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BACKGROUND & AIMS: Self-expandable metal stents
SEMS) are used in patients with malignant distal biliary ob-
truction; trials that compared covered and uncovered SEMS
eported different results because of heterogeneous designs and
atient populations. These studies compared patency of uncov-
red SEMS and covered SEMS, along with rates of pancreatitis,
holecystitis, cholangitis, SEMS migration, bleeding, perfora-
ion, and recurrent biliary obstruction. METHODS: We per-

formed a meta-analysis to compare the effects of covered and
uncovered SEMS in patients with malignant distal biliary ob-
struction. We identified randomized controlled trials by using a
literature search from 1980 through March 2012. We evaluated
data from 5 full articles and 4 abstracts, comprising 1061
patients, and assessed statistical heterogeneity and publication
bias. RESULTS: The weighted mean difference in the stent

atency duration could only be calculated on the basis of 2
tudies, but it was 67.9 days longer for covered SEMS than for
ncovered SEMS (95% confidence interval [CI], 60.3–75.5). A
ummary analysis of data from 4 trials demonstrated no differ-
nces in patency of covered vs uncovered SEMS after 6 months
odds ratio [OR], 1.82; 95% CI, 0.62–5.25) or 12 months (OR,
.25; 95% CI, 0.65–2.39). There were also no differences in the
ates of pancreatitis, cholecystitis, perforation, bleeding, or
holangitis; length of hospital stay; or number of recurrent
iliary obstructions. However, covered SEMS had a higher mi-
ration rate (OR, 7.13; 95% CI, 2.29 –22.21). Patients with cov-
red SEMS had a lower rate of tumor ingrowth (OR, 0.19; 95%
I, 0.07– 0.55) but a higher rate of tumor overgrowth (OR, 1.88;
5% CI, 1.02–3.45). No summary calculations could be com-
leted to confidently assess patient survival. CONCLU-
IONS: The use of covered SEMS, compared with uncov-
red SEMS, in patients with distal malignant biliary
bstruction is of unclear benefit; covered SEMS have a
igher rate of migration and do not appear to have longer
atency.

eywords: Treatment; Surgery; Plastic Biliary Stents;
omparison.

Not uncommonly, distal malignant biliary obstruction is
diagnosed at an advanced stage when the management is

ainly palliative. In such instances the insertion of a plastic or
n uncovered self-expandable metal stent (SEMS) helps to re-
ieve jaundice and improves quality of life of patients.1 Uncov-

red SEMS have a longer duration of patency when compared
with polyethylene (plastic) stents,2 a reduced number of stent-
associated admissions, and reduced hospital stay.3 In an at-
empt to prolong stent patency and limit tumor ingrowth,
EMS have been coated with a nonporous membrane that
ither completely or partially covers the whole length of the
EMS. The results of randomized controlled trials have been
eterogeneous4 –12 in their conclusions, and it is especially un-

clear whether a prolonged duration of stent patency is at a cost
of increased pancreatitis, cholecystitis, or stent migration.
Moreover, although partially covered stents have been studied,
fully covered stents have also been developed with limited
comparative data.13

We therefore performed a meta-analysis to assess the efficacy
of uncovered SEMS compared with covered SEMS and at-
tempted to ascertain whether there are differences in both
durations of stent patency and stent patency rates. We also
assessed numerous clinically relevant secondary outcomes re-
lated to the possible complications associated with the use of
both covered and uncovered SEMS. We also planned, where
possible, to describe any differences between fully and partially
covered SEMS.

Methods
Search Strategy
A computerized medical literature search was per-

formed by using OVID MEDLINE, EMBASE, Cochrane Library,
and the ISI Web of Knowledge from 1980 to March 2012. All
abstracts from Digestive Disease Week, Canadian Digestive Dis-
eases Week, and United European Gastroenterology Week were
also searched, as were clinical trials databases (http://www.
clinicaltrials.gov). A highly sensitive search strategy was used to
identify reports of randomized controlled trials comparing pa-
tency duration and rates of covered vs uncovered SEMS with a
combination of controlled vocabulary and text words related to
(1) pancreatic neoplasms, (2) common bile duct neoplasms, (3)
common bile duct diseases, (4) obstructive jaundice, (5) choles-
tasis, (6) stents, and (7) endoprosthesis (Supplementary Table
1). In addition, recursive searches and cross-referencing were
performed, and hand searches of articles identified after the

Abbreviations used in this paper: CI, confidence interval; OR, odds
ratio; SD, standard deviation; SEMS, self-expandable metal stents.
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initial search were also completed. An attempt to contact cor-
responding authors was made when critical information was
not extractable from published potentially eligible full articles.

Trial Selection and Patient Population
We included all randomized controlled trials compar-

ing patency duration and rates of covered vs uncovered SEMS,
both fully published and those having appeared only in abstract
form to date that compared covered with uncovered SEMS,
including stents that were inserted endoscopically or percuta-
neously, in the setting of distal malignant biliary obstruction.
We included all adult human studies published in English. We
accepted broad inclusion criteria irrespective of their possible
roles as confounders of outcome or effect modifiers.

