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q Transforming outcomes: the pivotal role of self-expanding metal stents in

Aim Results
To compare surgical outcomes between self-expanding metallic « Clinical success rate: 88.0% (95% CI, 86.1%-90.1%)
stents (SEMS) as a bridge to surgery (BTS) and emergency surgery « Technical success rate: 91.6% (95% CI, 89.7%-93.7%)
(ES) in patients with malignant colorectal obstruction « Reduced postoperative adverse events: OR 0.51 (95% CI,
0.41-0.63)
o Reduced 30 day mortality: OR 0.52 (95% CI, 0.37-0.72)
Methods o Subgroup analysis

° Postoperative mortality: 5% and 1.5% for left- and
« A comprehensive database search until October 2023 to right-sided malignancies
o Adverse events: 15% and 33% for the left- and right

colon

compare outcomes between SEMS as a BTS and ES
« 57 studies including 7,223 patients over a mean duration of
35.4 months

SEMS as a BTS demonstrated higher success rates, fewer postoperative adverse events, and a reduced 30-day
mortality rate than ES, supporting its use as the preferred initial intervention for right- and left-sided obstructions.
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Background/Aims: Self-expanding metallic stents (SEMS) are an alternative to emergency surgery (ES) for malignant colorectal ob-
struction. This study aimed to compare surgical outcomes between SEMS as a bridge to surgery (BTS) and ES in patients with malig-
nant colorectal obstruction.

Methods: A comprehensive database search was conducted until October 2023 to compare outcomes between SEMS as a BTS and ES.
A subgroup analysis of results by malignancy site was performed.

Results: We analyzed 57 studies, including 7,223 patients over a mean duration of 35.4 months. SEMS as a BTS showed clinical and
technical success rates of 88.0% (95% confidence interval [CI], 86.1%-90.1%; I’'=68%) and 91.6% (95% CL, 89.7%-93.7%; I'=66%), re-
spectively. SEMS as a BTS revealed reduced postoperative adverse events (odds ratio [OR], 0.51; 95% CI, 0.41-0.63; ’=70%; p<0.001)
and 30-day mortality (OR, 0.52; 95% CI, 0.37-0.72; ’=10%; p<0.001) compared to ES. Subgroup analysis showed postoperative mor-
tality of 5% and 1.5% for left- and right-sided malignancies, respectively. Adverse events were 15% and 33% for the right and left colon,
respectively.

Conclusions: SEMS as a BTS demonstrated a higher success rate, fewer postoperative adverse events, and a reduced 30-day mortality
rate than ES, supporting its use as the preferred initial intervention for right- and left-sided obstructions and indicating broader clinical

adoption.
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INTRODUCTION

Colon cancer is the fifth most common cancer responsible for
malignancy-associated deaths.' Approximately 8% to 29% of
individuals with colorectal cancer (CRC) are diagnosed after
presenting with acute bowel obstruction.” Tumors located distal
to the splenic flexure are usually implicated as a cause of acute
obstruction, with the sigmoid colon being the most common
location of obstruction.” Up until a few years ago, emergency
resection was the primary treatment method for patients pre-
senting with acute malignant colonic obstruction; however,
in the recent past, self-expanding metallic stents (SEMS) as a
bridge to surgery (BTS) have emerged as a safer alternative with
lower postoperative mortality and morbidity."

Many individual studies have been published since 1990,
when SEMS were introduced as a BTS for the palliative treat-
ment of incurable colonic malignancies.’ For treatment with
curative intent, stenting as a BTS is considered an alternative
rather than the standard of care by both the European Society
of Gastrointestinal Endoscopy and the American Society of Co-
lon and Rectal Surgeons.’

Despite the recognized benefits of SEMS as a BTS over emer-
gency surgery (ES), such as lower postoperative mortality, re-
duced permanent stoma rates, quicker recovery, and decreased

L2467 the literature has

need for maximally invasive surgery,
largely overlooked comparing the success rate of primary anas-
tomosis when SEMS is used as a BTS versus ES across the entire
colorectal tract. Previous studies often focused on specific ob-

struction sites without a comprehensive analysis or omitted to

specify the location altogether, leaving a critical gap in under-
standing the broader efficacy of SEMS across different colorec-
tal obstruction sites. This study aimed to fill this notable gap by
evaluating the impact of obstruction sites on surgical outcomes
and, particularly, the success rate of primary anastomosis, offer-
ing a more nuanced understanding of SEMS as a pre-surgical
intervention for right- and left-sided malignant colorectal ob-
structions.

METHODS

This study adhered to the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses (PRISMA) guidelines.’

Search strategy

We conducted a comprehensive search of several databases and
conference proceedings, including PubMed, Ovid, Cochrane,
and CINHAL databases (from earliest inception to October
2023). An experienced medical librarian, using inputs from
the study authors, helped with the literature search to identify
studies reporting SEMS as a BTS in patients with malignant
colorectal obstruction. The detailed literature search strategy
is provided in Supplementary Material 1. Three authors (HK,
AHS, and PY) independently reviewed the title and abstract of
studies identified in the primary search and excluded studies
that did not address the research question based on pre-speci-
tied exclusion and inclusion criteria. The full text of the remain-
ing articles was reviewed to determine whether they contained
relevant information. Any discrepancy in article selection was
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resolved by consensus or through discussion with a co-author
(BPM). The bibliographic section of the selected articles, as well
as the systematic and narrative articles on the topic, were man-
ually searched for additional relevant articles.

Study selection

In this meta-analysis, we included studies that focused on the
outcomes of SEMS as a BTS in patients with malignant colorec-
tal obstruction. All the studies, irrespective of malignancy site,
reporting technical and clinical success, postoperative adverse
events, mortality, and anastomotic insufficiency rate were in-
cluded. We considered studies from all geographic locations
and in any publication status (abstract or manuscript) as long as
they contributed necessary data for our analysis. Studies lacking
adequate data for outcome estimation were excluded. Compar-
ative analysis was conducted against ES, including procedures
such as emergency resection. For cases of multiple reports from
the same patient cohort, we included data from the most recent

and comprehensive publication.

