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Background

 

There is no therapy known to reduce
the risk of complications or death after coronary by-
pass surgery. Because platelet activation constitutes a
pivotal mechanism for injury in patients with athero-
sclerosis, we assessed whether early treatment with
aspirin could improve survival after coronary bypass
surgery.

 

Methods

 

At 70 centers in 17 countries, we prospec-
tively studied 5065 patients undergoing coronary by-
pass surgery, of whom 5022 survived the first 48 hours
after surgery. We gathered data on 7500 variables per
patient and adjudicated outcomes centrally. The pri-
mary focus was to discern the relation between early
aspirin use and fatal and nonfatal outcomes.

 

Results

 

During hospitalization, 164 patients died
(3.2 percent), and 812 others (16.0 percent) had nonfa-
tal cardiac, cerebral, renal, or gastrointestinal ischemic
complications. Among patients who received aspirin
(up to 650 mg) within 48 hours after revascularization,
subsequent mortality was 1.3 percent (40 of 2999 pa-
tients), as compared with 4.0 percent among those
who did not receive aspirin during this period (81 of
2023, P<0.001). Aspirin therapy was associated with
a 48 percent reduction in the incidence of myocardial
infarction (2.8 percent vs. 5.4 percent, P<0.001), a 50
percent reduction in the incidence of stroke (1.3 per-
cent vs. 2.6 percent, P=0.01), a 74 percent reduction
in the incidence of renal failure (0.9 percent vs. 3.4
percent, P<0.001), and a 62 percent reduction in the
incidence of bowel infarction (0.3 percent vs. 0.8 per-
cent, P=0.01). Multivariate analysis showed that no
other factor or medication was independently asso-
ciated with reduced rates of these outcomes and that
the risk of hemorrhage, gastritis, infection, or impaired
wound healing was not increased with aspirin use
(odds ratio for these adverse events, 0.63; 95 percent
confidence interval, 0.54 to 0.74).

 

Conclusions

 

Early use of aspirin after coronary by-
pass surgery is safe and is associated with a reduced
risk of death and ischemic complications involving the
heart, brain, kidneys, and gastrointestinal tract. (N Engl
J Med 2002;347:1309-17.)

 

Copyright © 2002 Massachusetts Medical Society.

 

From the Ischemia Research and Education Foundation, San Francisco.
Address reprint requests to Dr. Mangano at the Editorial Office, Ischemia
Research and Education Foundation, 250 Executive Park Blvd., Ste. 3400,
San Francisco, CA 94134, or at dtb@iref.org.

*The investigators and centers participating in this study are listed in the
Appendix.

 

IRST performed nearly four decades ago,
surgical revascularization of the coronary ar-
teries is now performed in nearly 1 million
patients annually — and its growth is likely to

accelerate, given the aging of the world population
and the increasing availability of this therapy in India
and China.

 

1-3

 

 Although there have been substantial
advances in surgical technique,

 

4,5

 

 myocardial preserva-
tion,

 

6,7

 

 and hemodynamic monitoring and intensive
care,

 

8

 

 complication rates continue to be troubling —
especially for older and sicker patients and those in
whom percutaneous interventions have failed. In fact,
these high-risk patients now represent the majority of
patients who undergo bypass surgery, giving rise to
rates of 15 percent or higher

 

8

 

 for complications that
affect not only the heart,

 

9,10 

 

but also the brain,

 

11,12

 

 the
kidneys,

 

13

 

 and the intestines.

 

14,15

 

 Furthermore, these
complications have largely gone unchecked, since no
preventive therapy has been identified.

It is known that reperfusion of vital organs —
achieved medically or by percutaneous or surgical in-
tervention — is associated with an intense inflamma-
tory response,

 

16,17

 

 precipitating cell and platelet activa-
tion and adherence to disrupted vascular endothelium,
intravascular thrombosis, and eventually, organ ische-
mia and infarction.

