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Abstract

Background—Chronic kidney disease is a risk factor for death in the year following myocardial 

infarction or coronary angioplasty. Whether the risk is similar after coronary stenting, whether 

impaired renal function is associated with an increased risk of cardiovascular death or myocardial 

infarction (MI) after coronary stenting, and whether this risk is maintained beyond the first year is 

uncertain.

Methods—We analyzed the long-term risks of MI or the combination of cardiovascular death 

and non-fatal MI in subjects participating in 4 coronary stenting trials with mandated, prospective 

long-term follow-up. Cox proportional hazards models were used to adjust for confounding and to 

generate multivariable odds ratios.

Results—1228 subjects were followed for a median of 5 years. There were 125 myocardial 

infarctions and 55 cardiovascular deaths. Subjects with a serum creatinine ≥1.3 mg/dL had 

markedly elevated risks of cardiovascular death and MI that emerged during the first year and 

were maintained throughout follow-up. The adjusted hazard ratio of myocardial infarction was 

2.14 (p=.006) while the adjusted hazard ratio of a combined endpoint of myocardial infarction or 

cardiovascular death was 2.13 (p=.001). The risks were similar in subjects with moderate (serum 

creatinine 1.3-1.9mg/dL) or advanced chronic kidney disease.

Conclusions—The presence of even mild chronic kidney disease is associated with a high risk 

of cardiovascular death and myocardial infarction following coronary stenting. Further research to 

address the causes of the association and to define the best therapy for these patients is necessary.
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Introduction

More than 11%, of the U.S. population has chronic kidney disease, and more than 8 million 

people have moderate or greater impairment of renal function with estimated glomerular 

filtration rates below 60 mL/min (11). Moderate CKD has increasingly been recognized as 

an independent risk factor for the development of cardiovascular disease (18, 32) and is also 

associated with a high risk of death following myocardial infarction (1, 2, 29). The 

explanation for this high risk of death is uncertain, but a high frequency of standard 

coronary risk factors in patients with CKD, high levels of oxidative stress and inflammation 

and the underuse of standard cardiovascular therapies in patients with CKD have all been 

implicated(7, 33, 35).

While usage of cardiovascular medications and coronary revascularization are lower in 

patients with CKD than in patients without CKD, the extent to which this underuse is 

responsible for the high cardiovascular mortality remains uncertain. Among patients 

undergoing coronary angioplasty, for example, the presence of CKD remains associated 

with a high risk of all-cause death following percutaneous coronary intervention (8)—a 

finding that suggests that underuse of revascularization is unlikely to be solely responsible 

for the high mortality rates observed in patients with CKD. However, this finding must be 

interpreted cautiously for several reasons: First coronary angioplasty without stenting is 

associated with a high frequency of restenosis and is demonstrably less effective in subjects 

with renal failure than in those with normal renal function(3). Second, previous studies 

among subjects undergoing coronary revascularization have examined the association of 

CKD with all-cause mortality but have not specifically focused on cardiovascular mortality 

or MI as outcomes. Finally, prior studies generally have had limited follow-up beyond the 

first year following coronary intervention, thereby limiting inference on the long-terms risks 

associated with the presence of CKD (19). To address these limitations of the available data 

we pooled data from three randomized clinical trials of coronary stents and one non-

randomized registry with FDA-mandated long-term follow-up. The relative hazards of non-

fatal MI or a combination of non-fatal MI and cardiovascular death during follow-up were 

analyzed as a function of serum creatinine with adjustment for other cardiovascular risk 

factors.

Subjects and Methods

Subjects

The cohort consisted of participants with long-term follow-up from three randomized stent 

vs. stent trials (ASCENT-ACS Multilink™ stent, NIRVANA-NIR™ stent and SMART-

AVE Micro II™ stent) and one non-randomized registry (AVE-GFX™ stent)(4, 5, 14, 22) 

that used similar inclusion and exclusion criteria. Each trial required objective evidence of 

coronary ischemia in the absence of recent myocardial infarction. Five-year follow-up of all 

Multilink and NIR patients and a randomly selected subset of 75% of Micro II and GFX 

patients was mandated by the FDA after conditional device approval. Consenting patients 

were followed annually for the occurrence of death, MI repeat revascularization and cardiac 

hospitalization. Baseline and follow-up data from the 1228 subjects with long-term follow-

up in these four trials were pooled for this investigation.
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Definitions

Deaths and cardiovascular events were adjudicated by an independent, blinded clinical 

events committee. Death was classified as cardiac unless non-cardiac causes were identified. 

