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ABSTRACT

Background and study aims In patients with familial ade-

nomatous polyposis (FAP), endoscopic resection of duode-

nal adenomas is commonly performed to prevent cancer

and prevent or defer duodenal surgery. However, based on

studies using different resection techniques, adverse

events (AEs) of polypectomy in the duodenum can be sig-

nificant. We hypothesized that cold snare polypectomy

(CSP) is a safe technique for duodenal adenomas in FAP

and evaluated its outcomes in our centers.
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E1056 Aelvoet Arthur et al. Cold snare polypectomy… Endosc Int Open 2023; : – | © 2023. The Author(s).

Accepted Manuscript online: 2023-09-04   Article published online: 2023-11-10



Introduction
Familial adenomatous polyposis (FAP) is an inherited disorder
resulting in the development of numerous colorectal adeno-
mas, requiring colectomy at a young age to prevent colorectal
cancer [1]. Nearly all patients with FAP also develop adenomas
in the duodenum. The life-time risk for duodenal cancer is 4% to
10% [2, 3, 4, 5], and this cancer accounts for one of the most
common FAP-related causes of death [6].

Conventionally, extensive duodenal polyposis is considered a
criterion for prophylactic duodenectomy to prevent malignant
transformation; however, treatment burden for duodenectomy
is high with significant morbidity (Clavien-Dindo III/IV 16%-
53%) and mortality (0%-2%) risks [7, 8]. With the technical ad-
vance in endoscopic resection made over the last two decades,
many centers with expertise in FAP have started to perform
endoscopic polypectomy in the duodenum. In an attempt to ei-
ther prevent duodenal cancer and prevent or defer the need for
surgical duodenectomy, many centers with expertise in FAP
have started to perform endoscopic polypectomies in the duo-
denum.

Several studies shown that endoscopic treatment of duode-
nal adenomas resulted in downstaging of duodenal polyposis
graded by Spigelman stage [9, 10, 11]. And because the Spigel-
man stage is associated with duodenal cancer risk, performing
polypectomies might indeed reduce this risk. In one study, 74%
of patients were free from duodenal surgery at 89 months after
polypectomy [9]. This potential advantage, however, should be
weighed against the risk of complications of endoscopic treat-
ment.

In the large bowel, current guidelines advice cold snare poly-
pectomy (CSP) for non-pedunculated colorectal polyps < 10
mm and accumulating evidence suggests that CSP might also
be effective and safe in 10- to 19-mm and even larger colorec-
tal polyps [12]. Compared to cautery-based techniques, CSP is
associated with a lower risk of delayed bleeding, perforation,
and post-polypectomy syndrome and a shorter procedure time
[13, 14, 15, 16], which is favorable in a condition such as FAP in
which multiple polyps often are removed in one session.

Compared to the colon, the complication risk of polypecto-
my in the duodenum is higher, presumably due to the thinner
wall and increased vascularity. In two retrospective studies in
FAP that included different resection techniques, the risk of
perforation after endoscopic polypectomy in the duodenum
was 2% to 3% and the risk of delayed bleeding 13% to 20% [9,
10]. All delayed bleedings in Roos et al. occurred after polypec-
tomy of large adenomas, all >20mm. This considerable risk of
adverse events (AEs) indicates a need for careful selection of le-
sions that can be safely resected, as well as a discussion about
the preferred resection technique for duodenal adenomas in
FAP. A few studies assessed the safety of CSP for duodenal ade-
nomas. In a study including 10 patients with FAP, 332 CSPs were
performed, mainly on polyps <10mm (97%), and no (serious)
AEs occurred, except for one intra-procedural bleed managed
with hemoclips [17]. The same authors confirmed the safety of
CSP in a recent update including 2413 CSPs [11]. In the sporadic
setting, studies have shown that complications after duodenal
CSP are rare (delayed bleeding 0%–4%, perforation 0%–4%), in-
cluding comparative studies showing that these risks are higher
after hot snare polypectomy (HSP) (delayed bleeding 8.7%–
16.8%, perforation 1.4%–5.9%) [18, 19, 20, 21, 22]. A recently
published European guideline, however, still recommends HSP
for duodenal adenomas >5mm [23].

We aimed to evaluate the safety of CSP for superficial non-
ampullary duodenal adenomas in a consecutive series of pa-
tients with FAP in our expert centers.

