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Abstract
AIM: To investigate the efficacy of double-layered covered stent in the treatment of malignant oesophageal obstructions.

METHODS: A systematic review and meta-analysis was performed following the PRISMA process. PubMed (Medline), EMBASE (Excerpta Medical Database), AMED (Allied and Complementary medicine Database), Scopus and online content, were searched for studies reporting on the NiTi-S polyurethane-covered double oesophageal stent for the treatment of malignant dysphagia. Weighted pooled outcomes were synthesized with a random effects model to account for clinical heterogeneity. All studies reporting the outcome of palliative management of dysphagia due to histologically confirmed malignant oesophageal obstruction using double-layered covered nitinol stent were included. The level of statistical significance was set at α = 0.05.

RESULTS: Six clinical studies comprising 250 patients in total were identified. Pooled technical success of stent insertion was 97.2% (95%CI: 94.8%-98.9%; I2 = 5.8%). Pooled complication rate was 27.6% (95%CI: 20.7%-35.2%; I2 = 41.9%). Weighted improvement of dysphagia on a scale of 0-5 scoring system was -2.00 [95%CI: -2.29%-(-1.72%); I2 = 87%]. Distal stent migration was documented in 10 out of the 250 cases examined. Pooled stent migration rate was 4.7% (95%CI: 2.5%-7.7%%; I2 = 0%). Finally, tumour overgrowth was reported in 34 out of the 250 cases with pooled rate of tumour overgrowth of 11.2% (95%CI: 3.7%-22.1%; I2 = 82.2%). No funnel plot asymmetry to suggest publication bias (bias = 0.39, P-value = 0.78). In the sensitivity analysis all results were largely similar between the fixed and random effects models.

CONCLUSION: The double-layered nitinol stent provides immediate relief of malignant dysphagia with low rates of stent migration and tumour overgrowth
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Core tip: The aim of this systematic review and meta-analysis is to investigate the efficacy of double-layered nitinol covered stent in the treatment of malignant oesophageal obstructions. The literature was searched following the PRISMA selection process as recommended by Cochrane. Weighted pooled outcomes were synthesized with a random effects model to account for clinical heterogeneity. This meta-analysis highlights the promising outcomes of the double-layered covered stent and demonstrates significant immediate relief of dysphagia with low rates of stent migration and tumour overgrowth. The unique design of this stent seems to combines the merits of both plain covered and uncovered metal esophageal stent designs. 
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INTRODUCTION
Oesophageal cancer is the sixth leading cause of cancer-related deaths worldwide. Despite the significant advances in diagnostic and therapeutic options, the 5-year survival rate remains remarkably low[1]. More than 50% of patients present late and are deemed unsuitable for surgical resection[2,3]. The lack of early warning signs and symptoms means that patients usually become symptomatic in an advanced stage of the disease. In addition, esophageal cancer usually affects elderly patients who suffer from multiple co-morbidities. Both these factors render affected patients poor surgical candidates[1,2,4]. The most important complaint of these patients is the tumour related dysphagia resulting in poor oral intake and malnutrition. 
Palliative treatment options of malignant dysphagia include balloon dilatation, laser ablation, sclerotherapy, thermal coagulation, radiotherapy, chemotherapy and endoscopically and/or fluoroscopically guided stent placement across the obstruction. Nowadays, the placement of self-expanding metal stents (SEMS) is considered the treatment of choice for malignant dysphasia, given the quick and effective symptomatic relief and its ease of use and relative safety[2,3,5].  Stents used in for the treatment of malignant esophageal obstruction can be either covered or uncovered[6-9]. 
One of the more widely used SEMS today is the double-layered covered nitinol stent (NiTi-S, Taewoong Medical, South Korea) which was designed to combine the advantageous characteristics of covered stents  that prevent tissue ingrowth and re-obstruction, and uncovered stents that have demonstrated lower rates of migration. The authors performed a systematic review of the literature in order to assess the clinical outcomes of this double-layered covered nitinol stent in the treatment of malignant esophageal obstruction with a focus on stent insertion success, peri-procedural complications, relief of dysphagia, and stent failure because of migration or tumour overgrowth.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK26]MATERIALS AND METHODS
Search strategy
The literature was searched following the PRISMA selection process as recommended by Cochrane. PubMed (Medline, 1950 to present), EMBASE (Excerpta Medical Database, 1980 to present), AMED (Allied and Complementary Database, 1985 to present), Scopus (1970 to present) and the CENTRAL (Cochrane Central Register of Controlled Trials) were searched. The search terms used were “oesophageal” or “stent” or “double-covered” or “NiTi-S” and “trial” or “study” or “controlled trial”, as well as the relevant terms and corresponding Medical Subjects Headings (MeSH). The search was last updated on 31 January 2016. There were no language restrictions. Papers of all relevant published studies identified from the above search strategy were obtained and assessed for potential eligibility independently by two of the senior authors (AD and KK). 