 

18

 

 Consequently, therapies that fa-
cilitate the inhibition of cell activation and adhesion,
attenuation of the release of complement and cyto-
kines, and blockage of calcium entry into the cell have
been sought,

 

19-21

 

 albeit with limited success, for pa-
tients undergoing surgical revascularization. Although
antiplatelet therapy is now a mainstay of primary and
secondary prevention in patients with acute and chron-
ic cardiovascular disease,
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 this therapy has not been
considered for use in surgical patients, except in the
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improvement of late vein-graft patency.

 

25,26

 

 Concern
about bleeding has been paramount and has resulted
in the preoperative discontinuation of aspirin therapy,
the abrupt reversal of antithrombotic therapy,

 

27-30

 

and even the active use of antifibrinolytic agents to
promote clotting during the early reperfusion peri-
od.

 

31

 

 Furthermore, thrombocytopenia and platelet
dysfunction are common immediately after surgical
reperfusion,

 

32-35

 

 leading clinicians to surmise that any
additional interference with platelet function would
be ineffective, if not unsafe.

 

30,32-35

 

To address these issues, we conducted a prospec-
tive study to determine the incidence of fatal and non-
fatal ischemic events involving the heart, brain, kid-
neys, and gastrointestinal tract after coronary bypass
surgery and to assess the effect on these outcomes of
aspirin use immediately after revascularization.

 

METHODS

 

Study Design

 

The Multicenter Study of Perioperative Ischemia Epidemiology
II Study was prospective and longitudinal, including 5436 patients
admitted with coronary artery disease that was refractory to med-
ication who were scheduled to undergo coronary-artery bypass sur-
gery at one of 70 medical institutions in 17 countries in North
America, South America, Europe, the Middle East, and Asia. En-
rollment began in November 1996 and ended in June 2000; the
data base was locked on October 15, 2001. After approval had been
obtained from the institutional review board at each institution
and written informed consent had been obtained from the patients,
100 patients were to be prospectively enrolled at each institution
according to a systematic sampling scheme: given N=the number
of patients expected to undergo coronary-artery bypass grafting
over a one-year period and R=N÷50 (to the closest integer), ev-
ery Rth patient meeting the entry criteria was enrolled. If the Rth
patient did not meet the criteria, then the next patient scheduled
for coronary-artery bypass grafting was chosen, and so on. To be
eligible for enrollment, the patient had to be scheduled to undergo
coronary-artery bypass grafting with the use of cardiopulmonary
bypass, had to be able to complete the preoperative interview, could
not be enrolled in another study or a clinical trial, and had to give
written informed consent.

 

Study Data

 

For each enrolled patient, data on approximately 7500 variables
were collected by independent investigators during the course of
the hospitalization for coronary-artery bypass grafting (the index
hospitalization), and treating physicians were blinded to the re-
search data. Data were adjudicated centrally, with all data for each
patient examined for completeness and accuracy before the data
base was closed.

 

Measurement of Outcomes

 

All outcomes were prespecified, defined by the protocol, and de-
termined by investigators who were unaware of the treatment-group
assignment. Fatal and nonfatal outcomes occurring more than 48
hours after surgery and during the index hospitalization were clas-
sified as cardiac (myocardial infarction or heart failure), cerebral
(stroke or encephalopathy), renal (dysfunction or failure), gastroin-
testinal (ischemia or infarction), or other (e.g., adverse events) com-
plications. A diagnosis of myocardial infarction

 

36

 

 was made if there
were either new Q waves (Minnesota code 1-1-1 to 1-2-7); new per-
sistent ST-segment or T-wave changes (Minnesota code 4-1, 4-2,

5-1, 5-2, or 9-2) and elevated values for the MB isoenzyme of cre-
atine kinase; or evidence of acute myocardial infarction on autopsy.
A diagnosis of heart failure

 

36

 

 was made if a ventricular assist device
was used; if continuous inotropic support was required for at least
24 hours; or if there was evidence of heart failure on autopsy. Cer-
ebral outcomes

 

11

 

 were classified as clinically diagnosed stroke or en-
cephalopathy or evidence of a focal or global defect on computed
tomography, magnetic resonance imaging, or autopsy. Renal dys-
function

 

13

 

 was defined by a serum creatinine level of at least 2.0 mg
per deciliter (177 µmol per liter), accompanied by an increase of at
least 0.7 mg per deciliter (62 µmol per liter) from base line; and re-
nal failure was defined by either renal dysfunction and dialysis or ev-
idence of renal failure on autopsy. Gastrointestinal ischemia

 

15

 

 was
defined as abdominal pain most likely associated with bowel ische-
mia or detected on exploration; gastrointestinal infarction was de-
fined by bowel resection or evidence of intestinal infarction on au-
topsy.

