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Novel lumen-apposing metal stent for the
drainage of pancreatic fluid collections: An
Italian multicentre experience
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Abstract
Background: Endoscopic ultrasound (EUS)-guided drainage is the procedure of choice for pancreatic fluid collection (PFC)

management. Recently developed lumen-apposing fully covered self-expandable metal stents (LAMSs) may facilitate drain-

age, especially of necrotic and complex PFCs.

Objective: To evaluate the feasibility and efficacy of a newly developed LAMS (Nagi, Taiwong Medical Co. Ltd, South Korea) in

the drainage of PFCs.

Methods: Retrospective analysis of LAMS drainage of PFCs from seven centres. Patient demographic, EUS and radiological

findings, PFCs aetiology, procedural technical and clinical success, and adverse events were evaluated.

Results: Sixty-seven patients with mean age 58.8� 14 years (68.7% males) were included in the analysis. Of these, 44 patients

had pseudocyst (PP) and 23 patients had walled-off pancreatic necrosis (WOPN). Technical success was achieved in 98.5% of

cases and clinical success in 94%. The adverse event rate was 24.2%, higher and mostly due to stent migration and occlusion in

the WOPN group as compared to the PP group, despite the time to stent removal being significantly lower in the WOPN group.

Conclusions: PFC drainage using the Nagi stent is highly feasible and effective, with a relatively safe profile. Future studies

enrolling more patients with complex PFCs are needed to clearly establish the role of this stent in PFC management.
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Key summary

Summarize the established knowledge on this subject:
- Endoscopic ultrasound-guided drainage is the technique of choice for pancreatic fluid collection (PFC)
management.
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- Recently, new dedicated anchoring lumen-apposing fully covered self-expandable metal stents (LAMSs)
have been developed, allowing better drainage and easy direct access into the PFC cavity for direct endo-
scopic necrosectomy.

- The Nagi stent is a new dedicated anchoring LAMS, with few published studies showing its potential and
heterogeneous results in small populations.

What are the significant and/or new findings of this study?
- Nagi stent positioning is feasible and effective for the drainage of PFCs.
- Adverse events are relatively low, and are mainly due to spontaneous stent migration and bleeding.
- No differences between the pseudocyst (PP) and walled-off pancreatic necrosis (WOPN) groups in terms of
demographic characteristics and PFC aetiology, symptoms leading to drainage, dimension of collection and
recurrence were observed.

- Compared to the PP group, the WOPN group experienced a significantly higher rate of stent migration,
with shorter time to stent removal.

Introduction

According to the revised Atlanta classification,
pancreatic fluid collections (PFCs) include acute peri-
pancreatic fluid collections and acute necrotic
collections, which, over time, turn into pancreatic
pseudocysts (PPs) and walled-off pancreatic necrosis
(WOPN), respectively.1 Currently, available treatment
options for symptomatic PFCs include surgical, percu-
taneous and endoscopic drainage. Surgery is associated
with high morbidity and mortality, whereas percutan-
eous treatment increases infection risk and fistula for-
mation.2–4 Therefore, PFC endoscopic drainage has
been increasingly used as a minimally invasive alterna-
tive. In particular, endoscopic ultrasound (EUS)-guided
transluminal drainage, for its safety and effectiveness, is
now becoming widely accepted as the first-line therapy
for PFC drainage in many tertiary centres.2,3,5–9

EUS allows an accurate assessment of surrounding
vessels and PFC wall thickness, showing the best trans-
mural approach in the shortest distance. Under EUS
guidance, the clinical success rate for PFC drainage is
�90%, with a complication rate of �11%.2,3,10

Traditional endoscopic drainage of PFCs has
included the use of a variety of accessories. Multiple
plastic stents (7–10 Fr) were conventionally used
because of their safety and effectiveness. However,
a major criticism is related to their narrow lumen caus-
ing premature occlusion, leading to multiple revisions
in 17.7–27% of cases.2,3,11 This is especially true for
WOPN, which are characterized by solid debris, and
therefore the insertion of multiple stents or nasocystic
drainage is often necessary. Fully covered self-
expandable metal stents (FCSEMSs), initially used for
biliary strictures, have become available for PFC drain-
age, replacing the use of multiple plastic stents.
FCSEMSs offer the advantage of a larger diameter
lumen, allowing more efficient drainage when an exces-
sive amount of debris is present and offering access
to the cyst cavity for eventual direct endoscopic

necrosectomy (DEN). However, these stents were ini-
tially tubular without anchoring flanges and could
therefore migrate, resulting in inefficient drainage and
adverse events.2,3

