
Introduction
Duodenal polyps are the most frequent lesions in the duode-
num, most of them incidentally discovered during upper gas-
trointestinal endoscopy. Adenomas, Brunner’s gland hyperpla-
sia, gastric metaplasia, inflammatory polyps, lipomas, leiomyo-
mas, gastrointestinal stromal tumors, hamartomas, lympho-
mas, carcinoids and other neuroendocrine tumors, are the
main histological diagnoses that can be encountered. Endo-
scopic mucosal biopsies, endoscopic ultrasound (EUS), EUS-

guided fine-needle biopsy, and endoscopic resection can be re-
quired to make the diagnosis, assess the neoplastic potential of
lesions, and guide a patient’s management. Noticeably, the two
most common duodenal lesions, inflammatory polyps and gas-
tric heterotopia [1], do not have any neoplastic potential.

Most of the time, endoscopists stumble upon these lesions
that are mainly asymptomatic. Symptoms related to duodenal
polyps include iron deficiency anemia, gastrointestinal bleed-
ing, abdominal pain or dyspeptic symptoms caused by duode-
nal obstruction. Duodenal adenomas are also diagnosed on
screening endoscopies in patients with hereditary predisposi-
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ABSTRACT

Duodenal polyps are found in 0.1% to 0.8% of all upper en-

doscopies. Duodenal adenomas account for 10% to 20% of

these lesions. They can be sporadic or occur in the setting of

a hereditary predisposition syndrome, mainly familial ade-

nomatous polyposis. Endoscopy is the cornerstone of man-

agement of duodenal adenomas, allowing for diagnosis and

treatment, primarily by endoscopic mucosal resection. The

endoscopic treatment of duodenal adenomas has a high

morbidity, reaching 15% in a prospective study, consisting

of bleeding and perforations, and should therefore be per-

formed in expert centers. The local recurrence rate ranges

from 9% to 37%, and is maximal for piecemeal resections

of lesions >20mm. Surgical resection of the duodenum is

flawed with major morbidity and considered a rescue pro-

cedure in cases of endoscopic treatment failures or severe

endoscopic complications such as duodenal perforations.

In this paper, we review the existing evidence on endo-

scopic diagnosis and treatment of non-ampullary duodenal

adenomas.

* These authors contributed equally.
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tion syndromes to gastrointestinal neoplasia, mainly familial
adenomatous polyposis (FAP).

In 2002, the Vienna classification defined four histopatholo-
gical categories for gastrointestinal epithelial lesions: negative
for neoplasia; indefinite for neoplasia; mucosal low-grade neo-
plasia; mucosal high-grade neoplasia including noninvasive;
and intramucosal carcinoma. These four groups define the fur-
ther management of duodenal lesions, including endoscopic
resection for low- and high-grade duodenal adenomas, as
shown on ▶Table 1 [2].

Duodenal adenomas involving the major papilla have poten-
tial to invade the common bile duct and main pancreatic duct,
resulting in specific features at diagnosis step (clinical presen-
tation with obstructive jaundice or acute pancreatitis, intestinal
or biliopancreatic histology) and for therapy (risk of acute pan-
creatitis, biliary stricture, higher risk of perforation after endo-
scopic resection, potential indications of surgical ampullect-
omy even for dysplastic lesions in case of extension to the bili-
ary or pancreatic ducts). Therefore, ampullary adenomas will
not be discussed in this review.

Pathophysiology

The natural history of sporadic duodenal adenomas follows the
adenoma-carcinoma sequence and seems to have the same
pattern as colonic adenomas, however with a longer time to
progression: in a retrospective study involving 46 patients,
Okada et al. found that only 16% of untreated duodenal adeno-
mas with low-grade dysplasia eventually developed high-grade
dysplasia and 4.9% adenocarcinoma over a 28 months period
[3].

Recently, several studies have suggested two major sub-
types of duodenal adenomas, also termed superficial non-am-
pullary duodenal epithelial tumor or SNADET: intestinal (I-
type) and gastric (G-type) types, based on expression of bio-
molecular markers [4–9]. I-type SNADET are the most frequent,
can be found along the entire length of the duodenum, follow
the typical adenoma-carcinoma sequence, and have a slower
neoplastic progression. The pathophysiology of I-type SNADET
involves a deregulation of Wnt/β-catenin signaling, leading to
onset and progression of adenomas [4]. Mutations in APC (ade-
nomatous polyposis coli), a tumor suppressor gene, KRAS or

TP53, are the main causes of Wnt/β-catenin pathway deregula-
tion. The activation of the Wnt/β-catenin pathway increases
nuclear accumulation of β-catenin, leading to transcriptional
activation of genes (T-cells factors) involved in cell apoptosis
and proliferation [5, 6]. G-type SNADET are characterized by
their proximal location, a villous structure with a low glandular
density, and can coexist with duodenal gastric heterotopia,
gastric foveolar metaplasia, and/or Brunner's gland hyperplasia,
sharing common gene mutations such as GNAS, with greater
malignant potential [7–9].

