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Background/Aims: Recent studies have reported the favorable outcomes of underwater endoscopic mucosal resection (UEMR)
for colorectal polyps. We performed a systematic review and meta-analysis evaluating the efficacy and safety of UEMR for
nonpedunculated polyps ≥10 mm.
Methods: We performed a comprehensive search of multiple databases (through May 2020) to identify studies reporting the
outcomes of UEMR for ≥10 mm nonpedunculated colorectal polyps. The assessed outcomes were recurrence rate on the first followup, en bloc resection, incomplete resection, and adverse events after UEMR.
Results: A total of 1276 polyps from 16 articles were included in our study. The recurrence rate was 7.3% (95% confidence interval
[CI], 4.3–12) and 5.9% (95% CI, 3.6–9.4) for nonpedunculated polyps ≥10 and ≥20 mm, respectively. For nonpedunculated polyps
≥10 mm, the en bloc resection, R0 resection, and incomplete resection rates were 57.7% (95% CI, 42.4–71.6), 58.9% (95% CI, 42.4–
73.6), and 1.5% (95% CI, 0.8–2.6), respectively. The rates of pooled adverse events, intraprocedural bleeding, and delayed bleeding
were 7.0%, 5.4%, and 2.9%, respectively. The rate of perforation and postpolypectomy syndrome was 0.8%.
Conclusions: Our systematic review and meta-analysis demonstrates that UEMR for nonpedunculated colorectal polyps ≥10 mm is
safe and effective with a low rate of recurrence. Clin Endosc 2021;54:379-389
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INTRODUCTION
Colorectal cancer is the fourth most common malignancy
and represents 8.2% of all new cancer cases in the United
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States.1 Various endoscopic techniques depending on the size
and location of polyps are available for polyp removal. Endoscopic mucosal resection (EMR) for the removal of large and/
or sessile colorectal polyps can be performed with or without
water assistance.2,3 Conventional EMR (CEMR) is performed
through submucosal injection to lift the lesion followed by
hot snare polypectomy.4 The US Multi-Society Task Force on
Colorectal Cancer and the European Society of Gastrointestinal Endoscopy recommend CEMR for the removal of flat
or sessile polyps ≥ 10 mm in size.5,6 The clinically significant
bleeding and perforation rates after CEMR range from 6% to
15% and from 1% to 2%, respectively.7-9 CEMR has also been
shown to be more cost-effective than surgical resection and
endoscopic submucosal dissection (ESD).10-12 However, the
major argument against CEMR comes from the high rates
of residual and/or recurrent polyps, ranging from 16% to
Copyright © 2021 Korean Society of Gastrointestinal Endoscopy
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55%.10,13,14 ESD is considered the treatment of choice for the
removal of large lesions in Japan; however, its use has been
largely hindered by the limited expertise and high complication rates in the Western world.15
Binmoeller et al. first described and developed underwater endoscopic mucosal resection (UEMR) in 2012,16 based
on observations during endoscopic ultrasound. In UEMR,
the mucosal surface tends to involute inwards and assumes
a collapsed state. This obviates the need for submucosal injection, potentially leading to fewer adverse events. Since the
first description in 2012, several studies have reported the
encouraging outcomes of UEMR for the removal of colorectal
polyps16-20; however, its utility in large-sized ( ≥10 and ≥ 20
mm) nonpedunculated polyps has not been clearly described.
A previously published systematic review was limited by the
inclusion of patients with submucosal injection and fewer
studies.21 In addition, it included studies reporting outcomes
exclusively on resection of recurrent lesions22,23 and polyps
located at the appendiceal orifice. Therefore, we performed a
systematic review and meta-analysis to assess the safety and
efficacy of UEMR for the removal of nonpedunculated colorectal polyps ≥10 mm.

