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Abstract

Background—Recent observational studies show that patients with multivessel coronary disease
have a long-term survival advantage with coronary artery bypass grafting (CABG) compared to
percutaneous coronary intervention (PCI). Important non-fatal outcomes may also affect optimal
treatment recommendation.
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Methods—Coronary artery bypass grafting was compared to percutaneous catheter intervention
by using a composite of death, myocardial infarction (Ml ) or stroke. Medicare patients
undergoing revascularization for stable multi-vessel coronary disease from 2004 through 2008
were identified in national registries. Short-term clinical information from the registries was linked
to Medicare data to obtain long-term follow-up out to 4 years from the time of the procedure.
Propensity scoring with inverse probability weighting was used to adjust for baseline risk factors.

Results—There were 86,244 CABG and 103,549 PCI patients. The mean age was 74 with a
median 2.67 years follow-up. At 4-years the propensity-adjusted adjusted cumulative incidence of
MI was 3.2% in CABG compared with 6.6% in PCI (RR = 0.49, 95% CI 0.45 to 0.53). At 4 years,
cumulative incidence of stroke was 4.5% in CABG compared with 3.1% in PCI patients (RR =
1.43, 95% CI 1.31 to 1.54). This difference was primarily due to the higher 30-day stroke rate for
CABG (1.55% vs 0.37%). For the composite of death, MI, or stroke, the 4-year adjusted
cumulative incidence was 21.6% for CABG and 26.7% for PCI (RR = 0.81, 95% CI 0.78 to 0.83).

Conclusion—The 4-year composite event rate of death, M1 and stroke favored CABG while the
risk of stroke alone favored PCI.
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INTRODUCTION

The optimal revascularization strategy for patients with stable multi-vessel coronary artery
disease remains controversial. The decision to recommend either coronary artery bypass
grafting (CABG) or percutaneous catheter intervention (PCI) is ideally driven by a
comparison of the short and long term impact on death and important non-fatal outcomes
such as myocardial infarction (MI) and stroke.

While randomized controlled trials (RCT) have assessed the efficacy of CABG vs PCI, they
typically enroll selected patient populations and reflect procedural results from specialized
centers. Thus, these studies may not reflect the effectiveness of treatment in general
community practice. In contrast, observational studies must contend with the potential for
unmeasured confounders and selection bias, but they have the advantage of analyzing large
populations of “real-world” patients.

Using extensive detailed clinical information found in the Society of Thoracic Surgeons
(STS) National Database and the American College of Cardiology Foundation (ACCF)
National Cardiovascular Data Registry (NCDR), we recently carried out a comparison of the
Comparative Effectiveness of Revascularization Strategies (ASCERT) on survival outcomes
in over 180,000 Medicare patients undergoing revascularization [1]. The study showed that
Medicare patients with multivessel coronary disease who underwent CABG had a long term
survival advantage relative to PCI.

While long term survival is a critical outcome for patients, other non-fatal endpoints are also
vitally important. The development of post-procedural myocardial infarction (MI) can lead
to significant cardiac disability that compromises function and quality of life. Likewise,
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neurologic compromise can be a devastating complication of an otherwise successful
procedure. It is therefore critically important to explore these outcomes in each treatment
arm.

Accordingly, as the next phase of the ASCERT study, our objective was to compare a
composite of fatal and non-fatal outcomes among a Medicare cohort undergoing multi-
vessel revascularization from 2004 through 2008. We also analyzed MI and stroke
individually. These endpoints were examined overall and among important patient
subgroups.

PATIENTS AND METHODS

A detailed description of the ASCERT inclusion criteria, patient characteristics, and patient
selection has been published previously [1]. Briefly, we included patients aged 65 years or
older who underwent non-emergent isolated CABG or PCI for multi-vessel coronary disease
between January 1, 2004 and December 31, 2007. The main exclusions were patients with
left main disease, prior cardiac surgery, PCI within 6 months, M1 within 7 days, emergency
procedure, shock within 24 hours, or pre-procedural intra-aortic balloon pump. We linked
Medicare inpatient claims to PCI records from NCDR and CABG records from the STS
database [2]. Eligibility for the final analysis dataset was then based on a combination of
Medicare and registry data elements.

Pre-specified endpoints included stroke, re-hospitalization for myocardial infarction (Ml),
and a composite of death, stroke, or re-hospitalization for MI. Peri-procedural strokes
occurring during the index hospitalization were identified from STS and NCDR registry
records, whereas strokes after discharge were identified from Medicare inpatient claims with
International Classification of Disease — Ninth Revision Clinical Modification diagnostic
codes. Re-hospitalization for M1 was identified from Medicare inpatient claims with 1ICD-9-
CM diagnostic codes. Deaths were identified using the Medicare denominator file. All
patients were followed from the time of their index revascularization procedure until
December 31, 2008.