Epidemiology
Sporadic adenoma general findings

Duodenal polyps are found in 1% to 4.6% of upper gastrointes-
tinal endoscopies. The prevalence of duodenal adenomas
ranges from 0.10% to 0.82% in retrospective studies [1, 10,
11], and 0.34% in a prospective study [12]. In the vast majority
of cases, sporadic duodenal adenomas are located in the pos-
terior and lateral part of the second duodenum, at the level or
distal to the major papilla. This distribution appears to be influ-
enced by bile flow [13]. As a consequence, duodenal adenomas
in the duodenal bulb or distal to the second duodenum are
rarely encountered.

A recent analysis from the Japanese National Cancer Registry
reported an incidence of non-ampullary duodenal neoplasms of
23.7 per 1 million person-years, of which half were superficial
lesions amenable to endoscopic resection [14]. Importantly,
this rate is much higher than the 2.9 to 4.3 per 1 million per-
son-years incidence rate reported in earlier studies [14]. It
could be attributable to advances in endoscopic equipment
and increasing awareness of endoscopists for duodenal neo-
plasms.

Sporadic adenoma and colorectal cancer

Sporadic duodenal adenomas are associated with a higher inci-
dence of colorectal adenomas and adenocarcinomas. In a retro-
spective study of 22 patients with duodenal adenomas, 72%
had colorectal adenoma and 4.5% had colorectal adenocarci-
noma [15]. These data are supported by a retrospective case-
control study of 34 patients showing that colorectal neoplasia

▶Table 1 Revised Vienna classification of gastrointestinal epithelial neoplasia [2].

Category Diagnosis Clinical management

1 Negative for neoplasia Optional follow-up

2 Indefinite for neoplasia Follow-up

3 Mucosal low-grade neoplasia
Low-grade dysplasia
Low-grade adenoma

Endoscopic resection

4 Mucosal high-grade neoplasia
High-grade adenoma/dysplasia
Noninvasive carcinoma
Intramucosal carcinoma

Endoscopic resection or local surgical excision

5 Submucosal invasion by carcinoma Surgical resection
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(colorectal cancer, advanced adenoma and non-advanced ade-
noma) was significantly more frequent in the duodenal adeno-
ma group (56% vs. 33%; P=0.03) with an odds ratio of 2.4 (95%
CI, 1.1–5.4) [16]. A meta-analysis published in 2014 including
37152 patients showed a positive association between sporadic
duodenal adenomas and colorectal neoplasms (OR=2.59; 95%
CI, 1.64–4.11) [17]. In 2015, the American Society of Gastroin-
testinal Endoscopy recommendations suggest that a colonos-
copy should be performed when a duodenal adenoma is diag-
nosed [18].

Sporadic adenoma and small bowel polyps

In a German prospective controlled study, 14 patients with a
proven sporadic duodenal adenoma and 14 patients without
duodenal adenoma had a small bowel capsule endoscopy: small
bowel polyps were identified in eight vs. 0 patients in the con-
trol group.Despite its methodology, the small number of pa-
tients and the absence of histological confirmation of the small
bowel polyps described at capsule endoscopy do not allow to
make strong conclusions from this work [19]. Currently, there
is no indication to perform a small bowel capsule endoscopy in
case of sporadic duodenal adenoma.

Non-sporadic adenoma
FAP syndrome

FAP is an autosomal-dominant syndrome due to a germline de-
leterious variation of the APC tumor suppressor gene. This syn-
drome leads to development of several colorectal adenomas
and is associated with a 100% risk of colorectal cancer in its
classical form without prophylactic colectomy.

Non-ampullary duodenal adenomas are common in FAP. In a
20-year retrospective study, FAP-related adenomas represen-
ted 60% of the duodenal adenomas, with a younger age at
diagnosis (39.5 vs. 66.5 years for FAP-related vs. sporadic,
respectively), a longer follow-up duration (100 vs. 43 months),
and a higher local recurrence rate (72.5% vs. 52%) [20].

Bülow et al. showed, in a prospective multicenter study of
368 patients with a median follow-up of 7.8 years, a 65% prev-
alence of duodenal adenoma at the first endoscopy in FAP pa-
tients and a cumulative incidence of 90% at 70 years. Cumula-
tive incidence of duodenal adenocarcinoma was 4.5% at 57

years [21]. The follow-up data from 304 patients over 14 years
showed a cumulative risk of duodenal adenomas of 88% (95%
CI, 84–93) over life, and a cumulative duodenal cancer inci-
dence at 75 years of 18% with a median age at cancer diagnosis
of 56 [22].

The severity of duodenal adenomatosis in patients with FAP
is estimated by the Spigelman Classification [23] described in
1989 and presented in the ▶Table 2. The main risk factors for
development of duodenal cancer are the following: stage IV of
the Spigelman classification; presence of high-grade dysplasia
or a lesion size ≥10mm (also taken into account in the Spigel-
man stage IV); ampullary adenoma with a villous component or
high-grade dysplasia [22, 24–27]. In a prospective study over
47.9±15.6 months, Saurin et al. found a 50% risk of developing
Spigelman stage IV duodenal adenomatosis, justifying to treat
endoscopically duodenal adenomas in FAP patients over per-
forming endoscopic surveillance alone [28]. Other works from
the same group have demonstrated the possibility of down-
grading the Spigelman score with repeated endoscopic treat-
ment [29, 30].

