
Introduction
Distal biliary malignant strictures often present at an unresect-
able stage, with management restricted to palliation. Endo-
scopic treatment offers biliary decompression and improved
quality of life [1]. Plastic and metal stents have been used to de-
compress biliary strictures with varying results. A previous
meta-analysis showed superiority of self-expandable metal

stents (SEMS) over plastic stents, with a reduced risk of recur-
rent biliary strictures and less need for repeated endoscopy
[2]. SEMS have also been associated with improved patency
over plastic stents as early as 4 months after insertion [3]. How-
ever, uncovered SEMS had a high risk of stent occlusion, occur-
ring 8 months after stent placement in up to 20%–50% of pa-
tients following tumor ingrowth through the metal mesh [4].
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ABSTRACT

Background Self-expandable metal stents (SEMS) are used

for palliation of distal malignant biliary strictures, but the

role of covered SEMS is less clear. We performed an up-to-

date meta-analysis to compare the performance of covered

and uncovered SEMS in patients with unresectable distal

malignant biliary strictures.

Methods A computerized medical search was performed

using MEDLINE, EMBASE, and the Cochrane Library be-

tween 2000 and December 2016 to identify all randomized

trials that compared covered with uncovered SEMS in pa-

tients with distal malignant biliary strictures. Primary out-

comes were stent failure and patient mortality; secondary

outcomes were stent dysfunction and adverse events.

Pooled estimates were computed using the random effects

model.

Results Overall, 11 RCTs involving 1272 patients were in-

cluded. The primary outcomes of stent failure and patient

mortality did not differ significantly between covered and

uncovered SEMS (hazard ratio [HR] 0.68, 95% confidence

interval [CI] 0.40–1.17; HR 0.89, 95%CI 0.76–1.05,

respectively). However, stent migration and sludge forma-

tion were much more common with covered SEMS (odds ra-

tio [OR] 5.11, 95%CI 1.84–14.17; OR 2.46, 95%CI 1.37–

4.43). The use of covered SEMS was associated with a lower

rate of tumor ingrowth (OR 0.21, 95%CI 0.09–0.50) but a

higher rate of tumor overgrowth (OR 2.00, 95%CI 1.15–

3.48) compared with uncovered stents. The rates of proce-

dure-related adverse events were similar in both groups.

Conclusion There was a risk reduction of about 32% for

both stent failure and patient mortality with covered SEMS

but this difference was not significant. Migration and

sludge rates were higher with covered SEMS, whereas tu-

mor ingrowth was more likely with uncovered SEMS. The

data show no added benefit of covered SEMS; further stent

evolution is desirable.
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Covered SEMS may prolong stent patency but are more ex-
pensive and more prone to migration. The advantages of using
covered over uncovered SEMS in patients with inoperable distal
malignant biliary stricture remain uncertain. Although stents
have been compared in previous meta-analyses, major metho-
dological flaws prevent definitive conclusions [5–7]. Moreover,
no previous systematic review or meta-analysis has assessed
stent survival according to the new Tokyo criteria or considered
a recently published randomized controlled trial (RCT) [8].

We have conducted the first analysis of primary studies in-
cluded in a meta-analysis on the basis of the type of covering
membrane used and the stent characteristics, as these might
have a role in the performance of covered SEMS.Our aim was
to perform an up-to-date systematic review and meta-analysis
of RCTs to assess differences in performance between covered
and uncovered SEMS for the treatment of distal malignant bili-
ary strictures according to the Tokyo criteria.

Methods
The reporting method of this systematic review is based on the
recommendations of the preferred reporting items for sys-
tematic reviews and meta-analyses (PRISMA) [9]. Methods of a-
nalysis and inclusion criteria were specified in advance and
documented in a protocol according to the Cochrane guide-
lines [10].

Search strategy

A computerized medical literature search was performed by
using MEDLINE, Embase, Cochrane Library, and the ISI Web of
Knowledge between January 2000 and December 2016 to iden-
tify available RCTs that compared covered and uncovered SEMS
for the treatment of distal malignant biliary strictures. No lan-
guage or publication status restrictions were imposed.

Eligibility criteria were as follows.
▪ Types of studies: RCTs comparing efficacy and safety of

covered SEMS vs. uncovered SEMS.
▪ Types of participants: patients older than 18 years with

malignant biliary strictures without previous stent
placement.

