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for pancreatic fluid collection drainage
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Background and Aims: High rates of technical and clinical success were reported for lumen-apposing metal

stent (LAMS) placement for peripancreatic fluid collection (PFC) drainage. However, data on the adverse event
(AE) rates are heterogeneous. The aim of this study was to evaluate the incidence, severity, management, and
risk factors of AEs related to the use of LAMSs for drainage of PFCs in a large cohort of patients.

Methods: This is a multicenter, international, retrospective review from 15 centers of all patients who underwent
placement of LAMSs for the management of PFCs. A nested case-control study was conducted in patients with
(case) or without (control) AEs.

Results: Three hundred thirty-three procedures in 328 patients were performed (5 patients treated with 2
LAMSs). Technical success was achieved in 321 patients (97.9%). Three hundred four patients were finally
included in the study (7 excluded for lost to follow-up information; 10 excluded for deaths unrelated to LAMSs).
The rate of clinical success was 89.5%. Seventy-nine LAMS-related AEs occurred in 74 of 304 patients (24.3%), after
a mean time of 25.3 days (median, 18 days; interquartile range, 6-30) classified as 20 (25.3%) mild, 54 (68.4%)
moderate, or 5 (6.3%) severe. On multivariable analysis compared with control subjects, cases were more likely
to have walled-off necrosis (WON) versus pancreatic pseudocysts (odds ratio, 2.18; 95% confidence interval, 1.09-
4.46; P Z .028), whereas cases were less likely to have undergone tract (balloon) dilation (yes vs no; odds ratio,
.47; 95% confidence interval, .22-.93; P Z .034).

Conclusions: Data from this large international retrospective study confirm that the use of LAMSs for manage-
ment of PFCs has excellent technical and good clinical success rates. The rate of AEs, however, is not negligible
and should be carefully considered before using these stents for drainage of PFCs and in particular for WON.
Further prospective studies are needed to confirm these findings. (Clinical trial registration number: NCT
03544008.) (Gastrointest Endosc 2020;91:574-83.)
(footnotes appear on last page of article)
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Pancreatic pseudocyst (PP) andwalled-off necrosis (WON)
are peripancreatic fluid collections (PFCs) resulting from
acute or chronic pancreatitis, which substantially differ in
the amount of necrotic content, with more abundant debris
in WON and mostly absent in PP.1 In many cases, in
particular when necrotic material is absent, such collections
may resolve spontaneously.2,3 In other cases they can
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become symptomatic, causing gastric outlet obstruction,
biliary obstruction, pain, or infection, thereby causing
significant morbidity and mortality and requiring prompt
intervention.4 Surgical debridement or percutaneous
drainage is associated with a significant risk of adverse
events (AEs) and mortality, so less-invasive approaches, such
as endoscopic drainage, are preferred when the expertise is
available.5-7 Over the past 2 decades, EUS-guided drainage
of PFCs andnecrotic collections has significantly advanced, us-
ing relatively small plastic stents and also larger self-expanding
metallic stents (SEMSs). With both methods, drainage of the
necrotic collection was feasible and allowed access into the
collection to perform endoscopic transmural necrosectomy
when needed.8 However, endoscopic drainage is limited by
the absence of dedicated devices, because stents initially
used had been created for biliary drainage. Because they
were not specifically designed for internal drainage of
extraluminal collections, plastic stents and SEMSs are limited
by shortcomings and possible AEs, such as obstruction,
migration, peritoneal leakage, bleeding, and the need of
multiple endoscopic reinterventions.8

In recent years a new type of fully covered SEMS has
become available, namely the lumen-apposing metal stent
(LAMS), with a specific biflanged design that facilitates the
creation of a stable and sealed fistula between the gastric
or duodenal wall and the target cavity.9 The use of
LAMSs for PFC drainage, and for WON drainage in
particular, has brought good results, with a high rate of
technical and clinical success and potentially lower risk of
fistula occlusion and perforation compared with plastic
stents, although high-quality evidence is still missing.9-13