Data abstraction and quality assessment

Data on study-related outcomes in the individual studies were
abstracted independently into a standardized form by three au-
thors (HK, AHS, and PY). The risk of bias was assessed in the
included studies using the Newcastle Ottawa Scale for observa-
tional studies and the Jaded scale for randomized control trials
(RCTs).

Outcomes assessed

The outcomes of interest were pooled rates of technical success,
clinical success, postoperative adverse events, and 30-day mor-
tality for SEMS as a BTS. Additionally, the pooled odds ratio
(OR) of postoperative adverse events, 30-day mortality, and
successful primary anastomosis with SEMS as a BTS versus ES
were calculated. A subgroup analysis was planned based on the
site of obstruction of the malignancy (right colon, left colon,

unspecified).

Statistical analysis

We used meta-analysis techniques to calculate the pooled
estimate in each case, following the methods suggested by
DerSimonian and Laird’ using the random effects model; our
application can be considered to align with their general ap-
proach, where the effect is measured by risk probability. When
the incidence of an outcome was zero in a study, a correction of
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0.01 was added to the number of incident cases before statisti-
cal analysis."” We assessed heterogeneity between study-specific
estimates using Cochran’s Q and I’ statistics.""'"” In heterogene-
ity assessment, values of <30%, 30% to 60%, 61% to 75%, and
>75% were suggestive of low, moderate, substantial, and consid-
erable heterogeneity, respectively.”” Additionally, we calculated
the 95% prediction interval, which deals with the dispersion
of the effects. Publication bias was ascertained qualitatively by
visual inspection of the funnel plot and quantitatively by the
Egger test.” All analyses were performed using the Compre-
hensive Meta-Analysis software ver. 4 (BioStat).

RESULTS

Search results and population characteristics

Of the 3,899 citations identified by our literature search, 1,935
titles were screened, and 351 full-length articles were assessed
for eligibility. The final meta-analysis included 57 studies (47
observational and 10 RCTs). The schematic diagram of the
study selection is illustrated in Supplementary Fig. 1.

Characteristics and quality of included studies
The meta-analysis included 57 studies, with a total of 7,223
patients, and 58% of them were female. Forty-seven studies
were observational, and 10 were RCTs. Four, 31, and 22 studies
assessed outcomes of SEMS as a BTS in patients with right, left,
and right and left combined (unspecified site) malignant col-
orectal obstructions, respectively.

The mean follow-up duration for SEMS as a BT'S was approx-
imately 29.04 months, whereas it was 33.23 months for ES. Sup-
plementary Table 1 describes the baseline characteristics of the

1-6,15-63

included studies. Supplementary Tables 2 and 3 provide a

detailed quality assessment of the included studies. > ******

Meta-analysis outcomes

1) Cumulative pooled rates for SEMS as a BTS

The overall pooled clinical and technical success rates for SEMS
as a BTS were 88.0% (95% confidence interval [CI], 86.1%-
90.1%; I’=68%) and 91.6% (95% CI, 89.7%-93.7%; I'=66%),
respectively (forest plot, Figs. 1, 2). Postoperative adverse events
(i.e., surgical site infection, intra-abdominal abscess, sepsis,
postoperative bleeding, postoperative ileus, urinary tract infec-
tion, thrombosis, intensive care unit admission, stent migration,
stent occlusion, fistula formation, perforation, anastomotic de-
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Group by Study name Event rate and 95% CI
Study type Event Lower Upper Relative

rate limit limit Total weight
Observational Amelung 2019 0797 0739 0.845 177/222 +—— 6.85
Observational Angenete 2012 0.898 0.825 0.943 97/108 —— 5.23
Observational Browne 2022 0.845 0728 0.917 49/58 t—— 4.76
Observational Cao 2021 0.857 0.729 0.930 42/49 p—— 4.31
Observational Flor-Lorente 2017 0.815 0.625 0.921 22/27 —_— 3.57
Observational Garcia 2023 0851 0.773 0905 97/114 —— 583
Observationa Gianotti 2013 0980 0.869 0.997 48/49 — 1.32
Observational Gorissen 2013 0.855 0.744 0923 53/62 4.78
Observational Hidalgo-Pujol 2022 0.906 0.862 0.937 221/244 —_— 6.31
Observational Khomvilai 2023 0959 0.851 0.990 47/49 —— 2.22
Observationa Kim2013 0.833 0657 0929 25/30 —— 3.61
Observationa Kim 2023 0907 0835 0.949 97/107 — 5.08
Observational Mahfouz 2021 0971 0.823 0.996 4/35 — 1.31
Observational Mir 2 0.737 0608 0.835 42/57 —— 5.41
Observational Morita 2018 0914 0.830 0958 74/81 —_— 4.44
Observational Morita 2018* 0964 0.786 0.995 27/28 —— 1.30
Observational u 0928 0.630 0.990 13/14 —— 1.26
Observationa Park 2018 0957 0.892 0.984 90/94 — 3.45
Observational Pinto 2019 0875 0.748 0.943 42/48 —— 4.08
Observational Ptok 2020 0987 0.825 0.999 38/38 — 0.72
Observational Ramero 2019 0.845 0741 0912 60/71 — 5.12
Observational Scomparin 2020 0.857 0.639 0.953 18/21 ——— 2.71
Observational Uehara 2022 0977 0853 0.997 42/43 — 1.31
Observational Wang 2019 0949 0817 0.987 37/39 —— 2.20
Observational Xue 2020 0985 0.804 0.999 33/3 — 0.72
Observational Yagawa 2021 0.920 0.731 0.980 23/25 e ] 2.15
Observational an 0963 0779 0.995 26/27 —_— 1.30 2
Observational Zeng 2021 0949 0883 0979 93/98 — 3.86 I'=54%
Observational Van den berg 2014 0.898 0.792 0.954 53/59 —— 4.11
Observational JiWB 2016 0967 0634 0998 14/14 0.71
Observational oole 0895 0.869 0916 -
Observational Prediction Interval 0.895 0.763 0.957
RCT Arezzo 2017 0786 0659 0.874 44/56 —_—— 20.31
RCT Cheung 2009 0833 0631 0.936 20/24 ——— 16.76 2
RCT Ghazal 2013 0983 0783 0999 29/29 — 6.54 I'=80%
RCT Ho 2012 0700 0473 0.859 14/20 17.75
RCT Hooft 2011 0851 0719 0.927 40/47 e 19.03
RCT Pirlet 2011 0400 0243 0581 12/30 19.61
RCT oole 0.769 0.588 0.888 —————————
RCT Prediction Interval 0.769 0.173 0.982
Overall ooled 0.888 0.861 0.909 - 2 o
Overall Prediction Interval 0.888 0.687 0.966 0.0 0.05 o.5o o¥s 1.00 I'=68%
Meta Analysis

Fig. 1. Forest plot, pooled clinical success rate for self-expanding metallic stents as a bridge to surgery. CI, confidence interval.