Choice of Outcomes
The primary outcome measures were the duration of

stent patency (defined as time to primary stent obstruction or
patient’s death if no obstruction occurred) and the proportion
of patent stents at 6 and 12 months; recurrent biliary obstruc-
tion refers to the complete duration of follow-up during a trial.
Stent survival was not chosen as an outcome because of its
relative lack of clinical pertinence compared with that of stent
patency. Secondary outcomes included patient survival, stent
migration (whether after sphincterotomy or not), pancreatitis,
cholecystitis, perforation, bleeding, cholangitis, length of hos-
pital stay, recurrent biliary obstruction, the use of SEMS in the
setting of pancreatic head tumors, tumor ingrowth (through
the mesh of the stent), and tumor overgrowth (at the proximal
and distal ends of the stent).

Validity Assessment
The eligibility and quality of the studies were assessed

independently by 2 investigators (M.A. and A.N.B.), with dis-
crepancies resolved after discussion and reaching a consensus.
The quality of the studies was graded by using the Jadad score.14

Sources of Possible Clinical Heterogeneity
Comparative qualitative analyses were performed to as-

sess the homogeneity of patient populations, interventions, and
outcomes across studies, guiding possible subgroup analyses by
identifying sources of clinical heterogeneity. We performed sen-
sitivity analyses according to study quality scores, route of stent
insertion (comparing percutaneously with endoscopically in-
serted SEMS), and extent of covering (fully covered and par-
tially covered SEMS vs uncovered SEMS).

Statistical Methods
For each outcome and in every comparison, effect size

was calculated as odds ratios (ORs) for categorical variables and
weighted mean differences for continuous variables. The Mantel–
Haenszel method for fixed-effect models was applied to deter-
mine corresponding overall effect sizes and their confidence
intervals (CIs), except when statistical heterogeneity was noted,
in which case a random-effects model was used according to the
method of DerSimonian and Laird.15 Weighted mean differ-
ences were handled as continuous variables by using the inverse
variance approach. The presence of heterogeneity across studies
was defined by using a �2 test of homogeneity with a 0.10

ignificance level.16 The Higgins I2 statistic17 was calculated to
quantify the proportion of variation in treatment effects attrib-
utable to between-study heterogeneity; values of 25%, 50%, and
75% represent low, moderate, and high heterogeneity, respec-
tively. To identify possible sources of statistical heterogeneity,
sensitivity analyses were performed, excluding studies one by
one; in addition, if at least 10 trials were selected for analysis, we
also planned to perform meta-regression by using a mixed-
effects model according to predefined relevant variables. For all
comparisons, publication bias was evaluated by using the Begg
adjusted rank correlation test18 and the Egger regression asym-
metry test.19 Summary statistics were expressed as means and
standard deviations (SDs).

To ensure that zero event trials did not significantly affect
the heterogeneity or P value, a continuity correction was added
to each trial with zero events by using the reciprocal of the
opposite treatment arm size.20 All statistical analyses were done

y using Meta package in R version 2.13.0 (R Foundation for
tatistical Computing, Vienna, Austria).

Results
Study Selection
From a total of 649 citations identified through the

systematic review, 501 articles were excluded because they did
not address the topic under study, 36 articles were reviews, 27
studies compared surgery with biliary stenting, 23 addressed
preoperative stenting, 19 were related to patients with hilar
biliary tumors, 12 studies compared SEMS with plastic stents,
3 were retrospective in nature, 4 studied new types of biliary
stents, 3 compared 2 types of SEMS, 2 were duplicates, and 1
study was a meta-analysis. Two abstracts by Dhondt et al21,22

were excluded because of limited available information and
because the studies included patients with obstruction at the
hilar level. We did not find any relevant additional trials with
cross-referencing or hand searching. The corresponding QUO-

Figure 1. QUORUM diagram.
RUM diagram is shown in Figure 1.
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Five fully published articles5–9 and 4 studies4,10 –12 published
nly in abstract form were included. Attempts to contact all
uthors for further details yielded no additional information. A
otal of 1061 patients (522 randomized to uncovered SEMS and
47 to partially covered SEMS; it was not clear in 192 whether
he stents used were fully or partially covered SEMS) were
ncluded in the 9 selected studies. Partially covered SEMS were
ssessed in 3 fully published trials7–9 and 1 abstract,12 and a

mixture of fully covered and partially covered SEMS were used
in 2 fully published articles5,6; it was unclear in the remaining 3

rticles, all in abstract form, whether the covered SEMS were
artially or completely covered.4,10,11 We were able to compare

partially covered SEMS with uncovered SEMS only as a sub-
group analysis but were unable to compare completely covered
SEMS with uncovered SEMS because of incomplete data pre-
sentation in the studies.

Stent patency definitions varied across trials, and caution
must be used to include the correct outcome (Table 1).

For the numbers of patients analyzed in the studies by
Isayama et al9 and Cho et al,4 the numbers of patients were
calculated values that were based on the respective published
proportions reported.

Study Quality, Heterogeneity, and Publication
Bias
The Jadad quality scores for each trial are shown in

Table 2. They ranged from 1–5 out of a maximum of 5 points.
On the basis of the presence of heterogeneity, random-effect

models were used for the following outcomes analyses: propor-
tion of stent patency at 6 and 12 months, recurrent biliary
obstruction, and tumor ingrowth.