Currently, management of duodenal adenomas in FAP pa-
tients relies on an endoscopic surveillance every 1 to 5 years ac-
cording to Spigelman score and the presence of an ampullary
lesion. Endoscopic management consists of resection of the
most significant lesions to progressively downgrade the Spigel-
man’s score [31].

Non-FAP hereditary predisposition syndrome to
gastrointestinal cancers

Lynch syndrome (LS,) previously known as hereditary non-poly-
posis colorectal cancer, is an autosomal dominant syndrome
caused by germline deleterious variation in one of the DNA mis-
match-repair genes (MLH1, MSH2, PMS2 or MSH6 or EPCAM). It is
associated with an increased risk of gastrointestinal cancers.
Many studies suggest a lifetime risk for small bowel cancer
ranging from 0.6% to 12.0% [32–35].

In a retrospective study from 2018, Hammoudi et al. found
seven duodenal neoplasms (adenoma or adenocarcinoma)
among 113 patients with LS, with a 4.4% prevalence of duode-
nal adenomas in this population [36]. Two prospective studies
including 36 and 200 patients with LS assessed prevalence of
small bowel neoplasms with small bowel capsule endoscopy

▶Table 2 Spigelman score [23].

Findings at duodenoscopy 1 point 2 points 3 points

Number of adenomas 1–4 5–20 > 20

Size (mm) 1–4 5–10 > 10

Histology Tubular Tubulovillous Villous

Dysplasia Low-grade NA High-grade

Spigelman Score 0 1–4 5–6 7–8 9–12

Spiegelman Stage 0 I II III IV

NA, not applicable
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and found a duodenal neoplasm in 0.5% to 5.7% of patients
[36, 37].

MUTYH Associated Polyposis (MAP) is an autosomal-reces-
sive syndrome associating colonic adenomatous polyposis and
an increased risk of duodenal adenomas with a prevalence esti-
mated between 17% to 34% at a median age of 50 years. As in
FAP, management of duodenal adenomas in MAP patients relies
on an endoscopic surveillance every 1 to 5 years according to
Spigelman score, also taking into account presence of a sus-
pected ampullary lesion [31, 38, 39].

Other rare inherited syndromes are associated with a higher
risk of duodenal adenomas such as polymerases proofreading
associated polyposis, associated with deleterious variations in
the POLE and POLD1 polymerases genes [40, 41].

Diagnosis
Endoscopic diagnosis: Detection

Typically, non-ampullary duodenal adenoma is a unique sessile
polyp, Paris 0-Is (in 17.5%–57% of cases) or 0-IIa (in 30%–65.3%
of cases), located in the second portion of the duodenum [42–
48]. Therefore, endoscopic assessment can require not only a
conventional gastroscope, but also a side-viewing endoscope
(duodenoscope) to thoroughly assess the left side of the des-
cending duodenum and rule out an extension of the adenoma
to the major papilla. A cap-fitted endoscope can be of help to
best detect duodenal polyps between the duodenal folds. Of
note, the distal attachment cap allows visualization of the ma-
jor duodenal papilla with a standard gastroscope in a majority
of patients [49]. One assessment of the distal duodenum, using
a colonoscope, is advisable during the initial workup.

Chromoendoscopy using indigo carmine uniformly sprayed
on the on duodenal mucosa with a dedicated catheter high-
lights all mucosal abnormalities. This technique is easy to use,
cheap, and many studies [50–52] have shown its efficiency.
Among these, a monocentric prospective study of 51 patients
with FAP showed that indigo carmine chromoendoscopy im-
proved the diagnostic yield of duodenal adenomas 3-fold, al-
lowing an upstaging of the Spigelman stage (▶Fig. 1) [52].

Characterization

The main purpose of endoscopy is to characterize duodenal
adenomas in the different categories of the Vienna classifica-
tion and especially to distinguish C3 (low-grade dysplasia) and
C4 ( high-grade dysplasia) from other categories [2].

Forceps biopsy have a low diagnostic performance for SNA-
DETS: the diagnostic accuracy of endoscopic biopsy is only of
68% to 74% [45], and up to 20% of duodenal adenocarcinomas
can be missed by biopsy alone [53, 54]. In addition, endoscopic
forceps biopsies may induce submucosal scarring and fibrosis,
making subsequent endoscopic resection more difficult, and
increase the risk of complications. Therefore, optical diagnosis
of the lesion using virtual chromoendoscopy and magnification
endoscopy is advisable. Several studies suggest endoscopic
characteristics to differentiate low-grade from high-grade duo-
denal adenomas based on the pit pattern, vascular pattern,
presence and distribution of the white opaque substance, and
color and size of the lesions. A heterogenous, rough, nodular
mucosal pattern or lack of a pattern, a network microvascular
pattern, marginal distribution of a white opaque substance (re-
sulting of an intramucosal accumulation of lipid droplets),
diameter > 5mm, reddish color, and presence of a depressed

▶ Fig. 1 Duodenal evaluation of patient with FAP, in white light imaging alone (panel A) and after indigo carmine chromoendoscopy, showing
multiple infracentimetric Paris 0-IIa duodenal adenomas (panel B-D) and one 10-mm Paris 0-IIa + IIc adenoma at the genu inferius (panel E).
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area favor a duodenal adenoma harboring high-grade dyspla-
sia)[45, 46, 55–59].

