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Abstract
Background—We prospectively applied the Surgical Treatment of Ischemic Cardiomyopathy
(STICH) trial entry criteria to an observational database to determine whether coronary artery
bypass grafting (CABG) decreases mortality compared to medical therapy (MED) for patients
suffering coronary artery disease (CAD) and depressed left ventricular ejection fraction (LVEF).

Methods—This was a retrospective, observational, cohort study of prospectively collected data
from the Duke Databank for Cardiovascular Disease. Long-term mortality was the main outcome
measure. Between January 1, 1995 and July 31, 2009, 86,874 patients underwent cardiac
catheterization for suspected ischemic heart disease and were evaluated for inclusion in the
analysis.

Results—A total of 2,624 patients were found to have LVEF <35%, CAD amenable to CABG
and no left main stenosis ≥50%. After exclusions including ongoing Class III angina and acute
myocardial infarction, 763 patients were included for propensity score analysis including 624 who
received MED and 139 CABG. Adjusted mortality curves were constructed for those patients in
the three quintiles most likely to receive CABG. The curves diverged early, with risk-adjusted
mortality rates at 5 years of 46% for MED versus 29% for CABG, and the survival benefit of
CABG over MED continued through 10 years follow-up (hazard ratio 0.63, 95% CI 0.45 – 0.88).

Conclusions—Among a propensity-matched, risk-adjusted observational cohort of patients with
CAD, LVEF < 35%, and no left main disease ≥ 50%, CABG is associated with a survival
advantage over MED through 10 years follow-up.

Introduction
Heart failure is a growing and well-recognized public health problem [1, 2]. Coronary artery
disease (CAD) is the primary etiology in two-thirds of heart failure cases [1, 3], with
uncontrolled ischemic disease a frequent underlying cause of heart failure exacerbation [4,
5]. Current American College of Cardiology/American Heart Association guidelines
highlight recent advances in pharmacologic, surgical, and device therapies that have

© 2011 The Society of Thoracic Surgeons. Published by Elsevier Inc. All rights reserved.

Address correspondence to Dr. Eric J. Velazquez, Duke Clinical Research Institute, 2400 Pratt Street, Durham, NC 27715;
eric.velazquez@duke.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Ann Thorac Surg. Author manuscript; available in PMC 2013 April 29.

Published in final edited form as:
Ann Thorac Surg. 2012 February ; 93(2): 523–530. doi:10.1016/j.athoracsur.2011.10.064.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



improved the quality of life and survival of patients with CAD and heart failure [1, 6].
Multiple methodologically sound randomized trials have established the benefits of coronary
artery bypass grafting (CABG) for CAD [7, 8]; however, prior to the report of the STICH
result in April 2011, no randomized data were available which specifically evaluate the
important subgroup of patients with left ventricular (LV) systolic dysfunction [9, 10].

The Surgical Treatment for Ischemic Heart Failure (STICH) trial was a National Heart,
Lung, and Blood Institute-funded multicenter international randomized trial addressing two
pressing clinical and policy questions regarding the management of patients with surgically
revascularizable CAD and LV systolic dysfunction [11, 12]. STICH hypothesis 1 addressed
the question of whether contemporary CABG is superior to contemporary medical/
secondary prevention therapy in prolonging survival in 1212 patients with CAD/LV systolic
dysfunction [12]. The present study was designed to evaluate the survival benefit of CABG
for patients with ischemic cardiomyopathy in an observational cohort where the choice of
CABG resulted from clinical decision and not randomization by applying the STICH trial’s
enrollment criteria and propensity models developed in the Duke Cardiovascular Disease
Databank [13].

Material and Methods
Study Design

This was a retrospective, observational, cohort study of prospectively collected data from
patients treated at Duke University Medical Center. We sought to identify patients with left
ventricular ejection fraction (EF) ≤ 35% and CAD amenable to CABG from all patients
undergoing cardiac catheterization and assessment of left ventricular function at Duke
University Medical Center between January 1, 1995 and July 31, 2009. Patients with left
main coronary artery stenosis ≥ 50% were excluded based upon clinical standards of early
randomized trials [7]. Patient outcomes were compared between those receiving medical
(MED) versus CABG therapy. This study was approved by the Duke University Health
System Institutional Review Board (IRB), and the requirement for individual consent was
waived (IRB Registry Number 7399-05-7R0ER). The study end point (mortality) and
statistical methodology were specified prior to data retrieval and analysis. All analyses were
completed prior to the availability of the STICH hypothesis 1 outcome.