Fixed-effect models were used to analyze the following out-
comes: pancreatitis, stent migration, stent migration with prior
sphincterotomy, stent migration with prior plastic stent, cho-
lecystitis, perforation, perforation from stent migration, bleed-
ing, and cholangitis.

The Begg adjusted rank correlation test and the Egger re-
gression asymmetry test demonstrated potential publication
bias for the outcomes of SEMS migration, SEMS migration
with prior sphincterotomy, SEMS migration with prior inser-
tion of plastic biliary stents, perforation from SEMS migration,
and bleeding from SEMS migration (Table 3).

Meta-regression was not performed because fewer than 10
trials were included in the analyses.

Primary Outcomes
Stent patency duration. The only studies that could

be analyzed for these end points were the 2 trials by Krokidis
et al,5,6 which included 140 patients. The weighted mean dif-
erence in the stent patency was 67.9 days (95% CI, 60.3–75.5),
avoring the covered SEMS. We could not determine this out-
ome from other studies because of reporting as ranges,4,9,11

interquartile ranges,8 or first quartile7 that did not allow us to
each a summary value.

Stent patency proportion at 6 and 12 months. Four
ully published trials6 –9 reported patency rates at 6 and 12

onths in a total of 718 patients (Table 2). There were no
ifferences in the patency rates of covered SEMS compared with
ncovered SEMS at 6 months (OR � 1.82; 95% CI, 0.63–5.25) or

2 months (OR � 1.25; 95% CI, 0.65–2.39] (Table 2, Figure 2).
One fully published study5 and 4 abstracts4,10 –12 did not
report patency rates at 6 or 12 months.

When performing the sensitivity analysis according to study
quality, no differences were noted among the trials with a Jadad
scale score of 3 or more7–9 with regard to stent patency rates at

months (OR � 1.36; 95% CI, 0.45– 4.13) or 12 months (OR �
.03; 95% CI, 0.54 –1.95).

Secondary Outcomes
Patient survival. Five studies5–9 provided durations

f survival in a total of 781 patients; 2 abstracts10,11 only stated
that there was no difference in survival between both groups; 1
abstract reported on the number of deaths during a time period
of 12–165 days,12 and 1 abstract did not report on patient
urvival.4 Three studies provided survival data only as ranges9

and interquartile ranges,7,8 showing no differences individually
but not allowing for a summary calculation.7–9 In the 2010 trial,
Krokidis et al5 reported not a mean but rather a median survival

uration of 180.5 days (SD, 82.6) and 243.5 days (SD, 141.1) for
he uncovered SEMS and covered SEMS groups, respectively
P � .039) (Table 3); in their 2011 trial, Krokidis et al6 published
hat the mean duration of survival was 203.2 days (SD, 74.8) for
he uncovered SEMS group vs 247 days (SD, 126.7) for the
overed SEMS group (P � .06) (Table 3).

Stent migration. Three fully published studies re-
orted on the incidence of SEMS migration in the setting of
rior sphincterotomy,5,6,8 with a total of 269 patients, and 4
ully published studies reported on SEMS migration in those
ith a prior plastic biliary stent,5,6,8,9 with a total of 381
atients.

Only migration of covered SEMS, as a combined outcome,
as found to be significantly increased (OR � 7.13; 95% CI,
.29 –22.21). Neither covered SEMS migration rates in those
ith a prior sphincterotomy (OR � 1.64; 95% CI, 0.21–12.79)
or rates in those with a prior plastic biliary stent (OR � 2.02;
5% CI, 0.36 –11.25) were significant (Figure 3).

Pancreatitis. Five fully published studies5–9 and one
in abstract form10 reported the incidence of pancreatitis in 895

atients. There was no difference in the rate of pancreatitis
hen comparing covered with uncovered SEMS (OR � 1.07;
5% CI, 0.44 –2.59) (Table 3). Early pancreatitis (�72 hours) was
eported by Gonzalez–Huix et al,10 occurring in 2 patients in
he uncovered SEMS group and in 1 patient in the covered
EMS group. Post– endoscopic retrograde cholangiopancre-
tography pancreatitis also occurred in 3 patients in the covered
EMS group and in 4 in the uncovered SEMS group in the
tudy by Kullman et al.7 In the week after SEMS insertion, 1
atient in the uncovered SEMS group developed pancreatitis in
he study by Telford et al.8

Cholecystitis. Five fully published studies reported
the incidence of cholecystitis after the insertion of SEMS5–9 in

total of 781 patients, yielding no increased incidence (OR �
.34; 95% CI, 0.48 –3.77) for covered SEMS.