Many algorithms and scores have been developed to distin-
guish C3 and C4 duodenal adenomas based on these character-
istics with high diagnostic performance [60, 61].

Other diagnostic modalities

There is no specific guideline about use of endoscopic ultraso-
nography for non-ampullary duodenal adenomas. As in the rest
of the upper digestive tract, endoscopic ultrasonography can
be used to search for suspicious lymph nodes and assess the in-
vasion depth of a duodenal lesion before endoscopic or surgical
resection. In a retrospective study of 47 patients, Azih et al.
showed that endoscopic ultrasonography predicted muscularis
propria (T2 stage) invasion with a specificity of 88% and a neg-
ative predictive value of 90% [62]. Of note, duodenal adenocar-
cinoma is extremely rare, and the vast majority of duodenal
neoplastic lesions are adenomas. In a large cohort of endo-
scopic resection for duodenal neoplasms, only 2% of the pa-
tients had invasive adenocarcinoma [43]. Finally, endoscopic
ultrasonography is justified to rule out a muscularis propria in-
vasion or the presence of suspicious lymph nodes in case of
adenocarcinoma on biopsies, or endoscopic features sugges-
tive of invasive adenocarcinoma, such as ulcerated or protrud-
ing lesion. In these cases, endoscopic resection should not be
attempted and pancreaticoduodenectomy with lymph node re-
section is indicated.

Contrary to ampullary adenomas that can be suspected on
CT-scanner in case of common bile duct and main pancreatic

duct dilatation, duodenal adenomas are typically flat and rarely
imaged by radiologists. They can appear as well-defined soft-
tissue mass protruding or not in the duodenal lumen, sessile,
surrounded by clear fat planes. After intravenous administra-
tion of contrast, they display homogeneous, mild enhancement
[63].

Treatment
Cold snare polypectomy

Following the ESGE guidelines [64], cold snare polypectomy is
recommended for small SNADET<6mm. The evidence is initial-
ly based on the extrapolation from studies on colonic polyps,
but increased recently with for small duodenal polyps, even in
FAP syndrome [65–67].

A prospective study of 39 lesions ranging from 2 to 6mm
showed that cold snare polypectomy for small SNADET was ef-
fective and safe with an en bloc resection rate of 96.7%, with-
out any recurrence at 3 months and no complication (delayed
bleeding or perforation) [68].

Endoscopic mucosal resection technique

Endoscopic mucosal resection (EMR) is the recommended
treatment for duodenal adenomas >6mm (▶Fig. 2). It is usually
achieved with a forward-viewing endoscope (gastroscope or
pediatric colonoscope) fitted with a distal attachment cap.
However, the use of a side-viewing endoscope is optimal for re-
section of lesions on the medial part of the descending duode-
num and provides excellent stability in the duodenum, while

▶ Fig. 2 Endoscopic mucosal resection of a sporadic duodenal adenoma. a White-light endoscopic images showing a 15-mm Paris 0-is lesion
in the second part of the duodenum. b virtual chromoendoscopy using narrow-band imaging. c Saline submucosal injection. d En bloc resec-
tion. e, f Clipping of the mucosal defect
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maintaining suction capacity due to the size of the endoscope
and operating channel. Indigo carmine chromoendoscopy or
virtual chromoendoscopy are frequently used to help delineat-
ing the lesion before resection. Perilesional marking with the tip
of the snare is advisable, especially if the lifting solution con-
tains epinephrine. Submucosal injection is performed using in-
digo carmine-stained saline or specific macromolecular solu-
tions, as in the rest of the digestive tract, mixed or not with
epinephrine to prevent procedural bleeding.

The choice of resection snare should take into account sev-
eral parameters: the flat nature of most duodenal adenomas,
requiring a rigid snare, high risk of bleeding following endo-
scopic resection; and the possibility of using the selected snare
through a side-viewing endoscope. As a consequence, cold re-
section snares are widely used for smaller lesions (< 10mm),
and 10- to 15-mm rigid snares such as monofilament snares
are used for lesions ≥10mm. En bloc resection is sought when-
ever possible, usually for lesions < 20mm. In case of residual
adenoma on the resection margins, cold snaring of the margins
or ablation by argon plasma coagulation (APC) is performed.
Endoscopic treatment success is defined by the absence of visi-
ble residual adenoma at the end of the endoscopic resection.

Cap-assisted EMR has been proposed as an alternative to
conventional EMR, considering the flat morphology of the duo-
denal lesions [69, 70]. Despite a reasonable 16.9% adverse
event rate and a 1.7% reported perforation rate, this technique
has not gained wide acceptance among gastrointestinal endos-
copists, particularly owing to possible risk of perforation when
suctioning the duodenal wall into the cap.