Selection criteria
All studies reporting the outcome of palliative management of dysphasia due to histologically confirmed malignant oesophageal stricture/obstruction in adult patients, by insertion of a double-layered covered nitinol stent were included in the present meta-analysis. There was no intention of future resection or surgery in all included patients due to locally advanced disease, distant metastasis or serious co-morbidities precluding surgical management. Stent placement was performed either under fluoroscopy or endoscopic guidance. 
Papers reporting the management of oesophageal strictures due to benign disease, anastomotic strictures and stents inserted as a bridge to surgery or prior to radical radiotherapy were excluded from this study. Studies reporting the outcomes of stents other than the double-layered covered NiTi-S stent were also excluded.

Data extraction
Data were extracted by the same two authors independently. Descriptive data including baseline demographics, follow-up periods and primary and secondary outcome measures were collected. Outcome measures were defined according to the previously published International guidelines. These included immediate technical success of stent insertion, peri-procedure complication rates, reported dysphagia improvement, and rates of stent migration and tumour overgrowth during follow-up. The same dysphagia scoring system was used in all papers as follows: score 0, normal diet; score 1, able to eat some solid food; score 2, able to eat some semi-solids only; score 3, liquids only; and score 4, complete inability to swallow[10]. Data were extracted from the main text and tables of the published papers. In case of missing data, relevant abstracts and presentations from annual meetings proceedings were analysed and/or the corresponding authors were contacted. Any disagreement was resolved by consensus between the investigators.

Stent design
The double-layered covered nitinol stent (NiTi-S, Taewoong Medical, Seoul, South Korea) has a double-layer configuration, consisting of an inner “dog-bone” nitinol stent (nickel-titanium thermal memory allow) that is fully covered with polyurethane layer and an outer uncovered nitinol wire mesh designed to prevent or reduce stent migration by allowing tumour in-growth and anchorage at the tumour site[11]. When delivered, the stent flares at its proximal and distal ends. A thread is attached inside the proximal flange of the stent, when being pulled; the thread reduces the diameter of the stent, enabling stent repositioning or removal. The Niti-S stent shortens approximately 35% after placement, therefore, a stent measuring 2 to 4 cm longer than the stricture is usually used to allow for a 1- to 2-cm extension above and below the proximal and distal components of the tumour. The stent is delivered in a compressed form inside an introducer sheath under fluoroscopic or endoscopic guidance.

Statistical analysis
Quantitative data synthesis of all included studies was created/performed using Statsdirect software (Version 2.7.9, Statsdirect Ltd, Chechire, United Kingdom). Categorical variables were expressed in percentages and continuous variables in mean  ±  SD if normally distributed. Summary statistics of the primary and secondary endpoint measures were expressed as weighted proportional outcomes and the associated 95%CIs. The random DerSimonian and Laird (D-L) effects model was applied to calculate the pooled proportional outcomes. We also performed a sensitivity analysis with the inverse variance fixed effects model. Cochran’s Q (2) test and I2 statistic were used to test for statistical evidence of heterogeneity (non-combinability of studies) across the included studies. An I2 value of less than 25% indicates low heterogeneity, while values between 25% and 50% and values of more than 50% indicate moderate and high heterogeneity, respectively. Potential publication bias was assessed by visual inspection of inverted funnel plot asymmetry as recommended for systematic reviews and meta-analyses including a small number of studies. The Horbold–Egger test was also used to indicate publication bias in case of subjective funnel plot evaluation. The level of statistical significance was set at α = 0.05.