The CABG treatment arm was comprised of any patient receiving CABG within 30 days
following initial cardiac catheterization without percutaneous coronary intervention. Time 0
for the CABG group was the date of cardiac catheterization. MED patients were defined as
those receiving neither PCI nor CABG within 30 days of the initial catheterization. Patients
who died within 5 days (median time to CABG) were excluded to address waiting time bias.
Time 0 for the MED group was day 6 following catheterization - thus, the patient must have
survived to have been eligible to receive a procedure. Any patients progressing to cardiac
transplantation or destination left ventricular assist device placement were planned to be
excluded.

Data Source
Pertinent baseline variables (Table 1) from the history, physical examination, laboratory
tests, imaging exams, and 12-lead electrocardiogram (ECG) were collected prospectively on
standardized forms as part of the patient care process and stored in the Duke Databank for
Cardiovascular Disease (DDCD). The results of cardiac catheterization, the procedural
details of each CABG, and detailed follow-up were also collected prospectively.

Patient follow-up was conducted by the Duke Clinical Research Institute Follow-up Services
Group, which is responsible for collecting annual follow-up data on death and other end
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points for the DDCD [14]. Annual surveys collect data on overall health, hospitalizations,
myocardial infarction, stroke, cardiac procedures, and medication use. Patients are surveyed
6 months after the index visit and yearly thereafter, by means of a mailed, self-administered
questionnaire; non-responders are surveyed by telephone. For mortality data, response rate is
95% and there is an annual search of the National Death Index for patients who are lost to
follow-up (2%) or who have requested not to be contacted (3%). Information on death is
collected through next-of-kin interviews, reviews of hospital discharge summaries and death
certificates, and the National Death Index, which provides the cause of death according to
the International Classification of Diseases, 10th Revision, after independent committee
review.

Propensity models
To identify those patients most likely to have met the STICH revascularization hypothesis
criteria as patients for whom adding CABG to MED was “reasonable but not required” [11],
we were able to calculate propensity scores for MED and CABG treatments using patients
undergoing catheterization between 1995 and 2005 [15]. The propensity model was then
validated using the cohort of patients undergoing catheterization between 2006 and 2009.
Table 2a lists the variables used in construction of the multivariable models. Table 2b
identifies the most contributory patient variables with respect to MED or CABG treatment
selection.

Patients were divided into propensity quintiles, with Quintile I representing those least often
treated with MED and Quintile V representing those most often treated with MED. Quintiles
I–III patients, those with higher probability of CABG treatment, were included for treatment
comparison analysis. Patients in Quintiles IV and V, which were almost uniformly treated
with MED, were considered unlikely to have been randomized in STICH and were therefore
excluded from the final treatment outcome comparison.

Statistical Analysis
In order to account for differences between patients who received MED versus CABG
therapy, we fit the data to a logistic-regression model to estimate the probability that patients
would receive CABG. All reported P values are two-sided, and in all comparisons, P values
of less than 0.05 were considered to indicate statistical significance. Continuous measures
were compared with Kruskal-Wallis tests, unordered categorical measures were compared
with Pearson Chi-square tests, and ordered categorical measures were compared with
Kruskal-Wallis tests. The propensity model was constructed using logistic regression with
the outcome of treatment MED or CABG usage and preset list of variables. We calculated
unadjusted and risk-adjusted Kaplan– Meier survival estimates for patients receiving MED
and for those receiving CABG and compared them using a log-rank test. To estimate the
difference in MED and CABG treatments, the time to death analysis using cox regression
was constructed from the time of the index cardiac catheterization. The model was adjusted
for a preset list of variables and propensity of MED or CABG. For all models the linearity
assumptions were assessed graphically and/or with summary statistics and transformations
were considered for departures from linearity.

