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Abstract
Background  Several management options exist for colonic decompression in the setting of malignant large bowel obstruc-
tion, including oncologic resection, surgical diversion, and SEMS as a bridge-to-surgery. Consensus has yet to be reached on 
optimal treatment pathways. The aim of the present study was to perform a network meta-analysis comparing short-term post-
operative morbidity and long-term oncologic outcomes between oncologic resection, surgical diversion, and self-expanding 
metal stents (SEMS) in left-sided malignant colorectal obstruction with curative intent.
Methods  Medline, Embase, and CENTRAL were systematically searched. Articles were included if they compared two or 
more of the following in patients presenting with curative left-sided malignant colorectal obstruction: (1) emergent oncologic 
resection; (2) surgical diversion; and/or (3) SEMS. The primary outcome was overall 90-day postoperative morbidity. Pair-
wise meta-analyses were performed with inverse variance random effects. Random-effect Bayesian network meta-analysis 
was performed.
Results  From 1277 citations, 53 studies with 9493 patients undergoing urgent oncologic resection, 1273 patients undergoing 
surgical diversion, and 2548 patients undergoing SEMS were included. Network meta-analysis demonstrated a significant 
improvement in 90-day postoperative morbidity in patients undergoing SEMS compared to urgent oncologic resection 
(OR0.34, 95%CrI0.01–0.98). Insufficient RCT data pertaining to overall survival (OS) precluded network meta-analysis. 
Pairwise meta-analysis demonstrated decreased five-year OS for patients undergoing urgent oncologic resection compared 
to surgical diversion (OR0.44, 95%CI0.28–0.71, p < 0.01).
Conclusions  Bridge-to-surgery interventions may offer short- and long-term benefits compared to urgent oncologic resection 
for malignant colorectal obstruction and should be increasingly considered in this patient population. Further prospective 
study comparing surgical diversion and SEMS is needed.

Keywords  Malignant Colorectal Obstruction · Colorectal Cancer · Colectomy · Loop Colostomy · Colonic Stenting

Colorectal cancer is the second most common cause of 
cancer-related mortality worldwide and initially presents 
as an urgent large bowel obstruction (LBO) in 10–30% of 
cases [1]. There are several causes of a mechanical LBO, 
including diverticular stricture, volvulus, and inflammatory 
bowel disease, however colorectal malignancy accounts for 
approximately 50% of cases [1]. The management of any 
LBO involves urgent decompression to prevent intestinal 
ischemia and perforation, however choosing the most appro-
priate decompression method can be challenging given the 
need to consider underlying etiology, as well as short- and 
long-term outcomes. Consensus has not been reached on 
how to optimally care for these patients [2].
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Surgical management of a malignant LBO that doesn’t 
require emergency surgery due to perforation or ischemia 
is complex and must initially consider location and poten-
tial for resection. Various options for intestinal decompres-
sion of left-sided LBOs are available and include oncologic 
resection with or without anastomosis, proximal diversion, 
and endoluminal stenting as a bridge-to-surgery. Prior to 
the introduction of self-expanding metallic stents (SEMS), 
urgent oncologic resection and surgical diversion were the 
most common treatment modalities for malignant LBO [3, 
4]. However, over the past two decades SEMS has gained 
popularity as a minimally invasive method of achieving 
intestinal decompression [5]. Initially, SEMS were exclu-
sively used for palliation in the setting of unresectable dis-
ease [6]. More recently they have been utilized as bridge to 
definitive surgery. [7–11]

Several randomized controlled trials (RCTs) have com-
pared urgent oncologic resection and SEMS; some suggest-
ing no significant difference, and others suggesting superior 
short-term outcomes with SEMS [7, 9, 12, 13]. Two RCTs 
comparing urgent oncologic resection and surgical diver-
sion have been performed, neither of which definitively 
concluded superiority of either intervention [4, 14]. To our 
knowledge, no RCTs comparing bridge-to-surgery inter-
ventions have been conducted [15, 16]. Multiple system-
atic reviews and meta-analyses have also been performed 
with both RCT and observational data, all of which suggest 
SEMS and surgical diversion are safe and effective alterna-
tives to urgent oncologic resection [17]. No study to date 
has compared all three treatment options in a comprehen-
sive analysis. Therefore, the aim of the present study was 
to perform a network meta-analysis comparing short-term 
postoperative morbidity and long-term oncologic outcomes 
between urgent oncologic resection, proximal surgical diver-
sion, and SEMS in left-sided malignant colorectal obstruc-
tion with curative intent.

Methods

Search strategy

The following databases covering the period from database 
inception through March 2021 were searched: Medline, 
EMBASE, and Cochrane Central Register of Controlled Tri-
als (CENTRAL). The search was designed and conducted by 
a medical research librarian with input from study investiga-
tors. Search terms included “malignant colonic obstruction”, 
“SEMS”, “colostomy”, “colectomy” and more (Table 7). 
The references of published studies and grey literature 
were searched manually to ensure that all relevant articles 
were included. Trial registries (e.g., ClinicalTrials.gov, EU 
Clinical Trials Register, etc.) were searched. This systematic 

review and meta-analysis was reported in accordance with 
the Preferred Reporting items for Systematic Reviews and 
Meta-Analyses (PRISMA) and the Confidence in Network 
Meta-Analysis (CINeMA) guidelines. [18, 19]

Study selection

Articles were eligible for inclusion if they compared short-
term morbidity or long-term oncologic outcomes in patients 
presenting with left-sided malignant LBOs undergoing two 
or more of the following interventions: (1) urgent oncologic 
resection; (2) proximal surgical diversion (i.e., loop ileos-
tomy or loop colostomy); and/or (3) SEMS. Randomized 
controlled trials, as well as prospective and retrospective 
observational studies were eligible for inclusion. Studies 
including both right- and left-sided malignant obstruction 
were eligible for inclusion if less than 33.3% of included 
patients had right-sided obstruction. Studies including both 
left-sided colonic malignant obstruction and rectal malig-
nant obstruction were eligible for inclusion if less than 20% 
of included patients had rectal obstruction. Studies including 
patients managed with palliative intent were excluded unless 
outcomes were reported separately from patients managed 
with curative intent. Studies in which more than 50% of 
included patients had metastatic disease at the time of pres-
entation were excluded due to a disproportionate decrease 
in expected long-term survival. Studies including patients 
undergoing interventions for benign colorectal obstruction 
were not eligible for analysis.

Data extraction

Two reviewers independently evaluated the systemati-
cally searched titles and abstracts using a standardized, 
pilot-tested form. Discrepancies that occurred at the title 
and abstract screening phases were resolved by inclusion 
of the study. At the full-text screening stage, discrepancies 
were resolved by consensus between the two reviewers. If 
the disagreement persisted, a third reviewer was consulted. 
Three reviewers independently conducted data extraction 
into a data collection form designed a priori. The extracted 
data included study characteristics, patient demographics, 
disease characteristics, treatment characteristics, short-term 
postoperative outcomes, and long-term oncologic outcomes.

