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Abstract
AIM:  To assess the safety and efficacy of self-expandable metal stents (SEMSs) for malignant colorectal obstruction. 

METHODS: Data regarding technical success, clinical success, and procedure related complications were collected from included studies. DerSimonian-Laird random effects model was used to generate the overall outcome. Thirty international studies with a total of 2058 patients with malignant colorectal obstruction were included.  

RESULTS: The technical and clinical success rates for SEMS placement were 94% (95%CI: 92-96) and 91% (95%CI: 88-93), respectively. Overall complication rate for SEMS was 23% (95%CI: 18-29). Stent migration 8% (95%CI: 6-10) and stent obstruction 8% (95%CI: 6-11) were the most common complications, followed by perforation 5% (95%CI: 4%-7%). Surgical or endoscopic re-interventions were needed in 14% (95%CI: 10-18) of patients. Endoscopic repeat stent placement was required in 8% (95%CI: 6-10), while surgical intervention was needed in 6% (95%CI: 4-8).

CONCLUSION: SEMS are effective when used as palliation or bridge to surgery for malignant colorectal obstruction with high technical and clinical success. About 14% of patients require repeat endoscopic or surgical intervention for stent failure or to manage stent related complications. 
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Core tip: The technical and clinical success rates for self-expandable metal stents (SEMSs) placement were 94% (95%CI: 92-96) and 91% (95%CI: 88-93), respectively. Overall complication rate for SEMS was 23% (95%CI: 18-29). Stent migration 8% (95%CI: 6-10) and stent obstruction 8% (95%CI: 6-11) were the most common complications, followed by perforation 5% (95%CI: 4%-7%). Surgical or endoscopic re-interventions were needed in 14% (95%CI: 10-18) of patients. Endoscopic repeat stent placement was required in 8% (95%CI: 6-10), while surgical intervention was needed in 6% (95%CI: 4-8) Conclusions: SEMS are effective when used as palliation or bridge to surgery for malignant colorectal obstruction with high technical and clinical success. About 14% of patients require repeat endoscopic or surgical intervention for stent failure or to manage stent related complications.
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INTRODUCTION
Colorectal cancer (CRC) is a devastating disease that impacts patients and healthcare systems significantly globally[1].  In United States, CRC is the second leading cause of cancer related mortality. In addition to early   colon cancer screening, it is estimated that up to 50830 deaths will be attributed to CRC in the United States in 2013[1,2].  Approximately, 7% to 29% CRC patients presents with colon obstruction during clinical presentation[3-5]. Conventionally, these patients underwent emergency surgery (ES) with the creation of temporary or permanent colostomies to resolve symptoms. Despite an effective treatment alternative, surgery has been associated with high morbidity (32%-64%) and mortality rates (15%-34%)[4,5]. 
Spinelli et al[6] (1992) introduced self-expandable metal stents (SEMSs) to be used as palliative  initial therapy for malignant rectal obstruction. On these lines, colonic stent placement may be used to palliate obstructive symptoms either for those patients where resection is not deemed an option, or to allow bowel preparation prior to elective surgery, popularly known as bridge to surgery (BTS). Early studies supported colonic stent placement as reduction in mortality, morbidity and required number of colostomies observed, along with its ability to prevent the need for ES in patients that have disseminated metastatic disease or critical surgical risks[7,8].  Pooled analysis by Sebastian et al[9] provided support for the placement of SEMS for neoplastic colonic obstruction, as technical and clinical success rates observed were 94% and 91% respectively. However, some studies had raised the concerns regarding safety of SEMS as high rate of long term adverse events including perforation were reported[5,10,11]. In 2007, a multicenter randomized trial that compared safety of SEMS over surgery for palliation of obstruction in stage IV left-sided CRC patient population was prematurely terminated, due to the unexpectedly high rate of perforation in the non-surgical patients[12]. In 2011, another multicenter randomized trial, assessing safety of SEMS over ES in acute left-sided malignant obstruction patient cohort was also terminated prematurely, as an interim analysis showed increased 30-d morbidity in the SEMS group with no significant increase in their mean global health status[5]. Given the significant heterogeneity with conflicting outcomes in published literature, the objective of the current study was to systematically review the safety, efficacy and overall clinical impact of SEMS in patient cohort with malignant colorectal obstruction with a comprehensive meta-analytic approach.  

