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Abstract

Background and Aims:

High rates of technical and clinical success weported of lumen-apposing metal stent (LAMS)
placement for peripancreatic fluid collection (PRZainage. However, data on the adverse event
(AE) rates are heterogeneous. The aim of this study to evaluate the incidence, severity,
management, and risk factors of AEs related tougeeof LAMSs for drainage of PFCs in a large
cohort of patients.

Methods:

This is a multicenter, international, retrospectr&view from 15 centers of all patients who
underwent placement of LAMSs for the managemernPle€s. A nested case-control study was
conducted in patients with (case) or without (CONtAES.

Results:

A total of 333 procedures in 328 patients were qggared (5 patients treated with 2 LAMS).
Technical success was achieved in 321 (97.9%)matid@hree hundred four patients were finally
included in the study (7 excluded for lost to fellop information; 10 excluded for deaths
unrelated to LAMSs). The rate of clinical successsv89.5%. Seventy-nine LAMS-related AEs
occurred in 74 out of 304 patients (24.3%), aftenean time of 25.3 days (median, 18 days, IQR,
6-30 days) classified as 20 (25.3%) mild, 54 (68.46toderate, or 5 (6.3%) severe. On

multivariable analysis, compared with controls,esasere more likely to have walled-off necrosis



(WON) versus pancreatic pseudocysts (PP) (ORs,; 28% CI, 1.09-4.46; P=0.028), whereas
cases were less likely to have undergone tradogal dilation (yes vs no, OR, 0.47; 95% CI, 0.22-
0.93; P=0.034).

Conclusions:

Data from this large international retrospectiveidgt confirm that the use of LAMSs for
management of PFC has excellent technical and gtinital success rates. The rate of AEs,
however, is not negligible and should be carefatipsidered before using these stents for drainage
of PFCs, and in particular for WON. Further progjpec studies are needed to confirm these

findings.

I ntroduction

Pancreatic pseudocyst (PP) and walled-off necr@si®N) are peripancreatic fluid collections
(PFCs) resulting from acute or chronic pancreatitibich substantially differ in the amount of
necrotic content, with more abundant debris in W& mostly absent in PP (1). In many cases, in
particular when necrotic material is absent, sualkections may resolve spontaneously (2, 3). In
other cases, they can become symptomatic causstgogautlet obstruction, biliary obstruction,
pain, or infection, thereby causing significant bidity and mortality and requiring prompt
intervention (4). Surgical debridement or percutarsedrainage are associated with a significant
risk of adverse events (AEs) and mortality, so -lagasive approaches, such as endoscopic
drainage, are preferred when the expertise is abdail(5-7). In the past 2 decades, EUS-guided
drainage of peripancreatic fluid and necrotic altns has significantly advanced, using relatively
small plastic stents and also larger self-expandnagallic stents (SEMSs). With both methods,
drainage of the necrotic collection was feasibld atlowed access into the collection to perform
endoscopic transmural necrosectomy (ETN) when rteé8le However, endoscopic drainage has
been limited by the absence of dedicated devicethaastents initially used had been created for

biliary drainage. Because they were not specifycdéisigned for internal drainage of extraluminal



collections, plastic stents and SEMSs are limitgdshortcomings and possible AEs, such as
obstruction, migration, peritoneal leakage, blegdiand the need of multiple endoscopic
reinterventions (8). In recent years, a new typeully covered SEMS has become available,
namely lumen-apposing metal stent (LAMS), with @afc biflanged design that facilitates the
creation of a stable and sealed fistula betweemd#isé&ic or the duodenal wall and the target cavity
(9). The use of LAMSs for PFC drainage, and for W@idinage in particular, has brought good
results, with a high rate of technical and clinisaiccess, and potentially lower risk of fistula
occlusion and perforation compared with plastiotste although high-quality evidence is still
missing (9-13). The same studies have also higlddythe risks associated with the use of LAMSs,
such as bleeding, stent obstruction by necrotgués buried stents, or biliary duct compression,
thus raising questions regarding the proper indinator these stents and the correct timing for
removal (14, 15). Data on AEs with LAMSs in thetisgt of PFC drainage are heterogeneous and
only a few prospective studies are available. tteoto better understand how to avoid serious AEs
and maximize the benefits from the use of LAMSs,cerducted a retrospective multicenter study
aimed to evaluate the incidence, severity, manageraed risk factors of AEs related to the use of

LAMSs for the drainage of PFCs in a large cohoppatients.

M ethods

The present study is a multicenter, internatiometfospective review from 15 secondary and
tertiary care centers (11 in Europe, 4 in the Whi¢ates) of all patients treated in these in&bitst
with LAMS [AXIOS or Electrocautery-enhanced (ECXBOS System, Boston Scientific Corp,
Marlborough, Mass, USA] for the management of PP&/ON between March 2013 and October
2017. Intraprocedural and postprocedural AEs weoerded, classified, and graded according to
the ASGE lexicon (16). The institutional review biba@f each hospital approved the observational

study (NCT03544008) and the protocol was performextcordance with the Helsinki Declaration.

