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ABSTRACT

BACKGROUND

The assessment of myocardial viability has been used to identify patients with
coronary artery disease and left ventricular dysfunction in whom coronary-artery
bypass grafting (CABG) will provide a survival benefit. However, the efficacy of this
approach is uncertain.

METHODS

In a substudy of patients with coronary artery disease and left ventricular dysfunc-
tion who were enrolled in a randomized trial of medical therapy with or without
CABG, we used single-photon-emission computed tomography (SPECT), dobuta-
mine echocardiography, or both to assess myocardial viability on the basis of pre-
specified thresholds.

RESULTS

Among the 1212 patients enrolled in the randomized trial, 601 underwent assess-
ment of myocardial viability. Of these patients, we randomly assigned 298 to receive
medical therapy plus CABG and 303 to receive medical therapy alone. A total of 178
of 487 patients with viable myocardium (37%) and 58 of 114 patients without viable
myocardium (51%) died (hazard ratio for death among patients with viable myocar-
dium, 0.64; 95% confidence interval [CI], 0.48 to 0.86; P=0.003). However, after
adjustment for other baseline variables, this association with mortality was not
significant (P=0.21). There was no significant interaction between viability status
and treatment assignment with respect to mortality (P=0.53).

CONCLUSIONS
The presence of viable myocardium was associated with a greater likelihood of
survival in patients with coronary artery disease and left ventricular dysfunction,
but this relationship was not significant after adjustment for other baseline vari-
ables. The assessment of myocardial viability did not identify patients with a dif-
ferential survival benefit from CABG, as compared with medical therapy alone.
(Funded by the National Heart, Lung, and Blood Institute; STICH ClinicalTrials.gov
number, NCT00023595.)
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ORONARY ARTERY DISEASE IS AN IMPOR-

tant contributor to the rise in the preva-

lence of heart failure and in associated
mortality and morbidity.*# It has not been clear-
ly established whether coronary-artery bypass
grafting (CABG) has a role in improving the
symptoms and the rate of survival of patients
with coronary artery disease and heart failure.
We conducted the multicenter Surgical Treat-
ment for Ischemic Heart Failure (STICH) trial5:°
to examine two hypotheses, one of which (hypoth-
esis 1) compared the efficacy of medical therapy
alone with that of medical therapy plus CABG in
patients with coronary artery disease and left ven-
tricular dysfunction.

Left ventricular dysfunction in patients with
coronary artery disease is not always an irrevers-
ible process related to previous myocardial in-
farction, since left ventricular function improves
substantially in many patients and may even nor-
malize after CABG.”-° The assessment of myocar-
dial viability with the use of single-photon-emis-
sion computed tomography (SPECT) or low-dose
dobutamine echocardiography is commonly per-
formed to predict improvement in left ventricu-
lar function after CABG, and numerous studies
have suggested that the identification of viable
myocardium with the use of such methods also
predicts improved survival after CABG.%1°-33 How-
ever, previous studies that have suggested an as-
sociation between myocardial viability and out-
come have been retrospective in nature, and it is
uncertain in most of these studies whether the
decision to perform CABG may have been driven
by the results of the tests, whether adjustment for
key baseline variables was adequate, and whether
patients who did not undergo CABG received ag-
gressive medical therapy for heart failure.3* In
this substudy, we report the outcome of patients
who were randomly assigned to receive medical
therapy alone or medical therapy plus CABG in
the hypothesis 1 component of STICH study and
who also underwent assessment of myocardial
viability.

METHODS

STUDY DESIGN

The rationale and design of the STICH trial have
been described previously.> We conducted a mul-
ticenter, nonblinded, randomized trial that was
funded by the National Heart, Lung, and Blood
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Institute. The hypothesis 1 comparison involved
99 sites in 22 countries. Details of the study de-
sign for the hypothesis 1 comparison are report-
ed in the study by Velazquez et al. in this issue of
the Journal.® The trial protocol, which was ap-
proved by the ethics committee at each study
center, is available with the full text of this article
at NEJM.org. The authors of this report assume
responsibility for the completeness and accuracy
of the data and the analyses and for the fidelity
of the study to the trial protocol.

