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ABSTRACT
There is a lack of consensus on how endoscopic ultrasound (EUS)-guided pseudocyst drainage and endoscopic necrosectomy
should be performed. This survey was carried out amongst members of the EUS Journal Editorial Board to describe their
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practices in performing this procedure. This was a worldwide multi-institutional survey amongst members of the EUS Journal
Editorial Board in May 2017. The responses to a 22-question survey with respect to the practice of EUS-guided pseudocyst
drainage and endoscopic necrosectomy were obtained. Twenty-two endoscopists responded to the questionnaire as follows:
72.7% (16/22) were of the opinion that lumen-apposing metal stents (LAMS) should be the standard of care for the creation
of an endoscopic cystenterostomy in patients with pancreatic walled-off necrosis (WON); 95.5% (21/22) recommended large
diameter (d=15 mm) LAMS for drainage in patients with WON; 54.5% (12/22) would not dilate LAMS after placement into
the WOPN; 86.4% (19/22) would not perform endoscopic necrosectomy during the same procedure as the creation of the
cystenterostomy; 45.5% (10/22) recommend that agents, such as diluted hydrogen peroxide, should be used to lavage the peripancreatic fluid collection (PFC) cavity in patients with WON; and 45.5% (10/22) considered a naso-cystic or other tube to be
necessary for lavage of WON after initial drainage. The mean optimal interval recommended for endoscopic necrosectomy
procedures after EUS-guided drainage was 6.23 days. The mean optimal interval recommended for repeat imaging in patients
undergoing endoscopic necrosectomy was 12.32 days. The mean time recommended for LAMS removal was 4.59 weeks.
This is the first worldwide survey on the practice of EUS-guided pseudocyst drainage and endoscopic necrosectomy. There
were wide variations in practice and randomized studies are urgently needed to establish the best approach for management
of this condition. There is also a pressing need to establish a best practice consensus.
Key words: consensus; endoscopic necrosectomy; endoscopic ultrasound; peri-pancreatic fluid collection

INTRODUCTION
Peri-pancreatic fluid collections (PFCs) frequently occur
in the context of acute and chronic pancreatitis. Severe
cases of pancreatitis, independent of the underlying cause,
can lead to the development of PFCs.[1] Endoscopic
ultrasound (EUS)‑guided drainage of a PFC is a
minimally invasive procedure that is widely used, and in
many institutions worldwide, EUS‑guided drainage of a
PFC is standard therapy for pancreatic pseudocysts (PPs)
and pancreatic walled‑off necrosis (WON).[2‑5] The advent
and widespread dissemination of lumen‑apposing metal
stents (LAMS) as a tool in EUS have been reported to
be successful in the management of PFCs.[6,7] Endoscopic
necrosectomy can supplant and replace surgical
necrosectomy in the vast majority of patients. Endoscopic
necrosectomy is minimally invasive, does not require an
abdominal incision, and allows debridement and clearance
of very large amounts of necrotic tissue. There is a
lack of agreement and consensus on how EUS‑guided
peri-pancreatic fluid collection drainage and endoscopic
necrosectomy should be performed.[8] We present a survey
of expert endoscopists regarding endoscopic drainage
and necrosectomy techniques to assess practice patterns
worldwide.
PATIENTS AND METHODS
A 22‑question sur vey regarding the practice
of EUS‑guided PFC drainage and endoscopic
necrosectomy was created and disseminated to members
of the EUS Journal Editorial Board in May 2017.
Before completing the survey, the participants were
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reminded that the questions listed were only directed
toward EUS‑guided drainage and subsequent endoscopic
necrosectomy of WON or pancreatic abscesses. The
responses to the questions were reported anonymously.

Design of the questionnaire

The questions in the questionnaire were grouped under
several sections, including the type of stent used for
drainage, the diameter of the stent, the necrosectomy
procedure, endoscopic tools utilized for necrosectomy,
and postprocedural management. Because no international
guidelines or consensus for the procedure exist, the
formulation of questions used was based on the opinions
of regional experts regarding what constitutes the most
important aspects or controversial areas of EUS‑guided
peri-pancreatic fluid collection drainage and endoscopic
necrosectomy. Statements were formulated by combining
a formal literature review of the endoscopic treatment of
WON with expert opinions from the members of the
EUS Journal Editorial Board [Table 1].

