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Abstract
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Coronary artery disease (CAD) is common in patients with end-stage renal disease (ESRD) who are on hemodialysis. The efficacy and safety of evidence regarding the use of drug-eluting stents (DES) and bare-metal stents (BMS) in patients with dialysis is unclear. We searched MEDLINE, EMBASE, Science Citation Index, CINAHL, and the Cochrane CENTRAL database of controlled clinical trials for controlled trials that compare DES and BMS in dialysis patients up to June 2016. We conducted a meta-analysis across 14 eligible studies (n=62,250 patients). In general, DES-treated patients demonstrate a lower risk of the clinical adverse events compared with those treated with BMS. Significant reduction in the incidence of death (OR 0.77; CI: 0.64-0.92) and major adverse cardiovascular events (MACE) (OR 0.65; CI: 0.57-0.74) and target lesion/vessel revascularization (TLR/TVR) (OR 0.83; CI: 0.73-0.94), and a trend toward lower OR for myocardial infarction (MI) (OR 0.95; CI: 0.87-1.02) were noted in DES-treated patients. In conclusion, the use of DES in patients with dialysis yields significant decrease in the risk of mortality, MACE and TLR/TVR. Larger randomized studies are needed to confirm the results of this meta-analysis and establish the appropriate stent choice in this high risk population.
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[bookmark: OLE_LINK25][bookmark: OLE_LINK26][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK40][bookmark: OLE_LINK41]Coronary artery disease (CAD) is highly prevalent in patients with end-stage renal disease (ESRD) who are on hemodialysis1,2. Percutaneous coronary intervention (PCI) has been suggested as an effective treatment with regard to the survival of dialysis patients with CAD3. An increased incidence of target lesion revascularization (TLR) has been recognized in dialysis patients after implantation with bare-metal stents (BMS)4. Drug-eluting stents (DES) may be useful in this situation, but the randomized clinical trials (RCT) typically exclude these patients5. In the past decade, evidence from several cohort studies suggest that the use of DES in ESRD patients is safe and beneficial in reducing the clinical outcomes compared with BMS6-19. However, these studies focus on different targets and comprehensive analyses of these data are scarce. Therefore, we performed a meta-analysis on the results of controlled trials investigating the use of DES versus BMS in dialysis patients with CAD.
Methods
We performed a thorough search of PubMed, Cochrane Systematic Reviews, Cochrane Central Register of Controlled Trials, EMBASE, EBSCO, Web of Science, and CINAHL databases for reports. The Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA)20,21 was used as a guideline for this study. We searched publications from January 1978 through June 2016 for clinical trials that reported on death, myocardial infarction (MI), major adverse cardiovascular events (MACE), and target vessel revascularization (TVR)/TLR to dialysis patients. Death referred to all-cause mortality. Myocardial infarction included both pathologic Q-wave and non-pathologic Q-wave myocardial infarction. MACE included recurrent angina pectoris，non-fatal myocardial infarction，cardiac failure，malignant arrhythmia and death from cardiovascular causes. The following text terms and medical subheading (Mesh) terms were combined: “Dialysis” [tiab], “End Stage Renal Disease/ESRD” [tiab], “Coronary Artery Disease/CAD” [tiab], “stent implantation” [tiab], “Percutaneous Coronary Intervention/PCI” [tiab], “Drug-eluting Stent/DES” [tiab], and “Bare-metal Stent/BMS” [tiab]. Only clinical trials performed in humans and reported in English were included in our research. The reference lists of included studies were searched independently by two reviewers.
The reviewers independently screened the records. Inclusion and exclusion criteria were defined. Inclusion criteria allowed studies that reported on death, MI, MACE, and TVR/TLR after PCI, as well as those that studied patients of both BMS and DES. No restrictions were imposed regarding publication date and study design. 
We extracted the endpoint events, including MI, MACE, mortality and TVR/TLR from the included publications. We also extracted first author, year of publication, trial design, sample size, baseline age, sex, diabetes, underlying diseases and others. 
