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Articlf history: Pancreatic fluid collections (PFCs), including pancreatic pseudocysts (PPs) and walled-off pancreatic
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toward an endoscopy-based approach. With the development of dedicated lumen-apposing metal stents

Keywords: (LAMS), interventional Endoscopic Ultrasound (EUS)-guided procedures have become the standard ap-
Pancreatic fluid collections proach for PFC drainage. However, there is still limited consensus on several aspects of the multidis-
Walled-off necrosis ciplinary management of PFCs. The interventional endoscopy and ultrasound (i-EUS) group is an Italian
Pseudocysts network of clinicians and scientists with special interest in biliopancreatic interventional endoscopy, espe-
Euglen apposing metal stent cially interventional EUS. This manuscript describes the first part of the results of a consensus conference
ndoscopy

organized by i-EUS with the aim of providing evidence-based guidance on aspects such as indications for
treating PFCs, the timing of intervention, and different technical strategies for managing patients with
PFCs.
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1. Background

The incidence of pancreatic disorders, including acute and
chronic pancreatitis is increasing [1,2]. Complications of acute pan-
creatitis (AP) are a major cause of their unfavourable outcomes and
of increased costs [3]. The most common local complications of
pancreatitis are pancreatic fluid collections (PFCs), defined as ei-
ther acute peripancreatic fluid collection (APFC), pancreatic pseu-
docysts (PPs), and their evolution into acute necrotic collection
(ANC) or walled-off pancreatic necrosis (WON), respectively [4].
The treatment of these conditions has historically been based on
surgical and radiological procedures; however, the advent of inter-
ventional Endoscopic Ultrasound (EUS) made endoscopy the cor-
nerstone of the initial treatment of PFCs [5,6]. This rapid paradigm
change corresponds to the need for clear evidence regarding the
indication of such procedures, standardization of techniques, and
use of devices that are rapidly evolving [7-9].

Enforcement of novel approaches in daily practice must be ver-
ified and standardized. The interventional Endoscopy and Ultra-
sound (i-EUS) group was created in 2017 as a community of ad-
vanced Italian biliopancreatic endoscopists to promote data shar-
ing, continuous updating, and support education initiatives to op-
timize procedural outcomes and review execution methods, tech-
nical and clinical success, and long-term follow-up. Finally, to over-
come the lack of guidelines on these topics, i-EUS was developed
into a multidisciplinary stakeholder to organize consensus con-
ferences regarding indications, techniques, clinical management,
and follow-up of patients based on the available scientific evi-
dence. The overall objective of this consensus guidelines is to pro-
vide evidence-based recommendations on endoscopic treatment of
PFCs. The first part of the consensus document focuses on the in-
dications for treating PFCs, the timing of intervention and the dif-
ferent technical strategies and is hereby presented.

2. Methods
2.1. Organization

Four working groups (WGs) were created, each composed of
four experts in managing PFCs and a WG leader. The WGs met
online and prepared a list of questions and statements based
on systematic reviews and related evidence tables regarding the
four main aspects (Supplementary Material 1). The first and
second groups analyzed the indications for treating PFCs, pre-
interventional essential examinations, timing of intervention, and
different technical strategies for managing them. The consequent
questions and statements were uploaded to a specific app to be
read by all experts and were eventually presented in a plenary ses-
sion in a face-to-face meeting. All statements with less than 80 %
agreement were discussed again for possible amendments and ex-
cluded if the agreement level was not reached. The excluded ques-
tions and statements are provided in Supplementary Material 1.
Those that reached agreement were checked and elaborated by the
four WGs leaders. An updated literature review was conducted in
January 2024; however, its content was only employed in the com-
ments and voted statements. The target users of this document
were clinicians involved in the care of patients with PFCs.

2.2. Grading of evidence

Based on the best available evidence, the four WGs provided
the following for each clinical question, based on the use of the
Grading of Recommendations Assessment, Development and Eval-
uation (GRADE) system for grading evidence levels and recommen-
dation strengths (Supplementary table 1) [10,11].

1. Recommendation: the GRADE strength of recommendation (1
strong, 2 weak) and the quality of evidence (A high, B mod-
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erate, C low, D very low), together with the rate of agreement
(Supplementary table 2) [10,11]

In the absence of studies specifically addressing a particular
question, this had to be stated, and the recommendation was
based on related studies or expert opinions.

. Comments: These remarks could discuss any relevant as-
pect regarding the recommendation, such as important excep-
tions/contraindications, availability, lack of evidence, risks, and
costs. In addition, given the time between the consensus con-
ference and the publication of the document, any important ad-
ditional evidence that could not be considered at the time of
document preparation is presented and discussed in the com-
ments. Additional details of the methodology are provided in
Supplementary Material 2.

3. Results

The topics examined in the first part were presented con-
secutively, incorporating 18 questions and 20 related statements
(Table 1). The GRADE strength of recommendation and quality of
evidence were accordingly provided for each of them, together
with the rate of agreement. For each recommendation, comments
from the reviewers and attendees at the meeting are summarized.

CHAPTER 1

Question 1.1
Should LAMS be preferred to plastic stents for the drainage of post-
operative pancreatic fluid collections?

Statement 1.1

I-EUS suggests LAMS and DPPS equally for drainage of postopera-
tive pancreatic fluid collections.

Quality of evidence: low; recommendation: weak; Agreement
92 %

Comment

With a reported incidence ranging 5 %—20 %, postoperative
fluid leaks represent a well-recognized complication of pancreatic
surgery, causing significant morbidity and mortality [12,13].

Leaking pancreatic fluid can cause bleeding from adjacent ves-
sels, tissue necrosis, abscess, thus leading to complications, such
as pancreatic fistula or PFC, the so-called postoperative pancreatic
fluid collection (POPFC).

Percutaneous drainage (PCD) is the conventional approach for
managing symptomatic POPFC; however, a meta-analysis showed
that EUS has significantly better clinical outcomes in terms of clin-
ical success and collection recurrence [14], avoiding the occurrence
of local skin irritation, infections, fistula formation which compro-
mise the patient’s quality of life.

The aforementioned meta-analysis included studies mainly used
double-pigtail plastic stents (DPPS) [14]; studies directly compar-
ing lumen-apposing metal stents (LAMS) with DPPS for POPFCs are
lacking.

Currently, eight studies have tested DPPS or tubular self-
expandable metal stents (SEMS) in patients with POPFCs [15-22],
whereas five studies used LAMS in the same setting [9,23-26]; the
baseline characteristics of patients included are presented in Sup-
plementary Table 3. Given the lack of a significant difference be-
tween DPPS and LAMS, both in terms of efficacy and safety (Sup-
plementary Table 4), I-EUS suggests equal LAMS and DPPS for the
drainage of the POPFC. However, given the easier procedure and
possibility of achieving quick drainage of large collections, LAMS
could represent a valuable option.

After the consensus conference, at the time of manuscript
preparation, a further systematic review with meta-analysis [27]
of three prospective studies [28,29,30] including 206 patients with
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Table 1

Agreement to the proposed statements (first part).
Statement Agreement (%)
Statement #1.1 92

I-EUS suggests LAMS and DPPS equally for drainage of postoperative pancreatic fluid collections.

Quality of evidence: low; recommendation: weak;

Statement #1.2 53 (not approved)
In the case of LAMS placement, i-EUS suggests the use of DPPS after LAMS removal for the drainage of pancreatic fluid collections in

patients with disconnected pancreatic duct syndrome

Very low quality evidence; Recommendation weak

Statement #1.3 90
Considering safety, I-EUS does not suggest against the early EUS-guided drainage of infected pancreatic necrosis that does not respond

to antibiotic therapy in critically ill patients.

Quality of evidence: low; recommendation: weak

Statement #1.4 96
I-EUS suggests LAMS removal within 4 weeks after EUS-guided drainage of pancreatic fluid collections. Late removal can be considered in

specific clinical settings, providing no risk situation are present.

Quality of evidence: low; recommendation: weak; Agreement 96 %

Statement #1.5a 89
I-EUS does not recommend immediate catheter drainage over a postponed strategy, which involves waiting for full encapsulation, as no

improvement in the patients’ clinical outcomes was demonstrated.

Quality of evidence: moderate; recommendation: strong

Statement #1.5b 96
In cases of failure of conservative treatment or in critical conditions, I-EUS does not suggest a tailored step-up approach for catheter

drainage. Percutaneous image-guided catheter drainage is the best strategy for early intervention (within 2-4 weeks after symptom
presentation) in critical patients with failed conservative strategies.

Moderate quality of evidence, weak recommendation

Statement #1.6 95
I-EUS suggests contrast-enhanced CT (CE-CT) as the preferred imaging modality for evaluating local complications of pancreatitis. If

contrast is contraindicated, non-enhanced magnetic resonance imaging (MRI) might be preferred over non-enhanced CT-scan for the

initial evaluation of the disease and local complications.

Quality of evidence: very low; recommendation: weak

Statement #1.7 95
I-EUS suggests embolization of a pseudoaneurysm in the peripancreatic collection to reduce the risk of bleeding. Thus, a

multidisciplinary approach with shared decisions among experts is recommended.

Quality of evidence: very low; recommendation: weak

Statement #2.1 100
I-EUS suggests the use of luminal apposing metal stents (LAMS) for the transmural drainage of WON. LAMS diameter should be 15 mm

or larger.

Quality of evidence: low; recommendation: weak

Statement #2.2 53 (not approved)
I-EUS suggests immediately after its placement, LAMS dilation with pneumatic balloon could reduce the risk of adverse events

Very low quality evidence; recommendation weak;

Statement #2.3 91
I-EUS suggests placement of a coaxial double-pigtail stent after LAMS insertion to be evaluated on an individual basis.

Quality of evidence: very low; recommendation: weak

Statement #2.4 90
I-EUS suggests considering dual-modality drainage (endoscopic and percutaneous) in patients with WON with extension to the

paracolic gutter or > 10 cm and multiple or septate lesions.

Quality of evidence: low; recommendation: weak

Statement #2.5 89
I-EUS suggests considering the multigate transluminal gateway technique (MTGT) with LAMSs in cases of multiple/septated collections

or in cases of suboptimal response to single drainage.

Quality of evidence: low; recommendation: weak

Statement #2.6 94
I-EUS suggests that Direct Endoscopic Necrosectomy (DEN) should be performed only if required by persistent clinical symptoms or
biochemical signs when drainage alone is insufficient.

Quality of evidence: low; recommendation: weak

Statement #2.7 93
I-EUS suggests that further necrosectomies after the first procedure are planned on-demand, based on clinical evaluation, rather than
scheduled.

