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a b s t r a c t

Background: Palliation for inoperable malignant distal biliary strictures can be achievedwith

self-expandable metal stents (SEMS) and plastic stents (PS). This is a meta-analysis to

compare PS and SEMS. The aim of the study is to compare clinical outcomes in patients

with SEMS and PS.

Methods: Study selection criteria were studied using SEMS and PS for palliation in patients

with malignant distal biliary stricture. For data collection and extraction, articles were

searched in Ovid journals, Medline, Cochrane database, and Pubmed. Pooled proportions

were calculated using both Mantel–Haenszel method and DerSimonian Laird method for

statistical analysis.

Results: Initial search identified 1376 reference articles, of which 112 were selected and11

studies (N = 947) were included in this analysis. Pooled analysis showed SEMS patency to be

167.7days (95% CI = 159.2–176.3) compared to 73.3days (95% CI = 69.8–76.9) in PS. SEMS have

lower odds of occlusion when compared to PS with an odds ratio of 0.48 (95% CI = 0.34–0.67).

SEMS has a lower odds of cholangitis compared to SP, with an odds ratio of 0.46 (95%

CI = 0.30–0.69).

Conclusion: SEMS seem to be superior to PS with better patency periods and survival

duration. SEMS have lower occlusion rates, re-intervention rates, and cholangitis.
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Introduction
Malignant distal biliary obstruction 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 presenta-
tion, thus making palliation with biliary stents a widely
accepted management option.3–6 Biliary obstruction causes
jaundice, malabsorption, pruritus, anorexia, or cholangitis.4,5

Endoscopic retrograde biliary drainage with decompression
and placement of biliary stents can relieve obstructive
symptoms and improve quality of life.7 Furthermore, biliary
stents have lowermorbidity than bypass surgery and are often
the best method for palliation.8–10

Biliary stents can broadly be classified into self-expandable
metal stents (SEMS) and plastic stents (PS). Biliary stenting has
shown to improve the quality of life of these patients and
relieve jaundice.7 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 10–14 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. It is presumed that PS have significantly shorter
patency period compared to uncovered self-expandable metal
stents (USEMS).8–11

Previous retrospective studies, randomized control trials
(RCTs), reviews and meta-analyses comparing the efficacy of
PS and SEMS showed wide heterogeneity of results.8–18 On
comparison, there have been mixed outcomes in regards to
stent patency periods, stent occlusion rates, stent migration,
survival benefit, pancreatitis, cholecystitis, and cholangitis.
There have also been recent studies published that were not
included in the prior meta-analyses. In our meta-analysis, we
sought to include all the available studies including RCTs and
retrospective cohort studies comparing the efficacy of PS and
SEMS in palliation of malignant distal biliary obstruction.
Primary outcomes are stent patency periods (number of days
the stent is patent) and occlusion rates of PS versus metal
stents in managing malignant distal biliary strictures. Sec-
ondary outcomes include survival benefit, overall complica-
tions, stent migration, pancreatitis, cholangitis, and
cholecystitis in both groups.
Material and Methods

Inclusion criteria

Studies using SEMS and PS for palliation in patients with
malignant distal biliary stricture/obstruction. Studies compar-
ing the two wings were included in this analysis. 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 distal 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 performed on biliary strictures in hilar
or middle portion of biliary tree were excluded. Studies that
looked at patients with prior radiological biliary procedures,
prior biliary surgical procedures, and prior biliary stent
placementwere also excluded. PatientswithAmerican Society
of Anesthesiologists (ASA) grade 4 or 5, inability to follow up,
duodenal obstruction, potentially benign biliary obstruction
were all excluded.

Data collection and extraction

Articles were searched in Cochrane Central Register of
Controlled Trials (CENTRAL), PubMed, Medline, Cumulative
Index for Nursing & Allied Health Literature, EMBASE, ACP
journal club, Medline nonindexed citations, Ovid journals, old
Medline, DARE, International Pharmaceutical Abstracts, and
OVID Healthstar. The search was performed for the years 1966
to December 2015. Major gastroenterology journals from the
past 3 years were searched manually and relevant abstracts.
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 SEMS, PS, malignant distal biliary stricture,
patency, occlusion rate, stent migration, mortality, morbidity,
complications, systematic review and meta-analysis. Data
was extracted and searched by two authors independently
(HM and SP) into an abstraction form. Cohen's k was used to
quantify the agreement among the reviewers for the data
collected.19 Co-authors have resolved any differences in the
study process by mutual agreement.

