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ABSTRACT

Background & Aims: Underwater endoscopic mucosal resection (U-EMR) and conventional endoscopic
mucosal resection (C-EMR) are the primary techniques for the removal of colorectal polyps. The purpose of
this study is to conduct a meta-analysis on the safety and efficacy of the two procedures, U-EMR and C-EMR.
Methods: We searched multiple databases for randomized controlled trials (RCTs) comparing U-EMR and
C-EMR for the resection of sessile or flat colorectal polyps. Standard meta-analytic methods were employed
using random-effects, and I” % was used to assess heterogeneity.

Results: A total of seven RCTs were included. Regarding the en bloc resection rate, U-EMR was superior
to C-EMR [Risk Ratio (RR) 1.13, 95% confidence interval (CI): 1.02-1.24]. Subgroup analysis showed that
the higher en bloc resection rate of U-EMR was mainly manifested in 10-20 mm polyps (RR=1.16, 95%CI:
1.07-1.25). In the analysis of RO resection rate, U-EMR outperformed C-EMR (RR=1.28, 95%CI: 1.02-1.61).
In terms of the incidence of adverse events and recurrence rate, U-EMR showed a trend lower than C-EMR
in terms of intraoperative bleeding [odds ratio (OR) 0.83, 95%CI: 0.45-1.54), delayed bleeding (OR=0.61,
95%CI: 0.28-1.32), and recurrence rate (OR=0.53, 95%CI: 0.24-1.18), but none of them reached statistical
significance. For procedure time, U-EMR demonstrated shorter resection times than C-EMR [mean difference
(MD) -3.05 minutes, 95%CI: -5.17 to -0.92).

Conclusions: For sessile or flat colorectal polyps measuring 210 mm in diameter, U-EMR demonstrates
superior efficacy compared with C-EMR.

Key words: sessile or flat — colorectal polyps — underwater endoscopic mucosal resection -—conventional
endoscopic mucosal resection — meta-analysis.

Abbreviations: C-EMR: conventional endoscopic mucosal resection; CI: confidence interval; CRC: colorectal
cancer; MD: mean differences; RCT: randomized controlled trial; RR: risk ratio; OR: odds ratio; U-EMR:
underwater endoscopic mucosal resection.

INTRODUCTION

polyps are categorized as type 0-1, while flat lesions are classified
as type 0-1Ia, 0-1Ib, 0-Ilc, or O-III. This study primarily included

Colorectal cancer (CRCQC)
is one of the most common
and severe gastrointestinal
malignancies worldwide,
characterized by high incidence
and mortality rates. Among all
cancer types, CRC ranks third in
incidence and second in mortality
[1]. The development of CRC is
closely associated with colorectal
polyps, particularly sessile or flat
polyps, which hold significant
clinical relevance. According to
the Paris classification, sessile

0-Is (sessile) and 0-1II (flat) lesions from randomized controlled
trials (RCTs) [2, 3]. If not promptly resected, these polyps
have a high likelihood of progressing to malignant tumors,
thereby markedly increasing the risk of developing cancer
[4]. Most CRC tumors develop via the “adenoma-carcinoma”
sequence, with colorectal polyps, a family history of cancer,
and a history of smoking being the main risk factors [5]. This
progression underscores the importance of early detection and
intervention in the management of colorectal cancer. Studies
have shown that early colonoscopic screening to identify and
effectively remove polyps is a key strategy for CRC prevention
[6]. Currently, C-EMR is a well-established technique for
endoscopic polyp removal. Prior to resection, saline is injected
into the submucosal layer to separate superficial lesions from
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the underlying muscularis propria, thereby facilitating the
complete removal of the lesion [7]. According to the literature,
C-EMR has notable limitations and potential safety risks
when used to resect sessile or flat colorectal polyps, including
higher recurrence rates, lower en bloc resection rates, technical
difficulty, and prolonged procedure times [7-9]. However, the
increased recurrence rate may be attributed to multiple factors,
such as lesion size, morphology, location, positive margins,
intraprocedural bleeding, and advanced histology [10, 11].
Subsequently, Binmoeller et al. [12] introduced underwater
endoscopic mucosal resection (U-EMR) in 2012, which has
been demonstrated to be feasible and effective for the resection
of large, flat colorectal lesions. Since then, this technique has
become a valuable tool in clinical practice for managing such
lesions. Since then, U-EMR has gradually gained widespread
attention in the field of endoscopic therapy. Its standardized
procedure involves evacuating gas from the entire lumen, filling
it with saline or sterile water to fully immerse the lesion, and
then resecting the lesion without performing a submucosal
saline injection [13]. However, the use of U-EMR in actual
endoscopic surgery is highly controversial. In addition,
compared with earlier techniques, with the development and
maturation of technology, the resection rates of U-EMR and
other outcomes may improve. Therefore, we reviewed all
relevant literature up to September 2025 to re-evaluate these
outcomes. To date, direct comparisons between U-EMR and
C-EMR are limited, particularly for sessile or flat colorectal
polyps 210 mm. Five meta-analyses have attempted to
summarize available data, but their performance-related
limitations have sparked ongoing debate [14-18]. Therefore, we
conducted an updated systematic review and meta-analysis. To
obtain higher-level evidence, this analysis strictly included only
RCTs, thereby providing reliable and cutting-edge conclusions
regarding the comparison between U-EMR and C-EMR.