The same studies have also highlighted the risks associated
with the use of LAMSs, such as bleeding, stent obstruction
by necrotic tissue, buried stents, or biliary duct compres-
sion, thus raising questions regarding the proper indication
for these stents and the correct timing for removal.14,15

Data on AEs with LAMSs in the setting of PFC drainage
are heterogeneous, and only a few prospective studies
are available. To better understand how to avoid serious
AEs and maximize the benefits from the use of LAMSs,
we conducted a retrospective multicenter study aimed to
evaluate the incidence, severity, management, and risk
factors of AEs related to the use of LAMSs for the
drainage of PFCs in a large cohort of patients.

METHODS

The present study is a multicenter, international, retro-
spective review from 15 secondary and tertiary care cen-
ters (11 in Europe, 4 in the United States) of all patients
treated in these institutions with LAMSs (AXIOS or
electrocautery-enhanced [EC]-AXIOS system; Boston Sci-
entific Corp, Marlborough, Mass, USA) for the manage-
ment of PPs or WON between March 2013 and October
2017. Intraprocedural and postprocedural AEs were re-
corded, classified, and graded according to the American
www.giejournal.org
Society for Gastrointestinal Endoscopy (ASGE) lexicon.16

The institutional review board of each hospital
approved the observational study (NCT03544008), and
the protocol was performed in accordance with the
Declaration of Helsinki.

Study device
The AXIOS stent is a SEMS made up of braided nitinol

that is fully covered with silicone, with wide flanges on
both ends to provide anchoring between the GI and cyst lu-
mens. The stent is preloaded in a 9F or 10.8F catheter with a
through-the-scope delivery system compatible with thera-
peutic echoendoscopes having a working channel of 3.7-
mm diameter or larger. The delivery system allows for endo-
scopic control and uses a locked 2-step release system to
prevent unintended deployment of the second flange. The
novel EC-LAMS stent incorporates an electrocautery wire
into the distal tip of the delivery catheter, enabling a
lumen-to-lumen passage of the device followed by immedi-
ate deployment of the stent, thus allowing for drainage to be
performed as a single-maneuver procedure. These stents
are available in different diameters and lengths: 6 �
8 mm, 8 � 8 mm, 10 � 10 mm, 15 � 10 mm, and the novel
20 � 10 mm and the 10-mm, 15-mm, and 20-mm diameter
stents, believed to be more appropriate for PFCs.
Procedures
All EUS procedures were performed by experienced en-

doscopists in the endoscopy suite with a therapeutic
echoendoscope. Only mature PFC (ie, after at least 4
weeks from the index pancreatitis, as defined by the At-
lanta classification1) were included in the study. Under
EUS guidance, the PFC was studied and drained from
either the stomach or duodenum. Two different
deployment techniques were used in function of the
stent used at the discretion of the endoscopist.

When a standard LAMS (AXIOS) was used, an initial
puncture with a 19-gauge needle through the GI wall
into PFC followed by insertion of a .025-inch or .035-inch
guidewire was performed. After that, the tract was dilated
using a cystotome and dilation balloon, followed by inser-
tion of the delivery system and deployment of the stent.

With the cautery-enhanced LAMS (EC-AXIOS) a free-
hand technique was used, with direct access into the
PFC by puncture with the device on the pure-cut setting,
followed immediately by deployment of the stent without
any exchange of devices. For both systems deployment
of the second flange was released either endoscopically
or with the intrascope channel stent release technique.17

Complementary maneuvers performed during the
same or further procedures were at the discretion of
the endoscopist and included the following: balloon dila-
tion of the LAMS, hydrogen peroxide irrigation of the
PFC, placement of nasocystic drainage tube or double-
pigtail stent through the LAMS, and/or extraction of
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necrotic debris. Placement of a concomitant percutaneous
drainage was added in some cases. All patients were un-
der broad-spectrum antibiotic therapy at the moment of
LAMS placement. The type, dosage, and course of the
antibiotic therapy were at the discretion of the endoscop-
ist and/or of the medical team (eg, gastroenterology unit,
intensive care unit) that was taking care of the patient at
each institution.