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 transamina-
semia and/or cholestasis with episodes of fever suggestive of
cholangitis. Followup period for all the studies included in this
analysis was either till patient's death or stent occlusion or 12
months after first stent placement; which ever occurred first.
Time till death is defined as the number of days the patient
was alive since the first biliary stent placement as a palliative
attempt.

Quality of the studies

Quality of a study was assessed by many criteria (e.g. blinding
of outcome, randomization, concealment of allocation, selec-
tion bias of the arms in the study).20,21 Quality of the study
could be assessed in RCTs or prospective studies with a
treatment and control arm. In studies with no control arms,
there is no clear consensus regarding how to assess them.
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Fig. 1 – Flow chart with search results and selection
criterion.

med i c a l j o u rn a l a rm e d f o r c e s i n d i a 7 3 ( 2 0 1 7 ) 4 2 – 4 844
Hence, the above mentioned criteria cannot be used to assess
studies without a control arm.21

Statistical methods

Pooled proportions were calculated in this meta-analysis.
Freeman–Tukey variant of the arcsine square root trans-
formed proportion was used to transform individual study
proportions (stent patency, re-interventions, stent occlusion,
survival benefit, overall complications, and individual com-
plications) into a quantity. Inverse arcsine variance weights
and DerSimonian–Laird weights were used to calculate the
pooled proportions as the back-transform of the weighted
mean of the transformed proportions for fixed and random
effects model respectively.22,23 Pooled estimate and point
estimate of individual studies were graphically represented
using forest plots. In the Forest plots weight assigned to a
particular study was proportional to the width of the point
estimates. Cochran's Q test was used to test the heterogeneity
among studies based upon inverse variance weights.24 When
the p value is above 0.10, null hypothesis was rejected. Null
hypothesis assumes that the studies are heterogeneous.
Harbord et al. bias indicator25 along with Begg et al. bias
indicator26 were used to assess the publication bias and
selection bias in the study. Publication bias was also assessed
by constructing funnel plots. Diagnostic odds ratio and
standard error were used to generate the funnel plots.27,28
Results

Initial search identified 1376 reference articles, of which 112
articles were selected and reviewed. Eleven studies8–18

(N = 947) of SEMS and PS met the inclusion criteria. Data
was extracted from these 11 studies. The eleven studies were
published as full articles/manuscripts. Search results are
displayed in Fig. 1. Random and fixed effect models were
used to calculate all the pooled estimates.

Table 1 shows the baseline characteristics of the studies. Of
the 11 studies included in the study, seven8–11,13,15,17 were
RCTs. This article looked at various outcomes including stent
Table 1 – Basic characteristics of the included studies.

No. Study, year, place Type of study

1 Elwir et al., 2013, USA Retrospective
2 Moses et al., 2013, USA Randomized prospective
3 Adams et al., 2012, USA Retrospective
4 Soderlund et al., 2006, Sweden Randomized controlled t
5 Katsinelos et al., 2006, Greece Prospective
6 Kaassis et al., 2003, France Randomized prospective
7 Prat et al., 1998, France Randomized prospective
8 Lammer et al., 1996, Austria Randomized prospective
9 Knyrim et al., 1993, Germany Randomized controlled t
10 Davids et al., 1992, Netherlands Randomized prospective
11 Yoon et al., 2009, South Korea Retrospective

a This study also included another subset of patients with Double layere
– Not mentioned in the study.
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. The pooled effects estimated by random and fixed
effect models were similar. For all the pooled accuracy
estimates, the p for Chi-squared heterogeneity was >0.10.

Patency period, re-intervention rate and stent occlusion rate:

Pooled analysis by fixed effects showed SEMS patency to be
167.7 days (95% CI = 159.2–176.3) compared to 73.3 days (95%
CI = 69.8–76.9) in PS. Number of re-interventions per patient in
SEMS group was 1.1 (95% CI = 0.9–1.3) compared to 1.7 (95%
CI = 1.5–1.9) in PS group. SEMS have significantly lower odds of
occlusionwhen compared to PS with an odds ratio of 0.48 (95%
CI = 0.34–0.67). Fig. 2 is a Forest plot showing the pooled
Sex: M/F Total no.
of patients
in study

No. of
patients

with SEMS

No. of
patients
with PS

50/27 114a 44 33
trial 40/39 79 39 40

27/25 52 – –

rial 50/50 100 49 51
24/23 47 23 24

trial 53/65 118 59 59
trial 49/52 101 34 67
trial 38/63 101 52 49
rial - 55 27 28
trial 47/58 105 49 56

62/50 112 56 56

d stent that was excluded from this meta-analysis.
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Fig. 2 – Forest plot: Individual study proportions and the pooled estimate of odds ratio for occlusion rates in SEMS versus PS
(fixed effects).
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estimate of odds ratio and individual study proportions for
occlusion rates in SEMSversus PS. The values of bias indicators
are as follows: Begg–Mazumdar Kendall's tau = 0.38 ( p = 0.12)
and Egger: bias = 10.18 (95% CI = 5.77–14.57), p = 0.0005.