METHODS

This systematic review and meta-analysis were conducted
in accordance with the methodological guidance of the
Cochrane Handbook for Systematic Reviews of Interventions
[19], and its reporting followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 2020
statement [20].

Data Sources and Search Strategy

A comprehensive search was performed in PubMed,
Embase, Web of Science, and the Cochrane Library to identify
eligible studies published in each database up to September 2025.
The search included the following MeSH terms and free-text
words: “underwater;” “water,” “endoscopic mucosal resection,’
“intestinal polyps,” “colorectal polyps,” “colo-rectal polyps,”
“randomized controlled trial,” and “RCT” Detailed search
strategies are provided in Supplemental Table 1. Search strategies
were adapted as needed for each database, and the search was
limited to English-language publications. Based on predefined
inclusion and exclusion criteria, two reviewers (Y.Y.H.and L.L.)
independently screened the titles and abstracts of all identified
records. Disagreements at this stage were resolved through
discussion, and a third reviewer (Z.H.W.) was consulted when
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consensus could not be reached. Subsequently, the same two
reviewers independently assessed the full texts of potentially
eligible studies for final inclusion. Any discrepancies were again
resolved by discussion, with arbitration by a third reviewer
(Z.H.W.) when necessary. This study has been registered with
the PROSPERO International Prospective Register of Systematic
Reviews (Registration number: CRD420251276052). Since
this study does not involve any patient-facing interventions or
clinical data analysis that requires human participant consent,
ethical approval is not needed.

Inclusion and Exclusion Criteria

We included studies evaluating the outcomes of U-EMR
versus C-EMR for the treatment of sessile or flat colorectal
polyps 210 mm. Studies were eligible regardless of sample size,
inpatient or outpatient setting, or geographic location, provided
they reported data necessary for analysis. The inclusion criteria
were defined as follows: (i) Population: patients aged >18 years
with colorectal polyps 210 mm; (ii) Intervention: U-EMR;
(iii) Comparator: C-EMR; (iv) Outcomes: procedure-related
efficacy and safety; (v) Study design: RCTs. Studies were
excluded if they met any of the following criteria: (i) reviews,
case reports, guidelines, abstract conference, systematic
reviews, meta-analyses, or animal studies; (ii) studies on
colorectal polyps <10 mm in diameter; (iii) insufficient study
data; (iv) studies not reporting comparative data between
U-EMR and C-EMR; (v) publications in languages other than
English.

Data Extraction

Two reviewers (Y.Y.H. and L.L.) independently extracted
data using a standardized form, with any discrepancies
resolved through discussion with a third author (Z.H.W.).
Extracted data included the first author’s name, country,
study design, study period, number of centers, number of
endoscopists involved, baseline characteristics of the study
population, number of polyps resected using U-EMR and
C-EMR, polyp criteria, primary outcome, follow-up interval
for recurrence, recurrence rates, adverse events, and definitions
of RO resection. In addition, due to the different statistical
descriptions of continuous variables in the seven studies,
including interquartile range (IQR), range, median, mean,
and standard deviation (SD). To unify the effect size, this
study applied the statistical methods reported by Wan et al.,
Luo et al,, and Shi et al. to convert them into mean and SD
forms, which have been widely adopted for handling data in
meta-analyses [21-23].

