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Abstract
Introduction—Ischemic heart disease (IHD) is common in heart failure (HF), yet the association
between incident coronary revascularization and mortality in these patients has not been examined
in a propensity-matched study.

Methods—In the Digitalis Investigation Group trial, 2853 patients without coronary
revascularization and 120 patients with coronary revascularization during the first three years were
alive at the end of three years. We used propensity scores to match 119 and 357 patients with and
without coronary revascularization. Matched Cox regression models were used to estimate hazard
ratio (HR) and 95% confidence interval (CI) for mortality during the fourth year of follow-up, for
all patients and by the mean left ventricular ejection fraction (LVEF) of 35%.

Results—Coronary revascularization was associated with higher mean LVEF (36 % versus 32 %;
p<0.0001) and prevalence of angina pectoris (48% versus 32%; p<0.0001) but fewer prior myocardial
infarction (80% versus 87%; p=0.023), all of which were balanced post-match. All-cause mortality
occurred in 5.9% and 6.2% patients respectively with and without coronary revascularization (HR
for coronary revascularization, 0.95; 95% CI, 0.39–2.32; p=0.910). HR for mortality associated with
coronary revascularization for patients with LVEF ≤35% and >35% were respectively 1.34 (95% CI,
0.48–3.71; p=0.578) and 0.61 (95% CI, 0.13–2.87; p=0.532).

Conclusion—Chronic HF patients with IHD receiving coronary revascularization were more likely
to have angina and higher LVEF. However, in a balanced propensity-matched cohort, there was no
association between coronary revascularization and mortality. The LVEF-associated variation in
mortality needs to be prospectively studied.
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1. Introduction
Ischemic heart disease (IHD) is the leading cause of heart failure (HF), and coronary
revascularization is a major treatment option for HF patients with IHD [1]. Yet, the role of
coronary revascularization in chronic HF patients with IHD remains controversial [2–5]. To
the best of our knowledge the effect of incident coronary revascularization on subsequent
mortality has not been examined in a propensity-matched population of ambulatory chronic
HF patients with low and normal left ventricular ejection fraction (LVEF).

2. Materials and methods
The Digitalis Investigator Group (DIG) trial enrolled 7788 ambulatory patients with chronic
HF in normal sinus rhythm from 302 clinical centers in the United States and Canada from
1991 to 1993 [6,7]. Overall, 120 patients who underwent coronary revascularization during
the first three years of the study and 2853 patients with IHD who did not undergo coronary
revascularization were alive at the end of three years (Figure 1). IHD and hospitalization due
to coronary revascularization were ascertained by study investigators and were not centrally
adjudicated. The primary endpoints were mortality due to all causes, cardiovascular causes,
and worsening HF. Data on vital status were 99% complete [8].

Using propensity scores for coronary revascularization, we assembled a balanced cohort of
119 patients who underwent coronary revascularization and 357 patients who were treated
medically (Figure 1) [9,10]. Propensity scores for incident coronary revascularization for each
of the 2973 patients with IHD were estimated using a non-parsimonious, multivariate logistic
regression model, adjusting for key baseline covariates presented in Table 1. The propensity
scores were then used for matching, and the details of the matching protocol have been
described elsewhere [11–14]. Absolute standardized differences were estimated to examine
covariate balance and were presented as a Love plot, developed by Thomas E. Love [11–13,
15,16].

The baseline characteristics of patients who underwent coronary revascularization and those
who were treated medically were compared using Pearson’s chi-square and Wilcoxon’s rank-
sum tests. Kaplan-Meier analysis and matched Cox regression analyses were used to determine
the association of incident coronary revascularization with subsequent mortality during the
fourth year of follow-up. All statistical tests were done using SPSS-15 for Windows [17].

3. Results
Patients had a mean (±SD) age of 62 (±10) years, 22% were women, and 10% were nonwhites.
Before matching, patients with (versus without) coronary revascularization had a higher mean
baseline LVEF (36 {±12} % versus 32 {±11} %; p<0.0001), were less likely to have prior
myocardial infarction (80% versus 87%; p=0.023), but more likely to have unstable angina
pectoris (48% versus 32%; p<0.0001). However, there were no differences in NYHA class
symptoms. Pre-match imbalances (>10% indicate substantial imbalance) and post-match
balances in baseline covariates are displayed in Table 1 and Figure 2.

