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DESPITE IMPROVEMENTS IN

myocardial protection and
perioperative care, the risk
of death is still substantial in

the first month after coronary artery by-
pass graft (CABG) surgery, averaging
3.0% to 6.0%,1-12 and can be even higher
in patients with poor left ventricular
function. Up to 50% of these deaths
have been attributed to a cardiac cause,
and this percentage has remained fairly
constant over time.13,14 This suggests
that there are still cases in which the
ischemia/reperfusion injury to the myo-
cardium during the cross-clamp pe-
riod may not be fully addressed by
current techniques of myocardial pro-
tection. Several drugs with purported
cardioprotective effects, particularly a
sodium-proton exchange inhibitor,15
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Context Ischemia/reperfusioninjuryremainsanimportantcauseofmorbidityandmortality
after coronary artery bypass graft (CABG) surgery. In a meta-analysis of randomized con-
trolledtrials,perioperativeandpostoperative infusionofacadesine,afirst-in-classadenosine-
regulatingagent,wasassociatedwithareductioninearlycardiacdeath,myocardial infarction,
andcombinedadversecardiacoutcomes inparticipantsundergoingon-pumpCABGsurgery.

Objective To assess the efficacy and safety of acadesine administered in the peri-
operative period in reducing all-cause mortality, nonfatal stroke, and severe left ven-
tricular dysfunction (SLVD) through 28 days.

Design, Setting, and Participants The Reduction in Cardiovascular Events by Aca-
desine in Patients Undergoing CABG (RED-CABG) trial, a randomized, double-blind,
placebo-controlled, parallel-group evaluation of intermediate- to high-risk patients (me-
dian age, 66 years) undergoing nonemergency, on-pump CABG surgery at 300 sites
in 7 countries. Enrollment occurred from May 6, 2009, to July 30, 2010.

Interventions Eligible participants were randomized 1:1 to receive acadesine (0.1
mg/kg per minute for 7 hours) or placebo (both also added to cardioplegic solutions)
beginning just before anesthesia induction.

Main Outcome Measure Composite of all-cause mortality, nonfatal stroke, or need
for mechanical support for SLVD during and following CABG surgery through post-
operative day 28.

Results Because results of a prespecified futility analysis indicated a very low likeli-
hood of a statistically significant efficacious outcome, the trial was stopped after 3080
of the originally projected 7500 study participants were randomized. The primary out-
come occurred in 75 of 1493 participants (5.0%) in the placebo group and 76 of 1493
(5.1%) in the acadesine group (odds ratio, 1.01 [95% CI, 0.73-1.41]). There were no
differences in key secondary end points measured.

Conclusion In this population of intermediate- to high-risk patients undergoing CABG
surgery, acadesine did not reduce the composite of all-cause mortality, nonfatal stroke,
or SLVD.

Trial Registration clinicaltrials.gov Identifier: NCT00872001
JAMA. 2012;308(2):157-164 www.jama.com
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a purinergic receptor antagonist,16 and
a complement activation inhibitor,17

have been tested in large-scale random-
ized controlled trials in patients under-
going CABG surgery but failed to yield
better postoperative outcomes.

One cardioprotective approach
is based on the pharmacological dupli-
cation of one of the most powerful
physiologic means of reducing ische-
mia/reperfusion injury, ischemic pre-
conditioning.18 This endogenous pro-
tective process involves the release of
several mediators, among which aden-
osine plays a key role. The administra-
tion of adenosine during CABG sur-
gery is difficult to regulate and was not
demonstrated to be beneficial.19 These
issues led to the development of aden-
osine-regulating agents, of which aca-
desine is the first to be tested in large-
scale clinical trials. By competing with
adenosine for the nucleoside trans-
porter, acadesine increases extracellu-
lar adenosine levels by inhibiting aden-
osine deaminase and increases
intracellular adenosine levels.20-22 Ad-
ditionally, acadesine activates AMP-
activated protein kinase, the central
regulator of a host of intracellular en-
zymes involved in regulation of cellu-
lar energy and production of intracel-
lular adenosine triphosphate.23-26