STUDY PATIENTS
Patients with angiographic documentation of
coronary artery disease amenable to surgical re-
vascularization and with left ventricular systolic
dysfunction (ejection fraction, £35%) were eligi-
ble for enrollment. Exclusion criteria included left
main coronary artery stenosis of more than 50%,
cardiogenic shock, myocardial infarction within
3 months, and a need for aortic-valve surgery. All
patients provided written informed consent.
Patients were randomly assigned to receive
medical therapy alone or medical therapy plus
CABG. A “risk at randomization” (RAR) score
was calculated for each patient with the use of
an equation derived in an independent data set
from multiple variables with a known power to
predict the 5-year risk of death without CABG.>*
Details of the RAR score are provided in the
Supplementary Appendix, available at NEJM.org.

STUDY PROCEDURES
In the initial design of the STICH trial, viability
testing with SPECT was required for the enroll-
ment of patients.> However, this requirement
proved to be an impediment to enrollment.
Therefore, the protocol was subsequently revised
to make viability testing optional and to allow
the use of either SPECT or dobutamine echocar-
diography for viability testing. Investigators at all
study centers were strongly encouraged to per-
form viability testing in every patient, but the
decision to perform the test was left up to the
recruiting investigators. Therefore, only a sub-
group of patients in the hypothesis 1 component
of the trial underwent viability testing. Details
regarding the selection of patients for imaging
are described in the Supplementary Appendix.
Independent core laboratories that were funded
by the National Heart, Lung, and Blood Institute
in which investigators were unaware of study-
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group assignments and the individual character-
istics of patients coordinated data collection and
analysis for the SPECT and dobutamine echocar-
diography studies. Details of the imaging proto-
cols for identifying and quantifying the extent of
viable myocardium are provided in the Supple-
mentary Appendix. Briefly, thresholds of the ex-
tent of viable myocardium were prespecified to
classify patients in a binary fashion as either hav-
ing or not having substantial myocardial viabili-
ty. For SPECT, patients with viability were de-
fined as those with 11 or more viable segments
on the basis of relative tracer activity. For dobu-
tamine echocardiography, patients with viability
were defined as those with 5 or more segments
with abnormal resting systolic function but
manifesting contractile reserve during dobuta-
mine administration. Core laboratory measure-
ments were submitted to the Duke Clinical Re-
search Institute, which performed all statistical
analyses.

PATIENT FOLLOW-UP AND OUTCOMES
After trial enrollment, patients were followed ev-
ery 4 months for the first year and every 6 months
thereafter. The primary outcome was death from
any cause. Secondary end points included death
from cardiovascular causes and a composite of
death from any cause or hospitalization for car-
diovascular causes. Definitions of the trial end
points are provided in the report on the main
study by Velazquez et al.° All end points were
adjudicated by an independent clinical events
committee.® The comparisons of outcomes that
were related to treatment were based on intention-
to-treat analyses. Analyses that were based on
actual treatment received were also performed
to account for crossovers.®

STATISTICAL ANALYSIS
We used means and standard deviations to sum-
marize the baseline clinical characteristics of pa-
tients unless otherwise specified. We used the
Wilcoxon rank-sum test, the Chi-square test, or
Fisher’s exact test, as appropriate, to assess base-
line differences in individual variables between
patients who underwent viability testing and
those who did not undergo such testing and be-
tween patients who underwent testing who met
the prespecified criteria for viability and those
who did not meet such criteria. To further de-
scribe and characterize these differences, we de-

veloped multivariable propensity models using
logistic regression to identify the key baseline
clinical characteristics that distinguished patients
who underwent viability testing from those who
did not undergo such testing. Among patients who
underwent viability testing, we also used these
models to distinguish patients with viable myo-
cardium from those without viable myocardium.