Quality Assessment

The quality and risk of bias of the RCTs were assessed
using the Cochrane Risk of Bias tool [24]. These tools allow
for a comprehensive assessment of various sources of bias,
including random sequence generation and allocation
concealment (selection bias), blinding of participants and
personnel (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition bias),
selective reporting (reporting bias), and other biases. Each
study was evaluated according to these criteria. Two reviewers
(Y.Y.H.and L.L.) independently assessed the risk of bias of each
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study. Any disagreements were resolved through discussion,
and when necessary, a third reviewer (Z.H.W.) was consulted
to reach a final decision.

GRADE for Quality of Evidence

For the randomized studies included in this research, the
overall quality of evidence was assessed using the Grading of
Recommendations Assessment Development and Evaluation
(GRADE) method (Supplementary file, Table2). Two reviewers
(Y.Y.H.and L.L.) independently performed the evaluation, with
disagreements resolved by discussion or consultation with a
third reviewer (Z.H.W.). The certainty of evidence ranged from
low to moderate across outcomes. For efficacy outcomes, en bloc
resection and RO resection were rated as low quality due to risk
of bias and inconsistency, while resection time was downgraded
for risk of bias and indirectness. For safety outcomes, overall
adverse events and intraprocedural bleeding were of low quality
due to risk of bias and imprecision, whereas delayed bleeding
was of moderate quality. Evidence for recurrence was also low
due to risk of bias and imprecision. Overall, the certainty was
mainly limited by risk of bias, inconsistency, and imprecision,
and the findings should be interpreted with caution.

Outcomes Measures

The primary outcome of this systematic review and meta-
analysis was to compare the efficacy of U-EMR versus C-EMR
in achieving en bloc resection rate. Secondary outcomes
included RO resection rate, recurrence rate, procedure time,
and the incidence of adverse events, such as delayed bleeding
and intraprocedural bleeding.

Definitions

The primary outcome, en bloc resection, is defined as the
resection of the entire lesion in one piece without any visible
residual tumor, as confirmed by either conventional white-
light imaging or narrow-band imaging (NBI) [13, 25-30].
This analysis also included several secondary outcomes,
including RO resection rate, recurrence rate, procedure time,
and incidence of adverse events. RO resection was specifically
defined as the complete removal of the lesion, encompassing en
bloc resection with negative lateral and deep margins confirmed
through biopsy specimens [13, 26-29]. Recurrence was defined
as the presence of residual tissue at the original lesion site
detected during at least one follow-up colonoscopy, regardless
of whether it was observed macroscopically or microscopically
[28-30]. Procedure time was defined as the duration from the
initiation of submucosal injection in the C-EMR group or the
immersion of the lesion in saline in the U-EMR group until
the complete resection of the polyp [13, 25, 27-29]. Adverse
events included intraprocedural bleeding and delayed bleeding.
Intraprocedural bleeding was defined as bleeding during the
procedure requiring endoscopic hemostasis, whereas delayed
bleeding was defined as any bleeding event occurring within
30 days post-procedure that necessitated unplanned emergency
department visits, hospitalization, or further intervention.

Data Synthesis and Statistical Analysis
To analyze the data from the included studies, we used
REVIEW MANAGER (REVMAN) version 5.3 (Nordic

Cochrane Center, Copenhagen, Denmark). For dichotomous
outcomes, risk ratios (RRs) and 95% confidence intervals
(CIs) were estimated using the Mantel-Haenszel method. For
continuous outcomes, mean differences (MDs) and 95% CIs
were estimated using inverse variance weighting. A P-value
<0.05 was considered statistically significant. All outcomes
were analyzed using random-effects models. The I° statistic was
used to describe statistical heterogeneity and was interpreted
cautiously [31].

Sensitivity Analysis

To assess the robustness of the study results, sensitivity
analyses were performed to explore potential sources of
heterogeneity and to examine the influence of each study on
the meta-analysis outcomes. The leave-one-out approach,
in which each study is sequentially removed and the data
re-analyzed, was employed to identify specific sources of
variability or uncertainty, thereby evaluating the reliability of
the overall conclusions.