Data
All data were extracted and compiled into a central data-

base. Patient-related data included patient demographics,
type of PFC, size and location of the collection, presence
of disruption of pancreatic duct, previous imaging (CT, mag-
netic resonance imaging, MRCP), presence of abnormal
vessels on imaging (including portal vein thrombosis,
splenic vein thrombosis, perigastric varices, pseudoaneur-
ysm, or others), etiology of pancreatitis, and indication for
drainage. Procedural data included type and size of the
LAMS used, approach, endoscopic appearance of the cavity,
complementary maneuvers during the procedure, and/or
subsequent placement of a concomitant percutaneous
drainage. Postprocedural data included length of hospitaliza-
tion, successful stent removal after resolution of PFC, recur-
rence of PFC during follow-up, AEs with severity graded
according to the ASGE lexicon’s severity grading system,16

and their management. AEs were classified as early, when
presenting within 14 days, and late, when presenting after
14 days from LAMS placement. Patients were followed up
with periodic laboratory analyses, clinic visits, and imaging
(CT and/or magnetic resonance imaging) at the discretion
of the responsible endoscopist at each participating
hospital in an ambulatory setting.

Definitions
AEs were defined as all symptomatic events related to

the use of LAMSs such as bleeding, infection, stent occlu-
sion, and stent migration resulting in prolongation of hos-
pital stay and requiring medical therapy or further
procedure or action to resolve the event or to treat the
symptoms. The ASGE lexicon’s severity grading system
was used to grade the AEs.16

Technical success was defined as successful LAMS place-
ment into the PFC across the gastric or duodenal wall. Clin-
ical success was defined as WON or PP <2 cm on axial
imaging 1 to 6 months after stent insertion without need
for further interventional radiologic, endoscopic, or surgi-
cal procedures. A nested case-control analysis was conduct-
ed in patients with (case) or without (control) AEs, looking
for factors associated with occurrence of AEs. Cases and
their control subjects were recruited from each institution.

Statistical analysis
Descriptive analysis was carried out by calculating mean

and standard deviation for continuous variables and pro-
portions for categorical variables. We used univariate and
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multivariable logistic regression analysis to identify risk fac-
tors for AEs from possible variables. For the purpose of
this analysis, patients were separated according to a binary
variable: those with any AE (mild/moderate/severe) and
those without AEs. Lack of individual matching for all cen-
ters permitted the use of unconditional logistic modeling.18

The univariate model used independent variables related to
patient and procedure characteristics. Crude odds ratios
(ORs) and their 95% confidence intervals (CIs) were
calculated. Any factors associated with AEs with P � .100
on univariate analysis were entered into a multivariable
logistic regression analysis to determine any independent
predictors of AEs. Adjusted ORs and their 95% CIs were
obtained from multiple logistic regression model. In our
study there was a possible source of nonindependence of
data. Patients treated in a particular center may be more
alike compared with patients treated in another center
because of differences in treatment policies. As a result,
patients treated in the same center are dependent
(clustered) rather than independent. Therefore, an
adjustment by using clustered standard error was required
for this hospital effect in estimating regression parameters.

Secondary outcome measures included cumulative fre-
quencies and times (from stent insertion to occurrence)
of different types of AEs (ie, stent migration, bleeding,
infection, and stent occlusion). Times were summarized
using descriptive statistics with mean and variability. A
linear regression model was used to estimate time with
type of AEs. For additional verification, frequencies of
different types of AEs among early (�14 days) and late
(>14 days) events were determined; differences between
the 2 groups were assessed using the c2 test.

All analyses were done using R software, version 3.3.2 (R
Foundation for Statistical Computing, Vienna, Austria). The
significance level was set at �.05.