METHODS
Search strategy

We conducted a comprehensive search of several databases
from inception through May 2020. The databases included
MEDLINE® and Epub Ahead of Print, Embase, Ovid Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, and Scopus. An experienced
medical librarian helped with the literature search using inputs
from the study authors. A controlled vocabulary supplemented with keywords was used to search for studies of interest.
We used the PICO (Participant [adult patients aged ≥18
years with nonpedunculated polyps ≥10 mm], Intervention
[UEMR], Comparator [open], Outcomes [effectiveness and
safety]) strategy to conduct this meta-analysis. The full search
strategy is available in Appendix 1. The Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
and Meta-analysis of Observational Studies in Epidemiology
(MOOSE) checklists were followed and are provided in Appendices 2 and 3.24,25

Study selection

We included studies that reported the outcomes of UEMR
for the removal of nonpedunculated polyps ≥10 mm. Fulltext articles were included irrespective of the study sample size,
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inpatient/outpatient setting, and geography, as long as they
provided any data needed for the analysis. Nonpedunculated
polyps were defined according to the Paris classification of
colorectal polyps.
Studies conducted in the pediatric population (age < 18
years), conference abstracts, case reports, and studies not published in the English language were excluded. We also excluded studies that reported outcomes of UEMR for recurrent lesions and studies exclusively reporting the outcomes of polyps
at specific locations. In cases of multiple publications from the
same cohort and/or overlapping cohorts, data from the most
recent and/or most appropriate comprehensive report were
retained.

Data abstraction and quality assessment

Data on study-related outcomes in the individual studies
were abstracted onto a standardized form by at least two authors (Rajat Garg, Manik Aggarwal, or Jaideep Bhalla), and
two authors (RG, JB, or MA) independently performed the
quality scoring. We contacted the primary study authors via
email, as needed, for further information and/or clarification
on data.
The Newcastle-Ottawa scale was used to assess the quality of
cohort studies, and the Jadad score was used to assess the quality of randomized controlled trials.26,27 The details of scores
and quality are provided in Supplementary Table 1.

Assessed outcomes

The primary outcome was the pooled rate of residual/recurrent polyps on the first follow-up colonoscopy after the index
UEMR at the site of the previous intervention. Recurrent/
residual polyps were described on endoscopic and histologic
assessments by the study authors.
The pooled rates of en bloc resection, incomplete macroscopic resection, and R0 resection were other outcomes
reported by the individual study authors. En bloc resection
was defined as the removal of lesions in one piece rather than
in multiple small pieces. Incomplete resection was defined
as the presence of macroscopic residual polyps based on the
endoscopist’s assessment, as reported by the study authors. R0
resection was defined as margins clear of any abnormal tissue
on histologic evaluation.
The pooled rate of all adverse events after UEMR was also
assessed as an outcome. Adverse events were further categorized into intraprocedural bleeding, delayed bleeding, perforation, and postpolypectomy syndrome (PPS). Intraprocedural
bleeding was defined as bleeding requiring endoscopic hemostasis during the procedure, and delayed bleeding was defined
as postprocedural bleeding within 2–4 weeks of resection.

Garg R et al. Endoscopic Mucosal Resection of Colorectal Polyps
Table 1. Study and Population Characteristics

Study type

Age,a
mean± SD or
median (yr)

Number of
patients

Prospective

62.2

25

Siau et al. (2018)

Prospective

69.5±11

85

68

36

20±20.8

25

Barclay et al. (2020)17

Prospective

67±9

242

264

99

38±18

193

13.7±10.6

Retrospective

64.7±9.7

93

102

NR

20.4±9.4

80

NR

Schenck et al. (2017)

Retrospective

64.1±12.3

46

73

19

25.4

49

NR

Curcio et al. (2015)43

Prospective

66.9

72

81

26

18.6

49

11.8

Prospective

75±8.7

11

11

3

18.6±3.2

10

NR

Study
Amato et al. (2016)39
47

45

Sandhu et al. (2018)

46

Uedo et al. (2015)48

NumFemale Mean polyp
ber of
(n)
sizea (mm)
polyps
25

22.8

Proximal
Mean resection
lesions
timea (min)
(n)
18

24.6

18

Binmoeller et al. (2015)

Prospective

68 (50–88)

50

53

25

30 (20–40)

38

38 (17–87)

Binmoeller et al. (2012)16

Prospective

63.8 (46.6–81)

60

62

32

30 (15–45)

38

21.4

Retrospective

64.7 (9)

146

81

45

10 (9.25–15)

67

2 (0.8–5)

Wang et al. (2013)

Prospective

64.9 (51–83)

21

43

4

20 (8–70)

21

12.7 (2–48)

Rodríguez Sánchez et al.
(2019)44

Prospective

66.25±10.53

NR

50

NR

20.78 (15–50)

38

NR

40

Cadoni et al. (2018)
20

Yamashina et al. (2019)49

RCT

70 (43–86)

108

108

40.7

14 (7–25)

66

NR

Chien et al. (2019)42

Retrospective

63.4 (9.9)

158

171

63

15.8 (6)

94

9.7±7.7

Chaves et al. (2018)41

Prospective

54.5 (48–72)

14

16

10

20 (10–35)

15

NR

RCT

64.4±8.3

128

68

2

9.9±6.4

51

3.8±0.34

50

Yen et al. (2019)

NR, not reported; RCT, randomized controlled trial; SD, standard deviation.
a
Values are expressed as mean±SD or mean (range).

