
Introduction
Duodenal adenomas are rare, counting for 7% of duodenal
polyps. They may appear in familial adenomatous polyposis
syndrome (FAP) or may be sporadic [1, 2].

Sporadic duodenal adenomas can be ampullary and non-
ampullary. When referring to non-ampullary sporadic duodenal

adenomas (NASDA), these are usually found in the second part
of the duodenum and may be tubular or villous [3].

Risk factors for NASDA include smoking, Barrett's esopha-
gus, synchronous gastric glandular polyps, and history of ma-
lignancy [4].

Duodenal adenomas have a higher risk of progression to
adenocarcinoma than colonic adenomas, especially the ampul-
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ABSTRACT

Background and study aims The role of cold snare poly-

pectomy (CSP) in curative resection of non-ampullary

sporadic duodenal adenomas (NASDA) is debated. We con-

ducted a systematic review and meta-analysis to investi-

gate the efficacy and safety of CSP for NASDA.

Patients and methods In this systematic review and meta-

analysis, we identified published series of patients with CSP

for NASDA by searching PubMed and Google Scholar, which

resulted in six papers (205 lesions). The main outcome was

the rate of local remission after repeated CSP, the second-

ary outcomes were rates of local remission at first control

and rates for delayed bleeding and immediate perforations.

We computed the weighted summary proportions under

the fixed and random effects model.

Results The pooled proportion of local remission after re-

peated CSP was 88% (95% confidence interval [CI] 57%-

100%). The pooled proportion of local remission at first

control was 81% (95% CI 55%-98%), the pooled proportion

of delayed bleeding was 1% (95% CI 0%-4%) and the pooled

proportion of immediate perforation was 0% (95% CI 0%-

2%).

Conclusions Our meta-analysis suggests that CSP should

be considered as the first-line therapy for NASDA.

Additional material is available at

https://doi.org/10.1055/a-2185-6192
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lary and the villous ones [4, 5]. Excision with curative intent is
recommended. Surgery is reserved for adenomas with areas of
suspected deep carcinomatous infiltration. Less invasive lesions
may be resected endoscopically. Endoscopic excision in the
duodenum represents a challenge due to certain anatomic
characteristics: a narrow lumen, a “C-loop” shape that makes
it difficult to maintain scope position, Brunner's glands which
stiffen the wall, making lifting difficult, a thin muscular layer
with high perforation risk, an increased bleeding risk due to
the vascularization through the gastroduodenal artery, and
challenging access for surgery [5, 6]. The European Society for
Gastrointestinal Endoscopy (ESGE) 2021 guideline for the man-
agement of superficial non-ampullary duodenal tumors recom-
mends cold-snare polypectomy (CSP) for lesions < 6mm and
endoscopic mucosal resection (EMR) for larger lesions [4]. The
2022 ESGE guideline on endoscopic submucosal dissection for
superficial gastrointestinal lesions does not recommend its use
for duodenal lesions, but only for expert centers [7].

We performed a systematic review and meta-analysis of all
reported series of NASDA treated by CSP with the aim to assess
the procedure outcomes. The main outcome was the rate of lo-
cal remission after repeated resections, the secondary out-
comes were rates of local remission after first control and rates
for delayed bleeding and immediate perforations.

Patients and methods
We identified all existing published series of patients treated
with CSP for NASDA until the present by searching PubMed
and Google Scholar databases, including gray literature [8].
The search terms were “duodenal adenoma” and “cold snare.”
Two reviewers independently assessed each result and exclud-
ed FAP-related adenomas, ampullary adenomas, and duplicate
publications. Egger’s test and Begg’s test were performed to
estimate publication bias, with a P value of 0.05 as a cut-off for
significance. Collected data were expressed as absolute values
and/or percentages. Continuous variables were expressed as
median and range values.

All meta-analyses were carried out in R environment for sta-
tistical computing and graphics (R Foundation for Statistical
Computing, Vienna, Austria), version 4.3.1 [9], with the help
of the meta-R package. The summary measure was the propor-
tion on which an arcsine transformation was used, and the in-
verse variance method was used for pooling the studies. A ran-
dom effects meta-analysis was performed for each outcome,
assuming clinical heterogeneity between the studies. The het-
erogeneity of the studies was assessed with I2 and the Q tests.
In case of important heterogeneity, a leave-one-out sensitivity
analysis was performed, and influence studies were identified
through statistical methods. The pooled estimates were pres-
ented along with their 95% confidence interval and P value.
The prediction interval was computed for each outcome.

