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Abstract
BACKGROUND
[bookmark: _Hlk503181796]Colonic stents are increasingly used to treat acute malignant colonic obstructions. The WallFlex and Niti-S D type stents are the commonly used self-expandable metallic stents available in Japan since 2012. WallFlex stent has a risk of stent-related perforation because of its axial force, while the Niti-S D type stent has a risk of obstructive colitis because of its weaker radial force. Niti-S MD type stents not only overcome these limitations but also permit delivery through highly flexible-tipped smaller-caliber colonoscopes.

AIM
To compare the efficacy and safety of the newly developed Niti-S MD type colonic stents.

METHODS
[bookmark: _Hlk35872697]This single-center retrospective observational study included 110 patients with endoscopic self-expandable metallic stents placed between November 2011 and December 2018: WallFlex (Group W, n = 37), Niti-S D type (Group N, n = 53), and Niti-S MD type (Group MD, n = 20). The primary outcome was clinical success, defined as a resolution of obstructive colonic symptoms, confirmed by clinical and radiological assessment within 48 h. The secondary outcome was technical success, defined as accurate stent placement with adequate stricture coverage on the first attempt without complications.

RESULTS
The technical success rate was 100% in Groups W, N, and MD, and the overall clinical success rate was 89.2% (33/37), 96.2% (51/53), and 100% (20/20) in Groups W, N, and MD, respectively. Early adverse events included pain (3/37, 8.1%), poor expansion (1/37, 2.7%), and fever (1/37, 2.6%) in Group W and perforation due to obstructive colitis (2/53, 3.8%) in Group N (likely due to poor expansion). Late adverse events (after 7 d) included stent-related perforations (4/36, 11.1%) and stent occlusion (1/36, 2.8%) in Group W and stent occlusion (2/51, 3.9%) in Group N. The stent-related perforation rate in Group W was significantly higher than that in Group N (P < 0.05). No adverse event was observed in Group MD.

[bookmark: _Hlk33637103][bookmark: _Hlk29286201]CONCLUSION
[bookmark: _Hlk503182273]In our early and limited experience, the newly developed Niti-S MD type colonic stent was effective and safe for treating acute malignant colonic obstruction. 
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Core tip: We developed a new self-expandable metallic stent, the Niti-S MD colonic stent (with a diameter of 22 mm), that can be deployed using the 9-Fr delivery system. The stent not only increased the radial force while maintaining the stent structure and low axial force but also permitted delivery through highly flexible-tipped smaller-caliber colonoscope with a working channel of 3.2 mm. In this study, the technical and clinical success rate of the Niti-S MD type was 100%, and its perforation rate was 0%. It was safe and effective for treating acute malignant colonic obstruction.


