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Lumen apposing metal stents in drainage of pancreatic
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ABSTRACT

Lumen-apposing metal stents (LAMS) are increasingly being used in the drainage of pancreatic walled-off necrosis (WON).
Best choice of stent is subject to argument, and studies are varied in the reported outcomes between LAMS and plastic stents
(PS) to this end. We conducted a comprehensive search of multiple electronic databases and conference proceedings including
PubMed, EMBASE, and Web of Science databases (earliest inception through July 2018) to identify studies that reported on the
use of LAMS and PS in WON drainage. Studies published since the release of the revised Atlanta classification for pancreatic
fluid collections (2014 to current) were included in the analysis. The outcomes were to estimate and compare the pooled rates
of clinical success, and adverse-events. A total of 9 studies (737 patients) for LAMS and 6 studies (527 patients) for PS were
included in the analysis. The pooled rate of clinical-success with LAMS was 88.5% (95% CI1 82.5-92.6, = 71.7) and with PS was
88.1% (95% CI 80.5-93.0, I*=78.1) and the difference was not statistically significant, P = 0.93. No difference was noted in the
pooled rates of all adverse-events, LAMS: 11.2% (6.8-17.9, P = 82.0); vs PS: 15.9% (8.4-27.8, = 78.8); P=0.38. Based on our
meta-analysis, LAMS and PS demonstrate equal clinical outcomes and equal adverse-events in the drainage of pancreatic WON.
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INTRODUCTION

Pancreatic walled-off necrosis (WON) is defined by the
revised Atlanta classification as “a collection that has
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occurred over time (usually at or after 4 weeks), when
the necrotic collection matures and develops a thick
nonepithelialized wall with visible debris or necrosis on
imaging or ultrasound.”!' Among the available options
to drain a WON, endoscopic ultrasound (EUS) guided
drainage has become popular due to its speed and ease
of use, lower morbidity and/or mortality as compared

to surgical or percutaneous methods.*’!

In EUS-guided drainage of WON, the endoscopist has
the option of using either metal stents (MS) or plastic
stents (PS) for maintaining the transluminal drainage.
In recent years, lumen-apposing metal stents (LAMS)
have been increasingly being used to this end. The
results are inconsistent as to the performance of LAMS
when compared to PS in the drainage of WON, and
there is disagreement as to which stent is best in
treating patients with WON.*" Bazerbachi ¢f a/. showed
better clinical outcomes with LAMS when compared
to PS (91.5% ws. 80.9%, Odds Ratio: 2.5, Confidence
interval (CI): 1.4-4.3, P = 0.001).) On the other hand,
results from a randomized trial by Bang ¢f al. reported
no difference in the outcomes between LAMS and PS
in the treatment of WON (93.5% »5. 96.6%, P = 0.99).”

Despite the available literature, there is no consensus
yet on the best choice of stent when performing
endoscopic drainage of WON. We conducted this
meta-analysis to directly compare the clinical outcomes
of LAMS and PS in the drainage of WON, from
high quality studies published since the revised Atlanta
classification of pancreatic fluid collections, and help
address and potentially resolve this dilemma.

METHODS

Search strategy

We conducted a comprehensive search of several
databases and conference proceedings, including
PubMed, EMBASE, and Web of
databases (earliest inception to July 2018). We followed
the Preferred Reporting items for Systematic Reviews
and Meta-Analyses guidelines,!'” by using predefined
protocol, to identify studies reporting the use of LAMS
and PS in the drainage of WON. An experienced
medical librarian using inputs from the study authors
helped with the literature search.

Science

Key words used in search included a combination of
“Pancreatic necrosis,” “walled off necrosis,” “EUS
guided pancreatic drainage,” “LAMS in WON drainage,”
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“Drainage of WON,” “plastic stents in WON drainage,”
and “Pancreatic cyst drainage.” The search was
restricted to studies in human subjects and published
in English language in peer-reviewed journals. Three
authors (M.B., PP, S.M.) independently reviewed the
title and abstract of studies identified in primary search
and excluded studies that did not address the research
question, based on pre-specified exclusion and inclusion
criteria. The full text of remaining articles was reviewed
to determine whether it contained relevant information.
Any discrepancy in article selection was resolved by
consensus, and in discussion with a co-author (N.U.).