To date, 5 studies of acadesine in par-
ticipants undergoing CABG surgery have
been conducted. Outcomes of these stud-
ies, which included a total of 4043 par-
ticipants, were examined in a 1997 meta-
analysis.27 In that meta-analysis, the use
of acadesine was correlated with signifi-
cant reductions in the occurrence of 3
end points: a 27% reduction in peri-
operative myocardial infarction (odds ra-
tio [OR], 0.69 [95% CI, 0.51-0.95];
P=.02), a 50% reduction in cardiac death
through postoperative day 4 (OR, 0.52
[95% CI, 0.27-0.98]; P=.04), and a 26%
reduction inacompositeof cardiacdeath,
stroke, and myocardial infarction (OR,
0.73 [95% CI, 0.57-0.93]; P=.01). These
significant associations persisted when
examined in a random-effects model.27

The meta-analysis results prompted
implementation of the current trial, de-
signed to more definitely test whether

acadesine could reduce the composite of
all-cause mortality, nonfatal stroke, or
need for mechanical support for severe
left ventricular dysfunction (SLVD) oc-
curring during and after CABG surgery
through postoperative day 28.

METHODS
Study Design and Population

The Reduction in Cardiovascular Events
by Acadesine in Patients Undergoing
CABG (RED-CABG) trial was a multi-
center, randomized, double-blind, pla-
cebo-controlled, parallel-group study de-
signed to evaluate the ability of acadesine
to reduce the incidence of ischemia/ rep-
erfusion injury in high-risk partici-
pants undergoing nonemergency CABG
surgery. Study participants were pa-
tients undergoing CABG surgery with
cardiopulmonary bypass who were at
high risk of postoperative adverse events
and who met all of the inclusion crite-
ria and none of the exclusion criteria
(eTable 1). The study was open to both
sexes, and race/ethnicity was self-
reported by participants. Enrollment was
projected for 7500 patients at 300 sites
in 7 countries (see “Statistical Analy-
sis”). Enrollment occurred from May 6,
2009, to July 30, 2010. Each investiga-
tive site received institutional review
board or ethics committee approval of
the protocol, and all participants pro-
vided written informed consent.

Standard local procedures for CABG
surgery or associated preoperative and
postoperative care were followed. The
study intervention was intravenous in-
fusion of study drug or placebo be-
fore, during, and immediately after
CABG surgery, which exposed the myo-
cardium to a sufficient amount of study
drug. The cardioplegic solution and car-
diopulmonary bypass priming solu-
tion were also supplemented with either
blinded study drug or placebo.

After the screening phase and within
14 days before surgery, participants
were randomized by a central random-
ization service via an interactive voice/
web response system in a 1:1 fashion
to receive either acadesine or placebo.
Randomization was stratified by sex.
The dose of acadesine, consistent with

previous trials, was 42 mg/kg diluted
in 500 mL of normal saline, delivered
as an intravenous infusion over ap-
proximately 7 hours commencing
within approximately 30 minutes be-
fore induction of anesthesia, at a rate
of 0.1 mg/kg per minute (1.2 mL/min
for a 500-mL solution).

In addition, either saline (placebo) or
acadesine solution was added to the car-
dioplegia solution for patients random-
ized to receive placebo or acadesine (5
µg/mL cardioplegia solution of acade-
sine), respectively. The choice and tech-
nique of preparation and delivery of stan-
dard cardioplegia and priming solutions
and the volume required were deter-
mined by the attending physician.

Primary End Point

The primary efficacy end point was a
composite of the occurrence of any of
the following during surgery or through
postoperative day 28: all-cause mortal-
ity, nonfatal stroke, or need for me-
chanical support for SLVD ( defined as
new use of mechanical circulatory as-
sist devices, such as intra-aortic bal-
loon pump or ventricular assist de-
vice, during or after CABG surgery for
1 hour or longer for treatment of low
cardiac output). Indications for using
circulatory assist devices were deter-
mined by the attending physician based
on clinical judgment and included car-
diogenic shock, difficulty in weaning
from cardiopulmonary bypass, refrac-
tory left ventricular failure, refractory
ventricular arrhythmias, and other in-
dications that the investigators deemed
necessary for treatment of low cardiac
output. All efficacy end points (except
all-cause mortality) were adjudicated by
an independent, blinded clinical events
committee (CEC). Cardiovascular mor-
tality was also adjudicated by the CEC.