Statistical analysis

Continuous variables are reported as the mean ± standard
deviation (SD) or median and range when the distribution
is highly skewed. Categorical variables are summarized
with frequencies and proportions. Statistical analyses were
performed using SPSS® 22.0 statistical software (SPSS,
Inc., Chicago, IL, USA).
RESULTS
Advances in endoscopic tools have driven a new era
of minimally invasive techniques to manage PPs and
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Table 1. Quality of evidence, classification of
recommendations, and voting schema of the
questionnaire
Category and
grade
Quality of evidence
I
II‑1
II‑2
II‑3

III

Classification of the
recommendation
A
B
C

D
E
Voting on the
recommendation
A
B
C
D
E

Description

Evidence obtained from
at least one RCT
Evidence obtained from well‑designed
control trials without randomization
Evidence obtained from a well‑designed
cohort or case–control study
Evidence obtained from comparisons
between times or places with
or without intervention
Opinion of respected authorities
based on clinical experience
and expert committees

There is good evidence to
support the statement
There is fair evidence to
support the statement
There is poor evidence to support the
statement, but the recommendation
was made on other grounds
There is fair evidence to
refute the statement
There is good evidence to
refute the statement

Accept completely
Accept with some reservations
Accept with major reservations
Reject with reservations
Reject completely

RCT: Randomized controlled trial

WON.[2‑5] The conventional single transluminal gateway
technique using transmural placement of single or
multiple plastic or metal stents is sufficient for the
vast majority of PFCs.[9] The primary liquid content of
PFCs can be easily drained with a single, transmural
drain to allow for collapse and resolution; however,
the solid necrotic tissue contained within a WON
often does not drain as easily, which may impair the
outcome of endoscopic drainage by leading to premature
stent occlusion with the potential to develop infection.
Furthermore, infected WON requires aggressive therapy,
such as direct endoscopic necrosectomy (DEN), for the
removal of necrotic tissue.[2‑5]

Question 1

Should LAMS become the standard of care for the
creation of an endoscopic cystenterostomy in patients
with pancreatic necrosis?

Answer

The majority of endoscopists (72.7% [16/22]) felt that
LAMS should become the standard of care for creation
of an endoscopic cystenterostomy in patients with
pancreatic WON.
Although LAMS are increasingly being used for
drainage of WON, the advantage over plastic stents is
unclear. The current survey suggests that endoscopic
transmural drainage using metal stents, such as LAMS
and DEN, is widely perceived to be effective and safe.
LAMS were developed with the aim of reducing the
rate of migration and has a dog bone shape with a
double flange, thus allowing apposition of the walls
of the cavity and enteric wall. The wide diameter
enables the passage of an endoscope for necrosectomy.
Plastic stents have the disadvantage of a small lumen
diameter, which can limit drainage and may necessitate
reintervention, which have to be removed in most cases
to allow necrosectomy to proceed. When the stents are
removed, there is a risk of loss of access to the PFC
cavity, whereas necrosectomy can occur through the
LAMS with much less risk of loss of access. Mukai
et al.[9] retrospectively evaluated the safety, efficacy, and
cost performance of draining WON using a novel,
fully covered, biflanged metal stent (BFMS) compared
with a traditional plastic stent. Seventy patients with
symptomatic WON were treated under EUS guidance.
Initial drainage was conducted using the single gateway
technique with placement of one or more plastic stents
or a single BFMS. If drainage alone was unsuccessful,
DEN was performed. Plastic stents and BFMS were
safe and effective for the treatment of WON. In
particular, BFMS placement appeared to be preferable
for initial EUS‑guided drainage and additional DEN as
it reduced the procedure time.
Another multicenter study also confir med the
effectiveness of LAMS in the treatment of a WON.
Sharaiha et al.[6] studied 124 patients with WON who
underwent endoscopic transmural drainage using
LAMS at 17 tertiary care centers from January 2014
to May 2015. After EUS‑guided drainage, endoscopic
necrosectomy was performed directly, irrigated with
hydrogen peroxide (H 2 O 2 ), and/or a nasocystic
drain was placed. The median size of the WON
was 9.5 cm (range, 4–30 cm). Eight patients had
2 LAMS placed for multiport access, all with technical
success (100%). Clinical success was achieved in
107 patients (86.3%) after 3 months of follow‑up.
The stents remained patent in 94% of the patients
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(117 of 124) and migrated in 5.6% of the patients
(7 of 124). In this questionnaire, most endoscopists
felt that LAMS should be the standard of care for the
creation of an endoscopic cystenterostomy in patients
with a pancreatic WON.
Quality of evidence: II-1.
Classification of recommendation: B.
Level of agreement: (a) 72.7%, (b) 22.7%, (c) 4.6%,
(d) 0%, (e) 0%.