MATERIALS AND METHODS
Literature search strategy
Literature search for this systematic review was performed using the established guidelines (PRISMA) for systematic review[13]. Databases such as MEDLINE [Ovid MEDLINE(R) in-process and other non-indexed citations, Ovid MEDLINE(R) daily, Ovid MEDLINE(R) and Ovid OLD MEDLINE (R) 1946 to June 2013], SCOPUS (MEDLINE and EMBASE), Cochrane Database of Systematic Reviews, Google scholar, and CINAHL Plus were searched. A systematic literature search was performed by using following search terms: (1) “stent” and “CRC or colon cancer or rectal cancer or colonic obstruction or intestinal obstruction or bowel obstruction or malignant obstruction”; (2) “metal stent” and “CRC or colon cancer or rectal cancer or colonic obstruction or intestinal obstruction or bowel obstruction or malignant obstruction”; (3) self-expanding metal stent and “CRC or colon cancer or rectal cancer or colonic obstruction or intestinal obstruction or bowel obstruction or malignant obstruction”; and (4) SEMS and “CRC or colon cancer or rectal cancer or colonic obstruction or intestinal obstruction or bowel obstruction or malignant obstruction”.  Reference list of all the selected articles was screened to avoid exclusion of any potential article in the initial search. Literature search was limited to human subjects. Final screening to determine eligibility criteria for all the articles was performed independently by two investigators (NT and VK). All the differences were resolved by discussion with two senior investigators (MS and SG) on this study. After consensus, final report was retrieved and reviewed by the same two investigators (NT and VK).

Inclusion criteria
Study population: Patients diagnosed with primary or metastatic CRC having clinical and/or radiologic signs and symptoms of malignant bowel obstruction identified as cohort for this study.

Intervention: The intervention was endoscopic SEMS placement. 

Study design: Both retrospective and prospective studies who identified patients with malignant bowel obstruction and underwent endoscopic placement of SEMS for palliation or BTS were included.

Outcome: The primary outcome of the study was to evaluate endoscopically placed SEMS technique for the following parameters: technical and clinical success rate, rate of occurrence of adverse events (perforation, stent migration, and obstruction) and rate of need for re-interventions (surgical, endoscopic re-stenting, and other endoscopic interventions). 

Exclusion criteria
Case reports, case series and studies with insufficient data were excluded. The studies where stents placement was non-endoscopic by intervention radiologists were also excluded from the analysis. 

Data abstraction
Data was abstracted by two independent investigators (NT and VK) from the studies that met eligibility criteria. All the following extracted data was placed on standardized forms   (Microsoft Excel, Microsoft Corporation, Redmond, Wash): (1) Study characteristics: study design, setting and criteria, country, year of publication, sample size, clinical context; (2) Demographics: age (mean), male and female patient proportion; and (3) Interventions: SEMS type and manufacture. 

Outcomes: Technical and clinical success, complication, re-intervention rate.

Assessment of risk of bias
Assessment of study quality and risk of bias was performed as per guidelines established by Cochrane handbook[14]. Methods included were randomization schedule, conceal allocation, whether blinding was implemented, what proportion of patients completed follow-up, whether an intention-to-treat analysis was extractable, and whether there was evidence of selective reporting of outcomes. Two authors ((NT and BR) evaluated independently and conflicting issues were resolved after discussion with senior investigators (SG).

Data synthesis and analysis
For the purpose of this meta-analysis, the technical success was defined as accurate endoscopic SEMS deployment, with adequate stricture coverage without any immediate procedure related adverse event. Decompression and relief of obstructive symptoms within 72 h of SEMS placement without any adverse events was identified as clinical success. Obstruction was defined as obstruction due to tumor ingrowth, tumor overgrowth and fecal impaction requiring intervention. Other adverse events assessed include perforation, migration, bleeding, tenesmus and any other related symptoms.  Re-intervention was defined as surgical or endoscopic procedures done due to technical failure, clinical failure or adverse events. 
DerSimonian-Laird random effects model was used to pool the data across the studies and to obtain overall estimates (in percentages) and the 95% confidence intervals (CIs). Robustness of the random-effects model is more than the fixed effects model as it  incorporates weighing scheme both within and between-study variations[15]. Further subgroup analysis was performed for (1) indication of SEMS placement (palliation vs BTS); (2) prospective vs retrospective studies; (3) single center vs multicenter studies; and (4) geographical location (i.e., North America, Europe, and Asia). 
Cochran Q statistic was used to assess statistical heterogeneity with and between studies and further quantified using I2 statistics[16].  We arbitrarily defined I2 values of 25%, 50% and 75% for low, moderate and high heterogeneity, respectively and were generally used for descriptive purposes only[17]. To determine each study influence on pooled OR, removal of each study was done at a time in the meta-analysis during sensitivity analysis.  Tools like Egger regression asymmetry test[18], Fail-safe N tests, and the trim-and-fill method[19] were used to assess the  robustness of the meta-analysis for  the publication bias. To further evaluate publication bias using the standard error and diagnostic odds ratio Funnel plot was constructed[20,21]. All statistical tests were performed with the Comprehensive Meta-analysis version 2.0 (Biostat, Englewood, NJ). A value of P < 0.05 was considered statistically significant for this meta-analysis.  Statistical review of the study has been performed by an experienced biomedical statistician.