▪ Types of intervention: endoscopic or percutaneous stent
placement.

▪ Types of outcomes measures: stent and patient survival,
cause of stent dysfunction, and adverse events.

Exclusion criteria were hilar tumor and nonrandomized studies.
The keywords “biliary tract disease,” “biliary obstruction,”

“biliary stricture,” “pancreas carcinoma,” “cholangiocarcino-
ma,” “randomized controlled trial,” “stent,” “endoprothesis,”
“metal stent,” “covered SEMS,” and “uncovered SEMS” were
associated in different combinations using the Boolean terms
AND/OR. Queries were limited to those involving human sub-
jects. Handsearches of reference lists of relevant literature re-
views were used to complement the computer searches. A
search strategy is provided in Supplementary Material 1
(available online). Each article was read and analyzed by at least
two members of the research team (A.T. and L.A.), and eligibil-

ity assessment was performed independently in an unblinded
standardized manner.

Data extraction

Two investigators (A.T. and L.A.) and two biostatisticians (M.R.
and M.R.) extracted data from the eligible publications inde-
pendently. The following data were retrieved and entered into
a standardized database: first author, year and type of publica-
tion, country of origin, study setting, number of patients, age
and sex of patients, stent type and covering material, length of
follow-up, tumor type, method of stent insertion, qualitative
data (allocation concealment, blinding, lost at follow-up), and
primary and secondary outcome data. For primary outcomes,
we extracted the hazard ratio (HR) with 95% confidence inter-
val (CI) when reported in the original publication, or we collec-
ted additional information in order to apply statistical methods
to compute these values. For secondary outcomes, we extrac-
ted the number of patients and events in each arms.

Outcome measures

The primary outcome measures were stent failure and patient
mortality, both defined from the time of stent deployment.
The stent patency period was computed until primary stent ob-
struction or further intervention or death with a patent stent,
according to the Tokyo criteria [11].

Secondary outcomes included stent migration, tumor in-
growth and overgrowth, and sludge as cause of stent dysfunc-
tion. Bleeding, pancreatitis, cholecystitis, perforation, and cho-
langitis were recorded as adverse events of the procedure.

Unfortunately, none of the RCTs reported cost-effectiveness
analyses, so these data were not available for statistical analy-
sis.

Statistical analysis

Statistical analyses were performed using the “meta” package
under the R version 3.1.2 (R Foundation for statistical comput-
ing, Vienna, Austria). The two primary outcomes– stent failure
and patient mortality–were evaluated in terms of HR and cor-
responding 95%CI. When studies did not report the HR, we de-
rived its estimate and the corresponding 95%CI using available
additional information, including log-rank P values, the given
numbers of events for each arm, or Kaplan–Meier curves, ap-
plying widely used methods for incorporating summary time-
to-event data into meta-analysis [12]. Briefly, when the original
publications reported the P value derived from the log-rank test
for the comparison of the two Kaplan–Meier curves for covered
and uncovered SEMS, we derived the observed minus expected
count and its variance. Otherwise, if the exact P value derived
from the log-rank test for the comparison of the two Kaplan–
Meier curves for covered and uncovered SEMS was not report-
ed, the observed minus expected count and its variance were
derived from the two Kaplan–Meier curves for covered and un-
covered SEMS. Finally, the HRs and their corresponding 95%CIs
were derived by assessing the exponential ratio between the
observed minus expected count and its variance [12].

Secondary outcomes were evaluated in terms of crude odds
ratios (ORs) and their 95%CIs.
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In order to assess heterogeneity, the Q test based on the chi-
squared statistics was used to measure data dispersion and the
I2 statistic was used to quantify between-study heterogeneity
[13]. As between-study heterogeneity was anticipated, the
pooled estimates were computed using the random effect
model and the Der Simonian and Laird method based on the
moment estimator [14]. When no between-study heterogene-
ity was detected, the final pooled estimates corresponded to
those derived from the fixed effect model.

In order to assess the influence that each individual study
had on the final pooled estimates, we performed a sensitivity a-
nalysis by omitting one study at a time for each primary and
secondary outcome.

For secondary outcomes, we carried out subgroup analyses
comparing 1) partially covered SEMS and 2) fully covered SEMS
with uncovered SEMS.