There was multiple testing of outcome data arising from
individual patients. The P values for the univariate statistical
tests are not corrected for multiple testing, because those
tests were taken as exploratory. The subsequent multivari-
able logistic regression analysis was considered the main
definitive result because it determined those variables inde-
pendently associated with the occurrence of AEs after ad-
justing for the contributions of the other variables in the
model. Other statistical results including those comparing
times from stent insertion with occurrence of AEs are sec-
ondary, to be taken as descriptive only, and not requiring
correction of their P values for multiple comparisons.

RESULTS

During the study period 333 procedures were per-
formed in 328 patients (116 women [35.4%]; mean age,
56.0; standard deviation, 16.0; range, 4-86) were per-
formed. Five patients (1.5%) were treated with 2 LAMSs
in different sessions. Overall, technical success was ob-
tained in 321 patients (97.9%).
www.giejournal.org
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Figure 1. EGD revealed correct placement of the lumen-apposing metal
stent, fully opened, crossable by standard gastroscope. In the fluid collec-
tion cavity, an oozing bleeding from a large arterial vessel was visible.

Figure 2. CT shows migration of the lumen-apposing metal stent in the
sigmoid colon.

Figure 3. EGD revealed a buried stent syndrome with gastric mucosa
partially covering the lumen-apposing metal stent.
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Among the 7 of 328 patients (2.1%) with technical fail-
ure, 4 patients subsequently underwent a new LAMS place-
ment with or without concomitant coaxial plastic stents.
The remaining 3 patients underwent successful plastic
stent placement. No LAMS-related AEs were seen among
the 7 patients with technical failure. The median follow-
up length was 153 days (mean, 258 days; interquartile
range, 92-365).

After exclusions for technical failure (7 patients, 2.1%),
lost to follow-up information (7 patients, 2.1%), and deaths
unrelated to LAMSs (2 patients [.6%] for cardiac arrest and
8 patients [2.4%] who presented with sepsis and multior-
gan failure [MOF] before any intervention received inten-
sive care support and finally died), 304 patients were
included in the analysis, constituting our study population.
The rate of clinical success was 89.5% (272/304).

One or more LAMS-related AEs were noted in 74 of 304
patients (24.3%). These 74 cases included 79 AEs (5 pa-
tients with 2 AEs) consisting of 22 (27.8%) cases of
bleeding (Fig. 1), 20 (25.3%) stent migrations (Fig. 2), 19
(24.1%) infections, 14 (17.7%) stent occlusions, 3 (3.8%)
with buried stent syndrome (Fig. 3), and 1 (1.3%)
occlusion of the pylorus (Table 1). The control group
consisted of 230 patients without any of these
conditions. Baseline characteristics for cases and control
subjects are given in Table 2.

For the 74 patients who experienced AEs, the mean age
was 56 years (standard deviation, 17) and 25 (33.8%) were
female patients. Forty-four patients (59%) underwent
drainage for WON. PPs were drained in the remaining 30
patients (41%). The most common etiologies of pancrea-
titis were gallstone (35.1%), alcohol (33.8%), and idio-
pathic (17.6%). Major indications for drainage were
abdominal pain (33.8%), gastric outlet obstruction
(28.4%), and symptoms suggestive of infection (27%).
www.giejournal.org
Fluid collection extension into the paracolic gutter was
observed in 6.8% of cases. In most cases (91.9%), EUS-
guided drainage were performed with the EC-LAMSs.
Twenty-eight patients (37.8%) required endoscopic ne-
crosectomy. Concomitant percutaneous drainage was
used in 12.2% of cases.

According to the ASGE lexicon,16 20 AEs (25.3%) were
classified as mild, 54 (68.4%) as moderate, and 5 (6.3%)
as severe. Regarding all 79 included AEs, 46 (58.2%) were
managed endoscopically, 27 (34.2%) were managed
conservatively, and 6 (7.6%) were managed through
interventional radiology. No AE required surgical
management.