Results
Study Population

Between January 1, 1995 and July 31, 2009, 86,958 cardiac catheterizations were performed
at the Duke Heart Center to evaluate suspected ischemic heart disease. Of these, 2,624 were
found to have LVEF<35%, coronary artery disease amenable to CABG and no left main
stenosis ≥ 50%. As depicted in Figure 1, 832 were excluded for ongoing ≥ CCS Class III
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angina and 724 excluded for recent (within 7 days) acute myocardial infarction. The 1068
cardiac catheterizations which met criteria yielded 1006 unique patients. For the 62 patients
with more than one cardiac catheterization the first study meeting inclusion criteria was
chosen. An additional 11 patients died within the mean time (5 days) between
catheterization and CABG and 33 patients without follow-up were excluded. No study
patient underwent subsequent cardiac transplantation or destination left ventricular assist
device placement. The treatment chosen for the 962 patients screened as “STICH-eligible”
included 199 who underwent PCI (18%) and were not included in the analysis. Crossovers
from medical therapy to CABG were comprised of 36 patients and median time to CABG
among these was 8.5 months. Physicians responsible for the care of included patients chose
CABG for 139 patients and medical therapy (MED) for 624 patients. Thus, a total of 763
medical and surgical patients were included for propensity score analysis.

Medical Therapy Propensity Score
We calculated the propensity score for all patients. Table 2b presents the most contributory
variables in the propensity model. The c statistic for the propensity for medical therapy
model was 0.88. Figure 2 displays the results of the propensity model for MED versus
CABG treatment. Primary survival analysis was completed for those patients in propensity
quintiles I, II, and III - those quintiles in which STICH-eligible patients had at least some
chance of passing treating clinicians’ gestalt for suitability for CABG. Therefore a total of
458 patients for whom the treatment chosen was MED (n=327) and CABG (n=131)
comprise the cohort for whom survival curves are compared.

Baseline Characteristics for Propensity Quintiles I, II, and III
Table 1 displays the baseline characteristics of the quintiles I, II, and III study patients,
comparing the variables between MED versus CABG treatment groups. The overall mean
age was 64 years, with 75% male and 65% of Caucasian race. Median LVEF was 27% with
67% of patients having a history of congestive heart failure in the medical record. As
expected for an ischemic cardiomyopathy population, risk factors for coronary disease were
common, including diabetes mellitus, hypertension, and smoking. Frequent comorbidities
included peripheral vascular disease (11%), cerebrovascular disease (11%), and renal
disease (4%). These risk factors and comorbidities were similar in prevalence between the
MED and CABG groups.

MED patients were significantly less likely to have 3-vessel coronary disease (40% vs. 64%,
P<0.0001) than were CABG patients. MED patients also were significantly less likely than
CABG patients to have a high Duke CAD Severity Index (38% vs. 60%, P<0.0001). MED
patients were more likely to have had prior CABG (36% vs. 4%, P<0.0001) although rates
of prior PCI were similar (22% vs. 17%, P=0.206). The number of patients with mitral
insufficiency ≥ 2+ did not differ between the groups.

Survival Analysis
Figure 3 shows an unadjusted all-cause mortality curve for the overall study cohort
(quintiles I–V). Figure 4a shows unadjusted mortality curves for the MED and CABG
treatment groups (propensity quintiles I–III) through 10 years. Figure 4b shows risk adjusted
mortality curves. Both the adjusted and unadjusted curves diverge after one year and the
survival benefit of CABG persists through 10 years with a hazard ratio of 0.63 (95%
confidence interval = 0.45, 0.88; p=0.006). Corresponding risk-adjusted mortality rates at 5
years were 43% for MED and 29% for CABG, and risk-adjusted mortality rates at 10 years
were 72% for MED and 58% for CABG.
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Comment
Among a cohort of patients with ischemic cardiomyopathy meeting enrollment criteria for
the Surgical Treatment of Ischemic Cardiomyopathy (STICH) trial, we have found that
CABG is associated with a survival advantage over optimal medical therapy (MED) through
10 years follow-up. This finding comes from a propensity-matched, risk-adjusted group of
patients with CAD, LVEF ≤ 35%, and no left main disease ≥ 50% captured over a
contemporary 15 year period. This represents arguably the most detailed observational
evaluation of the clinical outcomes associated with clinically-driven CABG and MED in
patients with ischemic cardiomyopathy.