Potential sources of bias in individual studies were evaluated
through the Cochrane risk of bias tool [15], which is based on
the adequacy of randomization and concealment of allocation,
blinding of patient and personnel, blinding of outcome, incom-
plete outcome data, selective outcome reporting, and other
potential bias.

Publication bias was initially assessed by visual inspection for
the presence of the asymmetry of the funnel plot, and Egger
test was carried out to evaluate the presence of asymmetry
[16].

3507 records identified through database searching
▪ PubMed = 2192
▪ Embase = 1070
▪ Cochrane database of systematic reviews = 28
▪ Cochrane Central Register of Controlled Trials = 128
▪ CINAHL = 89

Analysis (n = 33)

3223 records excluded
91 full-text articles excluded:
▪ Compared surgery with endoscopic stenting = 8
▪ Addressed preoperative stenting = 5
▪ Compared SEMS with plastic stents = 31
▪ Retrospective design = 5
▪ Compared U-SEMS = 7
▪ Compared C-SEMS = 2
▪ Compared two types of C-SEMS = 3
▪ Reviews = 18
▪ Meta-analyses = 5
▪ Duplicate RCT studies = 2
▪ RCTs with no data for statistical analysis = 2

3325 records after removal of duplicates

3325 records screened

102 full-text articles assessed for eligibility

11 studies included in qualitative synthesis

11 studies included in quantitative synthesis (meta-analysis)

▶ Fig. 1 Flow diagram according to the preferred reporting items for systematic reviews and meta-analyses (PRISMA). SEMS, self-expandable
metal stents; C, covered; U, uncovered; RCT, randomized controlled trial.
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Results
Study selection and characteristics
of included studies

Overall, 102 articles were selected from a total of 3325 identi-
fied citations. After full text extraction, 86 articles did not ad-
dress the topic of our analysis and were excluded. One addition-
al study by Yoon et al. was excluded as it was undertaken retro-
spectively [17]. An RCT by Lee et al. [18] was excluded as pa-
tients had undergone previous stent insertion before study en-
rollment. We also excluded two conference abstracts by Isaya-
ma et al. [19] and Fukuda et al. [20], as there was evidence of
data overlapping with full articles respectively by Isayama et
al. [21] and Kitano et al. [22]. The study by Ung et al. [23] was
not considered in the primary outcome analysis because deriva-
tion of patency and survival data was not feasible. In cases of
missing data, we contacted authors to retrieve information
but we did not get a response. No relevant additional trial was

found by handsearching. Thus, 11 studies were considered for
the final analysis. A PRISMA flowchart is shown in ▶Fig. 1.

Of the 11 randomized trials included [8, 21–30], 2 were
conference abstracts [24, 25] and 9 were full published articles
[8, 21–23, 26–30]. Overall, 1272 patients were included, 643
of whom were randomized to receive covered SEMS and 629
to receive uncovered SEMS. ▶Table1 shows the patient and
study characteristics. Regarding the type of covered SEMS, par-
tially covered SEMS were evaluated in three trials published in
full [8, 21, 30] and one abstract [24], while a mixture of fully
covered and partially covered SEMS were used in two full-text
articles [26, 29].

Use of the Cochrane risk of bias tool did not identify any sig-
nificant bias within individual studies (▶Fig. 2).

Primary outcomes

▶Fig. 3 shows study-specific and pooled HRs and 95%CIs of
stent failure from eight trials [8, 21, 22, 26–30]. No significant
difference between covered and uncovered SEMS was found;
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the pooled HR was 0.68 (95%CI 0.40–1.17), in the presence of
between-study heterogeneity (I2 = 74%, P<0.01).

The leave-out sensitivity analysis showed that after exclu-
sion of the study by Lee et al. [30], the stent survival rates
were significantly higher in the covered SEMS group than in
the uncovered SEMS group (HR 0.58, 95%CI 0.35–0.98).

▶Fig. 4 shows study-specific and pooled HRs and 95%CIs for
death from eight trials [8, 21, 22, 26–30]. No difference in mor-
tality rate emerged (HR 0.89, 95%CI 0.76–1.05), in the ab-
sence of between-study heterogeneity (I2 = 28%, P=0.20).

