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Abstract

Background: Double layer stents (DLS) were designed to overcome the limitations of plastic stents (PS) and
self-expandable metal stents (SEMS) in palliating inoperable malignant biliary obstructions (MBO).

Aims: Primary outcomes are stent patency period, occlusion rates and adverse events.

Methods: Study Selection Criteria: Studies using DLS, SEMS and PS for palliation of patients with inoperable
MBO.

Data collection and extraction: Articles were searched in Pubmed and Ovid.
Statistical method: Pooled proportions were calculated using both fixed and random effects model.

Results: Initial search identified 374 reference articles, of which 41 were selected and reviewed. Five studies
(N=460) for DLS, SEMS and PS which met the inclusion criteria were included in this analysis. Pooled analysis by
fixed effects showed DLS patency to be 118.9 days (95% CI=110.4 to 127.4) compared to 77.4 days (95% CI=70.2
to 84.6) in PS and 170.7 days (95% Cl=154.4 to 187.0) in SEMS. Stent occlusion rates in DLS, PS and SEMS group
were 8.1% (95% CI=7.1 to 9.0), 37.5% (95% CI=33.8 to 41.1) and 19.9% (95% CI=18.1 to 21.7) respectively.

Conclusions: In palliating inoperable MBO patients, DLS seem to be superior to PS. SEMS tend to have higher

occlusion rates compared to DLS.
L

J
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Introduction

Malignant biliary obstruction (MBO) occurs as a result of primary
neoplasms of pancreato-biliary tract and other local cancers (gall
bladder and liver malignancies) that can compress the biliary tract. The
local tumors manifest as strictures occluding the biliary tract [1]. The 5
year survival rate of most of these malignancies is less than 5% [2].
These malignancies are often unresectable at the time of presentation,
thus making palliation with biliary stents a widely accepted
management option [3-6]. Biliary obstruction can cause jaundice,
malabsorption, pruritus, anorexia, or cholangitis [7,8]. Endoscopic
retrograde biliary drainage (ERBD) with decompression and
placement of biliary stents can relieve obstructive symptoms and
improve the quality of life [9,10]. Furthermore, biliary stents have
lower morbidity than bypass surgery and are often the preferred
method for palliation [11-16].

Biliary stents can broadly be classified into plastic stents (PS) and
self-expandable metal stents (SEMS). Bore size of the stent plays a key
role in stent patency. Smaller bore size leads to early blockade of stent
from accumulation of biliary sludge [5]. Diameter of the PS is
approximately 10 to 14 Fr compared to the diameter of the SEMS
which is approximately 30 Fr after stent deployment. For a long time,
PS have been used for palliation, however due to the short patency
period, they had to be changed every few months. PS have significantly
shorter patency period compared to uncovered self-expandable metal
stents (USEMS) [11,12,17,18]. SEMS are relatively more expensive,
have an increased susceptibility of tumor ingrowth/overgrowth that
leads to stent dysfunction, and are not easily retrievable [19].

As an attempt to upgrade the PS and overcome its limitations,
Double Layer stents (DLS) (Olympus, Japan) were developed. They are
made of two layers separated by a stainless steel wire mesh. The outer
layer is made of polyamide elastomer-this provides rigidity, elasticity
and stiffness to ensure easy passage of the stent through a stricture. The
inner layer is made of a specially processed fluorinated material that
makes the inner surface smoother and provides water repellant
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properties. These properties would minimize the accumulation of bile
or sludge on the inner surface of stent, there by delaying the stent
occlusion. DLS has four flaps each on duodenal and distal ends to
secure the stent in place [7].

Previous retrospective studies and randomized control trials (RCTs)
comparing the efficacy of DLS with other stents showed that DLS had
longer patency period and lower risk of occlusion compared to PS,
however SEMS had longer patency compared to DLS [7,19-22]. Thus
far, there has not been any systematic review article or meta-analysis
that looked at the overall efficacy of DLS.

In this meta-analysis and systematic review, we sought to include all
the available studies including RCTs and retrospective cohort studies
comparing the efficacy of DLS with PS and SEMS in palliation of
inoperable malignant biliary obstruction (intrahepatic, hilar, and distal
biliary obstruction). Primary outcomes are stent patency periods
(number of days the stent is patent) and stent occlusion rates of DLS,
PS and SEMS in managing malignant biliary strictures. Secondary
outcomes include overall adverse events in all the groups.