Secondary End Points

The key secondary efficacy end point
was the first occurrence of any com-
ponent of the composite of cardiovas-
cular mortality, nonfatal stroke, or need
for mechanical support for SLVD oc-
curring during and after CABG sur-
gery through postoperative day 28.
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Exploratory End Points
Potential mechanisms of protective ef-
fects and other associated measurable
clinical benefits of improved myocar-
dial function by attenuation of ischemia/
reperfusion injury were evaluated by cre-
atine kinase MB (CK-MB) or troponin I
and T levels and the incidence of myo-
cardial infarction within 24 hours after
surgery. The duration of mechanical ven-
tilation (time from intubation to extu-
bation); length of intensive care unit stay;
length of hospitalization; prevalence of
new, clinically significant atrial fibrilla-
tion within 96 hours after surgery; and
estimated health state using the Euro-
Qol 5-dimension instrument28 were also
assessed. Perioperative myocardial in-
farction and clinically significant atrial
fibrillation were adjudicated by the CEC.

Statistical Analysis

The population for the efficacy analy-
ses was the intention-to-treat (ITT)
population, which included all ran-
domized participants who had com-
pleted primary outcome follow-up, re-
gardless of whether they received the
assigned treatment or underwent CABG
surgery. The as-treated population in-
cluded all randomized participants who
received any amount of study drug (aca-
desine or placebo). Safety analyses were
performed in this as-treated popula-
tion. General and CABG-specific safety
end points were monitored, with at-
tention given to renal function and risk
of hyperuricemia and gout. All statis-
tical tests were 2-sided.

The CEC adjudicated each sus-
pected end point event except all-
cause mortality. An independent data
and safety monitoring board (DSMB)
monitored aggregated and blinded ef-
ficacy end points and other safety data
to ensure the safety of participants in
the trial.

Using the event estimation work-
sheet from the American College of Car-
diology/American Heart Association
guidelines29 for high-risk individuals
undergoing CABG surgery who ful-
filled the enrollment criteria of this
study, the estimated incidence of the
primary composite efficacy end point

was 10%. Based on data from previous
acadesine trials,27 a relative reduction
of approximately 25% in this end point
was projected. Thus, the projected
sample size of 7500 participants (3750
participants per treatment group)
would have approximately 85% power
to detect a 20% reduction in the pri-
mary efficacy end point among partici-
pants receiving acadesine vs placebo,
assuming a primary end point event rate
of 10% in participants receiving pla-
cebo and a 2-sided P value of .05. A
staged futility analysis with increasing
futility thresholds was planned once
30% and 40% of planned participants
completed postoperative day 28.

The statistical methodology used to
assess futility was based on a Bayesian
posterior probability approach at the in-
terim assessment to determine the prob-
ability of observing a statistically sig-
nificant result at the end of the trial. For
the first futility analysis, the decision
was that the trial would continue if the
interim results indicated at least a 20%
probability to reject the null hypoth-
esis at the end of the study. For the sec-
ond futility analysis, the trial would
continue if the interim results indi-
cated that there was at least a 65%
chance to reject the null hypothesis at
the end of the study. The DSMB could
recommend termination of the trial for
a stipulated futility.

The primary hypothesis was that in
patients undergoing CABG surgery with
the use of cardiopulmonary bypass, the
incidence of the primary composite end
point would be significantly lower with
acadesine compared with placebo. This
hypothesis was evaluated using Coch-
ran-Mantel-Haenszel testing that ad-
justed for the stratification factor (sex).
Point estimates and associated 95% CIs
for treatment differences are pro-
vided. Each participant contributed
only 1 efficacy end point in the com-
posite (ie, participants with multiple
component events of a composite end
point were counted only once for that
composite). The key secondary hypoth-
esis (administration of acadesine com-
pared with placebo will reduce the in-
cidence of the key secondary composite

end point) was evaluated using meth-
ods similar to those specified for the pri-
mary efficacy end point.