RESULTS
Literature search
Figure 1 depicts the study selection process.  Thirteen studies from Europe[5,10,22-32], 12 studies from Asia[7,33-43], 3 studies from North America[11,44,45] and 1 study each from Australia[8] and Africa[46] were included. There were 8 prospective studies[22-24,27,31,33,36-38] 17 retrospective studies[7,8,10,11,25,26,28-30,32,34,35,39,40,42,44,45], 4 randomized control trials[5,41,43,46] and one combined retrospective and prospective study[24]. Another randomized control trial by Pirlet et al[47] was excluded from the meta analysis as approximately half of the SEMS in this study were placed by an interventional radiologist non endoscopically. In total, 2058 patients with malignant CRC obstruction were treated with endoscopic SEMS placement: 1313 for palliation and 745 as BTS. The study characteristics for all l the included studies are shown in Table 1. The results regarding assessment for risk and bias and overall study quality are shown in Figure 2. 

SEMS type
Multiple types of stents were used in these studies including Enteral Wallstent[5,7,8,10,11,23-26,29,40,41,44,45] (Boston Scientific, Natick, MA), uncovered esophageal Wallstent[7] (Boston Scientific, Natick, MA), Ultraflex Precision colonic stent[7,11,22,24,25,44] (Boston Scientific, Natick, MA), Polyflex esophageal stent[44] (Boston Scientific, Natick, MA), Wallflex colonic stent[5,10,11,27,31,35,38,39,44,45] (Boston Scientific, Natick, MA), Choo-stent[7,23,25] (M.I. Tech Co, Ltd, Seoul, South Korea), Memotherm-Stent[23,25] (Bard, Germany), Colonic Z-Stent[25] (Cook Medical, Inc., Bloomington, IN), EsophaCoili[25] (Medtronic/Instent, Eden Prairie, MN), Microtech[8,36] (Nanjing Microinvasive Co, China), Hanarostent[10,29,32-35] (M.I.Tech Co, Seoul, South Korea), Niti-S colonic covered[35,37] (Taewoong Medical Co, Seoul, South Korea), Niti-S Colonic uncovered stent[37,39] (Taewoong Medical Co, Seoul, South Korea) and Comvi stent[38,39] (Taewoong Medical Co, Gimpo, South Korea). 

Meta-analysis
Technical and clinical success: Thirty studies reported technical success and were included in the analysis. Overall technical success rate was 94% (95%CI: 91.8-95.6) (Figure 3A). The I2 value for heterogeneity analysis was 58. The technical success rate in the palliation group (10 studies) was 94.2% (95%CI: 91.3-96.1) and in the BTS group (8 studies) was 89.4% (95%CI: 79.5-94.8).  
Twenty-nine studies reported clinical success and were included in the analysis. Overall clinical success rate was 90.6% (95%CI: 88.1-92.7) (Figure 3B). The I2 value for heterogeneity analysis was 51. The clinical success rate in the palliation group (10 studies) was 91.7% (95%CI: 88.7-94) and in the BTS group (8 studies) was 87.9% (95%CI: 78.1-93.7). The results of the subgroup analysis for both technical and clinical success based on indication, center, design, and region are shown in detail in Table 2.

Complications
The overall complication rate included complications like perforation, migration, and stent obstruction and any other reported complication like stent related bleeding, tenesmus etc. Twenty five studies reported all complications in detail and were included in the analysis of overall complication rate. The overall complication rate was 23.1% (95%CI: 18.5-28.6) (Figure 4A). The I2 value for heterogeneity analysis was 82. The complication rate was higher for palliation group (27.3%, 95%CI: 18.7-38) compared to BTS group (13.8%, 95%CI: 8.3-22.2). 
Stent occlusion due to tumor ingrowth, overgrowth or fecal impaction was the most common complication with overall stent occlusion rate of 8.3% (95%CI: 6.0-11.4) (Figure 4B).  Stent occlusion was most likely function of tumor growth and disease progression over time, as for palliation group stent occlusion rate was 9.5% (95%CI: 5.4-16.4) compared to only 1.9% (95%CI: 0.5-7.1) for BTS group.  
Stent migration was seen in 7.6% (95%CI: 5.7-10.0) of cases (Figure 4C). Once again, stent migration was more frequently seen in palliation group (10.2%, 95%CI: 7.1-14.5) compared to BTS group (4.1%, 95%CI: 2.0-8.1). 
Perforation was seen in 4.9% (95%CI: 3.6-6.6) cases (Figure 4D). Perforations being early complication after stent placement, perforation rates were similar between palliation group 5.4% (95%CI: 2.9-9.8) and BTS group 4.0% (95%CI: 1.9-8.2). The results of the subgroup analysis for all complication rates based on indication, center, design, and region are shown in detail in Table 3.