Question 2

What size of LAMS is optimal in patients with
pancreatic necrosis?

Answer

Twenty‑one of 22 (95.5%) endoscopists recommended
a large diameter (d = 15 mm) LAMS for drainage in
patients with WON.
What size of LAMS is optimal in patients with
pancreatic necrosis? In this survey, 95.5% (21/22) of
endoscopists felt that a large diameter (d = 15 mm)
LAMS for the drainage of WON is more effective.
Larger diameter LAMS are commercially available in
Europe at this time, of note. It would have been of
interest if Lakhtakia et al.[10] had performed a subgroup
analysis to determine whether patients who had a
smaller diameter stent required more procedures for
endoscopic declogging or a higher number of DEN
sessions compared with a larger stent diameter. Because
the larger stent diameter is one of the key reasons for
success of the BFMS and LAMS in the management of
WON, future devices will likely have stents with even
larger diameters.
Will application of different stent treatments
for WON have different results? Siddiqui et al. [7]
compared the clinical outcomes and adverse events
of EUS‑guided drainage/debridement of WON
with double‑pigtail plastic (DP) stents, fully covered,
self‑expanding metal stents (FCSEMSs), and LAMS.
From 2010 to 2015, a total of 313 patients (23.3%
female; mean age, 53 years) underwent WON
debridement, including 106 who were drained using
DP stents, 121 using FCSEMSs, and 86 using LAMS.
Successful endoscopic therapy was noted in 277 of
313 (89.6%) patients. These authors concluded that
EUS‑guided drainage/debridement of WON using
288

FCSEMSs and LAMS is superior to DP stents with
respect to overall treatment efficacy. The number
of procedures required for WON resolution was
significantly lower with LAMS compared with
FCSEMSs and DP stents. Some novel stents are also
used in the treatment of WON.
Some novel metal stents are increasingly used in
the treatment of WON. Hug gett et al. [11] used a
novel FCSEMS (NAGI stent; Taewoong Medical,
Gyeonggi‑do, Korea) for EUS‑guided drainage of
WON. Stents with a 14‑mm or 16‑mm expanded
diameter and 20‑ or 30‑mm length were used.
Nineteen patients were included. The median
maximum collection size was 15 cm, with a median
necrosis rate of 50%. Fourteen of 19 (73.7%) patients
underwent necrosectomy. Five stents migrated or
dislodged. One patient had postprocedure abdominal
pain. The conclusion of the Hug gett et al.’s [11]
study was that the novel FCSEMS is feasible and
safe for drainage of WON. The same metal stent
also used in the Mukai et al.’s [12] study. Twenty‑one
patients were treated by EUS‑guided drainage using
a flared‑type BFMS for PFCs (PP, 2 patients; WON,
19 patients). The present study showed a technical
success rate of 100% and a final clinical success rate
of 100%.
Quality of evidence: II-1.
Classification of recommendation: B.
Level of agreement: (a) 95.5%, (b) 4.5%, (c) 0%,
(d) 0%, (e) 0%.

Question 3

Should LAMS be dilated after deployment or allowed
to open on its own after placement?