Delayed bleeding was defined as any postprocedural bleeding that needed emergency department visit, hospitalization,
transfusion, or reintervention (endoscopy, angiography, or
surgery).

Statistical analysis

We used meta-analysis techniques to calculate the pooled
estimates in each case following the methods suggested by
DerSimonian and Laird using the random-effects model.28
When the incidence of an outcome was zero in a study, a continuity correction of 0.5 was added to the number of incident
cases before statistical analysis.29 Heterogeneity was assessed
between study-specific estimates by using the Cochran Q statistical test for heterogeneity30-32 and the I2 statistics.33,34 I2 values
of < 30%, 30%–60%, 61%–75%, and >75% were suggestive of
low, moderate, substantial, and considerable heterogeneity, respectively.35 Publication bias was qualitatively assessed by visual inspection of funnel plots and quantitatively assessed using
the Egger test.36 When publication bias was present, further
statistics using Duval and Tweedie’s “trim-and-fill” test were

used to ascertain the impact of the bias.37 Three levels of impact were reported according to the concordance between the
reported results and the actual estimate if there were no bias.
The impact was reported as minimal if both versions were
estimated to be the same, modest if the effect size substantially
changed but the final finding remained the same, and severe if
the basic final conclusion of the analysis was threatened by the
bias.38 A p-value of ≥ 0.05 was a-priori used to define statistical
significance.
For recurrence rate, adverse events, and intraprocedural
bleeding, further meta-regression analyses based on proximal
location, mean polyp size, mean age, and study type (prospective or retrospective) was performed to ascertain heterogeneity
and predictors. We also performed subgroup analysis to determine the outcomes of UEMR for nonpedunculated polyps
≥ 20 mm.
All analyses were performed using R statistical software
(metafor package; The R Foundation for Statistical Computing, Vienna, Austria).
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RESULTS
Search results and population characteristics

Identification

From the initial 144 studies, 81 records were screened and
20 full-length articles were reviewed. Sixteen studies that
reported the outcomes of UEMR for the removal of nonpedunculated polyps ≥10 mm were included in the final analysis.16-18,20,39-50 Two studies, one reporting outcomes of recurrent
lesions51 and the other exclusively reporting the outcomes of
lesions located at the appendiceal orifice, were excluded.52 The
study by Kawamura et al. was also excluded because it reported outcomes for both pedunculated and nonpedunculated
polyps, and did not meet the inclusion criteria.53 We also excluded 29 polyps from the study by Siau et al. that had submucosal injection before resection and 180 polyps from the study
by Yen et al. because of their smaller size (6–9 mm).47,50 The
schematic diagram of study selection is illustrated in Fig. 1.
A total of 1,276 nonpedunculated polyps ≥10 mm removed

using UEMR were included in our study. The mean age of
patients was 64.9 ±4.3 years (range 54.5–75 years). The mean
polyp size was 20.3 ±6.9 mm (range 10–38 mm). A total of
852 (66.7%) polyps were proximally located. Proximal polyps
were defined as polyps located proximal to the splenic flexure,
as described in previous studies. The mean resection time
was reported as 15.3 ±10.5 min (range 3.8–38 min) from nine
studies. The population characteristics are described in Table
1, and data on the assessed outcomes are shown in Table 2.
Histopathologic data were available in 11 studies, and 5 studies
did not provide data on the pathology of nonpedunculated
polyps >10 mm. Among the 745 polyps from 11 studies, the
most common lesion was adenoma (59.9%, n = 446), followed
by sessile serrated lesion (17.0%, n= 127), high-grade dysplasia
(14.8%, n =110), adenocarcinoma (5.8%, n =43), and hyperplastic/inflammatory polyp (2.1%, n =16) (Supplementary
Table 1).