Quality of evidence: low; recommendation: weak

Statement #2.8 98
I-EUS recommends that DEN is started using standard endoscopic devices to be chosen based on local expertise and availability

(snares, rat-tooth forceps, Dormia baskets, and retrieval nets are among the most frequently adopted devices).

Quality of evidence: very low; recommendation: weak;

Statement #2.9 81
I-EUS suggests performing follow-up imaging four weeks after the index procedure to assess the resolution of WON, prior to LAMS

removal.

I-EUS suggests that CE-MRI is the technique of choice to assess the resolution of WON prior to LAMS removal. If MRI is not available

or not feasible, CE-CT is an alternative imaging modality.

Quality of evidence: very low; recommendation: weak

Statement#2.10a 93
I-EUS suggests performing necrosectomy on an inpatient basis under deep sedation or general anesthesia, depending on individual risk.

Quality of evidence: low; recommendation: weak

(continued on next page)
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Table 1 (continued)
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Statement#2.10b

I-EUS suggests performing necrosectomy in a dedicated radiology room.
Quality of evidence: very low; recommendation: weak

Statement#2.11

80

92

I-EUS suggests that DEN is an invasive technique and serious AEs can occur, including death. Bleeding is the most common
complication. Early removal of the LAMS, if the collection has resolved, identification of a vessel within the WON, use of CO2
insufflation, and experienced operators performing these procedures could reduce the risk of AEs.

Quality of evidence: low; recommendation: strong

WON (104 LAMS vs. 102 plastic stent) analyzed several outcomes
and found no superiority of one over another, as well as a recent
multicenter randomized controlled trial (RCT) [31].

Question 1.3
Is it safe to perform early EUS-guided drainage of pancreatic fluid
collections using lumen-apposing metal stents in critically ill patients?

Statement 1.3

Considering safety, I-EUS does not suggest against the early EUS-
guided drainage of infected pancreatic necrosis that does not respond
to antibiotic therapy in critically ill patients.

Quality of evidence: low; recommendation: weak; Agreement
90 %

Comment

A case-control study by Oblizajek [32] retrospectively evalu-
ated patients who underwent endoscopic PFC drainage (including
LAMS) for <4 weeks after the onset of pancreatitis. Adverse events
(AEs) occurred in 21 % and 32 % of early and late intervention
cases, respectively (p=NS).

Trikudanathan [33] retrospectively analyzed 193 patients (76
early and 117 standard) with necrotizing pancreatitis who un-
derwent drainage (main indication was infection) using LAMS
among other stents. No significantly increased risk of complica-
tions was observed: stent occlusion and infection, bleeding, per-
foration, and fistulae occurred in 40 % and 33 %(p = 0.36), 10.5 %
and 10.3 %(p = 0.95), 0 % and 6.0 %(p = 0.044), and 32.9 % and
20.5 %(p = 0.054) of patients, respectively. Significantly higher
mortality (13% vs. 4 %) and need for rescue open surgery (7% vs.
1 %) were recorded in early drained patients, probably related to
the greater severity of the cases. Two other studies explored this
field (using LAMS), one retrospective by Chantarojanasiri [34] who
compared safety and effectiveness of early vs. standard treatment,
with AE rates of 25 and 13 %, respectively. The second study [35]
prospectively enrolled 71 patients underwent endoscopic drainage
of PFCs, and 25 (35.2 %) within the first 4 weeks; no statistical
difference was observed in terms of the clinical success, even long-
term, recurrence rate or AEs depending on the timing of treatment.
Interestingly, also a multicenter, randomized superiority trial [36]
confirmed this trend, with no superiority of immediate (within 24
h) over postponed drainage regarding complications. The character-
istics of aforementioned studies are summarized in Supplementary
Table 5.

After the consensus conference, at the time of manuscript
preparation, two meta-analyses evaluated early vs. delayed EUS-
guided drainage of POPFC [37] or WON [38], both concluding that
there is no increase of AEs for early drainage (<4 weeks), suggest-
ing no need to delay it.

Question 14
What is the safest timing for lumen-apposing metal stent removal
after EUS-guided drainage of pancreatic fluid collections?

Statement 1.4

I-EUS suggests LAMS removal within 4 weeks after EUS-guided
drainage of pancreatic fluid collections. Late removal can be con-
sidered in specific clinical settings, providing no risk situation are
present.

1666

Quality of evidence: low; recommendation: weak; Agreement
96 %

Comment

Walter [39] reported a low rate of self-limiting device-related
bleeding in 61 patients with PFCs, in which 82 % of LAMS were re-
moved after a median of 32 days. Conversely, a retrospective, inter-
national, nested case-control study [40] from 15 centers that eval-
uated the risk factors for LAMS-related AEs reported that less than
half of all AEs occurred early. Bang [41] highlighted the high rate of
AEs in patients with WON treated with LAMS, all occurring in the
first 3 weeks after LAMS placement or at the 6-week follow-up;
accordingly, the authors modified the study protocol by planning
a scheduled early Computed Tomography (CT)-scan and removing
stent in case of PFC resolution. Since then, early removal of LAMS
(<4 weeks) has become an assumption considered by the major
scientific societies to avoid stent-related AEs [42] such as delayed
bleeding [43].

Although this major concern appears conflicting in other two
large multicenter retrospective studies [44,45], I-EUS suggests
LAMS removal within 4 weeks after EUS-guided drainage of PFCs,
with considerable late removal in specific clinical settings, provid-
ing no risk (Supplementary Table 6). After the consensus confer-
ence, one retrospective study, including 108 consecutive patients
undergoing LAMS drainage of PFCs, showed higher clinical success
in cases of delayed LAMS removal (>4 weeks) (70% vs. 96.4 %,
p = 0.03), with no differences in AEs occurrence compared with
early removal (<4 weeks) [46].

Question 1.5

Which treatment strategy should be adopted in the early phase of
the disease (within 4 weeks of symptom onset) in patients with in-
fected pancreatic necrosis?

Statement 1.5a

I-EUS does not recommend immediate catheter drainage over a
postponed strategy, which involves waiting for full encapsulation, as
no improvement in the patients’ clinical outcomes was demonstrated.

Quality of evidence: moderate; recommendation: strong; Agree-
ment 89 %

Statement 1.5b

In cases of failure of conservative treatment or in critical condi-
tions, I-EUS does not suggest a tailored step-up approach for catheter
drainage. Percutaneous image-guided catheter drainage is the best
strategy for early intervention (within 2-4 weeks after symptom pre-
sentation) in critical patients with failed conservative strategies.

Moderate quality of evidence, weak recommendation Agree-
ment 96 %

Comment

The standard approach for infected PFC is based on minimally
invasive drainage performed until 4 weeks after pancreatitis onset,
when complete encapsulation becomes evident. The safety and ef-
ficacy of earlier interventions (<4 weeks) have been evaluated in
the above-mentioned RCT [36], not showing any superiority of im-
mediate over delayed intervention in terms of mortality, compli-
cations, and AEs. Given the evidence of the non-superiority of im-
mediate versus postponed interventions, together with the demon-
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stration that a significant number of patients (up to 35 %) could be
managed with conservative treatments, I-EUS suggests conserva-
tive and supportive treatment as a first-line approach for patients
with infected pancreatic necrosis. A recent AGA clinical guide-
line recommends percutaneous drainage as a safe and effective
alternative strategy for critically ill patients with infected WON
when EUS-guided drainage is contraindicated, infeasible, or un-
available. Catheter drainage can allow local sepsis control through
PFC drainage and irrigation, and evacuation of necrotic content
is possible when large-caliber catheters are used [43]. Two RCTs
and one multicenter observational study assessed the outcomes of
critically ill patients treated with percutaneous catheter drainage
alone, reporting a clinical success rate of 35-51 % [47-49]. The risk
of pancreatocutaneous fistula was demonstrated to be significantly
higher in patients treated with percutaneous versus endoscopic
alone (32% vs. 5 %), while the combination of both approaches
seems to abolish this risk [47]. After the consensus conference, a
retrospective propensity score-matched study of 278 patients [50]
showed similar clinical success (92.3% vs. 93.1 %, p = 0.861) and AE
rates (23.1% vs. 27.6 %, p = 0.565) between early and late drainage.
Another retrospective study [51] on 148 patients underwent percu-
taneous drainage, early one was associated with a higher compli-
cation rate (16% vs. 5.4 %, p = 0.034) and need for surgery (13 vs.
5 patients, p = 0.031).

Question 1.6
What is the best pre-interventional imaging modality for peri-
pancreatic collections for planning potential endoscopic treatment?

Statement 1.6

I-EUS suggests contrast-enhanced CT (CE-CT) as the preferred
imaging modality for evaluating local complications of pancreatitis. If
contrast is contraindicated, non-enhanced magnetic resonance imag-
ing (MRI) might be preferred over non-enhanced CT-scan for the ini-
tial evaluation of the disease and local complications.

Quality of evidence: very low; recommendation: weak; Agree-
ment 95 %

Comment

CE-CT is usually the first-line imaging modality on admission
for AP, and within the first week from onset/hospital admission
[42]. CE-CT is easily available and has high reproducibility and ac-
curacy for predicting severity and clinical outcomes [49,52-54], al-
though it has some contraindications. Non-enhanced MRI (NE-MRI)
is similar to CE-CT for the initial assessment of pancreatitis com-
plications [55-57]. Pre-interventional imaging should clearly inform
about presence or absence of a well-defined wall, intra-pancreatic
or extra-pancreatic collections, communication with main pan-
creatic duct (MPD), MPD integrity, size and extension of PFCs,
amount of solid debris, dangerous vessels or pseudoaneurysms,
since these informations are related to drainage strategy and out-
comes [58,59,60]. Moreover, the percentage of pancreatic necro-
sis (OR=0.4; p = 0.01) and heterogeneous collection on CT-scans
(OR=0.19; p = 0.005) seem associated with a lower rate of suc-
cess in patients treated with catheter drainage (percutaneous or
endoscopic) [61]. In fact, no specific imaging modality covers all
the needs; therefore, CE-CT and MRI are both adequate elective
pre-interventional imaging modalities. MRI is slightly preferred to
assess the drainability of WON in scheduled procedures because
it detects non-liquefied material better than CT, with a higher
interobserver agreement [62,63]. Moreover, CT-scan showed poor
performance in assessing infected pancreatic necrosis (sensitivity
459 %; specificity 81.5 %; accuracy 50.5 %) [64], whereas MRI had
a higher performance (specificity >90 %; accuracy 95 %) (Supple-
mentary Table 7) [65,66]. After the consensus conference, a ret-
rospective propensity score study [67] of 289 AP patients under-
went CE-CT between 4 and 10 days after disease onset demon-
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strated that the identification of early encapsulation showed good
intra- and inter-observer agreement (kappa statistics: 0.729 and
0.614, respectively) and that the early encapsulation group re-
poted a lower incidence of persistent organ failure (6.1% vs. 22.4 %,
p = 0.043).