INTRODUCTION
[bookmark: _Hlk26814553]Colorectal cancer is ranked third in the United States. Acute colonic obstruction is one of the symptoms seen among patients with colorectal cancer, requiring urgent decompression. Endoscopic stenting with self-expandable metallic stents (SEMS) has become one of the standard treatments for symptomatic malignant colonic obstruction (MCO). SEMS insertion for palliative decompression of MCO was first reported by Dohmoto[1] in 1991; nowadays, SEMS offers an effective alternative option for palliative (PAL) surgery and act as a bridge-to-surgery (BTS)[2]. The incidence of adverse events of SEMS for MCO is considered low; however, the serious complication (such as perforation) -related mortality rate could increase to 50%[3].
Lee et al[3] reported the risk factors for perforation and proposed that the axial force, radial force, and shape of the stent, including those of the tip, can be factors for perforation. The WallFlex colonic stent (Enteral Colonic Uncovered Stent; Boston Scientific, Corp., Natick, MA, United States) and Niti-S D type colonic stent (Enteral Colonic Uncovered Stent; Taewoong Medical Co., Gimpo, South Korea) are widely used in Japan. The WallFlex stent is knitted in a spiral shape with a proximal flared end, whereas the Niti-S D type stent is hand-knitted in a net shape and does not have a flared proximal end. With its design and spiral knitting construction, the WallFlex stent has stronger axial force than the Niti-S D type stent, resulting in recoil of the WallFlex stent to a straight position after deployment. This may increase the risk of the stent-related perforation when compared with the Niti-S D type stent[4-6]. On the other hand, the Niti-S D type stent has lower radial force, resulting in weaker horizontal expansion of the radius of the stent to overcome tumor obstruction that can cause obstructive colitis and perforation.
[bookmark: _Hlk503182178][bookmark: _Hlk26085578]Stents are deployed using a standard colonoscope, which can pose a challenge while overcoming sharp angles. Smaller caliber colonoscopes are designed for passive bending and easy maneuverability, facilitating scope advancement and cecal intubation where the standard colonoscope has failed[7]. A smaller-caliber colonoscope can be ideal for stent deployment, but the main drawback is its channel of 9.2 mm, that would only allow 9Fr delivery catheter (available only with stents of diameter 18 mm that have less radial force than 22 mm stents that require larger scope channels).
To overcome the above, we developed a new SEMS, the Niti-S MD colonic stent (with diameter of 22 mm), that can be deployed using a 9-Fr delivery system. Although this 22-mm Niti-S MD stent has stronger radial force than the conventional 18-mm Niti-S D type, it maintains a low axial force that facilitates maintenance of the shape of the stent when deployed.
[bookmark: _Hlk503182515]This observational study aimed to evaluate the efficacy and safety of the newly developed Niti-S MD type colonic stent and to retrospectively compare it with conventional colonic stents.

[bookmark: _Hlk27568397]MATERIALS AND METHODS
Study design and patients
This single-center retrospective observational study was conducted to evaluate the efficacy, safety, and feasibility of the newly developed Niti-S MD type colonic stent. Additionally, retrospective comparison was carried out with the conventional WallFlex and Niti-S D type colonic stents. Data were collected and analyzed from 105 consecutive patients (110 lesions; male/female, 58/47; average age, 73.5 years), who underwent endoscopic SEMS placement for MCO between November 2011 and December 2018 at the Kure Medical Center and Chugoku Cancer Center.
[bookmark: _Hlk503173370]This study was carried out in accordance with the principles of the Declaration of Helsinki in compliance with good clinical practice and with local regulations. The nature of the procedure was explained, and informed consent for the procedure and data collection was obtained from all patients. The study was approved by the Institutional Review Board Ethics Committees of the National Hospital Organization Kure Medical Center and Chugoku Cancer Center.
The WallFlex colonic stent was used in 35 consecutive patients (37 lesions: Group W) between November 2011 and September 2013. In 2013, the Niti-S D type colonic stent became available in Japan and was used in 51 consecutive patients (53 lesions: Group N) between October 2013 and December 2017. We developed a new stent (Niti-S MD type) in 2018 and used it to treat 20 consecutive patients (20 lesions: Group MD) between January 2018 and December 2018. Data in all cases were analyzed.

Stent devices
The WallFlex stent is a SEMS made from knitted nitinol wire in a spiral shape with flared oral end (proximal side) and a loop anal end (distal end). Because of the spiral structure, the stent extends when pulled on the long axis. In addition, as the axial force is strong, the stent is easy to linearize. The WallFlex stent is available in three sizes (6 cm, 9 cm, and 12 cm) and two diameters (22 mm and 25 mm).
The Niti-S D type stent is a SEMS made from hand-knitted nitinol wire mesh that has neither the flare nor the loop end. Weak axial force enables it to adapt well even in the bent position. This stent is available in two diameters (18 mm and 22 mm) and four sizes (6 cm, 8 cm, 10 cm, and 12 cm).
[bookmark: _Hlk503091464]The newly developed stent, Niti-S MD type, is a 22-mm diameter stent mounted onto a 9-Fr delivery system that maintains the shape and axial force of the Niti-S D type stent but provides additional expansion radial force. Since this stent can be inserted through a working channel, 3.2 mm in diameter, it allows the use of a smaller caliber colonoscope. It is available in four sizes (6 cm, 8 cm, 10 cm, and 12 cm) (Figure 1).