Results
Six series have been published on endoscopic therapy of non-
ampullary sporadic adenomas, five of them in the last 2 years
[10, 11, 12, 13, 14, 15]. A seventh series had overlapping pa-
tients with an already included one and it was excluded [16].
Three series were retrospective and three were prospective.
Two series compared CSP with EMR-resected lesions, either
from historical separate cohorts [12] or within the same time
frame, but without random allocation [15]. There was no pub-
lication bias (Supplementary file).

The characteristics of the lesions are presented in ▶Table 1.
There were 197 patients with 205 NASDA; in three studies,
some patients had multiple lesions [12, 13, 15]. Most lesions
were in the second duodenum, their sizes ranging from 2 to
70mm.

The results of the CSP series are presented in ▶Table 2. One
series did not report remission rates [10]. In two series, pa-
tients were partially lost to follow-up, hence remission was re-
ported only for followed-up lesions [12, 15].

Local remission after repeated CSP

The pooled proportion of local remission after repeated CSP
was 88% (95% CI 57%-100%) (▶Fig. 1). The heterogeneity was
assessed, and we found an I2 of 80.2% (95% CI 53.5%-91.6%)
and the Q test for heterogeneity gave P < 0.001. The high het-
erogeneity was explored with a leave-one-out sensitivity analy-
sis, but no matter which study was excluded, the heterogeneity
remained high. The study with the most influence on heteroge-
neity was Trivedi et al [15], and its removal diminishes the I2 to
69% (Supplementary file). The prediction interval was 0% to
100%.

Local remission at first control

The pooled proportion of local remission at first control was
81% (95% CI 55% - 98%) (▶Fig. 2). The heterogeneity was asses-
sed, and we found an I2 of 93.2% (95% CI 87.1%-96.4%) and the
Q test for heterogeneity gave P < 0.001. The high heterogeneity
was explored with a leave-one-out sensitivity analysis, but no
matter which study was excluded, the heterogeneity remained
high. Okimoto et al [13] has a high influence on the results, and
its omission diminishes the I2 to 84% (Supplementary file). The
prediction interval was 0% to 100%.

Delayed bleeding

The pooled proportion of delayed bleeding was 1% (95% CI 0%-
4%) (▶Fig. 3). The heterogeneity was assessed, and we found
an I2 of 39.2% (95% CI 0%-75.9%) and the Q test for heterogene-
ity gave P =0.144. The prediction interval was 0% to 11%.

Immediate perforation

The pooled proportion of immediate perforation was 0% (95%
CI 0%-2%) (▶Fig. 4). The heterogeneity was assessed, and we
found an I2 of 18.4% (95% CI 0%-63.2%) and the Q test for het-
erogeneity gave P =0.294. The heterogeneity was low and not
statistically significant. The study with the most influence was
Wang et al [12], and if excluded the meta-analysis, heterogene-
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ity measured by I2 drops to 0% (Supplementary file). The pre-
diction interval was 0% to 6%.

Discussion
In our meta-analysis studies, submucosal saline lifting and final
clipping were dependent on series median lesion size: Three se-
ries with larger lesions (median size > 20mm) had almost uni-
versal lifting and no clipping [10, 11, 12], two series with smal-
ler lesions (median size < 10mm) had no lifting and high rates
of clipping [13, 14], while one series with intermediary size le-
sions (median 12mm) had about one-third of lesions with sub-
mucosal lifting and one-third with prophylactic clipping [15].
Because ESGE recommends cold snare for duodenal lesions
with diameter < 6mm and lifting (EMR) for larger lesions, we

may conclude that a cut-off value of 10mm for submucosal sal-
ine lifting would be advisable: lesion size < 10mm – CSP with-
out lifting, lesion size above 10mm – CSP with submucosal lift-
ing.

In one of two comparative series, the rate of local remission
at first control was significantly lower for CSP than for EMR
(75.6% vs. 97.7%) [132]. However, in this series, the authors
used argon plasma coagulation to ablate the resection margins
after EMR. Ablating the margins after EMR is a known effective
way to increase local remission rates after piecemeal EMR of
colorectal lesions [17]. However, after repeated resections, in
both comparative series, there were no significant differences
between CSP and EMR in local remission rates (73.7% vs 91.4%
and 97.5% vs. 100%) [12, 15].