Peri-procedural MI was defined as CK-MB > 3 times normal, or development of new 

pathologic Q waves. After this period, MI was defined as new ischemic symptoms or 

characteristic EKG changes with total CK >2 times normal or the development of new Q 

waves.

Mild to moderate renal insufficiency was defined as a baseline serum creatinine ≥1.3 mg/dL 

because this level reliably detects inulin clearances below 80 ml/min(12). Glomerular 

filtration rate was estimated according to Cockroft-Gault(10) and modified 

MDRD(24)equations. Formula-derived estimates of renal function were not used in the 

primary analysis because these formulas have not been validated in elderly and because they 

may not be reliable in subjects with normal renal function (25). Additionally, the choice of 

estimating equation can markedly alter the association of renal function with other cardiac 

risk factors (31) and a dichotomous categorization of renal function using estimated GFR 

might lead to widely discrepant results according to the arbitrary choice of estimating 

equation. While true GFR at any given serum creatinine can be expected to vary according 

to race, age, and muscle mass, a dichotomous categorization using a threshold of serum 

creatinine ≥1.3 mg/dL vs.<1.3 mg/dL has several advantages: First, a creatinine ≥ 1.3 mg/dL 

is considered abnormal in most clinical labs; Second, serum creatinine remains a more 

widely used criterion than estimated GFR for the identification of renal insufficiency in 

general practice, and this distinction is therefore clinically relevant.. Finally, an elevated 

creatinine level should have a high-specificity for the identification of true renal impairment 

in the current cohort since individuals with an elevated creatinine due to excess muscle mass 

should be infrequent in a middle-aged to elderly cohort with coronary artery disease.

Analysis and Statistics

Missing variables for ejection fraction (158 patients) and body mass index (4 patients) were 

imputed as the study median values. Heterogeneity between the four studies was evaluated 

for key baseline variables using chi-squared tests for dichotomous variables and Student's T-

Test or Wilcoxon Rank-Sum tests for continuous variables. No significant differences were 

detected at the p<0.05 level. Separate analyses were conducted for the myocardial infarction 

and for the combined endpoint of non-fatal myocardial infarction and cardiovascular death. 

Event rates were determined using the Kaplan-Meier survival method, and univariate 

analyses of survival were conducted with the log-rank test. Cox proportional hazards 

regression was used to adjust for potentially confounding variables after examining the 

proportional hazards assumptions with the use of log-log plots and Schoenfeld residuals. 

Variables used in the multivariate analyses included study, age, race, body mass index, 

gender, diabetes, hypertension, hyperlipidemia, number of diseased vessels, left anterior 

descending target vessel, current smoking, prior MI, renal function, and ejection fraction. A 

p value <0.05 was considered statistically significant. Statistical analyses were performed 

using Stata for Windows version 8.0 (Stata Corporation, College Station, TX).
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Results

Baseline Characteristics

Median follow-up was 1830 days with follow-up beyond 4 years in 86% of patients. 

Baseline characteristics of the patients are shown in Table 1. Serum creatinine was missing 

in 14 subjects (1.14%). 113 of the remaining subjects (9.20%) had serum creatinine ≥1.3 

mg/dL. Less than 1% of subjects had a serum creatinine above 2.0 mg/dL. Subjects with 

elevated serum creatinine were older and more likely to be male or have hypertension. 

Conversely, they had higher ejection fractions and were less likely to be smokers or have an 

intervention on the left anterior descending artery.

Risk of Cardiac Death and MI during Follow-up

55 subjects (4.5%) died from cardiovascular causes and 125 (10.2%) subjects had an MI 

during the follow-up period. In 48 subjects the index procedure was complicated by a peri-

procedural myocardial infarction. The risk of peri-procedural events was not different in 

subjects with vs. without renal impairment (HR 1.13, 95% CI: 0.45-2.84). However, the 

overall risk of MI or cardiac death during follow-up was significantly higher among patients 

with renal insufficiency than in those with normal renal function as summarized in Figure 1 
and Table 2.

MI-free survival at 5 years was 90.1% (95% CI, 88.1-91.2) in patients with non-elevated 

serum creatinine and 80.9% (95% CI, 71.8.-87.3) in patients with renal impairment. The 

relative hazard of MI during follow-up was nearly 2-fold higher in subjects with impaired 

renal function compared to those without renal impairment. Similar trends were apparent for 

the combined outcome. After 5 years, 86.8% of subjects with normal renal function (95% 

CI, 84.6-88.8) were alive and MI-free compared with 73.7% of subjects with renal 

impairment (95% CI, 63.9-81.2). There was a greater than 2-fold increase in the hazard of 

cardiovascular death or MI among patients with impaired renal function (Figure 1 and 
Table 2.). For both endpoints, each increase in serum creatinine of 0.1 mg/dL was 

associated with borderline significant increase in the risk of an event during follow-up 

(Table 2.).