Re-intervention
Twenty studies reported unplanned surgical or endoscopic re-interventions after SEMS placement and were included in the analysis. The overall re-intervention rate was 13.6% (95%CI: 10.1-18.0) (Figure 5A). The I2 value for heterogeneity analysis was 69. Once again, re-interventions were required more frequently in palliation group (16.7%, 95%CI: 11.8-22.9) compared to BTS group (3.3%, 95%CI: 1.2-8.4). 
Unplanned emergency surgeries were needed in 5.8% (95%CI: 3.9-8.5) of patients (Figure 5B). Rescue surgeries were more frequently needed in palliation group (7.6%, 95%CI: 4.1-13.8) compared to BTS group (3.2%, 1.1-8.7). 
Repeat endoscopy with re-stent placement was needed in 8.0% (95%CI: 6.4-9.9) of cases (Figure 5C). Repeat endoscopy with interventions other than stent placement was observed in 3.8% (95%CI: 2.7-5.3) of cases (Figure 5D). These endoscopic intervention included endoscopy to control bleeding or to dis-impact fecal material blocking the stent. The results of the subgroup analysis for all re-interventions based on indication, center, design, and region are shown in detail in Table 4.  

Heterogeneity and publication bias
Heterogeneity was present in the analysis and was further explored by performing multiple subgroup analysis as shown in Tables 2, 3 and 4. For each analysis, sensitivity analysis by omitting one study at a time to evaluate the effect of single study on overall analysis was used to further explore heterogeneity. Sensitivity analysis did not reveal any particular study responsible for heterogeneity. 
Funnel plots for the publication bias with respect to both technical and clinical success are shown in Figure 6, respectively. Rejection of N test indicated that for the combined two-tailed P value were non-significant (P > 0.05); and with no significant findings, it would take an additional 4517 studies. Using the random effects model the overall technical success rate was 94% (95%CI: 0.92-0.96). After publication bias adjustment using “Trim and Fill”, the computed overall technical success rate was 93% (95%CI: 0.90-0.95). 