All results of the univariate analysis are shown in
Table 2. On univariate analysis, case and control groups
did not differ statistically in terms of age, gender,
indication for collection drainage, etiology of pancreatitis,
fluid location and mean size, stent type and diameter,
and endoscopic necrosectomy. There were, however,
some differences. Compared with control subjects, cases
were more likely (at P � .100) to have drainage of WON
Volume 91, No. 3 : 2020 GASTROINTESTINAL ENDOSCOPY 577
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TABLE 1. Characteristics of main adverse events, with severity grade index and their management

Adverse event No. of events (%) Early (<14 days) Late (>14 days) Severity grade index Management

Bleeding 22 (27.8) 13 9 3 severe
17 moderate

2 mild

12 endoscopy
5 interventional radiology

5 conservative

Stent migration 20 (25.3) 6 14 8 moderate
12 mild

8 endoscopy
12 conservative

Infection 19 (24.1) 11 8 2 severe
12 moderate

5 mild

10 endoscopy
8 conservative

1 interventional radiology

Stent occlusion 14 (17.7) 3 11 13 moderate
1 mild

13 endoscopy
1 conservative

AEs with the use of LAMSs for PFC drainage Fugazza et al
versus PP (OR, 1.66; 95% CI, .98-2.86; P Z .062) and to
need concomitant percutaneous drainage (OR, 2.13; 95%
CI, .85-5.01; P Z .098) but were less likely to have PFCs
extending up to the paracolic gutter (OR, .44; 95% CI,
.14-1.10; P Z .100), to undergo nasocystic tube
placement (OR, .40; 95% CI, .16-1.01; P Z .046), and to
undergo pneumatic tract dilation (OR, .61; 95% CI, .33-
1.08; P Z .092). On multivariable analysis (Table 3), PFC
classification (WON vs pseudocyst; OR, 2.18; 95% CI,
1.09-4.46; P Z .028) and pneumatic tract dilation (yes vs
no; OR, .47; 95% CI, .22-.93; P Z .034) remained
statistically significant.

Among cases, AEs were diagnosed after a mean time of
25.3 days (median, 18 days; interquartile range, 6-30) from
the time of stent placement. The mean days of diagnosis
for each AE was 16.0 days for bleeding (interquartile range,
.0-75), 45.0 for stent migration (interquartile range, 2-146),
and 23.8 for stent occlusion (interquartile range, 1-60).
Stent migration was significantly associated with longer
time from stent insertion as compared with other events
(P Z .026).

The cumulative incidence of AEs during the study
period is shown in Figure 4. Early AEs, within 14 days
from LAMS placement, were observed in 34 of 79 cases
(43.0%). Among early AEs, bleeding (13/34, 39.4%) and
infection (11/34, 32.3%) were the most commonly
diagnosed. Stent migration and stent occlusions
represented 17.6% (6/34) and 8.8% (3/34) of early AEs,
respectively. Severe/moderate AEs had (not significantly)
shorter time (22.0 days; 95% CI, 14.5-50.3) to diagnosis
as compared with mild AEs (36.5 days; 95% CI, 22.6-50.4;
P Z .071).
DISCUSSION

In the last 2 decades endoscopic drainage of PFCs has
become widespread. Additionally, the availability of de-
vices specifically designed for transmural drainage, such
as LAMSs, has substantially contributed to the diffusion
of these procedures. As the use of LAMSs has increased,
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more safety data regarding clinically relevant AEs at un-
expectedly high rates have raised concerns about LAMS
safety, highlighting the need of further and focused
studies. In this work, we reported data from a wide
cohort of patients treated with LAMSs for symptomatic
mature PFCs (ie, pseudocyst or WON), and factors
related to AEs were investigated through a nested case-
control study. In our cohort, the overall rate of AEs
was 24.3%, whereas data from published series reported
rates from 3% to 53%.9-15,19-23 Most of these studies were
not prospective and the definitions of AEs were not uni-
form, preventing generalizability of LAMS-related AEs.
For instance, some published series did not report or
analyze the stent occlusion rate or buried stent syn-
drome as an AE.10,19

It is known that the clinical outcomes of collections con-
taining solid debris are worse than drainage of pseudo-
cysts.24,25 In fact, the solid necrotic material may not drain
spontaneously through the stent, requiring additional
procedures, such as endoscopic necrosectomy, in around
60% of patients.20 Although a lower clinical success rate
for WON compared with PP has already been described, it
is not clear whether WON drainage procedures are
burdened by an increased risk of AEs. In our study,
drainage of WON compared with PP is associated with an
increased risk of AEs in both univariate and multivariate
analysis, whereas none of the other additional procedures
usually performed to facilitate drainage of collections (ie,
endoscopic necrosectomy, plastic stent through the LAMS)
increased such risk.