Multivariate Analysis

The relationship between renal disease and cardiovascular outcomes was not significantly 

confounded by the differences in baseline characteristics of patients with and without renal 

disease (Table 3.). After adjustment for potential confounders, the hazard ratio for MI 

increased slightly from 1.98 to 2.14 and the hazard ratio of cardiovascular death or non-fatal 

MI increased from 2.02-to 2.13. Similarly, for each 0.1 mg/dL increase in serum creatinine 

the adjusted hazard ratio of MI (p=0.04) or cardiovascular death and non-fatal MI (p=0.06) 

increased by 2%. Excluding subjects with more significant renal dysfunction (serum 

creatinine ≥2.0) from the analysis did not significantly alter the results (data not shown).

There were no significant interactions between renal function, hyperlipidemia, diabetes, sex 

or race. However, there was a borderline significant interaction of renal insufficiency and 

hypertension on the risk of the combined outcome of cardiovascular death or non-fatal MI 
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(p=.06). Among non-hypertensive subjects with chronic kidney disease, the hazard ratio of 

an event during follow-up was 1.05 (95% CI, 0.42-2.63)—a risk that was not significantly 

different than the risk in subjects without renal disease (p=.10). Conversely, for subjects 

with both hypertension and renal insufficiency, the hazard ratio was 2.88 (95% CI, 

1.74-4.79), a risk significantly greater than the risk in subjects with neither of these risk 

factors (p<.001).

The age weight, race and estimated creatinine clearance of subjects with elevated creatinine 

and the absence of hypertension were examined to determine whether this interaction might 

be related to misclassification of renal function in young or muscular subjects with slight 

elevations in serum creatinine. Thirty of the 32 (87.5%) subjects with elevated creatinine but 

without hypertension were white. Mean age was 66.7 years and no subject was younger than 

49 years old. Mean weight (SD) was 87.4 (19.4) kilograms. The mean MDRD-derived 

creatinine clearance for the group was 47.3 (12.0) cc/min/1.73 m2 with a maximum value of 

66.6.

Discussion

We examined cardiovascular outcomes among patients undergoing coronary stenting and 

prospectively followed for 5 years and found that renal insufficiency is associated with a 

durable and markedly increased risk of myocardial infarction or cardiovascular death 

following elective coronary stenting. This increased risk emerges within the first year after 

percutaneous intervention and persists throughout follow-up. It is apparent with even minor 

decrements in renal function and is not attributable to the presence of a small number of 

subjects with severe renal dysfunction.

Chronic kidney disease appears to be a major, independent risk factor for the development 

of cardiovascular complications (2, 18, 21, 26-28). Although not all studies in low-risk 

populations have confirmed this association (13, 17, 32), in high-risk populations, there is 

more uniform evidence that renal impairment is associated with an increased risk of 

morbidity and mortality. Renal insufficiency is associated with an increased risk of death 

during the first year after treatment for acute coronary syndromes(1) or MI(6, 15, 16, 23, 29, 

30, 34), and there is a graded increase in risk with progressive decrements in kidney 

function(2, 8). Effective revascularization or repair of obstructive coronary lesions might be 

expected to reduce the risk of MI or cardiovascular death and narrow the difference between 

patients with normal vs. impaired renal function and studies of outcomes in this setting can 

shed light on the extent to which the risks of CKD are mediated through the presence of 

obstructive coronary lesions.

Both Best and Gruberg have previously found renal impairment to be associated with a high 

risk of cardiovascular death after percutaneous coronary intervention, but both studies suffer 

from important limitations (8, 19). It is not clear from either report whether CKD remained 

associated with cardiovascular death or MI after adjustment for confounding by conditions 

such as diabetes or hypertension. Furthermore, both studies relied on data from hospital-

based registries of coronary procedures, and they are therefore susceptible to bias from the 

different thresholds that exist for referral in patients with vs. without renal disease(9). Third, 

Charytan et al. Page 5

J Nephrol. Author manuscript; available in PMC 2015 April 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



both studies terminated follow-up at the end of the first year and therefore provide little 

information on the long-terms risks associated with CKD. Finally, the patients in Best's 

study were generally treated with angioplasty alone, a treatment that is associated with 

markedly higher rates of restenosis and re-intervention than the current practice of 

angioplasty plus stenting.