Outcomes assessed

The primary outcome was overall postoperative morbidity. 
Postoperative morbidity was defined as any reported devia-
tion from the expected postoperative course within 90 days 
of definitive oncologic resection. For studies including 
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urgent oncologic resection, postoperative morbidity was 
reported from the index intervention, whereas for studies 
including bridge-to-surgery interventions, postoperative 
morbidity only included deviation from the expected post-
operative course following the second planned intervention 
(i.e., definitive oncologic resection). As such, the present 
compared morbidity associated with oncologic resection for 
patients treated in the emergent setting with either onco-
logic resection or a bridge-to-surgery intervention (i.e., 
SEMS or surgical diversion). The aim, thus, was to evalu-
ate whether emergent bridge-to-surgery interventions, were 
actually associated with improved postoperative outcomes 
or whether they were potentially unnecessary interventions.

Secondary outcomes included: (1) frequency of specific 
postoperative complications following definitive oncologic 
resection (i.e., anastomotic leak, postoperative ileus, intraab-
dominal abscess, sepsis, etc.); (2) overall postoperative 
mortality within 90 days of definitive oncologic resection; 
(3) number of patients requiring permanent ostomy follow-
ing definitive oncologic resection; (4) long-term oncologic 
outcomes. Long-term oncologic outcomes included overall 
survival (OS), disease-free survival (DFS), local recurrence 
(LR), and distant recurrence (DR).

Risk of bias assessment

Risk of bias for each included RCT was assessed using the 
Revised Cochrane Risk of Bias Tool for RCTs [20]. The 
included RCTs were deemed as high, low, or unclear risk 
with respect to each category specified within the tool and 
an overall risk of bias was assigned according to a prede-
termined algorithm. Risk of bias for each included observa-
tional study was assessed with the Risk of Bias in Non-ran-
domized Studies of Interventions (ROBINS-I) assessment 
tool [21]. Similarly to RCTs, all included observational stud-
ies were judged as high, low, or unclear risk. Two review-
ers assessed the studies according to these tools indepen-
dently and discrepancies were discussed until consensus was 
reached. Only studies written in the English language were 
analyzed according to the aforementioned risk of bias tools.

Statistical analysis

All statistical analysis and meta-analysis were performed 
on R 4.0.2 (Auckland, New Zealand) and Cochrane Review 
Manager 5.3 (London, United Kingdom). The threshold 
for statistical significance was set a priori at a p of < 0.05. 
A pairwise meta-analyses was performed using an inverse 
variance random effects model for all meta-analyzed out-
comes. Pooled effect estimates were obtained by calculat-
ing the mean difference (MD) in outcomes for continuous 
variables and odds ratios (OR) for dichotomous variables 

along with their respective 95% confidence intervals (CI) 
to confirm the effect size estimation. Mean and standard 
deviation (SD) was estimated for studies and studies that 
only reported median and interquartile range (IQR) using the 
estimation method described by Wan et al. [22] Assessment 
of heterogeneity was completed using the inconsistency (I 
[2]) statistic. [23]

A random-effect Bayesian network meta-analysis was 
performed for the primary outcome. All analyses were 
performed in R 4.0.2 (Auckland, New Zealand) using the 
“gemtc”, “rjags”, and “dmetar” packages. Estimates were 
obtained using the Markov Chains Monte Carlo (MCMC) 
method with non-informative priors. In total, 5,000 initial 
iterations were used as adaptation, followed by 100,000 iter-
ations for estimations. Convergence was assessed via the 
Brooks-Gelman-Rubin statistic [24]. Consistency of results 
from direct and indirect evidence was analyzed using the 
node-splitting analysis of inconsistency. A rank order of 
treatments was derived using the mean rank and 95% cred-
ible interval (CrI) based on the estimated effect size distri-
butions in MCMC simulations for statistically significant 
results and presented as a rankogram. A probability below 
90% for ranking first was considered inadequate to confi-
dently report a treatment option as the best for the given 
outcome [25]. Treatments were also ranked using the surface 
under the curve cumulative ranking probabilities (SUCRA). 
Within-study bias and indirectness were assessed according 
to CINeMA guidelines [19]. A network sensitivity analysis 
was performed for studies not reporting interval from bridge 
to surgery procedure to definitive oncologic resection. The 
network meta-analysis data analysis plan was designed in 
consultation with an independent statistician.

Fig. 1   Network Plot—Illustration of direct and indirect comparisons 
between urgent oncologic resection, surgical diversion, and SEMS for 
the random effects Bayesian network meta-analysis
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Table 1   Study characteristics of included randomized controlled trials

Study Arm N Mean 
age 
(years)

% Female Location of Tumor AJCC T Stage AJCC Overall 
Stage

ASA Comorbidities (%)

Kronborg, 1995 [29] Surgery 63 71.0 55.6 Left-sided colon—63 
(100)

– I—1 (1.6) – –

II–40 (63.5)

III–16 (25.4)

IV–0

Benign–5 (7.9)

Other–1 (1.6)

Stoma 58 70.0 60.3 Left-sided colon—58 
(100)

– I—2 (3.4) – –

II—28 (48.2)

III—11 (19.0)

IV—3 (5.2)

Benign—9 
(15.5)

Other—5 (8.6)

Cheung, 2009† [9] Surgery 24 68.5* 50.0 Left-sided colon—24 
(100)

– I—0 – –

II—7 (29.2)

III—14 (58.3)

IV—4 (8.3)

Stent 24 64.5* 41.7 Left-sided colon—24 
(100)

– I—0 – –

II—7 (29.2)

III—6 (25.0)

IV—11 (45.8)

Alcantara, 2011 [28] Surgery 13 71.2 46.2 Splenic flexure—4 
(30.8)

– I—0 I + II—1 (7.7) p–POS-
SUM—19.2 ± 5.8II—5 (38.5)

III—6 (46.2) III—9 (69.2) CR-POS-
SUM—10.6 ± 4.0Descending—2 (15.4)

IV—3 (23.1)
IV—2 (15.4)

Sigmoid—4 (30.8)

Rectosigmoid—3 
(23.1)

Stent 15 71.9 66.6 Splenic flexure—2 
(13.3)

– I—0 I + II—5 (33.3) p-POSSUM—17.1 ± 3.1

II—2 (13.3)
Descending—1 (6.7) III—8 (53.3) CR-POS-

SUM—9.7 ± 2.6
III—11 (73.3)

Sigmoid—11 (73.3)
IV—2 (13.3)

Rectosigmoid—1 (6.7)
IV—2 (13.3)

Pirlet, 2011 [10] Surgery 30 74.7 56.7 Splenic flexure—3 
(10.0)

– – – p-POSSUM—21 ± 5.2

Descending—2 (6.7)

Sigmoid—18 (60.0)

Rectosigmoid—7 
(23.3)

Stent 30 70.4 46.7 Splenic flexure—0 – – – p-POSSUM—24.2 ± 7.6

Descending—6 (20.0)

Sigmoid—15 (50.0)

Rectosigmoid—8 
(26.7)

N/A—1 (3.3)
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Table 1   (continued)