Overall, 29 patients (6%) died, including 24 (5%) due to cardiovascular causes and 13 (3%)
due to progressive HF, during 392 patient-years of subsequent follow-up. Kaplan-Meier plots
for all-cause and cardiovascular mortality are displayed in Figure 3. All-cause mortality
occurred in 5.9% (rate, 154/10000 person-years) of patients who underwent coronary
revascularization and in 6.2% (rate, 161/10000 person-years) of matched patients treated
medically (hazard ratio {HR}, 0.95; 95% confidence interval {CI}, 0.39–2.32; p=0.910; Table
2). Coronary revascularization was not associated with mortality caused by cardiovascular
causes or progressive HF (Table 2). HR for mortality by coronary revascularization for patients
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with LVEF ≤35% and >35% were respectively 1.34 (95% CI, 0.48–3.71; p= 0.578) and 0.61
(95% CI, 0.13–2.87; p= 0.532; Table 3).

4. Discussion
The findings of our study demonstrate that chronic HF patients who underwent coronary
revascularization were less likely to have a history of prior myocardial infarction but were
more likely to have symptoms of unstable angina pectoris, and were also more likely to have
a higher LVEF. However, when these and other key measured baseline characteristics were
balanced after matching, incident coronary revascularization was not associated with
subsequent mortality in patients with chronic systolic and diastolic HF with IHD.

The substantial yet non-significant reduction in mortality in patients receiving coronary
revascularization before matching may be explained by baseline covariate imbalances such as
younger age, a better comorbidity profile and a higher mean LVEF among those receiving
coronary revascularization. However, when these covariates were balanced after matching,
there was no substantial difference in mortality between patients receiving and not receiving
coronary revascularization. Interestingly, there was a substantial but non-significant reduction
in mortality in matched patients with LVEF >35% who received coronary revascularization.
This is consistent with the findings from the Coronary Artery Surgery Study and the Veteran
Affairs Cooperative Study that suggested that coronary revascularization was associated with
improved survival in patients with IHD and LVEF >35% [18,19]. HF patients with normal or
near normal LVEF are more likely to have viable ischemic myocardium, which has been shown
to determine both the degree of improvement in LV function and the long-term outcomes after
revascularization [20–25]. The association between a higher mean LVEF and the presence of
viable ischemic myocardium may also explain the higher prevalence of unstable angina
pectoris in patients receiving coronary revascularization in our study. One of the reasons for
excluding patients with LVEF <35% from the Coronary Artery Surgery Study and the Veteran
Affairs Cooperative Study was that they were considered high-risk for coronary
revascularization. This notion is congruent with the findings from our subgroup analysis that
indicate that among HF patients with IHD and LVEF ≤35%, the direction of association was
toward an increased mortality in those receiving coronary revascularization. However, this
association was not statistically significant and needs to be interpreted with caution. The
association between coronary revascularization and outcomes in HF patients with IHD and
LVEF <35% will be clarified when the findings from the currently ongoing Surgical Treatment
for Ischemic Heart Failure (STICH) trial will be published [26].

The lack of a statistically significant association between coronary revascularization and
mortality in our study may also be explained by the small sample size and lack of adequate
power. However, the direction and the magnitude of the associations in our subgroup analysis
are mechanistically plausible and suggest that coronary revascularization may not be safe in
chronic HF patients with IHD and low LVEF. We also noted that HF patients who received
coronary revascularization had lower prevalence of a history of prior myocardial infarction but
a higher prevalence of angina pectoris. Patients with a history of prior myocardial infarction
are less likely to have viable myocardium and thus less likely to have angina pectoris [22].
Therefore, angina pectoris may serve as marker of viable myocardium in HF patients with a
history of prior myocardial infarction who should undergo tests for myocardial viability to
identify those who might benefit from coronary revascularization. HF patients with non-viable
ischemic myocardium may not benefit from coronary revascularization [27,28].

The findings of the current study are consistent with findings from a previous study that also
examined the association between coronary revascularization and mortality [29]. In that study,
in HF patients with IHD and LVEF <45% (mean, 25%), 5-year all-cause mortality occurred
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in 43% of patients (n=10) in the revascularization group and in 60% of those (n=67) who did
not undergo revascularization (p=0.257). To the best of our knowledge, this is the first report
of an association between incident coronary revascularization and subsequent total and cause-
specific mortality in a propensity-matched population of chronic systolic and diastolic HF
patients with IHD.