Question 1.7
Is pre-emptive embolization recommended prior to drainage of
PFCs if pseudoaneurysms are detected?

Statement 1.7

I-EUS suggests embolization of a pseudoaneurysm in the peripan-
creatic collection to reduce the risk of bleeding. Thus, a multidis-
ciplinary approach with shared decisions among experts is recom-
mended.

Quality of evidence: very low; recommendation: weak; Agree-
ment 95 %

Comment

Imaging for staging PFCs should include careful attempts to
rule out pseudoaneurysms to prevent severe bleeding during or af-
ter drainage, which can be a life-threatening complication [68]. A
recent single-center study retrospectively evaluated patients with
necrotizing pancreatitis, with 39 of 607(6.4 %) patients showing
pseudoaneurysm; 44 % of those with pseudoaneurysm were diag-
nosed after endoscopic LAMS placement. In this setting, CE-CT was
diagnostic for pseudoaneurysm in 83.9 % of cases, with a false-
negative rate of 16.1 % [69]. Therefore, preemptive treatment of
arterial pseudoaneurysms is a rational option in patients requir-
ing drainage because of the risk of spontaneous rupture. Angiogra-
phy with arterial embolization using interventional radiology is the
first-line treatment [58]. A few case series reported pre-emptive
embolization of arterial pseudoaneurysms or vessels encased in the
PCFs before EUS-guided drainage, showing a high rate of safety and
efficacy in preventing bleeding (Supplementary Table 8) [70-72].
Some authors have suggested a multidisciplinary approach to indi-
cate prophylactic embolization of high-risk vascular lesions before
PFC drainage [73]. After the consensus conference, another case re-
port [74] of rupture of a gastroduodenal artery pseudoaneurysm
was successfully treated using interventional radiology. Moreover, a
multicenter retrospective study of 516 patients showed that pseu-
doaneurysm was an independent predictor of AE occurrence (OR
2.99, p = 0.002) [75].

CHAPTER 2

Question 2.1
What size/length/type of stent is the best option for patients with
pancreatic necrosis?

Statement 2.1

I-EUS suggests the use of luminal Apposing metal stents (LAMS) for
the transmural drainage of WON. LAMS diameter should be 15 mm or
larger.

Quality of evidence: low; recommendation: weak; Agreement
100 %

Comment

Both bi-flanged metal stents (BFMS) and LAMS can be used [76-
79]. Early studies evaluated BMFS (NAGI stent; Taewoong Medical,
Gyeonggi-do, Korea) for EUS-guided drainage of WON. Stents had
an expanded diameter of 14 or 16 mm and lengths of 20- or 30-
mm [76,77]. Recently, two different types of LAMS (Axios [Boston
Scientific, Marlborough, Mass, USA] and Spaxus[Taewoong Medical
Co, Gimpo, Korea]) were introduced. The first LAMS (Axios) had
high reported technical (97.5 %—100 %) and treatment success rates
(86.3 %- 88.2 %), and the migration rate ranged from 2.5 % to 5.6 %
[78,79]. Multivariable analysis demonstrated that clinical success
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was six times more likely with larger stents (15 mm vs. 10 mm)
[78]. A recent prospective study confirmed the high technical suc-
cess (100 %). The median procedure time was 14 min, the me-
dian stent indwelling time was 19 days, and clinical success was
observed in 80 % of patients [80]. These high success rates were
also observed with a novel LAMS, as shown in a recent prospec-
tive international multicenter study that evaluated the outcomes
of Spaxus for the drainage of PFCs. Technical and clinical success
rates were 100 % and 98.3 %, respectively. The stent-related AE rate
was 6.8 % and none of the patients had stent migration or buried-
stent syndrome [81]. Another study [82] reported similar success
rates for LAMS and BFMS, but higher rates of stent dysfunction
(10.2% vs. 5.9 %, p = 0.04) as well as higher rates of stent migra-
tion (7.3% vs. 1.6 %; p < 0.001) with BFSM compared with LAMS
(Supplementary table 9). The 20-mm diameter has been shown
to require fewer necrosectomy sessions than 15 mm [8,83]; thus,
20 mm LAMS should be considered in cases of large collections
with extensive necrosis.

Question 2.3
Should double-pigtail plastic stents be placed through the LAMS
after WON drainage?

Statement 2.3

I-EUS suggests placement of a coaxial double-pigtail stent after
LAMS insertion to be evaluated on an individual basis.

Quality of evidence: very low; recommendation: weak; Agree-
ment 91 %

Comment

Some endoscopists place one or more double-pigtail plastic
stents through the LAMS to reduce the risk of early occlusion and
LAMS migration [43]. DPPS stent-in-stent seems to be associated
with a lower bleeding risk; in 2019, Wundsam et al. reported that
bleeding with metal stent treatment occurred in 14.3 % of patients.
When LAMS was combined with DPPS, bleeding was observed in
only 5.3 % [59]. These findings have been confirmed in two recent
studies: Puga et al. [84] found that the LAMS alone had a signifi-
cantly higher rate of AEs than the LAMS plus DPPS group (42.9% vs.
10.0 %; P = 0.04), and bleeding was the most frequently observed
AE, followed by infection. Recently, a study confirmed a trend to-
ward lower bleeding rates with DPPS, even if no significant differ-
ences were found [85]. Thus, it seems to increase the benefit asso-
ciated to stent-related bleeding complications [59]. However, the
number of patients treated with FCSEMSs/LAMSs and additional
DPPS remains too low to allow for a profound statistical analysis
and support this practice. After the consensus conference, at the
time of manuscript preparation, four additional significant stud-
ies on this topic were published (Supplementary Table 10). Indeed,
a RCT [86] investigated whether the insertion of a coaxial DPPS
through LAMS can prevent LAMS-related AEs. Failure of the in-
dex method was lower in the LAMS+DPPS group (29.4% vs. 48.5 %,
p = 0.109). This high failure rate is partly caused by the inclusion
of endoscopic necrosectomy as a failure of the index treatment.
The global AEs rate was significantly lower in the LAMS+DPPS
group than in the LAMS group (20.7% vs. 51.5 %, respectively;
p = 0.008). In addition, a retrospective study that included 83 pa-
tients with LAMS and 102 patients with LAMS/DPPS did not find
any differences in the rates of AEs (15.7% vs. 15.7 %, p = 0.825) or
clinical success (75.9% vs. 69.6 %, p = 0.340) [87]. Two more re-
cent meta-analyses disproved the difference in AE rates between
the two groups [88,89]. Specifically, lower trends of overall AE
(RR:=0.64), stent occlusion (RR=0.63), infection (RR=0.50), and
perforation (RR=0.42) were observed in the LAMS-+DPPS group
compared to the LAMS alone group [88]. Furthermore, no differ-
ence in bleeding rate was documented between LAMS alone and
LAMS-DPPS (RR=1.80) [89].
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Question 2.4
In which cases WON drainage should be initiated using a combined
endoscopic/percutaneous approach (dual modality)?

Statement 2.4

I-EUS suggests considering dual-modality drainage (endoscopic
and percutaneous) in patients with WON with extension to the para-
colic gutter or > 10 cm and multiple or septate lesions.

Quality of evidence: low; recommendation: weak; Agreement
90 %

Comment

Percutaneous drainage is a safe tool for WON treatment. A sys-
tematic review of 384 patients concluded that no additional sur-
gical necrosectomy was required in 55.7 % of the patients [90]. In
2018, the ESGE guidelines suggested considering concurrent endo-
scopic transmural drainage and percutaneous drainage in patients
with WON with extension to the pelvic paracolic gutters [42].
This recommendation was based on three retrospective studies de-
scribing the procedure and reporting favorable outcomes compared
with percutaneous drainage alone [91-93]. Moreover, in a retro-
spective series of 53 patients, a larger WON, extension to the para-
colic gutter, and pre-existing diabetes were associated with the
need for surgery [94]. Recently, in a retrospective study including
136 patients, the authors investigated factors associated with addi-
tional treatments, including DEN, additional drainage (both endo-
scopic or percutaneous), and surgical debridement. Sixty-nine pa-
tients required step-up therapy (65 DEN, nine additional sites of
endoscopic drainage, 17 percutaneous drainage, and one operative
intervention). Independent predictors of step-up therapy included
collection size measuring >10 cm (OR=8.91), paracolic extension
of the PFC (OR=4.04), and >30 % solid necrosis (OR=4.24) [95].
Another large retrospective study included 291 patients. Patients
with evidence of disconnected pancreatic duct syndrome (DPDS)
required hybrid treatment in 31.1 % of cases compared to only 4.8 %
without DPDS (p < 0.001). Hybrid interventions included drainage
by MTGT in 46 patients, dual-modality treatment in 18 patients,
and percutaneous transluminal necrosectomy in 14 patients. More-
over, a significantly larger number of patients with DPDS required
rescue surgery (13.2% vs. 4.8 %, p = 0.017). The presence of DPDS,
WON, PFC size > 100 mm, and multiple PFCs was associated with
the need for hybrid treatment (Supplementary Table 11) [96].

Question 2.5
When and how should endoscopic drainage be performed using the
multigate transluminal gateway technique (MTGT)?

Statement 2.5

I-EUS suggests considering the multigate transluminal gateway
technique (MTGT) with LAMSs in cases of multiple/septate collections
or in cases of suboptimal response to single drainage.

Quality of evidence: low; recommendation: weak; Agreement
89 %

Comment

The MTGT consists of more than one endoscopic drainage pro-
cedure. The procedure was initially described using a step-up al-
gorithm where the MTGT was performed for WON >12 cm in size
and for unilocular WON <12 cm that responded suboptimally to a
single transluminal drainage [97]. Then, ESGE guidelines suggested
considering it in patients with either multiple or large (>12 cm)
WON, or in cases of suboptimal response to single transluminal
gateway drainage [42]. In another retrospective study from same
authors including 291 patients, hybrid interventions were more
frequently represented by the MTGT [96]. The same group devel-
oped a treatment protocol in which single unilocular collections
were treated with a single LAMS, and multiple collections were
managed with multiple LAMS. In the case of DPDS, collections
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<10 cm were drained with a single LAMS, and collections >10 cm
were drained using a modified MTGT (i.e., LAMS + plastic stent
for long-term drainage). Finally, in cases of lower abdominal ex-
tension, dual-modality drainage was used [98]. However, a recent
RCT demonstrated no advantage of LAMS with DPPS after LAMS re-
moval in patients with DPDS (Supplementary Table 12) [99]. After
the consensus conference at the time of manuscript preparation, a
multicenter retrospective study identified the multigate technique
as an independent predictor of AE occurrence (OR 3.00, p = 0.05)
[75].