Methods

Inclusion criteria

Studies comparing DLS with PS and / or SEMS for palliation in
patients with inoperable malignant biliary stricture/obstruction were
included in this meta-analysis and systematic review. Studies should
have looked at a minimum of two variables that must include stent
patency days and adverse events. Patients in the studies should have
had a malignant biliary stricture that is either non-resectable (probably
due to extensive distant metastasis or vascular invasion) or inoperable
(due to other co-morbidities).

Exclusion criteria

Studies without a comparison arm (non-comparison studies) were
excluded. Studies that looked at patients with prior radiological biliary
procedures, prior biliary surgical procedures, and prior biliary stent
placement were also excluded. Patients with American Society of
Anesthesiologists (ASA) grade 4 or 5, inability to follow up, duodenal
obstruction, potentially benign biliary obstruction were all excluded.
Studies that were done on patients receiving chemotherapy were
excluded from this analysis. Studies not looking at post-stenting
complications and stent occlusion rates were also excluded from the
study.

Data collection and extraction

Articles were searched in Medline, PubMed, and Ovid journals,
EMABSE, Cumulative Index for Nursing & Allied Health Literature,
ACP journal club, DARE, International Pharmaceutical Abstracts, old
Medline, Medline non indexed citations, OVID Health star, and
Cochrane Central Register of Controlled Trials (CENTRAL). The
search was performed for the years 1966 to December 2015. Abstracts
were manually searched in the major gastroenterology journals for the
past three years. Study authors for the abstracts included in this
analysis were contacted when the required data for the outcome
measures could not be determined from the publications. The search
terms used were Double Layer Stent, self-expandable metal stents,
plastic stents, palliation, malignant biliary stricture, patency, occlusion
rate, stent migration, mortality, morbidity, complications, meta-

analysis, and systematic review. Two authors (HM and SP)
independently searched and extracted the data into an abstraction
form. Any differences were resolved by mutual agreement. The
agreement between reviewers for the collected data was quantified
using the Cohen's k [23].

Definitions

Stent patency is defined as the interval between stent insertion and
stent occlusion or stent replacement. Stent occlusion is defined as
development of jaundice with biochemical evidence of cholestasis,
worsening transaminasemia and/or cholestasis with episodes of fever
suggestive of cholangitis.

Follow up period for all the studies included in this analysis was
either till patients death or stent occlusion or 12 months after first
stent placement; which ever occurred first. Survival benefit was
assessed using time till death. Time till death is defined as the number
of days the patient was alive after the first biliary stent placement as a
palliative attempt.

Quality of studies

Clinical trials designed with a control and treatment arms can be
assessed for quality of the study. A number of criteria have been used
to assess this quality of a study (e.g. randomization, selection bias of
the arms in the study, concealment of allocation, and blinding of
outcome) [24,25]. There is no consensus on how to assess studies
designed without a control arm. Hence, these criteria do not apply to
studies without a control arm [25].

Statistical methods

This meta-analysis was performed by calculating pooled
proportions. First the individual study proportion of stent patency
periods, stent occlusion rates, and overall complications were
transformed into a quantity using Freeman-Tukey variant of the
arcsine square root transformed proportion.

The pooled proportion is calculated as the back-transform of the
weighted mean of the transformed proportions, using inverse arcsine
variance weights for the fixed effects model and DerSimonian-Laird
weights for the random effects model [26,27]. Forest plots were drawn
to show the point estimates in each study in relation to the summary
pooled estimate. The width of the point estimates in the Forest plots
indicates the assigned weight to that study.

The heterogeneity among studies was tested using Cochran’s Q test
based upon inverse variance weights [28]. If p value is >0.10, it rejects
the null hypothesis that the studies are heterogeneous.

The effect of publication and selection bias on the summary
estimates was tested by both Harbord-Egger bias indicator [29] and
Begg-Mazumdar bias indicator [30]. Also, funnel plots were
constructed to evaluate potential publication bias using the standard
error and diagnostic odds ratio [31,32], Microsoft Excel 2013 (Seattle,
USA) was used to perform statistical analysis.
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Results

Initial search identified 374 reference articles, of which 41 articles
were selected and reviewed. Data was extracted from five studies
[7,19-22] (N=460) for DLS compared with SEMS and/or PS which met
the inclusion criteria.

All the studies are published as full text articles. Figure 1 shows the
search results. All the pooled estimates given are estimates calculated
by the fixed and random effect models.