Records identified through
database searching until May 15th
2020 (n=242)

Additional records identified
through other sources
(n=0)

Eligibility

Screening

Records after duplicates removed
(n=144)

Records screened
(n=144)

Records exclued
(n=124)

Full-text articles assessed
for eligibility
(n=20)

Full-text articles exclued
Review articles (n=1)
Unable to clearly get
outcome of interest (n=1)
Specific location or lesion
(n=2)

Included

Studies included in
qualitative synthesis
(n=16)

Studies included in
quantitative synthesis
(meta-analysis)
(n=16)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram showing the search strategy for meta-analysis. CI, confidence
interval.
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Table 2. Data on Assessed Outcomes of Underwater Endoscopic Mucosal Resection for Nonpedunculated Polyps ≥10 mm

IncomNumber En bloc
R0 replete
of polyps resection
section
resection
(n)
(n)
(n)
(n)

Study

IntrapTotal
PostpolRecurroceDelayed Perfocompliypectomy rence per
dural bleeding ration
cations
syndrome patient on
bleeding
(n)
(n)
(n)
(n)
follow up
(n)

Amato et al. (2016)39

25

19

0

19

2

2

0

0

0

1/11

Siau et al. (2018)47

68a

33

NR

NR

2

2

0

0

0

12/59

Barclay et al. (2020)17

264

74

3

74

44

39

4

0

1

10/174

45

Sandhu et al. (2018)

102

10

NR

NR

15

9

7

0

0

9/88

Schenck et al. (2017)46

73

21

1

NR

3

0

3

0

0

4/55

Curcio et al. (2015)

81

55

0

55

0

0

0

0

0

0/72

48

Uedo et al. (2015)

11

6

0

7

2

2

0

0

0

NR

Binmoeller et al. (2015)18

53

29

0

23

1

0

1

0

0

2/40

Binmoeller et al. (2012)16

62

NR

0

NR

3

0

3

0

0

1/54

43

40

b

Cadoni et al. (2018)

81

58

0

56

11

10

1

0

0

NR

Wang et al. (2013)20

43

NR

1

NR

1

0

1

0

0

NR

Rodríguez Sánchez et al.
(2019)44

50

34

0

NR

1

1

0

0

0

1/19

Yamashina et al. (2019)49

108

96

NR

74

3

0

3

0

0

NR
NR

42

Chien et al. (2019)

41

171

b

141

NR

NR

15

9

2

1

0

Chaves et al. (2018)

16

8

NR

9

0

0

0

0

0

NR

Yen et al. (2019)50

68c

48

2

-

5

5

0

0

0

0/12

NR: not reported.
a
Few patients with submucosal injection were excluded. bThree patients had muscle defects. cPolyps <10 mm were excluded.

Characteristics and quality of included studies

Ten studies were prospective, four were retrospective cohort
studies, and two were randomized trials. Among the 14 cohort
studies, 9 were of high quality16-18,40,43-47 and 5 were of medium
quality.20,39,41,42,48 Both randomized trials were of good quality.49,50 The quality assessment results are shown in Supplementary Table 2.

Meta-analysis outcomes
Follow-up and recurrence rate
The follow-up period ranged from 3 to 13 months, and a total of 584 patients were followed up in 10 studies. The pooled
rate of residual/recurrent polyps on the first follow-up was
7.3% (95% confidence interval [CI], 4.3–12.0; I2 = 52%) with
moderate heterogeneity (Fig. 2A).
Resection outcomes
The pooled rate of en bloc resection was 57.7% (95% CI,

42.4–71.6; I2 = 95%) with considerable heterogeneity (Fig. 2B).
R0 resection was reported in eight studies, and the pooled
rate was 58.9% (95% CI, 42.4–73.6; I2 = 92%) (Fig. 2C). Eleven
studies reported a rate of incomplete macroscopic resection
of 1.5% (95% CI, 0.8–2.7; I2 = 0%) with no heterogeneity (Fig.
2D).