Criteria for colonic SEMS placement
The inclusion criteria for colonic SEMS placement were as follows: Patients presenting with acute colonic obstruction and radiological features (as observed by computed tomography) consistent with a carcinoma.
The exclusion criteria were as follows: suspected bowel perforation, multiple sites of small bowel or colonic obstruction due to peritoneal dissemination, severe inflammatory changes around the tumor, and contraindication to endoscopic treatment.

Endoscopic procedure for SEMS insertion
Procedures were performed using CF-HQ290ZI (Olympus Optical Co., Tokyo, Japan), PCF-H290I (smaller-caliber; Olympus Optical Co., Tokyo, Japan), or PCF-Q260AZI (smaller-caliber; Olympus Optical Co., Tokyo, Japan) colonoscopes. A certified endoscopist experienced in stenting performed all the procedures. Combined endoscopic and fluoroscopic approaches were used to deploy the stent.
Glycerin enema was used to prepare and clean the colon distal to the stenosis to improve endoscopic views. After identifying the obstruction site, the length of the stricture was measured under fluoroscopy by a contrast agent using an endoscopic retrograde cholangiopancreatography catheter. The stricture site was marked with clips to identify the location prior to stent placement. The guidewire was then advanced through the stenosis to cover the entire length of the stenosis (using the scope method). After accurate positioning, the stent was deployed from the oral (proximal) to the anal (distal) side by releasing the sheath from the stent catheter. Proper positioning and expansion of the stent were confirmed both with radiological images and endoscopic views. In addition, abdominal radiographs were obtained at 24 and 48 h to rule out stent migration and poor or failed expansion.

Measurements of outcomes
The primary outcome was clinical success, defined as resolution of the obstructive symptoms confirmed by clinical and radiological assessment within 48 h. Clinical success was based on the ColoRectal Obstruction Scoring System (CROSS) score[8]. Adler et al[9,10] constructed this score to establish a scoring system similar to that used for assessing the condition of patients with malignant gastric outlet obstruction, and to assess oral intake and abdominal symptoms before and after treatment. CROSS is scored by oral intake ability and abdominal symptoms as follows: (1) Requiring continuous decompressive procedure, 0; (2) No oral intake, 1; (3) Liquid or enteral nutrient, 2; (4) Soft solids, low residue, 3; and (5) Full diet without symptoms of stricture, 4.
The secondary outcome was technical success, which was defined as accurate stent placement with adequate stricture coverage on the first attempt without any adverse events. Procedure-related adverse events recorded were as follows: Perforation, re-obstruction, stent migration, infection/fever, abdominal pain, and tenesmus. Adverse events that developed within and after 7 d, including the day of stenting, were defined as early and late adverse events. respectively[11].

Statistical analysis
Data are presented as mean ± SD or median (range). Fisher’s exact test was used to compare qualitative variables, and Wilcoxon rank sum test was used to compare quantitative variables. A P value of <0.05 was considered statistically significant. All statistical analyses were performed using JMP software (SAS Institute, Inc., Cary, NC, United States).

RESULTS
Patient flowchart
Figure 2 shows a flowchart of the patient allocation. The study participants included 105 patients (male/female: 58/47) with 110 lesions. No patients were excluded from the study during the study period. Among these, 35 patients (37 lesions) were treated with WallFlex colonic stents (Group W), 51 patients (53 lesions) with Niti-S D type colonic stents (Group N), and 19 patients (20 lesions) with the newly developed “Niti-S MD type” colonic stent (Group MD). In Group W, a SEMS was placed in 19 lesions (51.4%) as BTS and in 18 lesions (48.6%) as PAL; in Group N, a SEMS was placed in 32 lesions (60%) as BTS and in 21 lesions (40%) as PAL; and in Group MD, a SEMS was placed in 10 lesions (50%) as BTS and in 10 lesions (50%) as PAL.

