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Abstract

BACKGROUND—In patients undergoing percutaneous coronary intervention (PCI), drug-

eluting stents (DES) reduce repeat revascularizations compared with bare metal stents (BMS), but 

their effects on death and myocardial infarction (MI) are mixed. Few studies have focused on 

patients with end-stage renal disease (ESRD).

OBJECTIVES—We compared mortality and cardiovascular morbidity during PCI with DES and 

with BMS in dialysis patients.

METHODS—We identified 36,117 dialysis patients from the U.S. Renal Data System who had 

coronary stenting in the U.S. between 4/23/03 and 12/31/10, and examined the association of DES 

versus BMS with 1-year outcomes: death; death or MI; and death, MI or repeat revascularization. 

We conducted a temporal analysis by dividing the study period into 3 DES eras: Transitional 

(4/23/03 – 6/30/04); Liberal (7/1/04 – 12/31/06); and Selective (1/1/07 – 12/31/10).

RESULTS—One-year event rates were high, with 38 deaths, 55 death or MI events and 71 death, 

MI or repeat revascularization events per 100 person-years. DES was associated with a significant 

18% lower risk of death, 16% lower risk of death or MI, and 13% lower risk of death, MI or repeat 

revascularization, compared with BMS. DES use varied, from 56% in the Transitional era to 85% 

in the Liberal era and 62% in the Selective era. DES outcomes in the Liberal era were significantly 

better than in the Transitional Era, but not significantly better than in the Selective Era.

CONCLUSIONS—DES for PCI appears safe in U.S. dialysis patients, and is associated with 

lower rates of death, MI and repeat revascularization.
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INTRODUCTION

Coronary heart disease affects 30 to 60% of patients with end-stage renal disease (ESRD) on 

dialysis (1–3), and the number of such patients undergoing percutaneous coronary 

intervention (PCI) has increased by nearly 50% over the past decade (4). Numerous clinical 

trials in patients with preserved kidney function demonstrate that drug-eluting stents (DES) 

reduce repeat revascularizations compared with bare metal stents (BMS), but effects on the 

risk of myocardial infarction (MI) and mortality are less consistent (5,6). A meta-analysis of 

76 randomized clinical trials comparing DES and BMS showed that short-term risk of MI 

was reduced in DES relative to BMS, but with no benefit on short-term mortality (5). Pooled 

analysis of data from 3 randomized trials showed similar results consistently across different 

levels of kidney function, although patients with ESRD were excluded (6).

Current guidelines recommend using DES rather than BMS in patients with ESRD (7), 

based on extrapolation of data from involving patients with normal or near-normal kidney 

function. However, uremia, inflammation, or dialysis itself may lead patients with ESRD to 

have more diffuse coronary disease and more vascular calcification (1), making them more 

prone to post-procedural complications than patients without ESRD (8). There has been only 

1 randomized clinical trial directly comparing DES with BMS that included patients with 

ESRD on dialysis, and it showed lower rates of target vessel revascularization at 12 months 

with DES (9). Only 22 participants in that trial had ESRD, and 1-year mortality was much 

lower than the national annual death rate. Those results may therefore not be generalizable 

to the overall ESRD population. Observational studies have yielded mixed results; some 

show a benefit of DES over BMS (8,10), while others do not (11–17). Many of the studies 

involved small cohorts or in largely Asian populations, or did not adequately adjust for 

potential confounders–perhaps accounting for some of the heterogeneity in outcomes.

Despite the paucity of evidence, use of DES rose rapidly in ESRD patients after approval of 

the first DES in the United States in 2003 (10,18). When reports suggested higher rates of 

MI, cardiovascular mortality and stent thrombosis with DES compared to BMS in 2006 (19–

24), use of DES in patients with ESRD declined markedly until 2007, after which the use of 

DES stabilized following publication of studies showing longer term benefit and safety of 

DES (25).

We studied patients with ESRD on maintenance dialysis undergoing PCI with stenting, 

hypothesizing that DES would be associated with lower risks of death, MI and repeat 

revascularization compared with BMS. Due to concerns about residual confounding by 

indication in this study, we leveraged changing patterns of DES use in a temporal analysis 

that compared outcomes among 3 DES eras (26): Transitional (4/23/03–6/30/04); Liberal 

(7/1/04–12/31/06); and Selective (1/1/07–12/31/10). We hypothesized that patients 
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undergoing PCI during the Liberal DES era would have better outcomes than patients in the 

2 eras with more restrictive DES use.