RESULTS
Systematic review
A total of 6 articles meeting the inclusions criteria of this study were identified with the PRISMA selection process (Figure 1) including 5 single-arm cohort studies and 1 randomized controlled trial[11-16]. Clinical details of a total of 250 patients (206 male), median age is 68 (range: 42-84), who underwent palliative stent insertion for malignant oesophageal obstruction over a period of 10 years (January 2006-January 2016) were obtained and pooled for the purposes of this analysis. The median follow-up period ranged between 2 mo (62 d) and 6 mo[11-16]. Two studies reported comparisons between different stents (single and double-layered stents)[12,13], but we extracted and pooled only the double-layered ones for the purposes of the meta-analysis. Histology of treated tumours was balanced between squamous cell carcinoma and adenocarcinoma and nearly half of the cases involved the distal oesophagus. A summary of characteristics of the studies included in this meta-analysis is shown in Table 1.

Meta-analysis
Predefined outcome measures were reported in all 6 included studies. Successful stent insertion was reported in 244 out of the 250 cases. The pooled technical success rate (weighted proportion) was 97.2% (95%CI: 94.8-98.9%; Figure 2). There was low statistical heterogeneity (I² = 5.8%, P = 0.38) and no visual asymmetry of the respective funnel plot to suggest publication bias (bias = -1.48, P = 0.08).
Complications were reported in 70 out of the 250 cases. Most often encountered complications were reflux esophagitis and aspiration pneumonia, whereas oesophageal fistula was rarely noted (Table 2). Pooled complication rate was 27.6% (95%CI: 20.7-35.2%; Figure 3). There was moderate statistical heterogeneity (I² = 41.9%, P = 0.13) and no funnel plot asymmetry to suggest publication bias (bias = -1.21, P = 0.79).
Pooled improvement in dysphagia score (weighted score reduction compared to baseline) was -2.00 (95%CI: -2.29 to -1.72; Figure 4). There was high statistical heterogeneity (I² = 87%, P < 0.0001) and no evidence of publication bias (bias = -3.79, P = 0.46).
Distal stent migration was documented in 10 out of the 250 cases examined. Pooled stent migration rate was 4.7% (95%CI: 2.5-7.7%; Figure 5). There was very low statistical heterogeneity (I² = 0.0%, P = 0.82) and no funnel plot asymmetry to suggest publication bias (bias = 0.39, P = 0.78).
Finally, tumour overgrowth was reported in 34 out of the 250 cases in total. Pooled overgrowth rate was 11.2% (95%CI: 3.7-22.1%; Figure 6). There was high statistical heterogeneity (I² = 82.2%, P < 0.0001) and some funnel plot asymmetry suggestive of potential publication bias (bias = 4.13, P = 0.06).
In the sensitivity analysis all results were largely similar between the fixed and random effects models as summarised in Table 3.

DISCUSSION
The use of SEMS is a well-established palliative management of the dysphagia associated with advanced oesophageal malignancy, but the optimal stent design is still debated[2,7,17]. Stents used in the treatment of oesophageal obstruction are made of stainless steel, nitinol or plastic stents and they can be either covered or uncovered[2-5]. Previous covered plastic stents have now been largely replaced with metal stent which provide safe, rapid and effective symptomatic relief with fewer complications. Covering of metal struts with polyethylene, polytetrafluoroethylene (PTFE), silicone or polyurethane coating is believed to reduce the rate of re-obstruction due to tissue ingrowth/overgrowth compared to the uncovered ones[6-9], however, they are implicated in higher rates of migration[2]. Newer commercially available stent options include biodegradeable oesophageal stents and intraluminal radioactive stents[18,19].
Newer stents are constructed from nitinol, which has the advantage of thermal memory and can conform to a more predicable self-expanding shape after deployment compared to older metal stents made from stainless steel[2,8,19]. The new type of double-layered nitinol stent is believed to combine the merits of both covered and uncovered stents. Its inner layer is covered with polyurethane material to prevent tumour encroachment, while the outer layer consists of an uncovered metal mesh to prevent or reduce migration by being implanted into tumour tissue or oesophageal wall[11-16]. The present meta-analysis has demonstrated a high pooled success of stent insertion (> 97%) with acceptable rates of procedure-related complications. The latter were encountered in a quarter of the cases (27.6%) and seem to be in line with the usually encountered complications during oesophageal stent insertion for palliation of cancer-related dysphagia[2,4,12]. Most importantly, significant relief of dysphagia was found that was 2 points on average out of the 0-4 dysphagia scale. This is very important to help restore oral intake and treat poor nutrition that has been found to be associated with poorer long-term survival outcomes[11]. Furthermore, the double-layered covered Niti-S stent was found to be related to quite low incidence of stent migration and late tumour overgrowth compared to historical outcomes of uncovered or single-covered stents[2,3].
The most frequent early and late complication of oesophageal SEMS is stent malfunction or failure, either due to migration (i.e., slipping distally into the stomach or small bowel), or tissue ingrowth/overgrowth or less frequently food impaction that leads to recurrent dysphagia. The pooled estimate of migration rate in this analysis was 4.7%, which on one hand is significantly lower than the so far reported migration rates of covered stents that range between 25%-32%, and on the other hand appears to be very similar to the reported migration rates of uncovered stents[2]. Stent migration will present with early recurrent dysphagia and may be easily treated with endoscopic retrieval of the migrated stent followed by repeat insertion of another one, or may develop to more serious small bowel obstruction mandating open laparotomy that entails a risk of death in the setting of advanced oesophageal cancer[12]. Symptomatic tumour overgrowth at the stent edge was found to affect nearly 1 in 10 of the analysed cases and can be easily treated with repeat co-axial insertion of another covered stent. Stent failure/blockage because of food impaction was rarely reported and is a more benign complication that may be treated with endoscopic clearance of the clogged debris and encouragement of fizzy drinks[2,3]. 
Other frequently reported complications of the double-layered PTFE-covered Nitinol stent include reflux esophagitis, most commonly associated with lower oesophageal and gastro-oesophageal junction (GOJ) tumours and the infrequent but life threatening aspiration pneumonia and tracheo-oesophageal fistula. Hence, prescription of proton-pump inhibitors (PPI) is recommended in all cases of covered stent placement across the GOJ. The proposed mechanism of fistula formation after stent placement is pressure necrosis of the tumour and oesophageal wall or trauma from the sharp stent ends on the oesophageal mucosa[12]. This complication has been treated successfully with a second overlapping covered stent into the first stent[20]. Other rarely reported complications may include haemorrhage and oesophageal perforation because of poor operative technique and/or local tumour infiltration.