Group by Study name Event rate and 95% CI
Study design Event Lower Upper Relative
rate limit limit Total weight
Angenete 2012 0964 0909 0987 108/112 —— 7.21
e Arezzo 2017, 0875 0760 0939 49/56 —_— 7.78
e Cheung 2009 0833 0631 0936 20/24 —_— 6.99
Flor-Lorente 2017  0.889 0.707 0.984 24/27 ——— 6.62
e Ghazal 2013 0967 0798 0995 29/30 — 452
e Gianotti 2013 0939 0827 0.980 46/49 —— 6.71
Gorissen 2013 0903 0801 0956 58/62 —— 7.64
Ho 2012 0750 0522 0892 15/20 —— 717
e Hooft 2011 0702 0558 0.815 33/47 —_—r 8.19
e romvilai 2023 0990 0859 0.999 49/49 — 3.07
Mahfouz 2021 0986 0813 0999 35/35 — 3.08
erabishvili 2021  0.714 0439 0.889 10/14 6.74
e Pirlet 2011 0467 0299 0642 14/30 ——— 7.97
Gl Ptok 2020 0950 0821 0.987 38/40 —— 5.98
Hooft 2007 0900 0533 098 9/10 ——— 436  PP=78%
Santos 2002 0.953 0832 0988 41/43 —_— 5.99
e Pooled 0888 0813 0.935 ———
e Prediction Interval  0.888  0.44! 0.987
Restrospective Amelung 2019 0.874 0.823 0.911 194/222 —— 8.90
Restrospective Browne 2022 0.948 0.852 0983 55/58 —— 3.13
Restrospective Cao 2021 0.898 0777 0957 4/ —_— 428
Restrospective Garcia 2023 0930 0866 0.965 108/114 —— 5.72
Restrospective Harvey 2019 0.880 0.843 0.909 330/375 —— 9.81
Restrospective Han 2020 0976 0910 0994 82/84 — 2.34
Restrospective Hidalgo-Pujol 2022 0.806 0.862 0.937 221/244 —— 854
Restrospective ang 201 0.894 0.846 0.928 202/226 —— 8.61
Restrospective im 2013 0.833 0857 0.929 5/30 ——— 4.08
Restrospective im 2023 0930 0.87 0965 107/115 —— 572
Restrospective ir 2018 0.965 0.870 0991 55/57 — 2.32
Restrospective orita 2018 0963 0.891 0988 78/81 —— 3.16
Restrospective orita 2018* 0983 0777 0999 28/28 — 0.69
Restrospective \Ag 2006 0.876 0713 0999 20/20 0.69
Restrospective u 2023 0987 0634 0. 14/14 0.68
Restrospective Park 2018 0979 0919 0995 92/94 —e 2.35
Restrospective Pinto 2019 0.990 0.857 0999 48/48 —_— 0.70
Restrospective Ramero 2019 0899 0810 0949 71/79 —— 5.62
Restrospective Scomparin 2020 0952 0729 0993 20/21 1.27
Restrospective Sloothak 2014 0769 0572 0.892 20/26 H— 4.35
Restrospective Uehara 2022 0.989 0.843 0999 43/43 — 0.70
Restrospective Wang 2019 0987 03822 0999 37/37 — 0.70
Restrospective Xue 2020 0917 0771 0973 33/36 —— 3.05
Restrospective Yagawa 2021 0920 0731 0980 23/25 -— 2.23
Restrospective Yan 2017 0982 0770 0999 27/27 —_— 0.69 2 o,
Restrospective Zeng 2021 0969 0909 0990 95/98 — 313 I'=41%
Restrospective Vanden berg 2014 0.915 0.812 0. 54/59 —— 4.33
Restrospective Ji WB 2016 0875 0614 0969 14/16 —— 2.14
Restrospective Pooled 0.920 0.800 0.936 -
Restrospective Prediction Interval 0.920 0.841  0.961
Qverall Pooled . 0916 0897 0932 - 12=66%
Overall Prediction Interval  0.916  0.747 0.976 0.b0 0.b5 o50 o¥s 1

Fig. 2. Forest plot, pooled technical success rate for self-expanding metallic stents as a bridge to surgery. CI, confidence interval.
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hiscence, anastomotic leakage, anastomotic stenosis, incisional
hernia, cardiopulmonary complications [e.g., pneumonia and
cardiac arrhythmia], tenesmus, abdominal-rectal pain, and sto-
ma prolapse) and mortality rates for SEMS as a BTS were 21.6%
(95% CI, 18.7%—24.9%; I’=89%) and 4.6% (95% CI, 3.7%-5.9%;
I’=33%), respectively (forest plot, Figs. 3, 4). The anastomotic
insufficiency rate (calculated from a number of non-successful
anastomoses following SEMS/total number of anastomoses
performed following SEMS) was 4.9% (95% CI, 3.9%-6.2%;
I’=29%) for SEMS as a BTS (forest plot, Fig. 5).

2) Cumulative pooled OR

The pooled OR of postoperative adverse events favored SEMS
as a BTS (OR, 0.51; 95% CI, 0.41-0.63; IZ=70%;p<0.001) (forest
plot, Fig. 6). Similarly, the OR for 30-day mortality was 0.52 (95%
CI, 0.37-0.72; I’=10%; p<0.001) (forest plot, Fig. 7), and success-
ful primary anastomosis favored stent placement as a BTS (OR,
3.31;95% CI, 2.09-5.25; P=67%; p<0.001) (forest plot, Fig. 8).