EMR outcomes

Several large retrospective studies [43, 44, 48, 71–75] and one
recent prospective study [42] have reported outcomes of EMR
for duodenal adenomas. The complication rate is highly depen-
dent on median size of the lesions, while the recurrence rate,
also influenced by lesions size and the possibility of en bloc
endoscopic resection, is also potentially underestimated by ret-
rospective series. The main findings of these works are sum-
marized in ▶Table 3. In 2018, Tomizawa et al. reported a large
series of endoscopic resections for sporadic non-ampullary
duodenal adenomas, with 166 endoscopic resections and a me-
dian size of 20mm, they observed 11% major complications
(only bleeding) and a 23% recurrence rate with a median fol-
low-up of 1 year. The authors also determined that increasing
size of the lesion, piecemeal resection, and inability to com-
plete EMR were associated with adenoma recurrence (P<
0.001). The prospective study from Augsburg including 118
adenomas with a median size of 15mm, of which 89 were non-
ampullary adenomas, recorded a 18% overall complication
rates, including three perforations and one death. The recur-
rence rate was 20.4% at first follow-up endoscopy [42].

Complications

The two main complications following endoscopic resection of
duodenal adenoma are bleeding and perforation. These com-
plications are not specific to endoscopic resection in the duo-
denum. However, the duodenal wall is thin and the submucosal

layer contains a high density or large blood vessels. Retrospec-
tive studies suggest that intraoperative and delayed bleeding
occur respectively in 2.2% to 13.9% and 4.4% to 17.4% of cases
and that the risk increases with the size of the polyp and the
presence of a protruding lesion [43, 44, 48, 69, 72–74, 76].
These rates are the highest of all endoscopic procedures. In
this context, the European Society of Gastrointestinal Endos-
copy (ESGE) guidelines [64] recommend discontinuing all anti-
platelet therapy and vitamin K antagonists 5 days before the in-
tervention (with a checked INR <1.5 for vitamin K antagonists)
and direct oral anticoagulants 48 hours before intervention.
The endoscopic resection is performed as an inpatient proce-
dure with a two-night admission and daily complete blood
count to check for bleeding signs. Anticoagulant or antiplatelet
therapy is resumed within 48 hours after endoscopic resection.

Intraprocedural bleeding is managed immediately. Thermo-
coagulation with the tip of the resection snare or a coagulating
forceps is highly effective, but may result in delayed perfora-
tions related to the thermal damage to the duodenal wall.
Placement of hemoclips is the optimal way to achieve hemosta-
sis, but can be technically challenging when using a side-view-
ing endoscope, might jeopardize the final steps of the resec-
tion, and is not always feasible in cases of extensive resections.

Delayed bleeding is a more challenging complication. It can
occur in up to one-third of the patients, and is mainly correlated
to the size of the resection. Management always involves emer-
gent upper gastrointestinal endoscopy, often red blood cell
transfusion and intensive care admission, and sometimes inter-
ventional radiology, while surgery has no role. Although the
most bleeding occurs within 48 hours, major delayed bleeding
has been reported up to 7 days after resection [42]. Therefore,
patients should be aware of this complication and of the tele-
phone number to call in case of melena, hematochezia, or unu-
sual fatigue. Aschmoneit-Messer et al., in a retrospective study
of 50 patients with duodenal EMRs, showed that prophylactic
argon plasma coagulation therapy of the resection bed for ade-
nomas >20mm and/or in case of visible vessels ≥1mm, low-
ered the risk of delayed bleeding [77]. Lepilliez et al. found
that no delayed bleeding occurred in patients treated with pro-
phylactic clipping or prophylactic argon plasma coagulation, or
in patients treated for intraprocedural bleeding, whereas it oc-
curred in 21.7% of patients with no intraoperative bleeding or
bleeding prevention (P=0.044) [74]. Nonaka et al. showed
that the delayed bleeding rate dropped from 32% to 7% in
cases of prophylactic clipping (P<0.004) [76].

Therefore, prophylactic treatment of delayed bleeding is re-
commended, by placing hemoclips and ideally aiming at clos-
ing the mucosal defect when technically feasible. Alternatively,
visible vessels can be treated with thermocoagulation or pro-
phylactic hemoclips.

Immediate perforation is defined as a breach in the muscu-
laris propria during endoscopic resection, usually explained by
insufficient submucosal injection or fibrosis in the submucosa.
Based on several retrospective studies, immediate perforation
occurs in 2.2% to 6% of cases. Management of immediate per-
foration consists of completing the resection and then closing
the perforation using hemoclips. Recently, Chung et al. report-
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ed in seven patients the feasibility of suturing a duodenal EMR
site, including cases of immediate perforation, using an endo-
scopic suturing device (Overstitch, Apollo Endosurgery, Austin,
Texas, United States). While the device is costly and its maneu-
verability in the duodenum is questionable, endoscopic sutur-
ing systems are a promising path to decrease morbidity of duo-
denal EMRs. [78]. Usually, these complications have no clinical
impact, since the resections are always performed with CO2 in-
sufflation, and no fluid flows out of the duodenum. Therefore,
after 24 hours of fasting, intravenous proton pump inhibitors,
and prophylactic antibiotics, oral feeding is usually possible,
provided the patient has no pain or fever and a normal blood
count.

