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ABSTRACT
Introduction The debate on the best surgical management strategy for acute malignant left-sided colonic obstruction is ongoing. Decompressing
colostomy (DC) and stenting as a bridge to surgery (SBTS) are the currently proposed alternative approaches to emergency colectomy (EC).
However, the results of a traditional meta-analysis were inconclusive. Therefore, a network meta-analysis (NMA) was conducted to compare the three
approaches for acute left-sided colonic obstruction.
Methods A systematic literature search of Embase, PubMed, Google Scholar and the Cochrane library was performed. A traditional meta-analysis and
subsequent NMA were conducted.
Findings A significantly greater number of primary anastomoses were performed in the DC cohort than in the EC and SBTS cohorts. The 90-day mortality
rate was significantly lower in the DC cohort than in the EC and SBTS cohorts. Higher costs were associated with the SBTS cohort (by US$2,000) than with
the EC cohort. The locoregional recurrence rate was higher for the SBTS cohort than for the EC cohort.
Conclusions Evidence from the first NMA suggests there may be some clinical advantages associated with DC as an alternative approach to the EC and
SBTS approaches for adequately selected patients with malignant large bowel obstruction.
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Introduction
Approximately 7–30% of colorectal cancers present with
acute obstruction, with approximately 30% in the
proximal colon and 70% the distal colon.1 The reported
postoperative complications and mortality rates of
emergency colonic resections are 45–50% and 15–20%,
respectively.1,2 The common surgical procedure for acute
left-sided colonic obstruction is Hartmann’s procedure,
with a reported overall morbidity ranging from 10% to
50% and mortality from 4% to 30%. Another major
drawback of the Hartmann procedure is the high
permanent stoma rate. Evidence from the published
literature suggests that as many as 40% of patients never
have their stoma reversed and metastatic disease,
anaemia and impaired renal function are independent
predictors for nonreversal.3,4

Two bridge-to-surgery approaches have been proposed
as alternatives to resection, initially the decompressing
colostomy (DC) and subsequently endoluminal stenting.
However, reports on the efficacy, efficiency and safety of
stenting as a bridge to surgery (SBTS) are contradictory.
A Dutch multicentre randomised trial was terminated
early due to a high morbidity rate in the stent cohort
(49%) compared with the emergency colectomy (EC)
cohort (30%).5 A recent meta-analysis reported
nonsignificant survival benefits and lower overall
complication and 30-day mortality rates in patients
having SBTS compared with the EC cohort. However, a
major caveat of the study was the simultaneous inclusion
of studies with curative and palliative intent.6

A French consensus conference recommends DC as the
primary approach, followed by elective colectomy within
10 days.7 Consequently, a French retrospective study
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comparing initial colostomy, Hartmann’s procedure, and
subtotal colectomy concluded that initial colostomy is a
simple procedure and permits a planned oncological
resection with decreased morbidity and mortality rates.7

Based on the existing evidence, there is an ongoing
debate whether initial colostomy, emergency colectomy
or stent placement for bridge to surgery is the optimal
procedure for management of acute malignant left-
sided colonic obstruction. Network meta-analysis (NMA)
is an appropriate method to compare more than
two interventions and to estimate direct and indirect
evidence. Therefore, a NMA was conducted to detect the
evolution of evidence over time and to detect any positive
or negative impacts and turning points. The present
study included only studies of treatments with potentially
curative intent.

Methods
This NMA was carried out in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)8 checklist and the Cochrane
Handbook for Systematic Reviews of Intervention.9

Literature search
With the use of search terms in the free text and Medical
Subject Headings (‘malignant; colonic obstruction;
diversion; loop colostomy; acute resection; Hartmann’s
procedure; endoluminal; stent; colectomy; large bowel
resection’), a systematic search of the literature published
from inception until April 2020 was performed using the
EMBASE, Medline (PubMed), Cochrane Library, and
Google Scholar databases. A grey literature search was also
performed on the ‘clinicaltrials.gov’ website. References of
the retrieved articles were investigated manually for
additional studies. Disagreements between authors were
resolved by consensus-based discussions.