Mortality

Pooled analysis by fixed effects showed an overall survival/
time to death in SEMS group to be 157.3 days (95% CI = 148.9–
165.6) compared to 120.6 days (95% CI = 114.3–126.9) in PS
[(Fig._3)TD$FIG]
Fig. 3 – Forest plot: Individual study proportions and the pooled
(fixed effects).
group. Fig. 3 is a Forest plot showing the pooled estimate of
overall survival/time to death and individual study propor-
tions in SEMS group. Egger: bias = 10.02 (95% CI = 5.14–14.90),
p = 0.0024.

Complications

The effect size of pooled complication rate in SEMS group was
3.83 (95% CI = 3.52–4.14) compared to 2.17 (95% CI = 1.91–2.42)
in PS group. Pooled data for all the complications is shown in
estimate of overall survival/time to death in SEMS group



Table 2 – Odds ratio of all complications along with their
respective publication bias (SEMS versus PS).

Variable Metal versus plastic stents:
odds ratio with 95% CI

Cholangitis 0.46 (95% CI = 0.31–0.69)
Stent migration 0.45 (95% CI = 0.15–1.37)
Cholecystitis 1.85 (95% CI = 0.45–7.56)
Pancreatitis 0.80 (95% CI = 0.33–1.96)
Occlusion rate 0.48 (95% CI = 0.34–0.67)
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Table 2. Patients with SEMS have lower odds of developing
cholangitis as a complication when compared to patients with
PS, with an odds ratio of 0.46 (95% CI = 0.30–0.69). Fig. 4 is a
Forest plot showing the pooled estimate of odds ratio and
individual study proportions for cholangitis in SEMS versus PS.
Egger: bias = 0.10 (95% CI = �2.58 to 2.78), p = 0.93 and Horbold–
Egger: bias = 0.07 (92.5% CI = �2.29 to 2.43), p = 0.95.

Subgroup analysis of RCTs

A subgroup analysis was performed on RCTs only. Seven
RCTs8–11,13,15,17 were included in this subgroup analysis. Total
number of patients in this subgroup (N) was 659, with 45%
males. Median patient age was 74 years. Pooled analysis by
fixed effects showed SEMS patency to be 165.07 days (95%
CI = 155.34–174.80) compared to 86.79 days (95% CI = 81.71–
91.87) in PS. Number of re-interventions per patient in SEMS
group was 0.78 (95% CI = 0.56–0.99) compared to 1.27 (95%
CI = 1.04–1.49) in PS group. SEMS have significantly lower
odds of occlusion when compared to PS with an odds ratio of
0.29 (95% CI = 0.19–0.46). Pooled analysis by fixed effects
showed an overall survival/time to death in SEMS group to
be 147.15 days (95% CI = 138.77–155.54) compared to 111.84
days (95%CI = 105.24–118.43) in PS group. Odds ratio for pooled
[(Fig._4)TD$FIG]

Fig. 4 – Forest plot: Individual study proportions and the pooled e
effects).
adverse events in SEMS versus PS group was 0.84 (95%
CI = 0.44–1.60). Patients with SEMS have lower odds of
developing cholangitis as a complication when compared to
patients with PS, with an odds ratio of 0.34 (95% CI = 0.17–0.68).

Discussion
Biliary obstruction is found in most patients with malignancy
of the distal bile-duct system.10,15,16 However, disease is
usually detected in late stages because most patients do not
have early symptoms.12,29 Surgical resection offers the great-
est chance of cure for distal common bile malignancy.12 Yet,
five-year survival rates remain less than 10% and the
prognosis is extremely poor.29,30 Metastatic or locally ad-
vanced disease cannot be cured in greater than 80% of
patients.10,15,16 As mentioned above, decompression of biliary
system using a biliary stent has proved beneficial in these
patients.

