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Abstract
Purpose To compare outcomes of uncovered stent and covered stent in management of large bowel obstruction secondary to
colorectal malignancy.
Methods We conducted a search of electronic databases identifying studies comparing outcomes of uncovered and covered
stents in management of large bowel obstruction secondary to colorectal malignancy. The Cochrane risk-of-bias tool and the
Newcastle–Ottawa scale were used to assess the included studies. Random or fixed effects modelling were applied as appropriate
to calculate pooled outcome data.
Results One randomised controlled trial (RCT) and nine observational studies, enrolling 753 patients, were identified. Uncovered
stent was associated with lower risks of complications (RR 0.57 95% CI 0.44–0.74, P < 0.0001), tumour overgrowth (RR 0.29
95% CI 0.09–0.93, P = 0.04), and stent migration (RR 0.29 95% CI 0.17–0.48, P < 0.00001); longer duration of patency (MD
18.47 95%CI 10.46–26.48,P < 0.00001); lower need for stent reinsertion (RR 0.38 95%CI 0.17–0.86, P = 0.02); and higher risk
of tumour ingrowth (RR 4.53 95% CI 1.92–10.69, P = 0.0008). Rates of technical success (RR 1.02 95% CI 0.99–1.04, P =
0.21), clinical success (RR 1.03 95% CI 0.98–1.08, P = 0.32), perforation (RD 0.01 95% CI − 0.03–0.02, P = 0.65), bleeding
(RD 0.00 95% CI − 0.03–0.03, P = 0.98), stool impaction (RR 0.56 95% CI 0.12–2.04, P = 0.38) and stent obstruction (RR 2.23
95% CI 0.94–5.34, P = 0.97) were similar.
Conclusions Our results suggest that uncovered stents are superior as indicated by fewer complications, lower rates of stent
migration, longer duration of patency and a reduced need for stent reinsertion. The best available evidence is mainly derived from
non-randomised studies; there is a need for more RCTs.
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Introduction

Large bowel obstruction is the presenting feature in 24% [1, 2]
of colorectal carcinoma. Malignant obstruction was conven-
tionally treated by surgical diversion and stoma formation,
associated with higher morbidity and mortality as compared

to elective treatment [3]. Insertion of self-expanding metal
stents (SEMS) can be used as a bridge to surgery for subse-
quent one-stage resection as well as for palliative purposes in
those with irresectable tumours. Insertion is associated with
equivalent clinical outcomes, decreased hospital stay, fewer
complications and lower mortality [4].

Available stents are uncovered and covered, the latter can
vary as fully covered and partially covered. Uncovered stents
were traditionally associated with increased rates of stent oc-
clusion, and increased tumour ingrowth and overgrowth [5,
6]. Covered stents were designed to hypothetically reduce the
rate of tumour ingrowth. However, this is associated with
decreased stent patency as the coating decreases the ability
of the stent to anchor to the intestinal wall [7].

Little conclusive clinical evidence exists for whether the
hypothetical benefits translate clinically. Hence, we aimed to
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perform a comprehensive systematic review and conduct a
meta-analysis of outcomes comparing uncovered stent and
covered stent in management of large bowel obstruction sec-
ondary to colorectal malignancy.

Methods

This systematic review was performed according to an agreed
predefined protocol and was conducted and presented accord-
ing to Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement standards.

Eligibility criteria

Observational studies and RCTs investigating outcomes of
uncovered versus covered SEMS in management of large
bowel obstruction secondary to colorectal malignancy were
included. The population of interest comprised adults over
the age of 18 undergoing SEMS insertion for relief of large
bowel obstruction secondary to primary colorectal malignan-
cy or colorectal metastases from other malignancies. The in-
tervention of interest was uncovered SEMS insertion and the
comparator, covered SEMS insertion. Studies including cases
with large bowel obstruction secondary to extrinsic compres-
sion and studies investigating stents for gastric outlet, biliary
or small bowel obstruction were excluded.

Outcomes

The following outcome measures were considered: technical
success, clinical success, total complications (early and late),
perforation, bleeding, stent migration (total, early and late),
tumour ingrowth, tumour overgrowth, stool impaction, stent
obstruction, duration of stent patency, and need for stent
reinsertion.