Adverse events
The pooled rate of any adverse event after UEMR was 7.0%
(95% CI, 4.7–10.3; I2 =66%) with substantial heterogeneity
(Fig. 3A). A total of 109 adverse events were reported. The
most common adverse event was intraprocedural bleeding
(n =79), followed by delayed bleeding (n =25), perforation
(n =1), and PPS (n =1). In one study, the authors also reported
three cases (2.7%) of muscle-layer injury without perforation
that were successfully treated with endoscopic clipping.42 The
pooled rates of intraprocedural and delayed bleeding were
5.4% (95% CI, 3.3–8.8; I2 = 64%) and 2.9% (95% CI, 2.0–4.1;
I2 =0%), respectively (Fig. 3B, C). Only one case of perforation
383

Study

Cases Total Proportion
39

Amato et al. (2016)
Siau et al. (2018)47
Barclay et al. (2020)17
Sandhu et al. (2018)45
Schenck et al. (2017)46
Curcio et al. (2015)43
Binmoeller et al. (2015)18
Binmoeller et al. (2012)16
Rodríguez Sánchez et al. (2019)44
Yen et al. (2019)50

1
12
10
9
4
0
2
1
1
0

11
59
74
88
55
72
40
54
19
12

95% CI

0.091
0.203
0.057
0.102
0.073
0.000
0.050
0.019
0.053
0.000

[0.013; 0.439]
[0.119; 0.325]
[0.031; 0.104]
[0.054; 0.185]
[0.028; 0.178]
[0.000; 0.100]
[0.013; 0.179]
[0.003; 0.120]
[0.007; 0.294]
[0.002; 0.403]

Random effects model
0.073
Heterogeneity: I2=52%, τ2=0.3371, χ92=18.84 (p=0.03)

[0.043; 0.120]

Study

Cases Total Proportion
39

Amato et al. (2016)
Siau et al. (2018)47
Barclay et al. (2020)17
Sandhu et al. (2018)45
Schenck et al. (2017)46
Curcio et al. (2015)43
Uedo et al. (2015)48
Binmoeller et al. (2015)18
Cadoni et al. (2018)40
Rodríguez Sánchez et al. (2019)44
Yamashina et al. (2019)49
Chien et al. (2019)42
Chaves et al. (2018)41
Yen et al. (2019)50
0

0.2 0.4 0.6 0.8 1
Recurrent/Residual Polyp

A

19
33
74
10
21
55
6
29
58
34
96
141
8
48

25
68
264
102
73
81
11
53
81
50
108
171
16
68

95% CI

0.760
0.485
0.280
0.098
0.288
0.679
0.545
0.547
0.716
0.680
0.889
0.825
0.500
0.706

[0.558; 0.888]
[0.369; 0.603]
[0.229; 0.338]
[0.054; 0.173]
[0.196; 0.401]
[0.570; 0.771]
[0.268; 0.797]
[0.413; 0.675]
[0.609; 0.803]
[0.540; 0.794]
[0.814; 0.936]
[0.760; 0.875]
[0.273; 0.727]
[0.588; 0.802]

Random effects model
0.577
Heterogeneity: I2=95%, τ2=1.2686, χ132=252.04 (p<0.01)

[0.424; 0.716]
0

0.2 0.4 0.6 0.8
En bloc Resection

1

0

0.2 0.4 0.6 0.8
Incomplete Resection

1

B

Study

Cases Total Proportion
39

Amato et al. (2016)
Barclay et al. (2020)17
Curcio et al. (2015)43
Uedo et al. (2015)48
Binmoeller et al. (2015)18
Cadoni et al. (2018)40
Yamashina et al. (2019)49
Chaves et al. (2018)41

19
74
55
7
23
56
74
9

25
264
81
11
53
81
108
16

95% CI

0.760
0.280
0.679
0.636
0.434
0.691
0.685
0.562

[0.558; 0.888]
[0.229; 0.338]
[0.570; 0.771]
[0.339; 0.857]
[0.308; 0.569]
[0.583; 0.782]
[0.592; 0.766]
[0.324; 0.775]

Random effects model
0.589
Heterogeneity: I2=92%, τ2=0.7997, χ72=90.62 (p<0.01)

[0.424; 0.736]

C

Study

Cases Total Proportion
39

Amato et al. (2016)
Barclay et al. (2020)17
Schenck et al. (2017)46
Curcio et al. (2015)43
Uedo et al. (2015)48
Binmoeller et al. (2015)18
Binmoeller et al. (2012)16
Cadoni et al. (2018)40
Wang et al. (2013)20
Rodríguez Sánchez et al. (2019)44
Yen et al. (2019)50
0