3) Subgroup analysis based on the site of obstruction

Subgroup analysis demonstrated high technical and clinical
success pooled rates for SEMS as a BTS regardless of the site of
obstruction. The pooled clinical success rate for SEMS as a BTS

for right colon obstruction was 95.2% (95% CI, 90.3%-97.8%;
I’=0%) compared to 89.0% (95% CI, 80.9%-89.9%; I'=73%)
for left-sided colon obstruction. The technical success rate for
SEMS as a BTS for the right- and left-sided colon obstruction
was 95.2% (95% CI, 86.1%-98.4%; I’=35%) and 89.9% (95%
CI, 85.8%-92.9%; I’'=73%), respectively (Forest plot, Figs. 1, 2).
Postoperative mortality rates for SEMS as a BTS were 5% (95%
CI, 3%-6%; I’=34%) and 1.5% (95% CI, 0.4%-5%; I’=0%) for
left- and right-sided malignancy, respectively (forest plot, Fig. 4).
Postoperative adverse events for SEMS as a BTS were 15% (95%
CI, 10%-21%; I’=0%) for the right colon and 33% (95% CI,
30%-35%; I'=91%) for the left colon (forest plot, Fig. 3). Com-
paring postoperative adverse events between SEMS as a BTS
and ES, OR favored SEMS across all subgroups with OR, 0.28
(95% CI, 0.14-0.55; ’=0%; p<0.001) for right-sided vs. OR, 0.55
(95% CI, 0.41-0.74; ’'=65%; p<0.001) for left-sided obstruction
(forest plot, Fig. 6).

Validation of meta-analysis results
1) Heterogeneity and sensitivity analysis

To assess the possible dominant effect of individual studies on

the meta-analysis, we excluded one study at a time and ana-

Group by Study name Statistics for each study
Location
Event Lower Upper
rate limit limit Total
Asja Alkhagal 2020 0417 Q241 0617 10/24
Asia Cao 2021 0224 0129 0362 11/49
Asia Cheung 2009 0.020 0.001 0.251 0/24
Asia Ghazal 2013 0138 Q053 0315 4/29
Asia Han 20: 0167 0101 0262 14/84
Asia Ho 201 0.350 Q177 0.5/4 7120
Asia Katsukj 2021 0233 Q198 0272 116/498
Asia Khorpvilai 2023 0286 Q177 0426 14/49
Asia Kim 2023 0200 0137 0.283 23/115
Asia Li 2020 0114 0044 0268  4/35
Asia Mahfouz 2021 0200 0098 0364 7/35
Asia Morita 2018 0198 0125 0.298 16/81
Asia Morita 2018* 0107 Q035 0284  3/28
Asia 'r:lﬂg 2006 0300 Q141 0527 6/20
Asia U 2023 0.077 0011 0.391 1713
Asia Park 2018 0.021 0005 0.081 2/94
Asia Ushara 2022 0266 0148 0405 11/43
Asia Wang 2019 0162 0075 0317  6/37
Asia Vang 2020 0222 0124 0368 10/45
Asia Kue 2020 0273 Q148 0447 9/33
Asia Yagawa 2021 0240 Q112 0442 6/25
Asia Yan 2017 0.018 0001 0.230 0/27
Asia Zeng 2021 0184 0119 0273 18/98
Asia Ji 2016 0.071 0010 0.3/0 1714
Asia Pooled. 0203 0171 0.239
Asia Prediction Interval  0.203 0.114 0.335
Europe Alca ‘ntaray 2011 0.133 0.034 0.405 2115
Europe Arnarson 2022 0469 0388 0550 67/143
Europe Amelung 2079 0779 Q720 0.829 173/222
Europe Angenete 2012 0223 015 0310 25/112
Europe Arézzo 2017 0518 0389 0645 29/56
Europe Fiori 2012 0.091 0013 0439 1/11
urope lor-Lorente 2017  0.370 0212 0562 10727
Europe Garcia 2023 0.360 0277 0452 41/114
Europe Gianotti 2013 0245 0145 0383 12/49
Europe Gorissen 2013 0.081 0.034 0.180 5/62
Europe larvey 201 0.136 0.105 0Q.175 51/375
Europe H|daf|tgo-PUJoI 2022 0451 0389 0514 110/244
Europe Hooft 2011 0532 0391 0688 25/47
Europe Mir 2018 0298 Q194 0428 17/57
Europe into 2019 0146 Q071 0276 7148
Europe Pirlet 2011 0267 0139 0.450 8/30
Europe amero 2019 0.155 0.088 0.259 11/71
Europe Tanis 2015 0313 Q252 0381 61/195
Europe Hooft 2007 0958 0575 0997 11/11
Europe Santos 2002 0395 0282 0546 17/43
Europe Vandenberg 2014 0.390 0275 0519 23/59
Europe Pooled 0.322 0238 0419
urope Prediction Interval 0.322 0Q0.085 0.765
United States Browne 2022 0.086 0.036 0.191 5/58
United States Dolan 2021 0101 0061 0163 14/139
United States Merabishvili 2021 0.286 0Q.111 0.561 4/14
United States Pooled. 0.126 0.085 0.229
United States Prediction Interval  0.126  0.000 0.997
Qverall Pooled. 0216 0187 0.249
Overall Prediction Interval  0.216  0.049  0.595
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Fig. 3. Forest plot, pooled postoperative adverse events rate for self-expanding metallic stents as a bridge to surgery. CI, confidence interval.