Consistently, nasocystic tube drainage and pneumatic
dilation of the stent reduce the risk of AEs, even if only
the latter has been confirmed in multivariate analysis
(OR, .47; 95% CI, .22-.93; P Z .034). As reported above,
this could be attributed to the presence of necrotic ma-
terial that can obstruct the stent, impairing the drainage
of the collection and increasing the risk of AEs such as
infection and stent occlusion. Larger and well-designed
studies are needed to address this critical point.
Bleeding is one of the most feared AEs related to SEMSs
and LAMSs in the setting of PFC drainage. Bleeding can
www.giejournal.org
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TABLE 2. Demographic data and analyzed variables of case and control groups

Variable Case (n [ 74) Control (n [ 230)

Univariable analysis

Odds ratio 95% Confidence interval P value

Mean age, y (SD)

56 (17) 56 (16) 1.00 (.99-1.02) .787

Gender

Male 49 (66.2) 150 (65.2) 1

Female 25 (33.8) 80 (34.8) .99 (.54-1.77) .969

Indication for PFC drainage

Abdominal pain 25 (33.8) 74 (32.2) 1

Gastric outlet obstruction 21 (28.4) 46 (20.0) 1.35 (.68-2.64) .425

Symptoms suggestive of infected collection 20 (27) 88 (38.2) .65 (.32-1.26) .280

Early satiety 5 (6.8) 16 (7.0) .93 (.28-2.64) .946

Jaundice 2 (2.7) 2 (.9) 2.96 (.34- 25.7) .273

rapid increase in size 1 (1.4) 4 (1.7) .74 (.04-5.29) .819

PFC location

Head 16 (21.6) 37 (16.1) 1

Tail 17 (23.0) 49 (21.3) .80 (.36-180) .592

Body 41 (55.4) 144 (62.6) .66 (.34-1.32) .229

PFC classification

PP 30 (41.0) 123 (53.5) 1

WON 44 (59.0) 107 (46.5) 1.66 (.98-2.86) .062

Mean PFC size (SD) 113.5 (44.2) 113.6 (64.0) 1 (.99-1.00) .799

Mean length of hospitalization, days (SD) 8.3 (14.1) 9.2 (18.3) 1 (.99-1.02) .797

Mean procedure time, min (SD) 31.6 (20.3) 32.1 (21.1) 1 (.99-1.02) .795

Recurrent WON or pseudocyst

No 63 (85) 214 (93.0) 1

Yes 11 (15) 16 (7.00) 2.15 (.90-4.93) .073

Stent type

EC-LAMS (hot AXIOS) 68 (91.9) 208 (90.4) 1 d d

LAMS (cold AXIOS) 6 (8.1) 22 (9.6) .83 (9.30-2.03) .706

Stent diameter

�10 mm 25 (33.8) 62 (27.0) 1

>10 mm 49 (66.2) 168 (73.0) .72 (.41-1.28) .259

Drainage approach

Transgastric 70 (94.6) 217 (94.3) 1

Transduodenal 4 (5.4) 13 (5.7) .83 (.30-2.65) .726

Tract dilation

No 54 (73.0) 147 (64.0) 1

Yes 20 (27.0) 83 (36.0) .61 (.33-1.08) .092

Necrosectomy

Yes 28 (37.8) 78 (33.9) 1

No 46 (62.2) 152 (66.1) .9 (.53-1.54) .691

Hydrogen peroxide irrigation

Yes 16 (21.6) 59 (25.7) 1

No 58 (78.4) 171 (74.3) 1.02 (.57-2.07) .950

(continued on the next page)
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TABLE 2. Continued