We used the Cox proportional-hazards model
to assess the relationship between the presence
of viable myocardium and the end point of death
from any cause. We compared the strength of
the univariate relationship between viability and
the rate of death with the strength of other known
prognostic factors, including the left ventricular
gjection fraction, the left ventricular end-systolic
and end-diastolic volume indexes, and the RAR
score. Finally, we used multivariable Cox model
analyses to assess the relationship between viabil-
ity and each end point with adjustment for other
known prognostic factors, including age, sex, race
or ethnic group, heart failure class at baseline,
history of myocardial infarction, previous revascu-
larization, ejection fraction, number of diseased
vessels, chronic renal insufficiency, mitral regur-
gitation, history of stroke, and history of atrial
fibrillation.

To test whether patients in the CABG group
had a better outcome than those in the medical-
therapy group among patients with viable myo-
cardium, as compared with those without viable
myocardium, we used Kaplan—Meier curves to
examine the outcomes in each study group, ac-
cording to viability status. We used the Cox re-
gression model to test for an interaction be-
tween treatment and viability status. We used
three separate prespecified analyses to assess
the association between myocardial viability and
outcome according to study-group assignment
(for details, see the Supplementary Appendix).

RESULTS

PATIENTS
Of 1212 patients enrolled in the hypothesis 1
comparison, 601 who underwent assessment of
myocardial viability were included in the analysis
reported here. The numbers of patients undergo-
ing each viability test, the timing of the tests,
and baseline characteristics of the patients are
detailed in the Supplementary Appendix. Among
the 601 patients, 487 were found to have viable
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myocardium on the basis of the prespecified cri-
teria, and 114 were found not to have viable myo-
cardium. In the subgroup of 487 patients with
myocardial viability, 244 were assigned to receive
medical therapy plus CABG, and 243 were as-
signed to receive medical therapy alone. Like-
wise, in the subgroup of 114 patients without
myocardial viability, 54 were assigned to receive
medical therapy plus CABG, and 60 were as-
signed to receive medical therapy alone. The
baseline characteristics of patients who were as-
signed to undergo CABG or to receive medical
therapy were similar in each subgroup (Table 1,
and Table S6 in the Supplementary Appendix).

OUTCOMES
During a median of 5.1 years of follow-up of 601
patients, there were 236 deaths (39%). These deaths
included 58 of 114 patients without myocardial
viability (51%) and 178 of 487 patients with myo-
cardial viability (37%). Patients with viable myo-
cardium had lower overall rates of death than
those without viable myocardium (hazard ratio
among patients with viable myocardium, 0.64;
95% confidence interval [CI], 0.48 to 0.86;
P=0.003) (Fig. 1). However, after adjustment for
other significant baseline prognostic variables in
a multivariable model, the prespecified viability
status was no longer significantly associated with
the rate of death (P=0.21) (Supplementary Ap-
pendix).

Patients with myocardial viability also had
lower rates of the secondary end points of death
from cardiovascular causes (hazard ratio, 0.61;
95% CI, 0.44 to 0.84; P=0.003) and a composite
of death or hospitalization for cardiovascular
causes (hazard ratio, 0.59; 95% CI, 0.47 to 0.74;
P<0.001) (Fig. S1 in the Supplementary Appen-
dix). The relationship between myocardial viabil-
ity and death from cardiovascular causes was not
significant on multivariable analysis (P=0.34),
but the relationship with the composite of death or
hospitalization for cardiovascular causes remained
significant (P=0.003).

There was no significant interaction between
myocardial viability and study-group assignment
with respect to death (P=0.53) (Fig. 2), death from
cardiovascular causes (P=0.70), or the composite of
death or hospitalization for cardiovascular causes
(P=0.39) on the basis of Kaplan—-Meier and Cox
model analyses. Additional prespecified analyses
that were based on median viability scores or on
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a continuous model of viability and risk also re-
vealed no significant interactions. This was the
case whether the results were examined for all
patients who had undergone viability testing,
those with SPECT data alone, or those with dobu-
tamine echocardiography data alone (Table S8 in
the Supplementary Appendix).