Question 2.6
Should the first necrosectomy be performed at the index procedure
or postponed?

Statement 2.6

I-EUS suggests that Direct Endoscopic Necrosectomy (DEN) should
be performed only if required by persistent clinical symptoms or bio-
chemical signs when drainage alone is insufficient.

Quality of evidence: low; recommendation: weak; Agreement
94 %

Comment

Drainage itself, especially with large-caliber LAMS, can resolve
symptoms and/or superinfection of WON without any additional
maneuvers. Failed resolution of symptoms, organ failure, or per-
sistently elevated inflammatory markers requires additional pro-
cedures. Factors associated with the need for a step-up approach
with additional interventions include a > 30 % extent of solid
necrosis, a large volume (>10 cm) of the WON, and paracolic ex-
tension [78,95,100-102].

European and American guidelines suggest that DEN should be
performed only in the absence of improvement following endo-
scopic transmural drainage [42,43]. In almost half of the patients,
drainage alone is sufficient [95,103,104], paired with the poten-
tial adverse events of DEN (air embolism, bleeding, and perfora-
tion), discouraging DEN during the first procedure. Although this
has been uneventfully reported in a large proportion of patients
in a retrospective series [83], DEN has been performed on de-
mand in major RCTs on endoscopic treatment of necrotizing pan-
creatitis [47,105]. In one retrospective multicenter study including
only WONSs requiring DEN, those undergoing necrosectomy dur-
ing the first drainage session (N = 69) required fewer sessions
for WON resolution [106], despite no differences in overall clin-
ical success and additional interventions. Furthermore, in three
cases (4.3 %) LAMS had to be repositioned due to intraprocedu-
ral dislodgement. Criteria for improvement deserve further defi-
nitions, as some studies assessed an amelioration based on clin-
ical improvement, whereas others relied on early imaging repe-
tition (even as soon as 72 h after the procedure) to discriminate
the need for additional interventions [107]. Regarding timing, the
literature ranges from an early aggressive reintervention strategy
within 72 h from drainage to repeated imaging with eventual rein-
tervention within 4 weeks. Despite scheduled 72-hours CT-scan
[107] or endoscopy [108] have been described to assess the clini-
cal success of primary drainage, there is no evidence that this pro-
vides better outcomes than relying on clinical evolution. In a meta-
analysis, the mean time from drainage to necrosectomy was seven
days [109]. The same timeframe was suggested by a worldwide
multi-institutional survey of experts, 85 % of whom discouraged
DEN during the index procedure [110]. After the consensus con-
ference, at the time of manuscript preparation, a multicenter RCT
[104] was published comparing upfront necrosectomy with a step-
up approach in cases of infected necrotizing pancreatitis, showing
a lower median number of reinterventions for upfront necrosec-
tomy (p = 0.0027), while no differences were observed in mortal-
ity, disease-related AEs, or procedure-related AEs.
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Question 2.7
Should repeated necrosectomy after the first procedure be sched-
uled or planned on demand?

Statement 2.7

I-EUS suggests that further necrosectomies after the first one are
planned on-demand, based on clinical evaluation, rather than sched-
uled.

Quality of evidence: low; recommendation: weak; Agreement
93 %

Comment

Although some authors have claimed that after the first necro-
sectomy, DEN should be repeated almost every seven days un-
til collection resolution [108-111], no high-quality evidences have
proven the clinical benefit of scheduling subsequent necrosec-
tomies versus basing it on clinical status. Heterogeneous behaviors
have been reported in assessing the subsequent need for necrosec-
tomy, either relying on clinical symptoms versus aggressive radio-
logical [80,112] or endoscopic follow-up, with even a 72-hours and
every-7-days endoscopic evaluation proposed by one series [108].
In meta-analyses, an average of four interventions per patient has
been reported, and the mean time from drainage to necrosectomy
was 7 days, with almost 85 % of patients managed by endoscopy
alone, the others requiring step-up with additional percutaneous
or surgical interventions [109,113]. Some authors suggested a re-
duced number of DEN sessions when WONs were treated with
a 20-mm versus 15-mm LAMS [83], corroborating the idea that
large-caliber cystogastrostomy can facilitate spontaneous drainage
of necrotic material regardless of DEN. In a multicenter retrospec-
tive evaluation of pre-drainage CE-scan features, a larger collection
diameter, a subtotal/total pattern of pancreatic necrotic involve-
ment, hemorrhage, and DPDS were associated with a higher like-
lihood of undergoing >2 necrosectomies. However, in multivariate
analysis, none of these morphological factors predicted the need
for a higher number of necrosectomies, whereas the use of an on-
demand versus scheduled DEN reduced this risk [114]. Based on
an RCT demonstrating a higher rate of LAMS-related AEs (mainly
bleeding) three weeks after placement [28], retrieval of LAMS is
currently recommended within four weeks [42]. This should be re-
garded as a fixed and scheduled appointment to re-evaluate the
effectiveness of drainage with second-level imaging and for direct
endoscopic evaluation of the cavity, preliminary to stent removal
versus its replacement with one or more double-pigtail stents. This
time interval has also been advocated as a therapeutic window for
repeated DENs, when needed [80].

Question 2.8
Is there a preferred tool for necrosectomy?

Statement 2.8

I-EUS recommends that DEN is started using standard endoscopic
devices to be chosen based on local expertise and availability (snares,
rat-tooth forceps, Dormia baskets, and retrieval nets are among the
most frequently adopted devices).

Quality of evidence: very low; recommendation: weak; Agree-
ment 98 %

Comment

DEN involves irrigation and aspiration, necrosis fragmentation
and debris removal [42,105]. However, the LAMS can be acci-
dentally displaced during maneuvers or impede the extraction of
large pieces of necrosis. In such cases, the LAMS can be replaced
with DPPS to maintain the fistula. One study described success-
ful and uneventful replacement of the same LAMS during necro-
sectomies in 40 patients, repeated at each subsequent necrosec-
tomy until resolution after a mean of two redeployments per pa-
tient, advocating the benefit of fewer passes and reduced duration
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of each session [115]. Different devices have been adapted such
as foreign body removal or stone extraction. In different stud-
ies, snares, retrieval nets, retrieval baskets, tripod retrieval forceps,
grasping forceps, and balloons have been used [42]. No device has
been specifically developed for this purpose. However, initial evi-
dence has been published regarding Endorotor®(Interscope Med-
ical, Worcester, MA, United States), an endoscopic through-the-
scope device consisting of an outer cannula with hollow inner can-
nulas with rotable blades, resulting in tissue resection and subse-
quent negative-pressure aspiration. The larger prospective evalua-
tion of this device regarding 30 patients and 64 necrosectomies
sessions reported a 96 % clinical success within a median of 1.5
sessions, and AEs were registered in 33 % of patients, of which 3
serious AEs (2 bleedings and 1 pneumoperitoneum) were classi-
fied as potentially related to the DEN procedure but not caused by
the device [116]. Currently, Endorotor® should be reserved for clin-
ical studies or selected cases. Based on a live-voting survey among
experts participating in the discussion, the tools more frequently
adopted during necrosectomy were polypectomy snares (77 %), rat-
tooth forceps (10 %), Dormia baskets, and retrieval nets (7 % each).

Question 2.9
When and how should follow-up imaging be performed to assess
WON resolution prior to LAMS removal?

Statement 2.9

I-EUS suggests performing follow-up imaging four weeks after the
index procedure to assess the resolution of WON prior to LAMS re-
moval.

I-EUS suggests that CE-MRI is the technique of choice to assess the
resolution of WON prior to LAMS removal. If MRI is not available or
not feasible, CE-CT is an alternative imaging modality.

Quality of evidence: very low; recommendation: weak; Agree-
ment 81 %

Comment

Evidences regarding the optimal timing of follow-up after inva-
sive WON procedures are lacking. Imaging should be performed at
four weeks to assess the resolution of the WON prior to LAMS re-
moval. CE-MRI is the imaging modality of choice due to its higher
contrast resolution, higher sensitivity, and specificity for the detec-
tion of necrosis and allows better visualization of the pancreatic
parenchyma and MPD [100,117]. Moreover, it is less invasive, be-
cause it is free of ionizing radiation [118]. In the absence of CE-
MRI, CE-CT may be considered an alternative imaging modality.

Question 2.10

What is the ideal hospital setting and sedation regimen for a
necrosectomy?

Should necrosectomy always occur in a radiological room?

Statement 2.10a

I-EUS suggests performing necrosectomy on an inpatient basis un-
der deep sedation or general anesthesia, depending on individual risk.

Quality of evidence: low; recommendation: weak; Agreement
93 %

Statement 2.10b

I-EUS suggests performing necrosectomy in a dedicated radiology
room.

Quality of evidence: very low; recommendation: weak; Agree-
ment 80 %

Comment

Prospective studies comparing in- and out-patient settings for
LAMS placement and necrosectomy are lacking. A retrospective
multicenter study showed that LAMS placement and subsequent
DEN can be safely performed on an outpatient basis [119]. The
mean number of procedures required after the initial stent place-
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ment was significantly lower in the inpatient group than in the
outpatients (2.3 vs 3.1, respectively, P = 0.025). There were no sig-
nificant differences in the complete resolution of PFCs between the
inpatient and outpatient groups (91% vs. 87 %, respectively; p = 1),
and no recurrence of WON or PP was observed after stent removal
in either group. Nevertheless, procedure-related AEs were signifi-
cantly lower in the inpatient group than in the outpatient group
(p < 0.01), in the absence of significant differences in terms of
AEs requiring endoscopic reintervention within 30 days (p = 0.69)
[119]. Despite these initial results, further studies are needed be-
fore universally extending this recommendation. In the meantime,
we suggest performing the procedure preferably after hospital ad-
mission, especially in symptomatic or septic patients.

In the absence of data comparing different sedation regimens, it
is suggested that the procedure should be performed under deep
sedation or general anesthesia, depending on individual risks [42].
Similarly, no studies have evaluated the optimal environmental set-
ting for performing necrosectomy. In the absence of data, we sug-
gest performing the procedure preferably in a dedicated radiology
room because it allows for better management of complications.

Question 2.11
What are the possible Adverse Events (AEs) associated with endo-
scopic necrosectomy? Type, management, and prevention

Statement 2.11

I-EUS suggests that DEN is an invasive technique and serious AEs
can occur, including death. Bleeding is the most common complica-
tion. Early removal of the LAMS, if the collection has resolved, identi-
fication of a vessel within the WON, use of CO2 insufflation, and ex-
perienced operators performing these procedures could reduce the risk
of AEs.