Answer

Twelve of 22 (54.5%) endoscopists recommended that
LAMS should not be dilated after placement into the
WON.
Twelve of 22 (54.5%) endoscopists considered that the
LAMS should not be dilated after placement into the
WON. If the diameter of the stent is large enough,
dilation is unnecessary. Dilation may facilitate more
rapid drainage and may help to bring the PFC into
closer apposition with the gastric or duodenal wall, but
there is a risk of dislodgment after deployment. It is
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likely that some endoscopists dilate in some cases, and
not in other cases. Whether the endoscopists choose
to dilate or not is always based on the content and
appearance of PFC.

Quality of evidence: II‑1.
Classification of recommendation: B.

Quality of evidence: III.

Level of agreement: (a) 13.6%, (b) 0%, (c) 0%,
(d) 0%, (e) 86.4%.

Classification of recommendation: C.

Question 5

Level of agreement: (a) 36.5%, (b) 0%, (c) 4.5%, (d)
4.5%, (e) 54.5%.

Question 4

Should endoscopic necrosectomy be perfor med
during the same procedure as the creation of the
cystenterostomy? What is the optimal interval for repeat
endoscopic necrosectomy procedures?

Answer

Nineteen of 22 (86.4%) endoscopists were of the
opinion that endoscopic necrosectomy should not
be perfor med during the same procedure as the
creation of the cystenterostomy. The mean (±SD)
optimal inter val recommended for endoscopic
necrosectomy procedures after EUS‑guided drainage
was 6.23 ± 4.71 days (range, 3–21 days).
Gornals et al.[13] prospectively recruited patients with
a WON after necrotizing pancreatitis who underwent
endoscopic transmural necrosectomy using LAMS
with vigorous irrigation sessions. After drainage by
LAMS, irrigation necrosectomy sessions were planned
at intervals of 2–5 days until most of the nonadherent
necrotic material was extruded, and there was clinical
improvement. Endoscopic necrosectomy was performed
on the same day in several cases. All stents were
successfully positioned in all cases, which resulted in
a technical success rate of 100%. Resolution of the
lesions was achieved in 100% of cases after a median
of three endoscopy sessions per patient.
In the survey, most endoscopists were of the opinion
that endoscopic necrosectomy should not be performed
during the same procedure as the creation of a
cystenterostomy, although those that do so cannot be
seen as violating the standard of care. The mean optimal
interval recommended for endoscopic necrosectomy
procedures after EUS‑guided drainage was considered to
be 6.23 days (range, 3–21 days). After fistula formation,
the pneumoperitoneum and bleeding complication rates
were lower.

Should a nasocystic tube (or other tube) be needed?
Should agents, such as diluted H2O2, be used universally
to lavage the PFC cavity in patients with pancreatic
necrosis?

Answer

Ten of 22 (45.5%) endoscopists were of the opinion
that a nasocystic or other tube would be needed to
lavage the PFC cavity. 45.5% (10/22) recommended
that agents such as diluted H 2O 2, should be used
universally to lavage the PFC cavity in patients with a
WON.
In a retrospective study, the use of a nasocystic tube
alongside PSs in patients with a WON was shown
to result in higher short‑term success (85% vs. 63%)
and decreased stent occlusion rates (13% vs. 33%)
compared to the use of PS alone.[14] Furthermore, a
recently published Cochrane review concluded that the
use of a nasocystic tube with EUS‑guided drainage
was associated with lower adverse events and a shorter
hospital stay than when EUS‑guided drainage was
performed alone.[15] Lakhtakia et al. [10] retrospectively
evaluated consecutive patients with symptomatic WON
who underwent EUS‑guided drainage using BFMSs
over a 3‑year period. Two hundred and five WON
patients were included. Reassessment was performed
between 48 and 72 h for resolution. Endoscopic
reinterventions were tailored in nonresponders in a
stepwise manner. Step 1: Occluding debris was cleared
using endoscopic devices (declogging) using a snare
or forceps. Step 2: Nasocystic tube (NCT) placement
through BFMSs with intermittent irrigation. Step 3:
DEN. Three days after the BFMS was placed for
drainage, a gastroscopic assessment was performed
to confirm stent dysfunction. As the first step in
this approach, any occluding debris was cleared with
endoscopic devices (declogging) using a snare or
forceps. In symptomatic patients with necrotic debris
visible within the WON cavity, but without stent
occlusion, and in patients who did not improve with
the step one approach (declogging), the second step
was to place an NCT through the lumen of the BFMS.
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Intermittent irrigation with saline solution and 3% H2O2
was then undertaken. Each session of irrigation was
done at 8‑hourly intervals using 20 mL of 3% H2O2,
followed 10 min later by 100 mL of saline solution.
Sharaiha et al.[6] conducted a retrospective multicenter
case series of 124 with WONs who underwent
endoscopic transmural drainage using LAMS (Axios;
Boston Scientific, Natick, Massachusetts, USA) at
17 tertiary care centers from January 2014 to May
2015. Patients underwent EUS‑guided cystogastrostomy
or cystenterostomy with placement of LAMS into the
WON collection. At the discretion of the endoscopist,
direct endoscopic necrosectomy, irrigation with H2O2,
and/or a NCT drain placement was performed. Clinical
success was achieved in 107 patients (86.3%) after
3 months of follow‑up.
Quality of evidence: II‑1.
Classification of recommendation: B.
Level of agreement: (a) 45.5%, (b) 22.7%,
(c) 18.2%, (d) 13.6%, (e) 0%.