0.2

0.4 0.6 0.8
R0 resection

1

0
3
1
0
0
0
0
0
1
0
2

25
264
73
81
11
53
62
81
43
50
68

95% CI

0.000
0.011
0.014
0.000
0.000
0.000
0.000
0.000
0.023
0.000
0.029

[0.001; 0.244]
[0.004; 0.035]
[0.002; 0.091]
[0.000; 0.090]
[0.003; 0.425]
[0.001; 0.131]
[0.000; 0.115]
[0.000; 0.090]
[0.003; 0.147]
[0.001; 0.138]
[0.007; 0.110]

Random effects model
0.015
Heterogeneity: I2=0%, τ2=0, χ102=3.15 (p=0.98)

[0.008; 0.027]

D

Fig. 2. Nonpedunculated polyps ≥10 mm after underwater endoscopic mucosal resection. (A) Forest plot showing the pooled rates of recurrence. (B) En bloc resection. (C) R0 resection. (D) Incomplete resection. CI, confidence interval.

Table 3. Meta-Analysis Results of UEMR for Nonpedunculated Polyps ≥ 10 and ≥ 20 mm

Nonpedunculated polyps ≥10 mma

Nonpedunculated polyps ≥20 mma

7.3% (4.3–12; 52%), 10 studies

5.9% (3.6–9.4; 0%), 4 studies

57.7% (42.4–71.6; 95%), 14 studies

41.3% (27.8–56.4; 83%), 10 studies

1.5% (0.8–2.7; 0%), 11 studies

1.8% (0.8–4.1; 0%), 5 studies

R0 resection

58.9% (42.4–73.6; 92%), 8 studies

48.8% (37.1–60.6; 21.6%), 5 studies

Total adverse events

7.0% (4.7–10.3; 66%), 16 studies

12.5% (6.5–22.5; 55.2%), 6 studies

Intraprocedural bleeding

5.4% (3.3–8.8; 64%), 16 studies

10.5% (5.2–20.1; 56.5%), 7 studies

Delayed bleeding

2.9% (2.0–4.1; 0%), 16 studies

2.5% (1.3–4.6; 0%), 8 studies

Recurrence/residual polyp
En bloc resection
Incomplete resection

Perforation
Postpolypectomy syndrome

0.8% (0.4–1.6; 0), 16 studies

NA

0.8% (0.4–1.5; 0%), 16 studies

1.7% (0.7–3.9; 0%), 10 studies

NA: not applicable.
a
Pooled rate (95% confidence interval; I2), number of studies reporting the outcomes.
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Cases Total Proportion
39

Amato et al. (2016)
Siau et al. (2018)47
Barclay et al. (2020)17
Sandhu et al. (2018)45
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Fig. 3. Underwater endoscopic mucosal resection for nonpedunculated polyps ≥10 mm. (A) Forest plot showing the rates of adverse events. (B) Intraprocedural
bleeding. (C) Delayed bleeding. (D) Perforation.

and one case of PPS were reported in the 16 studies, and the
pooled rate was 0.8% (95% CI, 0.4–1.6; I2 =0%) with no heterogeneity (Fig 3D). These results are summarized in Table 3.

Subgroup analysis of nonpedunculated polyps ≥20 mm
Ten studies with a total of 489 nonpedunculated polyps ≥ 20
mm reported the outcomes of UEMR. The mean size was
28.5 ± 7.1 mm (range 22.5–38.0 mm). The data on assessed
UEMR outcomes for nonpedunculated polyps ≥20 mm are
shown in Supplementary Table 3. A total of 325 patients were
followed up for a range of 3–8 months in four studies. The recurrence/residual polyp rate was 5.9% (95% CI, 3.6–9.4; I2 = 0).
The pooled rate of en bloc, incomplete, and R0 resection was
41.3% (95% CI, 27.8–56.4; I2 =83%), 1.8% (95% CI, 0.8–4.1;
I2 = 0%), and 48.8% (95% CI, 37.1–60.6; I2 = 21.6%), respectively. The pooled rate of any adverse events, intraprocedural
bleeding, and delayed bleeding was 12.5% (95% CI, 6.5–22.5;

I2 = 55%), 10.5% (95% CI, 5.2–20.1; I2 = 56.5%), and 2.5% (95%
CI, 1.3–4.6; I2 = 0%), respectively. There was no case of perforation and only one case of PPS with a rate of 1.7% (95% CI,
0.7–3.9; I2 = 0%) in this subgroup (Table 3).