Quality of evidence: low; recommendation: strong; Agreement
92 %

Comment

Data on the overall DEN-related AEs rate are sparse and range
from 7.2 % to 36 %, graded from mild to serious complications, in-
cluding death [106,109]. The timing of the DEN did not seem to
affect the AEs rate. In a comparative study of immediate and de-
layed DEN, no significant difference in overall procedural AEs be-
tween the two groups was reported (7.2% vs. 9.4 %; p = 0.81) [106].

The most common AEs associated with DEN are bleeding, stent
dislodgment, infection, perforation, and air embolism.

Bleeding

In a systematic review of 455 patients who had undergone
DEN [109], bleeding was the most common AE, with an overall
incidence of 18 %. After WON drainage with collapse of necrotic
cavities, LAMS remains in situ, and the resultant friction against
the collection wall can disrupt small capillaries and injure larger
blood vessels. Therefore, performing a CT-scan within 3 weeks af-
ter WON drainage, followed by removal of the LAMS if the col-
lection has resolved, has been a widely recommended practice to
avoid AEs [41,42,58,108,120]. Moreover, bleeding can occur dur-
ing DEN or at any moment after LAMS placement from crossing
vessels, aneurysms, or pseudoaneurysms. The splenic and gastro-
duodenal arteries are the most common arteries involved in pseu-
doaneurysm formation, with an incidence ranging 4.3 %-6.4 %
in patients with necrotizing pancreatitis [69,121]. The predictive
factors for bleeding in patients with WON drainage remain un-
known. Moreover, the identification of a vessel within the WON
cavity during DEN was found to be highly predictive of bleed-
ing. Therefore, pneumatic dilation of the stent could be performed
after stent placement to check the content of the collection for
evaluating the presence of any vessels. This technique has been
shown to be effective in reducing the risk of AEs [40]. Hemosta-
sis during mild bleeding events can be achieved endoscopically us-
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ing epinephrine injections, clips, coagulation graspers, or glue in-
jections [109,122,123]. However, severe bleedings require interven-
tional radiology embolization [121].

Stent dislodgement

Dislodgement of the LAMS is a possible complication of DEN.
There is a lack of dedicated devices for DEN, and the most com-
mon devices used are adapted, depending on availability and en-
doscopist preference. Therefore, unintentional capture of the LAMS
with consequent dislodgment of the stent could occur. However, a
successful technique for its replacement after stent dislodgement
has been described [124,125].

Perforation

Perforation after WON drainage can occur in up to 4 % of the
cases [109]. Usually, it is caused by the separation of the stomach
or duodenum from the collection wall during the procedure. Most
cases occurred after dilation of the LAMS, leading to the presence
of abdominal free air on fluoroscopy during the procedure [126]. In
the absence of any signs of peritonitis in a patient in stable condi-
tion, conservative treatment can be safely performed. In contrast,
in cases of accidental collection wall perforation with leakage of
necrotic content or liquid into the abdomen, surgery should be in-
dicated.

Air embolism

Air embolism is a rare but severe AE of DEN resulting from
direct communication between a gas source and the bloodstream
[127-129]. A venous air embolism can be limited to the portal ve-
nous system or evolve into a systemic air embolism. Mobilization
of inflammatory necrotic tissues during DEN could cause the rup-
ture of a blood vessel, allowing the passage of air into the blood-
stream. Gas embolism should be considered promptly if cardiovas-
cular or respiratory symptoms develop abruptly during the proce-
dure. Using CO2 for insufflation instead of air can eliminate the
risk of air embolism because CO2 is easily absorbed [130]. How-
ever, fatal gas embolisms after DEN with CO, have also been de-
scribed [131].

Conlflict of Interest

There is no financial support to this study.

Chiara Coluccio: Lecturer per steris

Cecilia Binda: Lecturer fees for Fujifilm, Steris, Q3 Medical,
Boston Scientific.

Andrea Lisotti received consultancy from Boston Scientific

Giuseppe Vanella: lecture fees from Boston Scientific and travel
grants from Euromedical

Carlo Fabbri: consultant per Boston scientific, Lecturer per steris
e Q3 medical

All the other authors have no conflict of interest to declare.

Acknowledgements

Gabriele Calarese for the support in the organization of the
Consensus Conference.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.d1d.2024.06.030.

Appendix

Collaborators: Contributors as part of the i-EUS Work-
ing Group: Giovanni Aragona!, Paolo Giorgio Arcidiacono?,

1671

Digestive and Liver Disease 56 (2024) 1663-1674

Marianna Arvanitaki3, Roberta Badas?, Luca Barresi®, Debora
Berretti®, Paolo Bocus’, Lorenzo Camellini®, Davide Cintorino?,
Luigi Cugial®, Emanuele Dabizzi!!, Claudio Giovanni De Angelis'?,
Giovanna Del Vecchio Blanco!3, Francesco Maria Di Matteo,
Roberto Di Mitri'®, Giorgio Ercolani'®!’, Massimo Falconi!8, Al-
berto Fantin!®, Dario Ligresti®>, Raffaele Macchiarelli2®, Santi
Mangiafico?!, Benedetto Mangiavillano22, Mauro Manno?3, Luigi
Maruzzelli?4, Marco Marzioni?>, Vittorio Pedicini?®, Enrico Piras??,
Valeria Pollino?®, Amrita Sethi?®, Uzma Siddiqui39, Thomas
Togliani3!, Mario Traina®, Alberto Tringali®2, Giovanna Venezia33,
Alessandro Zerbi34

Institutions

1Gastroenterology and Digestive Endoscopy Unit, Hospital of Pi-
acenza, Piacenza, Italy

2PancreatoBiliary Endoscopy and EUS Division, Pancreas Trans-
lational and Clinical Research Center, San Raffaele Scientific Insti-
tute IRCCS, Milan, Italy;

3Department of Gastroenterology, Erasme University Hospital
ULB, Brussels, Belgium.

4Digestive Endoscopy Unit, University Hospital, Cagliari, Italy

5Endoscopy Service, Department of Diagnostic and Therapeutic
Services, Mediterranean Institute for Transplantation and Advanced
Specialized Therapies (IRCCS - ISMETT), Palermo, Italy

6Department for Gastroenterology and Digestive Endoscopy,
Academic Center of Udine, Udine, Italy

"Department of Gastroenterology and Endoscopy, IRCCS Sacro
Cuore Don Calabria, Negrar, Italy.

8Endoscopic Unit, St. Andrea Hospital, La Spezia, Italy.

9Abdominal and Transplant Surgery, Mediterranean Institute for
Transplantation and Advanced Specialized Therapies (IRCCS - IS-
METT), Palermo, Italy

10Gastroenterology and Digestive Endoscopy Department,
Azienda Ospedaliero Universitaria Sassari, Sassari, Italy.

1 Gastroenterology and Interventional Endoscopy Unit, AUSL
Bologna, Surgical Department, Bologna, Italy.

12Gastroenterology and Endoscopy Unit, AOU Citta della Salute
e della Scienza, University of Turin, Turin, Italy

13Department of Systems Medicine, University of Rome Tor Ver-
gata, 00133 Rome, Italy

MDjgestive Endoscopy Unit, Campus Bio-Medico, University of
Rome, Rome, Italy.

15Gastroenterology and Endoscopy Unit, ARNAS Civico Hospital,
Palermo, Italy

16General and Oncologic Surgery, Morgagni-Pierantoni Hospital,
Via Forlanini 34, Forli, FC, Italy.

7Department of Medical and Surgical Sciences (DIMEC), Univer-
sity of Bologna, Forli, Italy

18pancreatic Surgery Unit, San Raffaele Scientific Institute, 'Vita-
Salute’ University, Milan, Italy

19Gastroenterology Unit Veneto Institute of Oncology IOV-IRCCS,
Padua, Italy

20Gastroenterology Unit, A.0.U.S. Policlinico S.Maria alle Scotte,
Siena, Italy

21Gastroenterology and Digestive Endoscopy Unit, Modena Uni-
versity Hospital, Modena 41126, Italy

22Gastrointestinal Endoscopy Unit, Humanitas Mater Domini,
Castellanza, Italy - Humanitas University, Milan, Italy.

23Djgestive Endoscopy Unit, USL Modena, Carpi Hospital, Italy

24Radiology Unit, Mediterranean Institute for Transplantation
and Advanced Specialized Therapies (IRCCS- ISMETT), Palermo,
Italy

25Clinic of Gastroenterology and Hepatology, Universitd Po-
litecnica delle Marche - Azienda Ospedaliero Universitaria delle
Marche, Ancona, Italy


https://doi.org/10.1016/j.dld.2024.06.030

G. Capurso, G.E.M. Rizzo, C. Coluccio et al.

26Department of Radiology, Humanitas Clinical and Research
Center, Rozzano-Milano, Italy.

27Gastroenterology and Digestive Endoscopy Unit, SS. Triniti
Hospital, Cagliari, Italy

28Djgestive Endoscopy Unit, S. Michele Hospital, 09126 Cagliari,
Italy.

29Columbia University Irving Medical Center, New York, New
York

30Center for Endoscopic Research and Therapeutics (CERT), Uni-
versity of Chicago, Chicago, Illinois, USA

31Gastroenterology and Digestive Endoscopy Unit, University
Hospital Borgo Trento, Verona, Italy

32Gastroenterology and Digestive Endoscopy Unit, Azienda ULSS
2 Marca Trevigiana, Conegliano, Italy

33Gastroenterology Unit, Santa Croce e Carle Hospital, Cuneo,
Italy

34pancreatic Surgery Unit, Humanitas Clinical and Research
Center - IRCCS and Humanitas University - Department of Biomed-
ical Sciences Rozzano, Milan, Italy

References

[1] Cho J, Petrov MS. Pancreatitis, pancreatic cancer, and their metabolic seque-
lae: projected burden to 2050. Clin Transl Gastroenterol 2020;11(11):e00251.

[2] lannuzzi JP, King JA, Leong JH, et al. Global incidence of acute pancreatitis is
increasing over time: a systematic review and meta-analysis. Gastroenterol-
ogy 2022;162(1):122-34.

[3] Pokras S, Ray M, Zheng S, et al. The short- and long-term burden of acute
pancreatitis in the United States: a retrospective cohort study. Pancreas
2021;50(3):330-40.

[4] Banks PA, Bollen TL, Dervenis C, et al. Classification of acute pancreati-
tis—=2012: revision of the Atlanta classification and definitions by international
consensus. Gut 2013;62(1):102-11.

[5] Seewald S, Ang TL, Kida M, et al. EUS 2008 Working Group document: evalua-
tion of EUS-guided drainage of pancreatic-fluid collections (with video). Gas-
trointest Endosc 2009;69(2 Suppl):S13-21.

[6] van der Merwe SW, van Wanrooij RL], Bronswijk M, et al. Therapeutic en-
doscopic ultrasound: European Society of Gastrointestinal Endoscopy (ESGE)
Guideline. Endoscopy 2022;54(2):185-205.