Study selection and inclusion and exclusion criteria
Studies that compared diversion, EC or endoluminal
stenting for malignant left-sided colonic obstruction with
potential curative intent were included in the study.
Studies that included interventions with palliative intent
were excluded. In cases of multiple publications by the
same institution, only the most recent publication
was included. Abstracts, case series, and non-English
publications were excluded.

Data extraction and outcomes
Two reviewers (PG and AA) independently extracted the
following summary data from the included studies: name
of authors; year of publication; number of patients
included in the DC, EC and SBTS cohorts; age; body mass
index (BMI), American Society of Anaesthesiology score
(ASA), tumour site; type of stent, primary anastomosis,
permanent stoma, anastomotic leak, lymph nodes
retrieved, overall complication rate, recurrence rate,
length of stay, cost and 90-day mortality.

Statistical analysis
Cochrane’s criteria were used to assess themethodological
quality of the included Randomised Control Trials (RCTs).
Two authors (PG and AA) independently assessed the risk
of selection bias, attrition bias, detection bias,
performance bias and reporting bias. Consequently, they
are categorised as unclear, high or low. The included
nonrandomised studies were evaluated for risk of bias
using the newly developed tool, Risk of Bias in
Nonrandomized Studies of Interventions (ROBINS-I).10

Bias was assessed by seven domains: confounding,
selection of participants into the study, classification of
interventions, deviations from intended interventions,
missing data, measurement of outcomes and selection of
reported results. An important feature of ROBINS-I is
the use of signalling questions to detect the risk of bias
and facilitate assessment in seven bias domains.

First, an updated meta-analysis was conducted to
compare two of the approaches to left-sided colonic
malignant obstruction. A NMA was conducted to
compare DC versus EC versus SBTS. Statistical analysis
was performed using Review Manager 5.3 software
(Cochrane Collaboration, Oxford, UK) and General Mixed
Treatments Comparisons (GeMTC) software.
Heterogeneity was assessed using the I2 test, and cut off
values of 25%, 50% and 75% were considered low,
moderate and high heterogeneity, respectively.11 For
studies that did not report the means and variances of
the two groups, these values were estimated from the
median, range and sample size using the technique
described by Hozo et al where possible.12

A NMAwas conducted using hierarchical random-effects
models.13 A fixed-effects model was also used to estimate
whether any discrepancy could be detected between the
results of the two models. Quantitative data synthesis of
the connected network of the studies was performed using
the software package WinBUGS (version 1.4.3, MRC
Biostatistics Unit, Cambridge, UK).14 For each model,
200,000 simulations were generated for the two sets of
initial values, and the first 5,000 were discarded as the
burn-in period. The point-estimate was defined as the
median of the posterior distribution based on 200,000
simulations; the corresponding 95% credible intervals
(CrIs) were obtained using the 2.5th and 97.5th percentiles
of the posterior distribution, which can be interpreted in a
similar way as 95% confidence intervals (CI).14

Inconsistency and heterogeneity of the direct and indirect
evidence for the three approaches for management of
acute left-sided malignant colonic obstruction were
estimated. In all analyses, the point estimate was
considered significant if p<0.05.

Sensitivity analysis
Analyses of both primary and secondary outcomes were
calculated using the random- and fixed-effects models to
assess the impact of heterogeneity on the robustness of
the conclusions. After the traditional meta-analysis, a
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NMA was conducted and the results were compared to
detect any discrepancies between them.

Results
Search strategy and study characteristics
Search results returned a total of 639manuscripts and, after
exclusion of 131 duplicates (Figure 1), 508 abstracts were
screened. Of these, 493 were excluded as they were not
relevant to the aims of the study, leaving 15 full text
articles for assessment. Of these, two were excluded due to
comparing nonmalignant obstruction, resulting in a total
of 13 studies included for NMA. These 13 studies5,15–26

included a total of 3,739 patients, of whom 16.3% (n=608/
3,739), 67.2% (n=2,515/3,739) and 16.5% (n=617/3,739)
underwent DC, EC and SBTS for acute malignant left-sided

colonic obstruction (Tables 1 and 2). Eight studies5,19–25

including 246 (49.60%) and 250 (51.40%) patients
compared SBTS and EC, respectively. Two studies compared
DC versus EC,15,17 two studies compared DC versus EC with
SBTS and one study compared DC16,26 with SBTS.18