244



Malik et al. Colon stents as a bridge to emergency surgery

Group by Study name Event rate and 95% CI
Site Event Lower Upper Relative
rate limit limit Total weight
Bothit location Alkhayal 2020 0020 0001 0251 0/24 195
Both/ location ArnarSon 2022 0.035 0015 0081 5/143 -— 10.88
Both/t location Angenete 2012 0.071 0036 0136 8/112 —— 13.30
Bothfl location Arezzo 2017 0.071 027 L1175 4/56 —— 9.42
Bothfl location Garcia 2023 0.053 024 112 6/114 l— 11.80
Both/ location Gianotti 2013 0.020 003 131 1749 — 3.58
Both/ location H_arveg 2019 0.098 Q72 133 37/375 — 19.55
Bothi location Kim 2023 0.017 004 067 2/115 [l 20
Bothfl location Mir 2018 0.018 .002 114 1/57 — .59
BothfL location Sloothak 2014 0.019 001 236 0126 e — 95
Both/t location Wang 2019 0.013 001 178 0Q/37 — 9%
Bothi location Wang 2020 0.011 001 1561  0/45 Eo— 96
Bothit location Xue 2020 0.015 .001 196 0Q/33 (e — .96
Bothf location Yagawa 2021 0.019 .001 244 Q25 .95
Bothft location Yan 0.018 001 230 0/27 e 95 2, 0,
Botht location Van den berg 2014 0.051 016 146 3159 —_—— o I'=37%
Both/t location Pooled 0.045 031 067 -
BothfL location Prediction Interval  0.045 .016 119
L Alca ‘ntarav 2011 0.031 002 350 0/15 1.18
Left-sided A_melunq 2019 0.054 031 093 12/222 —-_— 10.93
Left-sided Fiori 2072 0.042 003 425 0/11 17
Left-sided Flor-Lorente 2017  0.037 005 221 1127 P e— 19
L Ghazal 2013 0.017 .001 .217 0129 [ .19
L Gorissen 2013 0.032 008 120 2162 e 91
Left-sided Han 2020 | 0.006 000 087 0/84 — 21
Left-sided Hidalgo-Pujol 2022 0.016 006 043 4/244 ol 44
L Ho 2012 0.024 .001 .287  0/20 19
L Hooft 2011 0.106 .045  0.231  5/47 —— .97
[ ng 2018 0.009 002 035 2/226 - 98
Left-sided Katsuki 2021 0.076 056 103 38/498 -— 14.56
Left-sided Mahfouz 2021 0.014 001 187 0/35  —— 20
L Merabighyvii 2021 0.033 .002  0.366 0/14 .18
[ Morita 2018 0.012 002 082  1/81 [ 24
Left-sided Ng 2008 0.050 Q07 282 1120 17
Left-sided Pinto 2019 0.042 010 152 2148 —— 3.88
Left-sided Pirlet 2011 0.100 033 268 3/30 — 5.01
L Ramero 2019 0.070 .030  0.158  5/71 —— 713
L Scomparin 2020 0.048 007 0.271 /21 217
Left-sided Tanis 2015 0.056 032 099 11/195 —-_— 1056 12 0
Left-sided Hooft 2007 0182 0045 0507 2/1] 323 I'=34%
Left-sided Santos 2002 0.093 036 0.223  4/43 —— 6.12
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Le S Prediction Interval  0.050 Q22 113
Right sided j 202 0.014 Q01 187 0/35 [— 20.06
Right sided Morita 2018* 0.017 001 223 0/28 e 19.99
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Fig. 4. Forest plot, pooled 30-day postoperative mortality rate for self-expanding metallic stents as a bridge to surgery. CI, confidence interval.

Study name Statistics for each study Event rate and 95% Cl

Event Lower Upper Relative

rate limit limit Total weight

Alca ‘ntarav 2011 0.031 0.002 0350 0/15 073
Alkhayal 2020 0.020  0.001 0.251 / 0.74
Arnarson 2022 0.028  0.011 0.072 4/143 _-— 410
Amelung 2019 0.081 0.052 0.125 18/222 —--— 8.28
Angenefe 2012 0.004 0.000 0.067 /11 — 0.75
Arezzo 2017 0.054 0.017 0153 3/56 —— 3.30
Browne 2022 0.103  0.047 0212 6/58 —— 5.02
Cheung 2009 0.020 0.001 0.251 0/24 0.74
Flor-Lorente 2017 0074 0.019 0252 2127 —— 2.38
Ghazal 2013 0.017  0.001 0217 0/29 Hl— 0.74
Gianotti 2013 0.122  0.056  0.247 6/49 —— 4.96
Gorissen 2013 0.065 0.024 0.160 4/62 —— 4.00
Harvey 2019 0019 0.009 0.039 7/375 - 575
Han 2020 0.048 0.018  0.120 4/84 —— 4.05
Hidalgo-Pujol 2022 0.066  0.041 0.104 16/244 —-— 8.02
Hooft 2011 0.106  0.045 0.231 5/47 —— 4.49
Katsuki 2021 0.038 0.024  0.059 19/498 - 8.54
Khomvilai 2023 0.061 0.020 0.173 3/49 i — 3.28
Kim 2023 0.017  0.004  0.067 2/115 -— 249
Li 2020 0.014  0.001 0.191 0/34 [— 0.74
Morita 2018 0.025 0.006 0.093 2/81 — 248
Morita 2018* 0.017  0.001 0.223 0/28 Hb——— 0.74
Ng 2006 0.024  0.001 0.287 0/20 073
Mu 2023 0.042 0.003 0425 0/11 0.72
Park 2018 0.005 0.000 0.079 0/94 e 0.75
Pinto 2019 0.023  0.001 0277 0/21 0.73
Pirfet 2011 0.167  0.042 0477 2/12 ——— 2.18
Ramero 2019 0017  0.002 0.111 1/59 H— 1.39
Uehara 2022 0.012  0.001 0.164 0/41 — 0.74
Wang 2019 0.103  0.034 0276 3/29 —— 317
Wang 2020 0.050 0.013 0179 2/40 —— 243
Yagawa 2021 0.040 0.006 0235 1125 e — 1.36
Zeng 2021 0.020 0.005 0.078 2/98 — 2.49
Santos 2002 0.047 0.012 0.168 2/43 —— 243
Vandenberg 2014 0.067 0.022  0.187 3/45 —— 3.27
Ji WB 2016 0.071 0.010 0370 114 ——— 1.32
Pooled 0.049  0.039 0.062 -
Prediction Interval 0.049 0.023 0.102 0.bo 0.bs o.50 oks 1bo