METHODS

STUDY POPULATION

Data on all fee-for-service claims from Medicare Parts A and B were linked to the U.S. 

Renal Data System (USRDS), the national registry of patients with ESRD (27). As 

mandated in the Social Security Amendments of 1972 (28), almost all patients with ESRD 

qualify for federal health benefits through Medicare, irrespective of age or disability status.

Study patients were ≥18 years of age, had ESRD and underwent PCI with stenting 

(ascertained from International Classification of Diseases, Ninth Edition [ICD-9] procedure 

codes 36.00, 36.01, 36.02, 36.05, 36.06, 36.07, 36.09, or 00.66 reported in the institutional 

detail datasets) after approval of the first DES by the U.S. Food and Drug Administration on 

April 22, 2003 (Figure 1) and through December 31, 2010.

For patients with multiple PCIs, the first recorded PCI was the index PCI. We required that 

patients have continuous Medicare Part A and B coverage as primary payer for at least 6 

months prior to the index hospitalization admission date to allow determination of baseline 

comorbid conditions. Patients undergoing any type of heart surgery during the index 

hospitalization were excluded, as were patients who received both BMS and DES or who 

had no record of stent placement during the index PCI. All patients were required to be on 

maintenance dialysis during the index PCI, per USRDS-defined modality file (rxhist60).

FOLLOW-UP AND OUTCOMES

We examined 3 outcomes within 1-year after index PCI: 1) death from any cause, 2) death 

or MI; and 3) death, MI or repeat revascularization (Online Table 1). Death was determined 

from the USRDS. MI occurring during the index hospitalization was not considered an 

outcome, since it may have occurred prior to the revascularization. Because determination of 

MI and repeat revascularization required claims information, follow-up for composite 

outcomes was censored at the time of loss of Medicare Part A and B coverage. We 

conducted additional sensitivity analysis censoring patients at the time of loss of Medicare 

Part A and B coverage or kidney transplantation.

COVARIATES

Data included age, sex, race, Hispanic ethnicity, dialysis modality (hemodialysis or 

peritoneal), and presumed cause of ESRD from the USRDS patient and treatment history 

files at the index date. We included time since first treatment for ESRD (i.e. dialysis 

“vintage”) as a covariate, given its association with mortality and other outcomes in this 

patient population (29). We also included kidney transplant wait list status (obtained from 

the wait list file), because patients with an upcoming kidney transplant may be more likely 

to receive a BMS, which requires shorter duration of dual antiplatelet therapy. Wait list 

status is also an aggregate indicator of the overall health of the patient and associated with 

outcomes (30).
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We defined comorbid conditions using ICD-9 diagnosis and procedure codes requiring at 

least 1 inpatient or 2 outpatient encounters separated by ≥ 1 day using all available historical 

data prior to (but not including) the index date (Online Table 1) (18), an approach that yields 

less bias than fixed observation windows (31). We used all inpatient and outpatient 

physician billing claims included in the USRDS institutional claims detail and physician 

supplier datasets. To adjust for differences in health care utilization (18), we identified the 

number of non-nephrology outpatient visits, number of hospitalized days, and nursing home 

stays for 6 months prior to the index date. We also categorized patients into 1 of 9 U.S. 

census regions based on the zip code in which they first received ESRD treatment.

STATISTICAL ANALYSIS

Baseline characteristics among patients who received BMS versus DES were compared 

using standardized differences (32), which are not influenced by sample size (32,33). A 

standardized difference of >10% represents meaningful imbalance between treatment 

groups.

We estimated exposure propensity scores (34) for each patient from a multivariable logistic 

regression model with receipt of BMS as the dependent variable that included as predictors 

all baseline variables listed in Table 1, plus census region. We then used the propensity 

scores in 2 ways. First, we applied a greedy matching algorithm (35) to tightly match 1 

patient who received a BMS to 1 patient who received a DES (maximum difference in 

propensity scores between matched pairs = 0.1). We required that all matched pairs match 

exactly by index year (and thus did not include index year in the logistic regression model). 

Second, propensity scores were used to conduct inverse probability of treatment weighted 

(IPTW) estimation with stabilized weights (36,37). A strength of IPTW is that the entire 

cohort remains available for analysis, and results are generalizable to the entire population 

from which the observed sample was derived, in contrast to propensity score-matching 

which necessarily excludes the unmatched portion of the cohort (32).