[7] Binmoeller KF, Shah ]J. A novel lumen-apposing stent for translumi-

nal drainage of nonadherent extraintestinal fluid collections. Endoscopy

2011;43(4):337-42.

Anderloni A, Fabbri C, Nieto ], et al. The safety and efficacy of a new 20-mm

lumen apposing metal stent (lams) for the endoscopic treatment of pancre-

atic and peripancreatic fluid collections: a large international, multicenter
study. Surg Endosc 2021;35(4):1741-8.

Oh D, Lee JH, Song TJ, et al. Clinical outcomes of EUS-guided translu-

minal drainage with a novel lumen-apposing metal stent for postopera-

tive pancreatic fluid collection after pancreatic surgery. Gastrointest Endosc
2022;95(4):735-46.

[10] Atkins D, Eccles M, Flottorp S, et al. Systems for grading the quality of ev-
idence and the strength of recommendations I: critical appraisal of existing
approaches The GRADE Working Group. BMC Health Serv Res 2004;4(1):38.

[11] Cornberg M, Tacke F, Karlsen TH. Clinical practice guidelines of the European
association for the study of the liver - advancing methodology but preserving
practicability. ] Hepatol 2019;70(1):5-7.

[12] Tacono C, Verlato G, Ruzzenente A, et al. Systematic review of central pancre-
atectomy and meta-analysis of central versus distal pancreatectomy. Br ] Surg
2013;100(7):873-85.

[13] Pedrazzoli S, Liessi G, Pasquali C, et al. Postoperative pancreatic fistulas: pre-
venting severe complications and reducing reoperation and mortality rate.
Ann Surg 2009;249(1):97-104.

[14] Mohan BP, Shakhatreh M, Dugyala S, et al. EUS versus percutaneous man-
agement of postoperative pancreatic fluid collection: a systematic review and
meta-analysis. Endosc Ultrasound 2019;8(5):298-309.

[15] Caillol F, Godat S, Turrini O, et al. Fluid collection after partial pan-
createctomy: EUS drainage and long-term follow-up. Endosc Ultrasound
2019;8(2):91-8.

[16] Denzer UW, Sioulas AD, Abdulkarim M, et al. Endoscopic ultrasound-guided
drainage of abdominal fluid collections after pancreatic surgery: efficacy and
long-term follow-up. Z Gastroenterol 2016;54(9):1047-53.

[17] Jiirgensen C, Distler M, Arlt A, et al. EUS-guided drainage in the management
of postoperative pancreatic leaks and fistulas (with video). Gastrointest En-
dosc 2019;89(2):311-19 .el.

[18] Kwon YM, Gerdes H, Schattner MA, et al. Management of peripancreatic fluid
collections following partial pancreatectomy: a comparison of percutaneous
versus EUS-guided drainage. Surg Endosc 2013;27(7):2422-7.

(8]

(9]

1672

Digestive and Liver Disease 56 (2024) 1663-1674

[19] Varadarajulu S, Bang JY, Phadnis MA, et al. Endoscopic transmural drainage of
peripancreatic fluid collections: outcomes and predictors of treatment success
in 211 consecutive patients. ] Gastrointest Surg 2011;15(11):2080-8.

[20] Varadarajulu S, Trevino JM, Christein JD. EUS for the management of peri-
pancreatic fluid collections after distal pancreatectomy. Gastrointest Endosc
2009;70(6):1260-5.

[21] Tilara A, Gerdes H, Allen P, et al. Endoscopic ultrasound-guided trans-
mural drainage of postoperative pancreatic collections. J] Am Coll Surg
2014;218(1):33-40.

[22] Tamura T, Kitano M, Kawai M, et al. Effectiveness of endoscopic ultra-
sound-guided drainage for noncapsulated postoperative pancreatic collection.
Therap Adv Gastroenterol 2019;12:1756284819884418.

[23] Yang ], Kaplan JH, Sethi A, et al. Safety and efficacy of the use of lumen-ap-
posing metal stents in the management of postoperative fluid collections: a
large, international, multicenter study. Endoscopy 2019;51(8):715-21.

[24] Storm AC, Levy M], Kaura K, et al. Acute and early EUS-guided transmural
drainage of symptomatic postoperative fluid collections. Gastrointest Endosc
2020;91(5):1085-91 .el.

[25] Khan S, Chandran S, Chin J, et al. Drainage of pancreatic fluid collections us-
ing a lumen-apposing metal stent with an electrocautery-enhanced delivery
system. ] Gastroenterol Hepatol 2021;36(12):3395-401.

[26] Mudireddy PR, Sethi A, Siddiqui AA, et al. EUS-guided drainage of postsurgi-
cal fluid collections using lumen-apposing metal stents: a multicenter study.
Gastrointest Endosc 2018;87(5):1256-62.

[27] Bang JY, Wilcox CM, Navaneethan U, et al. Treatment of walled-off necro-
sis using lumen-apposing metal stents versus plastic stents: a system-
atic review and meta-analysis of data from randomized trials. Endoscopy
2024;56(3):184-95.

[28] Bang JY, Navaneethan U, Hasan MK, et al. Non-superiority of lumen-appos-
ing metal stents over plastic stents for drainage of walled-off necrosis in a
randomised trial. Gut 2019;68(7):1200-9.

[29] Boxhoorn L, Verdonk RC, Besselink MG, et al. Comparison of lumen-appos-
ing metal stents versus double-pigtail plastic stents for infected necrotising
pancreatitis. Gut 2023;72(1):66-72.

[30] Karstensen ]G, Novovic S, Hansen EF, et al. EUS-guided drainage of large
walled-off pancreatic necroses using plastic versus lumen-apposing metal
stents: a single-centre randomised controlled trial. Gut 2023;72(6):1167-73.

[31] Gornals ]B, Velasquez-Rodriguez ]G, Bas-Cutrina F, et al. Plastic pigtail vs lu-
men-apposing metal stents for drainage of walled-off necrosis (PROMETHEUS
study): an open-label, multicenter randomized trial. Surg Endosc 2024.

[32] Oblizajek N, Takahashi N, Agayeva S, et al. Outcomes of early endoscopic in-
tervention for pancreatic necrotic collections: a matched case-control study.
Gastrointest Endosc 2020;91(6):1303-9.

[33] Trikudanathan G, Tawfik P, Amateau SK, et al. Early (<4 Weeks) versus stan-
dard (> 4 Weeks) endoscopically centered step-up interventions for necrotiz-
ing pancreatitis. Am ] Gastroenterol 2018;113(10):1550-8.

[34] Chantarojanasiri T, Yamamoto N, Nakai Y, et al. Comparison of early and de-
layed EUS-guided drainage of pancreatic fluid collection. Endosc Int Open
2018;6(12):E1398-405.

[35] Jagielski M, Pigtkowski ], Jackowski M. Early endoscopic treatment of symp-
tomatic pancreatic necrotic collections. Sci Rep 2022;12(1):308.

[36] Boxhoorn L, van Dijk SM, van Grinsven ], et al. Immediate versus post-
poned intervention for infected necrotizing pancreatitis. N Engl ] Med
2021;385(15):1372-81.

[37] Mukai T, Nakai Y, Hamada T, et al. Early versus delayed EUS-guided drainage

for postoperative pancreatic fluid collections: a systematic review and meta-

analysis. Surg Endosc 2024;38(1):47-55.

Ramai D, Enofe I, Deliwala SS, et al. Early (<4 weeks) versus standard (>/=4

weeks) endoscopic drainage of pancreatic walled-off fluid collections: a sys-

tematic review and meta-analysis. Gastrointest Endosc 2023;97(3):415-21
e5.

Walter D, Will U, Sanchez-Yague A, et al. A novel lumen-apposing metal stent

for endoscopic ultrasound-guided drainage of pancreatic fluid collections: a

prospective cohort study. Endoscopy 2015;47(1):63-7.

Fugazza A, Sethi A, Trindade A], et al. International multicenter compre-

hensive analysis of adverse events associated with lumen-apposing metal

stent placement for pancreatic fluid collection drainage. Gastrointest Endosc
2020;91(3):574-83.

Bang JY, Hasan M, Navaneethan U, et al. Lumen-apposing metal stents (LAMS)

for pancreatic fluid collection (PFC) drainage: may not be business as usual.

Gut 2017:2054-6 England.

Arvanitakis M, Dumonceau JM, Albert ], et al. Endoscopic management

of acute necrotizing pancreatitis: European Society of Gastrointestinal En-

doscopy (ESGE) evidence-based multidisciplinary guidelines. Endoscopy,
2018;50(5):524-46.

Baron TH, DiMaio CJ, Wang AY, et al. American gastroenterological association

clinical practice update: management of pancreatic necrosis. Gastroenterology

2020;158(1):67-75 .el.

[44] Amato A, Tarantino I, Facciorusso A, et al. Real-life multicentre study of lu-
men-apposing metal stent for EUS-guided drainage of pancreatic fluid collec-
tions. Gut 2022;71(6):1050-2.

[45] Nayar M, Leeds ]S, Oppong K. Lumen-apposing metal stents for drainage
of pancreatic fluid collections: does timing of removal matter? Gut
2022;71(5):850-3.

[46] Willems P, Esmail E, Paquin S, et al. Safety and efficacy of early ver-

[38]

[39]

[40]

[41]

[42]

[43]


http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0001
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0002
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0003
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0004
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0005
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0006
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0007
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0008
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0009
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0010
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0011
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0012
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0013
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0014
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0015
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0016
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0017
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0018
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0019
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0020
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0021
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0022
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0023
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0024
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0025
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0026
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0027
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0028
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0029
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0030
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0031
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0032
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0033
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0034
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0035
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0036
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0037
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0038
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0039
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0040
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0041
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0042
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0043
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0044
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0045
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0046

G. Capurso, G.E.M. Rizzo, C. Coluccio et al.

sus late removal of LAMS for pancreatic fluid collections. Endosc Int Open
2024;12(2):E317-23.

[47] van Brunschot S, van Grinsven J, van Santvoort HC, et al. Endoscopic or surgi-
cal step-up approach for infected necrotising pancreatitis: a multicentre ran-
domised trial. Lancet 2018;391(10115):51-8.

[48] Hollemans RA, Bakker OJ, Boermeester MA, et al. Superiority of Step-up ap-
proach vs open necrosectomy in long-term follow-up of patients with necro-
tizing pancreatitis. Gastroenterology 2019;156(4):1016-26.

[49] van Santvoort HC, Bakker OJ, Bollen TL, et al. A conservative and minimally
invasive approach to necrotizing pancreatitis improves outcome. Gastroen-
terology 2011;141(4):1254-63.