Study device



The AXIOS stent is a SEMS made up of braided nitthat is fully covered with silicone, with
wide flanges on both ends in order to provide anolobetween the gastrointestinal and cyst
lumens.

The stent is preloaded in a 9F or a 10.8F cathetgh a through-the-scope delivery system
compatible with therapeutic echoendoscopes havingpiking channel of 3.7-mm diameter or
larger. The delivery system allows for endoscopictol and uses a locked 2-step release system to
prevent unintended deployment of the second flange.

The novel EC-LAMS stent incorporated an electroegutvire into the distal tip of the delivery
catheter allowing for the lumen-to-lumen passagtefdevice followed by immediate deployment
of the stent, thus allowing for drainage to be garfed in as a single-maneuver procedure.

These stents are available in different diametedslangths: 6x8 mm, 8x8 mm, 10x10 mm, 15x10
mm and the novel 20x10 mm. The 10-mm, 15-mm andch@0diameter stents are felt to be more

appropriate for PFC.

Procedure

All EUS procedures were performed by experiencedbscopists in the endoscopy suite with a
therapeutic echoendoscope. Only mature PFC (iey, afftteast 4 weeks from the index pancreatitis,
as defined in Atlanta classification (1)) were ura#gd in the study. Under EUS guidance, the PFC
was studied and drained from either the stomachdwrdenum. Two different deployment
techniques were used in function of the stent asele discretion of the endoscopist.

When a standard LAMS (AXIOS) was used, an initiashgure with a 19-gauge needle through the
gastrointestinal (Gl) wall into PFC followed by @rson of a 0.025-inch or a 0.035-inch guidewire
was performed. After that, the tract was dilateth@s cystotome and dilation balloon, followed by
insertion of the delivery system and deploymerthefstent.

When the cautery-enhanced LAMS (EC-AXIOS) was usefteehand technique was employed,

with direct access into the PFC by puncture with tlevice using pure cut setting, followed



immediately by deployment of the stent without @axghange of devices. For both systems, the
deployment of the second flange was released egtidoscopically or with the intrascope channel
stent release technique (17).

Complementary maneuvers performed during the samatber procedures were at the discretion
of the endoscopist and included the following: dafl dilation of the LAMS, hydrogen peroxide
irrigation of the PFC, placement of nasocystic mige tube or double-pigtail stent through the
LAMS, and/or extraction of necrotic debris. Placatn& a concomitant percutaneous drainage was
added in some cases. All patients were under bspadtrum antibiotic therapy at the moment of
the LAMS placement. The type, the dosage and tleeseoof the antibiotic therapy were at the
discretion of the endoscopist and/or of the medieain (eg, Gastroenterology Unit, Intensive Care
Unit) that was taking care of the patient at eadtitution.

All data were extracted and compiled into a cerdedhbase.

Patient-related data included patient demographypg, of PFC, size and location of the collection,
presence of disruption of pancreatic duct, previowsging (CT scan, magnetic resonance imaging
[MRI], magnetic resonance cholangiopancreatogrdMiRCP]), presence of abnormal vessels on
imaging (including portal vein thrombosis, spleniein thrombosis, perigastric varices,
pseudoaneurysm, or others), etiology of pancreatitd indication for drainage.

Procedural data included type and size of the LAMEd, approach, endoscopic appearance of the
cavity, complementary maneuvers during the proadand/or subsequent placement of a
concomitant percutaneous drainage.

Postprocedural data included length of hospitabmatsuccessful stent removal after resolution of
PFC, recurrence of PFC during follow-up, AEs witkverity graded according to the ASGE
lexicon’s severity grading system (16), and thesmagement.

AEs were classified as early, when presenting withd days, and late, when presenting after 14

days from LAMS placement.



Patients were followed up with periodic laboratanalyses, clinic visits, and imaging (CT and/or
MRI) at the discretion of the responsible endosstopt each of the participating hospitals in an

ambulatory setting.

Definitions

AEs were defined as all symptomatic events reldtedhe use of LAMSs such as bleeding,
infection, stent occlusion and stent migration hasg in prolongation of hospital stay, requiring
medical therapy or further procedure or actioresnive the event or to treat the symptoms.

The ASGE lexicon’s severity grading system was useagtade the AEs (16).

Technical success was defined as successful LAME&epient into the PFC across the gastric or
duodenal wall.

Clinical success was defined as WON or PP <2 cnaxdal imaging 1 to 6 months after stent
insertion without need for further interventionadiologic, endoscopic, or surgical procedures. A
nested case—control analysis was conducted innpatiwith (case) or without (control) AEs,
looking for factors associated with occurrence &sACases and their controls were recruited from

each institution.