Propensity scores with inverse probability weighting (IPW) were used to adjust for
differences between the two treatment groups [3]. The propensity score represents a
patient’s probability of receiving CABG versus PCI as a function of hospital and patient
characteristics. Propensity scores were estimated using a non-parsimonious logistic
regression model which included 4 hospital-level covariates and 22 patient-level covariates.
The ability of the propensity model to balance the two treatment groups was assessed by
comparing hospital and patient characteristics across the two treatment groups before and
after weighting. After propensity weighting, the observed differences in covariates were
small and in all cases were less than 3% of the estimated standard deviation.

Follow-up of all endpoints was considered to be administratively censored on December 31,
2008. For analyzing the composite endpoint, unadjusted event rates were estimated using the
Kaplan-Meier method and propensity-adjusted event rates were estimated using the

propensity-weighted Breslow estimator. For analyzing stroke and Ml, time to first event was
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analyzed using the cumulative incidence method to address the competing risk of mortality.
For each endpoint, risk ratios comparing cumulative event rates for PCI versus CABG at 1
and 4 years were calculated. Pointwise 95% confidence intervals for these ratios were
generated using the bootstrap. Comparisons of CABG with PCI were performed in the
overall population and in pre-specified subgroups.

Variables for analysis were highly complete in both treatment arms for the majority of
variables. Exceptions were ejection fraction (missing 21% in PCI, 4% in CABG) and GFR
(missing 25% in PCI, 1% in CABG). For our primary analysis, missing values of continuous
risk factors were imputed by stratifying on treatment group and combinations of other
related risk factors. Categorical variables had <1% missing data and were imputed to the
most common category.

Study Population

After application of exclusion criteria, there were 103,549 patients undergoing PCI and
86,244 patients undergoing CABG in the 644 sites participating in both the STS Database
and the CathPCI Registry. In PCI patients 78% had drug eluting stents, 16% had bare metal
stents and 6% had PCI without stents. Follow-up ranged from 1 to 5 years (average overall
2.72, CABG 2.82, PCI 2.63; median overall 2.67, CABG 2.83, PCI 2.53).

Before IPW adjustment, those undergoing PCI were older on average, more often women,
and had more prior myocardial infarction, unstable angina and urgent procedures compared
to CABG patients. PCI patients had more 2 vessel disease and CABG patients had more 3
vessel disease. There were more CABG patients with heart failure, diabetes, hypertension,
chronic lung disease, cerebrovascular disease, smoking history and peripheral arterial
disease. Ejection fraction was higher in PCI patients than in CABG patients. After IPW
adjustment, all clinical covariates were well balanced.

Unadjusted Results

In the population prior to risk adjustment one year results demonstrated an Ml rate of 1.18%
for CABG and 2.58% for PCI, with a risk ratio (RR) of 0.46, 95% CI 0.42 to 0.49. The
stroke rates were 2.43% and 1.21%, respectively (RR 2.01, 95% CI 1.86 to 2.15). The
composite cumulative risk was 9.11% for CABG and 9.43% for PCI (RR 0.95, 95% CI 0.92
to 0.98).

Four year cumulative results in the unadjusted population showed an Ml rate of 2.95% for
CABG and 6.60% for PCI, with a risk ratio (RR) of 0.45, 95% CI 0.42 to 0.47. The stroke
rates were 4.46% and 3.31%, respectively (RR 1.35, 95% CI 1.27 to 1.42). The composite
cumulative risk was 20.95% for CABG and 26.95% for PCI (RR 0.78, 95% CI 0.76 to 0.79).

Adjusted Results

Myocardial Infarction Analysis—Propensity-adjusted cumulative MI event curves are
displayed in Figure 1. At one year there was considerable difference in the IPW-adjusted
AMI risk between the groups (1.2% and 2.6% for CABG and PCI, respectively; RR 0.48,
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95% CI 0.42 to 0.53). The adjusted 4-year Ml risk was 3.2% with CABG and 6.6% with PCI
(risk ratio 0.49, 95% CI 0.45 to 0.53).

