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Abstract

Background—New percutaneous coronary intervention (PCI) device technologies are often 

rapidly adopted into clinical practice, yet few studies have examined the overall impact of these 

new technologies on patient outcomes in community practice.

Methods—In hopes of determining temporal trends in PCI outcomes, we used data from the 

Centers for Medicare & Medicaid Service's Chronic Condition Warehouse (n = 3,250,836) by 

comparing patient characteristics and rates of 3-year major adverse cardiac events (MACE) across 

the balloon angioplasty (POBA) era (01/1991-09/1995), the bare metal stent (BMS) era 

(02/1998-04/2003), and the drug-eluting stent (DES) era (05/2004-10/2006). The adjusted 

association between era and outcomes was determined with Cox proportional hazards modeling 

(POBA era as reference).

Results—Compared with the POBA era, patients undergoing PCI were significantly older and 

had more medical comorbidities, and the risk for 3-year MACE was significantly lower during the 

BMS and DES eras (BMS vs. POBA adjusted HR [95% CI]: 0.930 [0.926–0.935]; DES vs. BMS: 

0.831 [0.827–0.835]). Compared with males, the adjusted risk for 3-year MACE among females 

was lower during the POBA era, but slightly higher during the BMS and DES eras. Across all 

three eras, patients ≥75 years of age had higher adjusted risk for MACE compared with younger 

patients, and the risk for revascularization was lower for both females and older patients.

Conclusions—Despite its application in older and sicker Medicare beneficiaries, there has been 

a significant decrease in post-PCI MACE over time. The risk for death or myocardial infarction is 

higher among females and older patients compared with males and younger patients; therefore, 

future studies should focus on improving clinical outcomes in these high-risk subgroups.
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Percutaneous coronary intervention (PCI) is one of the most commonly performed cardiac 

procedures among Medicare recipients. Since its invention, there has been considerable 

evolution in device technology that, in clinical trials, has led to decreased risks for 

procedural complications and the need for repeat revascularization.1–3 Many new devices, or 

even iterations of existing devices, are rapidly taken up into clinical practice; this was 

especially true for drug-eluting stents (DES), where the uptake was particularly brisk.4 Yet 

to date, few studies have examined the overall impact of these new PCI technologies on 

patient outcomes in community practice. Available data on temporal trends in PCI outcomes 

in the United States are from either single center,5 regional,6 or small multicenter registries,7 

and demonstrate improved outcomes over time. While these data are reassuring, trends 

could reflect other practice patterns specific to the centers studied and may not be broadly 

representative. Moreover, outcome patterns in higher risk groups such as females and the 

elderly remain unclear.

Accordingly, we examined a large administrative database to examine temporal trends in 

PCI outcomes. We created three distinct PCI “eras” defined by: (1) balloon angioplasty 

(POBA); (2) bare metal stents (BMS); or (3) DES, and hypothesized that despite the use of 

PCI in higher risk patients over time, the risks of short- and long-term death or repeat 

revascularization have decreased. In addition, we compared outcomes over time in 2 key 

subgroups: females and patients ≥75 years old.

Methods

Study sample

The Centers for Medicare & Medicaid Services launched a research database called the 

Chronic Condition Data Warehouse (CCW), in response to the Medicare Modernization Act 

of 2003. The CCW contains fee-for-service institutional and non-institutional claims, 

assessment data, and enrollment/eligibility information linked by a unique, unidentifiable 

beneficiary key, which allows researchers to analyze information across the continuum of 

care. Details on the data are available at: http://www.ccwdata.org.

This study included all Medicare-eligible patients ≥65 years of age undergoing PCI in the 

CCW data from 1991-2008. Only patients without prior coronary artery bypass grafting 

(CABG) were included (n = 3,250,836). We divided the study period into eras defined by 

use of specific PCI technology: (1) POBA, (2) BMS, and (3) DES. Each era was defined 

according to the proportion of patients who received POBA, BMS, or DES. Months during 

which the use of POBA, BMS, or DES was over 75% defined an era as “POBA,” “BMS,” or 

“DES,” respectively. The POBA era (POBA use ≥75%) covers between January 1991 and 

September 1995; the BMS era (BMS use ≥75%) covers between February 1998 and April 

2003; and the DES era (DES use ≥75%) covers between May 2004 and October 2006. 

Demographics and comorbid conditions, including the Deyo-Charlson index,8 were derived 

from claims.
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Follow-up information

The same data were used for longitudinal patient follow-up. Percutaneous coronary 

intervention procedure codes (Interna-[ICD-9-CM] procedure codes: 00.66, 36.01, 36.02, 

26.05, 36.05, 36.06, and 36.07) were used to identify index procedures and to create 

longitudinal profiles.