Lack of data on the type or timing of coronary revascularization is a key limitation of our study
[30]. DIG participants were mostly younger men in normal sinus rhythm from the pre-beta-
blocker era of HF therapy, which may limit generalizability to contemporary HF patients. Our
propensity matching was able to balance all key baseline covariates. However, imbalances in
unmeasured covariates are possible and may potentially confound our findings.

In conclusion, in chronic systolic and diastolic HF patients with IHD, younger age, higher
LVEF and the presence of angina pectoris had bivariate association with coronary
revascularization. Despite a non-significant association between incident coronary
revascularization and subsequent mortality, the directions of these associations in our subgroup
analysis suggest that in HF patients with IHD and LVEF >35%, the symptom of angina pectoris
may be used to identify patients for further evaluation for myocardial viability and to identify
those who might benefit from coronary revascularization.
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Figure 1.
Flow chart for the assembly of study cohort
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Figure 2.
Love plot for absolute standardized differences before and after propensity score matching
comparing key covariate values for patients with and without coronary revascularization
(MI= myocardial infarction; ACE=angiotensin-converting enzyme; NYHA=New York Heart
Association; BP=blood pressure; LVEF=left ventricular ejection fraction)
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Figure 3.
Kaplan-Meier plots for mortality due to (a) all-causes and (b) cardiovascular causes
(HR=hazard ratio; CI=confidence interval; CR=coronary revascularization)

Giamouzis et al. Page 8

Int J Cardiol. Author manuscript; available in PMC 2011 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Giamouzis et al. Page 9

Ta
bl

e 
1

B
as

el
in

e 
pa

tie
nt

 c
ha

ra
ct

er
is

tic
s b

y 
co

ro
na

ry
 re

va
sc

ul
ar

iz
at

io
n 

du
rin

g 
fir

st
 th

re
e 

ye
ar

s, 
be

fo
re

 a
nd

 a
fte

r p
ro

pe
ns

ity
 sc

or
e 

m
at

ch
in

g

V
ar

ia
bl

e

B
ef

or
e 

m
at

ch
in

g
A

fte
r 

m
at

ch
in

g

N
o 

co
ro

na
ry

re
va

sc
ul

ar
iz

at
io

n
(n

=2
85

3)
C

or
on

ar
y 

re
va

sc
ul

ar
iz

at
io

n 
(n

=1
20

)
P 

va
lu

e
N

o 
co

ro
na

ry
re

va
sc

ul
ar

iz
at

io
n 

(n
=3

57
)

C
or

on
ar

y 
re

va
sc

ul
ar

iz
at

io
n 

(n
=1

19
)

P 
va

lu
e

A
ge

, y
ea

rs
64

 (±
10

)
62

 (±
9)

0.
07

4
62

 (±
10

)
62

 (±
9)

0.
57

1

A
ge

 ≥
65

 y
ea

rs
14

65
 (5

1%
)

51
 (4

3%
)

0.
05

7
15

6 
(4

4%
)

51
 (4

3%
)

0.
87

3

Fe
m

al
e

62
4 

(2
2%

)
28

 (2
3%

)
0.

70
5

76
 (2

1%
)

27
 (2

3%
)

0.
74

8

N
on

-w
hi

te
23

2 
(8

%
)

11
 (9

%
)

0.
68

5
38

 (1
1%

)
11

 (9
%

)
0.

66
3

B
od

y 
m

as
s i

nd
ex

, k
g/

m
2

27
 (±

5)
28

 (±
4)

0.
04

6
28

 (±
5)

28
 (±

4)
0.

42
7

Ej
ec

tio
n 

fr
ac

tio
n,

 %
32

 (±
11

)
36

 (±
12

)
<0

.0
00

1
36

 (±
12

)
36

 (±
11

)
0.

82
0

Ej
ec

tio
n 

fr
ac

tio
n 

> 
45

%
29

9 
(1

1%
)

19
 (1

6%
)

0.
06

3
66

 (1
9%

)
18

 (1
5%

)
0.

40
5

C
om

or
bi

d 
co

nd
iti

on
s

 
Pr

io
r m

yo
ca

rd
ia

l i
nf

ar
ct

io
n

24
86

 (8
7%

)
96

 (8
0%

)
0.

02
3

29
3 

(8
2%

)
96

 (8
1%

)
0.

73
2

 
C

ur
re

nt
 a

ng
in

a 
pe

ct
or

is
90

4 
(3

2%
)

58
 (4

8%
)

<0
.0

00
1

16
7 

(4
7%

)
57

 (4
8%

)
0.