DISCUSSION
Our meta-analysis of 30 included studies showed overall clinical and technical success rates of 90.6% and 94%, respectively.  Further subgroup analysis showed different technical and clinical success rates respectively for studies that originated from Europe (92.8% and 89.1%), Asia (95.9% and 92.1%), and North America (96% and 92.5%). This could be related to the differences in patient population, extent and severity of colorectal obstruction, procedural volume, and training and experience of endoscopist. However, due to inconsistent reporting and lack of availability of these data, meta-regression analysis was not possible. The common reasons for technical failure were the following: inability to pass guide wire through region of obstruction, occurrence of iatrogenic perforation during insertion, presence of metachronous bowel obstruction, miscalculation of length of stricture and presence of tortuousities or kinks in colonic lumen making insertions difficult. Based on a retrospective review of 412 patients where SEMSs were used for malignant colorectal obstruction, Yoon et al[48] reported that presence of carcinomatosis, extracolonic origin of tumor,and proximal site of obstruction were the factors related to technical failure. Similarly no additional chemotherapy, dilation prior to stent placement, and extracolonic origin of the tumor were related to long-term clinical failure in the palliation group[48]. 
The overall adverse event rate in the SEMS group was 23.1%, with stent obstruction, migration, and perforation being the most common adverse events. Tenesmus, intra-abdominal abscesses and rectovesical fistulas were also reported as rare adverse events of SEMS in included studies. The overall rate of adverse event was greater when SEMSs were used for palliation (27.3%) when compared to their use as a BTS (13.8%); especially the frequency of stent obstruction (9.5% vs 1.9%) and stent migration (10.2% vs 4.1%) were higher in the palliation group, while the rate of perforation was comparable between both the groups (5.4% vs 4.0%). This increased adverse event rate in the palliation group was merely a function of the fact that the stent stayed for longer duration in palliation cases, so is more likely to eventually obstruct or migrate. Male sex, complete obstruction, stricture dilation during SEMS insertion, experience of the operator and stent diameter ≤ 22 mm, were identified as risk factors for adverse event related to SEMS placements[5,9]. Small et al[11] reported a threefold increase in the rate of perforation in patients receiving BevacizumabTM therapy after SEMS placement. Patients who had received BevacizumabTM therapy prior to SEMS placement showed no increased susceptibility to perforation[11]. Stool impaction, tumor ingrowth or tumor outgrowth were major reasons for stent obstruction[24,39,44].
Re-intervention measures including unplanned surgery 6.0% (95%CI: 4.0-8.9), endoscopic re-stenting 8.2% (95%CI: 6.6-10.1) and other endoscopic interventions 3.9% (95%CI: 2.8-5.4) were performed in 14.3% (95%CI: 10.7-18.9) of the patients. Re-interventions after SEMS placements were needed more often in the palliative group 16.7% (95%CI: 11.8-22.9) than in the BTS group 3.9% (95%CI: 1.3-11.4), which also might have attributed to higher incidence of long-term clinical failure in the palliation group. Adverse events such as SEMS migration and obstruction were chiefly managed endoscopically by procedures including reinsertion of stent, removal and replacement of stent, insertion of additional stents and trimming of the stent by argon plasma coagulation; whereas perforation was usually managed by surgical intervention.
Use of SEMS for decompression offers several advantages. In a palliative setting, it provides a better quality of life by avoiding a surgery with probable colostomy and significantly reduces hospital stay. In an emergency BTS setting, it allows time for bowel preparation, a full workup, and hyperalimentation of the patient prior to definitive surgery and thus increases likelihood of single stage colonic resection and anastomosis, with lower morbidity and mortality. To date, there are four randomized control trials[5,41,43,46] (RCTs) that evaluated endoscopic SEMS for BTS versus ES. There are no RCTs evaluating palliative SEMS versus palliative surgery. First RCT was a single center trial by Cheung et al[41] that evaluated SEMS for BTS versus ES in 48 patients and reported that patients with SEMS as BTS followed by laparoscopic surgery had significantly less lower pain and cumulative blood loss, incidence of anastomotic leak, and infection in wound infection. Also, patients in SEMS group had significantly more successful one stage operation (16 vs 9, P = 0.04)[41]. The SEMS placements in the study were done by two dedicated endoscopists[41]. In contrast, more recently van Hooft et al[5] evaluated SEMS as BTS against ES in a multicenter (25 hospitals in Netherlands) RCT. Two successive interim analyses showed increased 30 d mortality in colonic stenting group and this study was stopped[12].  At final analysis of 98 patients (SEMS 47, ES 51), no difference was seen between two groups in 30 d mortality, morbidity, and stoma rate.  This study had a relatively low technical success rate of only 70% and a high perforation rate of 20%, which are not the experience at most tertiary centers.  This may be attributable to several factors.  In order to increase recruitment, the study was not confined to tertiary care centers and endoscopists only had to have prior experience in deploying 10 colonic stents to participate in this study.  25 centers performed 47 stent placements, with some presumably low volume centers performing only a single stent placement.  The experience of the endoscopists at low volume centers may therefore have been a significant factor in modulating these results.  Finally a higher than usual proportion (70%) of patients in this study had complete obstruction compared with most other series and this population can be expected to have a greater morbidity.  In patients with complete obstruction, SEMS placement is difficult and it is a known risk factor for adverse events after SEMS placement[11]. Both additional RCTs[43,46] concluded that both SEMS and ES are feasible with trend towards lower post-operative morbidity and mortality with SEMS placement. 
In conclusion, our meta-analysis showed that in CRC patients with malignant colonic obstruction, use of SEMS for palliation or as a BTS was quite efficacious with more than 90% of the cases achieving technical and clinical success. The overall adverse event rate was 23.5%, with the major adverse events being obstruction (8.3%), stent migration (7.6%), and perforation (4.9%). Also up to 15% of the patients required endoscopic and surgical re-interventions. Therefore, while choosing between ES and SEMS insertion it is advisable to individualize each decision after discussing the risks and benefits of both with the patients. Further prospective studies comparing the outcomes, in particular the adverse event rates between high and low volume centers for surgery and stent placements are desirable to provide further insights in the management of malignant colonic obstruction.

COMMENTS
Background
Malignant colonic obstruction is present in about 7% to 29% of the colorectal patients. Conventional treatment such as elective surgery is present, but has high chances of morbidity and mortality. Introduction of self-expandable metal stent (SEMS) is an initial therapy for malignant colonic obstruction provided an effective alternative, but long term outcomes are still warranted and under study.  

Research frontiers
The meta-analysis evaluates the efficacy of SEMS over emergency surgery in colorectal patients having malignant colonic obstruction. 

Innovations and breakthroughs
The key findings of the study indicate that use of SEMS significantly reduces the mortality and morbidity rates among colorectal cancer (CRC) patients. The authors found 91% of clinical success rate and 23% of complication rate when SEMS was used. Migration and perforation were among the most common complications observed when SEMS was used. Further interventions were required in about 14% of the patients. 
 
Applications
SEMS is a safe device and its use can make it a more effective screening tool to prevent malignant colonic obstruction in CRC patients. 

Terminology
A self-expandable metallic stent (or SEMS) is a metallic tube used to hold and open a structure in the gastrointestinal tract. It helps in the passage of food, stool and other secretions. These stents are placed in gastrointestinal tract with the help of endoscopy either through mouth or through colon. Fluoroscopy is the other method used to place these stents.  