Clinical end points

We evaluated 3 primary clinical endpoints: death, myocardial infarction (MI), and repeat 

revascularization, as well as their composites. We also evaluated the mode of repeat 

revascularization (PCI or CABG) as secondary outcomes. Death was defined according to 

beneficiary death date in the CCW data, and other clinical end points were defined with the 

CCW claims files as the primary diagnosis for a hospital admission. The ICD-9-CM 

diagnosis codes 410.X were used to define MI, and ICD-9-CM procedure codes 00.66, 

36.00, 36.06, 36.07, 36.09, and 36.10-36.19 were used to define revascularization.

Statistical analysis

Baseline characteristics for the study population were provided overall and by PCI era using 

descriptive statistics (number of observations, mean, standard deviation, median, 25th and 

75th percentiles, minimum, and maximum) for numerical (or continuous) variables and with 

frequency and percentages for categorical variables. Bivariate tests of association were 

based on either Pearson χ2 tests for categorical variables or Kruskal-Wallis tests for 

continuous or ordinal variables.

Time to first clinical outcome (eg, death, MI, or repeat revascularization) occurring after the 

index revascularization episode was computed and plotted based on Gray's method by using 

cumulative incidence functions that accounted for administrative censoring and included 

death as a competing risk.9 Unadjusted estimates of the clinical event rates at 1 year, 2 years, 

and 3 years post-intervention were tabulated.

Cox proportional hazards models accounting for competing risks were used to estimate 

hazard ratios (HRs) and adjusted clinical event rates associated with risk of death first, MI 

first, and revascularization first with adjustment for baseline variables that were selected a 

priori based on clinical expertise.10 Cox models were also employed to estimate both 

unadjusted and adjusted HRs for the primary and secondary clinical outcomes separately for 

the BMS and DES eras using the POBA era as the reference standard. Covariates entered 

into the models included those listed above. The analyses were repeated to consider sex and 

patients ≥75 years. In the sex- and age-specific analyses, adjusted HRs for each outcome 

were generated for the POBA, BMS, and DES eras using males and patients <75 years as 

the reference groups, respectively. We also examined the interaction between era (POBA, 

BMS, DES) and sex, as well as the interaction between era and age, for each outcome.

All statistical analyses were conducted by the Duke Clinical Research Institute using SAS 

version 9.2 or higher (SAS Institute, Inc, Cary, NC). All statistical tests were 2 sided with a 

significance level of .05, with no adjustment for multiple comparisons.
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Results

Study sample

We identified 3,250,836 Medicare recipients who underwent PCI during the study period. 

The POBA era existed from January 1991 to September 1995; the BMS era, from February 

1998 to April 2003; and the DES era, from May 2004 to October 2006 (Figure 1; annualized 

rates of PCI during the study period are shown in the online Appendix Supplementary 

Figure 1). Accordingly, 564,565 patients underwent PCI during the POBA era, 1,024,243 

patients underwent PCI during the BMS era, and 604,453 patients underwent PCI during the 

DES era. Table I shows the baseline demographic and medical characteristics of the patients 

overall, as well as during each era. Over time, the risk profile of patients undergoing PCI 

increased, with older patients and patients with more medical comorbidities in each era.

Outcomes

Figure 2A-C displays the unadjusted cumulative incidence rates for clinical outcomes across 

eras at 1 year, 2 years, and 3 years. The rates of major adverse cardiac events (MACE; 

death, MI, or revascularization) were lower during the DES era compared with either the 

BMS or POBA eras. This finding was primarily due to lower rates of repeat 

revascularization during the BMS and DES eras (Figure 3A-C), and in particular, the rate of 

subsequent CABG surgery.

Table II shows the adjusted HRs for the outcomes comparing the BMS era with the POBA 

era, and the DES era with the BMS era. There was an association between each generation 

of interventional devices and a lower risk for short- and long-term outcomes (3-year MACE: 

BMS vs. POBA adjusted HR [95% CI]: 0.930 [0.926-0.935]; DES vs. BMS: 0.831 

[0.827-0.835]). Again, the greatest reduction was in the risk for revascularization by CABG.

Sex and age subgroups

We also examined outcomes in females vs. males as well as patients aged <75 years and ≥75 

years within each era. Among females, the cumulative unadjusted rate of MACE at 1, 2, and 

3 years was lower during the DES era compared with either the BMS or POBA eras; this 

was driven primarily by a lower risk for subsequent revascularization (online Appendix 

Supplementary Figures 1A-C and 2A-C). The unadjusted rates of death were slightly higher 

at each follow-up timepoint. After adjustment, compared with males, female sex was 

associated with a lower adjusted risk for MACE during the POBA era (online Appendix 

Supplementary Table I). However, during the BMS and DES eras, female sex was 

associated with a higher adjusted risk for MACE. This finding appeared to be driven by an 

increased adjusted risk for MI during the BMS and DES eras. The adjusted risk for death, 

repeat PCI, and CABG were lower for females compared with males during all three eras.