Literature search strategy

Two authors (MM, RM) independently conducted a literature
search on the following databases: MEDLINE, EMBASE and
CINAHL and the Cochrane Central Register of Controlled
Trials (CENTRAL). The final search was conducted on 17
June 2018. Search operators, thesaurus headings and limits
in each database were adjusted as necessary; this strategy is
outlined in Fig. 1. ClinicalTrials.gov, the World Health
Organisation International Clinical Trials Registry and
ISRCTN Register were searched for ongoing trials or
unpublished studies. References of related reviews were
searched for any other relevant studies. Language
restrictions were not applied during the literature search.

Study selection

Two authors (MM, RM) independently reviewed titles and
abstracts. Subsequently, full texts were retrieved for relevant
articles. Eligible studies were selected. In the event of discrep-
ancy, the two authors discussed and a third (SH) was
consulted if they could not agree.

Data collection

An electronic data collection spreadsheet was created, which
was piloted and adjusted using random articles. Data collec-
tion included study-related information (first author, year of
publication, country of origin of the corresponding author,
publishing journal, study design, number of participants and
their clinical condition), baseline characteristics of the includ-
ed population (age, gender, purpose for stenting, site of ob-
struction), characteristics of the SEMS (shape, cover), prima-
ry, and secondary outcome data. Two authors independently
collected the data (MM, RM). Disagreements were initially
discussed. If no resolution could be reached, a third author
(SH) was consulted.

Methodological quality and risk of bias assessment

Two authors independently assessed methodological quality
and risk of bias of the articles using the Cochrane tool and
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Fig. 1 Study flow diagram
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the Newcastle–Ottawa scale (NOS) for assessing the risk of
bias of randomised trials and observational studies, respective-
ly. The Cochrane tool assesses domains including selection
bias, performance bias, detection bias, attrition bias, reporting
bias and other sources of bias and, for each individual domain,
classifies studies into low, unclear and high risk of bias. The
NOS uses a star system with a maximum of nine stars to
evaluate a study in three domains (eight items): the selection
of the study groups, the comparability of the groups and the
ascertainment of outcome of interest. For each item of the
scale, we judged each study as low risk (one star awarded) or
high risk (no star awarded). We determined studies that re-
ceived a score of nine stars to be of low risk of bias, studies
that scored seven or eight stars to be of moderate risk, and
those that scored six or less to be of high risk of bias.
Disagreements were resolved by discussion between the re-
viewers. If no agreement could be reached, a third author
was consulted. A risk of bias graph was constructed to present
the results.

Data synthesis and statistical analyses

For dichotomous outcome variables, risk ratios (RR) were
calculated as the summary measure for uncovered vs covered
stents. We planned to calculate the risk difference (RD) when
more than a third of the studies had zero events in both groups.
For continuous parameters, the mean difference between the
covered and uncovered stent groups was calculated. The unit
of analysis was individual patient. Any information regarding
withdrawals, dropouts and other missing data were recorded.
We based our analysis on intention-to-treat data from individ-
ual clinical studies. Review Manager 5.3 software was used
for data synthesis. Random or fixed effects modelling were
applied as appropriate for analyses; random-effect models
were used if considerable heterogeneity was found amongst
studies. Forest plots with 95% confidence intervals (CIs) were
used to present the results. Cochran’sQ test was used to assess
inter-study heterogeneity. We calculated I2 to quantify incon-
sistency, and it was interpreted according to the following
guide: 0–50% indicated low heterogeneity, 50–75% indicated
moderate heterogeneity and 75–100% indicated high hetero-
geneity. We intended to construct funnel plots and visually
assess their symmetry to evaluate publication bias for out-
comes reported by at least ten studies.

Sensitivity and subgroup analyses

To explore potential sources of heterogeneity and assess the
robustness of our results, additional analyses were conducted
for outcomes reported by at least four studies. We repeated the
primary analysis using the random effects and fixed effect
model. In addition, we calculated the RR, odds ratio (OR)
and RD separately for dichotomous outcomes. We assessed

the effect of each study on the overall effect size and hetero-
geneity by repeating the analysis after removing one study at a
time. We planned to perform separate analyses for RCTs with
low risk of selection bias in terms of randomisation and allo-
cation concealment to assess the change in direction of the
effect size. Moreover, where possible, we aimed to perform
subgroup analysis based on shape and type of covered stent
(cylindrical shape vs dumbbell shape, fully covered vs partial-
ly covered), or purpose for stenting (preoperative decompres-
sion vs palliative).