The bibliographic section of the selected articles, as
well as the systematic and narrative articles on the topic
was manually searched for additional relevant articles.

Study selection

In this meta-analysis, we included studies that met the
following criteria: (1) use of LAMS in drainage of
WON, (2) use of PS in drainage of WON, (3) studies
with a minimum of 40 patients in study group,
and (5) studies published in and/or after 2014. Studies
irrespective of the study design, inpatient/outpatient
setting, geography, and abstract/manusctipt status, were
included as long as they provided data needed for the
analysis.

Following were our exclusion criteria: (1) studies
published before 2014, (2) studies with less than
40 patients in the study group, (3) studies that
primarily used a “dual-modality” treatment option
that included both endoscopic and percutaneous
drainage, (4) studies that were unclear on the reported
clinical success rates, and (5) studies done in pediatric
population (age <18 years).

In case of multiple publications from the same cohort,
data from the most recent and/or most appropriate
comprehensive report were included. In our search
process, we encountered one such study by Jagielski ez a/!'"

Data abstraction and quality assessment

Data on study-related outcomes in the individual
studies were abstracted onto a standardized form by
at least two authors (M.B., P.S.) independently, and
three authors (M.B., S.M., A.R.) did the quality scoring
independently.

In the situation of randomized trials and case—control
studies, the data collection was done as number
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of reported events (#) out of total number of
patients (IN) from each study. The collected data
were treated akin to cohort studies, and therefore,
we used a scale modified from the Newcastle-Ottawa
scale for cohort studies to assess the quality of
studies."” This quality score consisted of seven
questions: representative of the average adult in the
community (1 point for population-based studies,
0.5 point for multi-center studies, 0 point for
a single-center hospital-based study); cohort size
(1 point for >40 patients); information on clinical
success (1 point if reported, 0.5 point if not reported
and had to be derived, 0 point if not reported);
information on adverse-events (1 point if reported, 0
point if not reported); information on adverse-events
subtypes (1 point if reported, 0 point if not reported);
type of article write-up (1 point if original manuscript,
0.5 point if abstract); attrition rate (1 point if all
patients were accounted for, 0.5 point if <50% of
patients lost to follow-up, 0 point if >50% of patients
lost to follow-up). A score of =06, 4-5, and =3 was
considered suggestive of high-quality, medium-quality,
and low-quality study, respectively.

Outcomes assessed

The primary analysis focused on calculating the pooled
rates of clinical success with LAMS and PS in the
drainage of pancreatic WON.

Our secondary analysis focused on the analysis of
adverse-events and its subtypes with LAMS and PS. The
adverse-events subtypes analyzed were bleeding, sepsis,
perforation, and stent migration.

Assessment methodology and definitions

The collected data were matched between the LAMS
and PS groups. The timing of conducting the study,
baseline patient characteristics, etiologies of WON,
mean and/or median WON size, and endoscopic
techniques used were comparable between the groups.
We, therefore, statistically compared the calculated
outcomes between LAMS and PS. Although, this model
of comparison is considered statistically weak when
compared to a randomized-controlled trial, the approach
is comparable to a retrospective case—control study with
matched groups.!"’

In the included studies, clinical success was either
defined as the resolution of clinical symptoms along
with reduction of WON size to >50% on imaging
in 4-8 weeks; or as a decrease in size to <2 cm on

imaging, without the need for the placement of an
additional endoscopic or percutaneous stent or drain,
or surgery; disappearance of symptoms or inflammation
regardless of the collection size.

Adverse-events were defined as complications that
required hospital admission and/or endoscopic or
surgical intervention. Sepsis was defined as new event
of infection after the initial endoscopic drainage, as
proven by new-onset fever and/or positive blood
cultures. Stent migration was defined, as a complication
if an intervention was required to retrieve the stent
cither from the WON cavity or from the enteral lumen.
Perforation was defined either of the WON and/or the
adjacent bowel lumen, with free-air in peritoneum and
peritoneal signs.