RESULTS

Baseline Study Characteristics

The PRISMA flowchart used for the search and selection
process is shown in Fig. 1. Through our database search, a total
of 135 studies were identified, of which 56 were duplicates.
Among the remaining 79 studies, 54 irrelevant articles were
excluded after carefully reviewing the titles and abstracts.
Subsequently, the full texts of the remaining 25 articles were
assessed, resulting in the exclusion of 1 editorial, 4 letters to
the editor, 7 conference abstracts, 5 studies with insufficient
data, and 1 study involving colorectal polyps <10 mm.
Ultimately, 7 RCTs were included in the meta-analysis [13,
25-30]. The baseline characteristics of the studies included in
the final analysis are shown in Table I. Overall, seven studies
reported outcomes for a total of 1,380 sessile or flat colorectal
polyps removed; of these, 698 polyps were resected using
U-EMR and 682 using C-EMR. The seven included studies
were conducted in Germany [28], China [26], Brazil [30],
Spain [29], the United States [25], Vietnam [27], and Japan
[13]. Three studies were designed as multicenter trials [13,
29, 30]. Five studies included polyps measuring 10-20 mm
[13, 25-27, 30], and five studies included polyps =20 mm
[25, 27-30]. All seven studies reported data on the en bloc
resection rate [13, 25-30].

Methodological Quality and Risk of Bias

The summary of risk of bias is presented in Fig. 2. For the
randomization process (D1), all 7 studies (100%) were rated
as low risk. In allocation concealment (D2), 5 studies (71.4%)
were low risk, while 2 (28.6%) had some concerns due to
insuflicient reporting; none were high risk. For blinding of
participants and personnel (D3) and outcome assessment
(D4), 3 studies (42.9%) had some concerns and 4 (57.1%)
were high risk, mainly due to the open-label nature of different
endoscopic techniques. All studies were rated as low risk for
missing outcome data (D5), selective reporting (D6), and other
bias (D7). Overall, 4 studies (57.1%) were at high risk of bias
and 3 (42.9%) had some concerns, with none rated as low risk.
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Fig. 1. PRISMA flow chart of literature search and research selection process.

The primary source of bias was lack of blinding in intervention
and outcome assessment, which should be considered when
interpreting results.

En-bloc Resection Rate

A total of 1,380 colorectal polyps were included across
the seven studies, comprising 698 polyps in the U-EMR
group and 682 polyps in the C-EMR group [13, 25-30].
Regarding en bloc resection rate, U-EMR was superior to
C-EMR (RR=1.13, 95%CI: 1.02-1.24; p=0.01; I’=59%),
with moderate heterogeneity (Fig. 3). Further subgroup
analyses were conducted according to polyp size. For sessile
or flat colorectal polyps measuring 10-19 mm, U-EMR
demonstrated a significantly higher en bloc resection rate
than C-EMR (RR=1.16, 95%CI: 1.07-1.25; p=0.0004; [°=0%).
In contrast, for sessile or flat colorectal polyps =20 mm, no
significant difference was observed between U-EMR and
C-EMR (RR=0.95, 95%CI: 0.55- 1.65; p=0.86; ’=33%) (Fig.
4). Subgroup analyses thus indicated that U-EMR achieved a
higher en bloc resection rate only for polyps measuring 10-19
mm, whereas no significant difference was found for lesions
220 mm.

RO Resection Rate

Five studies involving 1,128 colorectal polyps (U-EMR,
561; C-EMR, 567) evaluated the RO resection rate [13,
26-29]. The comparison revealed that U-EMR achieved a
higher RO resection rate than C-EMR (RR=1.28, 95%CI:
1.02-1.61; p=0.03; I’=80%), but with considerable
heterogeneity (Supplementary file, Fig. 1). To address the
heterogeneity, a stepwise sensitivity analysis was performed
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by sequentially excluding individual studies. After excluding
the study by Le et al. [27], the heterogeneity was completely
resolved (I = 0%), and the superiority of U-EMR became
more pronounced (RR 1.33,95% CI 1.16 - 1.53; P < 0.0001)
(Supplementary file, Table III). This indicated that Le et
al. [27] research was the main source of heterogeneity.
This heterogeneity may be attributed to the differences in
research design, the expertise of the operators, or the lesion
characteristics of different trials.