Statistical analysis

Descriptive analysis was carried out by calculatimgan and standard deviation (SD) for
continuous variables and proportions for categbrigariables. We used univariate and
multivariable logistic regression analysis to idntisk factors for AEs from possible variables.
For the purpose of this analysis, patients werarsépd according to a binary variable: those with
any AE (mild/moderate/severe) and those without. A€k of individual matching for all centers
permitted the use of unconditional logistic modwg]li(18). The univariate model used independent
variables related to characteristics of patients@raracteristics of procedures. Crude ORs and thei

95% Cls were calculated. Any factors associatet wis with a p-value0.100 on the univariate



analysis was entered into a multivariable logistigression analysis to determine any independent
predictors of AEs. Adjusted ORs (AORs) and thei#®&Is were obtained from multiple logistic
regression model. In our study, there was a passiblrce of nonindependence of data. Patients
treated in a particular center may be more alikegared with patients treated in another center due
to differences in treatment policies. As a respditients treated in the same center are dependent
(clustered), rather than independent. Thereforeadustment by using clustered standard error was
required for this hospital effect in estimatingneggion parameters.

Secondary outcome measures included cumulativeidrezies and times (from stent insertion to
occurrence) of different types of AEs (ie, stengration, bleeding, infection and stent occlusion).
Times were summarized using descriptive statistits mean and variability. A linear regression
model was used to estimate time with type of AEs: &dditional verification, frequencies of
different types of AEs among earlgl4 days) and late (>14 days) events were determined
differences between the 2 groups were assesseglthgilChi square test.

All analyses were done using R software, versidn23(2016-10-31 (R Core Team (2016). R: A
language and environment for statistical computiRg.Foundation for Statistical Computing,

Vienna, Austria. URL_https://www.R-project.org/)h&@ significance level was set at less than or

equal to 0.05.

It is recognized that there was multiple testinguaticome data arising from individual patients. The
p-values for the univariate statistical tests areaorrected for multiple testing, because thostste
were taken as exploratory. The subsequent muléibbailogistic regression analysis was considered
the main definitive result as it determined thoseiables independently associated with the
occurrence of AEs after adjusting for the contiitmg of the other variables in the model. Other
statistical results including those comparing tirfresn stent insertion with occurrence of AEs are
secondary, to be taken as descriptive only, andreqguiring correction of their p-values for

multiple comparisons.

Results



During the study period, a total of 333 procedune328 patients, (116 women, 35.4%; mean age,
56.0; SD, 16.0, range, 4-86) were performed. Fatgepts (1.5%) have been treated with 2 LAMSs
in different sessions. Overall, technical succeas wbtained in 321 (97.9%) patients.

Among the 7 (7/328, 2.1%) patients with technieglufe, 4 patients subsequently underwent a new
LAMS placement with or without concomitant coaxjahstic stents. The remaining 3 patients
underwent successful plastic stents placement. Abl&-related AEs were seen among the 7
patients with technical failure.

The median follow-up (FU) length was 153 days (me&8 days; IQR, 92-365).

After exclusions for technical failure (7 patien®s1%), lost to follow-up information (7 patients,
2.1%), and deaths unrelated to LAMSs (2 patien8%0) for cardiac arrest and 8 patients (2.4%),
who presented with sepsis and multiorgan failur©@ylbefore any intervention, received intensive
care support and finally died), 304 patients werduded in the analysis, constituting our study
population. The rate of clinical success was 8%8%2/304).

One or more LAMS-related AE were noted in 74 out306# (24.3%) patients. The 74 cases
included 79 AEs (5 patients with 2 AE) consistirfg22 (27.8%) bleeding (Figure 1), 20 (25.3%)
stent migration (Figure 2), 19 (24.1%) infectiod, (I.7.7%) stent occlusion, 3 (3.8%) buried stent
syndrome (Figure 3), and 1 (1.3%) occlusion ofgki®rus (Table 1). The control group consisted
of 230 patients without any of these conditionssdi@me characteristics for cases and controls are
given in Table 2.

For the 74 patients who experienced AEs, the mgamas 56 years (SD, 17) and 25 (33.8%) were
females. Forty-four (59%) patients underwent drgendor WON. Pancreatic pseudocysts were
drained in the remaining 30 (41%) patients. Moshemn etiologies of pancreatitis were gallstone
(35.1%), alcohol (33.8%), and idiopathic (17.6%)ajdt indications for drainage were abdominal
pain (33.8%), gastric outlet obstruction (28.4%)d asymptoms suggestive of infection (27%).
Fluid collection extension into the paracolic gutieas observed in 6.8% of the cases. In the

majority of cases (91.9%), EUS-guided drainage wedormed with the EC-LAMSs. Twenty-



eight patients (37.8%) required endoscopic nectosgc Concomitant percutaneous drainage was
used in 12.2% of cases.

According to ASGE lexicon (16) 20 (25.3%) AEs welassified as mild, 54 (68.4%) as moderate,
and 5 (6.3%) as severe.

Regarding all 79 included AEs, 46 (58.2%) were ngadaendoscopically, 27 AEs (34.2%) were
managed conservatively, and 6 (7.6 %) were man#geadigh interventional radiology. No AE
required surgical management.