Pairwise meta-analysis
The results demonstrated that a significantly older cohort
of patients (by at least 3 years) were included in the EC
(71.3 years, 95% CI 69.5–73.0) and SBTS (71.6 years, 95%
CI 69.8–73.4) groups compared with the DC group (68.0
years, 95% CI 67.5–68.5). A significantly larger proportion
of patients underwent primary anastomosis in the SBTS
cohort (77%, n=170/222, Table 3) compared with the EC
cohort (61%, n=137/226). The rate of permanent stoma
was lower in the SBTS cohort (24%, n=47/192) compared
with the EC group (35%, n=69/196) as was the rate of

Figure 1 Diagram of search strategy
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Table 1 Study characteristics and outcomes in RCTs

Author Year Country Number of patients n Mean Age Mean BMI ASA>III Tumour site SBTS n (%) Tumour site EC n (%) Type of stent

Arezzo 2016 Italy SBTS: 56 SBTS: 72±11.75 SBTS: 24.8±5.17 SBTS:17 Sigmoid: 8 Sigmoid: 12 NR

EC: 59 EC: 71±12.5 EC: 24.5±4.25 EC: 20 Descending: 43 Descending: 34

Splenic flexure: 5 Splenic flexure: 13

Tung 2012 China (Hong Kong) SBTS: 24 SBTS: 64.5±7.25 SBTS: 23.8±2.42 NR NR NR Wallstent

EC: 24 EC: 68.5±14.8 EC: 24±3.22

Ghazal 2012 Egypt SBTS: 30 SBTS: 52±7.75 NR NR Rectosigmoid: 12 Rectosigmoid: 10 NR

EC: 30 EC: 51±7.75 Sigmoid: 14 Sigmoid: 17

Descending: 4 Descending: 3

Alcántara 2011 Spain SBTS: 15 SBTS: 71.9±8.96 NR SBTS: 10 Rectosigmoid: 0 Rectosigmoid: 3 Wallstent

EC: 13 EC: 71.15±9 EC: 12 Sigmoid: 11 Sigmoid: 4

Descending: 1 Descending: 2

Splenic flexure: 2 Splenic flexure: 4

Ho 2011 Singapore SBTS: 20 SBTS: 68±8.5 NR NR Rectosigmoid: 5 Rectosigmoid: 3 Wallflex

EC: 19 EC: 65±8.75 Sigmoid: 10 Sigmoid: 8

Descending: 3 Descending: 6

Splenic flexure: 2 Splenic flexure: 2

van Hooft 2011 Netherlands SBTS: 47 SBTS: 70.4±11.9 NR SBTS: 6 NR NR Wallstent, Wallflex

EC: 51 EC: 71.4±9.7 EC: 6

Pirlet 2010 France SBTS: 30 SBTS: 70.4±10.3 SBTS: 24.2±7.6 NR Rectosigmoid: 8 Rectosigmoid: 7 Nitimol

EC: 30 EC: 74.7±11.3 EC: 23.3±4.2 Sigmoid: 15 Sigmoid: 18

Descending: 6 Descending: 2

Splenic flexure: 0 Splenic flexure: 3

Cheung 2009 China (Hong Kong) SBTS: 24 SBTS: 64.5±7.25 SBTS: 23.8±2.42 NR NR NR Wallstent

EC: 24 EC: 68.5±14.75 EC: 24±3.22

Pooled estimates SBTS: 246 MD=−0.48 MD=−0.04 OR=0.78 Rectosigmoid: 25 (17%) Rectosigmoid: 23 (15%)

EC: 250 (−2.3, 1.3) (−1.06, 0.99) (0.42, 1.4) Sigmoid: 58 (39%) Sigmoid: 59 (39%)

Total: 496 p=0.60 p=0.94 p=0.42 Descending: 57 (38%) Descending: 47 (31%)

Splenic flexure: 9 (6%) Splenic flexure: 22 (15%)

Total: n=149 Total: n=151

OR= odds ratio; MD=mean difference; CI= confidence intervals; SBTS= stenting bridge to surgery; EC= emergency colectomy; NR= not reported; ASA= American society of
Anesthesiologists; RCT randomised controlled trial; BMI = body mass index
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Table 2 Study characteristics and outcome in the studies comparing DC, EC and SBTS