Recently, new dedicated anchoring lumen-apposing
fully covered self-expandable metal stents (LAMSs)
have been developed for PFC drainage, with wide-
flared ends, minimizing the risk of migration, and pro-
viding a large lumen allowing better drainage of the
PFC and easy direct access into the PFC cavity for
DEN. Therefore, this new type of stent might allow
faster patient recovery compared to the use of plastic
stents and FCSEMSs.

However, data on the feasibility and clinical useful-
ness of these devices are limited. The Nagi stent
(Taewoong Medical Co. Ltd, South Korea) is a new
dedicated anchoring LAMS, with very few published
studies showing its potential and heterogeneous results
in small populations.

Therefore, the primary aims of this study were to
evaluate the technical and clinical success rate and the
adverse events of the use of this novel lumen-apposing
stent for symptomatic PFC management in a large
cohort of patients. As a secondary aim, outcomes of
patients with either PPs or WOPNs were compared.

Methods

This is a multicentric, retrospective study conducted
across seven tertiary care centres in Italy, after ethical
approval by the Institutional Review Board of each
centre (Comitato Etico Ospedale San Raffaele, 9 June
2016).

Endoscopy Databases of practicing endosonogra-
phers were queried for all patients who had undergone
PFC EUS-guided drainage using Nagi stents between
2013 and 2016. A standardized datasheet recording
patient demographics, PFC aetiology and type, tech-
nique used for insertion, adverse events, and technical
and clinical success was created from outpatient and
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hospital records. Only patients who underwent PFC
EUS-guided drainage with attempt of Nagi stent inser-
tion and with a� 3-month follow-up were included.

Data collection was performed according to the
principles of the Declaration of Helsinki.

Definitions

PFCs were defined as PPs and WOPNs according to the
revised Atlanta classification,1 and subsequently as sterile
or infected based on the presence of signs of infection
(fever, increased WBC or CRP, and/or evidence of gas
bubbles at imaging examinations). PFCs were evaluated
through computed tomography (CT) and EUS. The indi-
cations for PFC drainage were: refractory abdominal
pain, impaired gastric outlet, anorexia and infected
PFCs, according to current guidelines.5,6 Presence of
regional varices, suspected cystic neoplasms, coagulopa-
thy (International Normalized Ratio. INR> 1.5),
thrombocytopenia (platelets< 50.000/mm3) or absence
of close proximity of PFC walls to EUS probe (>1 cm)
were exclusion criteria. Technical success was defined as
the ability to position and deploy the stent. Clinical suc-
cess was defined as at least a 50% decrease in the PFC
size based on radiological evaluation (either CT scan
and/or magnetic resonance imaging) analysis at 30
days, associated with clinical resolution of the symptoms
considered the primary indication to the procedure.

Adverse events were defined as: immediate peri-pro-
cedural (<24 hours), post-procedural early (<7 days)
and delayed (>7 days).

Device and procedure description

The Nagi stent is specifically designed to create a tem-
porary cystogastrostomy or cystoduodenostomy, and
consists of a 20-mm long nitinol structure with a sili-
cone coating. It is doted of bilateral anchoring wide
flares (24mm) at both extremities of the stent, designed
to hold the stomach or duodenal wall in apposition to
the PFC wall. A variety of lengths (10, 20 and 30mm)
and diameters (10, 12, 14 and 16mm) are currently
available. The stent is mounted on a coaxial delivery
system, 10 Fr in diameter, and can be passed through
the 3.8-mm channel of a therapeutic echoendoscope.
The stent is equipped with three fluoroscopic markers
(distal, central and proximal) and one endoscopic
marker on the enteral side in order to facilitate place-
ment. The delivery system allows the insertion of a
standard 0.035-inch guidewire.