All results of the univariate analysis are showTable 2. On univariate analysis, case and control
groups did not differ statistically in terms of agender, indication for collection drainage, et}

of pancreatitis, fluid location and fluid mean sizent type and diameter, and endoscopic
necrosectomy. There were, however, some differer@esipared with controls, cases were more
likely (at p<=0.100) to have performed drainag®DN vs. pancreatic pseudocyst (OR, 1.66; 95%
Cl, 0.98-2.86; p=0.062) and to need for concomifarcutaneous drainage (OR, 2.13; 95% ClI,
0.85-5.01, p=0.098), whereas they were less litelyave PFC extending up to the paracolic gutter
(OR, 0.44; 95% CI, 0.14-1.10; P=0.100), to undergsocystic tube (OR, 0.40; 95% ClI, 0.16-1.01,
P=0.046) and to undergo pneumatic tract dilatioR,(0.61; 95% CI, 0.33-1.08; p=0.092). On
multivariable analysis (Table 3), PFC classificat(®VON vs pseudocyst, OR, 2.18; 95% CI, 1.09-
4.46; P=0.028) and pneumatic tract dilation (yemws OR, 0.47; 95% CI, 0.22-0.93; P=0.034)
remained statistically significant.

Among cases, AEs were diagnosed after a mean tin2®.8 days (median, 18 days, IQR, 6-30
days) from the time of stent placement. The mears @ diagnosis (and interquartile range) for
each AE was as follows: bleeding (16.0, 0.0-7®ntsmigration (45.0, 2-146), and stent occlusion
(23.8, 1-60). Stent migration was significantly @sated with longer time from stent insertion as
compared with other events (p=0.026). The cumuwdaiticidence of AE during the study period is
shown in Figure 4. Early AEs, within 14 days frorAMS placement, were observed in 34 out of

79 (43.0%) cases. Among early AEs, bleeding (138%4%) and infection (11/34, 32.3%) were



the most commonly diagnosed. Stent migration aedtgicclusions represented the 17.6% (6/34)
and 8.8% (3/34) of early AEs, respectively. Seveaglerate AEs had (not significantly) shorter
time (22.0 days; 95% CI, 14.5-50.3) to diagnosis@mpared with mild AE (36.5 days; 95% ClI,
22.6-50.4; P= 0.071).

Discussion

In the last 2 decades, endoscopic drainage of P&Cbecome widespread. Additionally, the
availability of devices specifically designed forarismural drainage, such as LAMS, has
substantially contributed to the diffusion of thgwecedures. As the use of LAMS has increased,
more safety data regarding clinically relevant AlEsinexpectedly high rates, have raised concerns
about LAMS safety, highlighting the need of furtleerd focused studies. In this work, we reported
data from a wide cohort of patients treated withM& for symptomatic mature PFC (ie, pseudocyst
or WON), and factors related to AEs were investigathrough a nested case-control study. In our
cohort, the overall rate of AE is 24.3%, whereas di@m published series report rates from 3% to
53% (9-12) (13-15, 19-23). Most of these studiesret prospective, and the definitions of AEs are
not uniform, preventing generalizability of LAMSkaéed AEs. For instance, some published series
did not report nor analyze the stent occlusion cateuried stent syndrome as an AE (10, 19).

It is known that the clinical outcomes of collectsocontaining solid debris are worse than drainage
of pseudocysts (24, 25). In fact, the solid necrotaterial may not drain spontaneously through the
stent, requiring additional procedures, such a®stwpic necrosectomy in around 60% of patients
(20). Although a lower clinical success rate for W@ompared with PP has been already
described, it is not clear whether WON drainagecgdores are burdened by an increased risk of
AEs.

In our study, drainage of WON compared with PPsisoaiated with an increased risk of AEs in
both univariate and multivariate analysis, whemase of the others additional procedures usually
performed to facilitate drainage of collections, @@doscopic necrosectomy, plastic stent through

the LAMS) increased such risk.



Consistently, nasocystic tube drainage and pneanddétion of the stent reduce the risk of AEs,
even if only the latter has been confirmed in nvaltiate analysis (OR, 0.47; 95% CI, 0.22-0.93;
P=0.034). As reported above, this could be atteithudb the presence of necrotic material that can
obstruct the stent, impairing the drainage of tblkection and increasing the risk of AEs such as
infection and stent occlusion. Larger and well-gesd studies are needed to address this critical
point. Bleeding is one of the most feared AEs esldab SEMSs and LAMSs in the setting of PFC
drainage. Bleeding can originate from the gastadl,wwhich is easier to manage endoscopically, or
from the cavity, where the retroperitoneal vessais usually larger and the possibilities of
successful endoscopic hemostasis are significandiguced. In these cases, radiological
embolization is often required. It has been hypsitel that the LAMSs could result in a rapid
collapse of the cavity, resulting in the risk ointact between the retroperitoneal vessels and the
distal flange of the stent (26). The prolonged aohaind movement relative to the stent could result
in erosion and rupture of the vessels, thus causiogie severe bleeding. Considering this
hypothesis, the bleeding may be associated witlstér@ indwell time, with greater risk in case of
late removal. This point has been recently stressethny studies, and early removal of the LAMS
after 4 weeks is emerging as a proposed strategyinital practice (14, 23, 27). In our study,
bleeding represents 27.8% of all AEs (22/79), waithoverall risk of 22 of 304 (7.2%), and 3 cases
(3/304, 0.98%) classified as severe. Publishecesemnd randomized trials report a bleeding risk
ranging from 0% to 21% (9-12) (14, 15, 19-23). tagingly, 13 (59%) of 22 cases of bleeding
were reported in the first 14 days from the positig of the stent. Although early removal of the
stent after the resolution of the collection cobkla reasonable strategy, these data highlight that
bleeding caused by LAMS cannot be considered exelysas a late AE. Recently, Dhir and
colleagues (27) described a protocol of early remhaf the metal stent after 3.5 weeks, and
reported a bleeding risk of 3.5%, thus confirming presence of residual risk. Of note, one case of
bleeding from our cohort was reported at the tifhdcAMS removal; therefore, endoscopists