We estimated hazard ratios (HR) and corresponding 95% confidence intervals (CI) for 

outcomes of interest using proportional hazards regression models. Because all baseline 

variables were well balanced (i.e. standardized differences <10%) in the IPTW and 

propensity-score-matched cohorts (Table 1), we made no further adjustments to the models. 

In the IPTW analyses, we used robust standard errors. We tested the proportionality 

assumption using Schoenfeld residual plots.

Given the possibility of residual confounding by indication, we conducted an analysis 

leveraging the temporal trends in DES use during the study period. Rather than directly 

compare DES with BMS use, we divided the cohort into 3 distinct DES eras based on 

previous studies (26) and based empirically on the proportion of DES use observed in our 

cohort: Transitional (4/23/03–6/30/04); Liberal (7/1/04–12/31/06); and Selective (1/1/07–

12/31/10). We compared baseline characteristics in the Transitional and Selective eras with 

the Liberal era using standardized differences as above. Event rates among Transitional, 

Liberal and Selective DES eras were estimated using the Kaplan-Meier method and 

compared using the log-rank estimate. We used proportional hazards regression to compare 

outcomes in the Transitional and Selective eras relative to the Liberal DES era, adjusting for 
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the variables listed in Table 2. Although previous studies used enrollment year or rates of 

DES use as an instrumental variable (38,39), we felt that DES era did not satisfy 2 key 

assumptions of a formal instrumental variable analysis: 1) that DES era was associated with 

outcomes only through its association with receipt of DES or BMS; and 2) that the 

instrumental variable randomizes patients such that patients are similar with respect to 

measured and unmeasured variables across levels of the instrument.

The Institutional Review Board of Stanford University approved the study. All analyses 

were conducted using SAS Enterprise Guide 6.1 (Cary, North Carolina).

RESULTS

Overall, 36,117 patients on maintenance dialysis underwent PCI with stenting between 2003 

and 2010 and passed inclusion and exclusion criteria (Figure 1). Sixty-nine percent of the 

final cohort received a DES. Mean age was 64 years, and there was a high prevalence of 

diabetes, hypertension and hyperlipidemia. Patients who received DES had higher 

prevalence of diabetes mellitus, but patients who received BMS more often had a prior 

history of MI, and more often presented with a ST-elevation MI (Table 1).

DRUG-ELUTING STENTS VERSUS BARE METAL STENTS

In the logistic regression model on stent type (c = 0.6; Hosmer and Lemeshow Goodness-of-

Fit Test, p = 0.86; Online Table 2), female sex, multivessel intervention, and presence of 

heart failure and diabetes mellitus were associated with higher odds of receiving a BMS 

versus DES. We matched 96% of BMS patients to a corresponding DES patient. All 

baseline variables were well balanced among patients receiving BMS and DES after 

propensity score matching and after applying the IPTW (Table 1).

One-year event rates were high, with 38 deaths, 55 death or MI events and 71 death, MI or 

repeat revascularization events per 100 person-years. Unadjusted rates of death, death or MI 

and death, MI, or repeat revascularization were lower in DES patients compared to BMS 

patients (Table 3). In the propensity score-matched cohort, DES was associated with an 18% 

(CI, 14% to 22%) lower risk of death, 16% (CI, 13% to 19%) lower risk of death or MI, and 

13% (CI, 9% to 16%) lower risk of death, MI or repeat revascularization compared with 

BMS (Central Illustration). These results were similar using the IPTW approach (Central 
Illustration), and were not materially changed in sensitivity analyses that censored patients 

at the time of kidney transplantation (data not shown).

TEMPORAL ANALYSIS: TRANSITIONAL, LIBERAL AND SELECTIVE DES ERAS

Average use of DES during PCI changed significantly over the study period, from 56% in 

the Transitional era, to 85% in the Liberal era and 62% in the Selective era (Figure 2). 

Patients who underwent PCI in the Transitional era were less likely to have a non-ST 

elevation MI on index presentation or require multivessel coronary intervention, and had 

fewer nursing home stays and lower prevalence of most comorbid conditions compared with 

patients undergoing PCI in the other 2 eras (Table 2).
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In unadjusted analyses, patients who underwent PCI in the Liberal era tended to have lower 

rates of death, death or MI and death, MI or repeat revascularization than patients who 

underwent PCI in the Transitional or Selective eras (Table 3, Figure 3). After adjusting for 

baseline characteristics, outcomes for patients undergoing PCI in the Transitional era were 

consistently worse than for patients in the Liberal era, while the outcomes of PCI during the 

Liberal versus Selective eras were similar, with only the composite of death and MI being 

significantly worse in the Selective era (HR = 1.05; CI, 1.01–1.09; Figure 3). Results were 

not changed in sensitivity analyses that censored patients at the time of kidney 

transplantation (data not shown).