Robust randomized prospective validation that CABG relieves symptoms and prolongs life
in patients with advanced coronary artery disease has been repeated in every decade since
the first clinical studies enrolled patients in the 1960’s following development of the
procedure [7–9, 16, 17]. Indeed, during its 45 year existence, CABG remains the most
studied surgical procedure in history. Nonetheless, until the STICH trial, the evidence base
remained deficient in identifying whether patients with CAD and LV systolic dysfunction
should receive revascularization [10]. Between July 2002 and May 2007, STICH enrolled
1212 patients with an ejection fraction of 35% or less and coronary artery disease amenable
to CABG [12]. These patients were randomly assigned to MED alone or medical therapy
plus CABG. An “as-treated” analysis compared the 592 patients treated with MED
throughout the first year after randomization to the 620 patients who underwent CABG
(either because they were randomly assigned to CABG or because they crossed over to
CABG during the first year of follow-up) and the hazard ratio for death from any cause with
CABG was 0.70 (95% CI 0.58, 0.84; P<0.001) through 6 years of follow-up [12]. We have
observed a hazard ratio of 0.63 (95% CI 0.45, 0.88; P=0.006) applying the trial criteria to
our detailed prospective observational database. Figure 5 displays unadjusted Kaplan Meier
rate estimates of time to death through 6 years by treatment received for both the study
patients and from the multinational STICH trial cohort. The mortality curves from our
observational cohort treated at a single referral center in North Carolina are remarkably
similar to those from a randomized trial conducted at 99 centers in 22 nations across the
globe, suggesting generalizability of the STICH result to the U.S. population. While the
clinical implications of STICH have been debated because the primary intention to treat
analysis failed to demonstrate as hypothesized a statistically significant 25% reduction in the
rate of death from any cause in contradistinction to the secondary analyses by treatment
received [18], this observational analysis serves as an independent validation of the benefits
of CABG over medical therapy.

Furthermore, this study demonstrates that comprehensive rigorous databases such as the
Duke Databank for Cardiovascular Disease may approximate the results of randomized
controlled trials. While carefully collected prospective observational data has been shown to
predict the results of other major randomized trials [19–21], there exist multiple examples of
observational data at odds with randomized controlled trials [22, 23]. Without patient
randomization, the comparability of treatment groups can be enhanced using propensity
methods to correct for imbalances in confounding prognostic factors. This approach was
taken here, with final analysis of only the propensity quintiles in which patients had some
chance to receive CABG - that is, with some chance to pass the clinician’s unmeasured
gestalt for suitability for either therapy. In other words, by analyzing propensity Quintiles I–
III (Fig. 2), we included those patients for whom actual clinical equipoise in treatment
selection is most likely to exist.

The presence of heart failure among those referred for cardiac surgery is already great, with
approximately 40% of CABGs performed in this patient population [24]. High risk patients
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are generally believed to have the most to gain from CABG, as current practice guidelines
indicate [1]. Outcomes for patients with CAD have improved in recent years with advances
in both medical therapy [25, 26] as well as advances in CABG therapy [27, 28]. The
mortality of CAD patients having depressed LVEF is high as demonstrated in this analysis,
with a 72% 10 year mortality in the medically treated population. Among patients with CAD
and heart failure, the impact of CABG is likely substantial [12, 29]; however, in the present
study, only 14% of patients with CAD amenable to CABG and EF<35% received CABG.
Based on our observational findings, had CABG been provided only to the patients from
Quintiles I–III which were given medical treatment alone, an additional 36 patients (19%)
would have lived to 10 years follow-up.

Limitations
The statistical models used in this analysis estimate the effect of CABG indirectly by the
difference in MED and CABG prognoses because the effect of CABG on prognosis cannot
be observed directly in an individual patient. While clinical databases collecting data
prospectively and according to a protocol with rigorous quality control measures and
complete follow-up are most likely to be adequate for guiding patient care decisions, this
remains a retrospective, observational study for which causality cannot be inferred as with
prospective randomized controlled trials [30]. Further, patients from Duke likely differ from
those treated elsewhere, both in described characteristics as well as in characteristics not
captured by case report forms. Medical and surgical therapies for ischemic cardiomyopathy
have undergone marked changes during the study period [31–33]; however, the present
analysis does not attempt to quantify the impact of changes in care over time. Finally,
patients in this study were limited to those referred for catheterization and therefore may not
include all patients in the community with this condition.