Patients and methods
Study design and subjects

From 2020 on, centers that participate in the European FAP
Consortium have collected findings of endoscopic surveillance
of patients with FAP in a prospectively maintained database.
One of the aims of this prospective database is to study the
safety and efficacy of endoscopic resection techniques for duo-
denal adenomas. For this study, we evaluated all CSPs for non-
ampullary duodenal adenomas performed between 2020 and
2022 during one or more sessions in patients with FAP. A diag-
nosis of FAP was defined as having a constitutional pathogenic

Patients and methods We performed a prospective inter-

national cohort study including FAP patients who under-

went CSP for one or more superficial non-ampullary duode-

nal adenomas of any size between 2020 and 2022. At that

time, this technique was common practice in our centers

for superficial duodenal adenomas. The primary outcome

was the occurrence of intraprocedural and post-procedural

AEs.

Results In total, 133 CSPs were performed in 39 patients

with FAP (1–18 per session). Median adenoma size was 10

mm (interquartile range 8–15mm), ranging from 5 to 40

mm; 27 adenomas were ≥20mm (20%). Of the 133 poly-

pectomies, 109 (82%) were performed after submucosal in-

jection. Sixty-one adenomas (46%) were resected en bloc

and 72 (54%) piecemeal. Macroscopic radical resection was

achieved for 129 polypectomies (97%). Deep mural injury

type II occurred in three polyps (2%) with no delayed per-

foration after prophylactic clipping. There were no clinically

significant bleeds, perforations or other post-procedural

AEs. Histopathology showed low-grade dysplasia in all 133

adenomas.

Conclusions CSP for (multiple) superficial non-ampullary

duodenal adenomas in FAP seems feasible and safe. Long-

term prospective research is needed to evaluate whether

protocolized duodenal polypectomies prevent cancer and

surgery.
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variant of the APC gene and/or having more than 100 colorectal
adenomas and a family history of FAP.

The study was approved by the institutional review boards of
all participating hospitals. All included patients gave informed
consent prior to data collection. The study was registered at
ClinicalTrials.gov (NCT04677998).

CSP procedure

In the centers of the European FAP Consortium, the aim of duo-
denal polypectomy, apart from cancer prevention, is to prevent
endoscopically unmanageable disease in the future, thereby
obviating the need for duodenal surgery. The indications for
performing polypectomy of non-ampullary duodenal adeno-
mas are: adenomas ≥10mm and adenomas ≥5mm when in to-
tal more than 20 duodenal adenomas are present. All superfi-
cial adenomas are resected using CSP, while more protruding
lesions are resected using HSP. Duodenal polypectomies were
performed under sedation (propofol or midazolam plus fenta-
nyl) by endoscopists with expertise in FAP on dedicated endos-
copy lists in tertiary referral centers. Patients on vitamin K an-
tagonists or direct-acting anticoagulants temporarily discon-
tinued these drugs. Single-agent antiplatelet use was contin-
ued or discontinued depending on local protocols. Gastro-
scopes, duodenoscopes or pediatric colonoscopes were used
for the included procedures. CO2 insufflation was used.

The procedure included assessment of the duodenum and
stomach after which the adenomas with an indication for poly-
pectomy were removed during one or multiple procedures, de-
pending on the number and complexity of the lesions. The loca-
tion, morphology, and size of the adenoma was assessed by the
endoscopist prior to polypectomy, with or without narrow band
imaging at the discretion of the endoscopists. Whether the
submucosa was injected to lift the lesion, with or without adre-
naline, was also left to the discretion of the endoscopist. Sub-
mucosal lifting and CSP was referred to as cold endoscopic mu-
cosal resection (EMR) in some previous studies [20, 22]. Most
lesions of 5 to 9mm were resected en bloc with CSP and lesions
≥10mm with piecemeal CSP. The post-polypectomy site was
carefully inspected to rule out residual adenomatous tissue
and to check for hemostasis and deep mural injury. Hemoclips
were placed at the endoscopist’s discretion. Post-procedural
clinical admission for observation was not routinely planned
for all patients, but left to the discretion of the treating endos-
copist and local protocols. Standard prescription of prophylac-
tic proton pump inhibitors was not advised, but left to the dis-
cretion of the treating endoscopist. No standard post-proce-
dural dietary restrictions were advised. ▶Video 1 shows an en
bloc CSP followed by a piecemeal CSP during the same session
in a patient with extensive duodenal polyposis.