The association between age ≥75 years and MACE was higher across all three eras, but 

again, was not consistent across all outcomes. The adjusted risk for death and MI was 

higher, but the adjusted risk for revascularization was lower during each era (online 

Appendix Supplementary Table II; online Appendix Supplementary Figures 3A-C and 4A-

C). We also examined the interaction between era and sex, as well as era and age, for each 
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of the outcomes. The interactions were all significant (P < .001), except for the interaction 

between era and sex for the outcome of repeat PCI (P = .46).

Discussion

Our examination of this large cohort of Medicare beneficiaries resulted in three key 

findings: (1) over time, PCI has been performed in patients with more medical 

comorbidities; (2) despite this higher risk profile, both short- and long-term outcomes 

improved over time; and (3) compared with males and patients younger than 75 years, 

female sex and those patients (males or females) ≥75 years have a higher risk for MACE—

primarily driven by either MI or death and MI. The risk for revascularization was lower for 

both subgroups across all three eras. These data suggest that advancements in PCI 

technology, including both devices and pharmacology, have had a positive impact on 

important post-procedure clinical events, and future efforts should focus on improving 

clinical outcomes such as MI in older patients and females.

Prior studies have come to similar conclusions, but have examined limited datasets. Singh et 

al. evaluated outcomes after PCI over a 25-year period at the Mayo Clinic.5 Similar to our 

study, the investigators found that over time, PCI was performed in patients with a greater 

number of comorbid conditions including prior percutaneous coronary procedures. 

Procedural success improved significantly over time, and the rates of emergency CABG and 

long-term MACE decreased significantly. These outcomes likely reflect a combination of 

interventional expertise and care processes at this single center, as well as the evolution in 

PCI drugs, devices, and secondary prevention. One multicenter study on temporal trends in 

outcomes is from the National Heart Lung and Blood Institute's (NHLBI) Balloon 

Angioplasty Registry and Dynamic Registry.7 Data on 8976 patients from the Balloon 

Angioplasty Registry and 4 waves of the Dynamic Registry's enrollment (representing BMS, 

routine use of stents, brachytherapy, and DES) demonstrated significant reductions in 

inhospital MI and emergency CABG, as well as reductions in the risks of 1-year 

revascularization. Trikalinos et al. conducted a network meta-analysis of 61 clinical trials of 

non-acute PCI comparing POBA, BMS, DES, and medical therapy.11 The investigators 

found no reductions in death or MI but found significant reductions in both target vessel and 

target lesion revascularization as technology evolved from POBA to BMS to DES. Our 

study extends these prior studies in 2 ways: (1) by examining a large broadly representative 

group of patients encountered in clinical practice across multiple centers, including those 

undergoing PCI for non-acute indications; and (2) by examining 3-year outcomes including 

death, MI, and revascularization by either PCI or CABG.

We found reductions in death and MI between the POBA and BMS eras and reductions in 

death, MI, and revascularization between the BMS and DES eras. These trends likely reflect 

a variety of practice changes over time, including the widespread use of proven primary and 

secondary prevention measures such as statins and smoking cessation. Indeed, these non-

interventional therapies may have had a greater impact on improved outcomes than device 

technology, per se. From an interventional perspective, our finding of an increased risk for 

revascularization between the POBA and BMS eras may represent the use of stenting for 

“bailout” during the early BMS era before the widespread use of direct routine stenting. 
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With respect to reductions in death and MI, we separated time periods defined by 

interventional devices (POBA, BMS, and DES), but there was a concomitant evolution in 

procedural pharmacology and secondary prevention strategies after PCI. For example, 

antithrombotic strategies have changed significantly over time to include newer 

anticoagulants and antiplatelet agents.12 In addition, there has been greater focus on 

periprocedural bleeding complications, which may also impact outcomes.13,14 Therefore, the 

finding of an association between each iteration in PCI technology and death should be 

interpreted with caution since we did not compare PCI with medical therapy, and the 

aforementioned evolution in secondary prevention could account for the decrease in 

mortality.