Meta-regression

Meta-regression was performed for recurrence rate, adverse
events, and intraprocedural bleeding. The included variables
were percentage of proximally located polyps, mean polyp
size, mean age, and study type (prospective and retrospective).
The only significant and positive predictor was proximal polyp
location, with a regression coefficient of 0.03 (95% CI, 0.005–
0.064; p =0.02) for all adverse events and a regression coefficient of 0.04 (95% CI, 0.006–0.07; p= 0.01) for intraprocedural
bleeding. Proximal lesions also accounted for heterogeneity
in our study outcomes, with R2 (accounted heterogeneity) of
34.5%, 34.3%, and 61.6% for all adverse events, intraproce-
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1

dural bleeding, and recurrence rate, respectively. Mean patient
age, polyp size, and study type did not have any significant
predictive influence on these outcomes. The results of meta-regression are summarized in Supplementary Table 4.
A scatterplot showing the relationship between proximal
lesions and adverse events is also shown in Supplementary
Fig. 1.

VALIDATION OF META-ANALYSIS
RESULTS
Sensitivity analysis

We excluded one study at a time and analyzed its effect on
the main summary estimate to assess the dominant effect of
any outcome on the meta-analysis. No single study significantly affected the outcome on sensitivity analysis.

Publication bias

Our study demonstrates that UEMR for nonpedunculated
polyps ≥ 10 mm in size has high efficacy with low rates of
recurrence (7.3%) and incomplete resection (1.5%), and high
rates of en bloc resection (57.7%) and R0 resection (58.9%).
The overall adverse event rate of 7.0% after UEMR is encouraging, with low rates of intraprocedural bleeding (5.4%)
and delayed bleeding (2.9%), and a < 1% incidence of procedure-related perforation and PPS. The rate of incomplete
resection and recurrence for large polyps ≥ 20 mm was 1.8%
and 5.9%, respectively. Our study is the largest and first meta-analysis to report the outcomes of UEMR for nonpedunculated polyps ≥ 10 mm in size.
The rate of en bloc resection after CEMR was reported to be
38%–46.7% in previous large studies.54,55 The rate of en bloc resection was 58% in our study, which is better than the reported
rate with CEMR. In addition, the high R0 resection rate (59%)
coupled with very low rates of incomplete resection (1.5%) after UEMR is also highly relevant, especially for large polyps. A
randomized trial comparing UEMR and CEMR found significantly higher rates of en bloc resection (89% vs. 75%, p = 0.001)
and R0 resection (69% vs. 50%, p =0.01) with UEMR for
nonpedunculated polyps 10–19 mm.49 Schenck et al. also reported a higher rate of complete resection with UEMR than
with CEMR.46 The colonic wall assumes its collapsed state
underwater, which enables more efficient and superior snare
capture of large lesions during UEMR. The superior snare
capture and the absence of submucosal injection likely explain

0.5
1.0

Standard Error

0.0

Evidence of publication bias was found on visual inspection
of the funnel plot and on quantitative measurement using the
Egger regression test (Egger’s two-tailed p-value =0.02). On
further trim-and-fill analysis, four studies were added, which
adjusted our primary outcome of recurrence rate to 9.7% (95%
CI, 5.9–15.6). On the basis of overlapping CI with our primary
outcome, the impact of publication bias was considered modest. The funnel plot with added studies is shown in Fig. 4.