▶Table 1 Characteristics of NASDA included in the meta-analysis.

Study Type Patients Lesions Size

(mm)

Second duo-

denum

Lifting En-bloc Clip clo-

sure

Choski et al.
2015 [10]

Prospective 15 15 24
(10 – 60)

NR 14
(93.3%)

NR, but
high rate

0
(0%)

Dang et al.
2022 [11]

Retrospective 39 39 26.5
(10–70)

27
(69.2%)

39
(100%)

NR, but
high rate

0
(0%)

Wang et al.
2023 [12]

Prospective 49 50 30
(19–40)

37
(74%)

50
(100%)

0
(0%)

0
(0%)

Okimoto et al.
2022 [13]

Retrospective 35 37* 4
(2–7)

40 of 46*
(86.9%)

0
(0%)

45 of 46*
(97.8%)

NR, but
high rate

Takizawa et al.
2022 [14]

Prospective 18 18** 8
(3–10)

19 of 21†

(90.5%)
0
(0%)

17
(94.4%)

15 of 21†

(71.4%)

Trivedi et al.
2022 [15]

Retrospective 41 46 12
(5–20)

26
(56.5%)

17
(36.9%)

22
(47.8%)

14
(30.4%)

*Thirty-seven adenomas included of 46 resected lesions, 9 lesions were excluded as hyperplastic lesions or “inflamed duodenal mucosa”.
†Cold snare was successful for 18 of 21 attempted lesions, EMR was done for the remaining 3.
NASDA, non-ampullary sporadic duodenal adenoma; NR, not reported; EMR, endoscopic mucosal resection.

▶Table 2 Results of CSP for NASDA studies.

Study Lesions Lesions fol-

lowed-up

Remission after re-

peated resections

Remission at

first control

Delayed

bleeding

Immediate per-

foration

Choski et al.
2015 [10]

15 NR NR NR 1
(6.6%)

0
(0%)

Dang et al.
2022 [11]

39 39 35
(89.7%)

18
(46.2%)

1
(2.3%)

0
(0%)

Wang et al.
2023 [12]

50 41 40
(97.5%)

31
(75.6%)

2
(4%)

2
(4%)

Okimoto et al.
2022 [13]

37 37 37
(100%)

37
(100%)

0
(0%)

0
(0%)

Takizawa et al.
2022 [14]

18 18 18
(100%)

17
(94.4%)

0
(0%)

0
(0%)

Trivedi et al.
2022 [15]

46 19 14
(73.7%)

12
(63.2%)

0
(0%)

0
(0%)

CSP, cold-snare polypectomy; NASDA, non-ampullary sporadic duodenal adenoma; NR, not reported.
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We did not study CSP immediate bleeding rates; as for colo-
rectal lesions, this is usually self-limited [18, 19]. Delayed
bleeding prevention by clipping after CSP of large lesions (me-
dian > 20mm) was not done because it was considered unhelp-
ful and with certain risks [10, 11, 12]. Smaller lesions (median <
10mm) were clipped after CSP and there was no delayed bleed-
ing [13, 14]. For intermediate-size lesions (median 12mm) clip-

ping after CSP significantly reduced delayed bleeding rate com-
pared with EMR (8.1% delayed bleeding rate) [15]. This failure
of clipping to prevent delayed bleeding after EMR was already
described in larger series [20, 21]. In addition, clipping after
EMR was reported to induce traumatic duodenal wall perfora-
tion [22]. The cut-off for prophylactic clipping to prevent de-
layed bleeding should probably be somewhere between 10 to

Study Events Total Proportion 95%-CI Weight

Trivedi et al, 2018 14 19 0.74 [0.49; 0.91] 18.4 %
Dang et al, 2022 35 39 0.90 [0.76; 0.97] 21.1 %
Okimoto et al, 2022 37 37 1.00 [0.91; 1.00] 21.0 %
Takizawa et al, 2022 18 18 1.00 [0.81; 1.00] 18.2 %
Wang et al, 2023 40 41 0.98 [0.87; 1.00] 21.3 %

Random eff ects model  154 0.96 [0.85; 1.00] 100.0 %
Prediction interval    [0.38; 1.00] 
Heterogeneity: I2 = 80 % [54 %; 92 %], τ2 = 0.0396, P <0.01 0.4 0.5 0.7

Remission fi nal
0.80.6 10.9

▶ Fig. 1 Local remission after repeated CSP. Forest plot, five studies.