Initial search gave 374

333 articles did not look at
comparison of DLS with
SEMS and/or PS

36 articles did not have the

Figure 1: Flow chart with search results and selection criterion.

Table 1 shows the baseline characteristics of the studies. Of the five
studies included in this study, three [20-22] are randomized controlled
trials (RCT) and two [7,19] are retrospective cohort studies. The
pooled effects estimated by fixed and random effect models were
similar.

The p for chi-squared heterogeneity for all the pooled accuracy
estimates was >0.10. This article looked at various outcomes including
stent occlusion rates, survival rates, cholangitis episodes etc.

However, most of the studies did not have information on all the
variables studied in this meta-analysis. Studies with pertinent
information regarding a particular variable were included in calculated
the pooled effect of that particular variable.

No Study Type of study Age* Sex: M/F Total No of | No of | No of | No of | Location of
patients patients patients patients biliary
with DLS with SEMS | with PS stricture
1 Elwir et al. [7] Retrospective 66 77137 114 37 44 33 Mixed
2 Ito et al. [19] Retrospective 70 44/20 64 24 27 - Distal
3 Isayama et al. [20] Randomized Prospective 70 63/50 113 58 55 - Distal
4 Katsinelos et al. [21] Randomized Prospective 72 23/26 49 24 - 25 Distal
5 Tringali et al. [22] Randomized Prospective 71 50/70 120 60 - 60 Mid to Distal

Table 1: Basic characteristics of the included studies. *Age: Median age in years, DLS: Double layer stent; SEMS: Self-expandable metal stent, PS:

Plastic stent.

Stent patency period and stent occlusion rates

Pooled analysis by fixed effects showed DLS patency to be 118.9
days (95% CI=110.4 to 127.4) compared to 77.4 days (95% CI=70.2 to
84.6) in PS and 170.7 days (95% CI=154.4 to 187.0) in SEMS. Bias
indicator: Egger bias was 14.71 (95% CI=-11.79 to 41.21) with P=0.17.

Figure 2 shows forest plot of individual study proportions and
pooled estimate for DLS patency periods. Percentage of stents
occluded in DLS, PS and SEMS group were 8.1% (95% CI=7.1 to 9.0),
37.5% (95% CI=33.8 to 41.1) and 19.9% (95% CI=18.1 to 21.7)
respectively.

Figure 3 shows forest plot of individual study proportions and
pooled estimate for DLS occlusion rates.

Effect size meta-analysis plot [ixed effects]

ool fctsize = 119394577 (555 G = 110 82045210 127

7 ssssiz)

Figure 2: Forest plot: Individual study proportions and the pooled
estimate of DLS patency periods (Fixed effects).
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Figure 3: Forest plot: Individual study proportions and the pooled
estimate of DLS occlusion rates (Fixed effects).

Overall adverse events

Pooled analysis by fixed effects showed the overall adverse events in
DLS group, PS group and SEMS group to be 4.62 (95% CI=4.22 to
5.02), 3.44 (95% CI=2.99 to 3.89) and 2.17 (95% CI=1.73 TO 2.61)
respectively. Figure 4 shows forest plot of individual study proportions
and the pooled estimate of overall adverse events in DLS group (Fixed
effects). The adverse events include pancreatitis, cholangitis,
perforation, stent occlusion, haemorrhage after Endoscopic retrograde
cholangiopancreatography (ERCP), biliary leakage, delayed gastric
emptying, myocardial infarction, portal vein thrombosis, pneumonia,
need for repeated laparotomy and intra-abdominal abscess.

Effect size meta-analysis plot fixed effects]
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Figure 4: Forest plot: Individual study proportions and the pooled
estimate of overall adverse events in DLS group (Fixed effects).

Discussion

Biliary obstruction is found in most patients with malignancies of
the bile-duct system [12,15,33]. However, disease is usually detected in
late stages because most patients do not have early symptoms [7,9].
Surgical resection offers the greatest chance of cure for common bile
malignancy [7]. Yet, five-year survival rates remain less than 10% and
the prognosis is extremely poor [9,34]. Metastatic or locally advanced
disease cannot be cured in greater than 80% of patients [12,15,33]. As
mentioned above, decompression of biliary system using a biliary stent
has proved beneficial in these patients.

SEMS have a longer patency periods compared to plastic stents
[11,12,17,18]. Stent diameter plays a key role in stent patency. After
deployment, SEMS can expand to a diameter of approximately 30 Fr,
whereas the maximum diameter of PS that can be deployed is 10-14 Fr

due to the limited diameter of the accessory channel of endoscope.
USEMS are associated with an increased tumor ingrowth, easily
embedded into the biliary tract, and are difficult to retrieve
[11,12,17,18].