While the changes in PCI practice appear to have resulted in better outcomes for most 

patients, we found interesting trends among females and patients ≥75 years of age. Females 

had lower risks for all outcomes except for MI, although this risk was only modestly 

increased. Singh et al have previously shown that 30-day and 1-year mortality was similar 

between men and women undergoing PCI at the Mayo Clinic.15 The investigators were 

unable to show any differences in 1-year MI or repeat revascularization in their single center 

study. A large study examining sex-based differences in outcomes by stent type among 

Medicare beneficiaries has shown that while women have higher pre-procedural risk 

compared with men, they have higher long-term survival.16 The use of DES was associated 

with significant reductions in long-term death, MI, or revascularization. In the context of 

these data, our findings may reflect disparities in the use of proven secondary prevention 

strategies between males and females. We also examined outcomes among patients ≥75 

years of age compared with younger patients and found that while the risks of MACE were 

higher during all three eras, this risk was driven by an increased risk for death; whereas the 

risks for MI and revascularization were lower. When compiled together, these data suggest 

that the advances in device technology and medical therapy resulted in lower rates of repeat 

procedures, especially in the rate of CABG. The reduction in the rate of CABG after PCI 

was of larger magnitude than other outcomes and is likely specifically reflective of stent 

efficacy. On the other hand, the differences in other clinical outcomes may reflect 

differential application of evidence-based secondary prevention strategies among females 

and the elderly,17,18 adherence to such strategies, bleeding risk, or a combination of these 

processes. Importantly, there was an increase in the number of PCI procedures from the 

POBA era to the BMS era to the DES era; this, coupled with the increased number of 

comorbidities from era to era, indicates that threshold for selecting patients for PCI likely 

went lower as technology evolved. Therefore, some of the poor outcomes may reflect the 

higher baseline risk of the females and older patients who underwent PCI during the BMS 

and DES eras. Nevertheless, future studies should focus on elucidating the mechanisms 

underlying the outcomes in these two subgroups and consequent interventions to reduce 

their risk. Such efforts may include the study of radial access or vascular closure devices to 

reduce periprocedural bleeding,19 as well as clinical trials of DES platforms performed 

specifically in these populations. There are studies currently in progress (eg, 

www.clinicaltrials.gov identifiers NCT00496938 and NCT01406236) addressing some of 

these issues, which have the potential to further improve outcomes after PCI.
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Limitations of the study

Our study had several limitations. First, we used claims data to examine outcomes. While 

this allowed for a large broadly representative population to be explored, the data did not 

contain granular clinical information that could have influenced our models. As a result, it is 

possible that the increase in patient comorbidities could be due to greater coding of 

concomitant conditions, changes in the definitions of comorbidities, or both. Second, we did 

not have information on background secondary prevention therapies or adherence to 

evidence-based medications—both of which can clearly influence outcomes. Third, while 

we were able to demonstrate reductions in repeat revascularization (by both repeat PCI or 

CABG), we did not have access to angiographic information; therefore, we cannot 

definitively comment on whether these revascularization patterns are due to reductions in 

target vessel or target lesion revascularization. Fourth, while we intended to include patients 

without prior CABG, we could not reliably do this for the patients identified in 1991. 

However, since angioplasty was described only a few years prior to 1991, and was initially 

limited to native vessels, it is unlikely that many CABG patients were represented in our 

study sample from 1991. Fifth, we relied on claims data to determine comorbidities and 

temporal changes in coding, as well as variability in coding practices across operators and/or 

sites, could account for some of the results. Also, since we used claims to assess outcomes, 

we could not reliably distinguish cardiac from noncardiac mortality. Finally, our study was 

observational, and despite robust statistical adjustment, unmeasured confounders may have 

been present.

In conclusion, this large study of Medicare beneficiaries demonstrates that, over time, PCI 

has increasingly been used in patients with greater medical comorbidities. Furthermore, both 

short- and long-term major adverse cardiac events have significantly decreased over time. In 

particular, the risk for revascularization has been significantly reduced; however, compared 

with males and younger patients, post-PCI clinical outcomes in women and patients ≥75 

years of age appear to be worse in the BMS and DES eras—primarily driven by clinical 

outcomes such as death or MI. Further study is needed to identify strategies to improve 

clinical outcomes in these two high-risk subgroups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Delineation of the POBA, BMS, and DES eras. Delineation of eras defined as ≥75% use of 

POBA, BMS, or DES, respectively.
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Figure 2. 
Cumulative incidence rates of MACE, death, any MI, and revascularization. Cumulative 

incidence rates of MACE, death, any MI, and revascularization across the POBA, BMS, and 

DES eras at: A, One-year post index PCI. B, Two years post index PCI. C, Three years post 

index PCI. Global P values are presented.
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Figure 3. 
Cumulative incidence rates of repeat PCI or CABG. Cumulative incidence rates of repeat 

PCI or CABG across the POBA, BMS, and DES eras at: A, One year post index PCI. B, 

Two years post index PCI. C, Three years post index PCI. Global P values are presented.
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