Follow-up

Patients were evaluated 2 to 4 weeks after the procedure at the
outpatient clinic or via a telephone consultation, to ensure that
possible AEs were identified, discussed, and evaluated. Follow-
up endoscopy was scheduled after 3 to 6 months when macro-
scopic resection was incomplete, high-grade dysplasia was

present in the resected adenoma and/or when there were other
lesions in the duodenum and/or stomach that required inter-
vention. Otherwise, follow-up endoscopy was scheduled after
1 year. During follow-up endoscopy, the polypectomy scar(s)
were assessed to detect recurrences.

Outcome

The primary outcome was the occurrence of procedure-related
AEs occurring within 30 days after CSP. AEs were evaluated
using the validated Adverse Events in GI Endoscopy classifica-
tion [24]. Deep mural injury was scored according to the Syd-
ney classification system [25].

Statistical analysis

Descriptive statistics were used for this study. Continuous vari-
ables are presented as means with standard deviation for nor-
mally-distributed variables and as medians with interquartile
ranges (IQRs) for skewed-distributed variables. Categorical
variables are presented as numbers and percentages. All analy-
ses were performed using SPSS 26 (IBM Corp. Released 2019.
IBM SPSS Statistics for Windows, Version 26.0. Armonk, New
York, United States: IBM Corp).

Results
Patient characteristics and included procedures

Thirty-nine consecutive FAP patients from three centers under-
went CSP for a total of 133 superficial non-ampullary duodenal
adenomas. During the same time period, 25 duodenal adeno-
mas were resected with HSP. One patient underwent combined
CSP and HSP of a large duodenal adenoma which, on histopa-
thology, appeared to be an adenocarcinoma.

Patient characteristics are presented in ▶Table1. The medi-
an age at (first) CSP was 47.Of the 39 patients, 22 (56%) had
undergone an endoscopic duodenal polypectomy before enter-
ing the study. The total number of CSPs per patient in the study
period varied from one to 22 with a maximum of 18 CSPs per
session. No patients were on anticoagulants at time of CSP.

VIDEO

▶ Video 1 An en bloc CSP followed by a piecemeal CSP in the
same session in a patient with extensive duodenal polyposis.
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▶Table 2 summarizes the characteristics of the lesions and
procedure outcomes. The median adenoma size was 10mm
(IQR 8–15). Fifty percent of the lesions were between 10 and
19mm and 20% were ≥20mm. Nearly all adenomas were loca-
ted in D2 (69%) or D3 (26%) and had a flat elevated (IIa) (63%) or
sessile (Is) (37%) appearance. Prior to CSP, most adenomas
(82%) were submucosally lifted. Sixty-one lesions (46%) were
resected en bloc and 72 (54%) piecemeal, resulting in a macro-
scopic radical resection rate of 97%. Most common difficulties
during CSP were an unstable view (13%) and difficult location
(5%). In 8% of lesions, hemoclips were prophylactically placed
to prevent delayed bleeding or perforation.

In terms of intraprocedural AEs, no bleeding or perforation
occurred. Three CSPs (2%) in three different patients resulted
in full exposure of the muscularis propria, classified as deep
mural injury type II (n = 3). All three cases of muscularis propria
exposure occurred after submucosal lifting and piecemeal re-
section for adenomas measuring 25, 20, and 45mm, with the
use of a dedicated cold snare. In two lesions there was a suspi-
cion of submucosal scarring, which might have been caused by
previous biopsies. All three resection sites were prophylactical-
ly closed with hemoclips to prevent delayed perforation, which
did not occur (▶Fig. 1). All three patients were admitted for ob-
servation.

After eight of 42 polypectomy sessions (19%), the patients
were admitted for one or two nights due to either the resection
of large adenomas (n=3) or a high number of resected adeno-
mas (n =5). These admissions were planned and, therefore, not
counted as AEs. Also, in the three cases of deep mural injury,
the admission was had been planned prior to the procedure be-
cause of the number or size of the lesion(s). No delayed compli-
cations were observed either during the admission period nor
the 4-week follow-up.Histology showed a tubular adenoma in
90% of lesions and tubulovillous adenoma in 10%. All lesions

▶Table 1 Patient characteristics.