Author Year Country Number of patients n Mean Age Mean BMI ASA>III Tumour site DC n (%) Tumour site EC n (%) Tumour site SBTS n (%)

Chéreau 2013 France DC: 61 70.3±15.1 NR DC: 39 Rectosigmoid: 22 Rectosigmoid: 4 NA

EC: 11 69.3±15 EC: 6 Sigmoid: 21 Sigmoid: 5

Descending: 9 Descending: 2

Splenic flexure: 9 Splenic flexure: 0

Krstic 2014 Serbia DC: 58 65.7±15 NR DC: 3 All rectosigmoid All rectosigmoid NA

EC: 63 67±11 EC: 3

Östämö 2016 Sweden DC: 23 67±12 NR DC: 7 Rectosigmoid: 1 Rectosigmoid: 0 Rectosigmoid: 1

EC: 57 74±12 EC: 24 Sigmoid: 10 Sigmoid: 39 Sigmoid: 15

SBTS: 20 71±10 Stent: 7 Descending: 7 Descending: 7 Descending: 2

Splenic flexure: 5 Splenic flexure: 11 Splenic flexure: 2

Veld 2019 Netherlands DC: 345 68±4.3 25.2±4 DC: 6 Sigmoid: 233 Sigmoid: 1,364 Sigmoid: 169

EC: 2,013 71±4.3 25.6±7 EC: 109 Descending: 58 Descending: 375 Descending: 45

SBTS: 229 72±4 26±5 Stent: 57 Splenic flexure: 54 Splenic flexure: 274 Splenic flexure: 15

Veld 2020 Netherlands DC: 121 67±12 24.6±3.6 DC: 27 Sigmoid: 62 NA Sigmoid: 60

SBTS: 121 71±11 26.3±6.5 SBTS: 22 Descending: 21 Descending: 20

Splenic flexure: 36 Splenic flexure: 2

Pooled estimates DC: 608 Rectosigmoid: 81 (13) Rectosigmoid: 67 (3) Rectosigmoid: 1

EC: 2,265 Sigmoid: 326 (54) Sigmoid: 1,408 (66) Sigmoid: 245 (74)

SBTS: 370 Descending: 95 (16) Descending: 384 (18) Descending: 67( 20)

Total n: 3,243 Splenic flexure: 104 (17) Splenic flexure: 285 (13) Splenic flexure: 19 (6)

Total: 606 Total: 2,144 Total: 332

NA = nonapplicable; DC = decompressing colostomy; EC = emergency colectomy; NR = nonreported; Fl = flexure; SBTS = stenting bridge to surgery; ASA = American Society of
Anesthesiologists
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Table 3 Comparison between SBTS and EC in terms of patient demography and outcomes

Outcome of interest Number of studies reported in Total patients (n) % (n) Measure of effect size Estimated effect (95% CI) p I2 (%)

Age 8 496 – MD −0.48 (−2.29–1.33) 0.600 0

BMI 4 184 – MD −0.04 (−1.06–0.99) 0.940 0

ASA 3 241 SBTS: 28% (33/118) OR 0.78 (0.42–1.44) 0.420 0

EC: 31% (38/123)

Primary anastomosis 7 448 SBTS: 77% (170/222) OR 2.54 (1.58–4.08) 0.001 0

EC: 61% (137/226)

Permanent stoma 6 388 SBTS: 24% (47/192) OR 0.56 (0.35–0.91) 0.020 5

EC: 35% (69/196)

Overall complications rate 7 448 SBTS: 38% (84/222) OR 0.51 (0.35–0.75) 0.005 74

EC: 55% (124/226)

Anastomotic leak 7 448 SBTS: 5% (11/222) OR 0.93 (0.43–1.99) 0.840 25

EC: 5% (12/226)

Lymph Nodes Retrieval 3 124 124 MD −6.48 (−13.69–0.72) 0.080 0

Length of stay 3 115 115 MD 1.09 (−2.04–4.21) 0.500 0

Locoregional Recurrences 4 280 SBTS: 26% (35/135) OR 1.98 (1.08–3.63) 0.030 33

EC: 16% (23/145)

Mortality 5 340 SBTS: 10% (16/168) OR 0.98 (0.48–1.98) 0.960 0

EC: 10% (17/172)

Cost 2 67 – MD $2,002 (587–3417) 0.006 5

BMI= body mass index, ASA=American Society of Anesthesiology, SBTS= stenting bridge to surgery; EC= emergency colectomy; OR = odds ratio; MD = mean difference
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overall complications (SBTS: 38% versus 55% in the EC
group. However, there was a significantly higher
locoregional recurrence rate in the SBTS cohort (26%,
n=35/135) compared with the EC cohort (16%, n=23/145),
(Table 3).