Analysis of outcomes on the basis of the treat-
ment received rather than that assigned showed
similar trends, again reflecting no interaction
between viability status and treatment with respect
to death from any cause (P=0.96), death from
cardiovascular causes (P=0.26), or death or hospi-
talization for cardiovascular causes (P=0.98) (Fig.
S$3 and Table S9 in the Supplementary Appendix).

DISCUSSION

In this substudy of the STICH trial, in which all
patients were eligible for CABG as well as opti-
mal medical therapy, we analyzed patients for
whom data were available with respect to myo-
cardial viability in order to determine whether
the presence of viable myocardium had an influ-
ence on the outcome. On univariate analysis,
there was a significant association between
myocardial viability and outcome. However, this
association was not significant on multivariable
analysis that included other prognostic vari-
ables. The findings of this multivariable analysis
do not necessarily indicate that myocardial via-
bility does not have pathophysiological impor-
tance in patients with coronary artery disease
and left ventricular dysfunction. Instead, it is
likely that some of the other variables in the
analysis (e.g., left ventricular volumes and ejec-
tion fraction) are causally determined by the ex-
tent of viable myocardium.

A second, and more important, objective of
this substudy was to determine whether the
presence of substantial myocardial viability in-
fluenced the likelihood of benefit from medical
therapy plus CABG, as compared with medical
therapy alone. We did not find a significant in-
teraction between myocardial viability and med-
ical versus surgical treatment with respect to
the rates of death from any cause or from car-
diovascular causes or the rate of death or hospi-
talization for cardiovascular causes. This was
true whether patients were grouped according
to the assigned treatment (i.e., intention-to-treat
analysis) or to the treatment actually received.
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Table 1. Baseline Characteristics of Patients Who Underwent Assessment of Myocardial Viability.*
All Patients Patients with Myocardial Viability Patients without Myocardial Viability

Characteristic (N=601) (N=487) (N=114)

Medical Medical

Therapy CABG Therapy CABG

(N=243) (N=244) P Value (N=60) (N=54) P Value
Age —yr 60.7+9.4 60.0+9.7 61.5+9.2 0.05 61.6+8.5 60.0+9.2 0.34
Male sex— no. (%) 521 (87) 205 (84) 211 (86) 0.51 55 (92) 50 (93) 1.00
Previous myocardial infarction 481 (80) 190 (78) 183 (75) 0.41 56 (93) 52 (96) 0.68
Current Canadian Cardiac Society angina 0.60 0.03

class — no. (%)

0 236 (39) 101 (42) 101 (41) 18 (30) 16 (30)

| 94 (16) 34 (14) 34 (14) 19 (32) 7 (13)

I 253 (42) 104 (43) 99 (41) 23 (38) 27 (50)

1l 14 (2) 3 (1) 8 (3) 0 3(6)

v 4(1) 1(<1) 2(1) 0 1(2)

Highest New York Heart Association 0.51 0.25
functional class in 3 pre-
vious mo — no. (%)

[ 27 (4) 15 (6) 9 (4) 0 3 (6)

I 212 (35) 94 (39) 38 (36) 14 (23) 16 (30)

Il 275 (46) 100 (41) 111 (45) 36 (60) 28 (52)

v 37 (14) 34 (14) 36 (15) 10 (17) 7(13)
Risk-at-randomization scoref 12.5+8.8 11.9+8.4 12.8+9.0 0.28 13.7+9.8 12.0+8.8 0.37
Medications at baseline — no. (%)

Beta-blocker 534 (89) 221 (91) 216 (89) 0.38 52 (87) 45 (83) 0.62

ACE inhibitor 514 (86) 202 (83) 210 (86) 0.37 54 (90) 48 (89) 0.85

ARB 46 (8) 20 (8) 20 (8) 0.99 3(5) 3 (6) 1.00

ACE inhibitor or ARB 554 (92) 219 (90) 227 (93) 0.25 57 (95) 51 (94) 1.00

Statin 508 (35) 212 (87) 193 (79) 0.02 56 (93) 47 (87) 0.26

Aspirin 513 (85) 209 (86) 205 (84) 0.54 56 (93) 43 (30) 0.03
Coronary artery disease distribution —