Peer-review
This is a good paper.
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Table 1 Studies Included in meta-analysis
	

	
	Ref.
	Study design
	SEMS
	Total

	
	
	
	Palliation
	BTS
	

	Palliation

	1
	Ptok[23]-2006-Germany
	Prospective, Single Center
	48
	0
	48

	2
	Repici[22]-2007-Europe
	Prospective, Multicenter
	44
	0
	44

	3
	Im[33]-2008-South Korea
	Prospective, Single Center
	49
	0
	49

	4
	Suh[34]-2010-South Korea
	Retrospective, Single Center
	55
	0
	55

	5
	Jung[35]-2010-South Korea
	Retrospective, Single Center
	39
	0
	39

	BTS

	6
	Fregonese[24]-2008-United Kingdom
	Prospective and Retrospective, Multicenter
	0
	36
	36

	7
	Li-2010[36]-China
	Prospective, Single Center
	0
	52
	52

	Palliation and BTS

	8
	Meisner-2004[25]-Denmark
	Retrospective, Single Center
	51
	38
	89

	9
	Soto-2006[26]-Spain
	Retrospective, Single Center
	36
	22
	58

	10
	Lee-2007[37]-South Korea
	Prospective, Single Center
	37
	43
	80

	11
	Repici-2008[27]-Europe
	Prospective, Multicenter
	23
	19
	42

	12
	Stipa-2008[28]- Italy
	Retrospective, Single Center
	9
	22
	31

	13
	Branger-2010[29]-France
	Retrospective, Single Center
	66
	27
	93

	14
	Fernandez-Esparrach-2010[10]-Spain
	Retrospective, Single Center
	38
	9
	47

	15
	Lee-2010[44]-United States
	Retrospective, Single Center
	41
	5
	46

	16
	Park-2010[38]-South Korea
	Prospective, Single Center
	107
	44
	151

	17
	Small-2010[11]-United States
	Retrospective, Single Center
	168
	65
	233

	18
	West-2010[30]-United Kingdom
	Retrospective, Multicenter
	21
	6
	27

	19
	Meisner-2011[31]-Denmark
	Prospective, Multicenter
	257
	182
	439

	Palliative SEMS vs palliative surgery

	20
	Law-2003[7]-China
	Retrospective, Single Center
	30
	0
	61

	21
	Carne-2004[8]-New Zealand
	Retrospective, Single Center
	25
	0
	44

	22
	Suarez-2009[32]-Spain
	Retrospective, Single Center
	45
	0
	98

	23
	Vemulapalli-2009[45]-United States
	Retrospective, Single Center
	53
	0
	123

	24
	Lee-2011[39]-South Korea
	Retrospective, Single Center
	71
	0
	144

	SEMS as BTS vs emergency surgery

	25
	Ng-2006[40]-Hong Kong
	Retrospective, Single Center
	0
	20
	60

	26
	Cheung-2009[41]-China
	Randomized Controlled Trial, Single Center
	0
	24
	48

	27
	Guo-2011[42]-China
	Retrospective, Single Center
	0
	34
	92

	28
	vanHooft-2011[5]-The Netherlands
	Randomized Controlled Trial, Multicenter
	0
	47
	98

	29
	Ho-2011[43]-Singapore
	Randomized Controlled Trial, Single Center
	0
	20
	39

	30
	Abdel-Hamid-2013[46]-Egypt
	Randomized Controlled Trial, Single Center
	0
	30
	60

	
	Total
	
	1313
	745
	2058



BTS: Bridge to surgery; SEMS: Self-expandable metal stent.



Tables 2 Efficacy of self-expandable metal stent placement

	Category and subgroups
	Studies
	Event rate (%)
	95%CI
	P value
	I2 value

	Technical success
	30
	94.0
	91.8-95.6
	0.000
	58.07

	
Indication
	Palliation
	10
	94.2
	91.3-96.1
	0.580
	0.00

	
	BTS
	8
	89.4
	79.5-94.8
	0.003
	67.14

	Center
	Single Center
	24
	94.1
	92.1-95.6
	0.06
	32.74

	
	Multicenter
	6
	93.3
	83.1-97.5
	0.000
	84.70

	Design
	Prospective
	11
	93.1
	86.9-96.5
	0.000
	80.94

	
	Retrospective
	18
	94.4
	92.7-95.7
	0.846
	0.00

	Region
	Asia
	12
	95.2
	91.0-97.5
	0.005
	58.82

	
	Europe
	13
	92.8
	89-95.4
	0.001
	65.40

	
	North America
	3
	96.0
	93.2-97.6
	0.679
	0.00

	

	Clinical success
	29
	90.6
	88.1-92.7
	0.001
	50.58

	Indication
	Palliation
	10
	91.7
	88.7-94
	0.719
	0.00

	
	BTS
	8
	87.9
	78.1-93.7
	0.004
	66.35

	Center
	Single Center
	23
	90.8
	88.4-92.7
	0.042
	36.52

	
	Multicenter
	5
	89.7
	76.7-95.9
	0.004
	73.93

	Design
	Prospective
	10
	89.7
	82.6-94.0
	0.001
	72.48

	
	Retrospective
	18
	91.0
	88.7-92.3
	0.238
	18.04

	Region
	Asia
	12
	91.2
	87.2-94.1
	0.044
	45.37

	
	Europe
	12
	89.1
	84.5-92.3
	0.029
	48.73

	
	North America
	3
	92.5
	83.9-96.7
	0.040
	69.03



BTS: Bridge to surgery.