[50] Bomman S, Sanders D, Coy D, et al. Safety and clinical outcomes of early
dual modality drainage (< 28 days) compared to later drainage of pancre-
atic necrotic fluid collections: a propensity score-matched study. Surg Endosc
2023;37(2):902-11.

[51] Bhatia H, Farook S, Bendale CU, et al. Early vs. late percutaneous catheter
drainage of acute necrotic collections in patients with necrotizing pancreati-
tis. Abdom Radiol (NY) 2023;48(7):2415-24.

[52] Balthazar EJ, Robinson DL, Megibow AJ, et al. Acute pancreatitis: value of CT
in establishing prognosis. Radiology 1990;174(2):331-6.

[53] Thoeni RF. The revised Atlanta classification of acute pancreatitis: its
importance for the radiologist and its effect on treatment. Radiology
2012;262(3):751-64.

[54] Lecesne R, Taourel P, Bret PM, et al. Acute pancreatitis: interobserver agree-
ment and correlation of CT and MR cholangiopancreatography with outcome.
Radiology 1999;211(3):727-35.

[55] Arvanitakis M, Delhaye M, De Maertelaere V, et al. Computed tomography
and magnetic resonance imaging in the assessment of acute pancreatitis. Gas-
troenterology 2004;126(3):715-23.

[56] Viremouneix L, Monneuse O, Gautier G, et al. Prospective evaluation of
nonenhanced MR imaging in acute pancreatitis. ] Magn Reson Imaging
2007;26(2):331-8.

[57] Poropat G, Giljaca V, Hauser G, et al. Enteral nutrition formulations for acute
pancreatitis. Cochrane Database Syst Rev 2015;2015(3):Cd010605.

[58] Bennett S, Lorenz JM. The role of imaging-guided percutaneous procedures
in the multidisciplinary approach to treatment of pancreatic fluid collections.
Semin Intervent Radiol 2012;29(4):314-18.

[59] Wundsam HV, Spaun GO, Bréuer F, et al. Evolution of transluminal necrosec-
tomy for acute pancreatitis to stent in stent therapy: step-up approach leads
to low mortality and morbidity rates in 302 consecutive cases of acute pan-
creatitis. ] Laparoendosc Adv Surg Tech A 2019;29(7):891-9.

[60] Sarathi Patra P, Das K, Bhattacharyya A, et al. Natural resolution or in-
tervention for fluid collections in acute severe pancreatitis. Br ] Surg
2014;101(13):1721-8.

[61] van Brunschot S, Hollemans RA, Bakker O], et al. Minimally invasive and
endoscopic versus open necrosectomy for necrotising pancreatitis: a pooled
analysis of individual data for 1980 patients. Gut 2018;67(4):697-706.

[62] Morgan DE, Baron TH, Smith JK, et al. Pancreatic fluid collections prior to in-

tervention: evaluation with MR imaging compared with CT and US. Radiology

1997;203(3):773-8.

Kamal A, Singh VK, Akshintala VS, et al. CT and MRI assessment of symp-

tomatic organized pancreatic fluid collections and pancreatic duct disruption:

an interreader variability study using the revised Atlanta classification 2012.

Abdom Imaging 2015;40(6):1608-16.

van Baal MC, Bollen TL, Bakker OJ, et al. The role of routine fine-nee-

dle aspiration in the diagnosis of infected necrotizing pancreatitis. Surgery

2014;155(3):442-8.

Islim F, Salik AE, Bayramoglu S, et al. Non-invasive detection of in-

fection in acute pancreatic and acute necrotic collections with diffu-

sion-weighted magnetic resonance imaging: preliminary findings. Abdom

Imaging 2014;39(3):472-81.

Borens B, Arvanitakis M, Absil ], et al. Added value of diffusion-weighted

magnetic resonance imaging for the detection of pancreatic fluid collection

infection. Eur Radiol 2017;27(3):1064-73.

Ning N, Yu C, Sun W, et al. Early encapsulation of peripancreatic

fluid/necrosis collections on imaging (CECT) in acute pancreatitis: influ-

ential factors and clinical significance for prognosis. BMC Gastroenterol
2024;24(1):53.

[68] Memis A, Parildar M. Interventional radiological treatment in complications
of pancreatitis. Eur ] Radiol 2002;43(3):219-28.

[69] Abdallah M, Vantanasiri K, Young S, et al. Visceral artery pseudoaneurysms
in necrotizing pancreatitis: risk of early bleeding with lumen-apposing metal
stents. Gastrointest Endosc 2022;95(6):1150-7.

[70] Honta S, Hayashi T, Katanuma A. Coil embolization of artery in advance en-
doscopic necrosectomy for walled-off necrosis can prevent arterial bleeding.
Dig Endosc 2021;33(1):e8-9.

[71] Sekikawa Z, Yamamoto T, Aoki R, et al. Prophylactic Coil embolization of the
vessels for endoscopic necrosectomy in patients with necrotizing pancreatitis.
] Vasc Interv Radiol 2019;30(1):124-6.

[72] Rana SS, Kumar A, Lal A, et al. Safety and efficacy of angioembolisation
followed by endoscopic ultrasound guided transmural drainage for pancre-
atic fluid collections associated with arterial pseudoaneurysm. Pancreatology
2017;17(5):658-62.

[73] Rahnemai-Azar AA, Sutter C, Hayat U, et al. Multidisciplinary management of
complicated pancreatitis: what every interventional radiologist should know.
AJR Am ] Roentgenol 2021;217(4):921-32.

[63]

[64]

[65]

(66]

(67]

1673

Digestive and Liver Disease 56 (2024) 1663-1674

[74] Ghazanfar H, Jyala A, Kandhi SD, et al. Ruptured gastroduodenal artery
pseudoaneurysms as a complication of pancreatitis. Case Rep Gastroenterol
2023;17(1):294-301.

[75] Facciorusso A, Amato A, Crino SF, et al. Nomogram for prediction of adverse
events after lumen-apposing metal stent placement for drainage of pancreatic
fluid collections. Dig Endosc 2022;34(7):1459-70.

[76] Huggett MT, Oppong KW, Pereira SP, et al. Endoscopic drainage of walled-off
pancreatic necrosis using a novel self-expanding metal stent. Endoscopy
2015;47(10):929-32.

[77] Mukai S, Itoi T, Sofuni A, et al. Clinical evaluation of endoscopic ultrasonogra-
phy-guided drainage using a novel flared-type biflanged metal stent for pan-
creatic fluid collection. Endosc Ultrasound 2015;4(2):120-5.

[78] Sharaiha RZ, Tyberg A, Khashab MA, et al. Endoscopic therapy with lu-

men-apposing metal stents is safe and effective for patients with pancreatic

walled-off necrosis. Clin Gastroenterol Hepatol 2016;14(12):1797-803.

Siddiqui AA, Adler DG, Nieto ], et al. EUS-guided drainage of peripancreatic

fluid collections and necrosis by using a novel lumen-apposing stent: a large

retrospective, multicenter U.S. experience (with videos). Gastrointest Endosc
2016;83(4):699-707.

Dhillon A, Li S, Sandha S, et al. Performance characteristics of a lumen-appos-

ing metal stent for pancreatic fluid collections: a prospective cohort study. ]

Can Assoc Gastroenterol 2021;4(4):158-64.

[81] Teoh AYB, Bapaye A, Lakhtakia S, et al. Prospective multicenter international

study on the outcomes of a newly developed self-approximating lumen-ap-

posing metallic stent for drainage of pancreatic fluid collections and endo-
scopic necrosectomy. Dig Endosc 2020;32(3):391-8.

Siddiqui A, Naveed M, Basha ], et al. International, multicenter retrospective

trial comparing the efficacy and safety of bi-flanged versus lumen-apposing

metal stents for endoscopic drainage of walled-off pancreatic necrosis. Ann

Gastroenterol 2021;34(2):273-81.

Parsa N, Nieto JM, Powers P, et al. Endoscopic ultrasound-guided drainage of

pancreatic walled-off necrosis using 20-mm versus 15-mm lumen-apposing

metal stents: an international, multicenter, case-matched study. Endoscopy
2020;52(3):211-19.

Puga M, Consiglieri CF, Busquets ], et al. Safety of lumen-apposing stent

with or without coaxial plastic stent for endoscopic ultrasound-guided

drainage of pancreatic fluid collections: a retrospective study. Endoscopy
2018;50(10):1022-6.

Holmes I, Shinn B, Mitsuhashi S, et al. Prediction and management of bleed-

ing during endoscopic necrosectomy for pancreatic walled-off necrosis: re-

sults of a large retrospective cohort at a tertiary referral center. Gastrointest

Endosc 2022;95(3):482-8.

Vanek P, Falt P, Vitek P, et al. EUS-guided transluminal drainage using lu-

men-apposing metal stents with or without coaxial plastic stents for treat-

ment of walled-off necrotizing pancreatitis: a prospective bicentric random-
ized controlled trial. Gastrointest Endosc 2023;97(6):1070-80.

AbiMansour JP, Jaruvongvanich V, Velaga S, et al. Lumen-apposing metal

stents with or without coaxial plastic stent placement for the management

of pancreatic fluid collections. Gastrointest Endosc 2024;99(1):104-7.

Beran A, Mohamed MFH, Abdelfattah T, et al. Lumen-apposing metal stent

with and without concurrent double-pigtail plastic stent for pancreatic fluid

collections: a comparative systematic review and meta-analysis. Gastroenterol

Res 2023;16(2):59-67.

Giri S, Harindranath S, Afzalpurkar S, et al. Does a coaxial double pigtail stent

reduce adverse events after lumen apposing metal stent placement for pan-

creatic fluid collections? A systematic review and meta-analysis. Ther Adv

Gastrointest Endosc 2023;16:26317745231199364.

van Baal MC, van Santvoort HC, Bollen TL, et al. Systematic review of percu-

taneous catheter drainage as primary treatment for necrotizing pancreatitis.

Br ] Surg 2011;98(1):18-27.

[91] Ross A, Gluck M, Irani S, et al. Combined endoscopic and percu-
taneous drainage of organized pancreatic necrosis. Gastrointest Endosc
2010;71(1):79-84.

[92] Gluck M, Ross A, Irani S, et al. Dual modality drainage for symptomatic
walled-off pancreatic necrosis reduces length of hospitalization, radiological
procedures, and number of endoscopies compared to standard percutaneous
drainage. ] Gastrointest Surg 2012;16(2):248-56 discussion 256-7.

[93] Ross AS, Irani S, Gan SI, et al. Dual-modality drainage of infected and symp-
tomatic walled-off pancreatic necrosis: long-term clinical outcomes. Gastroin-
test Endosc 2014;79(6):929-35.