Study Arm N Mean 
age 
(years)

% Female Location of Tumor AJCC T Stage AJCC Overall 
Stage

ASA Comorbidities (%)

Van Hooft 2011§ [13] Surgery 51 71.4 47.1 Left-sided colon—51 
(100)

– – I—17 (33.3) –

II—27 (52.9)

III—6 (11.8)

N/A—1 (2.0)

Stent 47 70.4 48.8 Left-sided colon—47 
(100)

– – I—16 (34.0) –

II—24 (51.1)

III—6 (12.8)

N/A—1 (2.1)

Ho, 2012 [11] Surgery 19 65.0* 52.6 Splenic flexure—2 
(10.5)

– I—0 – –

II—6 (31.6)

Descending—6 (31.6) III—5 (26.3)

Sigmoid—8 (42.1)
IV—7 (36.8)

Rectosigmoid—3

(15.8)

Stent 20 68.0* 35.0 Splenic flexure—2 
(10.0)

– I—0 – –

II—7 (35.0)

Descending—3 (15.0) III—10 (50.0)

Sigmoid—10 (50.0) IV—3 (15.0)

Rectosigmoid—5 (25.0)

Ghazal, 2013 [14] Surgery 30 52* 63.3 Descending—3 (10.0) – I—7 (23.3) – DM—5 (16.7)

II—19 (63.3) HTN—3 (10.0)
Sigmoid—17 (56.7)

IHD—1 (3.3)
III—4 (13.3)

Rectosigmoid—10 
(33.3)

Stent 30 51* 60.0 Descending—4 (13.3) – I—6 (20.0) – DM—3 (10.0)

II—19 (63.3) HTN—2 (6.7)
Sigmoid—14 (46.7)

IHD—1 (3.3)
III—5 (16.7)

Rectosigmoid—12 
(40.0)

Tung, 2013† [46] Surgery 24 68.5* 50.0 Left-sided colon—24 
(100)

- I—0 – –

II—7 (29.2)

III—14 (58.3)

IV—4 (8.3)

Stent 24 64.5* 41.7 Left–sided colon—24 
(100)

– I—0 – –

II—7 (29.2)

III—6 (25.0)

IV—11 (45.8)

Krstic, 2014 [7] Surgery 46 66.9 50.0 Rectosigmoid—46 
(100)

– – I-II—26 (56.5) –

III-IV—20 (43.5)

Stoma 28 65.7 57.1 Rectosigmoid—28 
(100)

– – I-II—13 (46.4) –

III-IV—15 (53.6)

Sloothaak, 2014§ [12] Surgery 32 70.0* 43.7 Left-sided colon—32 
(100)

T1—0 I—0 I—11 (34.4) –

T2—5 (15.6) II—18 (56.3) II—16 (50.0)

T3—21 (65.6) III—11 (34.4) III—4 (12.5)

T4—6 (18.8) IV—4 (9.4) N/A—1 (3.2)

Stent 26 67.0* 53.8 Left-sided colon—26 
(100)

T1—0 I—0 I—8 (30.8) –

T2—1 (3.8) II—10 (38.5) II—16 (61.5)

T3—17 (65.4) III—15 (57.7) III—2 (7.7)

T4—8 (30.8) IV—1 (3.8)
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Results

Study characteristics

Of the 1,277 relevant citations identified, 53 studies (12 
RCTs, four prospective cohorts, 37 retrospective cohorts) 
met inclusion criteria. Eleven studies compared urgent onco-
logic resection and surgical diversion, 34 studies compared 
urgent oncologic resection and SEMS, six studies compared 
surgical diversion and SEMS, and two studies compared all 
three interventions. A PRISMA flow diagram of the study 
selection process is illustrated in Supplemental Fig.  1. 
Across all included studies, a total of 9,493 patients under-
went emergency oncologic resection (71.3%), 1273 patients 
underwent surgical diversion with colostomy (9.6%), and 
2548 patients underwent endoluminal stenting (19.1%). 
Eight of the included studies, none of which were RCTs, 

contained patients with colon cancers proximal to the splenic 
flexure (1.1% of the pooled population). Six of the included 
studies, none of which were RCTs, contained patients with 
proximal rectal cancers (0.5% of the pooled population). 
Detailed study characteristics for included RCTs and obser-
vational studies are reported in Table 1 and Supplemental 
Table 1, respectively.

Treatment characteristics

All patients included in the quantitative analysis eventu-
ally underwent definitive oncologic resection. In the urgent 
oncologic resection group, the most commonly reported pro-
cedures were unspecified segmental colectomy (n = 6,498; 
65.4%) and Hartmann’s procedure (n = 600; 6.0%). Twenty 
percent of urgent oncologic resections were performed 
laparoscopically. In the surgical diversion group, the most 

Table 1   (continued)

Study Arm N Mean 
age 
(years)

% Female Location of Tumor AJCC T Stage AJCC Overall 
Stage

ASA Comorbidities (%)

Arezzo, 2017‡ [3] Surgery 59 72.0 54.2 Splenic flexure—13 
(22.0)

T1—0 – I—11 (18.6) –

Descending—34 (57.6) T2—1 (1.7) II—28 (47.5)
Sigmoid—12 (20.4) T3—36 (61.0) III—16 (27.1)

T4—21 (35.6) IV—4 (6.8)

N/A—1 (1.7)

Stent 56 71.0 50.0 Splenic flexure—5 
(8.9)

T1—0 – I—12 (21.4) –

Descending—43 (76.8) T2—2 (3.6) II—27 (48.2)

T3—37 (66.1) III—14 (25.0)

IV—3 (5.3)Sigmoid—8 (14.3) T4—15 (26.8)

N/A—2 (3.6)

Arezzo, 2020‡ [47] Surgery 59 72.0 54.2 Splenic flexure—13 
(22.0)

T1—0 – I—11 (18.6) –

T2—1 (1.7)
Descending—34 (57.6) II—28 (47.5)T3—36 (61.0)

III—16 (27.1)

Sigmoid—12 (20.4) T4—21 (35.6) IV—4 (6.8)

N/A—1 (1.7)

Stent 56 71.0 50.0 Splenic flexure—5 
(8.9)

T1—0 – I—12 (21.4) –

T2—2 (3.6)
II—27 (48.2)

Descending—43 (76.8)
III—14 (25.0)T3—37 (66.1)
IV—3 (5.3)Sigmoid—8 (14.3) T4—15 (26.8)

N/A—2 (3.6)

N number of patients, AJCC American Joint Committee on Cancer, ASA American Society of Anesthesiologists Score, DM diabetes mellitus, 
POSSUM Physiological and Operative Severity Score for the enumeration of Mortality and Morbidity, N/A not applicable, HTN hypertension, 
CAD coronary artery disease
*  = median; † = same study population; ‡ = same study population; § = same study population
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Table 2   Treatment characteristics of included randomized controlled trials

Study Arm N Median Time from Stent/
Stoma to OR, d (range)

Type of Resection N Laparoscopic 
Resection (%)

N Adjuvant 
Therapy (%)

N Perma-
nent Stoma 
(%)