Statistical analysis

We used meta-analysis techniques to calculate the pooled
estimates in each case following the methods suggested
by DerSimonian and Laird using the random-effects
model and our application can be seen to fit within their
general approach (where effect is measured by probability
of risk)." When the incidence of an outcome was
zero in a study, a correction of 0.01 was added to the
number of incident cases before statistical analysis."”! We
assessed heterogencity between study-specific estimates
by using Cochran Q statistical test for heterogeneity and
the P statistics.'%!"1 In this, values of <30%, 30%—60%,
61%~75%, and >75% were suggestive of low, moderate,
substantial, and considerable heterogeneity, respectively."
Since random-effects model estimates an average effect,
we calculated the 95% of prediction interval, which
deals with the dispersion of the effects.*! Publication
bias was ascertained, qualitatively, by visual inspection
of funnel plot and quantitatively, by the Egger test.*!
When publication bias was present, further statistics
using the fail-Safe N test and Duval and Tweedie’s “Trim
and Fill” test was used to ascertain the impact of the
bias.”! Three levels of impact wete reported based on
the concordance between the reported results and the
actual estimate if there were no bias. The impact was
reported as minimal if both versions were estimated to
be same, modest if effect size changed substantially, but
the final finding would still remain the same, and severe
if basic final conclusion of the analysis is threatened by
the bias.”’

All  analyses were performed using the

Comprehensive Meta-Analysis software, version 3
(BioStat, Englewood, NJ).
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RESULTS

Search results and population characteristics

From an initial total of 1052 citations identified using
our search strategy, our screening and eligibility check
resulted in 58 relevant records. Twenty-one studies were
removed due to <40 sample-size. Four studies were
removed due to publication year before 2014. A total
of 15 studies (1264 patients) were included in the final
analysis of which LAMS was used in nine studies with
737 patients,*>**% and PS was used in six studies with
527 patients.[!271)

The schematic diagram of study selection is illustrated
in Figure 1.

Baseline population characteristics were comparable in
LAMS and PS groups. The mean and/or median age
was from 35 years to 60 years, with predominantly
male population (range 60% to 90%). Mean WON size
was in the range of 95 mm-121 mm in both groups.
Access to WON was via the transgastric route in 88%
of the time, and the rest were via a trans-duodenal
approach. Median number of procedures to achieve
clinical success ranged from 1.5 to 2.8 in LAMS
group and 2.7 to 4.0 in PS group. The most frequent

Total studies found on search of PubMed,
Embase, and others (N = 1052)

S
g
b=}
S
* Duplicates removed=466
2
'aE) 586 records screened
O
O
@ « Studies removed by reading the
study title and abstract = 528
(case reports, review articles,
> book chapters, letter to editor
etc.)
=
= Full text articles assessed
= for Pancreatic WON
L drainage (N = 58)
* Total study patients <40 =21
* Inconsistency in the reported
outcomes=8
S| Potential overlap of cohorts=7
» Combined data of LAMS and
PS together=3
- * Year of publication before 2014=4
3
2 Studies included in Meta-Analysis

(LAMS=9, PS=6)

Figure 1. Study flow and selection. WON: Walled-off necrosis
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etiologies causing pancreatitis and evolution to WON
were alcohol (45%), gallstones (37%), and idiopathic
causes (18%).

Characteristics and quality of included studies
Table 1 describes the characteristics of the included
studies.

Out of the included 15 studies,
population-based. Six studies®?*" were from multicenter

none were

data and rest were from single-center. All studies were
chosen with minimum of 40 patients in the study
group based on the inclusion and/or exclusion criteria.
All studies reported adequately on the clinical-success
outcomes, and all were original manuscripts with no
significant attrition rate. All studies reported adequately
on the adverse-events and its subtypes, except one.
Overall, all studies were considered of high quality
(Supplemental Table 1).

Etiology and clinical indication

The most frequent etiologies were alcohol, gallstones,
and idiopathic causes. Clinical indication for drainage
of WON was as follows: refractory abdominal pain;
gastric outlet, or biliary obstruction; ongoing systemic
illness, anorexia, weight loss; rapidly enlarging WON;
and infected WON.

Recurrence was defined as an increase in collection size
to >3 cm or relapse of symptoms during a 6-month
follow-up.

Procedure description with use of lumen-apposing
metal stents

LAMS used in the selected studies were as follows:
Hot Axios™*! and AxiosP#?73% (Xlumena, Mountain
View, California, USA). Nagi** and Niti-S
Spaxust! (Taewoong Medical, Seoul, South Korea).*"
HanaroP! (MI Tech, Seoul, South Korea).