Study limitations
The main limitation of this meta-analysis is the small number of studies identified, and subsequently, the relatively small number of total patients included in the analysis. There was some between-trials heterogeneity that may compromise internal validity, but there was good agreement between the random and fixed effects models that underlines the external validity of our results. In addition, with the exception of 1 randomized design, no comparative studies were available to allow comparison of different stent designs. The number of trials and sample size were too small to support further subgroup comparisons or other regression analyses.
The data compiled in this meta-analysis highlight the promising outcomes of the double-layered polyurethane covered NiTi-S stent in the treatment of esophageal obstruction secondary to malignancy with significant immediate relief of dysphagia and low rates of stent migration and tumour overgrowth. Despite the inherent limitations of this study, the present data suggests that patients are likely to benefit from the unique design of this stent which seems to have low migration rate, comparable to that of uncovered stent, while maintaining the lower rate of re-obstruction due to tissue ingrowth/overgrowth seen in plain covered stents[12,]. The authors of this study therefore believe that the double-layered covered nitinol stent combines the merits of both plain covered and uncovered metal esophageal stent designs. 

COMMENTS
Background
Esophageal cancer is the sixth leading cause of cancer-related deaths worldwide. More than 50% of patients present late and are deemed unsuitable for surgical resection. The most important complaint of these patients is the tumour related dysphagia resulting in poor oral intake and malnutrition. Nowadays, the placement of self-expanding metal stents is considered the treatment of choice for malignant dysphasia given the quick and effective symptomatic relief and its ease of use and relative safety.

Research frontiers
Stents used in the treatment of oesophageal obstruction are made of stainless steel, nitinol or plastic stents and they can be either covered or uncovered. Previous covered plastic stents have now been largely replaced with metal stents which provide safe, rapid and effective symptomatic relief with fewer complications. Covering of metal struts is believed to reduce the rate of re-obstruction compared to the uncovered ones, however, they are implicated in higher rates of migration. Newer stents are constructed from nitinol, which has the advantage of thermal memory and can conform to a more predicable self-expanding shape after deployment. The new type of double-layered nitinol stent is believed to combine the merits of both covered and uncovered stents.

Innovations and breakthroughs
This is the first systematic review of the literature in order to assess the clinical outcomes of this double-layered covered nitinol stent in the treatment of malignant esophageal obstruction with a focus on stent insertion success, peri-procedural complications, relief of dysphagia, and stent failure because of migration or tumour overgrowth.

Applications 
The data compiled in this meta-analysis highlight the promising outcomes of the double-layered polyurethane covered NiTi-S stent in the treatment of esophageal obstruction secondary to malignancy with significant immediate relief of dysphagia and low rates of stent migration and tumour overgrowth.