The leave-out sensitivity analysis showed that after exclu-
sion of the study by Kullman et al. [27], the pooled HR was
0.84 (95%CI 0.72–0.99), a marginally increased patient survi-
val with covered SEMS compared with uncovered SEMS.

Further analysis excluding studies that placed SEMS percuta-
neously [21, 26, 29] showed no difference in stent failure (HR
0.74, 95%CI 0.38–1.45) or mortality (HR 1.00, 95%CI 0.86–
1.15) for covered vs. uncovered SEMS.

Visual inspection of funnel plots did not reveal asymmetry
for any of the outcomes considered, but Egger test for patient
mortality did not support the assumption of no publication
bias.

Secondary outcomes

The results of secondary outcomes are summarized in ▶Ta-
ble 2. The use of covered SEMS was associated with a higher
rate of migration compared with uncovered stents (OR 5.11,
95%CI 1.84–14.17). The use of covered SEMS was significantly
related to a lower rate of tumor ingrowth compared with un-
covered stents (OR 0.21, 95%CI 0.09–0.50), while tumor over-
growth and sludge formation rates were higher with covered
SEMS compared with uncovered SEMS (OR 2.00, 95%CI 1.15–
3.48; OR 2.46, 95%CI 1.37–4.43, respectively). There was no
difference in the rates of cholecystitis, cholangitis, pancreatitis,
perforation or bleeding between the two groups.

The leave-out sensitivity analysis showed that no single
study influenced the final pooled ORs.

Study Hazard Ratio HR 95% Cl Weight

Isayama 2004 0.32 [0.14; 0.73] 12.8 %
Telford 2010 1.27 [0.61; 2.64] 13.5 %
Krokidis 2010 0.30 [0.09; 0.98] 9.7 %
Kullman 2010 1.23 [0.82; 1.85] 16.3 %
Krokidis 2011 0.21 [0.07; 0.65] 10.0 %
Kitano 2013 0.45 [0.23; 0.88] 14.1 %
Lee 2014 3.35 [1.05; 10.68] 9.8 %
Yang 2015 0.77 [0.39; 1.55] 13.9 %

Random effects model 0.68 [0.40; 1.17] 100.0 %

Heterogeneity: I2 = 74 %, τ2 = 0.4171, P < 0.01
0.1

Favors C-SEMS Favors U-SEMS
0.5 1 2 10

▶ Fig. 3 Forest plot of stent failure. HR, hazard ratio; CI, confidence interval; SEMS, self-expandable metal stent; C, covered; U, uncovered.

Study Hazard Ratio HR 95% Cl Weight

Isayama 2004 0.98 [0.70; 1.36] 16.2 %
Telford 2010 1.00 [0.70; 1.43] 14.6 %
Krokidis 2010 0.58 [0.35; 0.97] 8.6 %
Kullman 2010 1.14 [0.88; 1.47] 22.0 %
Krokidis 2011 0.66 [0.43; 1.02] 10.8 %
Kitano 2013 0.93 [0.64; 1.34] 13.9 %
Lee 2014 0.46 [0.11; 1.84] 1.4 %
Yang 2015 0.80 [0.54; 1.19] 12.6 %

Random effects model 0.89 [0.76; 1.05] 100.0 %

Heterogeneity: I2 = 28 %, τ2 = 0.0155, P = 0.20
0.2

Favors C-SEMS Favors U-SEMS
0.5 1 2 5

▶ Fig. 4 Forest plot of patient mortality. HR, hazard ratio; CI, confidence interval; SEMS, self-expandable metal stent; C, covered; U, uncovered
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▶Table 2 Secondary outcomes and subgroup analysis.