[4] Surgery 63 – Segmental colectomy—7 (11.1) 0 – 14 (22.2)
HP—56 (88.9)

Stoma 58 – Segmental colectomy—28 (100) 0 – 3 (5.2)
[27]† Surgery 24 – Segmental colectomy + PA—11 (45.8) 0 – 6 (25.0)

Segmental colectomy + stoma—2 (8.3)
HP—11 (45.8)

Stent 24 – Segmental colectomy + PA—16 (66.7) 19 (79.2) – 0
Segmental colectomy + stoma—4 (16.7)
HP—4 (16.7)

[29] Surgery 13 – LH—6 (46.2) – – 3 (23.1)
AR—7 (53.8)
HP—0

Stent 15 – LH—4 (26.7) – – 1 (6.7)
AR—10 (66.7)
HP—1 (6.7)

Ho, 2011 Surgery 19 – LH—1 (5.3) 0 – 2 (10.5)
LAR—11 (57.9)
STC—7 (36.8)

Stent 20 10 (9–38) LH—3 (15.0) 5 (25.0) – 1 (5.0)
LAR—15 (75.0)
STC—2 (10.0)

[9] Surgery 30 56.7 Splenic flexure—3 (10.0) – – –
Descending—2 (6.7)
Sigmoid—18 (60.0)
Rectosigmoid—7 (23.3)

Stent 30 46.7 Splenic flexure—0 – – –
Descending—6 (20.0)
Sigmoid—15 (50.0)
Rectosigmoid—8 (26.7)
N/A—1 (3.3)

[28]§ Surgery 51 – Segmental colectomy—51 (100) – – 13 (25.4)
Stent 47 5–14* Segmental colectomy—47 (100) – – 7 (14.9)

[13] Surgery 30 – STC—30 (100) 0 23 (76.7) –
Stent 30 7–10* LH—18 (60.0) – 24 (80.0) –

AR—12 (40.0)
[11]† Surgery 24 – Segmental colectomy + PA—24 (100) 23 (95.8) 13 (54.2) 6 (25.0)

Stent 24 10 (2–16) Segmental colectomy + PA—11 (45.8) 0 18 (75.0) 0
Segmental colectomy + stoma—2 (8.3)
HP—11 (45.8)

[14] Surgery 46 50.0 HP—46 (100) – – –
Stoma 28 57.1 Segmental colectomy—28 (100) – – –

[46]§ Surgery 32 – Segmental colectomy—32 (100) – 15 (46.9) –
Stent 26 – Segmental colectomy—26 (100) – 13 (50.0) –
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commonly reported interval oncologic procedures were 
anterior resection (n = 223; 17.5%) and left hemicolec-
tomy (n = 208; 16.4%). Following surgical diversion as a 
bridge-to-surgery, 32.8% of resections were performed 
laparoscopically. In the SEMS group, the most commonly 
reported interval oncologic procedures were anterior resec-
tion (n = 472; 18.5%) and left hemicolectomy (n = 255; 
10.0%). Following SEMS as a bridge-to-surgery, 48.2% of 
resections were performed laparoscopically. Detailed treat-
ment characteristics for included RCTs and observational 
studies are reported in Table 2 and Supplemental Table 2, 
respectively.

Of the 42 studies that examined the use of SEMS, 34 
reported stent-associated complications. The pooled rate of 
stent associated complications was 11.0%. The most com-
mon complication was perforation (n = 62), followed by 
stent migration (n = 38) and recurrent obstruction (n = 23). 
Twenty studies reported technical success rate. Technical 
success was defined as SEMS correctly placed across the 
malignant obstruction with fluoroscopic confirmation. The 
technical success rate ranged from 70.0% to 100%. Stent 
associated complications as reported by individual studies 
are presented in Table 3.

N number of patients, OR operating room, d day, SD standard deviation, LH left hemicolectomy, AR anterior resection, LAR low anterior resec-
tion, HP Hartmann’s Procedure, STC subtotal colectomy, PA primary anastomosis
*  = range only; † = same study population; ‡ = same study population; § = same study population

Table 2   (continued)

Study Arm N Median Time from Stent/
Stoma to OR, d (range)

Type of Resection N Laparoscopic 
Resection (%)

N Adjuvant 
Therapy (%)

N Perma-
nent Stoma 
(%)

[7]‡ Surgery 59 – LH—11 (18.6) 17 (28.8) 55 (93.2) –

AR—2 (3.4)

HP—20 (33.9)

STC—15 (25.4)

Segmental colectomy—10 (16.9)

Colostomy—1 (1.7)

N/A—0

Stent 56 5 (3–8) LH—27 (48.2) 23 (41.1) 48 (85.7) –

AR—13 (23.2)

HP—11 (19.6)

STC—2 (3.6)

Segmental colectomy—1 (1.8)

Colostomy—0

N/A—2 (3.6)
[12]‡ Surgery 59 – LH—11 (18.6) 17 (28.8) 55 (93.2) –

AR—2 (3.4)
HP—20 (33.9)
STC—15 (25.4)
Segmental colectomy—10 (16.9)
Colostomy—1 (1.7)
N/A—0

Stent 56 5 (3–8) LH—27 (48.2) 23 (41.1) 48 (85.7) –
AR—13 (23.2)
HP—11 (19.6)
STC—2 (3.6)
Segmental colectomy—1 (1.8)
Colostomy—0
N/A—2 (3.6)
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Table 3   Stent–related complications (N, number of patients)

Study N stent N overall stent associ-
ated complications 
(%)

N stent 
migration 
(%)

N stent 
perforation 
(%)

N recurrent 
obstruction 
(%)

Type of stent

[50] 9 4 (44.4) 1 (11.1) 1 (11.1) 1 (11.1) –
[51] 18 1 (5.6) 1 (5.6) 0 0 –
[52] 20 1 (5.0) 0 1 (5.0) 0 Wallstent (Boston Scientific)
[53] 19 2 (10.5) 2 (10.5) 0 0 Wallstent (Boston Scientific)
[27] 24 0 0 0 0 –
Park, 2009 25 1 (4.0) – – – –
[29] 15 0 0 0 0 Wallflex (Boston Scientific)
[56] 45 3 (6.7) 0 1 (2.2) 1 (2.2) Wallflex (Boston Scientific)
[57] 34 1 (2.9) 0 1 (2.9) 0 –
Ho, 2011 20 0 0 0 0 Wallflex (Boston Scientific)
[9] 30 2 (6.7) 0 2 (6.7) 0 –
[28] 47 6 (12.8) 0 4 (8.5) 0 Wallstent (Boston Scientific), Wallflex (Boston Scien-

tific)
[31] 30 – – – – Wallflex (Boston Scientific)
[58] 49 12 (24.5) 4 (8.2) 0 4 (8.2) –
[13] 30 0 0 0 0 –
[59] 23 2 (8.7) 0 1 (4.3) 0 Wallflex (Boston Scientific)
Kim, 2013 43 9 (20.9) 6 (14.0) 2 (4.7) 1 (2.3) Hanarostent (Olympus), Niti–S (TaeWoong Medical), 