83
2

 
H

yp
er

te
ns

io
n

11
84

 (4
2%

)
61

 (5
1%

)
0.

04
2

16
9 

(4
7%

)
60

 (5
0%

)
0.

56
0

 
D

ia
be

te
s m

el
lit

us
78

1 
(2

7%
)

33
 (2

8%
)

0.
97

6
95

 (2
7%

)
32

 (2
7%

)
0.

95
2

 
C

hr
on

ic
 k

id
ne

y 
di

se
as

e
12

76
 (4

5%
)

44
 (3

7%
)

0.
08

2
13

5 
(3

8%
)

44
 (3

7%
)

0.
87

0

M
ed

ic
at

io
ns

 
D

ig
ox

in
 (p

re
-tr

ia
l u

se
)

11
77

 (4
1%

)
43

 (3
6%

)
0.

23
7

13
5 

(3
8%

)
43

 (3
6%

)
0.

74
3

 
D

ig
ox

in
 (t

ria
l u

se
)

13
96

 (4
9%

)
72

 (6
0%

)
0.

01
8

18
5 

(5
2%

)
71

 (6
0%

)
0.

13
7

 
A

C
E 

in
hi

bi
to

rs
26

67
 (9

4%
)

11
1 

(9
3%

)
0.

67
1

33
0 

(9
2%

)
11

0 
(9

2%
)

1.
00

0

 
D

iu
re

tic
s

20
29

 (7
1%

)
85

 (7
1%

)
0.

94
6

24
3 

(6
8%

)
84

 (7
1%

)
0.

60
8

N
Y

H
A

 c
la

ss
 II

I-
IV

75
7 

(2
7%

)
31

 (2
6%

)
0.

86
5

79
 (2

2%
)

31
 (2

6%
)

0.
37

9

H
ea

rt 
ra

te
, b

ea
ts

 p
er

 m
in

ut
e

76
 (±

12
)

75
 (±

13
)

0.
30

6
75

 (±
12

)
75

 (±
13

)
0.

94
2

Sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e,

 m
m

 H
g

12
7 

(±
19

)
12

8 
(±

19
)

0.
33

6
12

7 
(±

18
)

12
8 

(±
19

)
0.

47
5

Se
ru

m
 c

re
at

in
in

e,
 m

g/
dL

1.
3 

(±
0.

3)
1.

2 
(±

0.
3)

0.
27

5
1.

2 
(±

0.
3)

1.
2 

(±
0.

3)
0.

96
7

(A
C

E=
an

gi
ot

en
si

n-
co

nv
er

tin
g 

en
zy

m
e;

 N
Y

H
A

=N
ew

 Y
or

k 
H

ea
rt 

A
ss

oc
ia

tio
n)

Int J Cardiol. Author manuscript; available in PMC 2011 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Giamouzis et al. Page 10

Ta
bl

e 
2

M
or

ta
lit

y 
in

 c
hr

on
ic

 h
ea

rt 
fa

ilu
re

 p
at

ie
nt

s, 
be

fo
re

 a
nd

 a
fte

r m
at

ch
in

g 
by

 p
ro

pe
ns

ity
 sc

or
es

 fo
r c

or
on

ar
y 

re
va

sc
ul

ar
iz

at
io

n

R
at

e,
 p

er
 1

0,
00

0 
pe

rs
on

-y
ea

rs
 (E

ve
nt

s/
to

ta
l f

ol
lo

w
 u

p 
ye

ar
s)

A
bs

ol
ut

e r
at

e d
iff

er
en

ce
*  (

pe
r 1

0,
00

0 
pe

rs
on

-y
ea

rs
)

H
az

ar
d 

ra
tio

 (9
5%

 c
on

fid
en

ce
in

te
rv

al
)

P 
va

lu
e

N
o 

co
ro

na
ry

 r
ev

as
cu

la
ri

za
tio

n
C

or
on

ar
y 

re
va

sc
ul

ar
iz

at
io

n

Pr
e-

m
at

ch
N

=2
85

3
N

=1
20

A
ll-

ca
us

e
25

0 
(2

73
/1

09
31

)
15

3 
(7

/4
57

)
−9

7
0.

63
 (0

.3
0–

1.
33

)
0.

22
6

C
ar

di
ov

as
cu

la
r

18
8 

(2
06

/1
09

31
)

13
1 

(6
/4

57
)

−5
7

0.
72

 (0
.3

2–
1.

