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Abstract
Background—Associations between coronary artery disease (CAD) and outcomes in systolic
heart failure (HF) and that between coronary artery bypass graft (CABG) and outcomes in patients
with HF and CAD have not been examined using propensity-matched designs.

Methods—Of the 2707 patients with advanced chronic systolic HF in the Beta-Blocker
Evaluation of Survival Trial (BEST), 1593 had a history of CAD, of whom 782 had prior CABG.
Using propensity scores for CAD we assembled a cohort of 458 pairs of CAD and no-CAD
patients. Propensity scores for prior CABG in those with CAD were used to assemble 500 pairs of
patients with and without CABG. Matched patients were balanced on 68 baseline characteristics.

Results—All-cause mortality occurred in 33% and 24% of matched patients with and without
CAD respectively, during 26 months of median follow-up (hazard ratio {HR} when CAD was
compared with no-CAD, 1.41; 95% confidence interval {CI}, 1.11–1.81; P=0.006). HR's (95%
CIs) for CAD-associated cardiovascular mortality, HF mortality, and sudden cardiac death (SCD)
were 1.53 (1.17–2.00; P=0.002), 1.44 (0.92–2.25; P=0.114) and 1.76 (1.21–2.57; P=0.003)
respectively. CAD had no association with hospitalization. Among matched patients with HF and
CAD, all-cause mortality occurred in 32% and 39% of those with and without prior CABG
respectively (HR for CABG, 0.77; 95% CI, 0.62–0.95; P=0.015).

Conclusions—In patients with advanced chronic systolic HF, CAD is associated with increased
mortality, and in those with CAD, prior CABG seems to be associated with reduced all-cause
mortality but not SCD.
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1. Introduction
Coronary artery disease (CAD) is a major risk factor for heart failure (HF) [1,2]. Damage
from ongoing myocardial ischemia may adversely affect disease progression and prognosis
in chronic HF [2–6]. However, if the history of CAD has an independent association with
outcomes in patients with advanced systolic HF has not been previously examined in
propensity-matched studies. Furthermore, whether a history of prior coronary artery bypass
graft (CABG) surgery is associated with improved outcomes in advanced systolic HF
patients with CAD has also not been examined in propensity-matched studies. Therefore, the
objectives of this study were to determine (1) association between CAD and outcomes in a
propensity-matched population of advanced chronic systolic HF patients, and (2) association
between prior CABG and outcomes in a propensity-matched population of advanced chronic
systolic HF patients with CAD.

2. Materials and Methods
2.1. Source of data

Details of the design and results of the Beta-Blocker Evaluation of Survival Trial (BEST)
trial have been published previously [7]. Briefly, 2708 patients, ≥18 years old with advanced
chronic systolic HF, were enrolled from 90 different sites across the United States and
Canada between May 1995 and December 1998, and were then randomized to receive either
bucindolol or placebo [7]. Only patients with left ventricular ejection fraction ≤35% were
included and those with acute decompensated HF were excluded. Patients had a mean of 49
months of HF duration and all patients had New York Heart Association (NYHA) class III–
IV symptoms. Over 90% of patients were receiving angiotensin-converting enzyme (ACE)
inhibitors, diuretics, and digitalis.

2.2. History of CAD and prior CABG
Of the 2707 patients in the public-use copy of the BEST dataset, obtained from the NHLBI,
1593 had a history of CAD. Of these, 56% patients had a history of an ST-elevation acute
myocardial infarction (AMI) that occurred ≥6 months before randomization, 79% had at
least one >70% coronary artery stenosis by angiography, 49% had a prior CABG, and 26%
had a prior a percutaneous coronary intervention (PCI). Patients were excluded if they had a
history of AMI within the 6 months before randomization, if they had angina pectoris
requiring treatment with >6 nitroglycerin tablets per week, or if they had undergone PCI or a
CABG surgery within the 2 months before randomization. However, data on the number of
patients excluded for these reasons were not available. Overall, 3% patients had implantable
cardioverter defibrillators (ICD), of whom 77% had CAD.