Results

Results of search

Literature searching gave rise to 207 studies, of which 10 were
eligible [5, 8–16]. These included seven prospective cohort
studies, two retrospective cohort studies and one RCT, in total
753 patients. The indication for stenting was preoperative de-
compression or palliative management in six studies, pallia-
tive management only in three studies, preoperative decom-
pression only in one study. Overall, 301 patients underwent
covered stent insertion and 452 patients underwent uncovered
stent insertion. In terms of the shape of covered stent, three
studies used cylindrical-shaped or dumbbell-shaped stents;
four studies used cylindrical-shaped stents only; two studies
used dumbbell-shaped stents only; one study used dumbbell-
shaped or bamboo-shaped stents. Length of follow-up period
ranged from 2 to 20 months. Nine studies defined technical
success as accurate stent placement, and nine defined clinical
success as relief of obstruction clinically. The literature search
flow chart, baseline characteristics of included studies and
baseline characteristics of the included populations are dem-
onstrated in Fig. 1 and Tables 1 2, respectively.

Methodological quality

The summary and results of methodological quality assess-
ment of the one RCT [8] and nine observational studies [5,
9–16] are demonstrated graphically in Fig. 2.

Outcome synthesis

Technical success Technical success of stent insertion was
reported in 8 studies [5, 8–11, 14–16], enrolling 644 patients.
There was no significant difference in technical success of
stent insertion (RR 1.02 95% CI 0.99–1.04, P = 0.21). A
low level of inter-study heterogeneity existed (I2 = 0%, P =
0.79) (Fig. 3).

Clinical successClinical success of stent insertion was reported
in 5 studies [5, 8–10, 15], enrolling 422 patients. There was no
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significant difference in clinical success of stent insertion (RR
1.03 95% CI 0.98–1.08, P = 0.32). A low level of inter-study
heterogeneity existed (I2 = 0%, P = 0.41) (Fig. 3).

Complications Total complications were reported in 9 studies
[5, 8–11, 13–16], enrolling 681 patients. Risk of complica-
tions was lower in the uncovered stent group (RR 0.57 95%
CI 0.44–0.74, P < 0.0001). A moderate level of inter-study
heterogeneity existed (I2 = 50%, P = 0.04) (Fig. 3).

Early complications Early complications were reported in 4
studies [5, 8–10], enrolling 319 patients. There was no signif-
icant difference in the risk of early complications (RR 0.54
95% CI 0.25–1.16, P = 0.11). A moderate level of inter-study
heterogeneity existed (I2 = 51%, P= 0.11) (Fig. 3).

Late complications Late complications were reported in 3
studies [8–10], enrolling 299 patients. Risk of late complica-
tions was lower in the uncovered stent group (RR 0.58 95%CI
0.34–0.99, P = 0.05). A low level of inter-study heterogeneity
existed (I2 = 0%, P= 0.65) (Fig. 3).

Perforation Perforation was reported in 7 studies [8–11, 13,
15, 16], enrolling 509 patients. There was no significant dif-
ference in the risk of perforation (RD 0.01 95% CI − 0.03 to

0.02, P = 0.65). A low level of inter-study heterogeneity
existed (I2 = 0%, P= 0.94) (Fig. 3).

Bleeding Bleeding was reported in 4 studies [8–11], enrolling
344 patients. There was no significant difference in the risk of
bleeding (RD 0.00 95% CI − 0.03 to 0.03, P = 0.98). A low
level of inter-study heterogeneity existed (I2 = 0%, P= 0.80)
(Fig. 3).

Stent migration Stent migration was reported in 9 studies [5,
8–13, 15, 16], enrolling 601 patients. The risk of stent migra-
tion was lower in the uncovered stent group (RR 0.29 95% CI
0.17–0.48, P < 0.00001). A low level of inter-study heteroge-
neity existed (I2 = 33%, P = 0.15) (Fig. 3).