To account for missing data, Kaplan-
Meier estimates for the primary and key
secondary end points were calculated
and log-rank testing performed. In these
analyses, participants were treated as
censored as of the point when the data
became unavailable. Other analyses in-
cluded evaluating the clinical benefits
of acadesine with respect to the sec-
ondary and exploratory end points pre-
viously described. The key secondary
end point was not to be tested unless
the primary end point was significant
at the .05 level (2-sided test). The other
secondary end points and the explor-
atory efficacy end points were support-
ive only, and no adjustment for multi-
plicity to these end points was applied.
All statistical analyses were per-
formed using SAS version 9 (SAS In-
stitute Inc).

To evaluate the drug effects at differ-
ent levels of mortality risk, the Society
of Thoracic Surgeons (STS) risk strati-
fication score was calculated. In the RED-
CABG trial, 2934 of the 3080 random-
ized participants received CABG surgery.
Of these, 55 had mitral valve repair and
were excluded from this analysis. Thus,
2879 patients were eligible for applica-
tion of the STS risk score for isolated
CABG. The model coefficients were ap-
plied to their corresponding covariates
in the data, and a predicted probability
of 30-day mortality was calculated for
each participant.

RESULTS
The trial was stopped early at the 30%
futility analysis (after 3080 study par-
ticipants were randomized), based on
the recommendation of the DSMB.
FIGURE 1 outlines the assignments and
reasons for continuation in the study,
resulting in a final sample size of 2986
patients in the ITT analysis. Figure 1
also outlines follow-up through post-
operative day 28.

Baseline characteristics (TABLE 1) are
typical of an intermediate- to high-
risk population of patients undergo-
ing CABG surgery and reflect the in-
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clusion and exclusion criteria of the trial
(eTable 1). Median age was 66 years.
The majority of participants were white
men with a history of hyperlipidemia,
diabetes, family history of cardiovas-
cular disease, and previous percutane-
ous coronary intervention. eTable 2 lists
the extent of coronary artery disease and
the left ventricular ejection fraction by
enrollment group.

Study Drug Therapy and
Concomitant Therapies

Of the 1536 participants in the acade-
sine group, 1442 (93.9%) received study
drug and 1493 completed the study. The
ITT analysis included all randomized
participants who completed follow-up,
regardless of treatment received. Con-
comitant medical therapy before CABG
surgery, during hospitalization, and at
discharge is shown in eTable 3.

Study Outcomes

The primary efficacy outcome was ob-
served in 5% of participants overall.
There was no significant difference be-

tween the placebo and acadesine
groups, with incidence rates of 5.0%
and 5.1%, respectively (OR, 1.01 [95%
CI, 0.73-1.41]; P=.94). TABLE 2 lists the
primary and key secondary end points
and individual components of the ITT
population with complete follow-up
and CEC-adjudicated end points.
FIGURE 2, a Kaplan-Meier curve of the
ITT analysis of the primary outcome,
demonstrates the lack of effect of aca-
desine treatment on the composite end
point. An exploratory post hoc analy-
sis was performed to assess the effects
of the patient risk profile on treatment
efficacy. Using the STS risk stratifica-
tion score,30 participants were catego-
rized into quintiles. As shown in
FIGURE 3 and eTable 4, a comparison
of the primary end point across these
quintiles did not show any statistical dif-
ferences across the various risk groups.

Of the secondary end points, none
reached or approached statistical sig-
nificance at 28 days, including all-
cause mortality, nonfatal stroke, need
for mechanical support for SLVD, and

the other secondary composite end
points (eTable 5). Cardiovascular mor-
tality through postoperative day 4 was
numerically lower in acadesine-
treated participants, but this was not
statistically significant and was not evi-
dent through postoperative day 28. Ad-
ditional exploratory efficacy end points,
including length of mechanical venti-
lation and intensive care unit and hos-
pital stay, are listed in eTable 6 and
eTable 7. None of these exploratory sec-
ondary end points, including peak car-
diac enzyme level and quality of life
(eTable 8 and eTable 9), reached sta-
tistical significance.

Consistent with previous trials, ad-
verse events were not significantly dif-
ferent between the treatment and pla-
cebo groups, with the exception of an
increased incidence of hyperuricemia
and elevated uric acid levels in the treat-
ment group. Safety end points of spe-
cial interest are included in eTable 10
and eTable 11.