Procedures were performed with patients under
deep sedation or general anesthesia. A prophylactic
antibiotic was administered before procedure in
majority of the studies. The WON collection was
identified using a linear echoendoscope and accessed
through the Seldinger technique, whereby a fine-needle
aspiration is done followed by guide-wire insertion.
The internal ostomy tract was then dilated using a
balloon to facilitate passage of the stent delivery
system over the wire. In case of a thick wall, an
over-the-wire needle-knife catheter or 10F cystotome
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(Cook Endoscopy, Winston-Salem, NC) was used to
dissect the tract before balloon dilation. The LAMS
delivery system was then advanced into the WON
collection, and deployed under endosonographic,
endoscopic, and fluoroscopic guidance. In cases
where the Hot-Axios device was used, the WON was
punctured using the electrocautery tip and the delivery
catheter was introduced into the cavity followed by
deployment of the stent.

Procedure description with use of plastic stents

In majority of studies, the endoscopic intervention was
under deep sedation. Double pigtail PS (7-Fr) were used.
Fistula creation was performed on top of the largest
bulge into the gastric or duodenal wall. After puncturing
with a 19G needle, a guide-wire was coiled within the
WON under fluoroscopic guidance. After sequential
dilating the transmural tract using balloon dilators the
PS were placed into the WON through the transmural
fistula. The number of PS placed varied based on the
endoscopist’s decision and the size of WON.

Clinical success of lumen-apposing metal stents and
plastic stents in drainage of walled-off necrosis
LAMS with
737 patients,>* and PS were used in six studies with
527 patients.*!"?*15 The pooled rate of clinical success
with LAMS was 88.5% (95% CI 82.5-92.6) and with PS
was 88.1% (95% CI 80.5-93.0). There was no statistical
significance to the difference, P = 0.93. Figure 2. Forest
plot - Clinical success.

were used in nine studies

Substantial heterogeneity (LAMS: > = 71.7 and PS:
I = 78.1) was noted, which was comparable in both
groups. The calculated prediction interval with LAMS
was 0.874 (95% interval —0.321-2.069, range = 2.39),
and with PS was 0.883 (—0.734-2.50, range = 3.23).

Adwverse events
The pooled rate of all adverse-events with LAMS was
11.2% (95% CI 6.8-17.9) and with PS was 15.9%
(95% CI 8.4-27.8). There was no statistical significance
to the difference, P = 0.38 (Figure 3. Forest plot - all
adverse events).

Substantial ~ to  considerable  heterogeneity
(LAMS: I = 82.0, PS: I = 78.8) was noted. The
calculated prediction interval for the adverse-events
with LAMS was 0.108 (95% interval — 1.45-1.67, range
3.12) and with PS was 0.162 (95% interval — 1.59-1.91,
range 3.50).

The calculated pooled rates for bleeding, sepsis,
perforation, and stent-migration are summarized
in Table 2 (Forest plots: please see supplementary
material).

Validation of meta-analysis results

Sensitivity analysis

To assess whether any one study had a dominant effect
on the meta-analysis, we excluded one study at a time

Table 2. Results lumen-apposing metal stent
versus plastic stent

Subgroup 95% Cl, I P

LAMS (9studies, PS (6 studies,

737 patients) 527 patients)

Clinical 88.5% (82.5-92.6, 71.7) 88.1% (80.5-93.0, 78.1) 0.93
success
All AE 11.2% (6.8-17.9, 82.0) 15.9% (8.4-27.8, 78.8) 0.38
Bleeding 5.4% (2.7-10.5, 63.7)  5.9% (2.7-12.3, 61.5) 0.88
Sepsis 4.5% (2.7-7.3, 0) 3.0% (1.5-6.2, 0) 0.38
Perforation 2.4% (1.3-4.5, 0) 3.2% (1.8-5.6, 0) 0.49
Stent 5.1% (3.4-7.5, 27.5) 2.9% (1.4-5.9, 0) 0.18
migration

Cl: Confidence interval, LAMS: Lumen-apposing metal stent, PS: Plastic
stent, AE: Adverse event