Patient and tumor characteristics
[bookmark: _Hlk23682792]Table 1 shows a summary of the clinical characteristics of the patients and tumors in this study. Among them, 18 men (48.6%) and 19 women (51.4%) comprised the Group W, while 28 men (52.8%) and 25 women (47.2%) comprised the Group N.
The mean patient age was 71.4 years ± 11.8 years in Group W (n = 37) and 74.3 years ± 13.6 years in Group N (n = 53). The stricture was located in the right colon (ileocecal, ascending colon, hepatic flexure, and transverse colon) in 8/37 (21.6%) of cases, in the left colon (rectosigmoid junction, sigmoid and descending colon, splenic flexure) in 27/37 (73.0%), and in the rectum in 2/37 (5.4%) in Group W vs 14/53 (26.4%), 38/53 (71.7%), and 1/53 (1.9%) in Group N, respectively. The stenosis was due to the primary tumor in 30/37 (81.1%) of cases and due to metastatic lesion in 7/37 (18.9%) in Group W vs 49/53 (92.5%) and 4/53 (7.5%) in Group N, respectively. The median length of the stenosis was 5.0 cm (range 2.0–13.0 cm) in Group W and 5.0 cm (range 2.0–11.0 cm) in Group N.
Group MD was composed of 15 (75%) men and 5 (25%) women, and the mean patient age was 73.7 years ± 9.6 years. The stricture was located in the right colon in 6/20 (30%), in the left colon in 10/20 (50%), and in the rectum in 4/20 (20%). The stenosis was due to the primary tumor in 13/20 (65%) of cases and 7/20 (35%) due to a metastatic lesion. The median length of the stenosis was 6.2 cm (range 2.5–11.5 cm).

Clinical outcomes in Group MD vs Groups W and N
Table 2 shows outcomes in each stent group and a summary of stent types with their sizes and diameters. Stents were placed successfully in all patients. The clinical success rate in Group MD was 100% (20/20). The average procedure time (±SD) was 31.3 min ± 11.2 min, and the mean CROSS score before/after stenting was 1.4 ± 0.9/3.8 ± 0.5.
The clinical success rate was 89.2% (33/37) in Group W and 96.2% (51/53) in Group N. The clinical success rate for BTS and PAL in Group W were 100% (19/19) and 77.8% (14/18), while 96.9% (31/32) and 95.2 % (20/21) in Group N, respectively. The average procedure times were 32.6 min ± 14.0 min and 33.6 min ± 23.7 min in Groups W and N, respectively. The mean CROSS score before/after stenting was 1.6 ± 1.2/3.8 ± 0.8 and 1.2 ± 1.0/3.8 ± 0.7 in Groups W and N, respectively. No significant difference in outcomes was found between Group MD and the other groups.

Adverse events in Group MD vs Groups W and N
Early and late adverse events are compared in Table 3. Despite the small number of cases, no adverse events occurred in the early or late stage in Group MD.
Early adverse events in Group W included abdominal pain (3/37, 8.1%, BTS 2/PAL 1), poor expansion (1/37, 2.7%, PAL 1), and fever (1/37, 2.7%, BTS 1), and late adverse events included stent-related perforations (4/36, 11.1%, PAL 4) and stent occlusion (1/36, 2.8%, PAL 1). On the contrary, the only early adverse event in Group N was perforation (2/53, 3.8%, BTS 1/PAL 1) caused by obstructive colitis, which was defined as “proximal ulceration related to unresolved colonic obstruction,” and late adverse events included stent occlusion (2/51, 3.9%, PAL 2).
Although the proportion with each adverse event was not significantly different between Group MD and other groups, the stent-related perforation rate in Group W was significantly higher than that in Group N (P < 0.05), and perforation likely occurred because of obstructive colitis (due to unresolved obstruction) in Group N compared with Group W.
One case of BTS and one case of PAL are shown in Figures 3 and 4, respectively.