COMMENT
In this population of intermediate- to
high-risk patients undergoing CABG
surgery, acadesine had no effect on the
composite end point of all-cause mor-
tality, nonfatal stroke, and SLVD re-
quiring mechanical support through
postoperative day 28. The incidence of
the primary composite end point in the
overall study population (including the
placebo group) was substantially be-
low that projected from the previous
studies and historical data. The lower-
than-predicted incidence is consistent
with results from recent perioperative
CABG trials16,31 in which advances in
clinical practice appeared to reduce
morbidity and mortality. A large por-
tion of the lower event rate was attrib-
utable to a lower-than-predicted inci-
dence of SLVD requiring mechanical
support, which also indicates an im-
proved degree of myocardial protec-
tion in a high-risk population. There
was no trend toward a benefit in the
overall study, resulting in the recom-
mendation by the DSMB that the study
be terminated based on predefined stop-
ping rules.

Figure 1. Study Flow

3242 Patients provided consent and were
screened for eligibility

162 Excluded
105 Protocol ineligibility
29 Administrative reasons
21 Patient preference

3 Protocol noncompliance
2 Adverse event
2 Clinical event a

3080 Randomized

1493 Included in primary analysis 1493 Included in primary analysis

1544 Randomized to receive placebo
1457 Received placebo as randomized

87 Did not receive placebo

1536 Randomized to receive acadesine
1442 Received acadesine as randomized

94 Did not receive acadesine

1493 Completed follow-up
51 Did not complete follow-up b

20 Not eligible

3 Lost to follow-up
3 Nonadherent

19 Withdrew consent
6 Withdrawn for administrative reason

1493 Completed follow-up
43 Did not complete follow-up b

17 Not eligible

3 Lost to follow-up
1 Adverse event
1 Nonadherent
1 Withdrew for unknown reason

11 Withdrew consent
9 Withdrawn for administrative reason

aAs defined by protocol.
bParticipants without postoperative day 28 data were considered as not having completed follow-up.
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These findings illustrate inherent
risks of using promising meta-
analysis results to plan “confirma-
tory” clinical trials. There are several po-
tential explanations for the negative
results we observed. One consider-
ation is the decision around study eli-
gibility criteria and the overall pri-
mary end point of the trial. The
eligibility criteria were based on pre-
vious studies of acadesine that showed
a greater benefit in higher-risk pa-
tients, especially women. However,
based on analysis of the risk profile of
the patients enrolled, the overall mor-
tality risk based on STS criteria was
lower than originally projected, result-
ing in the study participants being at
lower risk than anticipated. Although
a comparison of the primary end point
by treatment group across quintiles of
STS risk stratification did not show any
statistically significant differences, we
cannot exclude the possibility that a
more favorable result might have been
obtained in patients deemed to be at
higher risk of intraoperative ischemic
events, such as those undergoing long
and complex combined valve and coro-
nary procedures (Figure 3). More-
over, where these robust national da-
tabases exist, the inclusion of major
outcome-linked variables in the case re-
port forms of major clinical trials en-
ables this kind of risk profile compari-
son to be made.

Lack of benefit of acadesine may be
related to the dosing regimen used. Pre-
vious studies have indicated that suf-
ficient concentrations of the drug in the
ischemic myocardium are needed be-
fore application of the aortic cross

Table 2. Primary and Key Secondary End Points, Intention-to-Treat Population

End Point

No. (%)

OR (95% CI) P ValueTotal (N = 3080) Placebo (n = 1544) Acadesine (n = 1536)
Primary compositea 151 (5.1) 75 (5.0) 76 (5.1) 1.01 (0.73-1.41) .94

All-cause mortality 56 (1.8) 27 (1.8) 29 (1.9) 1.08 (0.63-1.83) .78
Nonfatal stroke 52 (1.7) 26 (1.7) 26 (1.7) 0.97 (0.54-1.72) �.99
Need for mechanical support for SLVD 69 (2.3) 35 (2.3) 34 (2.3) 0.97 (0.60-1.56) .90

Key secondary compositeb 147 (4.9) 73 (4.9) 74 (5.0) 1.01 (0.73-1.41) .94
Cardiovascular mortality 50 (1.6) 24 (1.6) 26 (1.7) 1.09 (0.62-1.90) .77

Abbreviations: OR, odds ratio; SLVD, severe left ventricular dysfunction.
aPrimary composite is all-cause mortality, nonfatal stroke, or need for mechanical support for SLVD through postoperative day 28.
bKey secondary composite is cardiovascular mortality, nonfatal stroke, or need for mechanical support for SLVD through postoperative day 28.