Stroke Analysis—Propensity-adjusted cumulative stroke event curves are displayed in
Figure 2. There was a pronounced difference in the IPW-adjusted stroke risk between the
groups at one year (2.5% and 1.2% for CABG and PCI, respectively; RR 2.12, 95% CI 1.90
to 2.34). The adjusted 4-year risk with CABG was 4.5% and with PCI was 3.2% (RR 1.43,
95% Cl 1.31 to 1.54).

Composite Analysis—Propensity-adjusted composite endpoint event curves are
displayed in Figure 3. At one year there was little difference in the IPW-adjusted composite
cumulative risk between the groups (9.1% and 9.4% for CABG and PClI, respectively; RR
0.97, 95% C1 0.92 to 1.01). The adjusted 4-year risk with CABG was 21.6% and with PCI
was 26.7% (RR 0.81, 95% CI 0.78 to 0.83).

Four year risk ratios favored CABG across subgroups including gender, age, diabetes, BMI,
chronic lung disease, ejection fraction, GFR, a high risk group and a low risk group, and by
quintile of propensity for CABG. Figure 4 shows a forest plot for various clinical subgroups
at 4 years following the index procedure.

Sensitivity Analyses

Sensitivity analyses using alternative analytic methods yielded similar estimates. Depending
on the choice of method, the estimated 4-year risk of the composite endpoint ranged from
26.6% to 26.8% for PCI and from 21.6% to 21.9% for CABG. The estimated hazard ratio
(HR) for CABG versus PCI in each Cox model was similar to the 4-year risk-ratio estimated
in the primary analysis (HR from covariate-adjusted Cox model = 0.78; HR from covariate-
adjusted Cox model with stratification by hospital = 0.76; 4-year risk-ratio from primary
IPW analysis = 0.80).

COMMENT

The ASCERT study has been developed from an unique collaboration between major
professional organizations. STS and ACCF maintain mature, independently audited,
nationally recognized registries having high participation rates and extensive clinical
information on millions of patients having undergone coronary revascularization.
Information from the STS and ACCF registries provides detailed peri-procedural clinical
data with the ability to risk-adjust and identify important clinical subgroups, while the link
to CMS data provides long-term follow-up information. Use of these large registries has
made it possible to conduct the largest observational study comparing CABG with PCI.
Broad enrollment in the clinical registries creates a study population that is truly national in
scope. Furthermore, a “real-world” experience is assured by the fact that participating
centers enter all patients undergoing revascularization into the registries. Using these
resources, we found that the 4-year composite event rate of death, MI and stroke favored
CABG. The individual risk of Ml also favored CABG while the risk of stroke alone favored
PCI.
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While ASCERT does have unique strengths, it is fully recognized that comparative
effectiveness research produced from this infrastructure must necessarily be retrospective
and observational. As with all observational studies, the results of ASCERT must be
evaluated with due consideration of the potential for selection bias and unmeasured
confounders. Exhaustive statistical techniques have been applied to mitigate the influence of
such factors, but one can never be completely certain of their true impact on observational
study results. An analysis of propensity scores by quintiles further examines the potential for
selection bias.

It seems most appropriate to consider results of both RCT and observational studies in
making treatment decisions. The full analysis may be incomplete without considering both.
Perhaps it is appropriate to regard each study type as a scissor blade - one blade is
insufficient without the other. In this spirit, the ASCERT findings are best interpreted in the
context of other studies.

Myocardial Infarction

Stroke

Previous studies have shown that the occurrence of Ml following PCI is either significantly
higher [4-6] or approximately equal [7, 8] to the MI occurrence after CABG. The reports
demonstrating higher PCI rates have follow-up greater than 18 months, thereby reflecting
the long-term outcomes found in ASCERT. Also consistent with these studies is our finding
that the MI event curves progressively diverge with time. This may be due to the higher
number of PCI reinterventions coupled with periprocedural infarctions associated with those
repeat procedures [9, 10]. Late stent thrombosis may also account for this finding. As with
the evaluation of stroke, an assessment of the medical regimen is important since higher Ml
rates might be due to suboptimal medical treatment rather than procedural complications.

Placing our results in context with previous findings, it does appear that PCI is associated
with significantly higher long-term myocardial infarction rates compared to CABG.

Early findings in the SYNTAX trial demonstrated a higher stroke rate in CABG patients
[11], but four-year[12] and five-year[13] results show no significant difference in CABG
and PCI strokes[14]. Observational studies have also found similar risk-adjusted stroke rates
for CABG and PCI at 3 years [6]. Two randomized trials showed no difference in neurologic
outcome at 6 months, 1 year, and 5 years [15-17]. In a review of 23 RCTs, CABG was
found to have a higher periprocedural stroke rate than PCI [7]. A recent randomized study of
diabetic patients showed a significantly higher stroke rate in CABG patients compared to
PCI patients after 5 years [18]. In an observational study with follow-up at 1 year, there was
no significant difference in CABG and PCI stroke rates for patients with 3-vessel disease,
but in patients with 2-vessel disease there was a significantly higher stroke rate with CABG

[8].