Outcome Comparison groups Studies, n Participants, n OR (95%CI) Heterogeneity,

I2, %

Stent migration

C-SEMS/PC-SEMS vs. U-SEMS 10 1204 5.11 (1.84–14.17)  0

C-SEMS vs. U-SEMS  6  814 4.54 (1.16–17.78)  0

PC-SEMS vs. U-SEMS  4  390 5.92 (1.27–27.62)  0

Tumor ingrowth

C-SEMS/PC-SEMS vs. U-SEMS  9 1090 0.21 (0.09–0.50) 47

C-SEMS vs. U-SEMS  5  700 0.11 (0.03–0.45) 45

PC-SEMS vs. U-SEMS  4  390 0.34 (0.08–1.39) 56

Tumor overgrowth

C-SEMS/PC-SEMS vs. U-SEMS  9 1090 2.00 (1.15–3.48)  0

C-SEMS vs. U-SEMS  5  700 1.75 (0.93–3.28)  0

PC-SEMS vs. U-SEMS  4  390 3.17 (0.99–10.15)  0

Sludge formation

C-SEMS/PC-SEMS vs. U-SEMS  8 1044 2.46 (1.37–4.43)  0

C-SEMS vs. U-SEMS  5  700 2.55 (1.29–5.03)  0

PC-SEMS vs. U-SEMS  3  344 2.21 (0.69–7.16)  0

Cholecystitis

C-SEMS/PC-SEMS vs. U-SEMS 11 1212 1.50 (0.72–3.14)  0

C-SEMS vs. U-SEMS  8  932 1.32 (0.47–3.76)  0

PC-SEMS vs. U-SEMS  3  280 1.71 (0.60–4.84)  0

Cholangitis

C-SEMS/PC-SEMS vs. U-SEMS  4  729 0.95 (0.51–1.79) 16

C-SEMS vs. U-SEMS  2  514 0.93 (0.45–1.93) 25

PC-SEMS vs. U-SEMS  2  215 1.30 (0.14–12.03)  0

Pancreatitis

C-SEMS/PC-SEMS vs. U-SEMS 10 1226 1.61 (0.68–3.82)  0

C-SEMS vs. U-SEMS  7  882 1.22 (0.43–3.46)  0

PC-SEMS vs. U-SEMS  3  344 2.78 (0.46–16.84) 23

Perforation

C-SEMS/PC-SEMS vs. U-SEMS  4  746 1.76 (0.40–7.68)  0

C-SEMS vs. U-SEMS  2  514 1.52 (0.18–12.43)  0

PC-SEMS vs. U-SEMS  2  232 2.03 (0.26–16.01)  0

Bleeding

C-SEMS/PC-SEMS vs. U-SEMS  6  884 0.78 (0.24–2.48) I2 = 0%

C-SEMS vs. U-SEMS  3  540 0.61 (0.14–2.77) I2 = 0%

PC-SEMS vs. U-SEMS  3  344 1.09 (0.18–6.81) I2 = 0%

SEMS, self-expandable metal stents; C, covered; U, uncovered; PC, partially covered; OR, odds ratio; CI, confidence interval.
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We also carried out stratified analyses according to the type
of stent– fully covered [22, 23, 25–27, 29, 30] or partially cov-
ered SEMS [8, 21, 24, 28] – and did not find substantial differen-
ces when compared with the overall estimates.

No evidence of publication bias emerged from visual inspec-
tion of funnel plots and Egger test for all secondary outcomes.

Discussion
According to our meta-analysis, there was no statistically signif-
icant difference for either stent or patient survival between
covered and uncovered SEMS in patients with distal malignant
biliary strictures, although the pooled HRs for covered vs. un-
covered SEMS were below unity for both stent failure and mor-
tality. In particular, the stent failure rate reduction of covered
vs. uncovered SEMS was about 32%, suggesting a possible ben-
efit of covered stents in terms of stent survival. However, cov-
ered SEMS were affected by a higher rate of sludge formation
and migration, while uncovered SEMS had a higher rate of tu-
mor ingrowth. No difference in stent-related adverse event
rates emerged between the two groups.

The results of this meta-analysis are relevant for the follow-
ing reasons. First, we do not exclude a benefit of covered SEMS
in term of clinical efficacy. The lack of a statistically significant
difference between covered and uncovered stents in terms of
stent survival in our systematic review may be explained by
the fact that the benefit of preventing tumor ingrowth is offset
by the adverse events caused by the covering membrane. In
particular, covered SEMS are associated with higher rates of mi-
gration, sludge formation, and tumor overgrowth, which are
the causes of stent dysfunction in the covered group.

Unfortunately, stent characteristics have never been eval-
uated systematically and the RCTs available for statistical anal-
ysis used covered SEMS without the recent technical improve-
ments developed to overcome the limitations of the covering
membranes. In particular, the only rational conclusion about
the higher rate of tumor overgrowth in the covered SEMS group
is that the covering membrane did not inhibit tumor over-
growth.