Peer-review
This study showed that patients are likely to benefit more from the unique design of this double-layered covered nitinol stent. It is very nicely presented and convincingly shows the very satisfactory outcome following the use of the double covered stent.
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Table 1 Design and patient characteristics of included clinical trials
	Publication
	Study design
	Sample (n)
	Age (yr)
	Male gender
	Adenocarcinoma
	Distal esophagus
	Tumour length

	Verschuur et al[16], 2006
	Prospective
cohort
	42
	65 ± 14
	60%
	76%
	21%
	7.8 ± 2.4 cm

	Kim et al[13], 2009
	Prospective
randomized
	17
	68 ± 8
	94%
	33%
	39%
	6.1 ± 2.6 cm

	Park et al[15], 2010
	Prospective
cohort
	32
	67 ± 9
	75%
	N/A
	53%
	n/a

	Battersby et al[12], 2012
	Prospective
cohort
	55
	72 yr
	67%
	56%
	93%
	11.7 ± 2.5 cm
(stent length)

	Kim et al[14], 2012
	Prospective
cohort
	48
	68 ± 11
	81%
	33%
	37%
	N/A

	Mezes et al[11], 2014
	Retrospective
cohort
	56
	N/A
	61%
	38%
	55%
	N/A


N/A: Not available.


Table 2 Event counts of tumour overgrowth, stent migration and complications encountered
	Publication
	Tumour
overgrowth
	Stent
migration
	Food
impaction
	Reflux esophagitis
	Aspiration pneumonia
	Esophageal fistula
	Perforation
	Hemorrhage

	Verschuur et al[16], 2006
	n = 2
	n = 3
	-
	n = 2
	n = 2
	-
	n = 1
	n = 1

	Kim et al[13], 2009
	-
	-
	n = 1
	-
	-
	n = 1
	-
	-

	Park et al[15], 2010
	n = 5
	n = 1
	-
	n = 4
	n = 1
	n = 1
	-
	-

	Battersby et al[12], 2012
	n = 1
	n = 3
	6%
	8%
	3%
	0.8%
	0.4%
	-

	Kim et al[14], 2012
	n = 13
	n = 1
	n = 2
	n = 13
	n = 5
	n = 2
	-
	-

	Mezes et al[11], 2014
	n = 19
	n = 4
	-
	-
	-
	n = 1
	-
	-



Table 3 Summary of the meta-analysis for all outcome measures with the random and fixed effects models
	Parameters
	Pooled estimates
Random (95%CI)
	Pooled estimates
Fixed (95%CI)
	I² (%)
heterogeneity

	Technical
success (%)
	97.2
(94.8-98.9)
	97.2
(94.9-98.9)
	Low (5.8%)

	Overall complications (%)
	27.6
(20.7-35.2)
	28.1
(22.8-33.8)
	Moderate (41.9%)

	Dysphagia score improvement (0-4)
	-2.00
(-2.29 to -1.72)
	-1.94
(-2.04 to -1.84)
	High (87.0%)

	Migration
(%)
	4.7
(2.5–7.7)
	4.7
(2.5–7.7)
	Low (0.0%)

	Overgrowth
(%)
	11.2
(3.7–22.1)
	12.3
(8.5–16.6)
	High (82.2%)
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Figure 1 PRISMA selection. Study selection process according to the PRISMA statement by the Cochrane Collaboration.
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Figure 2 Technical success. A: Random effects forest plot of weighted pooled estimate; B: Respective funnel plot for bias assessment (the standard error of the proportion was plotted against the proportion for each study).
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Figure 3 Complications. A: Random effects forest plot of weighted pooled estimate; B: Respective funnel plot for bias assessment (the standard error of the proportion was plotted against the proportion for each study).
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Figure 4 Improvement of dysphagia score. A: Random effects forest plot of weighted pooled treatment effect; B: Respective funnel plot for bias assessment (the standard error of the score was plotted against the effect size for each study).
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Figure 5 Stent migration. A: Random effects forest plot of weighted pooled estimate; B: Respective funnel plot for bias assessment (the standard error of the proportion was plotted against the proportion for each study).
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Figure 6 Tumour overgrowth. A: Random effects forest plot of weighted pooled estimate; B: Respective funnel plot for bias assessment (the standard error of the proportion was plotted against the proportion for each study).
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