Wallflex (Boston Scientific), Bonastent (EndoChoice), 
Comvi stent (Instrumed Surgical)

[30] 49 6 (12.2) 1 (2.0) 0 5 (10.2) Niti–S (TaeWoong Medical)
[61] 48 2 (4.2) 0 2 (4.2) 0 –
[11] 24 0 0 0 0 Wallstent (Boston Scientific)
[62] 60 – – 0 – –
[63] 28 – – – – Wallstent (Boston Scientific)
[46] 26 6 (28.1) 0 6 (28.1) 0 Wallstent (Boston Scientific), Wallflex (Boston Scien-

tific)
[64] 59 9 (15.3) 2 (3.4) 2 (3.4) 0 Wallstent (Boston Scientific), Wallflex (Boston Scien-

tific), Evolution (Cook Medical)
[26] 190 5 (2.6) – – – –
[65] 51 8 (15.7) 1 (2.0) 1 (2.0) 1 (2.0) Wallstent (Boston Scientific), Wallflex (Boston Scien-

tific), Ultraflex (Bostoon Scientific), Evolution (Cook 
Medical)

[66] 62 – – – – Wallstent (Boston Scientific), Hanarostent (Olympus), 
Ultrastent (Boston Scientific), Evolution (Cook Medi-
cal)

[67] 62 6 (9.7) 1 (1.6) 5 (8.1) 0 Niti–S (TaeWoong Medical), Evolution (Cook Medical)
[7] 56 8 (14.3) 0 5 (8.9) 0 –
[15] 5 – – – – Wallflex (Boston Scientific)
[67] 27 4 (14.8) 1 (3.7) 4 (14.8) 1 (3.7) Wallstent (Boston Scientific), Wallflex (Boston Scien-

tific)
[71] 55 9 (16.4) 4 (7.3) 5 (9.1) 0 –
[72] 68 6 (8.8) 4 (5.9) 2(2.9) – Hanarostent (Olympus)
[73] 226 24 (10.6) – – – –
[42] 191 – – 3 (1.6) – –
[74] 81 11 (13.6) 2 (2.5) 2 (2.5) 4 (4.9) Niti–S (TaeWoong Medical), Wallflex (Boston Scientific)
[32] 48 9 (18.8) 2 (4.2) 1 (2.1) 1 (2.1) Hanarostent (Olympus)
[12] 56 8 (14.3) 0 5 (8.9) 0 –
[75] 23 5 (23.8) 5 (23.8) 0 0 Bonastent (EndoChoice)
[8] 66 11 (16.7) 1 (1.5) 6 (9.1) 4 (6.1) Wallstent (Boston Scientific), Hanarostent (Olympus)
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Postoperative morbidity

In total, 43 studies reported postoperative morbidity. The 
overall rate of postoperative morbidity was 27.8%; 26.0% 
in the urgent oncologic resection group, 44.8% in the surgi-
cal diversion group, and 27.2% in the SEMS group. Upon 
removing the study by Mabardy et al., which accounted for 
75.8% of the urgent oncologic resection group, the rate of 
postoperative morbidity in this group was 37.2% [26]. Pair-
wise meta-analysis demonstrated a significantly increased 

rate of postoperative morbidity in patients undergoing urgent 
oncologic resection compared to SEMS (OR 2.14, 95%CI 
1.56–2.94, p < 0.01, I2 = 69%) (Table 4). Moreover, SEMS 
significantly reduced the rate of postoperative morbidity 
compared to surgical diversion on pairwise meta-analysis 
(OR 0.61, 95%CI 0.39–0.94, p = 0.03, I2 = 29%). There was 
no significant difference in postoperative morbidity between 
patients undergoing urgent oncologic resection and surgical 
diversion as a bridge to surgery (OR 1.11, 95%CI 0.54–2.29, 
p = 0.78, I2 = 76%).

Table 4   Summary of pairwise meta–analyzed outcomes

Bold values indicate p < 0.05
y year, OS overall survival, Surg surgery, RCTs randomized controlled trials, OR odds ratio, CI confidence interval

Outcome Comparison Subgroup Sample size Number of 
studies

Pairwise meta–analysis

OR 95% CI P I2

Postoperative Morbidity Surg vs. Stent – 10,100 27 2.14 1.56, 2.94  < 0.01 69
RCTs 447 7 2.67 1.17, 6.08 0.02 73
Observational 9,653 20 2.06 1.45, 2.92  < 0.01 69

Surg vs. Stoma – 704 8 1.11 0.54, 2.29 0.78 76
RCTs 195 2 1.80 0.94, 3.45 0.08 0
Observational 1,217 7 0.96 0.50, 1.85 0.90 77

Stent vs. Stoma – 904 8 0.61 0.39, 0.94 0.03 29
Postoperative Mortality Surg vs. Stent – 10,216 25 1.32 0..92, 1.89 0.13 9

RCTs 186 3 0.84 0.29, 2.47 0.75 0
Observational 10,030 22 1.50 0.99, 2.25 0.05 15

Surg vs. Stoma – 1,583 10 1.87 0.94, 3.72 0.07 26
Stent vs. Stoma – 904 8 0.59 0.24, 1.47 0.26 26

Anastomotic Leak Surg vs. Stent – 9,900 24 1.23 0.92, 1.64 0.17 0
RCTs 448 7 0.86 0.27, 2.71 0.80 24
Observational 9,452 17 1.28 0.94, 1.74 0.11 0

Surg vs. Stoma – 1,222 7 1.50 0.54, 4.18 0.44 30
Stent vs. Stoma – 706 7 0.68 0.36, 1.32 0.25 0

Permanent Stoma Surg vs. Stent – 8,826 22 2.91 2.10, 4.04  < 0.01 33
RCTs 273 5 1.82 0.62, 5.38 0.28 44
Observational 8,553 17 3.16 2.30, 4.35  < 0.01 24

Surg vs. Stoma – 1,156 6 2.18 0.94, 5.07 0.07 67
Stent vs. Stoma – 719 5 0.64 0.25, 1.65 0.35 51

Adjuvant Chemotherapy Surg vs. Stent – 2,800 18 0.85 0.69, 1.03 0.10 13
RCTs 281 4 0.89 0.45, 1.74 0.73 23
Observational 2,519 14 0.84 0.67, 1.04 0.11 17

Surg vs. Stoma – 223 2 5.39 1.66, 17.51  < 0.01 0
Stent vs. Stoma 719 4 1.11 0.53, 2.33 0.77 55

3y–OS Surg vs. Stent – 1,413 13 1.15 0.85, 1.55 0.36 6
RCTs 201 3 1.20 0.67, 2.15 0.53 0
Observational 1,212 10 1.11 0.75, 1.64 0.62 26

Surg vs. Stoma – 523 3 0.63 0.32, 1.22 0.17 61
Stent vs. Stoma – 304 2 0.61 0.27, 1.39 0.24 40