DISCUSSION
In our study, overall, endoscopic colorectal stenting was relatively safe and had a low incidence of complications, but the rate of stent-related perforation was significantly higher with the WallFlex stent than that with the Niti-S D type stent. We believe that this is likely caused by the lower axial force of the Niti-S D type stent. The newly designed “Niti-S MD type” stent, with a 22 mm diameter, mounted to a 9-Fr delivery system not only allows increased radial force while maintaining the stent structure and low axial force but also permits delivery through highly flexible-tipped smaller-caliber colonoscope with a working channel of 3.2 mm. In this study, the technical and clinical success rate of the Niti-S MD type was 100%, and its perforation rate was 0%.
[bookmark: _Hlk35869612]The real advantage of our newly designed “Niti-S MD type” stent is that it maintains the structure and low axial force of the conventional Niti-S D type, but its 22-mm diameter provides additional radial force. Another advantage is that it allows use of flexible smaller-caliber colonoscope as it has a 9-Fr catheter delivery system. It is the first 22-mm diameter colonic stent with 9-Fr delivery system that causes less damage on the intestinal wall and could reduce the risk of stent-related perforation. Cheung et al[12] reported the results of a multicenter randomized prospective trial of WallFlex and Niti-S D type stents. They reported a technical success rate of 100% in both groups, while the perforation rate with WallFlex was 3.6% (1/28) vs 0% (0/30) with the Niti-S D type in the PAL group. The clinical success rate was 86.0% and 90.1% in the WallFlex and Niti-S D type, respectively, and the perforation rate was 6.9% (3/43) and 4.5% (1/22) in the WallFlex and Niti-S D type in the BTS group, respectively.
In addition, in a multicenter prospective study (n = 513) in Japan, the technical success rates, clinical success rates, and perforation rates of WallFlex at 7 d were 97.9%, 95.5%, and 2.1%, respectively[10]. On the other hands in a multicenter study using Niti-S D type (n = 200) from the same group in Japan, the technical success rate at 7 d, the clinical success rate, and the perforation rates were 98.0%, 96.5%, and 0%, respectively[13], that considered to be lower than that of WallFlex. These perforation rates of the two studies were considerably lower than those in studies performed outside Japan. This probably occurred because the safety procedure was established and shared before the study, so the perforation rates during the procedure were low[10]. Therefore, this value was considered to represent the original rate of perforation by the stent itself, not including perforation during the procedure.
[bookmark: _Hlk17031053]In our study, the technical success rate in both WallFlex and Niti-S stents was 100%, which was similar to the previously reported results[14-17]. The clinical success rates were 89.2% and 96.2% for WallFlex and Niti-S D type stents, respectively, which were also similar to previously reported data[14-17]. These previous studies, including our present study suggested that the Niti-S D type stent had a lower tendency to cause perforation than did the WallFlex stent. This raises the possibility of differences in stent characteristics: WallFlex stent has about three times stronger radial force and about two times stronger axial force than Niti-S D type stent[12], which may have influenced the perforation rate. Indeed, Yamao et al[18] proposed that perforation was more likely to occur when the gastroduodenal stent has higher axial force.
Our newly designed Niti-S MD type stent has another advantage, i.e., it could be deployed with a smaller-caliber colonoscope using the through-the-scope technique, because it is the first 22-mm diameter colonic stent in the 9-Fr delivery system. In our previous study, we reported that risk factors related to prolonged and difficult SEMS placement were peritoneal carcinomatosis, CROSS score of 0, or extensive strictures[19]. These challenging situations could be overcome with higher scope operability by using a smaller-caliber colonoscope, such as a PCF colonoscope[7,20].
Despite the advantages of our newly designed Niti-S MD type stent, we encountered a few limitations. First, the visibility of the newly developed stent was not as good as that under fluoroscopy. Second, the Niti-S MD stent tended to be pulled toward the oral side during deployment; hence, determining the exact length of the stent compared with that of the WallFlex stent was difficult. Hence, the commonly used stent length was 6 cm for the WallFlex stent, whereas that for the Niti-S MD stent was 10 cm. Further improvement in design to overcome this weakness will improve the performance of this new stent.
This study has several limitations. First, this was a retrospective study from a single center. However, we included all cases to reduce the confounding factors. Second, as the Niti-S MD type stent was recently developed, the number of cases using this new stent was small. Thus, we think that a prospective study with a large number of cases is necessary to validate our results. Third, each stent was used sequentially. The WallFlex colonic stent was the first stent used from November 2011 to September 2013, followed by Niti-S D type stent since 2013 (became available since 2013 in Japan). We developed the new Niti-S MD type stent in 2018 and treated 19 consecutive patients from January 2018 to December 2018. This potentially introduces time bias, as the expertise of the operator may have improved over time. A good technical success rate of the WallFlex stent possibly negate any significant time bias. Lastly, we only focused on the important factors linked with perforation, such as axial and radial forces, and did not consider other factors, such as stenosis size and characteristics of stenosis.
In conclusion, our preliminary data suggested that the new “Niti-S MD type” stent with increased radial force while maintaining low axial force was feasible and safe with a lower perforation rate. Despite the small number of cases in our study, the clinical success in all cases with no perforation was promising; however, larger prospective studies and randomized comparison trials are required to completely evaluate and compare this new stent with other conventional colonic stents.
[bookmark: _Hlk34698542]
[bookmark: _Hlk29215933][bookmark: _Hlk27569419][bookmark: _Hlk27141645][bookmark: _Hlk33639014]ARTICLE HIGHLIGHTS
Research background
The most serious adverse event of colonic stenting is perforation. The Niti-S D type stent could be ideal to reduce risk of perforation due to its structure with weaker axial force. Stents are deployed using a standard colonoscope, which can pose a challenge while overcoming sharp angles. Smaller caliber colonoscopes could be ideal for easy maneuverability, facilitating scope advancement and cecal intubation where the standard colonoscope has failed. The main drawback of using small caliber colonoscope is its small channel of 9.2 mm, that would only allow 9Fr delivery catheter available only with stents of diameter 18 mm that has less radial force to overcome obstruction. Stents with greater radial force are 22 mm that require larger channel standard colonoscope.