Table 3 Safety of self-expandable metal stent placement 

	Category and subgroups
	Studies
	Event rate (%)
	95%CI
	P value
	I2 value

	Overall complication rate
	25
	23.1
	18.5-28.6
	0.000
	81.86

	Indication
	Palliation
	10
	27.3
	18.7-38
	0.000
	80.60

	
	BTS
	3
	13.8
	8.3-22.2
	0.371
	0.00

	Center
	Single Center
	20
	25.2
	20.1-31.1
	0.000
	78.20

	
	Multicenter
	5
	16.2
	10.8-23.6
	0.058
	56.11

	Design
	Prospective
	8
	20.6
	13.6-30.0
	0.000
	82.64

	
	Retrospective
	16
	25.0
	19.1-31.8
	0.000
	79.08

	Center
	Asia
	9
	25.1
	16.1-36.9
	0.000
	84.93

	
	Europe
	12
	21.3
	15.1-29.1
	0.000
	81.28

	
	North America
	3
	28.0
	21.9-35
	1.000
	0.00

	Obstruction rate
	25
	8.3
	6.0-11.4
	0.000
	68.79

	Indication
	Palliation
	10
	9.5
	5.4-16.4
	0.001
	69.55

	
	BTS
	3
	1.9
	0.5-7.1
	0.959
	0.00

	Center
	Single Center
	20
	8.7
	6.2-12.1
	0.000
	63.23

	
	Multicenter
	5
	3.1
	1.8-5.4
	0.000
	80.21

	Design
	Prospective
	8
	8.2
	4.9-13.5
	0.001
	70.11

	
	Retrospective
	16
	8.7
	5.7-13.0
	0.000
	67.79

	Region
	Asia
	9
	9.8
	5.3-17.2
	0.000
	74.58

	
	Europe
	12
	7.7
	4.8-12.1
	0.001
	63.77

	
	North America
	3
	7.5
	5.1-10.9
	0.961
	0.00

	Migration rate
	29
	7.6
	5.7-10.0
	0.000
	55.48

	Indication
	Palliation
	10
	10.2
	7.1-14.5
	0.150
	32.56

	
	BTS
	7
	4.1
	2.0-8.1
	0.687
	0.00

	Center
	Single Center
	23
	9.7
	7.7-12.1
	0.061
	33.51

	
	Multicenter
	6
	2.1
	1.2-3.6
	0.977
	0.00

	Design
	Prospective
	10
	5.5
	2.6-11.3
	0.000
	79.25

	
	Retrospective
	18
	9.0
	7.3-11.1
	0.389
	5.55

	Center
	Asia
	12
	10.2
	7.9-13.0
	0.434
	0.95

	
	Europe
	13
	5.4
	2.9-10.0
	0.000
	75.80

	
	North America
	3
	7.8
	5.4-11.3
	0.972
	0.00

	Perforation rate
	29
	4.9
	3.6-6.6
	0.037
	34.39

	Indication
	Palliation
	10
	5.4
	2.9-9.8
	0.054
	46.00

	
	BTS
	7
	4.0
	1.9-8.2
	0.646
	0.00

	Center
	Single Center
	23
	5.1
	3.6-7.2
	0.042
	36.56

	
	Multicenter
	6
	4.0
	2.6-4.7
	0.586
	0.00

	Design
	Prospective
	10
	3.1
	2.1-4.7
	0.722
	0.00

	
	Retrospective
	18
	6.2
	4.4-8.6
	0.117
	29.48

	Center
	Asia
	12
	3.6
	1.8-7.0
	0.024
	50.02

	
	Europe
	13
	4.4
	3.2-6.0
	0.472
	0.00

	
	North America
	3
	8.4
	5.8-11.9
	0.463
	0.00



BTS: Bridge to surgery.



Table 4 Re-intervention rates
	Category and subgroups
	Studies
	Event rate (%)
	95%CI
	P value
	I2 value