All procedures were performed under deep sedation,
using a therapeutic linear echoendoscope, by endoso-
nographers with> 5 years of practice. Written informed
consent was obtained from each included patient. An
access tract was created using either a 19G needle or

cystotome as per endoscopist preference, followed by
the placement of a 0.035-inch guidewire advanced
within the cavity to form several loops under radio-
logical guidance. After removing the needle, the fistula
tract was dilated using a dilating balloon or the cysto-
tome, and the stent delivery catheter advanced over the
guidewire into the cavity. Distal flange deployment was
done under EUS and/or radiological guidance, while
proximal flange deployment was performed under
endoscopic visualization Fig. 1. Stent diameter selec-
tion was at endoscopist discretion. In cases of
WOPN, stents with larger diameter were preferred to
allow access to the cavity for the eventual necessity of
DEN. DEN sessions were performed using an upper
endoscope advanced through the stent at the scheduling
preference of the endoscopist until complete resolution
of the necrosis was achieved.

Outcome measures

Primary endpoints included technical success, clinical
success and immediate peri-procedural, post-
procedural early and delayed adverse events.

The secondary endpoint was to compare characteris-
tics and outcomes of patients with PPs versus WOPNs.

Evaluations were performed at baseline, 30 or
60 days after stent removal with a visit, and with a
radiological evaluation performed after stent removal
based on medical judgement.

Statistical analysis

Continuous variables are presented as mean (� SD)
and categorical variables are presented as number (per-
centage). Categorical data were compared by Fisher’s
test and continuous variables by Student’s t-test.
Logistic regression was used to calculate odds ratios
(ORs) and their 95% confidence intervals (CIs).

Statistical analyses were performed using
MedCalc version 13 (MedCalc Software, Belgium).
A p-value< 0.05 was considered statistically significant.

Results

Patient demographics and PFC characteristics

Sixty-seven patients (mean age 58.8� 14; 68.7% males)
were enrolled. Patient demographics, PFC characteris-
tics and aetiologies, and indications to drainage are
detailed in Table 1.

Technical success rate

Successful LAMS placement was achieved in 66/67
patients (98.5%), as assessed by radiological and
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endoscopic imaging. In all cases, the stent was inserted
through the stomach wall. All technical details are
reported in Table 2. Unsuccessful LAMS deployment
in one subject was caused by stent malpositioning. This
patient underwent plastic double pig-tail stent position-
ing during the same session after Nagi removal.

Clinical success rate

Clinical success was achieved in 63/66 (94%) subjects
who underwent successful stent placement, as shown in
Table 2. PFC size decreased significantly from baseline
(10.7� 3.7 cm) to 30 days after stent placement
(3.8� 2.9 cm) (p< 0.0001). Among the three patients
in whom clinical success was not obtained, two were
due to stent occlusion (PFC resolution was obtained
in one with surgical necrosectomy and in the other
one with the positioning of double pig-tail stents
through the Nagi) and one had stent migration
during DEN (with PFC resolution obtained with the
positioning of double pig-tail stents replacing the
Nagi stent). DEN was performed in 8/66 (12.1%)
patients with an infected WOPN.

A logistic regression analysis was performed to
evaluate whether patient characteristics, the aetiology
of the pancreatitis or type of PFC was associated with
the PFC resolution. Neither patient characteristics (age
OR 1.00 95% CI 0.95–1.04, p¼ 0.76; sex OR 0.58 95%
CI 0.14–2.38; p¼ 0.45), aetiology of pancreatitis
(biliary OR 2.26 95% CI 0.66–7.75, p¼ 0.19; alcoholic
OR 0.34 95% CI 0.07–1.69; p¼ 0.19; chronic

Table 2. Technical procedure details, adverse events and clinical

success.

Stent placement

Transgastric 67 (100%)

Transduodenal 0

Access for fistula track:

19-gauge EchoTip needle 58 (86.6%)

Cystotome 8 (11.9%)

Dilation of fistula track

Graduated balloon 29 (43.3%)

Cystotome 38 (56.7%)

Nagi stent diameter

10 mm 5 (7.5%)

12 mm 13 (19.4%)

16 mm 49 (73.1%)

Technical success 66 (98.5%)

Direct endoscopic necrosectomy 8 (12%)

Adverse events (overall) 16 (24.2%)

Peri-procedural adverse events 1 (1.5%)

Bleeding 0

Perforation 1 (1.5%)

Suprainfection 0

Post-procedural early-onset adverse events 4 (13.4%)

Bleeding 3 (4.6%)