5y–OS Surg vs. Stent – 685 8 0.81 0.47, 1.40 0.12 38
Surg vs. Stoma – 337 3 0.44 0.28, 0.71  < 0.01 0
Stent vs. Stoma – 181 2 0.63 0.34, 1.17 0.14 0
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Bayesian network meta-analysis (Fig. 1) only including 
RCTs demonstrated a significant improvement in rate of post-
operative morbidity in patients undergoing SEMS compared 
to urgent oncologic resection (OR 0.34, 95%CrI 0.01–0.98). 
There was no significant difference in the rate of postopera-
tive morbidity between SEMS and surgical diversion (OR 
0.52, 95%CrI 0.06–4.1) (Fig. 2). [4, 7, 9–14, 27–29]

Rankogram suggested a 65.3% likelihood that SEMS was 
the best treatment option in terms of postoperative morbidity 
(Fig. 3). SUCRAs were 0.82, 0.56, and 0.13 for SEMS, sur-
gical diversion, and urgent oncologic resection, respectively 
(Fig. 4). A network meta-regression accounting for the high 
risk of bias did not significantly impact the results. Sensi-
tivity analysis accounting for studies that failed to report 
the interval from bridge-to-surgery procedure to defini-
tive oncologic resection did not alter results. Interval from 

bridge-to-surgery procedure to definitive oncologic resection 
ranged from five to 19 days.

Short‑term outcomes

Detailed short-term outcomes are reported in Table 5 and 
Supplemental Table 3 for RCTs and observational studies, 
respectively. The overall rate of postoperative mortality was 
4.4%; 4.2% in the urgent oncologic resection group, 6.1% in 
the surgical diversion group, and 4.4% in the SEMS group. 
Pairwise meta-analysis failed to demonstrate a significant 
difference between the three approaches in postoperative 
mortality. Similarly, there was no significant difference in 
anastomotic leak rate following definitive oncologic resec-
tion between the three approaches (Table 4).

Permanent stoma

Patients receiving urgent oncologic resection were signifi-
cantly more likely to be left with a permanent stoma com-
pared to patients undergoing definitive oncologic resection 
following SEMS (OR 2.91, 95%CI 2.10–4.04, p < 0.01, 
I2 = 24%). There was no significant difference in rates of per-
manent stoma between patients undergoing urgent oncologic 
resection and surgical diversion (OR 2.18, 95%CI 0.94–5.07, 
p = 0.07, I2 = 67%), nor between patients undergoing SEMS 
and surgical diversion (OR 0.64, 95%CI 0.25–1.65, p = 0.35, 
I2 = 51%).

Fig. 2   Forest plots demonstrating the results of the random effects 
Bayesian network meta-analysis comparing urgent oncologic resec-
tion, surgical diversion, and SEMS in rate of postoperative morbidity 
following definitive oncologic resection

Fig. 3   Rankograms from a 
random effects Bayesian net-
work meta-analysis comparing 
emergency resection, surgical 
diversion, and endoluminal 
stenting in rate of postoperative 
morbidity following definitive 
oncologic resection for malig-
nant colonic obstruction
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Long‑term oncologic outcomes

A pairwise meta-analysis demonstrated a significantly 
decreased five-year OS for patients undergoing urgent onco-
logic resection compared to patients undergoing surgical 
diversion (OR 0.44, 95%CI 0.28–0.71, p < 0.01, I2 = 0%). 
There were no statistically significant differences between 
urgent oncologic resection and SEMS, nor between SEMS 
and surgical diversion. Detailed long-term outcomes (i.e., 
OS, DFS, LR, DR) are reported in Table 6 and Supple-
mental Table 4 for RCTs and observational studies, respec-
tively. Insufficient RCT data comparing these three treat-
ment options in terms of OS, DFS, LR, and DR precluded 
a Bayesian network meta-analysis of long-term oncologic 
data.

Eighteen studies (four RCTs, 14 observational) com-
pared urgent oncologic resection and SEMS, two obser-
vational studies compared urgent oncologic resection and 
surgical diversion, and four observational studies com-
pared SEMS and surgical diversion in terms of the num-
ber of patients receiving adjuvant chemotherapy. Pairwise 
meta-analysis demonstrated a significant increase in the 
proportion of patients receiving adjuvant chemotherapy 
in the urgent oncologic resection group compared to the 
surgical diversion group (two studies; OR 5.39, 95%CI 
1.66–17.51, p < 0.01, I2 = 0%). There were no other 
differences between groups on pairwise analyses and 
there were insufficient RCT data to complete a network 
meta-analysis.

Risk of bias

Within-study bias and indirectness for studies included in 
the network meta-analysis are reported in Figs. 5 and 6, 
respectively. Supplemental Fig. 2 presents the pooled risk 
of bias assessment for the included RCTs according to the 
Revised Cochrane Risk of Bias Tool for RCTs. Overall, 
10 of the 12 included RCTs (83.3%) were found to be at a 
low risk of bias. The two studies found to be at high risk 
of bias were RCTs that compared the efficacy of surgical 
diversion and SEMS as bridges to surgery for malignant 
colonic obstruction (Supplemental Fig. 3).

Supplementary Figs. 4 and 5 present the risk of bias 
assessment of the included observational studies accord-
ing to the ROBINS-I tool. Overall, 41.7% of the included 
observational studies were found to be at low risk of bias. 
The majority of studies that were found to be at high risk 
of bias were due to the possibility of confounding.

Discussion

The COVID-19 pandemic has caused significant and sus-
tained interruptions in regular colorectal screening and early 
diagnosis of colorectal cancer; therefore, the prevalence of 
malignant LBOs is likely to increase [35, 36]. Several man-
agement options exist for colonic decompression and include 
oncologic resection with or without anastomosis, proximal 
diversion, and SEMs as a bridge-to-surgery. Studies have 
compared two approaches; however, no large-scale study 
has ever directly evaluated all three approaches simulta-
neously. This network meta-analysis pooled data from 53 
studies, including 12 RCTs, comparing urgent oncologic 
resection, surgical diversion as a bridge-to-surgery, and/
or SEMS as a bridge-to-surgery for left-sided malignant 
colorectal obstruction. Short-term data suggest SEMS sig-
nificantly reduces 90-day postoperative morbidity as com-
pared to urgent oncologic resection. Whereas long-term data 
indicate a reduction in permanent stoma rate in the SEMS 
group compared to urgent oncologic resection. Moreover, 
long-term data also demonstrate a significant improvement 
in five-year OS for patients managed with surgical diversion 
as compared to urgent oncologic resection.