It is a popular opinion that ERCP with SEMS insertion
remains an invaluable palliative modality in inoperable
malignant biliary strictures and patients in whom surgery
has been delayed due to neo-adjuvant therapy.31 Few studies
compared unilateral stenting versus bilateral stenting. Hong
et al.32,33 mentioned that unilateral stenting had higher
successful stent insertion compared to bilateral stenting. Puli
et al.34 showed that bilateral plastic stenting is comparable to
unilateral plastic stenting in regards to adverse events in
managing patients with malignant hilar biliary strictures.

Adams et al.14 compared the efficacy metal versus PS in
pancreatic cancer patients undergoing neo-adjuvant therapy.
Their study concluded that metal stents are superior to PS in
terms of complication rate, rate of hospitalization for stent
related complications and first quartile estimate of time to
stent complications. Elwir et al.12 retrospectively compared
stimate of odds ratio for cholangitis in SEMS versus PS (fixed
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Double layered stents (DLS) with metal stents and PS. Their
analysis showed that DLS is comparable to SEMS but superior
to PS.

Cost effectiveness of PS versus SEMS is another area of
interest that many studies tried to evaluate. Yoon et al.18

showed that metals stents offer better palliation compared to
PS without significant increase in cost. In this study there was
no statistical difference in the mean cost of relief of jaundice
in both the groups. Soderlund et al.15 showed that cost
effectiveness is equal in both groups. Three RCTs8,35,36

however showed that SEMS aremore cost effective compared
to PS in palliation of malignant biliary strictures. This benefit
is thought to be from longer patency, less re-intervention
rates and fewer complications and hospitalizations in the
SEMS group. 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. Kaassis et al.17 mentioned that
the overall hospital stay (in days) of patient receiving
palliation for malignant distal biliary strictures was less in
SEMS group (80 days) compared to PS group (246 days). This
could be from relatively less occlusions, increased patency
period.

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. Most of the studies used PS with bore size 10 Fr,
however two studies – Prat et al.9 andKnyrimet al.8 used 11.5 Fr
PS. Lammer et al.11 used 12 Fr PS. Covered metal stents were
used in Soderlund et al.15 and partially covered SEMSwere used
in Moses et al.13 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 individual studies, large number of studies compared to
prior meta-analyses, large pooled patient population (N = 947)
and homogeneity of data among the individual studies. This
study analyzed the efficacy of stents only in distal biliary
strictures.

Based on the results of this meta-analysis, which in-turn is
supported by the conclusions from prior studies, we can
conclude that SEMS have increased patency period and
survival benefit compared to PS. Re-intervention rate, occlu-
sion rate and cholangitis is comparatively low in SEMS. Overall
complication rate is marginally higher in SEMS compared to
PS. Although this might be due to various individual
complications like increased tumor ingrowth in SEMS, it is
worth mentioning that there could be a contribution from
longer patency of SEMS. More events (complications) tend to
accumulate over the prolonged patency duration and SEMS
have a longer patency period compared to PS. Due to the
limited data available on the cost benefit of SEMS and PS, we
were not able to derive any meaningful conclusions in this
regard. Based on the results of our study and systematic review
of this topic, our opinion is that; in a patient with unresectable
malignant distal biliary obstruction with a longer expected
survival period, SEMS are superior to PS. This being said, in-
order to choose one stent over the other, every patient case
must be individualized based on the overall cost of the stents,
anticipated survival period, anticipation of stent retrieval,
anticipation of re-interventions.

It is a common observation that studies with positive
results that are statistically significant tend to be cited and
published. Due to the inherent nature of statistical analysis,
larger studies may show smaller treatment effects compared
to smaller studies. The summary estimatesmay be effected by
the selection bias and publication bias. Shape of the funnel
plot could be effected by the bias, and bias is usually estimated
with Egger bias indicators. In this systematic review andmeta-
analysis, Harbord et al.25 and Begg et al.26 bias indicators was
used to estimate bias. No statistically significant bias was
noted based of these indicators. As mentioned earlier, funnel
plots were used to estimate publication bias. The studies
included in this analysis did not have a statistically significant
publication bias based on the funnel plots.

Conclusions
SEMS seem to have lower odds of occlusion and cholangitis
when compared to PS. SEMS had marginally lower re-
intervention rate and are patent twice as long as PS in patients
with malignant distal CBD strictures. SEMS might be associat-
ed with longer overall survival periods compared to PS. Metal
stents seems to have marginally higher percentage of overall
adverse events compared to PS. Although there were slight
differences in the occurrence of stent migration, pancreatitis
and cholecystitis in both the groups, the results were not
statistically significant. Based on these conclusions, it is
reasonable to prefer using SEMS over a PS in a patient with
malignant distal biliary stricture.
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