Early stent migration Early stent migration was reported in 6
studies [5, 8–10, 13, 16], enrolling 381 patients. There was no
significant difference in the risk of early stent migration be-
tween the two groups (RR 0.47 95% CI 0.21–1.06, P = 0.07).
A low level of inter-study heterogeneity existed (I2 = 33%,
P= 0.019) (Fig. 3).

Late stent migration Late stent migration was reported in 5
studies [8–10, 13, 16], enrolling 361 patients. Risk of late
stent migration was lower in the uncovered stent group (RR

Fig. 2 Risk of bias summary and graph showing authors’ judgements about each risk of bias item. a Randomised trial. b Observational studies
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0.12 95% CI 0.04–0.37, P = 0.0002). A low level of inter-
study heterogeneity existed (I2 = 0%, P = 0.90) (Fig. 3).

Tumour ingrowth Tumour ingrowth was reported in 7 studies
[5, 8–10, 13, 15, 16], enrolling 484 patients. Risk of tumour
ingrowth was higher in the uncovered stent group (RR 4.53
95% CI 1.92–10.69, P = 0.0008). A low level of inter-study
heterogeneity existed (I2 = 0%, P = 0.62) (Fig. 3).

Tumour overgrowth Tumour overgrowth was reported in 6
studies [5, 8–10, 15, 16], enrolling 447 patients. The risk of
tumour overgrowth was lower in the uncovered stent group
(RR 0.29 95% CI 0.09–0.93, P = 0.04). A low level of inter-
study heterogeneity existed (I2 = 0%, P= 0.99) (Fig. 3).

Stool impaction Stool impaction was reported in 4 studies
[8–10, 13], enrolling 336 patients. There was no significant
difference in the risk of stool impaction (RR 0.56 95% CI
0.12–2.04, P = 0.38). A low level of inter-study heterogeneity
existed (I2 = 0%, P= 0.47) (Fig. 3).

Stent obstruction Stent obstruction was reported in 4 studies
[8, 10, 12, 15], enrolling 334 patients. There was no signifi-
cant difference in the risk of stent obstruction (RR 2.23 95%
CI 0.94–5.34, P = 0.97). A low level of inter-study heteroge-
neity existed (I2 = 0%, P= 0.58) (Fig. 3).

Duration of stent patency Duration of stent patency was re-
ported in 5 studies [8, 9, 13, 15, 16], enrolling 396 patients.
Stents were patent for a significantly longer in the uncovered
stent group (MD 18.47 95% CI 10.46–26.48, P < 0.00001). A
low level of inter-study heterogeneity existed (I2 = 24%,
P= 0.28) (Fig. 3).

Need for stent reinsertion Need for stent reinsertion was re-
ported in 5 studies [5, 8–10, 13], enrolling 356 patients. There
was a significantly lower need for stent reinsertion in the un-
covered stent group (RR 0.38 95% CI 0.17–0.86, P = 0.02). A
low level of inter-study heterogeneity existed (I2 = 0%,
P= 0.74) (Fig. 3).

Additional analyses

Sensitivity analyses

We performed sensitivity analyses for outcomes that were
reported by at least four studies (all outcomes except late com-
plications). The use of random-effects or fixed-effect models
did not affect the direction of the effect sizes in any outcome
measures. WhenORs, RRs or RDs were calculated separately,
the direction of the effect sizes remained unchanged for all the
outcomes. Removing one study at a time changed the direc-
tion of the effect size in favour of uncovered stent for early

stent migration and early complications and changed it to-
wards non-significance for tumour overgrowth and need for
stent reinsertion; the direction of the effect sizes for other
outcomes remained unchanged. The separate analyses for
studies with low or moderate risk of bias did not affect the
direction of the effect sizes.

Subgroup analysis

Data from the included studies was not adequate to perform
subgroup analysis according to purpose for stenting (preoper-
ative decompression vs palliative) or type of covered stent in
terms (fully or partially covered). Hence, subgroup analysis
was performed on shape of the stent.