should be aware of such an AE in every step oPfR€ management.



LAMSs were conceived with a specific antimigratoligsign, in order to overcome the high risk of
migration reported for SEMSs. However, several issdeported risk of migration up to 20% (14,
21, 22). In this study, we reported an overall gkmigration of 6.6% (20/304), which is in line
with most published series (9-12) (13-15, 19-23)e TAMS can migrate into the gastrointestinal
lumen, where it can be easily retrieved, or int® thvity. In the latter case, it is necessary teren
the cavity to retrieve the stent, such as duringregsectomy, with possible further risks and AEs.
No cases of migration into the cavity were reportedur cohort, and in most cases, migration was
a minor AE, treated conservatively in 12 out of(B0%) because the collection had resolved. Of
note, stent migration occurred most commonly ast@a AE, with a mean time of diagnosis of 45
days (2-146), and was significantly associated Jatiger time from stent insertion as compared
with other events.

Traditionally, endoscopic transmural drainage o€CRfas been a complex multistep procedure that
requires access to the cavity, over-the-wire difabf the tract, and finally stent positioning thgt

the dilated tract. In case of the need for nectoseg, removal of most stents and hydraulic dilation
of the tract to 12 mm or more are required. Theseqaures involve multiple steps with an
inherent small risk of fluid leakage between théwall and the collection. In our study population,
276 out of 304 (90.8%) of the procedures were peréd with the enhanced-cautery delivery
system, which allows the catheter to enter thetgavith a “free-hand” technique, and subsequently
to deliver the stent without the need for devicehege. It is interesting to note that, despite the
significant number of procedures reported in thiglg, no cases of procedure-related perforation or
peritonitis were described, which have occasionbbgn reported during the multistep drainage
procedure. Overall, no AEs required surgical mameege.

In our cohort, we reported a not-negligible motyatate (12 events: 2 cardiac arrest; 10 multiorgan
failure) none of which was related to LAMSs. Theimiadication of the drainage in these patients
was the infection of the collection, complicatedM@F, which finally lead to death. As mentioned,

infected pancreatic necrosis is a severe clinioadtion. It has been reported to have an overall



mortality of 15% in patients with infected necrgsimhich reached 35% in patients with MOF (28).
In a recent study, the overall mortality in pateewith infected necrosis who underwent endoscopic
drainage was about 18% (20). Focusing on PFC draingth LAMS, published cohorts reported a
lower risk of mortality, which ranges from 0%, irost studies, to 5% (9-12) (13-15, 19-23). In our
study, the overall mortality risk was 3.7%. Of naieese cases were mostly complicated patients
who necessitated intensive care unit (ICU) befdre ¢éndoscopic procedure, or with advanced
cancer, and in whom the events leading to MOF aalhdwas not related to the procedure and/or
to the stent. The best approach to drain thesersghpatients is not yet defined, but it has been
hypothesized that a shorter procedure, withoutrteed of general anesthesia, could limit the
postoperative stress and could be beneficial fer glognosis (20, 29, 30). In this setting, the
delivery of an LAMS with an enhanced-cautery sysfgovides expedited drainage, with an even
faster procedure. Our study did not report a ptoteceffect of the use of EC-LAMSs compared
with “cold” LAMSs, even if the total number of predures with “cold” LAMSs was probably too
small to make this comparison.

The present study has some limitations, mainlytedl#o the retrospective design. It should also be
noted that only one type of commercially availab®MSs has been included in this analysis.
Moreover, the involvement of several centers withngndifferent operators and clinical settings
could have determined some heterogeneity in thee ddatthe same time, the involvement of several
centers could make the results more generalizéhethe other hand, the strengths of this work
include the relevant number of patients involvée, standardized definition of AEs and the design
allowing for evaluation of AE-associated risk fastoln conclusion, the findings discussed in this
work expand our knowledge about PFC management WAMSs, and could guide further
prospective studies aimed to maximize clinical sgscand to minimize the risk of AEs for patients
with PFC.

References



1. Banks PA, Bollen TL, Dervenis C, Gooszen HG,ndaim CD, Sarr MG, et al. Classification
of acute pancreatitis--2012: revision of the Attawtassification and definitions by international
consensus. Gut. 2013 ;62:102-11.