Stent occlusion usually occurs due to bio-film formation from
accumulation of bacteria and proteins to the inner surface of the stent.
This is usually followed by precipitation of biliary contents and
eventually clogging the stent. In addition to these mechanisms, tumor
ingrowth and outgrowth also contribute to stent occlusion in SEMS
[7,35-37]. Double layered stents were developed to overcome the
limitations of plastic stents. DLS structure is essentially designed to
improve the patency period and to promote easy insertion in to the
biliary tract. The inner layer is smooth and has water-repellant
properties. This minimizes bile adhesion and accumulation. The outer
layer is more rigid and this facilitates smooth insertion. DLS does not
have side holes; thereby reducing bile accumulation in the lumen [7].
DLS also have four flaps each on both ends to keep it in place.

A recent study that compared DLS with SEMS and PS showed that
DLS might be a cost effective alternative in palliation of malignant
biliary obstruction. Their study showed that DLS is superior to PS and
are comparable to SEMS. DLS and SEMS had comparable
complications [7]. Few studies comparing DLS to SEMS showed that
SEMS have a longer patency period [19,20]. Katsinelos et al. [21]
showed that DLS and PS are comparable in-terms of stent patency and
complication. However, Tringali et al. [22] showed that DLS had longer
patency period and lesser occlusion rates compared to PS.

In our meta-analysis, the final outcomes showed that DLS have a
longer patency period, lower stent occlusion rates and slightly more
adverse effects compared to PS. In a patient with a shorter life
expectancy, DLS may be used in place of PS if the cost of the stents are
practically comparable. In this meta-analysis, SEMS showed longer
patency period and less adverse events compared to DLS. This shows
that SEMS could be superior to DLS.

Cost effectiveness of DLS versus PS and SEMS is another area of
interest that would determine the practical feasibility of DLS in
palliation. In our meta-analysis, we were not able to derive any
conclusions in regards to cost effectiveness. This is due to the non-
uniformity of cost effectiveness criteria used in the aforementioned
studies. Cost-effective analysis must be performed in future RCTs
involving DLS. Based on the results of this meta-analysis, which in-
turn is supported by the conclusions from prior studies, we can
conclude that in patients with malignant biliary obstruction receiving
palliation with SEMS, DLS may not yet be an equally effective
alternative.

There are a few limitations for this study. Different type of stents
with slightly variable bore size have been used in these studies. Few
studies used trial stents that were not used in another study. The DLS
used in all the studies was from ‘Olympus, Japan’ except one study that
used a customized DLS [21]. Uncovered metal stent was used in Ito et
al. [19] Covered metal stent was used in Isayama et al. [20], Kastinelos
et al. compared Tannenbaum stent to DLS [21]. Regular polyethylene
plastic stents were used in two studies, Elwir et al. and Tringali et al.
[7,22]. The type of malignancy causing the biliary obstruction, stage of
the malignancy, presence of metastasis could have all influenced the
results. Retrospective cohort studies were included in this meta-
analysis along with RCTs.

Strengths of this meta-analysis include the high quality
methodology of statistical analysis, high quality methodology used in
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individual studies, total number of patients included in this analysis
(N=460) and homogeneity of data among the individual studies.

Studies with statistically significant positive results tend to be
published and cited. Additionally, smaller studies may show larger
treatment effects compared to larger studies. This publication and
selection bias may affect the summary estimates. The bias can be
estimated using Egger bias indicators and the construction of funnel
plots, whose shape can be affected by bias. In the present meta-analysis
and systematic review, bias calculations both Egger [29] and Begg-
Mazumdar [30] bias indicators showed no statistically significant bias.
Furthermore, analysis using funnel plots showed no significant
publication bias among the studies included in the present analysis.

Conclusions

DLS seem to be superior to plastic stents. DLS remain patent for a
longer duration and are less prone to occlusion compared to PS. DLS
and PS is comparable in regards to their overall adverse effects. SEMS
seem to remain patent for a longer duration and have less adverse
effects compared to PS. When the patients were followed up till death,
SEMS tend to have higher occlusion rates compared to DLS. DLS
might not yet be a standard alternative for SEMS in palliating patients
with unresectable MBO. Further RCTs with cost effectiveness analysis
could provide more specific guidelines regarding the stent preference.
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