DISCUSSION

In this large, representative cohort of patients with ESRD on dialysis, use of DES rather than 

BMS during PCI was associated with 18% lower risk of death, 6% lower risk of death or MI 

and 13% lower risk of death, MI or repeat revascularization (Central Illustration). DES-

associated reduction in need for repeat revascularization among patients with reduced 

kidney function was recently demonstrated in the RENAL-DES (Randomized Comparison 

of Xience V and Multi-Link Vision Coronary Stents in the Same Multivessel Patient with 

Chronic Kidney Disease) trial, which enrolled 215 patients with estimated creatinine 

clearance < 60 mL/min and multivessel coronary disease to receive DES or BMS (9). Mean 

creatinine clearance was 47 mL/min, with 10% of the cohort (N = 22) on dialysis. Results 

from RENAL-DES showed that the incidence of ischemia-driven target vessel 

revascularization at 12 months was 8.7% lower in the DES group (p <0.001). Differences 

were even larger for patients with a creatinine clearance < 30 mL/min or who were on 

dialysis (BMS = 24.2% vs. DES = 3.1%; absolute risk reduction = 21.1%; p = 0.005). 

However, the patient cohort in this trial was highly selected, reflected in its 1-year death rate 

of only 3.7%, which is much lower than the annual death rates for patients with chronic 

kidney disease and coronary heart disease overall (40). Our study extends the results of 

RENAL-DES to a population better reflecting patients treated in actual clinical practice.

Results from observational studies in ESRD examining outcomes of death and MI have been 

less consistent. Some smaller studies (sample size ranging from 74 to 505) in dialysis 

patients, conducted mostly in Asian cohorts, showed no differences in death with DES 

versus BMS (11–17), while 2 larger, U.S.-based observational studies in patients with ESRD 

(8,10) showed benefit to DES consistent with our results. One was a descriptive analysis 

using USRDS data that showed lower crude 1-year survival rates for patients on dialysis 

receiving a BMS (63%) than for patients receiving DES (71%) (10). The other included only 

older patients undergoing PCI, and showed a 15% (CI, 6% to 14%) lower risk of death with 

DES versus BMS in the subgroup of dialysis patients (8). Our results expand upon those 

findings by adjusting for potential confounders using propensity score-matching and IPTW 

analyses, and by studying a more diverse patient cohort.

Patients with ESRD on dialysis are at higher risk of serious bleeding events due to chronic 

heparin exposure, uremia-induced platelet dysfunction, and concomitant use of 

anticoagulants (41–43). Such patients are also more likely to discontinue clopidogrel or 

other antiplatelet agents prematurely (44), which can lead to in-stent thrombosis and 
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subsequent MI (45). Concerns about adverse bleeding effects or medication non-adherence 

may lead physicians to choose BMS for sicker, less adherent patients, because DES requires 

a longer duration of dual antiplatelet therapy. We used different statistical approaches to 

account for these factors (i.e. propensity score-matching and IPTW), but as with any 

observational study comparing 2 treatment options, residual confounding remained a 

concern. Rather than directly compare outcomes associated with DES versus BMS, we 

leveraged changing provider preferences for DES versus BMS during the study period and 

conducted a temporal analysis by DES era. We found that patients undergoing PCI during 

the Transitional era when DES use was at its lowest (56% overall), had a 9% to 12% higher 

adjusted risk of death and cardiovascular events compared with PCI with stenting during the 

Liberal era, when DES use was at its highest (85% overall; Central Illustration). These 

results persisted despite the fact that patients in the Transitional era had a lower prevalence 

of most measured comorbid conditions and may have been expected to have better 

outcomes. In contrast, undergoing PCI in the Selective era (DES use 62% overall) compared 

with the Liberal era was not consistently associated with higher risks of death and 

cardiovascular outcomes, although patients in the Selective era had a higher prevalence of 

many comorbid conditions traditionally associated with poorer outcomes (e.g. diabetes 

mellitus, heart failure, peripheral arterial disease). In 2007 (the start of our Selective era), the 

recommended duration of dual antiplatelet therapy was extended for DES to at least 1 year 

and for BMS for up to 1 year (46), which may partly account for the lack of differences we 

observed in comparisons of the Selective and Liberal eras. Although not definitive, our 

results suggest no increased risk of death or MI with DES, an important finding, given the 

potential safety concerns in this population.