Delayed perforations occur after the end of the endoscopic
procedure and are caused by thermal damage to the muscularis
propria, possibly in conjunction with chemical aggression by
bile acids. Delayed perforations occur in 1.7% to 4% of duode-

nal EMRs. Clinical expression of delayed perforations can be ab-
dominal pain, peritoneal syndrome, fever, or hemodynamic in-
stability. A CT-scanner is usually performed to confirm the diag-
nosis. The management is challenging and involves gastroen-
terologists, digestive surgeons, and interventional radiologists.
Typically, the duodenal perforation is closed, either surgically or
endoscopically. Alternatively, it can be covered endoscopically
by a covered duodenal stent. In addition, the peritoneal or ret-
roperitoneal fluid collection should be drained by radiologically
or surgically. Meanwhile, the patient is left nihil per os with con-
tinuous gastric aspiration, antibiotics and parenteral nutrition.
All efforts are made to avoid an emergent pancreaticoduode-
nectomy, which is associated with a high mortality in this con-
text. Delayed duodenal perforation is the most severe compli-
cation of this procedure, and accounts for the 1% mortality
rate recorded after duodenal EMR even when performed by ex-
perienced teams.

▶Table 3 Published outcomes of endoscopic mucosal resection (EMR) for duodenal adenomas.

Year Author Type No.

pa-

tients

Mean

size [in-

terval]

Com-

plete

resec-

tion

rate (%)

Fol-

low-

up

(mon-

ths)

Tech-

niques

Immediate com-

plications (%)

Delayed com-

plications (%)

Recur-

rence

rate

(%)
Bleed-

ing

Per-

fora-

tion

Bleed-

ing

Per-

fora-

tion

2020 Probst et al. [42] Prospective (4
years)

110 15mm
[4–70]

 94 48 EMR  0 2.2 13.5 1.1 20.4

2020 Na et al. [102] Retrospective
(10 years)

 59 9mm
[5–14]

 81.4 15 EMR  5.1 5.1  0 0  0

2019 Hara et al. [44] Retrospective
(13 years)

131 9mm
[7–14.5]

100 43 EMR  0 0  0 0  0

2018 Valerii et al. [48] Retrospective
(14 years)

 68 26mm
[5–80]

100 59 EMR  0 4 17.3 4.4 NA

2018 Tomizawa et al.
[43]

Retrospective
(9 years)

142 20mm
[7–55]

 92  9 EMR  7.8 0  5.6 0 23

2017 Valli et al. [71] Retrospective
(10 years)

 78 17.2mm
[2–55]

 91 33 EMR 12.8 0  9 2,6  0

2017 Bartel et al. [72] Retrospective
(11 years)

 91 22.5mm
[5–85]

 98.9 13 EMR  2.2 5.5  4.4 0 29

2016 Klein et al. [103] Retrospective
(8 years)

106 25mm
[19–40]

100 22 EMR 43.4 0 15.1 2.8 14.4

2012 Fanning et al. [104] Retrospective
(2 years)

 46 14.5mm
[5–25]

 94 24 EMR 36.9 2.2  4.3 4.3 17.5

2010 Abbass et al. [73] Retrospective
(6 years)

 59 17.2mm
[3–50]

 93 26 EMR  0 0  5 0 37

2008 Lepilliez et al. [29] Retrospective
(8 years)

 36 19mm
[4–50]

100 15 EMR 13.9 2.8 11.6 0  0

2005 Apel et al. [75] Retrospective
(13 years)

 21 27.5mm
[8–50]

 85 71 EMR  0 0  9.5 0 25

2017 Jamil et al. [69] Retrospective
(11 years)

 42 25mm
[6–60]

100 17 Cap-
EMR

14.3 0  7.1 2.4  9.5

2012 Conio et al. [70] Retrospective
(10 years)

 26 15mm
[15–80]

100 72 Cap-
EMR

11.5 0  0 0 11.5

E102 Amoyel Maxime et al. Endoscopic management of… Endosc Int Open 2022; 10: E96–E108 | © 2022. The Author(s).

Review



A new treatment concept

Underwater EMR is a modification of the conventional EMR
technique, in which the duodenal lumen is filled with water.
The duodenal wall is not stretched by (over) insufflation of CO2

and remains as thick as possible, so that submucosal injection is
not needed. Consequently, the duodenal lesion is not enlarged
by submucosal lifting, and easier to grasp with the snare. Four
studies (2 prospective [79, 80] and two retrospective [81, 82])
including a total of 161 patients, showed that underwater EMR
is an efficient technique with an 87.5% to 100% complete
endoscopic resections (no histological or endoscopic residual
adenoma at the follow-up endoscopy) and 87% en bloc resec-
tions. The delayed bleeding rate was similar to that of conven-
tional EMR, reaching 25% [80], while no perforation was re-
corded, and one case of water intoxication syndrome (hypona-
tremia and mental confusion) was recorded. Overall, this tech-
nique seems promising to increase the rate of en bloc resec-
tions, and possibly the rate of histologically complete resec-
tions leading to decreased recurrence rates. However, the cur-
rent evidence mainly relies on a few uncontrolled studies per-
formed by experts, and a recent comparative study did not
show any benefit of underwater EMR over conventional EMR in
terms of en bloc or histologically complete resection, or com-
plication rates [82].