Resection Times

Five studies involving 1,400 colorectal polyps reported
resection times [13, 25, 27-29]. U-EMR demonstrated shorter
resection times than C-EMR (MD -3.05 minutes; 95%CI:
-5.17 to —0.92; I’=94%), though with high heterogeneity
(Supplementary file, Fig. 2). To assess robustness, two
sensitivity analyses were performed. First, excluding the two
studies with non-normally distributed data [13, 27] yielded
consistent results favoring U-EMR (MD -5.68 minutes;
95%Cl: —9.80 to —1.56; p=0.007; I’=75%; Supplementary file
Fig. 3). Second, a leave-one-out analysis identified Yamashina
etal. [13] as the primary source of heterogeneity; its exclusion
reduced heterogeneity (I°=66%) while sustaining the advantage
of U-EMR (MD -4.00 minutes; 95%CI: —6.21 to —1.79;
p=0.0004; Supplementary file, Table 4). Across both analyses,
the finding of shorter resection times with U-EMR remained
stable.

Recurrence Rate
Three studies evaluated the recurrence rate of 520 colorectal
polyps (U-EMR, 251; C-EMR, 269) [28-30].
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The analysis showed that compared with C-EMR, U-EMR
also exhibited a lower recurrence rate (OR=0.53, 95%CI: 0.24-
1.18; p=0.12; I’=37%), with moderate heterogeneity, although
the difference was not statistically significant. (Supplementary
file, Fig. 4).

Adverse Events

All seven studies reported data on adverse events, analyzing
outcomes for 1,374 polyp resections, including 696 polyps in
the U-EMR group and 678 polyps in the C-EMR group [13,
25-30]. No significant difference was observed in the incidence
of adverse events between U-EMR and C-EMR (OR=0.73,
95%Cl: 0.49-1.10; p=0.13; I’=0%) (Supplementary file, Fig. 5).

Subsequently, subgroup analyses of adverse events were
performed. However, in the pooled analysis of the seven
included studies, only one study reported perforation events,
while no perforations were reported in the remaining studies
[29]. According to the Cochrane Handbook, when event rates
are close to zero, OR analyses may yield statistically unreliable
conclusions [19]. Therefore, given the low frequency of events
in the current dataset, our study cannot provide a statistically
valid comparison of perforation rates between U-EMR and
C-EMR. More high-quality data are required to support a

Risk Ratlo Risk Ratlo

100

0ol 04 1 10
Favours [U-EMRI] Faveurs [C-EMR]

Fig. 3. Forest plot for studies assessing the en bloc resection rate. UEMR: endoscopic mucosal resection; C-EMR:
conventional EMR; U-EMR underwater endoscopic mucosal resection; CI indicates confidence interval; M-H: Mantel-

Haenszel test.
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Fig. 4. Forest plot for studies assessing the en bloc resection’s Subgroup analysis. For abbreviations see Fig.3.
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comparative analysis of perforation risk between the two
techniques. Accordingly, only intraprocedural bleeding and
delayed bleeding were included in further analyses.

Intra-procedure Bleeding Rate

Data from six studies analyzed outcomes for 1,164 polyp
resections, including 588 polyps in the U-EMR group and 576
polyps in the C-EMR group [25-30]. The analysis showed no
significant difference between U-EMR and C-EMR regarding
intraprocedural bleeding (OR=0.83, 95%CI: 0.45-1.54; P =
0.55; I? = 45%), with moderate heterogeneity (Supplementary
file, Fig. 6).

Delayed Bleeding Rate

Seven studies investigated delayed bleeding, but only four
studies provided relevant data [13, 27-29]. The analysis showed
no significant difference between U-EMR and C-EMR in
delayed bleeding (OR=0.61, 95%CI: 0.28-1.32; p=0.21; I’=0%),
with no heterogeneity (Supplementary file, Fig. 7).