Variable Case (n [ 74) Control (n [ 230)

Univariable analysis

Odds ratio 95% Confidence interval P value

Nasocystic tube

Yes 9 (12.2) 12 (5.2) 1

No 65 (87.8) 218 (94.8) .40 (.16-1.01) .046

Pigtail stents placed through the LAMS

Yes 9 (12.2) 25 (10.9) 1

No 65 (87.8) 205 (89.1) .87 (.40-2.07) .748

Concomitant percutaneous drainage

No 65 (87.8) 216 (94.0) 1

Yes 9 (12.2) 14 (6.0) 2.13 (.85-5.01) .098

Extension of fluid collection to paracolic gutter

No 59 (79.7) 167 (72.6) 1

Yes 5 (6.8) 32 (13.9) .44 (.14-1.10) .100

Not reported 10 (13.5) 31 (13.5) .91 (.42-1.96) .420

Values are n (%) unless otherwise defined.
SD, Standard deviation; PFC, pancreatic fluid collection; PP, pseudocyst; WON, walled-off necrosis; EC-LAMS, electrocautery-enhanced lumen-apposing metal stent; LAMS, lumen-
apposing metal stent.

AEs with the use of LAMSs for PFC drainage Fugazza et al
originate from the gastric wall, which is easier to manage
endoscopically, or from the cavity, where the retroperi-
toneal vessels are usually larger and the possibilities of
successful endoscopic hemostasis are significantly
reduced. In these cases, radiologic embolization is often
required. It has been hypothesized that the LAMSs could
result in a rapid collapse of the cavity, resulting in the
risk of contact between the retroperitoneal vessels and
the distal flange of the stent.26 The prolonged contact
and movement relative to the stent could result in
erosion and rupture of the vessels, thus causing acute
severe bleeding. Considering this hypothesis, bleeding
may be associated with the stent indwell time, with
greater risk in case of late removal. This point has
been stressed in many studies, and early removal of
the LAMS after 4 weeks is emerging as a proposed
strategy in clinical practice.14,23,27 In our study,
bleeding represents 27.8% of all AEs (22/79), with an
overall risk of 22 of 304 (7.2%) and 3 cases (3/304,
.98%) classified as severe. Published series and
randomized trials reported a bleeding risk ranging from
0% to 21%.9-12,14,15,19-23 Interestingly, 13 of 22 cases
(59%) of bleeding were reported in the first 14 days
from the positioning of the stent. Although early removal
of the stent after the resolution of the collection could
be a reasonable strategy, these data highlight that
bleeding caused by LAMSs cannot be considered exclu-
sively as a late AE. Recently, Dhir and colleagues27

described a protocol of early removal of the metal
stent after 3.5 weeks and reported a bleeding risk of
3.5%, thus confirming the presence of residual risk. Of
note, 1 case of bleeding from our cohort was reported
at the time of LAMS removal; therefore, endoscopists
580 GASTROINTESTINAL ENDOSCOPY Volume 91, No. 3 : 2020
should be aware of such an AE in every step of the
PFC management.

LAMSs were conceived with a specific antimigratory
design to overcome the high risk of migration reported
for SEMSs. However, several studies reported risk of migra-
tion up to 20%.14,21,22 In this study we reported an overall
risk of migration of 6.6% (20/304), which is in line with
most published series.9-15,19-23 The LAMS can migrate
into the GI lumen, where it can be easily retrieved, or
into the cavity. In the latter case, it is necessary to enter
the cavity to retrieve the stent, such as during necrosec-
tomy, with possible further risks and AEs. No cases of
migration into the cavity were reported in our cohort,
and in most cases migration was a minor AE, treated
conservatively in 12 of 20 patients (60%) because the
collection had resolved. Of note, stent migration occurred
most commonly as a late AE, with a mean time of diagnosis
of 45 days (range, 2-146), and was significantly associated
with longer time from stent insertion as compared with
other events.