Research motivation
[bookmark: _Hlk35868520]We would like to develop a new colonic stent that maintains the structure with low axial force of the conventional Niti-S D type and takes additional radial force with 22-mm diameter, but that requires 9Fr delivery system, hence can be deployed using smaller caliber colonoscope. 

Research objectives
We evaluated the efficacy and safety of the newly developed “Niti-S MD type” colonic stent.

Research methods
This single-center retrospective observational study with endoscopic self-expandable metallic stents placed between November 2011 and December 2018, and we evaluated the short-term outcomes including success rates and adverse events.

Research results
The technical and clinical success rate of the Niti-S MD type was 100%, and its perforation rate was 0%.

Research conclusions
Our preliminary data suggested that the newly developed “Niti-S MD type” colonic stent was feasible and safe.

Research perspectives
The stent might have a potential to be an ideal one that offers high radial force and can be deployed with small caliber colonoscope. Larger prospective studies and randomized comparison trials are warranted to evaluate and compare this new stent with available conventional colonic stents.
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Figure legends
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Figure 1 The newly developed Niti-S MD type stent (22 mm in diameter). The newly developed stent, “Niti-S MD type,” has a diameter of 22 mm, that can be introduced into a 9-Fr delivery system while maintaining the Niti-S D type structure.
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Figure 2 Flow chart of patient allocation. Of the 105 patients (110 lesions) who were enrolled in the study, 35 patients (37 lesions) were treated with WallFlex stents (Group W), 51 patients (53 lesions) with Niti-S stents (Group N), and 19 patients (20 lesions) with the newly developed Niti-S MD type stent (Group MD). BTS: Bridge-to-surgery; PAL: Palliative.
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Figure 3 One of the bridge-to-surgery cases using the newly developed Niti-S MD type stent. A and C: The patient was an 83-year-old man with peritoneal type 2 advanced colorectal cancer (arrowhead) in the transverse colon; B and D: Using a smaller caliber colonoscope, we placed a 22 mm × 8 cm stent (arrow); E: Abdominal radiograph 2 d later shows firmly expanded stent successfully decompressing the acute obstruction. Tight stenosis is seen, and the enhanced expansible force of this stent enables successful decompression.
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Figure 4 Palliative care using the newly developed Niti-S MD type colonic stent. A and C: The patient was a 65-year-old man who presented with obstructive lesion (arrowhead) in the rectum (Rb); B and D: The patient had rectal stenosis caused by peritoneal dissemination of gastric cancer. Using a smaller caliber colonoscope, we placed a 22 mm×8 cm stent (arrow) while paying attention not to cover the stent on the pectinate line; E: On the second day, the stent was fully expanded, decompressing the acute obstruction.