Group by Study name Event rate and 95% CI Group by Study name Event rate and 95% CI
STENT —— STENT Event
rate rate

LAMS LakhtakiaS  0.754 = LAMS Lakhtakia §  0.039 [

LAMS Sharaiha 0.863 = LAMS Sharaiha 0.113 L

LAMS Siddiqui m 0.882 - LAMS Siddiqui m 0.132 -
LAMS Siddiqui 1 0.895 - LAMS Siddiqui 1 0.128 -
LAMS Walter 0.814 — LAMS Walter 0.186 -
LAMS RinninellaE  0.904 —- LAMS Rinninella E  0.058 -

LAMS Bapaye 1 0.944 -a LAMS Bapaye 1 0.056 -

LAMS Law ST 0.935 —= LAMS Law ST 0.391 —-t
LAMS Mukai S 0.977 —x LAMS Mukai S 0.070 -

LAMS 0.885 <+ LAMS 0.112 L 4

PS Siddiqui 2 0.811 E PS Siddiqui 2 0.132 [ 3

PS Thompson 0.983 - PS Thompson 0.033 -

PS Schmidt 0.889 B PS Schmidt 0.123 L o

PS Bapaye 2 0.738 — PS Bapaye 2 0.361 ——
PS Jagielski 0.932 || PS Jagielski 0.216 =

PS Rana 0.907 —= PS Rana 0.000

Oversll 0883 b = iz >

eral js
-1.00 -0.50 0.00 0.50 1.00 Overall 0:428 -1.00 -0.50 0. no‘ 0.50 1.00

Figure 2. Forest plot - Clinical success Figure 3. Forest plot - all adverse events
I ENDOSCOPIC ULTRASOUND / VOLUME 8 | ISSUE 2 / MARCH-APRIL 2019 @



[Downloaded free from http://www.eusjournal.com on Thursday, May 16, 2019, IP: 131.216.164.170]

Mohan, et al.: versus plastic stents for pancreatic WON

and analyzed its effect on the main summary estimate.
On this analysis, no single study significantly affected
the outcome or the heterogeneity.

Publication bias

Based on visual inspection of the funnel plot as well
as quantitative measurement that used the Egger
regression test, there was evidence of publication bias.
There was likelihood that small, negative-outcome
studies were not published. Further statistics using
the fail-Safe N test and Duval and Tweedie’s “Trim
and Fill’ test reveal that the impact of the possible
publication bias appears to be minimal and would not
change the calculated estimate or the conclusion of this
meta-analysis (S. Figure 5. Funnel plot).

DISCUSSION

The current available options to drain a WON are
as follows: direct surgical drainage, endoscopy-guided
drainage via stent placement with or without direct
endoscopic necrosectomy, and percutaneous drainage,
usually performed by interventional radiologists.
Lumen-apposing metal stents (LAMS) with their larger
diameter are postulated to help better drain the WON
contents than the small caliber PS.’*Y LAMS once
placed, by virtue of their large diameter, allows for
passage of the endoscope into the necrotic cavity,
which can then be used to lavage the necrotic cavity
and dissect and remove the necrotic tissue. Multiple
repeat DEN is possible with LAMS and negates
the need to remove the stent each time as is the
case with PS. Studies have shown a need for fewer
repeat treatment sessions with LAMS as compared to
PS.%1 As a result, there is growing interest in using
LAMS in the drainage of pancreatic WON. A recent
cost-effectiveness analysis comparing LAMS with PS
by Chen et al., reported LAMS to be more clinically
efficacious than PS (92% »s. 84%) in the successful
drainage of WON, but with average cost per patient of
US$ 20,029 for LAMS and US$ 15,941 for PS."

Our study is the first meta-analysis to primatily compare
the clinical outcomes of LAMS and PS in the drainage
of WON, from good quality studies published since
the revised Atlanta classification of pancreatic fluid
collections. Based on our analysis, we report no
difference between LLAMS and PS in the clinical success
of pancreatic WON drainage (88.5% with LAMS »s.
88.1% with PS, P = 0.93), and our results are on
par with Bang ¢ a/’s”’ randomized trial. Resolution

with LAMS was achieved with lesser mean number
of procedures (mean 1.5-2.8) as compared to PS
(mean 2.7-4.0).