- o ’ F=29%

Meta Analysis

Fig. 5. Forest plot, pooled anastomotic insufficiency rate for self-expanding metallic stents as a bridge to surgery. CI, confidence interval.
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Study name Statistics for each study Events / Total Odds ratio and 95% CI
Odds Lower Upper Relative
ratio limit limit  p-Value Group-A Group-B weight
Alca ‘ntaray 2011 0.132  0.021 0.835 0.031 2/15 1.00
Alkhayal 2020 1.726  0.602 4.953 0.310 10/24 12/41 1.98
Arnarson 2022 1576  1.114 2231 0.010 67/143  467/1302 — 3.44
Amelung 2019 1.038 0.749 1.437 0.824 95/222  186/444 ——— 347
Angenefe 2012 0.575  0.286 1.154 0.119 25/112 20/60 270
Arezzo 2017 0.790 0.378 1.648 0.530 29/56 34/59 262
Browne 2022 1.113  0.305 4.060 0.871 5/58 /64 159
Cao 2021 1.287  0.480 3.450 0.817  11/49 /49 210
Cheung 2009 0.040  0.002 0.734 0.030 0/24 /24 0.47
Dolan 2021 0.861 0.403 1.840 0.699 14/139 16/139 2.58
Fiori 2012 0.450  0.035 5.843 0.542  1/11 /11 0.59
Flor-Lorente 2017  0.952  0.368 2,467 0.920 10/27 21/55 217
Garcia 0.337 0.186 0.610 0.000 41/114 50/80 2.93
Ghazal 2013 0.160 0.045 0.573 0.005  4/29 15/30 162
Gianotti 2013 0.593  0.248 1.417 0.240 12/48 18/50 233
Gorissen 2013 0.331 0.103 1.071 0.065  5/62 /43 178
Harvey 2019 0.351  0.243 0.508 0.000 51/375  116/375 —— 3.40
Han 2020 0.227  0.121 0.428 0.000 14/84 102/218 —— 284
-Iidalgo-Pujol 2022 0.368 0.260 0.520 0.000 110/244  221/320 ——r 344
Ho 2012 0.392 0.107 1.42 0.156  7/20 11719 1.59
Hooft 2011 1.383 0625 3.084 0.424 25/47 23/51 249
Katsuki 2021 1110 0.824 1.49 0.494 116/498  107/498 —— 3.52
Khomvilai 2023 0.508 0.235 1.08 0.081 14/49 177 255
im 2023 0.563 0.267 1.18: 0.130 23/115 16/52 2,59
Li 2020 0.313  0.098 0.9 0.050  4/35 21/72 1.80
ahfouz 2021 0.958 0.282 3.252 0946  7/35 /29 1.70
erabishvili 2021 0.400 0.088 1.826 0.237  4/14 /16 1.31
ir 2018 0.425  0.150 1.20 0.108 17/57 10720 1.99
orita 2018 0.554  0.248 1.237 0.150 16/81 16/52 2.47
orita 2018* 0.257  0.065 1.021 0.054  3/38 10/40 1.48
\Ag 2008 0.125  0.013 1.160 0.067  1/13 8/20 0.75
u 2023 0.348  0.030 4.08 0.400 2/94 117 0.63
Park 2018 0.535 0.228 1.256 0.151 14/48 20/46 237
Pinto 2019 0.727  0.240 2.206 0.574 8/30 10/30 1.88
2020 0.234  0.104 0.524 0.000 11/71 29/66 248
Sloothak 2014 0.610  0.44: 0.83 0.002 61/195 631/1476 - 3.48
ung 201 0.898  0.37: 215 0.809 11/43 18/65 232
Uehara 2022 145667 5.298 4004.901 0.003 11/11 /10 — 0.38
Hooft 2007 0.528  0.173 1.60: 0.261 6/37 11/41 1.87
Wang 2019 0.354 0.143 87 0.025 10/45 21/47 225
Wang 2020 0.061  0.020 0.185 0.000 9/33 43/50 188
e 2020 0.192 0.082 0.597 0.004 6/25 23/37 1.84
Yagawa 2021 0.297  0.056 1.570 0.153  2/27 133 1.16
an 201 0.486  0.269 0.880 0.017 18/98 62/196 —_— 293 >
Zen? 2021 0.351  0.112 1.098 0.072  6/20 /40 183 I'=70%
Santos 2002 0.400 0.152 1.052 0.063 17/43 18/29 214
Van den berg 2014 0412  0.191 0.888 0.024  23/59 31/51 255
Ji WB 2016 0.115  0.013 1.027 0.053  1/14 10725 0.77
ooled 0.512  0.413 0.635 0.000
Prediction Interval ~ 0.512  0.161 1.628 o ol )
Fig. 6. Forest plot, pooled odd ratio for postoperative adverse events. CI, confidence interval.
Study name Statistics for each study Events / Total Odds ratio and 95% Cl
Odds Lower Upper Relative
raio  limt  @imit p-Value Group-A Group-B weight
Arnarson 2022 0089 0012 0647 0.017  1/143  95/1302 2.62
Angenete 2012 0308 0.118 0.802 0016 8/112 12/60 9.14
Browne 2022 0736 0157 3.446 0698 3/58 4/58 4.12
Cao 2021 1000 0061 16453 1000 1/49 1/49 1.35
Garcia 2023 0.833 0245 2831 0.770 6/114 5/80 6.18
Harvey 2019 0197 0.086 0452 0.000  7/375  33/375 11.31
Hooft 2011 1.095 0296  4.052 0.892  5/47 5/51 5.51
Kang 2018 4054 0450 36.556 0212 4/226 11226 2.15
Kim 2023 0.289 0.047 1.785 0.181 2/115 3/52 3.06
Li 2020 0671 0027 16.901 0.809 0/35 1172 1.03
Merabishvili 2021 0.356 0.013  9.467 0537 0114 1/16 1.00
Mir 2018 0071 0007 0685 0022 1/57 4120 2.04
Morita 2018 0313 0028 3537 0347 1/81 2/52 1.78
Morita 2018* 0462 0018 11.757 0640 0728 1/40 1.02
Park 2018 0623 0099 3912 0814 2/48 3/48 3.01
Pinto 2019 3222 0316 32889 0324 3/30 1/30 1.94
Ptok 2020 0924 0255 3349 0905 5/71 5/68 5.66
Ramero 2019 9.878 0.387 251.857 0166  1/21 0/67 1.02
Sloothak 2014 0.805 0424 1.528 0.508 11/195 102/1476 15.80
Uehara 2022 5526 0.234 130.343 0289 2/11 0/10 1.07
Hooft 2007 0211 0010 4534 0320 0737 2/41 1.13
Wang 2019 0.200 0009 4.283 0.303 0/45 2/47 1.14
Wang 2020 0.154 0008 2962 0215 0/33 4/50 1.22
Xue 2020 0477 0019 12187 0654 0/25 1137 1.02
Yagawa 2021 0384 0015 10.085 0573 0727 1/33 1.02
Yan 2017 0495 0055 4488 0532 1/98 4/196 2.14
Zeng 2021 0.368 0040 3.387 0378 1/20 5/40 2.1
Santos 2002 0322 0.085 1.225 0096 4/43 7129 5.32
Van denberg 2014 0.629 0.134 2,955 0.557  3/59 4/51 4.11
Pooled 0518 0372 0722  0.000 —_— £=9.5%
Prediction Interval  0.518  0.268  1.000 =707
0.1 0.2 05 1 2 5 10