2.3. Study outcomes
Primary outcomes for the current analysis were all-cause mortality and HF hospitalization.
Secondary outcomes were cause-specific mortalities, including sudden cardiac death (SCD),
and all-cause hospitalization. Study outcomes were ascertained by blinded investigators.
Patients were followed for a median, 26 months (range, 0.07 to 50 months).
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2.4. Assembly of a balanced cohort
Because of significant imbalances in baseline characteristics between patients with and
without a CAD (Table 1), we used propensity score matching to assemble a cohort in which
patients with and without CAD would be well-balanced in all measured baseline
covariates[8,9]. We estimated propensity scores for CAD for each of the 2707 participants
using a non-parsimonious multivariable logistic regression model, checking for plausible
interactions, in which CAD was used as the dependent variable, and 68 measured baseline
characteristics (Figure 1) were included as covariates.

We used a greedy matching protocol, described elsewhere in detail, to match 487 pairs of
patients with and without CAD who had similar propensity scores [10–17]. To determine the
efficacy of the propensity score model to assemble a balanced cohort, we estimated absolute
standardized differences for each measured baseline covariate between patients with and
without CAD and data were presented as Love plots (Figure 1) [10,12,14,18–20]. Values of
absolute standardized difference are not affected by sample size and values <10% are
considered of inconsequential bias [10,12,14,21].

We then repeated the above processes for all 1593 patients with HF and CAD of whom 782
(49%) had prior CABG. Propensity scores for CABG were estimated and used to assemble a
balanced cohort of 500 pairs of CAD patients with and without prior CABG.

2.5. Statistical analysis
For descriptive analyses, we used Pearson chi-square and Wilcoxon rank-sum tests for the
pre-match, and McNemar's test and paired sample t-test for the post-match comparisons of
baseline covariates between HF patients with and without CAD, and CAD patients with and
without prior CABG, as appropriate. Kaplan-Meier and Cox regression analyses were used
to determine the associations of CAD and CABG with various outcomes. Formal sensitivity
analyses were conducted to quantify the degree of hidden bias that would need to be present
to invalidate our main conclusions [22]. Select subgroup analyses of matched patients were
conducted to determine heterogeneity of the associations of CAD with all-cause mortality.
All statistical tests were two-sided, and tests with p-values <0.05 were considered
significant. All statistical analyses were done using SPSS for windows version 15 [23].

3. Results
3.1. Baseline characteristics

Matched patients had a mean age of 60 (±11) years, 22% were women and 26% were
African American. Pre-match imbalances and post-match balances in baseline
characteristics are displayed in Table 1 and Figure 1. Post-match absolute standardized
differences for all measured covariates were <10% (most were <5%), suggesting substantial
covariate balance across the groups (Figure 1).

3.2. A history of CAD and outcomes
All-cause mortality occurred in 33% and 24% of matched patients with and without CAD
(hazard ratio {HR} when CAD was compared with no-CAD, 1.41; 95% confidence interval
{CI}, 1.11–1.81; P=0.006; Figure 2a and Table 2). In the absence of a hidden bias, a sign-
score test for matched data with censoring provided strong evidence (P=0.035) that patients
without CAD clearly outlived those with CAD. An unmeasured covariate that is a near-
perfect predictor of mortality could potentially explain away this association if it would
increase the odds of CAD by only 2.19%. The association of CAD with all-cause mortality
was homogenous across various patient subgroups, except that the CAD-associated all-cause
mortality increase was significantly higher in women (Figure 3). Before matching, all-cause
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mortality occurred in 37% and 24% of patients with and without CAD (HR when CAD was
compared with no-CAD, 1.69; 95% CI, 1.47–1.95; P<0.001; Table 2).

SCD occurred in 16% and 9% of matched patients with and without CAD, respectively (HR
when CAD was compared with no-CAD, 1.76; 95% CI, 1.21–2.57; P=0.003; Figure 2b and
Table 2). Before matching, SCD occurred in 17% and 10% of patients with and without
CAD, respectively (HR when CAD was compared with no-CAD, 1.77; 95% CI, 1.43–2.21;
P<0.001; Table 2). In the absence of a hidden bias, a sign-score test for matched data with
censoring provides strong evidence (P=0.010) that patients without CAD clearly had fewer
SCD than those with CAD. An unmeasured covariate would need to increase the odds of
CAD by 14.63% before it could potentially explain away this association. Associations of
CAD with other outcomes among matched patients are displayed in Table 2.