2. Yeo CJ, Bastidas JA, Lynch-Nyhan A, Fishman EkKner MJ, Cameron JL. The natural
history of pancreatic pseudocysts documented bypated tomography. Surgery, gynecology &
obstetrics. 1990 ;170:411-7.

3. Cheruvu CV, Clarke MG, Prentice M, Eyre-Brook Bonservative treatment as an option
in the management of pancreatic pseudocyst. Arofdlse Royal College of Surgeons of England.
2003 ;85:313-6.

4, Alali A, Mosko J, May G, Teshima C. Endoscopittrésound-Guided Management of
Pancreatic Fluid Collections: Update and Reviewtlsd Literature. Clinical endoscopy. 2017
;50:117-25.

5. Gomatos IP, Halloran CM, Ghaneh P, Raraty MGydRwos F, Evans JC, et al. Outcomes
From Minimal Access Retroperitoneal and Open PaticréNecrosectomy in 394 Patients With
Necrotizing Pancreatitis. Annals of surgery. 2068;292-1001.

6. Varadarajulu S, Christein JD, Wilcox CM. Fregeserof complications during EUS-guided
drainage of pancreatic fluid collections in 148 secutive patients. Journal of gastroenterology and
hepatology. 2011 ;26:1504-8.

7. Bakker OJ, van Santvoort HC, van Brunschot $kG& RB, Besselink MG, Bollen TL, et
al. Endoscopic transgastric vs surgical necrosegtdon infected necrotizing pancreatitis: a
randomized trial. Jama. 2012 ;307:1053-61.

8. McVay T, Adler DG. EUS-guided drainage of paatiefluid collections: Double pigtails,
metal biliary, or dedicated transluminal stents@ddstopic ultrasound. 2015 ;4:1-3.

9. Itoi T, Binmoeller KF, Shah J, Sofuni A, ltokawaKurihara T, et al. Clinical evaluation of
a novel lumen-apposing metal stent for endosondgrgpided pancreatic pseudocyst and

gallbladder drainage (with videos). Gastrointestamoscopy. 2012;75:870-6.



10. Rinninella E, Kunda R, Dollhopf M, Sanchez-Yagh, Will U, Tarantino [, et al. EUS-
guided drainage of pancreatic fluid collectionsngsa novel lumen-apposing metal stent on an
electrocautery-enhanced delivery system: a larggesective study (with video). Gastrointestinal
endoscopy. 2015 ;82:1039-46.

11. Gornals JB, De la Serna-Higuera C, Sanchez&agulLoras C, Sanchez-Cantos AM,
Perez-Miranda M. Endosonography-guided drainagpamicreatic fluid collections with a novel
lumen-apposing stent. Surgical endoscopy. 20134ZB-34.

12. Shah RJ, Shah JN, Waxman |, Kowalski TE, Sanidtague A, Nieto J, et al. Safety and
efficacy of endoscopic ultrasound-guided drainafigpancreatic fluid collections with lumen-
apposing covered self-expanding metal stents. €@ingastroenterology and hepatology : the
official clinical practice journal of the Americdabastroenterological Association. 2015 ;13:747-52.
13. Yang J, Chen YI, Friedland S, Holmes |, Paijjil@w R, et al. Lumen-apposing stents
versus plastic stents in the management of panmcrgmeudocysts: a large, comparative,
international, multicenter study. Endoscopy. 20 [3.

14.  Garcia-Alonso FJ, Sanchez-Ocana R, Penas-idelrdraw R, Sevilla-Ribota S, Torres-
Yuste R, et al. Cumulative risks of stent migrateomd gastrointestinal bleeding in patients with
lumen-apposing metal stents. Endoscopy. 2018 ;56938

15. Siddiqui AA, Kowalski TE, Loren DE, Khalid A,08mro A, Mazhar SM, et al. Fully
covered self-expanding metal stents versus lumeonsapg fully covered self-expanding metal
stent versus plastic stents for endoscopic drainsfg@ancreatic walled-off necrosis: clinical
outcomes and success. Gastrointestinal endoscopy;&5:758-65.

16.  Cotton PB, Eisen GM, Aabakken L, Baron TH, Hut¥IM, Jacobson BC, et al. A lexicon
for endoscopic adverse events: report of an ASGEstop. Gastrointestinal endoscopy. 2010

;71:446-54.



17.  Anderloni A, Attili F, Carrara S, Galasso D, D#o M, Costamagna G, et al. Intra-channel
stent release technique for fluoroless endoscoltrasound-guided lumen-apposing metal stent
placement: changing the paradigm. Endoscopy intiere open. 2017 ;5:E25-E9.

18. Breslow NE, Day NE. Statistical methods in @an@search. Volume | - The analysis of
case-control studies. IARC scientific publicatioh880 :5-338.

19. Lakhtakia S, Basha J, Talukdar R, Gupta R, NallRamchandani M, et al. Endoscopic
"step-up approach” using a dedicated biflanged Imstant reduces the need for direct
necrosectomy in walled-off necrosis (with videdSastrointestinal endoscopy. 2017;85:1243-52.
20. van Brunschot S, van Grinsven J, van Santvét, Bakker OJ, Besselink MG,
Boermeester MA, et al. Endoscopic or surgical siepapproach for infected necrotising
pancreatitis: a multicentre randomised trial. Lan2618;391:51-8.