Perforation. Perforation rates associated with the
lacement of the SEMS were reported in 5 fully published
rticles5–9 and 1 abstract,10 with a total of 895 patients. When

comparing covered SEMS with uncovered SEMS, the OR of
perforation was 1.84 (95% CI, 0.49 – 6.87). Perforation from
SEMS migration was reported in 4 fully published articles,5,6,8,9

with a total of 381 patients, with OR � 2.00 (95% CI, 0.36 –

11.17) in the covered SEMS group. In the trial by Kullman et al7



Table 1. Description of Continuous Variables of Trials

Primary outcomes

No. of fully published
articles that reported

on the outcome

No. of articles that
reported on the

outcome in
abstract form Study USEMS CSEMS Definition of stent patency

Stent patency duration
(days)

5 2 Krokidis et al6 Mean: 166.0 (SD
13.11)

Mean: 234.0 (SD
20.87)

Primary patency of endoprosthesis was defined as
the time interval between initial placement and
recurrence of obstruction. If there was no
evidence of obstruction during the patient’s life,
the patency period was considered to be equal
to the survival period.

Krokidis et al5 Mean: 166.0 (SD
87.7)

Mean: 227.3 (SD
139.7)

Primary patency of endoprosthesis was defined as
the time interval between initial placement and
recurrence of obstruction. If there was no
evidence of obstruction during the patient’s life,
the patency period was considered to be equal
to the survival period.

Isayama et al9a Mean: 161 (range:
1–548)

Mean: 304 (range:
90–649)

The authors considered the duration of stent
patency as the period between stent insertion
and death of patients, whereas mean period of
obstruction was the period between stent
insertion and obstruction or patient death with
patent stent. The latter better fit the definition
of our primary outcome selection, although this
was analyzed in a subgroup of patients with
stent obstruction or patient death.

Telford et al8a Median: 711 (IQR:
283–NA)

Median: 357 (IQR:
264–1302)

Patients not experiencing recurrent biliary
obstruction were censored at the date of last
follow-up or date of death.

Kullman et al7 First quartile stent
patency: 199

First quartile stent
patency: 154

Uneventful follow-up for 12 months, death with a
patent stent, and confirmed stent failure.

Lee et al11a Median: 127
(range: 25–447)

Median: 216
(range: 76–760)

No definition

Cho et al4a Median: 195 Median: 227 No definition
Patient duration of

survival (days)
5 0 Krokidis et al6 Mean: 203.2 (SD

74.8)
Mean: 247 (SD

126.7)
Krokidis et al5 Median: 180.5 (SD

82.6)
Median: 243.5 (SD

141.1)
Isayama et al9a Mean: 237 (range:

12–810)
Mean: 255 (range:

11–1155)
Telford et al8a Median: 239 (IQR:

84–401)
Median: 227 (IQR:

99–365)
Kullman et al7a Median: 174 (IQR:

284)
Median: 116 (IQR:

242)
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both perforations (one case in each study arm) were retroperi-
toneal and were treated conservatively. In the trial by Telford et
al8 two duodenal perforations (both in the partially covered
tent group) occurred because of migration of the stents dis-
ally; 1 patient underwent a laparoscopic gastrojejunostomy
nd died 10 months later. The second patient was managed
ndoscopically with enteral stent placement across the perfora-
ion and a gastrostomy tube because the patient was not a
urgical candidate; the patient died 3 weeks later. In the trial by
onzalez–Huix et al10 there was one reported perforation in the

overed stent group; the trial did not specify the location of
erforation, the method of management, or the outcome.

Bleeding. The incidences of bleeding from stent mi-
ration and bleeding in general were reported in 4 fully pub-
ished articles,5–7,9 totaling 452 patients. None were more fre-
uent in one group compared with the other; bleeding from
overed SEMS migration yielded OR � 1.52 (95% CI, 0.25–
.22), whereas bleeding in general from these was associated
ith OR � 0.46 (95% CI, 0.13–1.66).

Cholangitis. Cholangitis associated with the use of
EMS was reported in 3 fully published articles7–9 and 1 ab-
tract,10 totaling 755 patients. The OR was 1.07 (95% CI,
.57–2.01).

Length of hospital stay. The duration of hospital-
zation was reported as means and SDs in the 2 trials by
rokidis et al5,6 for a total of 140 patients. There was no
ifference in the mean durations of hospital stay between cov-
red or uncovered SEMS; weighted mean difference equals 0.28
ays (95% CI, �0.70 to 0.15).

Recurrent biliary obstruction. The incidence of re-
urrent biliary obstruction associated with the use of SEMS was
eported in 5 fully published trials5–9 and in an article in
bstract form.10 The OR (random-effect model) was found to be
.98 (95% CI, 0.49 –1.95).

Pancreatic head tumors. The only trial that looked
t the use of SEMS in pancreatic head tumors exclusively was
he trial by Krokidis et al.6 The mean patency for uncovered
EMS was 166.0 � 13.11 days compared with 234.0 � 20.87
ays for the covered SEMS (P � .007). The median survival was
03.2 � 11.8 days for the uncovered SEMS group and 247.0 �
0 days for the covered SEMS group (P � .06).

Tumor ingrowth. The incidence of tumor ingrowth
as reported in 6 trials5–9,12 that included 817 patients and was

ess in the covered SEMS group when compared with the
ncovered group (OR � 0.19; 95% CI, 0.07– 0.55) (Figure 3).