The reviewers independently assessed the quality and risk of bias in each included study using the Newcastle–Ottawa Scale22, which was utilized to assess the quality of nonrandomized studies. 
The effect measures estimated were the odds ratio (OR) for dichotomous data, which we report with 95% confidence interval (CI). The OR is an approach to compare whether the probability of death, recurrent MI, MACE and TLR/TVR. For these analyses, data were synthesized with mean OR and 95% CIs as effect measures. The ORs from separate studies were combined according to both a fixed-effect and random-effect model. The fixed-effect model is based on the assumption that the effect of intervention is the same in every study and implies that any differences among study results are attributable to chance. Random-effect model was utilized if heterogeneity existed. Heterogeneity was assessed using the I2 statistic. A value of zero indicates no heterogeneity; 25–49%, low; 50–74%, moderate; and 75%, a high degree of heterogeneity. Publication bias was assessed by generating a contour funnel plot. Sensitivity analyses were carried out by repeating the meta-analysis after excluding studies with different definition of outcomes. The statistical software Review Manager 5.2 (RevMan, Version 5.2) was used for all analyses.
Results
After comprehensive search of database, a total of 67 articles were retrieved. 14 nonrandomized controlled cohort studies including ESRD patients on dialysis were included in the analyses6-19(Figure 1). The patients with an eGFR >30ml/min were excluded. All studies reported the trial design, participants, age, sex and underlying diseases. The baseline characteristics of all studies included in our meta-analysis are listed in Table 1. All the included studies were non-randomized, clinical trials which were not assessed blindly. The quality assessments of the included studies were exhibited in Table 2. 
After this meta-analysis we found that DES-treated patients demonstrated a lower risk of the clinical adverse events compared with those treated with BMS. DES-treated patients exhibited a significantly lower incidence of death (OR 0.77; CI: 0.64-0.92), MACE (OR 0.65; CI: 0.57–0.74) and TVR (OR 0.83; CI: 0.73–0.94), and a trend toward reduction of OR for MI (OR 0.95; CI: 0.87–1.02) compared with BMS-treated ones. The results are shown in Figure 2. The heterogeneity was also calculated in our work. I2of MI, MACE, mortality and TLR/TVR were17%, 37%, 85% and 16%. The results were consistent between the fixed- and random-effect models. Sensitivity analysis showed in the article by Shroff 2013 markedly contributes to heterogeneity. After excluding this study, the heterogeneity of mortality dropped to 0% and OR 0.73, CI 0.70–0.76. Funnel plots (Figure 3) were conducted to assess the publication bias. Visual assessment of the contour funnel plot did not deficit asymmetry, indicating the absence of publication bias.
Discussion
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Despite the widespread use of DES in treating CAD, which is prevalent among dialysis patients, the efficacy and safety of DES in this population have yet to be defined. The total results of our meta-analysis, which include 62,250 patients, indicate that DES use in dialysis patients results in a modest yet statistically significant reduction in adverse clinical events. The use of DES significantly reduced the risk of all-cause mortality, TLR/TVR and MACE but did not considerably influence the risk of MI. Although the results provide support for the use of DES in dialysis patients, future prospective randomized trials are needed to definitely solve this problem.
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK23][bookmark: OLE_LINK24]CAD contributes to 50% of deaths among patients who receive dialysis. PCI has been suggested as superior to medical treatment with regard to survival of dialysis patients with CAD2. A large number of clinical trials in patients without kidney insufficiency demonstrate that DES reduce repeat revascularizations compared with BMS23,24, but the efficacy of DES in dialysis patients remains unclear. Current guidelines recommend using DES rather than BMS in patients with ESRD25, based on extrapolation of data from patients with normal or near-normal kidney function. Inconsistent results being reported in different trials. Some studies have suggested a decreased risk of MACE with the use of DES26-28, while others have revealed similar clinical outcomes between DES and BMS29,30.