STUDY LIMITATIONS

Despite our use of complementary analytical strategies to test the robustness of our results, 

in the absence of randomization to DES or BMS, the potential for residual confounding 

remains. In addition, our analysis relied on administrative claims data and we did not have 

access to laboratory information (e.g., cardiac troponins), clinical variables (e.g., left 

ventricular ejection fraction), or coronary angiography data (e.g., lesion length and 

complexity). We cannot exclude the possibility that there were differences in the indication 

for any PCI (using BMS or DES) across the 3 eras and how such marginal patients may have 

influenced our results. While we were able to examine any repeat revascularization 

procedure, we were unable to distinguish among target vessel revascularization, target lesion 

revascularization, or a de novo revascularization. Further, we did not have information on 

the specific type of DES used (e.g., sirolimus-eluting, paclitaxel-eluting or a newer 

generation agent), which can differ in efficacy (5). Finally, we did not have information on 

the concomitant use of medical therapies, including antihypertensive agents and antiplatelet 

agents.

CONCLUSIONS

The use of DES in patients with ESRD on dialysis mirrored trends in the general population: 

rapidly increasing after its introduction to the U.S. market in mid-2003, decreasing in 2006 

over concerns regarding higher risks of stent thrombosis, and stabilizing from 2007 
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onwards. Several analytical techniques suggest that DES was associated with better 

outcomes in terms of death and cardiovascular events compared with BMS in patients with 

ESRD on dialysis. Until a randomized clinical trial is conducted, our study provides 

additional evidence to support current guidelines recommending preferential use of DES 

over BMS in this high-risk patient population.
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CI confidence interval
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PERSPECTIVES

Competency in Medical Knowledge

Coronary artery disease is common in patients with end-stage renal disease (ESRD) on 

dialysis and rates of percutaneous coronary intervention with stenting have risen over the 

past decade.

Competency in Patient Care

Current guidelines recommend use of drug-eluting stents over bare metal stents in 

patients with ESRD, based largely on extrapolation of evidence from trials in patients 

without ESRD.

Translational Outlook

Future interventional studies should consider inclusion of patients across a broad range of 

kidney function, including patients with ESRD on dialysis.
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Central Illustration: Stent Type and Outcomes in Dialysis: Direct comparison of drug-eluting 
stents and bare metal stents in patients on dialysis
Hazard ratios comparing drug-eluting stents with bare-metal stents after percutaneous 

coronary intervention in patients with end-stage renal disease on dialysis for the specified 

outcomes using 2 different analytical approaches. Error bars represent 95% confidence 

intervals [CI]. Abbreviations: MI = myocardial infarction; Revasc = revascularization. 

Abbreviations: ESRD = end-stage renal disease on dialysis; PCI = percutaneous coronary 

intervention; DES = drug-eluting stent; BMS = bare metal stent.

Chang et al. Page 13

J Am Coll Cardiol. Author manuscript; available in PMC 2017 March 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Cohort assembly flow diagram
Assembly of cohort of patients with ESRD on dialysis who underwent percutaneous 

coronary intervention with stenting after drug-eluting stents became available in the United 

States.
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Figure 2. Changing patterns of drug-eluting stent use in patients on dialysis from April 2003 – 
Dec 2010
Proportion of patients with end-stage renal disease on dialysis receiving drug-eluting stents 

(DES) or bare metal stents (BMS) during percutaneous coronary intervention in 3 different 

drug-eluting stent eras: Transitional: 4/23/03–6/30/04; Liberal: 7/1/04–12/31/06; and 

Selective: 1/1/07–12/31/10.
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Figure 3. Temporal analysis comparing outcomes by drug-eluting stent era in patients on 
dialysis
Kaplan-Meier curves by drug-eluting stent era, with unadjusted and adjusted hazard ratios 

(95% confidence intervals) comparing Transitional and Selective versus Liberal drug-eluting 

stent eras for the following 1-year outcomes after percutaneous coronary intervention: (A) 

death; (B) death or myocardial infarction [MI]; and (C) death, myocardial infarction or 

repeat revascularization [RR].
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