Tumor overgrowth. The incidence of tumor over-
rowth was reported in 6 trials5–9,12 that included 817 patients
nd was higher in the covered SEMS group when compared
ith the uncovered group (OR � 1.88; 95% CI, 1.02–3.45)

Figure 3).

Subgroup Analyses
Partially vs fully covered self-expandable metal

stents. When trying to compare partially covered with uncov-
ered SEMS, we assessed the subgroup of 4 studies that exclu-
sively used partially covered SEMS.7–9,12 Indeed, other studies
either did not specify the type of covered SEMS that they had
used4,10,11 or stated that they had used a mixture of partially and
fully covered SEMS.5,6 Thus, we could not describe an analysis
pecifically comparing fully covered SEMS with either partially
or uncovered SEMS. Table 3 shows no differences in the resultsTa D
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when identifying only partially covered SEMS compared with
the uncovered SEMS group for all outcomes assessed.

Percutaneous vs endoscopic self-expandable
metal stent insertion. The data did not allow us to compare
percutaneous5,6 vs first intent of endoscopic4,7–12 insertion
outes because there were no head-to-head trials, but we did
escribe results in the distinct subgroups undergoing either a
ercutaneous or an endoscopic approach separately.

A subgroup analysis for the studies that inserted SEMS
ndoscopically4,7–12 demonstrated there were no differences in
utcomes except for a greater rate of stent migration for cov-
red SEMS (OR � 9.74; 95% CI, 2.58 –36.72) (more detailed data

Table 2. Methodological Details of Trials Included in the Ana

Smits et al12 Isaya

Type of publication Abstract Fully publishe
ear of publication 1995 2
umber of centers involved NA
uration of follow-up (days)

(mean/range)
Median
CSEMS 71

246 (

USEMS 76
otal number of patients 46

CSESM/USEMS 22/24
Age (y) (mean/range) Median 77/51–92 Reported for

only
Sex (male/female) 26/20
CSESM NA
USEMS NA
Type of tumor

Pancreas
(CSEMS/USEMS)

34

Bile duct (CSEMS/USEMS) 5
Metastatic nodes

(CSEMS/USEMS)
0

Gallbladder
(CSEMS/USEMS)

0

Papillary (CSEMS/USEMS) 7
Method of insertion of stent

Endoscopic
(CSEMS/USEMS)

46

Transhepatic (CSEMS/
USEMS)

0

Combined technique
(CSEMS/USEMS)

0

Type of stent
Covered SEMS Partially covered

Wallstents
Partially polyu

Ultraflex Di
(Microvasiv
Scientific C
Natick, MA

Uncovered SEMS Uncovered Wallstents Original Diam
atency of SEMS (%)
3 months

(CSEMS/USEMS)
NA 1

6 months
(CSEMS/USEMS)

NA

12 months
(CSEMS/USEMS)

NA

adad score 1

SEMS, covered or partially covered SEMS; ePTFE/FEP, expanded
SEMS, uncovered SEMS.
vailable on request).
A subgroup analysis for the studies that inserted SEMS percuta-
neously5,6 showed increased stent patency and survival rates for cov-
ered stents without differences in lengths of hospital stay, as men-
tioned above, and decreased tumor ingrowth. There were also no
differences in stent migration, bleeding, recurrent biliary obstruction,
or tumor overgrowth, with no reported cases of pancreatitis, chole-
cystitis, perforation, cholangitis, or death at 30 days (more detailed
data available on request).

Discussion
The use of SEMS in the management of distal ma-

t al9 Lee et al11 Gonzalez–Huix et al10
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cases of unresectable tumors. SEMS have the advantage of a
larger inner diameter when compared with plastic biliary
stents and thus a longer duration of patency, requiring fewer
repeat insertions.2,23–26 Nonetheless, the use of SEMS is as-
ociated with dysfunction caused by tumor ingrowth, over-
rowth, blockage by debris, and migration. Covered SEMS
ere introduced to prevent ingrowth of tumors. Whether the
se of covered SEMS, partially or completely covered, has
esulted in an advantage over the use of uncovered SEMS has
emained unclear.

This meta-analysis that includes all randomized controlled
rials that compared stent patency duration and rates of cov-
red vs uncovered SEMS published to date demonstrates that
here are no differences in the rates of patency at 6 or 12

onths between uncovered SEMS or covered SEMS. However,
overed SEMS migrated significantly more frequently than un-
overed SEMS (OR � 7.13; 95% CI, 2.29 –22.21), presumably

because of the membrane covering of the former. There were no

able 2. Continued

Cho et al4 Telford et al8 Kullma
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2009 2010 2

6 4
NA CSEMS244 (SD 231) Unclear
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77 129
39/38 68/61 200
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NA 61/68 179
NA 30/38 88
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NA 87/90 74
NA 47/55 50

1 5
differences in the rates of pancreatitis, cholecystitis, perfora-
tion, bleeding, cholangitis, or recurrent biliary obstruction, as
well as no differences in durations of survival or hospital stay.
There was, however, a decrease in tumor ingrowth but an
increased risk of tumor overgrowth in the covered SEMS group
when compared with the uncovered SEMS group. Because fully
covered SEMS appear to cause minimal tissue overgrowth and
fibrosis in normal biliary tissue as suggested in animal studies,27

the increased rate noted in the trials may be related to the
tumor rather the reaction to the stent, although the rate of
ingrowth is less in covered SEMS because of the membranous
covering of the mesh of the stent; this benefit is offset by the
increased rate of overgrowth at the edges of covered SEMS. We
could not perform a subgroup analysis between fully covered
SEMS and uncovered SEMS because the trials were not explicit
about the type of covered SEMS used. In addition, there were
no head-to-head trials that compare partially with completely
covered SEMS.