Our findings demonstrate a higher periprocedural CABG stroke rate. In contrast to the
SYNTAX findings, however, we did not observe a convergence of the event curves over
time. Figure 2 shows that after the periprocedural period the curves are generally parallel,
indicating similar long-term stroke rates for CABG and PCI.

Ann Thorac Surg. Author manuscript; available in PMC 2015 June 01.
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The statistical balance achieved through propensity scoring should minimize the impact of
patient covariates, so there is some indication that the difference in stroke rate is due to the
procedure rather than comorbidity. Interpretation of these results, however, is challenging
even if adequate risk adjustment is carried out. As demonstrated in the SYNTAX trial, an
evaluation of long-term results requires an assessment of secondary prevention medical
therapy[19].

The ASCERT survival results have been presented elsewhere [1]. At 4 years the CABG
mortality was 16.4% compared to 20.8% for PCI. The CABG/PCI risk ratio was 0.79 (ClI
0.76 to 0.82) at 4 years. These results are consistent with several recent observational studies
[6, 8, 20-26] and at least 2 contemporary randomized trials [5, 13, 15]. Survival results of
the ASCERT diabetic population were similar to the results reported in a recent randomized
study of diabetics [18]. A pooled analysis of 7,812 patients in 10 RCT demonstrated a
CABG survival advantage in patients over 65 years of age (HR = 0.82; CI 0.70 to 0.97).[27]

Certainly in the stent era there are small randomized trials [28] showing no survival
advantage of CABG compared to PCI, but the majority of larger studies are consistent with
the survival results found in ASCERT.

Composites are often used in relatively small studies to obtain improved statistical power by
combining individual outcomes into a single measure. The large study herein has ample
statistical power, but it nevertheless seems helpful to analyze a composite in order to obtain
a metric that consolidates the impact of individual outcomes.

This composite has been used in three recent reports. In the SYNTAX trial results at 5 years
[13] and the Asian Revascularization Registry experience at 5 years [29], there was no
significant CABG-PCI difference in this composite. Other studies reported a statistically
significant advantage for CABG, particularly in the diabetic population [8, 18].

In the ASCERT composite analysis, we found an adjusted and unadjusted advantage for
CABG over PCI. The average age of the ASCERT population is higher than that of
SYNTAX and the Asian Registry, which may contribute to the difference in composite
findings of ASCERT compared to those studies. The IPW-adjusted risk ratios (CABG/PCI)
for each element of the composite are 0.79 for survival, 0.49 for Ml, and 1.43 for stroke. In
the composite IPW-adjusted analysis, the risk ratio was 0.81 at 4 years, indicating a 19%
advantage for the CABG cohort.

The use of mature clinical registries provides a massive amount of valuable clinical
information, but the databases do have some limitations. While harmonization of definitions
has been addressed by both STS and ACCF, there are inherent specialty differences that
preclude total consistency. This leads to occasional small variations in definitions between
the two registries. Missing data are infrequent, but higher rates of missing data are seen in

Ann Thorac Surg. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Edwards et al.

Conclusions

Page 8

some data elements such as glomerular filtration rate and ejection fraction. Standard
statistical approaches have been used to address the influence of missing data.

Matching clinical data with CMS claims data was carried out using probabilistic matching.
This may be less reliable than using unique patient identifiers, but the probabilistic approach
has high matching accuracy rates [30].

In addition, this study exclusively uses a Medicare population, so it may be inadvisable to
extrapolate ASCERT findings to patients less than 65 years of age.

In the largest study comparing CABG and PCI outcomes, 4 years following
revascularization there is a PCI advantage for stroke and a CABG advantage for MI. A
composite of stroke, MI, and death demonstrates a 19% advantage for CABG compared to
PCI. This information is largely consistent with previous findings and should be shared in a
“heart team” approach with full engagement of patients, surgeons, and cardiologists focused
on a collegial search for optimal treatment.
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Figure 4.
Forest Plot of Clinical Subgroups. Abbreviations :

AA = Afro-American

BMI = body mass index

CLD = chronic lung disease

EF = ejection fraction

GFR = glomerular filtration rate
NDV = number of diseased vessels
PVD = peripheral vascular disease
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