39 FAP patients

Female sex, n (%) 26 (67%)

Proven APCmutation, n (%) 38 (97%)

Age at FAP diagnosis (median) 22 (IQR 17–29)

History of (procto)colectomy 35 (90%)

History of duodenal polypectomy 22 (56%)

Age at (first) CSP (median) 47 (IQR 37–56)

Number of CSP sessions

▪ One session 36 (92%)

▪ Two sessions 3 (8%)

Number of CSPs (median) 2 (IQR 1–4, range 1–22)

Anticoagulants use at time of CSP 0

FAP, familial adenomatous polyposis; IQR, interquartile range; CSP, cold
snare polypectomy.

▶Table 2 Adenoma characteristics and procedure outcomes in pa-
tients with FAP.

CSP (n =133)

Size of adenoma (median, IQR) 10 (8–15)

▪ 5–9 mm 40 (30%)

▪ 10–19 mm 66 (50%)

▪ 20–39 mm 24 (18%)

▪ 40 mm 3 (2%)

Location of adenoma

▪ Bulb/D1 5 (4%)

▪ D2 92 (69%)

▪ D3 35 (26%)

▪ D4 1 (1%)

Morphology (Paris classification)

▪ IIa 84 (63%)

▪ Is 49 (37%)

Submucosal injection to lift lesion 109 (82%)

Adrenalin in submucosal injection 93 (70%)

Adjuvant snare tip soft coagulation 2 (2%)

En bloc resection 61 (46%)

Piecemeal resection 72 (54%)

Macroscopic radical resection 129 (97%)

Difficulties during CSP

▪ Difficult location 6 (5%)

▪ Incomplete lifting 2 (2%)

▪ Unstable frontal view 17 (13%)

▪ Side-viewing endoscope needed 4 (3%)

Adverse events

▪ Intra-procedural bleeding 0

▪ Perforation 0

▪ Delayed bleeding 0

▪ Deep mural injury type II 3 (2%)

▪ Other adverse events 0

Prophylactic clip placement 10 (8%)

Histology

▪ Tubular adenoma 120 (90%)

▪ Tubulovillous adenoma 13 (10%)

Grade of dysplasia

▪ Low-grade dysplasia 133

▪ High-grade dysplasia 0

FAP, familial adenomatous polyposis; IQR, interquartile range; CSP, cold
snare polypectomy.
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contained low-grade dysplasia; no high-grade dysplasia or can-
cer was detected.

Discussion
In this multicenter study, we investigated the safety of CSP for
the removal of superficial non-ampullary duodenal adenomas
in FAP. We demonstrated that, in experienced hands, CSP is a
safe technique, regardless of the size or number of adenomas
resected during the same procedure.

Our series confirms the safety of CSP for duodenal adeno-
mas because no bleeding or perforation was observed. ▶Table
3 summarizes the available series on duodenal CSP in the spora-
dic and FAP setting showing the occurrence of intraprocedural
bleeding (0%-90%), delayed bleeding (0%), and perforation
(0%). These studies included CSPs with (cold EMR) and without
submucosal lifting. Because the AE rate was low in all studies,
we cannot state whether lifting results in fewer AEs. In the pres-
ent study, most adenomas were lifted before CSP, and adeno-
mas that were resected without lifting had a maximum size of
15mm. We cannot draw any conclusions about larger lesions,
but it might be hypothesized that performing CSP without lift-
ing for larger adenomas might result in an increased risk of AEs.

The only AE that occurred was deep mural injury type II during
three procedures. In two of these lesions, there was a sugges-
tion of submucosal scarring, which might have been caused by
previous biopsies and might increase the risk of AEs and non-ra-
dical resection. Numbers are too small to further study this in
the present series. In our current endoscopic surveillance pro-
tocol, we do not advise taking routine biopsies to prevent sub-
mucosal scarring [26]. Another factor that might increase the
AE risk is the morphology of the adenoma. Resecting more
bulky adenomas might result in a higher risk of bleeding, which
is the reason to perform HSP for these adenomas in our current
practice.