62
)

0.
42

2

W
or

se
ni

ng
 h

ea
rt 

fa
ilu

re
95

 (1
04

/1
09

31
)

67
 (3

/4
57

)
−2

8
0.

71
 (0

.2
3–

2.
24

)
0.

55
7

Po
st

-m
at

ch
N

=3
57

N
=1

19

A
ll-

ca
us

e
16

1 
(2

2/
13

67
)

15
4 

(7
/4

54
)

−7
0.

95
 (0

.3
9–

2.
32

)
0.

91
0

C
ar

di
ov

as
cu

la
r

13
2 

(1
8/

13
67

)
13

2 
(6

/4
54

)
0

1.
00

 (0
.3

8–
2.

64
)

1.
00

0

W
or

se
ni

ng
 h

ea
rt 

fa
ilu

re
73

 (1
0/

13
67

)
66

 (3
/4

54
)

−7
0.

80
 (0

.2
1–

3.
06

)
0.

74
4

* A
bs

ol
ut

e 
di

ff
er

en
ce

s i
n 

ra
te

s o
f e

ve
nt

s p
er

 1
0,

00
0 

pe
rs

on
-y

ea
r o

f f
ol

lo
w

 u
p 

w
er

e 
ca

lc
ul

at
ed

 b
y 

su
bt

ra
ct

in
g 

th
e 

ev
en

t r
at

es
 in

 th
e 

no
 c

or
on

ar
y 

re
va

sc
ul

ar
iz

at
io

n 
gr

ou
p 

fr
om

 th
e 

ev
en

t r
at

es
 in

 th
e 

co
ro

na
ry

re
va

sc
ul

ar
iz

at
io

n 
gr

ou
p 

(b
ef

or
e 

va
lu

es
 w

er
e 

ro
un

de
d)

Int J Cardiol. Author manuscript; available in PMC 2011 April 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Giamouzis et al. Page 11

Ta
bl

e 
3

A
ll-

ca
us

e 
m

or
ta

lit
y 

in
 m

at
ch

ed
 c

hr
on

ic
 h

ea
rt 

fa
ilu

re
 p

at
ie

nt
s, 

by
 m

ed
ia

n 
le

ft 
ve

nt
ric

ul
ar

 e
je

ct
io

n 
fr

ac
tio

n 
(L

V
EF

) o
f 3

5%

R
at

e,
 p

er
 1

0,
00

0 
pe

rs
on

-y
ea

rs
 (E

ve
nt

s/
to

ta
l f

ol
lo

w
 u

p 
ye

ar
s)

A
bs

ol
ut

e 
ra

te
 d

iff
er

en
ce

*  
(p

er
 1

0,
00

0 
pe

rs
on

-y
ea

rs
)

H
az

ar
d 

ra
tio

 (9
5%

 c
on

fid
en

ce
in

te
rv

al
)

P 
va

lu
e

N
o 

co
ro

na
ry

 r
ev

as
cu

la
ri

za
tio

n
C

or
on

ar
y 

re
va

sc
ul

ar
iz

at
io

n

LV
EF

 ≤
35

%
(r

an
ge

, 1
0%

 to
35

%
)

20
1 

(1
4/

69
7)

24
1 

(5
/2

07
)

+ 
40

1.
34

 (0
.4

8–
3.

71
)

0.
57

8

LV
EF

 >
35

%
(r

an
ge

, 3
6%

 to
74

%
)

11
9 

(8
/6

70
)

81
 (2

/2
47

)
− 

38
0.

61
 (0

.1
3–

2.
87

)
0.

53
2

* A
bs

ol
ut

e 
di

ff
er

en
ce

s i
n 

ra
te

s o
f e

ve
nt

s p
er

 1
0,

00
0 

pe
rs

on
-y

ea
r o

f f
ol

lo
w

 u
p 

w
er

e 
ca

lc
ul

at
ed

 b
y 

su
bt

ra
ct

in
g 

th
e 

ev
en

t r
at

es
 in

 th
e 

no
 c

or
on

ar
y 

re
va

sc
ul

ar
iz

at
io

n 
gr

ou
p 

fr
om

 th
e 

ev
en

t r
at

es
 in

 th
e 

co
ro

na
ry

re
va

sc
ul

ar
iz

at
io

n 
gr

ou
p 

(b
ef

or
e 

va
lu

es
 w

er
e 

ro
un

de
d)

Int J Cardiol. Author manuscript; available in PMC 2011 April 1.