However, it is pertinent and important to discuss the limi-

al7 Krokidis et al5 Krokidis et al6
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more detail the results pertaining to stent patency duration/
rates and patient survival.

Definitions of stent patency was not uniform across trials,
and the patient selection with disparate inclusion and exclusion
criteria such as type of tumor, the presence of metastases,
previous plastic stent insertion, the method of stent insertion,
type of SEMS, etc, was not uniform either. Moreover, both
irresolvable study heterogeneity and publication bias were
noted for a number of the studied outcomes.

Table 3. Measures of Effect for Outcomes of Interest

Outcome Comparison groups
No. of
studies OR

Proportion of stent patency
at 6 months

CSEMS vs USEMS 4 1.8
Partially CSEMS vs USEMS 3 1.3

Proportion of stent patency
at 12 months

CSEMS vs USEMS 4 1.2
Partially CSEMS vs USEMS 3 1.0

Pancreatitis CSEMS vs USEMS 6 1.0
Partially CSEMS vs USEMS 3 1.2

SEMS migration CSEMS vs USEMS 7 7.1
Partially CSEMS vs USEMS 4 8.3

SEMS migration with prior
sphincterotomy

CSEMS vs USEMS 3 1.6
Partially CSEMS vs USEMS 1 2.9

EMS migration with prior
plastic stent

CSEMS vs USEMS 4 2.0
Partially CSEMS vs USEMS 2 3.0

Tumor ingrowth CSEMS vs USEMS 6 0.1
Partially CSEMS vs USEMS 4 0.3

Tumor overgrowth CSEMS vs USEMS 6 1.8
Partially CSEMS vs USEMS 4 2.1

Cholecystitis CSEMS vs USEMS 5 1.3
Partially CSEMS vs USEMS 3 1.4

Perforation CSEMS vs USEMS 6 1.8
Partially CSEMS vs USEMS 3 2.1

Perforation from SEMS
migration

CSEMS vs USEMS 4 2.0
Partially CSEMS vs USEMS 2 3.0

Bleeding CSEMS vs USEMS 4 0.4
Partially CSEMS vs USEMS 2 0.3

Bleeding from SEMS
migration

CSEMS vs USEMS 4 1.5
Partially CSEMS vs USEMS 2 2.0

Cholangitis CSEMS vs USEMS 4 1.0
Partially CSEMS vs USEMS 1 0.6

Recurrent biliary
obstruction

CSEMS vs USEMS 6 0.9
Partially CSEMS vs USEMS 3 0.8

CSEMS, covered SEMS; NA, not applicable; USEMS, uncovered SEM
aAsymmetry in the funnel plots that signifies publication bias.
For instance, the study by Gonzalez–Huix et al10 and the 2
rials by Krokidis et al5,6 excluded those with metastatic disease,

whereas the study by Isayama et al9 excluded those with an
Eastern Cooperative Oncology Group score of 3 or more. Many
of the patients with advanced disease would have a poorer
prognosis and thus a shorter duration of follow-up and may
not have sufficient time to develop SEMS dysfunction, let alone
exhibiting differences in survival. Isayama et al9 had a uniquely
structured partially covered stent; instead of being covered in

95% CI
P value for

heterogeneity
Measure of

heterogeneity Publication bias (P value)

63–5.25 .0016 I2 � 80% Begg � .73 Egger � .26
45–4.13 .0068 I2 � 80%
65–2.39 .02 I2 � 71% Begg � .31 Egger � .22
54–1.95 .04 I2 � 69%
44–2.59 .65 I2 � 0% Begg � 1.00 Egger � .89
48–3.61 .24 I2 � 29%
29–22.21 .81 I2 � 0% Begg � .04 Egger � .003a

87–36.78 .83 I2 � 0%
21–12.79 .89 I2 � 0% Begg � 1.00 Egger � .01a

11–78.12 NA NA
36–11.25 .95 I2 � 0% Begg � .30 Egger � .001a

31–30.49 .97 I2 � 0%
07–0.55 .05 I2 � 56% Begg � 1.00 Egger � .16
17–0.53 .12 I2 � 49%
02–3.45 .83 I2 � 0% Begg � .71 Egger � .65
09–4.26 .86 I2 � 0%
48–3.77 .88 I2 � 0% Begg � .22 Egger � .56
46–4.28 .55 I2 � 0%
49–6.87 .97 I2 � 0% Begg � .71 Egger � .62
48–9.94 .87 I2 � 0%
36–11.17 .89 I2 � 0% Begg � .31 Egger � .002a

30–30.19 .56 I2 � 0%
13–1.66 .82 I2 � 0% Begg � .73 Egger � .11
03–2.60 .71 I2 � 0%
25–9.22 .97 I2 � 0% Begg � .31 Egger � .003a