Traditionally, endoscopic transmural drainage of PFCs
has been a complex multistep procedure that requires
access to the cavity, over-the-wire dilation of the tract,
and finally stent positioning through the dilated tract.
In case of the need for necrosectomy, removal of most
stents and hydraulic dilation of the tract to 12 mm or
more are required. These procedures involve multiple
steps with an inherent small risk of fluid leakage be-
tween the gut wall and the collection. In our study pop-
ulation, 276 of 304 procedures (90.8%) were performed
with the enhanced-cautery delivery system, which allows
the catheter to enter the cavity with a “free-hand” tech-
nique and subsequently to deliver the stent without the
www.giejournal.org
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Figure 4. Cumulative proportion of adverse events after lumen-apposing
metal stent placement. AE, Adverse event.

TABLE 3. Results from the multivariable analysis

Variable
Odds
ratio

95% Confidence
interval

P
value

PFC classification

Pseudocyst 1

WON 2.18 (1.09-4.46) .028

Recurrent WON or PP

No 1

Yes 1.79 (.62-4.80) .259

Tract dilation

No 1

Yes .47 (.22-.93) .034

Nasocystic tube

Yes 1

No .72 (.26-2.09) .522

Concomitant percutaneous
drainage

No 1

Yes 1.51 (.49-4.38) .456

Extension of fluid collection
to paracolic gutter

No 1

Yes .43 (.14-2.10) .097

Not reported .94 (.43-1.07) .975

PFC, Pancreatic fluid collection; WON, walled-off necrosis; PP, pancreatic pseudocyst.
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need for device exchange. It is interesting to note that
despite the significant number of procedures reported
in this study, no cases of procedure-related perforation
or peritonitis were described, which have occasionally
been reported during the multistep drainage procedure.
Overall, no AEs required surgical management.

In our cohort, we reported a non-negligible mortality
rate (12 events: 2 cardiac arrests and 10 MOFs), none of
which was related to LAMSs. The main indication of the
drainage in these patients was the infection of the collec-
tion, complicated by MOF, which finally led to death. As
mentioned, infected pancreatic necrosis is a severe clinical
condition. It has been reported to have an overall mortality
of 15% in patients with infected necrosis, which reached
35% in patients with MOF.28 In a recent study the overall
mortality in patients with infected necrosis who
underwent endoscopic drainage was about 18%.20

Focusing on PFC drainage with LAMSs, published cohorts
reported a lower risk of mortality, which ranged from 0%
in most studies to 5%.9-15,19-23 In our study the overall mor-
tality risk was 3.7%. Of note, these cases were mostly
complicated patients who necessitated intensive care unit
placement before the endoscopic procedure or with
advanced cancer and in whom the events leading to
MOF and death were not related to the procedure and/
or to the stent. The best approach to drain these
www.giejournal.org
high-risk patients is not yet defined, but it has been hy-
pothesized that a shorter procedure, without the need
for general anesthesia, could limit postoperative stress
and could be beneficial for prognosis.20,29,30 In this
setting, delivery of a LAMS with an enhanced-cautery sys-
tem provides expedited drainage, with an even faster pro-
cedure. Our study did not report a protective effect of the
use of EC-LAMSs compared with “cold” LAMSs, even if the
total number of procedures with “cold” LAMSs was prob-
ably too small to make this comparison.

The present study has some limitations, mainly related
to the retrospective design. It should also be noted that
only one type of commercially available LAMSs was
included in this analysis. Moreover, the involvement of
several centers with many different operators and clinical
settings could have determined some heterogeneity in
the data. At the same time, the involvement of several cen-
ters could make the results more generalizable. On the
other hand, the strengths of this work include the relevant
number of patients involved, the standardized definition of
AEs, and the design allowing for evaluation of AE-
associated risk factors. In conclusion, the findings dis-
cussed in this work expand our knowledge about PFC man-
agement with LAMSs and could guide further prospective
studies aimed to maximize clinical success and to minimize
the risk of AEs for patients with PFCs.
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