To analyse the financial cost involved in each
procedure, the Euro currency was converted to the US
dollar on 23 April 2020, with an exchange rate of 1€
equal to $1.08. Analysis demonstrated that SBTS was
over $2,000 more expensive per patient compared with
EC. There were no differences in age, BMI, ASA, rate of
anastomotic leak, lymph node retrieval, length of
hospital stay and mortality rates between the SBTS and
EC cohorts (Table 3).

Network meta-analysis
In the analyses, DC was associated with a higher rate of
subsequent primary anastomosis compared with EC
(odds ratio (OR) 0.13, 95% 0.07–0.030) and compared
with SBTS (OR 0.45, 95% CI 0.24–0.90). SBTS patients
were more likely to have an anastomosis (OR 3.51, 95%
CI 1.94–5.28) compared with the EC group.

Permanent stoma rates were 55% lower in the SBTS
group when compared with DC (OR 0.45, 95% CI 0.24–
0.90) but stoma rates were much higher in the EC group
compared with SBTS (OR 3.51, 95% CI 1.94–5.28). The
SBTS mortality rate was the lowest of all three treatment

modalities and EC had the highest mortality (OR 4.94,
95% CI 1.88–22.90) (Figure 2). Rate of anastomotic leak,
overall complications, lymph node retrieval and length of
hospital stay were similar across all three modalities
(Figure 3).

Sensitivity and assessing bias
The overall quality of the nonrandomised studies was
assessed using the ROBINS-I tool, demonstrating that
they ranged from low to moderate in quality. Increased
risk of bias was detected in the domains of confounding
and selection of patients (Supplementary Table 1). The
overall quality of the included RCTs ranged from low to
moderate and only the study by van Hooft et al scored low
risk of bias in all domains of assessment. None of the
remaining studies blinded assessors and personnel, raising
the concern that performance and detection bias might
have influenced the results (Supplementary Table 2).

Discussion
This is the first NMA to demonstrate that the primary
anastomosis rate was significantly higher in DC- than in
EC- and SBTS-cohorts. The 90-day mortality rate was
also significantly lower in the DC cohort than in the EC
and SBTS cohorts. In addition, significantly more

Figure 2 Forest plots of NMA age, permanent stoma, primary resection anastomosis, mortality. CrI = credible interval.

Ann R Coll Surg Engl 2021; 103: 235–244 241

GAVRIILIDIS DE’ANGELIS WHEELER ASKARI DI SAVERIO DAVIES DIVERSION, RESECTION, OR STENTING AS A BRIDGE TO SURGERY
FOR ACUTE NEOPLASTIC LEFT-SIDED COLONIC OBSTRUCTION: A
SYSTEMATIC REVIEW AND NETWORK META-ANALYSIS OF STUDIES
WITH CURATIVE INTENT



locoregional recurrences occurred in the SBTS cohort
compared with the EC cohort. Due to lack of
meta-analysable data for the DC cohort, further analysis
of the outcome of locoregional recurrences with NMA
was not feasible.

Of note, the cost analysis demonstrated that SBTS was
significantly more expensive (by $2,002) when compared
with EC. Other key findings were that a significantly
younger patient group (by 3 years) was included in the
DC cohort compared with the EC and SBTS cohorts.

Figure 3 NMA league table comparing all three treatment modalities in terms of outcomes. CI = confidence interval; DC = decompressing
colostomy; EC = emergency colectomy; NMA = network meta-analysis; OR = odds ratio; SBTS = stenting as a bridge to surgery.
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However, nonsignificant differences were detected
between the EC and SBTS cohorts. Taking into account
that DC comprised 16.3% of the total sample and the EC
and SBTS cohorts were 67.2% and 16.5%, respectively, we
can conclude that heterogeneity and an underpowered
sample might have influenced the results.