Our results are consistent with and expand upon these studies by demonstrating that patients 

with CKD remain at increased risk for cardiovascular death and MI during the 5 years after 

coronary stenting. Further, we demonstrate that this risk is not due to confounding and can 

be found even in clinical trial populations with uniform indications for coronary 

intervention. In addition, the borderline significant interaction that we found between renal 

function and the presence of hypertension is intriguing. Our data does not allow us to 

determine whether this is a chance finding or, whether the lack of statistical significance is 

the consequence of a limited power to detect interactions. Further, while our results suggest 

that misclassification of CKD status is an unlikely explanation, we cannot rule out the 

possibility that hypertensive status was misclassified. Intuitively, the concept that the 

presence of hypertension might alter the vasculopathic or atherogenic effects of uremia is 

biologically plausible, and we believe that our findings merit further study in larger 

populations with more rigorous classification of blood pressure and GFR.

It is possible that less aggressive use of cardiovascular medications in subjects with chronic 

kidney disease partially explains our findings(7). We believe that a reluctance to use 

standard cardiovascular therapies in patients with renal failure is an unlikely explanation in a 

population already referred for invasive cardiovascular therapies, but we cannot rule out the 

possibility that there were differential thresholds for the use of medical and interventional 

therapies in our population. We also cannot rule out residual confounding by variables not 

available for our analysis such as vascular calcification, left ventricular hypertrophy and 

anemia (20). Each of these factors may partly explain how renal failure is related to 

cardiovascular diseases, but as the effect of renal failure may be partly mediated through 

each of these variables adjustment for them could inappropriately mask the true 

consequences of renal insufficiency.

In conclusion, our study demonstrates that the presence of mild to moderate renal 

dysfunction at the time of coronary stenting is independently associated with a doubling of 

the risk of myocardial infarction or cardiovascular death that persists even during prolonged 

follow-up. Further studies are needed to better understand the etiology of this association 

and to identify the optimal therapeutic approaches for these high-risk patients.
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Figure 1. 
Kaplan-Meier Plots of Event-Free Survival Stratified by Renal Function A) MI-Free 

Survival, P=0.0005. B) Freedom from cardiovascular death or non-fatal MI, P<0.0001.
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Table 1

Baseline Characteristics According to Renal Function

Clinical Characteristic Creatinine <1.3 N=1101 Creatinine ≥1.3 N=113 P Value

Age in Years (SD) 62.1 (10.6) 67.4 (10.2) <0.0001

Female 359 (32.6) 23 (20.4) 0.008

Black Race 30 (2.72) 6 (5.36) 0.118

Diabetes Mellitus 230 (20.9) 29 (25.7) 0.242

Hypertension 607 (55.4) 80 (70.7) 0.001

Elevated Cholesterol 494 (45.2) 40 (36.4) 0.074

Prior Myocardial Infarction 349 (32.2) 39 (36.1) 0.404

Current Smoking 255 (23.2) 14 (12.4) 0.009

LAD Intervention 470 (42.7) 34 (30.0) 0.010

Ejection Fraction (SD) 55.8 (10.3) 60.0 (10.6) 0.006

MDRD estimated Creatinine Clearance (SD) 80.9 (22.3) 43.8 (13.1) <0.001

Cockroft-Gault estimated Creatinine Clearance (SD) 88.9 (34.6) 53.7 (21.8) <0.0001

Number of Diseased Vessels (SD) 1.39 (0.63) 1.47 (0.67) 0.221
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Table 2

Unadjusted Associations of Renal Function and Cardiovascular Outcome

Myocardial Infarction Cardiovascular Death or Non-Fatal MI

Normal Creatinine Elevated Creatinine P Value Normal Creatinine Elevated Creatinine P Value

Incidence Rate
25.56

a
50.33

a .001
31.14

a
65.85

a .004

Hazard Ratio Elevated 
Creatinine (95% CI)

1.98 (1.21-3.26) .006 2.02 (1.32-3.07) .007

Hazard Ratio 
Continuous Creatinineb 

(95% CI)

1.03(.0.96-1.05) 0.09 1.02 (.0.99-1.05) 0.12

Elevated creatinine = serum creatinine>=1.3 mg/dL

a
Incidence rates per 1000 patient-years. b Hazard ratio per 0.1 mg/dL increase in serum creatinine
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Table 3

Adjusted Hazard Ratios

Adjusted Hazard Ratio 95% Confidence Interval P Value

Myocardial Infarction

    Impaired vs. Normal Renal Function 2.14 1.28 - 3.55 0.006

    0.1mg/dL Increase in Serum Creatinine 1.02 1.00 - 1.03 0.04

Cardiovascular Death or Myocardial Infarction

    Impaired vs. Normal Renal Function 2.13 1.37 - 3.30 0.001

    0.1mg/dL Increase in Serum Creatinine 1.02 0.99 - 1.03 0.06
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