18–23.11 .72 I2 � 0%
57–2.01 .50 I2 � 0% Begg � .73 Egger � .99
26–1.63 NA NA
49–1.95 .004 I2 � 71% Begg � .46 Egger � .81
32–2.17 .01 I2 � 80%

Figure 2. Forest plot of stent
patency proportion at 6 and 12
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the mid portion of the stent and uncovered at the ends, the
stent had pores within the mid portion. This stent is not widely
available. The stent used by Kullman et al7 only had the distal
5 mm of the stent uncovered as opposed to some that have both
distal and proximal uncovered ends. The 2 studies by Krokidis
et al inserted SEMS through a transhepatic route, whereas
Isayama et al included endoscopically inserted SEMS with the
use of the transhepatic with rendez-vous approach only after
endoscopic failure. Selective management might have influ-
enced the complications reported by investigators. In the study
by Isayama et al, caution was used not to overlap the cystic duct,
and in the studies by Krokidis et al when the cystic duct was
potentially occluded by the SEMS, a partially covered SEMS
with side holes was used. These interventions might have po-
tentially decreased the incidence of cholecystitis. Also the
periprocedural management differed; some investigators ad-
ministered antibiotics before the procedure,5–7 whereas others

id not.8,9 Methodological differences may also have been at the
ource of some heterogeneity. The definition of early and late
omplications varied between studies; for instance in the stud-
es by Lee et al11 and Gonzalez–Huix et al, early complications
ere those that occurred �72 hours after stent insertion,
hereas in the study by Isayama et al, early complications

ncluded those occurring in the first 30 days.
In the 3 studies of initially endoscopically inserted SEMS

hat reported patency rate, the trials by Telford et al8 and
ullman et al7 showed no added advantage when using a

covered SEMS, whereas the study of Isayama et al9 did; our
ummary analysis, however, showed no prolonged patency rate
t 6 or 12 months. In contrast, both studies that used initial
ercutaneous insertion of SEMS measured stent patency as
uration, showing a significantly more prolonged patency in
he covered SEMS group. Although biological explanations are
acking, perhaps bacterial exposure or positioning angle at
nsertion of the stents may have impacted on these findings;

Figure 3. Forest plot of tumor
ingrowth, tumor overgrowth,
and stent migration.
tatistical issues may also explain this discrepancy as discussed
urther. In the study by Telford et al8 after controlling for many
ariables, there was a higher probability of obstruction with
ancreatic cancer (hazard ratio � 4.96; 95% CI, 1.68 –14.59),
hereas the prior insertion of a plastic biliary stent was asso-

iated with a lower probability of recurrent biliary obstruction
hazard ratio � 0.39; 95% CI, 0.17– 0.93). This was not the case
n the trial by Krokidis et al6 that exclusively assessed patients
ith pancreatic head tumors. We could not perform a subgroup
nalysis for comparing pancreatic cancer with other types of
ancer because of the lack of patient-level data.

When further assessing the stent patency duration findings,
number of additional methodological issues need to be con-

idered. Indeed, this meta-analysis was limited by the form of
ata reporting in the trials and the absence of some informa-
ion across studies, despite our attempts to contact the authors.
ndeed, the duration until stent obstruction was reported in a
ariety of formats such as median and interquartile ranges as
ell as medians and SDs. In addition, there were discrepancies

n the use of the terms stent patency and stent survival as applied
o reported proportions, depending on whether patients dying
ith a patent stent were included. Sensitivity analysis suggested
o differences when reviewing the interpretation of stent pa-
ency durations across studies. The outcome of stent survival
eflected a subgroup of patients in most trials and was not
hosen as an outcome of interest because of its lesser clinical
ertinence. Such variability in reporting prevents obtaining a
ummary measure of effect.20 Furthermore, subgroup analysis

of the effect of prior sphincterotomy and prior plastic biliary
stenting is limited by the fact that most studies reported these
variables collectively, not for each arm. Also we could not use a
composite measure for all complications in the absence of
individual patient-level data. The small number of patients and
studies further limits any summary analyses, also precluding
meta-regression. Of note, some of the studies that were pub-

lished in abstract form are old, with one of them dating back to
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1995.12 Why these studies have not been fully published is
nclear and needs to be considered when interpreting the data.

One recommendation for future trials in this area might be
o adopt a more comprehensive outcome measure such as
recurrent biliary obstruction” because an event of “stent oc-
lusion” (or loss of stent patency) may actually be due to stent
igration.
In the only published meta-analysis on the topic to date,

aleem et al28 imputed data from the standard errors of the
means, CIs, interquartile ranges, or ranges to be able to amal-
gamate more trials together with regard to the primary out-
comes. Even with such imputations, Saleem et al were only able
to base their analysis of mean differences in stent patency on 3
randomized trials,5,6,9 two of which had exclusively inserted the
SEMS through a percutaneous route.5,6 The discrepancy be-
ween our conclusions and those of Saleem et al might be due
o differing methodological approaches, with the limitations of
mputation having been previously described by the Cochrane
roup.29 Saleem et al also used the stent survival definition for