DISCUSSION

This updated systematic review and meta-analysis evaluated
data from seven RCTs encompassing over 1,000 sessile or flat
colorectal polyps. Our comprehensive analysis confirmed that
U-EMR outperforms C-EMR in terms of efficacy, recurrence
rate, and procedural efficiency. For the resection of sessile
or flat colorectal polyps >10 mm, compared with C-EMR,
U-EMR significantly increased the en bloc resection rate
(RR=1.13; 95%CI: 1.02—1.24; p=0.01; I’=59%) and RO
resection rate (RR=1.28; 95%CI: 1.02—-1.61; p=0.03). Notably,
in subgroup analyses of the U-EMR group, the improvement
in en bloc resection rate was primarily driven by polyps
measuring 10-19 mm (RR=1.16; 95%CI: 1.07-1.25; p=0.004).
In addition, U-EMR significantly shortened procedural time
(MD -3.05 minutes; 95%CI: —=5.17 to —0.92; p=0.005), likely
due to the elimination of submucosal injection and simplified
snare positioning. In addition, although U-EMR is superior to
C-EMR in terms of intraoperative bleeding (OR=0.83, 95%CI:
0.45-1.54), delayed bleeding (OR=0.61, 95%CI: 0.28-1.32),
and recurrence rate (OR=0.53, 95%CI: 0.24-1.18), there is
no significant difference, providing important evidence for
exploring the safety of U-EMR and C-EMR.

To date, several systematic reviews and meta-analyses
have attempted to aggregate data on this topic, but all have
notable limitations. The conclusions of existing studies are
sometimes contradictory, and many analyses include a mixture
of retrospective and prospective studies, resulting in substantial
heterogeneity. For example, one study included three RCTs,
one prospective study, and three retrospective studies, and
concluded that U-EMR had an advantage over C-EMR in
terms of en bloc resection rate (OR=1.84; 95%CI: 1.42-2.39;
p<0.001; I’=38%) [15]. Subsequently, four additional studies
reported differing findings regarding RO resection rate,
recurrence rate, and incidence of adverse events [14, 16—18].
Although these studies are not directly comparable, their
results generally favor U-EMR. However, because these
analyses included not only RCTs but also prospective and
retrospective studies, concerns remain regarding the reliability

of their conclusions. To enhance the reliability of research
findings and overcome existing limitations, we conducted a
meta-analysis using data exclusively from RCTs to ensure that
the analysis is based on high-quality evidence.

Consistent with the findings reported by Wang et al [17],
the results of the present study also support the advantages of
U-EMR in the resection of sessile or flat colorectal polyps,
particularly with respect to en bloc resection rate, RO resection
rate, and procedural time, all of which were significantly
superior to C-EMR. It should be noted that Wang et al. [17]
study included a mixed study design (RCTs and cohort studies),
which may have influenced their results. Nevertheless, it is
undeniable that U-EMR demonstrates fundamental advantages
over C-EMR for colorectal polyp resection. In addition, the
findings regarding recurrence rates are partially consistent with
those reported by Rotermund et al. [32]. Their research shows
that for polyps > 10 mm, there is no significant relationship
between local recurrence and polyp size. Although this
study suggests that UEMR is superior to C-EMR in terms of
recurrence rate, there is no significant difference. Notably,
compared with the study by Tziatzios et al. [33] on adverse
event incidence, our results indicate no statistically significant
differences between U-EMR and C-EMR in intraprocedural
or delayed bleeding during the resection of sessile or flat
colorectal polyps. This indirectly suggests that, when adverse
event rates are comparable, U-EMR may be preferred to
maximize en bloc and RO resection rates, reduce recurrence,
shorten procedural time, and avoid risks associated with
submucosal injection.

During U-EMR procedures, the water immersion technique
can reduce colonic distension, looping, and angulation [13].
It also allows the colonic wall to remain in a collapsed state,
thereby improving endoscopic visibility and maneuverability,
which is particularly evident when resecting larger lesions [34].
Additionally, the natural magnification effect of the underwater
environment enhances the clarity of lesion margins, facilitating
the identification of adenoma borders before resection and the
detection of any residual tumor tissue afterward [35]. Moreover,
patients generally exhibit better tolerance during U-EMR,
as the water medium provides effective heat dissipation,
reducing the risk of mucosal thermal injury. An experimental
study by Tseng et al. [36], using a porcine colonic model,
demonstrated that the temperature increase on the serosal
side of the colon was significantly lower in the water medium
group compared to the air medium group (1.4°C vs. 6.1°C;
p=0.004). Clinical observations further indicate that U-EMR
not only improves patient tolerance during the procedure but
also significantly reduces the risk of mucosal thermal injury
and post-polypectomy electrocoagulation syndrome [37-39].
Additionally, by minimizing colonic distension maneuvers, it
alleviates postoperative pain, reduces the need for sedation,
decreases the occurrence of thermal artifacts, and enhances
patient comfort while preserving the quality of pathological
specimens [33, 39, 40].