Our meta-analysis indicates that DES offers an advantageous reduction to BMS with its lower mortality, TLR/TVR and MACE, whereas no statistically significant on OR for MI (OR 0.95; CI: 0.87–1.02) was observed. We found significant heterogeneity in mortality, as indicated by Shroff16. That study is a long-term observation about survival and repeat coronary revascularization in dialysis patients following CABG and PCI with DES and BMS in the United States of America. The longest time of follow-up was more than five years. After five years, the mortality of the patients on DES (62.0%) is slightly higher than that of patients on BMS (61.1%) but without statistical significance. As we known, the five-year survival rate of ESRD patients on dialysis is <50%, regardless of which stent was implanted. After careful comparison, we also observed that diabetes as both cause and comorbidity conditions of renal failure are more common in DES group compared with the BMS group (58.8% vs. 53%, P<0.05 and 77.1% vs. 72.9%, P<0.05). Diabetes is known as another independently risk factor of CAD and will result in high all-cause mortality for patients who underwent PCI with stent implantation compared with non-diabetes patients29. Therefore, the disproportion of patients of diabetes in the two groups induced the heterogeneity of mortality.
Regarding MI, we find that the study of Chang7 accounted for a large weight (86.7%). In the paper, researchers provided data of death, death or MI, and death or MI or repeat revascularization but did not compose the data of death, MI, and repeat revascularization, respectively. Therefore, we had to estimate the number of MI by subtraction. We believe that the population simultaneously emerged death and MI, and incomplete data showed no significant difference. If we have accurate data, the statistical results may be different.
Although this analysis effectively summarizes the available published data and indicates an advantage of DES in ESRD patients, this work presents certain limitations. The included studies were not randomized; thus, the selection and allocation bias cannot be excluded. Therefore, although the mortality in the DES group is lower than that in the BMS group, whether this reduction is attributable to the difference of the stents requires to be interpreted more carefully. To date, only one RCT directly comparing DES with BMS did not explicitly exclude patients with ESRD on dialysis; this work showed 54 patients with severe CKD or patients on dialysis, treated on 126 coronary vessels, and the TVR rate remained significantly lower in the DES than in the BMS group (3.1% vs. 24.2%, P=0.005) at 12 months. Thus, the reduction in repeat revascularization found in the current analysis in dialysis patients is expected. However, only 22 participants in that trial presented ESRD, and the author did not provide the data of the 22 dialysis patients alone; therefore, we could not include this study in our analysis30.
In conclusion, our research is by far the most comprehensive and novel meta-analysis on the comparison of the use of DES and BMS in ESRD patients with dialysis. The total number of patients in the meta-analysis is sufficiently large. We can reasonably conclude that the use of DES is effective in reducing MACE, TLR/TVR and mortality in ESRD patients. However, in terms of reducing MI, DES was on par with BMS. This work provides an advantageous therapeutic option to the dialysis population who needs a safe and effective revascularization strategy. However, randomized trials with appropriate follow-up periods are needed to examine the different coronary revascularization options in dialysis patients.
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Figure Legends
Figure 1. Schematic flow diagram for selection of the included studies in the meta-analysis.

Figure 2. Meta-analysis results for comparison between drug eluting stents (DES) and bare-metal stents (BMS) in end-stage renal disease (ESRD) patients in A) all-cause mortality B) myocardial infarction (MI) C) major adverse cardiac events (MACE) D) target lesion/vessel revascularization (TLR/TVR). Forest plot of OR with 95% CIs in patients receiving DES vs. those receiving BMS.

Figure. 3 Funnel plot analysis to detect publication bias in A) all-cause mortality B) myocardial infarction (MI) C) major adverse cardiac events (MACE) D) target lesion/vessel revascularization (TLR/TVR). Each point represents a single study for the specified association; the vertical axis represents the standard error of the logarithmic OR, and the horizontal axis represents the OR limits. OR, odds ratio.