both Isayama et al9 and Telford et al,8 in which this outcome is
ore properly defined as stent patency (see Table 2 for stent

atency definition). Telford et al found no difference in the
tent patency duration, whereas Isamaya et al reported a signif-
cant difference favoring covered stents. Both trials were not
ncluded in our analysis because of the adopted reporting
ormat. The largest trial by Kullman et al7 that did not find a

difference in the stent patency between covered and uncovered
SEMS was not included in both meta-analyses because no
ranges or distribution were provided. Furthermore, our inter-
pretation of stent patency definitions varied with theirs because
of poorly standardized reporting across the different trials. We
included an additional 4 trials, all in abstract form, that were
not included in the meta-analysis by Saleem et al, but none
could be used for the main outcome analysis. These additional
studies, as well as adding double zero events, resulted in a
bigger, perhaps more generalizable sample size for analyzable
outcomes. One potential cause of stent obstruction is reflux of
food material into the stent; from the data available, we cannot
determine whether the position of the distal-most portion of
the stent in relation to the papilla (above or below) would alter
stent occlusion.

The findings relating to survival are also worthy of discus-
sion. We were unable to provide summary data on this impor-
tant outcome because of lack of statistical reporting, as de-
scribed above. Interestingly, 3 trials documented improved
survival with covered stent insertion, only one significantly.6

Two of the three trials reported on percutaneous stenting. It is
unclear why survival may be prolonged in the percutaneously
inserted covered SEMS group, but this observation may relate
at least in part to subclinical differences in biliary contamina-
tion at insertion. Alternately, this observation might reflect, in
part, differences in patient selection. Unfortunately, the data
did not allow us to directly compare percutaneous vs endo-
scopic methods of insertion. Although the literature on malig-
nant biliary stenting almost uniformly reports no survival ben-
efits, such an advantage has been noted for SEMS compared
with plastic stents in a retrospective study (6.5 vs 4 months,
P � .05)30 and was also shown in an as yet unpublished older

eta-analysis of 3 randomized controlled trials (OR � 0.69;
5% CI, 0.49 – 0.97).31 Saleem et al28 reported an improvement
n survival after imputation of some of the trial data also
eported in our current meta-analysis. Although promising, we
elieve more data are required to substantiate this finding,
onsidering the aforementioned methodological limitations.

The majority of indications are in a palliative setting, but
iliary stenting has also increasingly been performed in other
linical scenarios such as in the preoperative biliary drainage of
atients with pancreatic head cancer. Studies have mainly used
lastic biliary stents and have been associated with increased
omplications.32 It is not clear, although feasible,33 whether the

use of SEMS before surgery in those with symptoms related to
biliary obstruction, those requiring neoadjuvant therapy, or
when surgery is delayed would result in long-term better out-
comes; the use of short SEMS before surgery in patients who are
thought to be resectable might avoid a second palliative endo-
scopic retrograde cholangiopancreatography in patients found
to be unresectable.34

In conclusion, the current meta-analysis demonstrates that
the use of covered SEMS does not alter stent patency rates at 6
or 12 months or mortality when compared with uncovered
SEMS in patients with distal malignant biliary obstruction.
However, significant limitations exist with the available evi-
dence; stent patency duration improved in an analysis of 2 trials
that used an initial percutaneous approach. Covered SEMS
resulted in decreased stent ingrowth but in increased stent
migration and overgrowth; no other secondary outcomes dif-
fered. We believe that more trials that use standardized patient
selection, technical approaches, outcome definitions, and sta-
tistical reporting methods are needed to clarify the optimal role
of covered SEMS and to identify the patient population who
may most benefit from this technology.

Supplementary Material
Note: To access the supplementary material accompa-

nying this article, visit the online version of Clinical Gastroenter-
ology and Hepatology at www.cghjournal.org, and at http://dx.
doi.org/10.1016/j.cgh.2012.10.019.
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1. randomized controlled trial.pt.
2. controlled clinical trial.pt.
3. randomized.ab.
4. placebo.ab.
5. randomly.ab.
6. trial.ab.
7. groups.ab.
8. or/1�7
9. exp Pancreatic Neoplasms/
0. (pancrea$ adj5 neoplas$).tw.
1. (pancrea$ adj5 cancer$).tw.
2. (pancrea$ adj5 carcin$).tw.
3. (pancrea$ adj5 tumo$).tw.
4. (pancrea$ adj5 metasta$).tw.
5. (pancrea$ adj5 malig$).tw.
6. exp common bile duct neoplasms/
7. (bile adj5 duct adj5 neoplas$).tw.
8. exp bile duct neoplasms/
9. exp cholestasis/
0. (bile adj5 duct adj5 obstruct$).tw.
1. cholestas$.tw.
2. exp common bile duct diseases/
3. exp jaundice, obstructive/
4. (obstruct$ adj5 jaundice$).tw.
5. (malig$ adj10 bil$ adj10

obstruct$).tw.
6. (bil$ adj10 strictur$).tw.
7. or/9-26
8. exp stents/
9. stent$.tw.
0. endoprosthesis.tw.
1. or/28-30
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