21. Chandran S, Efthymiou M, Kaffes A, Chen JW, KWg Murray M, et al. Management of
pancreatic collections with a novel endoscopicplaced fully covered self-expandable metal stent:
a national experience (with videos). Gastrointestamdoscopy. 2015;81:127-35.

22. Mukai S, Itoi T, Sofuni A, Tsuchiya T, Gotoda Moriyasu F. Clinical evaluation of
endoscopic ultrasonography-guided drainage usimpweel flared-type biflanged metal stent for
pancreatic fluid collection. Endoscopic ultrasoud@15;4:120-5.

23. Bang JY, Navaneethan U, Hasan MK, Sutton B, é¢a, Varadarajulu S. Non-superiority
of lumen-apposing metal stents over plastic stdatsdrainage of walled-off necrosis in a
randomised trial. Gut. 2018 Jun 1.

24. Varadarajulu S, Bang JY, Phadnis MA, Christdy Wilcox CM. Endoscopic transmural
drainage of peripancreatic fluid collections: outas and predictors of treatment success in 211
consecutive patients. Journal of gastrointestinedeyy : official journal of the Society for Surger

of the Alimentary Tract. 2011 ;15:2080-8.



25. Yang D, Perbtani YB, Mramba LK, Kerdsirichaifgt Prabhu A, Manvar A, et al. Safety
and rate of delayed adverse events with lumen-appaesetal stents (LAMS) for pancreatic fluid
collections: a multicenter study. Endoscopy intéamal open. 2018;6:E1267-E75.

26. Bang JY, Hasan M, Navaneethan U, Hawes R, daagdu S. Lumen-apposing metal
stents (LAMS) for pancreatic fluid collection (PF@jainage: may not be business as usual. Gut.
2017 ;66:2054-6.

27. Dhir V, Adler DG, Dalal A, Aherrao N, Shah R,aWtleo A. Early removal of biflanged
metal stents in the management of pancreatic waltedecrosis: a prospective study. Endoscopy.
2018 ;50:597-605.

28. van Santvoort HC, Bakker OJ, Bollen TL, BesdeMG, Ahmed Ali U, Schrijver AM, et
al. A conservative and minimally invasive appro&einecrotizing pancreatitis improves outcome.
Gastroenterology. 2011;141:1254-63.

29. Bang JY, Arnoletti JP, Holt BA, Sutton B, HasdK, Navaneethan U, et al. An Endoscopic
Transluminal Approach, Compared With Minimally lis#wee Surgery, Reduces Complications and
Costs for Patients With Necrotizing Pancreatitiastéoenterology. 2018 Nov 16.

30. van Santvoort HC, Besselink MG, Bakker OJ, ldof{S, Boermeester MA, Dejong CH, et
al. A step-up approach or open necrosectomy farotiegong pancreatitis. The New England journal

of medicine. 2010 ;362:1491-502.

Figure Legend

Figure 1. Esophagogastroduodenoscopy revealedctpteeement of the lumen-apposing metal
stents (LAMSSs), fully opened, crossable by standmsiroscope. In the fluid collection cavity, an

oozing bleeding from a large arterial vessel wagle.



Figure 2. CT scan shows migration of the LAMS ia #iigmoid colon.

Figure 3. Esophagogastroduodenoscopy revealededisient syndrome with gastric mucosa

partially covering the LAMS.

Figure 4. Cumulative proportion of AEs after LAM&pement

Table 1. Characteristics of main AE, with severity gradedar and their management

Adverse event No. of Early Late S(es\:zrditey M anagement
events (%) (<l4days)  (>ladays) o 9
3severe | o)
Bleeding 22 (27.8%) 13 9 17 moderate .
2 mild radiology
5 Conservative
L 8 moderate 8 Endoscopy
0,
Stent Migration| 20 (25.3%) 6 14 12 mild 12 Conservative
10 Endoscopy
2 severe 8 Conservative
Infection 19 (24.1%) 11 8 12 moderate 1 Interventional
5 mild radiology
13 moderate 13 Endosco
Stent Occlusion 14 (17.7%) 3 11 by

