to CFP for reducing the incomplete resec-
tion rate of small polyps [16, 17], although CFP is often
preferred by practicing endoscopists [18]. But reliance on
CFP may adversely impact the quality of colonoscopy, e.g.,
incomplete lesion removal, and limiting its use may be ben-
eficial. Removing polyps in a water-filled lumen may pro-
mote the use of snares over forceps as polyps tend to “float”
upward into the lumen, and capturing lesions in their entirety
with a rim of normal mucosa may be easier. The buoyancy
of polyps underwater alters their morphology, and flat or
sessile lesions reveal their stalks, which may not be easily
visible in a gas-filled lumen (Fig. 3). The data in the current
study showed that CSP (41%) was used significantly more
frequently by endoscopists compared to CFP (5%), possibly
a reflection of the ease of use of this technique in a water-
filled colon, which may help with complete resections.

The importance of complete resection is underscored by
results from prior RCTs reporting significant incomplete

resection rates of approximately 10% for lesions <20 mm
in a gas-filled colon [19, 20]. These studies suggest alterna-
tive methods for resection deserve consideration. Although
the information in the current study is observational and
incomplete, the reported histopathologic margin of resected
specimens was deemed clear in at least 62% of polyps
removed by CSP and at least 69% of polyps removed by
HSP. If the analysis is restricted to lesions with known and
reported margin information, >94% of specimens had a
negative margin pathologically (100% for CSP, 94% for
HSP). Given these findings and the need to improve current
resection techniques, UWP deserves further evaluation as
a new method to improve resection rates in routine clinical
practice, particularly in the context of WE colonoscopy. WE
colonoscopy has been shown to increase ADR significantly
and unequivocally [21-23]. Coupled with a plausible, more
complete resection underwater, the combined approach may
have a welcomed impact on post-colonoscopy interval can-
cer by significantly reducing its occurrence, a current glar-
ing drawback of traditional air insufflation colonoscopy and
polypectomy performed in a gas-filled lumen.

Limitations to this report include its retrospective, obser-
vational nature, lack of long-term follow-up and its small
sample size. Given the variation among endoscopists in col-
lecting polyp resection times, this potentially informative
variable was not available for analysis. In upcoming prospec-
tive studies, a standardized approach will be used to docu-
ment resection time. The en bloc resection rate would also
be an interesting statistic to provide. However, this metric
was not clearly recorded by all endoscopists, likely because
of the smaller lesion sizes involved in this study, so it cannot
be accurately calculated.

We conclude that the effective use across multiple sites in
different countries confirms the feasibility and acceptability
of UWP for polyps <20 mm in size in conjunction with WE
colonoscopy in non-referral practice. An improvement of
resection outcomes by the novel UWP approach in routine
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Fig.3 A Rectal lesion seen in an air-filled lumen (no obvious stalk seen, arrow); B underwater view of the same lesion. The lesion (floating in

water) becomes polypoid, revealing a very short stalk (arrow)
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clinical practice deserves further evaluation in a randomized
controlled trial.
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