We speculate that the type of covering membrane, technical
characteristics of the covered SEMS, such as the axial and radial
force of the stents, and the anti-migration system might play
significant roles.

Biodurability and biodegradation of the covering membrane
vary according to the different covering material used [31], and
a strong tensile/tear strength of membrane may be more resis-
tant to tumor ingrowth and thus be the preferred material for
covering metallic stents [32].

To date, there are no new studies that include covered SEMS
with newer stent characteristics compared with uncovered
SEMS.Most of the covered stents in the RCTs were character-
ized by inefficient covering membrane or unfavorable axial or
radial force, which may have influenced the comparison be-
tween covered and uncovered SEMS. Thus, the current statisti-
cal analysis may prompt many physicians to continue to place
uncovered SEMS.However, we suggest that, on the basis of a
stent failure rate reduction of 32% favoring covered SEMS,
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these stents should be considered as the first option until new,
better designed RCTs are published. In support of this, when
the data by Lee et al. [30] were excluded from the sensitivity a-
nalysis, the stent failure rate was 42%, with statistical signifi-
cance.

Second, our subgroup analysis revealed no difference in the
rate of migration or any other outcomes between partially cov-
ered SEMS and uncovered SEMS. Although an RCT showed high-
er insertion-related adverse events when stents were placed
percutaneously compared with those placed endoscopically
[33], such difference in insertion technique did not affect stent
outcome. Third, our analysis demonstrated a higher migration
rate with covered SEMS than with uncovered SEMS, in agree-
ment with two previous meta-analyses [34, 35] (▶Table 3).
The higher migration rate in covered SEMS is likely to be due
to the covering membrane as well as the higher axial force
[36]. Fourth, our analysis showed no difference in the rate of
cholecystitis between the covered and uncovered SEMS.

Fifth, similarly to previous meta-analyses [7, 34, 35, 37], we
found no difference in pancreatitis rates between covered and
uncovered SEMS.Covered stents have been associated with a
higher rate of pancreatitis perhaps because the pancreatic
duct may be occluded by the stent covering. SEMS with high ax-
ial force and nonpancreatic cancer were significant risk factors
for pancreatitis, as described in a study by Kawakubo et al. [38].

Our results on the primary end points are not in disagree-
ment with those from two previous meta-analyses [34, 35], al-
though there are some differences in methodology and out-
come definitions (▶Table3). In detail, the meta-analysis by Al-
madi et al. [34], included nine randomized trial, and reported
higher stent patency duration with covered SEMS than with un-
covered SEMS (67.9 days, 95%CI 60.3–75.5). However, stent
patency at 6 and 12 months was similar (OR 1.82; OR 1.25).

The meta-analysis by Saleem et al. [35], included five trials,
and demonstrated longer stent patency and stent survival with
covered SEMS compared with uncovered SEMS using mean dif-
ference. However, data for stent survival, derived from four
studies, was heterogeneous (I2 =79%) and the limited number
of studies available for analysis did not permit sensitivity or
stratified analyses to identify potential sources of heterogene-
ity.

An important caveat is that patients with unusually pro-
longed survival would not affect the stent patency, but could
bias stent survival.

Our analysis also addresses methodological flaws present in
two more recent meta-analyses [7, 37]. In the meta-analysis by
Li et al. [37] including 14 RCTs (7 in full text and 7 in abstract
form), the authors did not explore the presence of heterogene-
ity for stent dysfunction, and the reported HRs were not com-
parable. In the Chen et al. meta-analysis [7], HRs were more re-
producible, but the trial quality was not assessed.

A new system to report stent outcome has been proposed
recently [11]. Application of a uniform system would allow
more accurate meta-analyses, and by avoidance of different
terminologies make data more comparable [11]. In clinical
trials, stent survival or time to recurrent biliary obstruction
should be primary end points. To our knowledge, this is the first

meta-analysis to be conducted in accordance with the recom-
mendations of the Tokyo criteria [11].

Conclusion

Our results do not exclude a possible benefit with covered SEMS
in terms of patient and stent survival compared with uncovered
SEMS in patients with distal malignant biliary strictures, at the
expense of a higher risk of migration in the covered stent
group. Further developments in stent design are still required.
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