Table 1 Patients’ demographics and clinical characteristics in each group
	
	Group W (n = 37)
	Group N (n = 53)
	Group MD (n = 20)
	Total (n = 110)

	Patients’ characteristics

	Age (yr, mean ± SD)
	71.4 ± 11.8
	74.3 ± 13.6
	73.7 ± 9.6
	73.5 ± 12.5

	Male/Female
	18/19
	28/25
	15/5
	61/49

	PS score (mean ± SD)
	1.6 ± 1.2
	1.9 ± 1.2
	2.3 ± 1.0
	1.9 ± 1.2

	Therapeutic intent

	BTS
	19/37 (51.4%)
	32/53 (60.4%)
	10/20 (50%)
	61/110 (55.5%)

	PAL
	18/37 (48.6%)
	21/53 (39.6%)
	10/20 (50%)
	49/110 (44.5%)

	Tumor characteristics

	Obstruction/tumor site

	Right colon
	8/37 (21.6%)
	14/53 (26.4%)
	6/20 (30%)
	28/110 (25.4%)

	Left colon
	27/37 (73.0%)
	38/53 (71.7%)
	10/20 (50%)
	75/110 (68.2%)

	Rectum
	2/37 (5.4%)
	1/53 (1.9%)
	4/20 (20%)
	7/110 (6.4%)

	Etiology of colorectal obstruction

	Primary colorectal cancer
	30/37 (81.1%)
	49/53 (92.5%)
	13/20 (65%)
	92/110 (83.6%)

	Metastatic lesion
	7/37 (18.9%)
	4/53 (7.5%)
	7/20 (35%)
	18/110 (16.4%)

	Noncancerous stenosis
	0/37 (0%)
	0/53 (0%)
	0/20 (0%)
	0/110 (0%)

	Stenosis length [cm, median (range)]
	5.0 (2.0-13.0)
	5.0 (2.0-11.0)
	6.2 (2.5-11.5)
	5.0 (2.0-13.0)


BTS: Bridge-to-surgery; PAL: Palliative.


Table 2 Outcomes in each stent group, Group W, Group N, and Group MD
	
	Group W
	Group N
	Group MD
	Total

	Technical success rate
	37/37 (100%)
	53/53 (100%)
	20/20 (100%)
	110/110 (100%)

	Stent length

	6 cm
	24/37 (64.9%)
	12/53 (22.6%)
	3/20 (15%) 
	39/110 (35.5%)

	8 cm
	NA
	17/53 (32.1%)
	7/20 (35%)
	24/110 (21.8%)

	9 cm
	11/37 (29.7%)
	NA
	NA
	11/110 (10.0%)

	10 cm
	NA
	18/53 (34.0%)
	6/20 (30%)
	24/110 (21.8%)

	12 cm
	2/37 (5.4%)
	6/53 (11.3%)
	4/20 (20%)
	12/110 (10.9%)

	Stent diameter

	18 mm
	NA
	6/53 (11.3%)
	NA
	6/110 (5.5%)

	22 mm
	30/37 (81.1%)
	47/53 (88.7%)
	20/20 (100%)
	97/110 (88.2%)

	25 mm
	7/37 (18.9%)
	NA
	NA
	7/110 (6.3%)