Table 1. Baseline Characteristics

Characteristic
Placebo

(n = 1544)
Acadesine
(n = 1536)

Total
(N = 3080)

Age, y
Mean (SD) 66.7 (8.7) 66.2 (8.5) 66.5 (8.6)
Median (IQR) 66.0 (60.0-73.0) 66.0 (60.0-73.0) 66.0 (60.0-73.0)

Sex, No. (%)
Women 523 (33.9) 519 (33.8) 1042 (33.8)
Men 1021 (66.1) 1071 (66.2) 2038 (66.2)

Race/ethnicity, No. (%)
White 1347 (92.0) 1340 (91.6) 2687 (91.8)
Nonwhite 117 (8.0) 123 (8.4) 240 (8.2)

Body weight, kg
Mean (SD) 86.0 (19.2) 86.9 (19.8) 86.5 (19.5)
Median (IQR) 84.1 (72.6-97.6) 85.2 (73.2-98.2) 85.0 (73.0-98.0)

Country of enrollment, No. (%)
Canada 160 (10.4) 143 (9.3) 303 (9.8)
France 79 (5.1) 73 (4.8) 152 (4.9)
Germany 231 (15.0) 215 (14.0) 446 (14.5)
Italy 48 (3.1) 57 (3.7) 105 (3.4)
The Netherlands 8 (0.5) 5 (0.3) 13 (0.4)
Spain 35 (2.3) 40 (2.6) 75 (2.4)
United States 983 (63.7) 1003 (65.3) 1986 (64.5)

Cardiovascular history, No. (%)
Hypertension 1361 (88.3) 1366 (89.0) 2727 (88.6)
History of cigarette smoking 940 (61.0) 976 (63.6) 1916 (62.3)
Hyperlipidemia 1337 (86.7) 1319 (85.9) 2656 (86.3)
Diabetes mellitus 929 (60.2) 937 (61.0) 1866 (60.6)
Family history of CAD 571 (48.8) 572 (49.1) 1143 (49.0)
Prior myocardial infarction 727 (47.2) 760 (49.6) 1487 (48.4)
Prior angina 829 (53.8) 867 (56.5) 1696 (55.1)
Prior stroke 150 (9.7) 152 (9.9) 302 (9.8)
Prior transient ischemic attack 88 (5.7) 98 (6.4) 186 (6.0)
Prior known carotid stenosis �50% 167 (10.8) 206 (13.4) 373 (12.1)
Other cerebrovascular disease 27 (1.8) 26 (1.7) 53 (1.7)
Prior PVD 240 (15.6) 243 (15.8) 483 (15.7)
Claudication 137 (8.9) 141 (9.2) 278 (9.0)
Heart failure 207 (13.4) 201 (13.1) 408 (13.3)
History/presence of AF or atrial flutter 119 (7.7) 132 (8.6) 251 (8.2)
Prior PCI 378 (24.5) 425 (27.7) 803 (26.1)
Prior CABG surgery 84 (5.4) 69 (4.5) 153 (5.0)
Prior percutaneous carotid intervention 14 (0.9) 29 (1.9) 43 (1.4)
Prior carotid endarterectomy 57 (3.7) 66 (4.3) 123 (4.0)
Peripheral arterial revascularization

(noncoronary, noncerebral)
72 (4.7) 78 (5.1) 150 (4.9)

Abbreviations: AF, atrial fibrillation; CABG, coronary artery bypass graft; CAD, coronary artery disease, IQR, interquar-
tile range; PCI, percutaneous coronary intervention; PVD, peripheral vascular disease.
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clamp to prevent ischemic injury. In ad-
dition, the agent needs to be present
during reperfusion to ensure ad-
equate recovery of the myocardium.
The delivery technique may not have
provided sufficient concentrations of
the agent in the myocardium to alter the
recovery from ischemia. However, dos-
ing in our study was identical to that
used in previous studies included in the
meta-analysis that showed benefit for
this drug.27