Question 6

What is the optimal interval for repeat imaging in
patients undergoing endoscopic necrosectomy? When
should LAMS or other stents be removed in patients
undergoing endoscopic necrosectomy?

Answer

The mean (±SD) optimal interval recommended for
repeat imaging in patients undergoing endoscopic
necrosectomy was 12.32 ± 7.46 days (range,
3–30 days). The mean (±SD) time recommended to
remove the LAMS was 4.59 ± 1.919 weeks (range,
3–12 weeks).
Gornals et al. [13] reported that WON resolution was
assessed by multidetector computed tomography or
EUS 4–8 weeks after initial transmural drainage. If
complete resolution was achieved, all stents were
removed; however, if the collection was not resolved,
stent removal was deferred and a new imaging
procedure was scheduled 2–4 weeks later.
The use of LAMS for PFCs has been previously
reported. [16-20] High complication rates related to
migration have also been documented. [17,21] When
to remove the stent remains controversial and will
likely remain individualized. Long‑ter m rates of
290

stent patency and safety are unknown and require
further investigation. In the sur vey, the mean
time recommended to remove the LAMS was
4.59 weeks (range, 3–12 weeks). Hence, follow‑up is
important for patients with a LAMS, specifically with
respect to postprocedural stent migration. Gornals
et al.[13] reported that all stents were easily retrievable
after resolution of the lesions. The mean time to stent
retrieval was 9 ± 3.4 weeks without stent migration.
Lakhtakia et al.[10] reported that all of the patients were
followed for 4–8 weeks, at which time the BFMS was
removed after documenting resolution of the WON on
transabdominal ultrasound imaging.
Quality of evidence: II‑2.
Classification of recommendation: C.
CONCLUSION
Based on the consensus, most endoscopists
recommended that LAMS should be the standard
of care for the creation of an endoscopic
cystenterostomy in patients with pancreatic WONs.
A large diameter (d = 15 mm) LAMS are more
effective for drainage and following endoscopic
necrosectomy. The majority of endoscopists felt
that endoscopic necrosectomy should not be
performed during the same procedure as the creation
of a cystenterostomy. The mean optimal interval
recommended for endoscopic necrosectomy procedures
after EUS‑guided drainage is 6.23 days. To avoid stent
migration or hemorrhage caused by the LAMS, the
mean time recommended to remove the LAMS is
4.59 weeks. Whether or not, a plastic stent should be
placed after removal of the LAMS was not addressed.
Similarly, the issue of transpapillary pancreatic duct
(PD) stenting by ERCP in addition to transmural
drainage was not addressed in this survey. There is a
need for RCTs to compare metal with plastic stents
in pseudocyst due to acute pancreatitis and WON
separately to decrease heterogeneity. Pseudocyst
associated with chronic pancreatitis should be dealt
with differently because there is hardly any necrosis
in them thus obviating the need for a metal stent.
However, patients with chronic pancreatitis may
require PD stenting due to PD obstruction and
communication with the cyst.
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