	Procedure time (min, mean ± SD)
	32.6 ± 14.0
	33.6 ± 23.7
	31.3 ± 11.2
	33.0 ± 19.1

	Clinical success rate
	33/37 (89.2%)
	51/53 (96.2%)
	20/20 (100%)
	104/110 (94.5%)

	BTS
	19/19 (100%)
	31/32 (96.9%)
	10/10 (100%)
	60/61 (98.4%)

	PAL
	14/18 (77.8%)
	20/21 (95.2%)
	10/10 (100%)
	44/49 (89.8%)

	CROSS before stent placement (mean ± SD)
	1.6 ± 1.3
	1.2 ± 1.0
	1.4 ± 0.9
	1.4 ± 1.1

	0
	12/37 (32.5%)
	10/53 (18.9%)
	3/20 (15%)
	25/110 (22.7%)

	1
	8/37 (21.6%)
	32/53 (60.4%)
	9/20 (45%)
	49/110(44.6%)

	2
	3/37 (8.1%)
	4/53 (7.5%)
	5/20 (25%)
	12/110 (10.9%)

	3
	13/37 (35.1%)
	5/53 (9.4 %)
	3/20 (15%)
	21/110 (19.1%)

	4
	1/37 (2.7%)
	2/53 (3.8%)
	0/20 (0%)
	3/110 (2.7%)

	CROSS after stent placement (mean ± SD)
	3.8 ± 0.8a
	3.8±0.7a
	3.8±0.5a
	3.8±0.7a

	0
	0/37 (0%)
	0/53 (0%)
	0/20 (0%)
	0/110 (0%)

	1
	3/37 (8.1%)
	2/53 (3.8%)
	0/20 (0%)
	5/110(4.6%)

	2
	0/37 (0%)
	2/53 (3.8%)
	1/20 (5.0%)
	3/110 (2.7%)

	3
	0/37 (0%)
	0/53 (0 %)
	2/20 (10%)
	2/110 (1.8%)

	4
	34/37 (91.9%)
	49/53 (92.4%)
	17/20 (85%)
	110/110 (90.9%)


The CROSS score after stent placement was significantly higher than one before treatment, aP < 0.01. BTS: Bridge-to-surgery; PAL: Palliative; CROSS: ColoRectal Obstruction Scoring System; NA: Not available.


Table 3 Early and late adverse events
	
	Group W
	Group N
	Group MD
	Total

	Early (≤ 7 d)

	Perforations
	0/37 (0%)
	2/53 (3.8%)1
	0/20 (0%)
	2/110 (1.8%)

	Bleeding
	0/37 (0%)
	0/53 (0%)
	0/20 (0%) 
	0/110 (0%)

	Poor expansion
	1/37 (2.7%)
	0/53 (0%)
	0/20 (0%) 
	1/110 (0.9%)

	Abdominal pain
	3/37 (8.1%)
	0/53 (0%)
	0/20 (0%) 
	3/110 (2.7%)

	Stent occlusion
	0/37 (0%)
	0/53 (0%)
	0/20 (0%)
	0/110 (0%)

	Fever
	1/37 (2.7%)
	0/53 (0%)
	0/20 (0%) 
	1/110 (0.9%)

	Late (> 7 d)

	Perforations
	4/36 (11.1%)a2
	0/51 (0%)a
	0/20 (0%) 
	4/107 (3.7%)

	Bleeding
	0/36 (0%)
	0/51 (0%)
	0/20 (0%)
	0/107 (0%)

	Stent migration
	0/36 (0%)
	0/51 (0%)
	0/20 (0%)
	0/107 (0%)

	Abdominal pain
	0/36 (0%)
	0/51 (0%)
	0/20 (0%)
	0/107 (0%)

	Stent occlusion 
	1/36 (2.8%)
	2/51 (3.9%)
	0/20 (0%)
	3/107 (2.8%)


1Perforation occurred due to obstructive colitis in all two cases; 2All four cases were stent-related perforation. aP < 0.05.
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