Recent large analyses of cardiac sur-
gery databases have demonstrated a cor-

relation between enzyme elevations oc-
curring after cardiac surgery and later
mortality. In the current study, there
was no difference in peak enzyme el-
evations or the incidence of enzyme el-
evations 5 times greater than the up-
per limit of normal between acadesine
and placebo. This contrasts with pre-
vious trials of acadesine that indicated
differences in early mortality and peri-
operative myocardial infarction within
the first 4 postoperative days. The in-
cidence of perioperative myocardial in-
farction was defined in this trial as an

elevation of CK-MB, troponin I, or tro-
ponin T level greater than 5 times the
upper limit of normal and the pres-
ence of new Q-wave myocardial infarc-
tion on electrocardiogram. Because of
this stricter definition, the overall rate
of perioperative myocardial infarction
was much lower than that reported in
earlier studies (0.6% with placebo and
1.0% with acadesine), and the overall
incidence of perioperative myocardial
infarction was not significantly differ-
ent between the 2 groups. Myocardial
infarction was an exploratory out-
come of the trial, and enzyme levels
were only collected through 24 hours.
Because of the strict criteria and shorter
period of surveillance, the lower inci-
dence is not surprising. In each of the
different enzymes assessed (CK-MB,
troponin I, or troponin T), there was
no significant difference in peak level
or the incidence of patients with en-
zyme level elevations greater than 5
times the upper limit of normal by treat-
ment group (eTable 8).

The results of CABG surgery have
continued to improve, as reflected in the
excellent outcomes found in this trial.
Recent trends in the treatment of coro-
nary artery disease have increased the
risks of patients presenting for CABG
surgery, without substantial associ-
ated increase in morbidity or mortal-
ity.32 Observed causes for improve-
ment in postoperative morbidity and
mortality are likely multifactorial and
may include better preoperative selec-
tion and preparation, intraoperative
treatment, and postoperative recov-
ery. However, the period of cardiople-
gic arrest is an opportunity to condi-
tion the heart and prevent or reverse
ischemic/reperfusion injury. Current
methods of myocardial protection have
markedly improved, but pharmacologi-
cal additives have not been demon-
strated to be beneficial.

Despite the lack of effect of acade-
sine in this population, the study al-
lowed the evaluation of quality of life
after CABG surgery in a large popula-
tion across many geographical re-
gions. A consistent finding was a pres-
ervation of quality of life measured by

Figure 2. Kaplan-Meier Curve of the Analysis of the Primary Composite End Point
(All-Cause Mortality/Nonfatal Stroke/Severe Left Ventricular Dysfunction)—Intention-to-
Treat Population
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Figure 3. Incidence of the Primary Composite End Point (All-Cause Mortality/Nonfatal
Stroke/Severe Left Ventricular Dysfunction) by Postoperative Day 28 in Patients Undergoing
CABG Surgery, by STS Quintiles of Risk
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Odds ratios (ORs) with 95% CIs are for treatment effect. Risk levels for the 30-day mortality end
point were produced using the Society of Thoracic Surgeons (STS) risk model for patients undergoing
only coronary artery bypass graft (CABG) surgery. Using STS risk score for isolated CABG in this pop-
ulation, a predicted probability of 30-day mortality was computed for each participant. The probabilities
were ranked from low to high and grouped into quintiles of increasing predicted 30-day mortality (see
eTable 4).
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the EuroQol 5-dimension instrument
at 28 days. There was also substantial
improvement in several domains of
quality of life (eTable 9). These find-
ings, despite documented complica-
tions and the earlier-than-normal pe-
riod of assessment, suggest that quality
of life improves after cardiac surgery—
results consistent with previous smaller
studies.33,34

CONCLUSIONS
The RED-CABG study demonstrates
that among intermediate- to high-risk
patients undergoing CABG surgery, aca-
desine did not reduce all-cause mor-
tality, nonfatal stroke, or need for me-
chanical support for SLVD through
postoperative day 28. The incidence of
the primary composite end point was
5%, indicating the need for continued
investigation into therapies to reduce
perioperative morbidity and mortal-
ity. However, effective therapies re-
main elusive.
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