3.3. Prior CABG and outcomes in patients with HF and CAD
Pre-match imbalances and post-match balances in baseline characteristics by prior CABG
surgery are displayed in Table 3. All-cause mortality occurred in 32% and 39% matched
patients with and without a history of prior CABG, respectively (HR when CABG was
compared with no-CABG 0.77; 95% CI 0.62–0.95; P=0.015; Figure 4 and Table 4). A sign-
score test for matched data with censoring did not provide clear evidence (P=0.117) that
those with prior CABG surgery outlived those without. Associations of prior CABG with
other outcomes are displayed in Table 4.

4. Discussion
The findings of the current study demonstrate that in patients with advanced chronic systolic
HF, a history of CAD was a strong and independent predictor of all-cause and
cardiovascular mortality, which was primarily driven by an increase in SCD. Consistent
with these findings, we also observed that CAD had no association with hospitalization. We
also observed that in patients with HF and CAD, a prior CABG surgery was associated with
a significant reduction in all-cause mortality but not in SCD. Despite a beneficial role of
revascularization in the treatment of CAD in general, its role in HF patients with CAD is
less clear [24]. However, findings from the current study suggest that judicious use of
coronary revascularization may be beneficial in these patients.

SCD is common in advanced systolic HF and is often associated with myocardial fibrosis,
increased left ventricular stress, and repolarization abnormalities, all of which may be more
common in those with CAD [25–30]. CAD-associated mortality in HF may be mediated
through a variety of mechanisms including SCD, pump failure, AMI, renal failure and
stroke. However, findings from our study suggest that the CAD-associated increased
mortality was primarily cardiovascular, driven by an increase in SCD. This is consistent
with our observation that CAD had no association with hospitalization as SCD is likely to
preclude hospitalization. The predominance of SCD in BEST participants with advanced
systolic HF is intriguing as SCD has been shown to be less common in patients with more
advanced HF [31].

We observed that mortality due to AMI and HF was low and not significantly associated
with a history of CAD suggesting that recurrent AMI may play a lesser role in disease
progression to advanced systolic HF. Although we had no data on incident AMI, in patients
with advanced systolic HF and CAD, AMI may be under diagnosed. Autopsy studies from
these patients suggest that AMI in these patients may be small and/or subclinical and often
associated with SCD [32,33]. Therefore, it is possible that some deaths classified as SCD in
our study may have actually been caused by AMI. A high rate of plaque rupture or coronary
thrombosis has been documented in patients with CAD who suffered SCD [34,35]. Taken
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together, these findings suggest that CAD may increase arhythmogenicity of the myocardial
substrate, thus increasing the risk for SCD.

Despite lack of a significant association between CABG and reduction in SCD, likely due to
small numbers of events, findings from our study suggest that a prior CABG may improve
long-term survival in HF patients with CAD. These findings are consistent with previous
reports of an association between history of revascularization and improved survival in
patients with HF [36–39]. However, our study is distinguished by the use of propensity
score matching to assemble a balanced study cohort while remaining blinded to study
outcomes [9]. Randomized controlled trials for coronary revascularization are difficult to
perform as it may be nearly impossible to randomize patients before coronary angiography
is performed, and yet results of angiography can strongly influence study participant
selection. The randomized Surgical Treatment for Ischemic Heart Failure (STICH) trial, due
to be completed by December 2012, will likely provide more definitive evidence in this
regard [24].

The long-term prognosis of patients with HF and CAD is directly related to the angiographic
extent and severity of CAD [5,40]. Revascularization may reduce mortality by reducing the
amount of jeopardized myocardium, improving left ventricular ejection fraction, stimulating
ventricular reverse remodeling, and possibly by reducing SCD [41]. The role of
revascularization in HF patients with CAD may be important as recent reports suggest that
the optimal use of recommended evidence-based pharmacotherapy with statins may not
improve prognosis in these patients [42,43].

There are several limitations in the current study. We had no data regarding the severity of
CAD, completeness of revascularization, and surgical mortality among CABG patients. It is
possible that more patients without prior CABG had nonviable myocardium [44,45].
However, we had no data on myocardial viability. Although half of the patients were
receiving beta-blockers, bucindolol is not currently approved for use in HF. Finally, it is
possible that some patients with asymptomatic CAD may have been misclassified as having
no CAD, which may have underestimated the association between CAD and outcomes in
our study.