Cylindrical-shaped stent Subgroup analysis of data from 276
patients showed that uncovered stents were associated with
lower risks of total complications (RR 0.48 95% CI 0.30–
0.75, P = 0.002), stent migration (RR 0.10 95% CI 0.03–
1.30, P < 0.0001), and need for stent reinsertion (RR 0.28
95% CI 0.10–0.75, P = 0.01) but higher risk of tumour in-
growth (RR 3.56 95% CI 1.33–9.49, P = 0.01) compared to
cylindrical-shaped covered stents. There was no difference
between the two groups in terms of technical success (RR
1.02 95% CI 0.98–1.06, P = 0.37), clinical success (RR 1.00
95% CI 0.93–1.08, P = 0.96), perforation (RD 0.01 95% CI −
0.02–0.04, P = 0.64), bleeding (RD 0.01 95% CI − 0.02–0.04,
P = 0.58), tumour overgrowth (RR 0.28 95% CI 0.06–1.36,
P = 0.12), stool impaction (RR 0.79 95% CI 0.18–3.54, P =
0.76), stent obstruction (RR 1.81 95% CI 0.60–5.43, P =
0.29), and duration of stent patency (MD 6.21 95% CI −
12.23–24.65, P = 0.51).

Dumbbell-shaped stent Subgroup analysis of data from 208
patients showed that uncovered stents were associated with lon-
ger duration of stent patency (MD 21.32 95% CI − 12.43 to
30.22, P < 0.00001) and higher risk of tumour ingrowth (RR
7.59 95% CI 1.30–44.25, P = 0.02) compared to dumbbell-
shaped covered stents. There was no difference between the
two groups in terms of technical success (RR 1.02 95% CI
0.97–1.07, P = 0.39), clinical success (RR 1.06 95% CI 0.99–
1.13, P = 0.07), total complications (RR 0.95 95% CI 0.62–
1.46, P = 0.81), perforation (RD − 0.03 95% CI − 0.08 to 0.03,
P = 0.33), bleeding (RD − 0.02 95% CI − 0.10 to 0.05, P =
0.53), stent migration (RR 0.62 95% CI 0.31–1.24, P = 0.18),
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Tumour overgrowth. m Stool impaction. n Stent obstruction. o Stent
patency duration. p Need for stent reinsertion



a) Technical success

b) Clinical success

c) Total complications

d) Early complications
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tumour overgrowth (RR 0.30 95% CI 0.05–1.67, P = 0.17),
stool impaction (RR 0.21 95% CI 0.01–4.24, P = 0.31), stent

obstruction (RR 3.70 95% CI 0.49–27.93, P = 0.20), and need
for stent reinsertion (RR 1.05 95% CI 0.14–7.87, P = 0.96).

e) Late complications

f) Perforation

g) Bleeding

h) Stent migration (total)

Fig. 3 continued.
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i) Early stent migration

j) Late stent migration

k) Tumour ingrowth

l) Tumour overgrowth

Fig. 3 continued.
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Discussion

We performed a systematic review and meta-analysis compar-
ing outcomes of covered versus uncovered stents in manage-
ment of large bowel obstruction secondary to colonic malig-
nancy, either primary or due to metastasis. Nine observational
studies and one randomised controlled trial were included, to-
talling 753 patients. Analysis indicated insertion of uncovered

stents was associated with lower risks of complications, tumour
overgrowth, and stent migration: a lower need for stent reinser-
tion and a longer duration of patency. Covered stents were
associated with a lower risk of tumour ingrowth. We found no
significant difference in terms of technical success, clinical suc-
cess, perforation, bleeding, stool impaction and stent obstruc-
tion. Between-study heterogeneity was low for all the outcomes
except complications where the level of heterogeneity was

m) Stool impaction

n) Stent obstruction

o) Stent patency duration

p) Need for stent reinsertion

Fig. 3 continued.
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moderate. The results remained consistent through sensitivity
analyses. The quality of the evidence was moderate.

Our results indicate covered and uncovered stent insertion
are equally feasible, indicated by comparable technical or clin-
ical success rates. Presence of a stent covering should not
significantly affect procedure of stent insertion. Whether the
stent is covered or uncovered, it should not affect the proce-
dure of stent insertion significantly. Difficulties in stent inser-
tion are largely due to the characteristics of the lesion, such as
a high-grade obstruction or the anatomy of the colon, such as
tortuosity [17]. The sites of obstruction by tumour were com-
parable between the uncovered and covered stent groups in
included studies. All of these may explain the comparable
technical or clinical success rates in the uncovered stent and
covered stent groups in our study.