Conclusions
Among a propensity-matched, risk-adjusted cohort of patients meeting STICH trial entry
criteria with CAD, LVEF ≤ 35%, and no left main disease ≥ 50%, CABG was associated
with a survival advantage over MED through 10 years follow-up. Carefully collected
prospective observational data can complement the results of randomized trials.
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Figure 1. Identification of Study Cohort from all Patients Undergoing Cardiac Catheterization
at Duke Medical Center January 1, 1995–July 31, 2009 and Treated with Medical Therapy
(MED) or Coronary Artery Bypass Grafting (CABG)
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Figure 2.
Propensity Quintiles for Selecting Medical Therapy (MED) at Duke 1995–2005. Total
Patients and Mortality are Presented for Each Quintile.
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Figure 3. Unadjusted Kaplan Meier Estimates of Time to Death in All Study Patients
(Propensity Quintiles I–V)
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Figure 4. A, Unadjusted and B, Risk-adjusted Kaplan Meier Rate Estimates of Time to Death in
395 Patients with Similar Propensity (Quintiles I–III) for Medical Therapy
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Figure 5. Unadjusted Kaplan Meier Rate Estimates of Time to Death for STICH and Duke
Database (DDCD) Patients
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Table 1

Baseline Characteristics of the Study Cohort (Propensity Quintiles I, II, and III)

Variable Medicine
N = 327

CABG
N = 131

All
N = 458

Treatment Comparison
P-value

Age in years, median (25, 75%ile) 63.5
(56, 71)

65.2
(57, 72)

64.1
(56.3, 71.1)

0.527

Male 73.7 78.6 75.1 0.271

Caucasian (%) 64.2 66.2 64.7 0.187

Ejection fraction, median (25, 75%ile) 0.27
(0.22, 0.31)

0.28
(0.24, 0.32)

0.27
(0.22, 0.31)

0.068

CHF history (%) 0.800

    No CHF 32 34 33

    Class I 6 6 6

    Class II 14 13 14

    Class III 26 22 25

    Class IV 21 25 22

Diabetes mellitus (%)

    Total 34 34 34 0.942

Type I (% of total) 5 14 8 0.084

Type II (% of total) 95 86 92 0.084

Mitral insufficiency (%)

    0 48 44 47 0. 837

    1+ 18 18 18

    2+ 19 19 19

    3+ 10 13 11

    4+ 5 7 6

Number of diseased vessels <0.001

0-vessel disease (%) 0 0 0

1-vessel disease (%) 30 12 25

2-vessel disease (%) 30 24 28

3-vessel disease (%) 40 64 47

BMI, median (25, 75) 26
(24,31)

27
(24,31)

26
(24, 31)

0.948

Renal disease (%) 3.7 3.1 3.5 0.745

History of MI (%) 40 34 38 0.256

History of smoking (%) 61 66 62 0.339

History of CABG (%) 36 4 7 <0.001

History of PCI (%) 22 17 18 0.206

Duke CAD Severity Index

    Low 30 11 24 <0.001

  Intermediate 33 29 32

     High 38 60 44

History of peripheral vascular disease (%) 11 10 11 0.806

History of cerebrovascular disease (%) 11 10 11 0.806
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BMI = body mass index; CABG = coronary artery bypass grafting; CHF = congestive heart failure; PCI = percutaneous coronary intervention.
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Table 2a

Multivariable Model Variables

Model variables

Propensity of assignment to medication group

Age

Left ventricular ejection fraction

BMI

Systolic blood pressure

Duke CAD Severity Index

Mitral Insufficiency

Year

CHF Class

Any valvular heart disease

Male

Caucasian

Hypertension

Charlson Index

History of angina

Diabetes

History of MI

History of cerebrovascular disease

History of peripheral vascular disease

History of smoking

History of CABG

History of PCI

Ventricular gallop

Carotid bruit

BMI = body mass index; CABG = coronary artery bypass grafting; CAD = coronary artery disease; CHF = congestive heart failure; MED =
medical therapy; MI = myocardial infarction; PCI = percutaneous coronary intervention; STICH= Surgical Treatment of Ischemic
Cardiomyopathy.
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Table 2b

Multivariable Model Variables Predicting Medicine (MED) or CABG Treatment Choice in 763 study Patients
at Duke 1995–2005

For MED Choice % Information For CABG Choice % Information

Prior CABG 36 High CAD index 21

Non-cardiac illness 9 Younger age 16

Higher LVEF 9 Recent years 5

Mitral insufficiency ≥ 2+ 4

CABG = coronary artery bypass grafting; CAD = coronary artery disease; LVEF = left ventricular ejection fraction; MED = medical therapy; MI =
myocardial infarction.
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