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Objectives The purpose of this study was to determine the safety and efficacy of drug-eluting stents (DES) compared with
bare-metal stents (BMS) in older patients with chronic kidney disease (CKD).

Background DES may be associated with late death and myocardial infarction (MI) secondary to stent thrombosis. However,
data on outcomes in older patients with CKD are limited.

Methods We estimated the glomerular filtration rate (GFR) of 283,593 patients 65 years of age and older who underwent
stent implantation between 2004 and 2007. In propensity-matched cohorts grouped by GFR, the association
between DES and BMS and the risk of death, MI, revascularization, and major bleeding was examined.

Results A total of 121,446 patients (42.8%) had CKD (GFR �60 ml/min/1.73 m2). The 30-month mortality rate for pa-
tients on long-term dialysis was 52.0%. In propensity-matched pairs, placement of a DES compared with a BMS
in patients with normal renal function was associated with significant reductions in 30-month revascularization
(hazard ratio [HR]: 0.91; 95% confidence interval [CI]: 0.86 to 0.95), MI (HR: 0.77; 95% CI: 0.71 to 0.83), and
death (HR: 0.73; 95% CI: 0.69 to 0.77), but no difference in bleeding (HR: 0.89; 95% CI: 0.79 to 1.00). Lower MI
and mortality rates were also observed after DES compared with BMS implantation in all CKD subgroups with
the exception of MI in the long-term dialysis group. Decreased rates of revascularization did not extend to any
subgroup of patients with CKD.

Conclusions The safety of DES compared with BMS is observed in all patients regardless of renal function and is associated
with reduced rates of MI and death in some subsets of patients with CKD. (J Am Coll Cardiol 2011;58:
1859–69) © 2011 by the American College of Cardiology Foundation

Patients with chronic kidney disease (CKD) make up an
increasing percentage of the population undergoing percu-
taneous coronary intervention (PCI). This trend is largely a

result of the growing number of patients with CKD,
estimated to exceed 19 million patients in the United States,
and the high prevalence of coronary artery disease in these
patients (1–3). However, their representation in randomized
trials of PCI therapies has been historically low because of
concerns about an increase in major in-hospital adverse
events, short- and long-term mortality, and lower proce-
dural success rates compared with patients with normal
renal function (4–6).

The drug-eluting stent (DES) has emerged as the stent of
choice in CKD patients in response to the high restenosis
rates of 13% to 35% seen with bare-metal stents (BMS) in
these patients (7–11). Although DES have been shown to
lower restenosis and revascularization rates in patients
enrolled in the randomized, controlled trials (RCTs) (12–14),
�50% of DES are being placed in patient and anatomic
subsets that were not included in the large pivotal RCTs
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(15–17). Whether these devices
are safe and effective in older
patients with baseline CKD or
patients on long-term dialysis
has not been well studied, and
the recent concerns regarding in-
creased rates of late stent throm-
bosis in patients with CKD after
implantation of DES may offset
any potential benefit of decreased
revascularization (18–20).

The contemporary prevalence
of CKD in older patients under-
going PCI and the relative safety
and efficacy of DES compared
with those of BMS in this popu-
lation is unknown. Using data
from the linked American College
of Cardiology National Cardiovas-
cular Data Registry (NCDR) and
the Center for Medicare Services
national claims databases, we eval-

uated the outcomes of patients with increasing severity of
CKD including patients on dialysis and in these subgroups and
examined the association between DES and BMS and the
risks of death, myocardial infarction (MI), revascularization,
and major bleeding.

Methods

Study population. The NCDR CathPCI registry, co-
sponsored by the American College of Cardiology and
the Society for Cardiovascular Angiography and Inter-
ventions, was previously described (21,22). The registry
catalogs data on patient and hospital characteristics,
clinical presentation, treatments, and outcomes for PCI
procedures from more than 1,000 sites across the United
States. Data are entered into NCDR-certified software at
participating institutions and exported in a standard
format to the American College of Cardiology. There is
a standard dataset with written definitions, uniform data
entry and transmission requirements, and data quality
checks. The variables were prospectively defined by a
committee of the American College of Cardiology and
are available online (23).

This study included all Medicare-eligible patients 65
years of age and older undergoing PCI who were enrolled
in the CathPCI registry between January 1, 2004, and
December 31, 2007. Only patients enrolled using version
3.0 of the data forms (contains data on baseline creati-
nine) were included. Patients receiving more than 1 stent
type (i.e., both BMS and DES) or missing creatinine
values who were not on dialysis were excluded from the
analysis (Fig. 1). Patients were classified into 5 groups
according to the estimated glomerular filtration rate
(GFR) using the 4-component MDRD (Modification of

Diet in Renal Disease study) equation incorporating age,
race, sex, and serum creatinine (24). The most recent
creatinine level before the day of the procedure was collected
on the case report forms. Patients were classified as having
normal renal function (GFR �60 ml/min/1.73 m2), mild
CKD (GFR 45 to 59 ml/min/1.73 m2), moderate CKD
(GFR 30 to 44 ml/min/1.73 m2), severe CKD (GFR
�30 ml/min/1.73 m2), and long-term dialysis (as indi-
cated by the case report form). The Duke University
Medical Center Institutional Review Board granted a
waiver of the informed consent and authorization for this
study.
Follow-up information. The CathPCI registry only covers
pre-hospital testing and in-hospital outcomes, so we used
the Medicare 100% inpatient fee-for-service claims file for
longitudinal patient follow-up. The CathPCI Registry-
CMS Claims Database linking rules were previously de-
scribed (25).
Clinical endpoints. We evaluated 4 primary clinical end-
points: death, MI, repeat revascularization, and follow-up
bleeding (26,27). Death was defined both during the index
PCI procedure (using American College of Cardiology
NCDR information) and post-discharge (using the Medicare
denominator file). Other clinical endpoints were defined
post-discharge only with the Medicare claims file as the
primary diagnosis for the hospital admission. The ICD-9
CM diagnosis codes used to identify events were MI
(410.X1) (26,27), major bleeding (430 through 432 [intra-
cerebral], 578.X [gastrointestinal tract], 719.1X [hemar-
throsis], 423.0 [hemopericardium], 599.7 [hematuria],
626.2, 626.6, 626.8, 627.0, 627.1 [vaginal], 786.3 [hemo-
ptysis], 784.7 [epistaxis], or 459.0 [hemorrhage not other-
wise specified]), and revascularizations (ICD-9 CM proce-
dure codes PCI: 36.00, 36.06, 36.07, 36.09; and coronary
artery bypass graft surgery: 36.10–19). Only revasculariza-
tions occurring after discharge from the index hospital stay
were included in the revascularization analysis.
Statistical analysis. Differences between groups were
compared using chi-square tests for categorical variables
and the Wilcoxon rank sum or Kruskal-Wallis test for
continuous variables. Event rates were calculated based
on Kaplan-Meier censoring estimates. Kaplan-Meier
event curves, stratified by CKD subgroup, were generated
and presented as cumulative incidence curves. To evalu-
ate the independent effect of CKD severity on outcomes,
we used a Cox proportional hazards model adjusted with
variables from the NCDR PCI mortality model (28,29).
Patients with normal renal function were used as the
referent group in all comparisons.

Propensity scores were developed for the receipt of
DES within each CKD subgroup such that the receipt of
a DES is the dependent variable conditioned on 102
observed covariates. We then matched each DES recip-
ient to a BMS control within each CKD subgroup by
using the estimated logit of the propensity score using a
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