It has previously been reported that the DC approach
results in more primary anastomoses and fewer
permanent stomas than the EC approach.27 The evidence
of the present NMA demonstrates that significantly more
primary anastomoses were performed in the DC cohort
compared with the EC and SBTS cohorts. Pairwise and
NMA demonstrated significantly fewer permanent
stomas in the SBTS than in the EC cohort. The NMA
demonstrated nonsignificant differences between the DC
cohort and EC and SBTS cohorts. This discrepancy
between the two methods could have been influenced by
the larger sample size of the NMA compared with the
traditional meta-analysis.

Considering that both surgeons and patients are
reluctant to choose the colostomy first approach because
of the perception of a lower quality of life related to
colostomy,28,29 the evidence of this study demonstrating
more primary anastomoses and nonsignificant
differences in permanent stomas between the three
approaches will help surgeons and patients to make more
objective decisions. Regarding oncological adequacy, the
DC cohort demonstrated promising results in terms of
excellent subsequent lymph node retrieval. Although not
statistically significant, the DC group had a higher nodal
yield than either of the other two cohorts and had the
added advantage of a significantly lower mortality rate
compared with the EC and SBTS cohorts (Table 3).

Tumour manipulation, breach of the tumour during
passing of a guidewire, and continuous compression of
the tumour wall with a stent are risk factors that may
predispose to tumour spillage and perforation.30,31 Of
note, a high-quality multicentre RCT reported a
worrying rate of stent-related perforation (9%); worse
still, when surgical specimens were examined to look for
silent colonic perforations due to the prosthesis, this
percentage increased to 20%.5 More recently, it has been
reported that the three-year locoregional recurrence rate
due to stent-related perforations is approximately 18%.19

In the present study, significantly higher locoregional
recurrences occurred in the SBTS cohort (26%) than in
the EC cohort (16%). This finding could be due to tumour
spillage during colonoscopic manoeuvres or to silent
colonic perforation by the stent. However, the above
result should be interpreted with caution because the
included RCTs are older than the study by Amelung, and
learning curve bias might have influenced the results.32

As well as the above factors, there are also cost
implications to consider in choosing between the
different treatment modalities. The present study
demonstrates, for the first time, that the cost of the SBTS
approach was significantly more expensive by
approximately $2,002 per case when compared with the
EC cohort. Due to a lack of data, we did not perform cost

analysis for the DC cohort, and there were not enough
data to conduct an analysis of the long-term survival
benefits. Whether this increased cost of stents offsets the
potentially higher cost of treating complications of
patients undergoing EC is unclear and is not a question
that can be answered from the current data available in
the literature.

The results of the present study should be interpreted in
the context of its limitations. Ultimately, as with any
pooling of data, the final results are only as good as the
quality of the data input. Given that the majority of the
studies were non-RCTs, there is potential for selection
bias of patients into the different treatment cohorts (DC,
EC, SBTS). Only the van Hooft study scored a low risk of
bias in all domains and none of the remaining studies
blinded participants, personnel or outcome assessors.5

Therefore, performance and detection bias might have
influenced the results. The study by Arezzo and
colleagues declared explicitly that they detected a
discrepancy between the complication rates used to
estimate the total sample and the observed complication
rate during the performance.25 Therefore, this finding is
suggestive of an underpowered sample, which might
have influenced the results. Risk of bias analysis using
the ROBINS-I tool demonstrated that only the studies by
Veld scored low risk in six of the seven domains,16,26

raising the possibility of confounding and selection bias.
Of note, the outcomes of the stenting might have been
influenced by operator skills. In addition, ECs usually are
performed by an on-call team that might not have
expertise in colorectal surgery. Therefore, learning curve
and performance bias might have influenced the results.

Conclusions
Between the two bridge-to-surgery approaches, DC
demonstrated significantly more primary anastomoses
and a significantly lower mortality rate than the SBTS
approach. Moreover, SBTS was significantly more
expensive by $2,002 per case, and significantly more
locoregional recurrences occurred in SBTS than in the EC
cohort. While not commonly performed at present, an
initial DC remains a potential consideration in patients
presenting with acute, left-sided, malignant large bowel
obstruction. However, well designed multicentre studies
would eliminate concerns regarding patient selection bias
and provide better data on the outcomes of each modality.
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