Clinical management of left-sided malignant colo-
rectal obstruction is often individualized on the basis of 
patient age and comorbidities, surgical intent, and avail-
able resources and subspecialty expertise [37]. Guide-
line recommendations vary and have evolved over recent 
years. The European Society of Gastrointestinal Endoscopy 
(ESGE) 2014 guidelines made a strong recommendation 

Fig. 4   SUCRA plots from a random effects Bayesian network meta-
analysis comparing emergency resection, surgical diversion, and 
endoluminal stenting in rate of postoperative morbidity following 
definitive oncologic resection for malignant colonic obstruction
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Table 6   Long–term oncologic 
outcomes for included 
randomized controlled trials

N number of patients, OS overall survival, DFS disease free survival, LR local recurrence, DR distant 
recurrence, SD standard deviation, d days, mo months
*  = median (range); ** = trial was discontinued prior to collection of long–term data due to adverse events 
in the stenting group; † = same study population; ‡ = same study population; § = same study population

Study Arm N Mean follow 
up, mo (SD)

% OS %DFS % LR %DR

[4] Surgery 63 4—180* – – 12 mo—10.0% 12 mo—34.0%
Stoma 58 – – 12 mo—26.5% 12 mo—20.6%

[27]† Surgery 24 – – – – –
Stent 24 – – – – –

[29] Surgery 13 37.6 (16.1) 12 mo—84.6% – 60 mo—0% 60 mo—15.4%
36 mo—69.2%
60 mo—69.2%

Stent 15 37.6 (16.1) 12 mo—93.3% – 60 mo—6.7% 60 mo—46.6%
36 mo—60.0%
60 mo—60.0%

[9]** Surgery 30 – – – – –
Stent 30 – – – – –

[28]§ Surgery 51 – – – – –
Stent 47 – – – – –

Ho, 2012 Surgery 19 2 60 d—84.2% – – –
Stent 20 2 60 d—100% – – –

[13] Surgery 30 18 (6–40)* – – 18 mo—3.3% 18mo—10.0%
Stent 30 – – 18 mo—6.9% 18 mo—10.0%

[11]† Surgery 24 32 (4–118) 60 mo—29.2% 60 mo—50.0% 60 mo—12.5%
Stent 24 65 (18–139) 60 mo—50.0% 60 mo—50.0% 60 mo—45.8%

[14] Surgery 46 – – – – –
Stoma 28 – – – – –

[46]§ Surgery 32 45 (35–60) 12 mo—90.6% 12 mo—% 48 mo—6.3% 48 mo—21.9%
36 mo—75.0% 36 mo—75.0%
48 mo—65.6% 48 mo—65.6%

Stent 26 41 (19–55) 12 mo—88.5% 12 mo—76.9% 48 mo—19.2% 48 mo—30.8%
36 mo—65.3% 36 mo—34.6%
48 mo—7.7% 48 mo—30.8%

[7]‡ Surgery 59 – 60 d—94.9% – – –
Stent 56 60 d—92.9% – – –

[12]‡ Surgery 59 37 (1–62) 36 mo—61.0% 36 mo—66.1% 36 mo—20.3% 36 mo—13.6%
Stent 56 36 mo—60.7% 36 mo—73.2% 36 mo—10.7% 36 mo—16.1%

Fig. 5   Within-study bias according to the Revised Cochrane Risk of Bias Tool for RCTs for studies included in the network meta-analysis per 
comparison (Green = low risk of bias; Yellow = moderate risk of bias; Red = high risk of bias) (Color figure online)
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against the use of SEMS as a bridge-to-surgery [38]. How-
ever, the updated 2020 ESGE guidelines now recommend 
that SEMS be discussed with patients presenting with 
potentially curable left-sided malignant colorectal obstruc-
tion as part of a shared decision-making process [39]. The 
American Society of Colon and Rectal Surgeons (ASCRS) 
currently recommends either urgent oncologic resection 
or SEMS as a bridge-to-surgery on the basis of moder-
ate quality evidence [37]. Whereas, the World Society of 
Emergency Surgery (WSES) guidelines state SEMS can-
not be considered as part of the routine management of 
left-sided malignant obstruction outside of select cases and 
tertiary care centres. [2]

Initial study of SEMS in the setting of colorectal 
malignancy raised concerns regarding the risk of perfo-
ration [28]. A large European RCT comparing palliative 
resection and endoluminal stenting in the setting of stage 
IV obstructing colorectal cancer prematurely closed fol-
lowing preliminary analysis which demonstrated endo-
luminal stent associated perforation in nearly half of the 
enrolled patients [6]. Moreover, two of the RCTs included 
in the present review were discontinued prior to com-
pletion due to high rates of stent failure (i.e., technical 
failure or ongoing clinical obstruction following stent 
deployment) [9, 28]. However, since this time, numerous 
RCTs and large observational studies assessing bridge-
to-surgery interventions have presented reassuring rates 
of stent-related morbidity and successful stent placement 
[7, 10, 13]. A 2011 Cochrane Review including five RCTs 
found a perforation rate of 6% as well as technically and 
clinically successful stent placements in approximately 
80% of cases [40]. As such, rates of stent-related morbid-
ity are likely acceptable.

Surgical diversion is a common approach for left-sided 
malignant colorectal obstruction in clinical practice, how-
ever current guidelines infrequently address its use [37]. 
Surgical diversion was more commonly used and studied 
prior to the advent of SEMS, but recent cohort studies 
have re-demonstrated their potential utility [15, 41, 42]. 
The present study included 11 studies comparing urgent 
oncologic resection and surgical diversion, and six stud-
ies comparing SEMS and surgical diversion. Network 

meta-analysis failed to demonstrate a difference in post-
operative morbidity between surgical diversion and the 
other two approaches, and pairwise meta-analysis dem-
onstrated an improvement in five-year OS as compared to 
urgent oncologic resection. The interval between urgent 
presentation and definitive oncologic resection afforded 
by surgical diversion allows for complete and thorough 
staging investigations as well as multidisciplinary evalu-
ation and medical optimization, which can contribute to 
improved oncologic outcomes [41]. While these advan-
tages are shared between surgical diversion and SEMS, 
surgical diversion has the added benefit of avoiding stent 
related complications [42]. Unfortunately, lack of pro-
spective, randomized data comparing surgical diversion 
and SEMS makes it difficult to distinguish between the 
two approaches.

In addition to allowing for patient recovery prior to onco-
logic resection, bridge-to-surgery techniques convert an 
urgent operation into a controlled semi-elective resection. 
As a result, higher quality oncologic resections are per-
formed using minimally invasive approaches and without 
the need for permanent stoma. The present review identified 
that 20% of urgent oncologic resections were performed 
laparoscopically, whereas 32.8% and 48.2% of oncologic 
resections following surgical diversion and SEMS, respec-
tively, were performed laparoscopically. Laparoscopic 
resection following SEMS has been shown to be safe and 
feasible. [43–45]

Similarly, higher quality oncologic resections in a more 
controlled environment may improve long-term onco-
logic outcomes [67]. In the present study, while the data 
were limited and heterogeneous, there was a significant 
improvement in five-year OS for patients undergoing sur-
gical diversion followed by definitive oncologic resection, 
as compared to the patients undergoing urgent oncologic 
resection. It is also possible that patients undergoing sur-
gical diversion at the time of index presentation went on 
to receive neoadjuvant therapy prior to their definitive 
oncologic resection, which is associated with improved 
long-term survival in these patients [58, 61]. Given the 
lack of local versus distant recurrence data in the included 
studies, it is difficult to determine whether the quality of 

Fig. 6   Evaluation of indirectness for studies included in the network meta-analysis per comparison (Green = low indirectness; Yellow = moderate 
indirectness; Red = high indirectness) (Color figure online)
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the oncologic resection or neoadjuvant therapies were 
more impactful. There were no differences between any of 
the other interventional comparisons. Further studies are 
required to confirm these findings.