DISCUSSION
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-2

-1

Logit Transformed Proportion
Fig. 4. Funnel plot assessing publication bias with filled studies.
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the high rates of complete resection, en bloc resection, and R0
resection.
The other major finding of our study was the very low residual/recurrent polyp rate of 7.3% after UEMR. In a large meta-analysis of nonpedunculated polyps, the authors reported
an overall recurrence rate of 15% after CEMR after a follow-up
of 3–6 months.56 The authors also found that piecemeal resection was associated with a higher risk of local recurrence than
en bloc resection.56 Another multicenter prospective study
reported a recurrence rate of 16% after CEMR.14 On multivariate analysis, large polyp size ≥40 mm and intraprocedural
bleeding were associated with a high risk of recurrence. However, another meta-analysis of only colorectal polyps ≥ 20 mm
reported a recurrence rate of 13.8% after CEMR.55 Interestingly, we found that the recurrence rate was even lower (5.9%) for
large nonpedunculated polyps ≥20 mm. This finding is highly
relevant in real-world settings, as follow-up is highly variable
and dependent on patient compliance. In our study itself, the
compliance was only 70% after including only studies that
reported follow-up data. UEMR with a relative risk reduction
of 6.5% (13.8% CEMR – 7.3% UEMR), by modest measures
and taking into account a 70% compliance rate, will potentially prevent around two recurrences for every 100 patients that
would otherwise be missed and can have malignant transformation. These estimates will have a large impact on healthcare utilization when applied to large populations. We speculate that the high complete resection rate of UEMR is likely to
translate into a low rate of recurrence.
The rate of intraprocedural bleeding and delayed bleeding
associated with CEMR has been reported to be in the range
of 6.5%–11.3% and 2.6%–6.0%, respectively.57,58 The adverse
event rates of UEMR are similar to those of CEMR, but the
risk of perforation is extremely low with UEMR. In our study,
UEMR was associated with only one case each of perforation
and PPS. There was only one perforation among >1,000 cases
of UEMR, whereas the risk of perforation after CEMR has
been reported to be 1%–2% in previous studies.57 This is likely
due to foregoing the submucosal injection step in UEMR,
which is typically performed in CEMR, thus minimizing injury to the muscle layer. Our results suggest that UEMR is a
highly safe procedure for the removal of large nonpedunculated polyps. On meta-regression, proximal lesions had a positive
predictive influence on adverse events and intraprocedural
bleeding, which is likely due to the technical challenges during
the procedure for such lesions.
UEMR might have advantages over CEMR, including a
lower resection time. In a randomized trial, the procedure
duration was significantly lower with UEMR than with CEMR
for lesions 10–19 mm (2.9 vs. 5.6 min, p <0.0001) and ≥ 20
mm (7.3 vs. 9.5 min, p=0.015) in size.50 Procedure duration is

important for clinicians with busy practice. The shorter procedure duration could be explained by the absence of submucosal injection and the low rate of intraprocedural bleeding requiring endoscopic hemostasis. The presence of a thin wall at
the appendiceal orifice and ileocecal valve makes CEMR technically challenging. However, even for these locations, high
complete resection rates and low adverse event rates have been
reported with UEMR.52,59 In addition, UEMR could provide
additional value in the resection of recurrent lesions. Kim et al.
reported that UEMR is superior in terms of a higher rate of en
bloc resection and fewer adenoma recurrences than CEMR.51
Although still early, the data and future prospects of UEMR
for difficult and recurrent lesions certainly seem promising.
As mentioned before, ESD is considered the treatment of
choice for lesions > 20 mm with a Paris IIc or IIa + IIc morphology or for any lesions >3 cm.15 It is, however, limited by
its high complication rate of 2%–14%.60 ESD has a very slow
uptake in North America primarily owing to its slow learning
curve and the need for extensive training even by experienced
endoscopists.2,61,62 ESD is also technically challenging and time
consuming. In contrast, endoscopists experienced in CEMR
can easily learn UEMR, and it can have widespread application in the community.
Our review has several strengths, including the systematic
literature search with well-defined inclusion criteria, careful
exclusion of redundant studies, inclusion of good-quality studies with detailed extraction of data, and rigorous evaluation of
study quality. The studies also included flat lesions. Some of
the included studies exclusively analyzed patients with large
polyps. The included studies were also representative of the
general population and community practice. Meanwhile, there
are limitations to this study, most of which are inherent to any
meta-analysis. Our analysis included retrospective studies,
thus contributing to selection bias. We were unable to directly
compare UEMR with another endoscopic method owing to
paucity of data. Long-term data on polyp recurrence are also
lacking at this time. We were unable to further differentiate
polyps into the Is, II, and III groups. Nevertheless, our study is
the best available estimate and first meta-analysis in the literature reporting the clinical outcomes of UEMR for nonpedunculated polyps ≥10 mm.
In conclusion, our meta-analysis demonstrates that UEMR
for nonpedunculated colorectal polyps ≥ 10 mm in size is safe
and effective with a low recurrence rate.
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