1 mild

1 Conservative




Table 2. Demographic Data and Analyzed Variables of CaseGordrol Groups

Univariable analysis

Case Control
Variable (n=74) (230) OR 95% CI P value
Age (years)
mean (SD) 56 (17) 56 (16) 1.00 (0.99;1.02) 0.787
Gender, % (n)
Male, 49 (66.2) 150 (65.2) 1
Female 25 (33.8) 80 (34.8) 0.99 (0.54;1.77) 0.969
Indication for PFC
drainage, n (%)
Abdominal pain 25 (33.8) 74 (32.2) 1
Gastric outlet obstruction 21 (28.4) 46 (20.0) 1.35 (0.68;2.64) 0.425
Symptoms suggestive of
infected collection 20 (27) 88 (38.2) 0.65 (0.326D. 0.280
Early satiety 5 (6.8) 16 (7.0) 0.93 (0.28;2.64) 48.9
Jaundice 2(2.7) 2 (0.9) 2.96 (034; 25.7) 0.2f3
rapid increase in size 1(1.4) 4 (1.7) 0.74 (0.a95 0.819
PFC Location, n (%)
Head 16 (21.6) 37 (16.1) 1
Tail 17 (23.0) 49 (21.3) 0.80 (0.36;180) 0.592
Body 41 (55.4) 144 (62.6) 0.66 (0.34;1.32) 0.229
PFC Classification
PP 30 (41.0) 123 (53.5) 1
WON 44 (59.0) 107 (46.5) 1.66 (0.98;2.86) 0.062
PFC Size mean (SD) 113.5(44.2) 113.6(64.0) 1 (0.99;1.00) 0.799
L ength of hospitalization
(days), mean (SD) 8.3 (14.1) 9.2 (18.3) 1 (0.99;1.02) 0.797
Procedur e time (min), mean
(SD) 31.6 (20.3) 32.1(21.1) 1 (0.99;1.02) 0.795
Recurrent WON or
pseudocyst
No 63 (85) 214 (93.0) 1
Yes 11 (15) 16 (7.00) 2.15 (0.90-4.93) 0.073
Stent Type, n (%)
EC-LAMS( Hot- Axios) 68 (91.9) 208 (90.4) 1 - -



LAMS (Cold - Axios)
Stent diameter, n (%)
<=10 mm

>10 mm

Drainage approach, n (%)
Transgastric
Transduodenal
Tract dilation, n (%)
No

Yes

Necrosectomy, n (%)
Yes

No

Hydrogen peroxide
irrigation, n (%)

Yes

No

Nasocystic Tube

Yes

No

Pigtail stents placed through
the LAMS, n (%)

Yes

No

Concomitant Percutaneous
Drainage, n (%)

No

Yes

Extension of fluid collection
to paracolic gutter, n (%)
No

Yes

Not reported

stent

6 (8.1)

25 (33.8)
49 (66.2)

70 (94.6)
4 (5.4)

54 (73.0)
20 (27.0)

28 (37.8)
46 (62.2)

16 (21.6)
58 (78.4)

9 (12.2)
65 (87.8)

9 (12.2)
65 (87.8)

65 (87.8)
9 (12.2)

59 (79.7)
5 (6.8)
10 (13.5)

22 (9.6)

62 (27.0)
168 (73.0)

217 (94.3)
13 (5.7)

147 (64.0)
83 (36.0)

78 (33.9)
152(66.1)

59 (25.7)
171(74.3)

12 (5.2)
218 (94.8)

25 (10.9)
205 (89.1)

216 (94.0)
14 (6.0)

167 (72.6)
32 (13.9)
31 (13.5)

0.83

1
0.72

1
0.83

1
0.61

0.9

1.02

0.40

0.87

2.13

1
0.44
0.91

(9.30;3)0

(0.41:1.28)

(0.30;2.65)

(0.33;1.08)

(0.53;1.54)

(0.57;2.07)

(0.16;1.01)

(0.40;2.07)

(0.85:5.01)

(0.14;1.10)

(0.42;1.96)
SD: standard deviation, PFC: pancreatic fluid aiten, PP: pseudocyst, WON: walled-off necro
EC-LAMS: Electrocautery enhanced lumen-apposinghstént, LAMS: lumen-apposing metal

0.706

0.2p9

0.04

0.69

0.99

0.04

0.74

0.0¢

0.1d
420
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Table 3. Resultsfrom the multivariable analysis.

Multivariable analysis

Variable OR| 95% CI |Pvalue
PFC Classification

Pseudocyst 1

WON 2.18/(1.09;4.46) 0.028
Recurrent WON or PP

No 1

Yes 1.79(0.62-4.80) 0.259
Tract dilation, n (%)

No 1

Yes 0.47/(0.22;0.93) 0.034
Nasocystic Tube

Yes 1

No 0.72/(0.26;2.09) 0.522
Concomitant Percutaneous Drainage, n (%)

No 1

Yes 1.51/(0.49;4.38) 0.456
Extension of fluid collection to paracolic gutter, n (%)

No 1

Yes 0.43((0.14;2.10) 0.097
Not reported 0.94(0.43;1.07) 0.975

PFC: Pancreatic fluid collection, WON: walled-o#arosis, PP: pseudocyst
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List of Acronyms

PP Pancreatic pseudocyst
WON Walled-off necrosis

PFC Peripancreatic fluid collections
AEs adverse events

EUS endoscopic ultrasonography
SEMS self-expanding metallic stent

ETN endoscopic transmural necrosectomy
LAMSLumen apposing metal stent

CT Computer Tomography

MRI Magnetic Resonance Imaging
MRCP Magnetic Resonance Cholangiopancreatography
SD standard deviation
AOR Adjusted ORs

FU follow-up

MOF Multi-Organ Failure
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