Two studies retrospectively compared CSP to HSP, showing
that AEs occurred less frequently after CSP [19, 20], with intra-
procedural bleeding occurring in 10% to 13% after HSP, delayed
bleeding in 9% to 17%, and perforation in 1% to 10%. However,
because these studies were both retrospective and might suffer
from selection bias, one should be careful about drawing con-
clusions. No detailed information on lesion morphology was
provided, and superficial lesions may have been resected using
CSP and the bulkier lesions with HSP. Moreover, CSP has recent-
ly been introduced as a resection technique in the duodenum.
Trivedi et al. showed that HSP was used for all but one lesion in
polypectomies between 2006 and 2012, whereas most lesions
were resected using CSP between 2018 and 2021. This timing is
relevant due to the evolution of hemostatic techniques, which
were not available or widely used in the early years of duodenal
polypectomy for FAP. Therefore, it is difficult to compare bleed-
ing rates between the two techniques. Besides, the resection
technique will be based on polyp morphology, introducing an-
other bias. A randomized trial would eliminate most of these
biases, but it is questionable whether a randomized trial is nec-
essary or ethically justifiable, with such positive current data on
CSP.

In terms of efficacy, evaluating adenoma recurrences after
duodenal polypectomy might be of importance. In this study,
we did not report on recurrences after CSP. FAP patients under-

▶ Fig. 1 Deep mural injury type III with a damaged circular muscle
layer, b prophylactically clipped.

▶Table 3 Series on duodenal cold snare polypectomy.

Author, year Setting Design N of

CSPs

Adenoma

size*

Intraprocedural

bleeding

Delayed

bleeding

Perforation

Choksi 2015 [27] Sporadic Retrospective 15 24 mm 0 1 (7%) 0

Maruoka 2017 [21] Sporadic Prospective 30 4 mm 27 (90%)† 0 0

Hamada 2018 [17] FAP Prospective 332 NR 1 (3%) 0 0

Dang 2021 [18] Sporadic Retrospective 43 26.5 mm 0 0 0

Trivedi 2022 [19] Sporadic Retrospective 41 12 mm 4 (10%) 0 0

Repici 2022 [20] Sporadic Retrospective 33 31.5 mm 0 0 0

Wang 2023 [22] Sporadic Prospective 50 30 mm 1 (2%) 2 (4%) 2 (4%)

Present series FAP Prospective 133 10 mm 0 0 0

*Mean or median
†Also bleedings that stopped spontaneously were counted as intraprocedural bleeding in this study
CSP, cold snare polypectomy; FAP, familial adenomatous polyposis; NR, not reported.
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going duodenal polypectomy usually have numerous adeno-
mas and sometimes multiple adenomas are removed during
the same procedure. We believe that this clinical setting does
not lend itself to studying adenoma recurrence, because this is
clinically less relevant, given that patients usually have multiple
duodenal adenomas and should undergo regular surveillance
endoscopies anyway. This is in contrast to the sporadic setting,
in which usually one polyp is removed in an otherwise normal
duodenum and surveillance might be terminated after com-
plete removal. Two studies in the sporadic setting comparing
CSP to HSP did not find a difference in recurrence rate [19, 20].
Polyp size was found to be a predictor of recurrence in univari-
ate analysis [19]. Removing adenomas ≥5mm rather than ≥10
mm as recommended by current guidelines might result in few-
er recurrences and more en bloc resections. It could also pre-
vent unmanageable duodenal disease with multiple large ade-
nomas, which may require more complex polypectomies in the
future. Takeuchi et al. [11] introduced a different endoscopic
approach, called intensive downstaging polypectomy for duo-
denal polyposis in FAP, in which all large and small duodenal
adenomas are resected, mostly using CSP. It resulted in down-
staging of duodenal polyposis in most patients (71%). However,
whether removing adenomas <5mm results in a lower risk of
developing duodenal cancer is debatable. This intensive strate-
gy with frequent endoscopies including a high number of poly-
pectomies results in a burden for the patients and potentially
also an increased complication risk. Although future studies
will have to guide the trade-off between safety and efficacy of
CSP in terms of recurrence and feasibility, taking into account
lesion size and morphology, we believe CSP is the preferred
method for resecting (multiple) superficial duodenal adenomas
in FAP. Whereas in the past data from retrospective studies
were used for counseling, reporting on different resection
techniques combined, we are now able to more accurately in-
form patients about risks before they undergo CSP.

Conclusions
We demonstrated the safety of CSP in FAP patients, but not its
efficacy in preventing cancer and surgery. Long-term prospec-
tive data from a large FAP cohort are needed to evaluate wheth-
er protocolized removal of duodenal adenomas is an effective
strategy and, more specifically, which adenomas should be re-
moved. As a European consortium, we hope to provide such
data in future years.
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