The strengths of the present systematic review and 
network meta-analysis include the comprehensive search 
strategy, rigorous methodology, thorough risk of bias 
assessment, quality of the included evidence, number 
of included studies and number of patients within the 
included studies, and adherence to the transitivity princi-
ple [34]. Moreover, this is the first network meta-analysis 
comparing three treatment strategies for left-sided malig-
nant colorectal obstruction. The study limitations include 
the lack of RCT evidence pertaining to long-term onco-
logic outcomes precluding network meta-analysis, lack 
of consistently reported AJCC T-stage and overall stage, 
variable bridge-to-surgery interval periods, variable post-
operative follow-up periods, a paucity of RCTs comparing 
SEMS and surgical diversion, and heterogeneity amongst 
the included studies. The lack of AJCC stage reporting 
significantly impacts the interpretation of the long-term 
oncologic data, as this is the most significant predictor of 
long-term outcomes in these patients [1]. The heterogene-
ity amongst studies is highlighted by the high I2 statistics 
computed during the pairwise analyses. A number of fac-
tors likely contribute, such as different bridge-to-surgery 
periods, variability in reported outcomes, variable postop-
erative time intervals during which morbidity and mortal-
ity were recorded, variation in skill level of the treating 
physicians, and heterogenous follow-up. Ultimately, the 
network meta-analysis of included RCTs follows the tran-
sivity principle and gives us confidence that our primary 
outcome from the network meta-analysis can be trusted. 
Yet, this clinical question can still benefit from further 
high-quality prospective studies that have similar proto-
cols and outcome variables. Included observational data 
were frequently deemed to be at high risk of bias as a result 
of uncontrolled confounding. For example, patients in the 
urgent oncologic resection group were consistently older 
and thus at increased risk of postoperative morbidity as 
compared to patients in the surgical diversion or endolumi-
nal stenting group [3, 27, 31]. The pairwise meta-analysis 
pertaining to prevalence of permanent stoma in particu-
lar was likely impacted from this selection bias as older 
patients are less likely to undergo stoma reversal. Nonethe-
less, the network meta-analysis was limited to RCT data 
and sensitivity analyses were performed to limit any poten-
tial confounding effect on the primary outcome. Moreover, 
the large number of included observational studies do place 

our data at risk of being impacted by missing data in the 
primary studies. Lastly, there are limitations to the SEMS-
related data that should be accounted for when interpreting 
the results of this study. Namely, there was variability in 
the types of stents used across studies, temporality may 
impact the results as stent-related technology has improved 
over the past several years, endoscopist prior experience 
with SEMS was seldomly reported, and technical details 
of SEMS placement were variably reported. As the number 
of patients presenting with malignant colorectal obstruc-
tion continues to grow, high quality data highlighting the 
strengths and weaknesses of current treatment strategies 
are needed.

Conclusions

This systematic review and network meta-analysis suggests 
that there may be short-term benefits with the use of SEMS 
as compared to urgent oncologic resection, as well as 
potential long-term benefits with the use of SEMS or sur-
gical diversion as compared to urgent oncologic resection. 
Network meta-analysis did not demonstrate significant dif-
ference between either of the bridge-to-surgery approaches. 
Ultimately, bridge-to-surgery interventions (i.e., surgical 
diversion, SEMS) may offer short- and long-term bene-
fits, with acceptable safety profiles, compared to urgent 
oncologic resection for malignant colorectal obstruction 
and thus should be increasingly considered in this patient 
population. Further prospective study comparing surgical 
diversion and SEMS as a bridge-to-surgery is needed, in 
addition to high quality data pertaining to long-term onco-
logic outcomes.
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Table 7   Complete search strategy (Medline database example)

OVID Medline Epub Ahead of Print, In-Process & Other 
Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid 
MEDLINE(R) 1946 to Mar 2021

1 Malignant colonic obstruction.mp
2 MCO.mp
3 Malignant colonic stenosis.mp
4 Malignant colorectal obstruction.mp
5 Malignant colorectal stenosis.mp
6 Obstructing colon cancer.mp
7 Obstructing colorectal cancer.mp
8 Obstructing rectal cancer.mp
9 Malignant rectal obstruction.mp
10 Obstructing CRC.mp
11 Obstructing left-sided colon cancer.mp
12 Intestinal Obstruction/
13 Large bowel obstruction.mp
14 Or/1–13
15 Stents/
16 Self Expandable Metallic Stents/
17 Self expanding metal stents.mp
18 Colonic stent.mp
19 SEMS.mp
20 Prophylactic colonic stent.mp
21 Colonic self expanding metal stent.mp
22 Colorectal self expanding metal stent.mp
23 Enteral stent.mp
24 Colonic stenting.mp
25 Covered stents.mp
26 Uncovered stents.mp
27 Through the scope stents.mp
28 TTS stents.mp
29 Non-TTS stents.mp
30 Wallflex colonic stent.mp
31 Evolution colonic controlled release stent.mp
32 Ultraflex precision colonic stent.mp
33 Or/15–32
34 Colostomy/
35 Loop colostomy.mp
36 Laparoscopic loop colostomy.mp
37 Laparoscopic colostomy.mp
38 Prophylactic colostomy.mp
39 Prophylactic loop colostomy.mp
40 Colonic diversion.mp
41 Or/34–40

Table 7   (continued)

OVID Medline Epub Ahead of Print, In-Process & Other 
Non-Indexed Citations, Ovid MEDLINE(R) Daily and Ovid 
MEDLINE(R) 1946 to Mar 2021

42 Ileostomy/
43 Loop ileostomy.mp
44 Laparoscopic loop ileostomy.mp
45 Laparoscopic ileostomy.mp
46 Prophylactic ileostomy.mp
47 Ileal diversion.mp
48 Or/42–47
49 Colectomy/
50 Colonic resection.mp
51 Segmental colectomy.mp
52 Segmental colonic resection.mp
53 Laparoscopic colectomy.mp
54 Open colectomy.mp
55 Right hemicolectomy.mp
56 Extended right hemicolectomy.mp
57 Left hemicolectomy.mp
58 Anterior resection.mp
59 Low anterior resection.mp
60 Sigmoidectomy.mp
61 Sigmoid colectomy.mp
62 Total abdominal colectomy.mp
63 Subtotal colectomy.mp
64 Abdominal perineal resection.mp
65 Hartmann’s procedure.mp
66 Immediate surgery.mp
67 Primary surgery.mp
68 Anastomosis, Surgical/
69 On table lavage.mp
70 Or/49–69
71 14 and 33 and 41
72 14 and 33 and 48
73 14 and 33 and 70
74 14 and 41 and 48
75 14 and 41 and 70
76 14 and 48 and 70
77 Or/71–76
78 Animals/
79 Humans/
80 78 not (78 and 79)
81 77 not 80
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