Perforation 0

Suprainfection 1 (1.5%)

Post-procedural delayed-onset adverse events 11 (16.7%)

Bleeding 2 (3%)

Perforation 0

Suprainfection 1 (1.5%)

Stent migration 5 (7.5%)

During DEN session 2 (3%)

Spontaneous 3 (4.5%)

Stent occlusion 2 (3.0%)

Other 1 (1.5%)

Clinical success 63 (94%)

Size at EUS: 30 days, cm (mean� SD) 3.8� 2.9

Days to stent removal 40.7� 30.6

Recurrence 2 (3%)

DEN: direct endoscopic necrosectomy; EUS: endoscopic ultrasound sonog-

raphy.

Table 1. Patient demographic and pancreatic fluid collection

characteristics.

Patients 67

Sex

Males 46 (68.7%)

Females 21 (31.3%)

Age, years (mean� SD) 58.8� 14

PFC subtype

Sterile PP 27 (40.3%)

Infected PP 17 (25.4%)

Sterile WOPN 12 (17.9%)

Infected WOPN 11 (16.4%)

PFC aetiology

Gallstone acute pancreatitis 42 (63%)

Alcoholic acute pancreatitis 8 (12%)

Post-ERCP acute pancreatitis 2 (3%)

Chronic pancreatitis 9 (13%)

Post-surgical pancreatitis 6 (9%)

PFC Symptoms

Abdominal pain 40 (59.7%)

Nausea and vomiting 25 (37.3%)

Fever 27 (40.3%)

Other 5 (7.5%)

Size at CT scan: baseline, cm (mean� SD) 12.4� 7.9

Size at EUS: baseline, cm (mean� SD) 10.7� 3.7

CT: computed tomography; ERCP: endoscopic retrograde cholangiopancrea-

tography; EUS: endoscopic ultrasound sonography; PFC: pancreatic fluid

collection; PP: pseudocyst; WOPN: walled-off pancreatic necrosis.
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pancreatitis OR 0.42 95% CI 0.09–1.99, p¼ 0.27) nor
type of PFC (WOPN versus PP OR 0.55 95% CI 0.16–
1.89, p¼ 0.34) were associated with a reduced or
increased rate of PFC resolution.

Procedure-related adverse events, stent migration
and occlusion

Only one peri-procedural perforation was reported as
an immediate adverse event, happening in the patient
where the stent could not be adequately positioned.
Fifteen post-procedural adverse events were reported,
4 (13.4%) with early onset and 11 (16.7%) with delayed
onset. Most of them were bleedings (all requiring radio-
logical intervention, except for one requiring surgical
intervention) and stent migration (7.5%), while stent
occlusion occurred in two (3%) patients. There was
no mortality directly related to the procedure. Details
are reported in Table 2.

Among patients with clinical resolution of PFC,
LAMSs remained implanted for a mean of 40.7� 30.6
days. Stent removal was successful in all patients.

Subgroup analysis of patients with PP
versus WOPN

There were no differences between the PP and WOPN
groups in terms of demographic characteristics and
PFC aetiology, symptoms leading to drainage, collec-
tion dimension and recurrence, as showed in Table 3.

Patients with WOPN experienced a significantly higher
rate of stent migration (17.4 versus 2.3%; p¼ 0.044),
and shorter time to stent removal as compared to
patients with PP (48.1� 35.2 versus 29.3� 16.9;
p¼ 0.018). No significant difference was seen in terms
of peri-procedural bleeding or suprainfection. Other
characteristics and outcomes are reported in Table 3.

Discussion

LAMSs are an innovative therapeutic approach for
PFC drainage with good efficacy and safety, character-
ized by a wider lumen compared to plastic stents, which
reduce the risk of occlusion and allow access to the
cavity to perform DEN, and equipped with anchoring
flanges to reduce the risk of dislocation.9–13 This multi-
centre study including patients who underwent Nagi
stent positioning for PFCs showed, among 67 patients,
a technical success rate of stent placement of 98.5%, a
PFC resolution rate of 94% and an overall adverse
events rate of 24.2%.

These data are in line with the available literature
on EUS-guided drainage of PFCs with LAMSs (see
Table 4).