The other meta-analysis by Bazetbachi ez @/ primarily
compared MS to PS in the drainage of WON and
then a subsequent subgroup analysis compared the
outcomes of LAMS to PS. The pooled results were
derived from five studies that originally compared
LAMS and PS in the drainage of WON. The study
differs in the primary outcome and the methodology
of the comparison. We extracted data for LAMS and
PS from comparable individual studies, and matched
the groups for basic study characteristics and compared
the reported outcomes. The favorable results to LAMS,
reported in the meta-analysis by Bazerbachi et all¥
might have been influenced by inclusion of smaller
studies and studies from different time-line between the
groups. Small sized studies add to the heterogeneity and

negatively affect the overall pooled results.””

In our analysis of adverse-events, the rates for all
adverse-events and the rates for bleeding, sepsis,
perforation, and stent-migration were similar between
LAMS and PS. In their randomized-trial, Bang es @/
noticed a high rate of adverse-events with LAMS due
to which they had to change their study protocol
midway, and proposed to get a CT scan check after
3 weeks. They reported three cases of bleeding
and 10 cases of overall adverse-events out of their
30 patients who were treated with LAMS. The rates
were, however, similar in both groups after change of
protocol. Although not statistically significant, we did
note a numerically higher rate for stent-migration with
LAMS (5.1%) as compared to PS (2.9%), P = 0.18. In
our collected data, death was reported in five patients
from the LAMS group and six patients in PS group.
We were not able to calculate the pooled rate for death
due to paucity in the number of studies that they were
reported from.

We limited our study selection to those published on
or after 2014. There are several reasons to this. One,
LAMS were clinically introduced to the US market
in 2014. Two, the revised Atlanta classification for
pancreatic WON was first published online on October
25, 2012 and printed in early 2013.1"" Therefore, the
authors agreed to compare the outcomes of LAMS and
PS in WON drainage, from studies done during similar
time frame. By doing this, we hoped to match both
study groups in the techniques used, and avoid potential
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variability due to previously used diagnostic criteria,
procedural techniques and instruments. Although
including all available studies in the literature would
increase the total patients available for the meta-analysis,
this would in fact negatively impact the strength of
the evidence if included studies were of small sample
size.[?]

The strengths of this review are as follows: systematic
literature search with well-defined inclusion criteria,
uniform usage of the revised Atlanta classification in
the definition of WON, carefully excluding redundant
studies, inclusion of good quality studies published
from 2014 to current, detailed extraction of data with
rigorous evaluation of study quality, matching basic
patient and study characteristics between the study
groups, and statistics to establish and/or refute the
validity of the results of our meta-analysis.

There were limitations to this study. We used an
indirect comparison strategy for the outcomes
with LAMS and PS. The included studies were not
representative of the general population and community
practice, with most studies being performed in the
tertiary-care referral centers. Considerable heterogeneity
was noted in our analysis along with wide range to
prediction-intervals, which could have been due to
multiple reasons and they are as follows: differences
in endoscopic techniques between centers, operator
dependent variability, variability in the number of
endoscopic sessions to resolution of WON, variability
in the use of naso-cystic drains, variability in the
route of access to WON, variability on the usage of
“multi-gate” drainage, and variability in the grade of
necrosis and/or solid components in the WON. We
were not able to assess the outcomes based on these
important parameters. Although, we were able to adjust
for most of these parameters between the LAMS and
PS groups, variability within the group still existed. We
were not able to identify and classify adverse-events
based on their severity. We were not able to assess
the impact of disconnected pancreatic duct syndrome
(DPDS) on the assessed outcomes. DPDS is often
overlooked, yet important complication of WON and
permanently placed iz situ PS are preferred in such
circumstances.!

CONCLUSION

Our meta-analysis demonstrates essentially equal
clinical outcomes between LAMS and PS in terms

I ENDOSCOPIC ULTRASOUND / VOLUME 8 | ISSUE 2 / MARCH-APRIL 2019

of successful drainage and adverse-events in the
endoscopic drainage of pancreatic WON. LAMS are
easier to use for performing DEN, may reduce the total
number of procedures, but come at increased cost.
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Supplementary information is linked to the online
version of the paper on the Endoscopic Ultrasonund
website.
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