Safety of stent insertion [18] was supported by early com-
plication data; perforation was only seen in three cases and
bleeding in two. Stent obstruction is the most common com-
plication, mostly due to tumour ingrowth. Tumour ingrowth is
narrowing of the stent lumen within interstices whilst tumour
overgrowth is narrowing of the lumen at both ends of the stent
by tumour growth [19]. The covering on an enteral stent is
hypothetically supposed to decrease the risk of tumour in-
growth, given the mesh acts as a physical barrier in addition
to the wire mesh. This largely explains the decreased rates of
tumour ingrowth in the covered stent group found in this re-
view. However, the presence of the mesh additionally impedes
strong anchoring of the covered stent, as it cannot embed as
firmly into the intestinal wall as compared to the wire mesh
[20]. Hence, there is an increased risk of stent migration. New
designs of covered stents such as partial covering, interior
membranes, flanged ends or different shaped have been cre-
ated to decrease stent migration [9, 21]. Our pooled analysis
demonstrated increased rates of overall and late stent migra-
tion in the covered stent group. Rates of early stent migration
did not vary and perhaps this reflects insufficient time for the
uncovered stent to embed in the intestinal wall. Further study
could evaluate whether variation in stent design could contrib-
ute to decreasing the rates of stent migration.

Stent reinsertion [17] appears to be more effective than
other techniques to relieve obstruction from stent migration,
such as dilation, argon beamer or laser. Hence, rates of stent
reinsertion were raised in the covered stent group, likely sec-
ondary to the increased rate of stent migration.

Risk of tumour overgrowth was significantly lower in the
uncovered stent group. However, through sensitivity analy-
ses, the direction of the effect size for tumour overgrowth
moved towards non-significant; therefore, results for this
outcome are not statistically robust. No included studies give
details regarding patients who developed tumour over-
growth. The higher tumour overgrowth in the covered stent
group may simply reflect the extent of disease in those in-
dividual patients.

Drug eluting, stents have been popularised in coronary in-
tervention for their anti-tumour effects and are being investi-
gated for enteral stent insertion [22]. Their potential for ob-
struction in colorectal malignancy has not been investigated,
but perhaps this may further alleviate the problem of tumour
ingrowth.

Our results indicated uncovered stents lasted 18 days lon-
ger despite the increased rate of tumour ingrowth, which may
be due to the higher rate of stent migration in the covered
group. Some argue covered stents are poorer when used for
palliative purposes given the necessity for long-term patency,
indicating a need for treatment stratification based on the pur-
pose for stenting [20]. Unfortunately, data from the included
studies did not allow subgroup analysis on this indication.

Our review and reported outcomes have limitations. We
identified only 10 eligible studies of which 9 were non-
randomised observational studies that are inevitably subject
to selection bias. Hence data does not provide robust basis
for conclusions. The data from the included studies was not
adequate to perform subgroup analysis based on the purpose
for stenting (preoperative decompression vs palliative) or type
of covered stent in terms of being fully or partially covered.
Less than ten studies were eligible for this review, preventing
formal assessment of publication bias as planned in our proto-
col; therefore, reporting bias cannot be excluded in this study.

Conclusions

The best available evidence suggests that uncovered stents are
superior to covered stents in the management of large bowel
obstruction due to colorectal malignancy as indicated by fewer
complications, lower rates of stent migration, longer duration
of patency and a reduced need for stent reinsertion. However,
conclusions are largely from non-randomised studies. More
randomised controlled trials are needed, especially stratifying
by patient population (palliative vs bridge to surgery) and stent
design (covered vs partially covered).
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Appendix

†This search strategy was adopted for following databases:
MEDLINE, EMBASE, CINAHL and the Cochrane Central
Register of Controlled Trials (CENTRAL)
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Search no. Search strategy†

#1 large bowel obstruction: TI, AB, KW

#2 MeSH descriptor: [intestinal obstruction] explode all trees

#3 MeSH descriptor: [colorectal cancer] explode all trees

#4 #1 OR #2 OR #3

#5 MeSH descriptor: [stent] explode all trees

#6 cover* near2 stent*: TI,AB,KW

#7 uncover* near2 stent*: TI,AB,KW

#8 Metal near 2 stent: TI,AB,KW

#9 #5 OR #6 OR #7 OR #8

#10 #4 AND #9
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