Fig. 7. Forest plot, pooled odd ratio for 30-day mortality. CI, confidence interval.
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Study name for each study Events / Total
Odds Lower Upper

ratio limit limit  p-Value Group-A Group-B
Alca ‘ntarav 2011 14684 0709 304.318 0082 15/15 9/13
Arnarson 2022 165.447 60.605 451.658 0.000 139/143  226/1302
Amelung 2019 4492 3145 641 0.000 165/222 174/444
Angenete 2012 5471 0219 136.397 0.300 108/108 9/60
Arezzo 20 0620 0100  3.85f 0608 53/56 57159
Browne 2022 8141  3.065 1627 0000 52/58 3/64
Cheung 2009 5444 0248 119.632 0282 24/24 22/24
Flor-Lorente 2017 2710 946 _7.76 0063 21/27 31/55
Ghazal 2013 3000 0.117 76681 0.506 29/29 29/30
Gorissen 2013 2411 0625 9301 0202  45/49 8/34
Harvey 2019 1146 0411 3.193 0.794 368/375 367/375
Han 2020 4661 1487 14608 0.008 68/72 2/79
Hldalgo-Puon 2022 2070  1.082 3.959 0.028 194/210  164/192
Ho 2012 0333 0013 8697 0.509 19/20 19719
Hooft 2011 2727 0724 10.269 0.138  15/20 11721
Khomvilai 2023 0865 0163  4.589 0865 32/35 37/40
Morita 2018 3021 1430 6.386 0004 62/81 27152
Morita 2018* 4765 0541 2.001 0.160 27/28 34/40
Ng 2006 8846 0.366 213.798 0.180  11/11 6/8
Pinto 2019 0833 0099  7.027 0867 10/12 12/14
Ptok 2020 8923 0950 83784 0055 58/59 26/30
Tung 2012 3952 0185 84.593 0379 41/41 2/54
Hooft 2007 0912 0139  6.005 0924  26/29 19/21
Wang 2019 0358 0016  7.807 0514  38/40 21/21
Xue 2020 3938 0374 41485 0254  21/22 6/19
Yan 2017 3295 0722 5.030 0.124  95/97 173/185
Zeng 2021 5151 0251 105.585 0287 19/19 26/29
Santos 2002 7792 2131 8.492 0002 22/26 12/29
Van den berg 2014 1909 0355 10258 0451 42/45 22/25
Ji WB 2016 0565 0033 9811 0695 13/14 23/24
Pooled 3308 2086 5248 0.000
Prediction Interval 3308 0479 22855

Odds ratio and 95% CI
Relative
weight
172

> 5.05
6.39

0
~
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Fig. 8. Forest plot, pooled odd ratio for successful primary anastomosis. CI, confidence interval.

lyzed the resulting effect on the main summary estimate. No
single study significantly affected the outcomes of interest or
the heterogeneity. Table 1 shows the I’% values for all the stud-
ied pooled outcomes alongside the pooled rates. Subgroup sen-
sitivity analyses based on the study design and geography are
summarized in Tables 2 and 3.

2) Publication bias

Egger's regression output, with an intercept of -1.08405 and a
two-tailed p=0.04, signifies the presence of publication bias in
our meta-analysis, suggesting an under-representation of small-
er or negative studies. The results are summarized in Table 4
and illustrated in Figure 9.

DISCUSSION

Our systematic review and meta-analysis evaluated the efficacy
of SEMS as a BTS for malignant colorectal obstruction. The
pooled results demonstrated excellent clinical (89%) and tech-
nical success (91.6%) rates and reduced the likelihood of post-
operative adverse events and 30-day mortality, regardless of the
site of colonic obstruction. The successful primary anastomosis
was significantly greater when a colonic stent was deployed pre-
operatively.

Addressing the paramount concern of postoperative adverse
events, our meta-analysis showed a pooled OR of 0.51, favoring
SEMS as a BTS over ES. This convincing result aligns with the

22

conclusions of previous studies"*'* and emphasizes that patients
who underwent SEMS placement experienced significantly few-
er complications compared to those who underwent traditional
surgery. For instance, a meta-analysis conducted by Arezzo et
al."” demonstrated lower short-term overall morbidity and re-
duced rates of temporary and permanent stoma formation with
SEMS placement. Similarly, a study by Jiménez-Pérez et al.”*
reported an overall complication rate of 7.8%, including perfo-
ration, stent migration, bleeding, persistent colonic obstruction,
and stent occlusion due to fecal impaction in 3%, 1.2%, 0.6%,
1.8%, and 1.2%, respectively. Additionally, in line with previous

analyses,”

our study also demonstrated a reduced risk of 30-
day mortality. These findings emphasize that SEMS offer an ef-
fective BTS treatment with an acceptable complication rate for
patients with acute malignant colonic obstruction.