	Overall re-intervention rate
	20
	13.6
	10.1-18.0
	0.000
	68.79

	Indication
	Palliation
	8
	16.7
	11.8-22.9
	0.077
	45.30

	
	BTS
	4
	3.3
	1.2-8.4
	0.758
	0.00

	Center
	Single Center
	17
	14.2
	10.3-19.2
	0.000
	70.10

	
	Multicenter
	3
	10.3
	4.3-22.6
	0.114
	53.94

	Design
	Prospective
	7
	14.8
	9.5-22.4
	0.069
	48.81

	
	Retrospective
	12
	13.6
	9.1-19.9
	0.000
	75.17

	Region
	Asia
	6
	11.6
	6.8-19.3
	0.066
	51.74

	
	Europe
	9
	13.2
	8.8-19.4
	0.011
	59.63

	
	North America
	3
	14.7
	11.3-19.0
	0.034
	70.54

	Surgical intervention rate
	20
	5.8
	3.9-8.5
	0.011
	46.79

	Indication
	Palliation
	8
	7.6
	4.1-13.8
	0.048
	50.62

	
	BTS
	4
	3.2
	1.1-8.7
	0.641
	0.00

	Center
	Single Center
	17
	6.1
	4.0-9.2
	0.009
	50.50

	
	Multicenter
	3
	3.6
	1.3-9.2
	0.675
	0.00

	Design
	Prospective
	7
	5.1
	2.6-9.8
	0.193
	30.76

	
	Retrospective
	12
	5.9
	3.5-9.9
	0.007
	57.59

	Region
	Asia
	6
	4.2
	2.2-7.9
	0.411
	0.81

	
	Europe
	9
	5.4
	2.9-9.9
	0.051
	48.24

	
	North America
	3
	9.2
	3.7-21.2
	0.016
	75.87

	Endoscopic re-stent rate
	20
	8.0
	6.4-9.9
	0.439
	2.15

	Indication
	Palliation
	8
	9.7
	6.6-14.2
	0.304
	16.02

	
	BTS
	4
	1.5
	0.4-5.7
	0.973
	0.00

	Center
	Single Center
	17
	8.3
	6.6-10.2
	0.486
	0.00

	
	Multicenter
	3
	3.9
	1.1-12.3
	0.296
	17.95

	Design
	Prospective
	7
	8.4
	5.3-13.1
	0.320
	14.45

	
	Retrospective
	12
	7.9
	6.1-10.1
	0.486
	0.00

	Region
	Asia
	6
	8.5
	4.5-15.3
	0.113
	43.89

	
	Europe
	9
	6.8
	4.8-9.7
	0.706
	0.00

	
	North America
	3
	8.3
	5.7-11.8
	0.600
	0.00

	Other endoscopic intervention rate
	21
	3.8
	2.7-5.3
	0.620
	0.00

	Indication
	Palliation
	8
	3.1
	1.5-6.1
	0.601
	0.00

	
	BTS
	4
	1.8
	0.5-6.0
	0.993
	0.00

	Center
	Single Center
	18
	3.4
	2.3-4.8
	0.737
	0.00

	
	Multicenter
	3
	6.3
	2.7-13.7
	0.333
	8.99

	Design
	Prospective
	7
	4.2
	2.3-7.7
	0.412
	1.59

	
	Retrospective
	13
	3.7
	2.5-5.5
	0.553
	0.00

	Region
	Asia
	6
	1.8
	0.8-4.3
	0.980
	0.00

	
	Europe
	10
	3.7
	2.0-6.6
	0.280
	17.68

	
	North America
	3
	4.7
	2.9-7.8
	0.475
	0.00



BTS: Bridge to surgery.



Figure 1 Study selection process.
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Figure 2 Summary of risk and bias along with overall quality assessments of included studies.
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Figures 3 Forest plot for technical success (A) and clinical success (B) after endoscopic placement of self-expandable metal stent for malignant colorectal obstruction. The size of the each square is proportional to the sample size for each study, and the horizontal lines through the squares indicated the 95%CI for that study. For the pooled analysis, the diamond indicated the pooled value and the right and left ends of the vertical dashed bar indicated the 95%CI for the analysis.
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Figures 4 Forest plot for overall complication rate (A), stent occlusion rate (B), stent migration rate (C), and perforation rate (D) after endoscopic placement of self-expandable metal stent for malignant colorectal obstruction. The size of the each square is proportional to the sample size for each study, and the horizontal lines through the squares indicated the 95%CI for that study. For the pooled analysis, the diamond indicated the pooled value and the right and left ends of the vertical dashed bar indicated the 95%CI for the analysis.
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Figures 5 Forest plot for overall re-intervention rate (A), surgical intervention rate (B), endoscopic re-stent rate (C), and other endoscopic intervention rate (D) after endoscopic placement of self-expandable metal stent for malignant colorectal obstruction. The size of the each square is proportional to the sample size for each study, and the horizontal lines through the squares indicated the 95%CI for that study. For the pooled analysis, the diamond indicated the pooled value and the right and left ends of the vertical dashed bar indicated the 95%CI for the analysis.
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Figure 6 Funnel plots to depict publication bias with respect to technical success (A) and clinical success (B).


2157


116


30


Initial search combining Medline, Scopus, CINAHL plus, Cochrane, and Google Schlor


2041 articles excluded based on the titles and abstract review


88 articles excluded after detail review due to reasons listed below:


32 were case reports/or case series


27 were review articles


14 studies were by intervention radiologist as opposed to endoscopic SEMS


10 studies were excluded due to incomplete data


3 were in-vitro / animal studies
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