[94] Papachristou GI, Takahashi N, Chahal P, et al
drainage/debridement of walled-off pancreatic
2007;245(6):943-51.

[95] Chandrasekhara V, Elhanafi S, Storm AC, et al. Predicting the need for step-up
therapy after EUS-guided drainage of pancreatic fluid collections with lu-
men-apposing metal stents. Clin Gastroenterol Hepatol 2021;19(10):2192-8.

[96] Bang JY, Wilcox CM, Navaneethan U, et al. Impact of disconnected pancreatic
duct syndrome on the endoscopic management of pancreatic fluid collections.
Ann Surg 2018;267(3):561-8.

[97] Bang JY, Holt BA, Hawes RH, et al. Outcomes after implementing a tailored
endoscopic step-up approach to walled-off necrosis in acute pancreatitis. Br ]
Surg 2014;101(13):1729-38.

[98] Bang JY, Wilcox CM, Arnoletti JP, et al. Validation of the Orlando Protocol
for endoscopic management of pancreatic fluid collections in the era of lu-
men-apposing metal stents. Dig Endosc 2022;34(3):612-21.

[79]

[80]

[82]

(83]

[84]

(85]

(86]

(87]

(88]

[89]

[90]

Peroral
necrosis.

endoscopic
Ann  Surg


http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0046
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0047
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0048
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0049
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0050
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0051
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0052
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0053
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0054
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0055
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0056
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0057
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0058
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0059
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0060
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0061
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0062
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0063
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0064
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0065
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0066
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0067
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0068
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0069
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0070
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0071
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0072
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0073
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0074
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0075
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0076
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0077
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0078
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0079
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0080
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0081
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0082
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0083
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0084
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0085
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0086
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0087
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0088
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0089
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0090
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0091
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0092
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0093
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0094
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0095
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0096
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0097
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0098

G. Capurso, G.E.M. Rizzo, C. Coluccio et al.

[99] Chavan R, Nabi Z, Lakhtakia S, et al. Impact of transmural plastic stent
on recurrence of pancreatic fluid collection after metal stent removal in
disconnected pancreatic duct: a randomized controlled trial. Endoscopy
2022;54(9):861-8.

Rana SS, Bhasin DK, Sharma RK, et al. Do the morphological fea-

tures of walled off pancreatic necrosis on endoscopic ultrasound deter-

mine the outcome of endoscopic transmural drainage? Endosc Ultrasound
2014;3(2):118-22.

Watanabe Y, Mikata R, Yasui S, et al. Short- and long-term results of endo-

scopic ultrasound-guided transmural drainage for pancreatic pseudocysts and

walled-off necrosis. World ] Gastroenterol 2017;23(39):7110-18.

[102] Guo ], Duan B, Sun S, et al. Multivariate analysis of the factors affect-
ing the prognosis of walled-off pancreatic necrosis after endoscopic ultra-
sound-guided drainage. Surg Endosc 2020;34(3):1177-85.

[103] Mouli VP, Sreenivas V, Garg PK. Efficacy of conservative treatment, with-

out necrosectomy, for infected pancreatic necrosis: a systematic review and

meta-analysis. Gastroenterology 2013;144(2):333-40 .e2.

Bang JY, Lakhtakia S, Thakkar S, et al. Upfront endoscopic necrosectomy or

step-up endoscopic approach for infected necrotising pancreatitis (DESTIN):

a single-blinded, multicentre, randomised trial. Lancet Gastroenterol Hepatol

2024;9(1):22-33.

Bang JY, Arnoletti JP, Holt BA, et al. An endoscopic transluminal ap-

proach, compared with minimally invasive surgery, reduces complica-

tions and costs for patients with necrotizing pancreatitis. Gastroenterology
2019;156(4):1027-40 .e3.

Yan L, Dargan A, Nieto ], et al. Direct endoscopic necrosectomy at the time of

transmural stent placement results in earlier resolution of complex walled-off

pancreatic necrosis: results from a large multicenter United States trial. En-
dosc Ultrasound 2019;8(3):172-9.

Rana SS, Verma S, Kang M, et al. Comparison of endoscopic versus percuta-

neous drainage of symptomatic pancreatic necrosis in the early (< 4 weeks)

phase of illness. Endosc Ultrasound 2020;9(6):402-9.

[108] Dhir V, Adler DG, Dalal A, et al. Early removal of biflanged metal stents in
the management of pancreatic walled-off necrosis: a prospective study. En-
doscopy 2018;50(6):597-605.

[109] van Brunschot S, Fockens P, Bakker O], et al. Endoscopic transluminal

necrosectomy in necrotising pancreatitis: a systematic review. Surg Endosc

2014;28(5):1425-38.

Guo J, Saftoiu A, Vilmann P, et al. A multi-institutional consensus

on how to perform endoscopic ultrasound-guided peri-pancreatic fluid

collection drainage and endoscopic necrosectomy. Endosc Ultrasound
2017;6(5):285-91.

Mendoza Ladd A, Bashashati M, Contreras A, et al. Endoscopic pancreatic

necrosectomy in the United States-Mexico border: a cross sectional study.

World ] Gastrointest Endosc 2020;12(5):149-58.

Falk V, Kenshil S, Sandha S, et al. The evolution of EUS-guided translumi-

nal drainage for the treatment of pancreatic fluid collections: a comparison

of clinical and cost outcomes with double-pigtail plastic stents, conventional
metal stents and lumen-apposing metal stents. ] Can Assoc Gastroenterol
2020;3(1):26-35.

Puli SR, Graumlich JF, Pamulaparthy SR, et al. Endoscopic transmural necro-

sectomy for walled-off pancreatic necrosis: a systematic review and meta-

analysis. Can ] Gastroenterol Hepatol 2014;28(1):50-3.

Cosgrove N, Shetty A, McLean R, et al. Radiologic predictors of increased

number of necrosectomies during endoscopic management of walled-off pan-

creatic necrosis. ] Clin Gastroenterol 2022;56(5):457-63.

[100]

[101]

[104]

[105]

[106]

[107]

[110]

[111]

[112]

[113]

[114]

1674

Digestive and Liver Disease 56 (2024) 1663-1674

[115] Gulati R, Rustagi T. Endoscopic removal and replacement of the same lu-
men-apposing metal stent for multiple endoscopic necrosectomy sessions.
Endoscopy 2021;53(1):71-4.

[116] Stassen PMC, de Jonge PJF, Bruno M]J, et al. Safety and efficacy of a novel
resection system for direct endoscopic necrosectomy of walled-off pancreas
necrosis: a prospective, international, multicenter trial. Gastrointest Endosc
2022;95(3):471-9.

[117] Kapoor H, Issa M, Winkler MA, et al. The augmented role of pancreatic imag-
ing in the era of endoscopic necrosectomy: an illustrative and pictorial re-
view. Abdom Radiol (NY) 2020;45(5):1534-49.

[118] Deviere ], Antaki F. Disconnected pancreatic tail syndrome: a plea for multi-
disciplinarity. In: Gastrointest endosc; 2008. p. 680-2. United States.

[119] Adler DG, Shah ], Nieto ], et al. Placement of lumen-apposing metal stents
to drain pseudocysts and walled-off pancreatic necrosis can be safely per-
formed on an outpatient basis: a multicenter study. Endosc Ultrasound
2019;8(1):36-42.

[120] Auriemma F, Fugazza A, Colombo M, et al. Safety issues in endoscopy ultra-
sound-guided interventions using lumen apposing metal stents. Minerva Gas-
troenterol (Torino) 2022;68(2):177-85.

[121] Maatman TK, Heimberger MA, Lewellen KA, et al. Visceral artery pseudoa-
neurysm in necrotizing pancreatitis: incidence and outcomes. Can ] Surg
2020;63(3):E272-7.

[122] Auriemma F, Anderloni A, Carrara S, et al. Cyanoacrylate Hemostasis for Mas-
sive Bleeding After Drainage of Pancreatic Fluid Collection by Lumen-appos-
ing Metal Stent. Am ] Gastroenterol 2018;113(11):1582.

[123] Rizzo GEM, Ligresti D, Carrozza L, et al. Hemostatic matrix for treating intra-
collection bleeding after endoscopic ultrasound-guided drainage and endo-
scopic necrosectomy of walled-off pancreatic necrosis in a patient with cir-
rhosis. Endoscopy 2023;55(S 01):E767-8.

[124] Fugazza A, Colombo M, Gabbiadini R, et al. Repositioning rather than replac-
ing: the management of a dislodged lumen-apposing metal stent in a walled
off necrosis. Am ] Gastroenterol 2020;115(6):811.

[125] Okuno M, Mukai T, Ichikawa H, et al. Endoscopic replacement technique for
migrated lumen-apposing metal stent during endoscopic pancreatic necrosec-
tomy. VideoGIE 2019;4(5):220-2.

[126] Rana SS, Shah ], Kang M, et al. Complications of endoscopic ultra-
sound-guided transmural drainage of pancreatic fluid collections and their
management. Ann Gastroenterol 2019;32(5):441-50.

[127] Voermans RP, Besselink MG, Fockens P. Endoscopic management of
walled-off pancreatic necrosis. ] Hepatobiliary Pancreat Sci 2015;22(1):20-6.

[128] Seifert H, Biermer M, Schmitt W, et al. Transluminal endoscopic necrosectomy
after acute pancreatitis: a multicentre study with long-term follow-up (the
GEPARD Study). Gut 2009;58(9):1260-6.

[129] Yasuda I, Nakashima M, Iwai T, et al. Japanese multicenter experience of en-
doscopic necrosectomy for infected walled-off pancreatic necrosis: the JENI-
PaN study. Endoscopy 2013;45(8):627-34.

[130] Donepudi S, Chavalitdhamrong D, Pu L, et al. Air embolism complicating gas-
trointestinal endoscopy: a systematic review. World ] Gastrointest Endosc
2013;5(8):359-65.

[131] Bonnot B, Nion-Larmurier I, Desaint B, et al. Fatal gas embolism after endo-
scopic transgastric necrosectomy for infected necrotizing pancreatitis. Am ]
Gastroenterol 2014:607-8 United States.


http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0099
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0100
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0101
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0102
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0103
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0104
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0105
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0106
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0107
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0108
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0109
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0110
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0111
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0112
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0113
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0114
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0115
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0116
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0117
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0118
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0119
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0120
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0121
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0122
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0123
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0124
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0125
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0126
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0127
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0128
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0129
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0130
http://refhub.elsevier.com/S1590-8658(24)00840-5/sbref0131

	The i-EUS consensus on the management of pancreatic fluid collections - Part 1
	1 Background
	2 Methods
	2.1 Organization
	2.2 Grading of evidence

	3 Results
	Conflict of Interest
	Acknowledgements
	Supplementary materials
	Appendix
	References