Another critical parameter influencing the choice between
SEMS as a BTS and ES is the feasibility of achieving a success-
ful primary anastomosis. Our analysis showed a significant
advantage for stent placement, with an OR of 3.31, confirming
and extending the results of previous studies.”"* This suggests
that patients who undergo SEMS placement are more likely to
receive a successful primary anastomosis, avoiding the need for
ostomies and potentially improving their overall quality of life
postoperatively.

Meta-analyses comparing SEMS as a BTS and ES, which in-
clude both left- and right-sided colonic tumors, are sparse in
the literature. Two meta-analyses published within the last 2
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Table 1. Meta-analysis of colonic stent placement outcomes in malignant colorectal obstruction: pooled rates and comparisons

Outcome Pooled rate (95% CI) Study (n)  p-value (for pooled ratio)  Heterogeneity (I %)
Technical success (%)
Overall 91.6 (89.5-93.3) 50 66
Unspecified site 92.3 (89.6-94.3) 18 40
Right colon 95.2 (86.1-98.4) 5 35
Left colon 89.9 (64.2-97.8) 27 73
Clinical success (%)
Overall 88.9 (86-91.2) 21 68
Unspecified site 89.4 (84.9-92.7) 16 59
Right colon 95.3 (90.3-97.8) 5 0
Left colon 86 (80.9-89.9) 42 73
Postoperative adverse events (%)
Overall 29 (27-31) 48 89
Unspecified site 26 (24-28) 18 86
Right colon 15 (10-21) 4 0
Left colon 33 (30-35) 26 91
Complications: stent vs. surgery, OR (95% CI)
Overall 0.50 (0.40-0.623) 48 <0.001 70
Unspecified site 0.52 (0.37-0.73) 20 <0.001 70
Right colon 0.28 (0.14-0.55) 4 <0.001 0
Left colon 0.55 (0.41-0.74) 24 <0.001 65
Successful primary anastomosis, OR (95% CI) 3.31 (2.09-5.25) 30 <0.001 67
Postoperative mortality (%)
Overall 4.6 (3.7-5.9) 53 33
Unspecified site 4.5(3.1-6.7) 16 37
Right colon 1.5(0.4-5.1) 4 0
Left colon 5(2.2-11.3) 23 34
30-Day mortality, OR (95% CI) 0.52 (0.37-0.72) 29 <0.001 10
Tumor recurrence rate, OR (95% CI) 1.04 (0.82-1.33) 21 0.69 42
Anastomotic insufficiency (%) 4.9(3.9-6.2) 36 29
CI, confidence interval; OR, odds ratio.
Table 2. Subgroup analysis based on study design
Study design Clinical success rate (%, 95% CI) I (%) Technical success rate (%, 95% CI) F (%)
Observational 89 (87-92) 54 92 (90-94) 63
RCTs 77 (59-89) 80 82 (70-90) 55
CI, confidence interval; RCT, randomized control trial.
Table 3. Subgroup analysis based on location
Location Clinical success rate (%, 95% CI) I (%) Technical success rate (%, 95% CI) I (%)
Asia 93 (91-96) 46 92 (88-94) 40
Europe 89 (85-92) 74 84 (78-88) 75
United States 88 (74-91) 68 87 (49-98) 82

CI, confidence interval.
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Table 4. Eggers regression analysis including publication bias

Parameter Value
Intercept -1.08405
Standard Error 0.52233
95% lower limit (2-tailed) -2.13544
95% upper limit (2-tailed) -0.03265
t-value 2.07541
Degrees of freedom (df) 46
p-value (1-tailed) 0.02178
p-value (2-tailed) 0.04357

Funnel plot of standard error by log odds ratio
0.0 T

0.5

1.0

Standard error

1.5

-5 -4 -3 -2 -1 0 1 2 3 4 5
Log odds ratio
Fig. 9. Funnel plot for the postoperative adverse events between the

emergency surgery vs. self-expanding metallic stents as a bridge to
surgery for colorectal cancer obstruction.

years compared SEMS as a BTS and ES in only the right-sided

colon and included less than 20 studies.”*

A meta-analysis
published in 2020 compared surgical outcomes in patients with
colonic malignancies regardless of site specification.”” Our study
extends the literature by confirming and extending that stent
implantation is effective regardless of the site of obstruction.”
This finding is crucial as it implies that the benefits of SEMS
placement are not limited to a specific site in the colorectal tract,
making it a versatile option for a variety of clinical scenarios.

Our systematic review and meta-analysis investigating the
utilization of SEMS as a BTS for malignant colorectal obstruc-
tion, including both right- and left-sided CRC lesions, rep-
resents a significant advancement compared to prior meta-anal-

YSeS 65-68

Although previous meta-analyses have reported on the
efficacy of SEMS, our analysis uniquely illuminates a higher
success rate for primary anastomosis when SEMS was used as a
BTS and provides a more comprehensive understanding of the
benefit of SEMS at different anatomic sites, an aspect that has

been relatively understudied in previous studies.”"*

Malik et al. Colon stents as a bridge to emergency surgery

% our study has

However, similar to previous meta-analyses,
some limitations. We encountered common challenges asso-
ciated with large-scale studies of this nature. The inclusion of
observational studies and RCTs could introduce bias into the
analysis. Additionally, the significant heterogeneity observed
in certain outcomes might be due to variations in study de-
sign, patient populations, and stent placement techniques. The
strengths of this study lie in the careful selection of a large num-
ber of studies, along with subgroup analysis based on the site
of malignancy. We believe the results of this study establish the
role of SEMS in surgical candidates with malignant obstruction
of the colon.

In conclusion, in our meta-analysis of 57 studies, includ-
ing 7,223 patients, the use of SEMS as a BTS in patients with
malignant colon obstruction was associated with excellent
pooled clinical and technical success, with lesser chances of
postoperative adverse events and 30-day mortality, regardless
of the site of obstruction (right colon, left colon). Additionally,
primary anastomosis was significantly better when SEMS was
used preoperatively. In this day and age of healthcare, our study
findings support that minimally invasive and clinically effective
solutions to manage gastrointestinal conditions in a multidisci-
plinary manner are paramount for optimal patient outcomes.
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