no. (%)
No. of diseased vessels with 0.79 0.45
=75% stenosis
0 12 (2) 6(2) 3(1) 2(3) 1)
1 152 (25) 62 (26) 62 (25) 17 (28) 11 (20)
2 221 (37) 87 (36) 92 (38) 18 (30) 24 (44)
3 215 (36) 33 (36) 86 (35) 23 (38) 18 (33)
Left ventricular ejection fraction — % 26.7+8.6 28.1+8.4 27.0+£8.2 0.30 22.6+8.5 23.319.1 0.50
Left ventricular end-diastolic volume index ~ 122.8+41.9  117.8+37.9 116+35.1 0.63 152.3+51.3  140.0+53.8 0.16
— ml/m? of body-surface area
Left ventricular end-systolic volume index ~ 91.7+38.9 85.8+34.3 86.0+32.1 0.97 120.8+49.6  111.2+50.8 0.25
— ml/m? of body-surface area

* Plus—minus values are means +SD. ACE denotes angiotensin-converting enzyme, ARB angiotensin-receptor blocker, and CABG coronary-artery
bypass grafting.

7 The risk-at-randomization score ranges from 1 to 32, with higher numbers indicating a higher predicted rate of death. Among patients receiving
medical therapy, a score of 1 predicts a rate of 18% and a score of 32 predicts a rate of 99% over 5 years.
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1.0+
Hazard ratio, 0.64 (95% Cl, 0.48—0.86)
0.99 p=0.003
0.8
=
s 0.7
a
9 o6
<]
> 054
% 0.4 Without viability
e 0.3
a : With viability
0.2
0.1
0.0 T T T T T 1
0 1 2 3 4 5 6
Years since Randomization
No. at Risk
Without viability 114 99 85 80 63 36 16
With viability 487 432 409 371 294 188 102
Figure 1. Kaplan—-Meier Analysis of the Probability of Death, According to
Myocardial Viability Status.
The comparison that is shown has not been adjusted for other prognostic
baseline variables. After adjustment for such variables on multivariable
analysis, the between-group difference was not significant (P=0.21).
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Conclusions that can be drawn from our re-
sults are limited by a number of factors. First,
viability data were not available for all the patients
who were enrolled in the STICH hypothesis 1
comparison. The study patients represent slightly
less than 50% of the randomized group. Further-
more, viability testing was not performed on a
randomly selected subgroup of patients but,
rather, was obtained according to test availability
and the judgment of the recruiting investigator.
The differences in baseline characteristics be-
tween patients who underwent viability testing
and those who did not undergo such testing sug-
gest that at least some patients may have been
selected for testing on the basis of clinical factors
(Table S2 in the Supplementary Appendix).

Second, only 114 of 601 patients who under-
went assessment of myocardial viability (19%)
were deemed not to have viable myocardium on
the basis of our prespecified criteria. This small
number limited the power of our analysis to
detect a differential effect of CABG, as compared
with medical therapy, in patients with myocardial
viability, as compared with those without myocar-
dial viability, although in additional analyses that
were based on median viability scores or that used
a continuous model of viability, no effect of viabil-
ity was detected.

N ENGL) MED 364;17 NEJM.ORG

Third, we cannot exclude the possibility that
results of viability testing could have influenced
subsequent clinical decision making. There was
a nonsignificant trend toward higher rates of
surgery among patients who underwent viability
testing on the day of randomization or on the
subsequent day than among those who under-
went such testing before randomization. How-
ever, the timing of viability testing relative to
randomization does not appear to have influ-
enced the rate of patient crossovers (Table S3 in
the Supplementary Appendix).