Endoscopic submucosal dissection

Endoscopic submucosal dissection (ESD) is an endoscopic re-
section technique developed in the early 2000’s [83] that en-
ables en bloc resection of large neoplastic lesions. Further-
more, the technique implies a step-by-step resection that al-
lows resecting lesions with severe submucosal fibrosis, una-
menable to EMR. Owing to the extremely low local recurrence
rates after endoscopic submucosal dissection, the quality of
the histological analysis allowed by en bloc resections, and
acceptable complication rates, ESD has become the standard
resection modality for esophageal and gastric neoplastic le-
sions [84].

Retrospective studies reported the outcomes of ESD in the
duodenum, with a 75% to 100% en bloc resection rate (vs.
48%–56% for conventional EMR), no local recurrence (vs. 0%–
37% after conventional EMR), but a 8.8% to 35.7% of perfora-
tion rate, and 2% to 15.4% rate of emergency surgery [48, 72,
74, 75, 85]. Considering these numbers observed by extremely
experienced Japanese teams, ESD for the resection of duodenal
adenomas has currently not spread outside a few expert cen-
ters.

Argon plasma coagulation

APC is a hemostasis technique that can be used for electrocoa-
gulation of submucosal vessels in order to prevent secondary
bleeding. It also used for the destruction (also termed “abla-
tion”) of suspected residual adenoma on the margins of the
mucosal resection. It has finally been proposed to directly ab-
late small (< 5mm) non-ampullary duodenal adenomas, in the
setting of FAP, in order to downgrade the Spigelman stage.
Three studies found this technique to be effective and safe

with a recurrence rate of 10% to 38.4% and a bleeding rate of
6.25% to 7.7% [29, 86, 87]. Currently, the resection or ablation
of infracentimetric duodenal adenomas in FAP patients is not
recommended, and the resection of sporadic non-ampullary
duodenal adenomas is best achieved with cold resection snares
[66].

Surgical management

There are three main surgical procedures allowing to resect
duodenal adenomas [72, 88–91]. Transduodenal excision al-
lowing for a wedge, full thickness resection, and pancreas-spar-
ing segmental duodenectomy are called the “limited resection”
techniques, as opposed to pancreaticoduodenectomy.

Considering the progresses made by endoscopic therapy
and the morbidity of surgical resections of the duodenum, the
indications of surgery for duodenal adenomas in 2021 are lim-
ited: they include residual adenomas despite repeated endo-
scopic resection attempts, circumferential adenomas consid-
ered unamenable to endoscopic resection, and severe compli-
cations such as delayed perforation after endoscopic resection.
In these cases, with a low or absent risk of lymph node metasta-
ses, limited resection techniques are indicated. For duodenal
adenocarcinoma with submucosal invasion, either suspected
on endoscopic ultrasound or documented after endoscopic re-
section, pancreaticoduodenectomy with lymph node resection
should be performed, considering the risk of lymph node me-
tastases.

Pharmacological treatment of duodenal adenomas

Medical treatment of duodenal adenomas is meant to reduce
incidence of duodenal adenomas in patients with FAP and se-
vere duodenal adenomatosis. Prophylactic colectomy has chan-
ged the prognosis in these patients, and duodenal cancer is
now one of the main causes of cancer death in FAP patients.
The main treatment approach leads to prevention of prosta-
glandin production by cyclo-oxygenase (COX). Nonsteroidal
anti-inflammatory drugs (NSAIDs) inhibit the cyclooxygenases
COX-1 and COX-2, which are overexpressed in adenomatous
tissue.

In the 1990 s, Sulindac, a NSAID already known to decrease
the number and size of colorectal polyps in patients with FAP,
has been tested versus placebo or calcium and calciferol in two
prospective trials with disappointing results for duodenal ade-
nomas [92, 93]. More recently, Samadder et al., in a random-
ized controlled trial involving 92 patients, found sulindac and
erlotinib, an EGFR inhibitor to significantly decrease the polyp
burden (sum of the diameter of polyps) at 6 months compared
to placebo [94]. However, the side effects (acne rash and oral
mucositis) and costs of EGFR inhibitor have limited the diffu-
sion of this treatment approach. Celecoxib, a COX-2 specific in-
hibitor, has been tested in a randomized placebo-controlled
trial in 2002 by Phillips et al., and showed a statistically signifi-
cant reduction of the number of duodenal adenomas at 6
months (P=0.033) and a good tolerance [95]. These results still
need to be confirmed over the long term and translated into
clinically relevant endpoints.