The largest study evaluating the use of Nagi stents to
date is, to our knowledge, the one by Lakhtakia et al.,
which evaluated its use in 205 WOPN patients with a
technical success of 99% and an initial clinical success
of 74.6%, which is lower compared to our results but
with a lower rate of adverse events (3.9%).14

Table 3. Subgroup analysis comparing pseudocyst versus walled-off pancreatic necrosis.

PP (n¼ 44) N (%) WOPN (n¼ 23) N (%) p-value

Sex (male) 30 (68.2%) 16 (69.6%) 1

Age (mean� SD) 58.9� 15.5 58.8� 12.8 0.98

AP Biliary aetiology 29 (65.9%) 14 (60.9%) 0.79

AP Other aetiologies 15 (34.1%) 9 (39.1%) 0.23

Size at CT scan (mean� SD) 12.8� 9.5 11.5� 3.6 0.53

Size at EUS (mean� SD) 10.6� 3.9 10.7� 2.9 0.91

Technical success 43 (97.7%) 23 (100%) 1

Clinical success 42 (95.5%) 21 (91.3%) 0.6

Adverse events (overall) 7 (15.9%) 9 (39.1%) 0.067

Peri-procedural AEs 1 (2.3%) 0 1

Post-procedural early-onset AEs 3 (6.8%) 1 (4.3%) 1

Post-procedural delayed-onset AEs 3 (6.8%) 8 (34.8%) 0.0057

Stent migration 1 (2.3%) 4 (17.4%) 0.044

Stent occlusion 0 2 (8.7%) 0.11

Days to stent removal 48.1� 35.2 29.3� 16.9 0.0186

Recurrence 1 (2.3%) 1 (4.4%) 1

AEs: adverse events; AP: acute pancreatitis; CT: computed tomography; EUS: endoscopic ultrasound sonography; PP: pancreatic pseudocyst; WOPN: walled-

off pancreatic necrosis.
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Figure 1. Fluoroscopic view of a 10 Fr cystotome onto the guidewire used to perform fistula (a). Endosonographic (b), fluoroscopic

(c) black arrow) and endoscopic (d) views of the stent after its deployment.

Table 4. Studies evaluating drainage of pancreatic fluid collections with lumen apposing metal stents.

Study Patients (n) Type of stent Technical success Clinical success

Itoi et al., 201228 15 Axios 100% 100%

Gornals et al., 201324 9 Axios 88.9% 100%

Yamamoto et al., 201327 9 (4 WOPN, 5 PP) Nagi 100% 77.8%

Chandran et al., 201425 47 (9 WOPN, 38 PP) Nagi 98% 76%

Walter et al., 201529 61 (46 WOPN, 15 PP) Axios 98% WOPN 81%, PP 93%

Rinninella et al., 201530 93 (52 WOPN, 18 PP) Hot Axios 98.9% WOPN 90.4%, PP 100%

Bapaye et al., 201518 19 Nagi 100% 100%

Shah et al., 201513 33 Axios 91% 93%

Huggett et al., 201517 19 WOPN Nagi 100% 100%

Sharaiha et al., 201631 124 WOPN Axios 100% 86.3%

Siddiqui et al., 201626 82 (68 WOPN, 12 PP) Axios 97.5% WOPN 88%, PP 100%

Mukai et al., 201615 21 (19 WOPN, 2 PP) Nagi 100% 100%

Lakhtakia et al., 201614 205 WOPN Nagi 99% 96.5%

Vazquez-Sequeiros et al., 201632 211 (99 WOPN, 112 PP) Axios/FCSEMS 97% 94%

Siddiqui et al., 201733 86 WOPN Axios 97.7% 90%

Venkatachalapathy et al., 201834 116 (70 WOPN, 46 PP) Hot Axios 99.1% 94%

FCSEMS: fully covered self-expandable metal stent; PP: pancreatic pseudocyst; WOPN: walled-off pancreatic necrosis.
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Mukai et al. investigated 21 patients with PFCs
(2 PPs and 19 WOPN) treated with Nagi stent position-
ing,15 reporting that technical success was 100% and
that final clinical success was 100%. Nevertheless, com-
pared to our study, Mukai et al. also positioned a naso-
cystic tube in 28.6% of their patients in order to
perform lavages of the cavity, which could explain
their higher clinical success rate. In addition, their
adverse event rate was quite high (28.6%), character-
ized mostly by stent migration; in these patients, plastic
stents were positioned to prevent PFC recurrence.
Interestingly, nasocystic tube positioning has been
recently demonstrated, as reported by a network
meta-analysis by Gurusamy et al., to result in fewer
adverse events and a shorter hospital stays compared
to EUS-guided drainage alone.16