Fourth, our analysis was based on SPECT and
dobutamine echocardiography assessment of myo-
cardial viability. An analysis of outcomes on the
basis of a combination of these two tests poses
important limitations, given the fundamental
differences in the viability information provided
by SPECT and dobutamine echocardiography (one
related to membrane integrity and the other to
contractile reserve) and the differences in analytic
approaches between the two methods. However,
results were similar whether SPECT and dobuta-
mine echocardiography data were combined or
analyzed separately. We also did not incorporate
other approaches, such as positron-emission to-
mography (PET)3%37 or contrast-enhanced mag-
netic resonance imaging (MRI).3%3° However, in
a meta-analysis and other reviews, SPECT and
dobutamine echocardiography have been found
to have similar prognostic potential to that of
PET,®#%4 and there are limited data regarding
outcomes in patients with chronic ischemic left
ventricular dysfunction who were studied on MR

The lack of a differential survival benefit be-
tween CABG and medical therapy in patients
with viable versus those with nonviable myocar-
dium in this study differs markedly from results
of previous retrospective studies and meta-anal-
yses.®10-33 This finding may reflect, in part, the
low rates of death among patients with viable
myocardium who were assigned to receive med-
ical therapy (approximately 7% per year) in this
study, as compared with previously reported rates
(which exceeded 15% per year in many studies).
Adherence to guidelines-recommended therapies
was high in our trial, whereas data on medical
therapy are lacking in many previous retrospec-
tive analyses. Medical therapy, like CABG, has
the potential to improve left ventricular function
in patients with dysfunctional but viable myo-
cardium.*>## This finding underscores the prog-
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A Without Myocardial Viability B With Myocardial Viability
1.0+ 1.0+
0.9+ 0.9+
0.8 0.8
= =
s 0.7 ) s 0.7+
a Medical therapy (33 deaths) a
o 0.6+ o« 0.6+
6 13
2z 05- > 05+
T 0.4+ B 0.4+ Medical therapy (95 deaths)
03 e 03
. 0.2 . 0.2
) CABG (25 deaths) : CABG (83 deaths)
0.1+ 0.1+
Oo—r T T T T 1 0.0 T T 1
0 1 2 3 4 5 6 0 1 2 3 5 6
Years since Randomization Years since Randomization
No. at Risk No. at Risk
Medical therapy 60 51 44 39 29 14 4 Medical therapy 243 219 206 179 94 51
CABG 54 48 41 41 34 22 12 CABG 244 213 203 192 94 51
C
P Value for
Subgroup No. Deaths Hazard Ratio (95% Cl) Interaction
Without viability 114 58 —  m—— 0.70 (0.41-1.18)
With viability 487 178 — = 0.86 (0.64-1.16)
———T—— )
0.25 0.50 1.0 2.0
CABG Medical
Better Therapy
Better
Figure 2. Kaplan—Meier Analysis of the Probability of Death According to Myocardial-Viability Status and Treatment.
At 5 years in the intention-to-treat analysis, the rates of death for patients without myocardial viability were 41.5% in the group assigned to
undergo coronary-artery bypass grafting (CABG) and 55.8% in the group assigned to receive medical therapy (Panel A). Among patients
with myocardial viability, the respective rates were 31.2% and 35.4% (Panel B). There was no significant interaction between viability status
and treatment assignment with respect to mortality (P=0.53) (Panel C).

nostic importance of providing evidence-based
therapies to high-risk patients with left ventricu-
lar dysfunction, as well as the consideration of
CABG for those who are candidates for revascu-
larization. The lack of interaction between myo-
cardial-viability status and benefit from CABG
in this study indicates that assessment of myo-
cardial viability alone should not be the deciding
factor in selecting the best therapy for these
patients. These findings also highlight the need
for prospectively designed studies to determine
the role of cardiac imaging in clinical decision
making.*>

In summary, we conducted a substudy of the
STICH trial to determine whether the presence
of substantial myocardial viability influenced the
likelihood of benefit from medical therapy plus
CABG, as compared with medical therapy alone,
in patients with coronary artery disease and left

ventricular dysfunction. We did not find a sig-
nificant interaction between myocardial-viability
status and medical versus surgical treatment with
respect to the rates of death from any cause or
from cardiovascular causes or the rate of death or

hospitalization for cardiovascular causes.
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