During C-EMR polypectomy, submucosal injection can
cause lesion displacement, impeding effective capture of
the lesion by the snare. This may induce colonic spasms and
mucosal layer expansion, further increasing the difficulty of
resection and the risk of residual tissue. The injected fluid
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can diffuse into surrounding tissues, causing the target lesion
to flatten or depress, thereby limiting the visual field for
resection. In addition, there is a potential risk of inadvertent
injection into the muscularis propria, which may lead to
complications such as hematoma formation. In contrast, during
U-EMR, immersion in water minimizes luminal distension,
preventing larger lesions from extending deeper into the
colonic wall. This technique also facilitates the removal of
small residual lesions, as the edges of the un-injected mucosa
remain flexible and soft, aiding endoscopic closure of mucosal
defects. Moreover, by avoiding colonic twisting, U-EMR helps
maintain the lesion in a localized position, allowing resection
under direct visualization. This approach significantly reduces
complications such as snare entrapment and incomplete
resection [41]. In terms of procedural simplicity, U-EMR is
relatively easier compared with C-EMR, as it exploits the
buoyancy effect of underwater tissue and does not require
submucosal injection [42]. In contrast, C-EMR necessitates
a series of complex maneuvers and multiple steps to achieve
polyp resection, including precise endoscopic localization
of the polyp, insertion of the injection needle into the
colonoscope, accurate submucosal injection, formation of
an adequate mucosal fluid cushion, and withdrawal of the
injection needle. These steps are time-consuming and demand
meticulous execution [43].

The primary strength of this meta-analysis lies in its
rigorous, standardized, and reproducible methodology,
which includes a systematic literature search in authoritative
databases and the inclusion of only high-quality RCTs
while excluding prospective and retrospective studies to
ensure data reliability. Sensitivity analyses and risk-of-bias
assessments were conducted to verify the robustness and
quality of the findings. Moreover, by strictly restricting the
study population to sessile or flat colorectal polyps >10 mm,
the potential confounding effect of smaller polyps (<10 mm)
on efficacy evaluation was effectively eliminated, thereby
substantially enhancing the clinical relevance and reliability
of the conclusions.

However, this study also has several limitations. First,
although we contacted the corresponding authors of individual
studies, we were unable to obtain sufficiently complete data
for analysis, which constrained some of our results. Second, a
meta-analysis comparing the perforation rates between the two
groups was not performed, and further investigation with larger
sample sizes is needed. Third, a common limitation across
the seven included RCTs is the relatively short follow-up
duration. As reported by Granholm et al. [44], short follow-up
periods may fail to capture all events, potentially leading to
an underestimation of recurrence rates in our study. Fourth,
there was no formal evaluation of publication bias in this meta-
analysis. According to the Cochrane Intervention Systems
Review Manual, statistical methods used to detect publication
bias (such as funnel plots or Egger tests) are less effective
and often unreliable when the number of included studies
is less than 10 [19]. In this case, the funnel plot is difficult
to explain, and asymmetry cannot be distinguished from
contingency. Therefore, this study cannot draw meaningful
conclusions about whether there is publication bias, leading to
the possibility of publication bias not being ruled out. Finally,
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for the assessment of bias risk, although all studies were
judged as low risk in the random sequence generation domain,
allocation concealment was unclear in some trials, which may
introduce potential selection bias. More importantly, most
studies showed high or unclear risk in blinding of participants/
personnel and outcome assessment, which could have
influenced subjective outcomes and introduced performance
and detection bias. These methodological limitations should
be carefully considered when interpreting the findings of this
review. Therefore, future research should include RCTs with
longer follow-up periods to fully observe disease recurrence,
avoiding underestimation due to insufficient observation time
and providing a more comprehensive and reliable evaluation
of efficacy.

CONCLUSIONS

Our meta-analysis of RCTs demonstrates that for the
resection of 210 mm sessile or flat colorectal polyps, U-EMR
outperforms C-EMR in en bloc resection rate, R0 resection rate,
and resection time, making it a more effective alternative in
clinical practice. This study highlights both the strengths and
limitations of the current evidence, providing valuable insights
for clinical decision-making.
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