In the study by Huggett et al., the performance of
the Nagi stent was evaluated in 19 WOPN patients.
Clinical success was 100% while the stent migration
rate was 21%, higher compared to our study in the
WOPN group, probably due to the higher rate
of DEN required in their cohort of patients
(about 74%).17

Bapaye et al. performed another study from three
centres, enrolling 19 patients, using Nagi stents;18 tech-
nical and clinical success was seen in all patients
(100%), with complications occurring in 10% of
patients (one with stent migration and one with
bleeding).

Most of the current literature regarding the role of
LAMSs in PFC management is restricted to small case
series and case reports performed at single centres,
often including all PFCs and not performing subgroup
analysis according to the type of PFC.2,3,7,8,14–24 Two
studies performed at a multicentre level, one using Nagi
stents and the other using another similar novel saddle-
shaped LAMS (AXIOS, Xlumena), reported that the
initial resolution rate was higher and sustained for
PPs although not statistically significant, whereas it
was not uniformly successful in WOPN.25,26

In fact, Chandran et al. performed a national multi-
centre study on the use of Nagi stents including 48
PFCs with a technical success of rate 98.1% (similar
to our findings) and clinical success of 76.6%, which
is quite low compared to our study and probably due to
the fact that participating centres were not all referral
centres. Early adverse events occurred in 18.6% of
patients while late adverse events reached 26%, quite
a bit higher compared to our study.25

Another reported advantage of LAMSs compared
to plastic stents is the possibility of performing
DEN through the larger calibre of these stents, with
associated minimal incidence of adverse events.2,3,11–14

In our cohort, we performed DEN in 8 patients
(12.1%). The low rate of DEN required, compared

to other studies using different LAMSs,3 was probably
due to the efficient drainage through these wide-calibre
metal stents. Also, the study by Chandran et al.
reported a rate of DEN of 19.2% and of stent dis-
lodgement during DEN of 44.4%,25 while in our
study only two patients had stent dislodgement
during DEN (25% of patients undergoing DEN).
Other studies with smaller sample sizes did not investi-
gate this technical aspect, and thus probably underesti-
mated the rate of adverse events related to WOPN
drainage.2,3,27

Our study is one of the few to have performed a
logistic regression evaluating whether patient character-
istics, aetiology of pancreatitis or type of collection
were associated with an increased or reduced rate of
PFC resolution, but no significant result was seen in
our population.

Interestingly, in our study, stents positioned for
WOPN were removed significantly earlier compared
to stents positioned for PP. In fact, patients with
WOPN were kept hospitalized until resolution of the
PFC and the stents were removed as soon as resolution
was observed, while PP patients were discharged and
the stents were removed during second scheduled hos-
pitalization periods.

Unlike the results reported by Chandran et al., in
which the stent migration rate was 20.4%, in our
experience, spontaneous stent migration was similar
to that of previous studies reporting that this occurs
uncommonly.2,3,25

The major limitation of this study is due to its
retrospective nature and the lack of a control popula-
tion. Other limitations include follow-up method vari-
ability and timing after stent positioning across the
different centres, as well as the lack of long-term
follow-up and variability in endoscopic drainage
techniques.

The strengths of this study are represented by its
nationwide recruitment across seven Italian centres
with experienced echoendoscopists and the sample
size, which is one of the largest on the use of Nagi
LAMSs for PFC drainage to date. Additionally, we
evaluated the roles of Nagi stents for PPs and WOPN
separately, while the majority of previously published
studies have assessed the role of LAMS for PFC drain-
age in a pooled manner.

In conclusion, in our study, PFC EUS-guided drai-
nage using LAMSs had a very high technical success
rate and was a safe procedure, with a clinical success
rate for PP that was very high (95.5%), while slightly
lower for WOPN (91.3%). Randomized controlled
trials are required to evaluate the benefits, safety and
efficacy of different LAMS subtypes specifically
designed for EUS-guided drainage in the management
of PFCs.
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