In conclusion, findings from the current study suggest that in patients with advanced chronic
systolic HF, a history of CAD is associated with increased mortality, which is primarily
driven by an increase in SCD, and in those with CAD, a prior CABG seems to be associated
with reduced mortality. A history of CAD may be used to identify advanced systolic HF
patients at increased risk of SCD who might benefit from targeted therapies, including
judicious use of coronary revascularization.
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Fig. 1.
Love plots displaying pre- and post-match absolute standardized differences for covariates
between patients with and without history of coronary artery disease (ACE=angiotensin-
converting enzyme; ARB=angiotensin receptor blocker; LV=left ventricular; NYHA=New
York Heart Association; RV=right ventricular)
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Fig. 2.
Kaplan-Meier plots for all-cause mortality (2a) and sudden cardiac death (2b) by history of
coronary artery disease (CAD) (CI= confidence interval; HR=hazard ratio)
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Fig. 3.
Association of a history of coronary artery disease (CAD) with all cause mortality in
subgroups of propensity score-matched patients in the BEST trial (CI = confidence interval;
HR = hazard ratio; LV = left ventricular)
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Fig. 4.
Kaplan-Meier plots for all-cause mortality by coronary artery bypass graft (CABG) surgery
among advanced systolic heart failure patients (CI= confidence interval; HR=hazard ratio)
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Table 2

Association between coronary artery disease (CAD) and outcomes in patients with advanced systolic heart
failure (HF)

Events (%) HR (95% CI) P value

Pre-match No-CAD (n=1114) CAD (n= 1593)

 All-cause mortality 270 (24%) 589 (37%) 1.69 (1.47–1.95) <0.001

 Cardiovascular mortality 222 (20%) 508 (32%) 1.77 (1.51–2.07) <0.001

 HF mortality 75 (7%) 187 (12%) 1.95 (1.49–2.55) <0.001

 Sudden cardiac death 116 (10%) 268 (17%) 1.77 (1.43–2.21) <0.001

 All-cause hospitalization 659 (59%) 1044 (66%) 1.28 (1.16–1.41) <0.001

 HF hospitalization 393 (35%) 651 (41%) 1.30 (1.14–1.47) <0.001

Post-match No-CAD (n=458) CAD (n = 458)

 All-cause mortality 112 (24%) 150 (33%) 1.41 (1.11–1.81) 0.006

 Cardiovascular mortality 89 (19%) 129 (28%) 1.53 (1.17–2.00) 0.002

 HF mortality 33 (7%) 45 (10%) 1.44 (0.92–2.25) 0.114

 Sudden cardiac death 43 (9%) 72 (16%) 1.76 (1.21–2.57) 0.003

 All-cause hospitalization 294 (64%) 284 (62%) 1.01 (0.85–1.18) 0.947

 HF hospitalization 161 (35%) 178 (39%) 1.22 (0.98–1.50) 0.073

CI = confidence internal; HR = hazard ratio
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Table 4

Association of a history of coronary artery bypass graft (CABG) and outcomes in a propensity-matched cohort
of heart failure (HF) patients with coronary artery disease

Outcomes
Events (%)

HR (95% CI) P value
No-CABG (n=500) CABG (n=500)

All-cause mortality 194 (39%) 158 (32%) 0.77 (0.62–0.95) 0.015

Cardiovascular mortality 164 (33%) 138 (28%) 0.80 (0.64–1.00) 0.050

HF mortality 53 (11%) 47 (9%) 0.83 (0.56–1.24) 0.365

AMI mortality 1 (0.2%) 6 (1%) 6.28 (0.76–52.19) 0.089

Sudden cardiac death 92 (18%) 77 (15%) 0.80 (0.59–1.08) 0.147

All-cause hospitalization 315 (63%) 338 (68%) 1.13 (0.97–1.32) 0.120

HF hospitalization 207 (41%) 199 (40%) 0.93 (0.56–1.12) 0.434

AMI = acute myocardial infarction; CI = confidence internal; HF = heart failure; HR = hazard ratio
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