Amoyel Maxime et al. Endoscopic management of… Endosc Int Open 2022; 10: E96–E108 | © 2022. The Author(s). E103



Ursodesoxycholic acid has also been tested in two prospec-
tive trials [96, 97] in 2012 and 2013 with negative results.

Finally, there are insufficient data to recommend chemopre-
vention of duodenal adenomas in patients with FAP. Although
some expert centers do prescribe celecoxib to patients with se-
vere duodenal lesions refractory to endoscopic therapy in pa-
tients reluctant to surgery, the ASGE only “recommends the
use of chemopreventive agents within the confines of a tertiary
hereditary cancer center and/or as part of clinical trials” [98].

Management after endoscopic resection and
follow-up
Follow-up for patients with sporadic duodenal adenomas

The 2021 ESGE guidelines recommended to perform endo-
scopic surveillance 3 months after resection [64]. If no recur-
rence is found, a follow-up endoscopy should be performed 1
year later and then the rate of surveillance is adapted to the his-
tological result, en bloc resection status, and lesion site.

In case of residual adenoma, endoscopic follow-up and fur-
ther endoscopic treatments every 3 to 6 months until endo-
scopic and histologic remission of the adenoma are carried out.

Follow-up for patients with duodenal adenomas and FAP

The 2019 ESGE guidelines advise to start endoscopic surveil-
lance at age 25 and to remove all adenomas≥10mm [31]. sur-
veillance intervals range from 6 months to 5 years, depending
on the Spigelman score and characteristics of the major duode-
nal papilla (▶Table 4).

Management of residual or recurrent adenomas

Residual or recurrent adenomas are usually treated with a sec-
ond EMR (▶Fig. 3). In the absence of submucosal lifting due to
scarring, cold snare resection or thermal ablation using APC can
be attempted. In case of failure of these approaches, advanced
resection procedures, such as endoscopic submucosal dissec-
tion, or full thickness endoscopic resection using a dedicated
device [99], are interesting alternatives to surgery (▶Fig. 4).

Management of early duodenal adenocarcinoma

Duodenal adenocarcinoma is a rare disease [100] and very little
data are available on optimal management of T1 lesions. In a
large study involving 46 patients with T1 duodenal adenocarci-
nomas and pancreaticoduodenectomy, Yoshimizu et al. found
that no lymph node metastasis was observed in 34 patients
with intramucosal cancers, while 42% (5 /12) of patients with
submucosal infiltration had lymph node metastases. As in other
T1 adenocarcinomas of the digestive tract, presence of lym-
phovascular invasion or poor tumor differentiation grade sig-
nificantly increased risk of lymph node metastases [101].

Conclusion
Non-ampullary duodenal adenomas are scarcely encountered
lesions, with a neoplastic potential, following adenoma-carci-
noma sequence. Their detection and resection can prevent the
occurrence of duodenal adenocarcinoma, particularly in pa-

tients with hereditary predisposition syndromes to gastrointes-
tinal malignancies.

The diagnosis is based on a careful endoscopic examination,
possibly requiring a side-viewing endoscope, and histology.
Biopsies are best avoided, considering the risk of mucosal scar-
ring that will affect the quality of the endoscopic resection.

While cold snare polypectomy is advisable for duodenal ade-
nomas smaller than 6mm, EMR recommended for lesions≥6
mm. En bloc resection is sought for lesions ≤20mm, and should
be performed in tertiary referral centers as inpatient proce-
dures. The two main complications of duodenal EMR are bleed-
ing and perforation, managed endoscopically in the vast major-
ity of cases. Despite providing higher en bloc resection rates,
ESD has a limited contribution in management of duodenal
adenomas because of a high perforation rate.

Considering the high risk of residual or recurrent adenoma,
close endoscopic follow-up after endoscopic resection of a
duodenal adenoma is recommended. In addition, screening co-
lonoscopy should be performed in all patients with duodenal
adenomas, owing to increased risk of colorectal neoplasia.

For FAP-related duodenal adenomas, endoscopy with indigo
carmine chromoendoscopy is needed to increase visibility of
duodenal lesions to best determine Spigelman stage, on which
endoscopic surveillance relies. Endoscopic management aims

▶Table 4 Duodenal surveillance of patients with familial adeno-
matous polyposis.

Spigelman Score Spiegelman Stage Surveillance interval

0 0 5 years

1–4 I 5 years

5–6 II 3 years

7–8 III 1 years

9–12 IV 6 months

Characteristics of the ampulla of Vater Surveillance interval

Normal 5 years

Adenoma with LGD<10mm 3 years

Adenomatous with LGD≥10mm 1 year

LGD, low-grade dysplasia

▶ Fig. 3 Endoscopic follow-up after endoscopic mucosal resection
showing a local recurrence (A, B)
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at preventing duodenal adenocarcinoma, by downstaging Spi-
gelman score. This is achieved by performing resection of all su-
pracentimetric duodenal adenomas. Chemoprevention of duo-
denal adenomas using NSAIDs or celecoxib can be offered to
patients on a case-by-case basis to decrease adenoma burden.
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