Study Events Total Proportion 95%-CI Weight

Trivedi et al, 2018 12 19 0.63 [0.38; 0.84] 19.3 %
Dang et al, 2022 18 39 0.46 [0.30; 0.63] 20.5 %
Okimoto et al, 2022 37 37 1.00 [0.91; 1.00] 20.4 %
Takizawa et al, 2022 17 18 0.94 [0.73; 1.00] 19.2 %
Wang et al, 2023 31 41 0.76 [0.60; 0.88] 20.6 %

Random eff ects model  154 0.81 [0.55; 0.98] 100.0 %
Prediction interval    [0.00; 1.00] 
Heterogeneity: I2 = 93 % [87 %; 96 %], τ2 = 0.1015, P <0.01 0.2 0.6

Remission fi rst
0.80.4 1

▶ Fig. 2 Local remission at first control. Forest plot, five studies.

Study Events Total Proportion 95%-CI Weight

Choski et al, 2015 1 15 0.07 [0.00; 0.32] 9.8 %
Trivedi et al, 2018 0 46 0.00 [0.00; 0.08] 20.5 %
Dang et al, 2022 1 39 0.03 [0.00; 0.13] 18.8 %
Okimoto et al, 2022 0 37 0.00 [0.00; 0.09] 18.2 %
Takizawa et al, 2022 0 18 0.00 [0.00; 0.19] 11.3 %
Wang et al, 2023 2 50 0.04 [0.00; 0.14] 21.4 %

Random eff ects model  205 0.01 [0.00; 0.04] 100.0 %
Prediction interval    [0.00; 0.11] 
Heterogeneity: I2 = 39 % [0 %; 76 %], τ2 = 0.0048, P <0.14 0.050 0.2

Delayed bleeding
0.250.150.1 0.3

▶ Fig. 3 Delayed bleeding rate. Forest plot, six studies.
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20 mm: lesion size < 10–20mm – clipping, lesion size > 10–20
mm – no clipping.

The only two cases of immediate perforation were due to
pulling of entrapped duodenal adenomatous tissue against the
scope tip [12]. This peculiar technique was described as a “sal-
vage maneuver” in colonic lesions when the initial CSP attempt
fails because the snare has captured too much tissue [23]. The
authors concluded that smaller bite-size portions of large
polyps should be snared to avoid the pulling maneuver [12].
As above, a cut-off of 10mm would be prudent for a bite-size
and attempting en-bloc resection: lesion size ≤ 10mm – en-
bloc CSP, lesion size > 10mm – piecemeal CSP with each bite-
size of about 10mm. This proposed 10-mm cut-off is empirical.
Additional arguments are the 9-mm cut-off recommended by
ESGE guidelines for en-bloc CSP for 6- to 9-mm colorectal
polyps, the increasing use of piecemeal CSP for large colorectal
sessile serrated lesions, and the availability of the 9- to 10-mm
transverse diameter dedicated cold snares [24, 25, 26, 27, 28].

The CSP favorable safety profile findings were confirmed by
a recent large study in FAP patients [29]. Cold snare was used to
excise 2413 duodenal adenomas in 57 patients. There were 28
median adenomas per patient (minimum 5, maximum 166),
with a mean size of 10mm (2–50mm). Four patients experi-
enced bleeding, one immediate and three delayed (0.15%, 4 of
2413 adenomas) and there were no perforations. The individual
efficacy was not possible to assess; however, the Spiegelman
stage was significantly reduced at 1-year follow-up endoscopy
[2].

Of note, occasionally CSP is not feasible, as reported here for
three lesions in one series [14].

One limitation of the meta-analysis is the inclusion of obser-
vational studies. Nevertheless, we made all efforts to adhere to
the highest methodology and reporting standards [30].

Another limitation is that clustering of the lesions could not
be accounted for because individual patient data were not
available for studies that included patients with multiple lesions
[12, 13, 15].

Conclusions
Is this the time for cold snare for all NASDA? Should we trade a
lesser bleeding risk with a higher number of endoscopies need-
ed to finally achieve remission? Possibly, but patients also
should have their say. However, randomized comparative trials
with other resection methods (EMR, underwater EMR) and stra-
tifying for lesion diameter are necessary.
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