 

Clinical Care and Assessment of Aspirin Use

 

Clinical decisions were not controlled by the study protocol, and
all patients qualifying for enrollment within the prespecified period
were enrolled. Of the 5436 patients enrolled, 371 were excluded
from the analysis because they withdrew from the study (32 pa-
tients), died without having undergone surgery (2 patients), can-
celled or rescheduled surgery (97 patients), cancelled coronary-
artery bypass grafting with cardiopulmonary bypass during that
admission (132 patients), inadvertently enrolled in another study
(11 patients), had incomplete data (86 patients), or had incomplete
sampling, shipping, or storage of blood (11 patients). A total of
5065 patients remained in the analysis, of whom 3001 received as-
pirin (ranging from a total of 80 mg to a total of 650 mg) within
48 hours after revascularization. All medications — including pro-
thrombotic and antithrombotic medications, procoagulant and an-
ticoagulant medications, and blood products — were characterized
according to day throughout the hospitalization, as well as at admis-
sion and at discharge or until death. All potential side effects associ-
ated with aspirin use, such as blood loss, gastric irritation, infection,
and impaired wound healing, were recorded daily by investigators
who were unaware of the treatments received.

 

Statistical Analysis

 

A chi-square test was used to compare patients who had received
aspirin within 48 hours after revascularization with those who had
not received aspirin in terms of the risk of death more than 48 hours
after surgery. Fisher’s exact test or a chi-square test, as appropriate,
was used in the analysis of the risks of individual ischemic outcomes
occurring more than 48 hours after surgery and involving the heart,
the brain, the kidneys, or the gastrointestinal tract (secondary end
points), as well as the risk of combined ischemic outcomes (com-
posite outcome). For these analyses, odds ratios and 95 percent
confidence intervals are reported, with associated P values. All pre-
dictor variables that were significant at a two-tailed nominal P val-
ue of less than 0.15 in univariate analyses were then entered into
a multivariate logistic model. Stepwise logistic regression was per-
formed, with variables retained that were significant at a two-tailed
nominal P value of less than 0.05, with the use of SAS software,
version 8.12 (SAS Institute).

 

RESULTS

 

Study Patients

 

Enrolled patients had evidence of chronic or acute
cardiovascular disease, as well as risk factors for or
evidence of cerebral, renal, or gastrointestinal disease
(Table 1). As expected, there were small differences be-
tween the study groups. Although most cardiac med-
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ications (e.g., beta-blockers, calcium-channel blockers,
and angiotensin-converting–enzyme inhibitors) con-
tinued to be administered until the time of surgery,
the use of antiplatelet medications was discontinued
in 50 percent of patients who had been receiving them
at the time of admission to the hospital.

 

Adverse Outcomes

 

A total of 164 of the 5065 patients (3.2 percent)
died during the index hospitalization, and 100 percent

of these deaths were associated with one or more ad-
verse ischemic events. Seventy-four percent of the
deaths (those of 121 patients) and 65 percent of the
nonfatal ischemic events (those affecting 530 addi-
tional patients) occurred at least 48 hours after revas-
cularization. Patients who had received aspirin within
48 hours after revascularization had a risk of dying
thereafter that was one third that among patients who
had not received aspirin (1.3 percent vs. 4.0 percent,
P<0.001) (Fig. 1) and a risk of nonfatal ischemic com-

 

*Data on body-surface area were missing for 12 patients who received aspirin and 8 who did not; data
on diabetes were missing for 2 patients who received aspirin and 3 who did not; data on hypertension
were missing for 8 patients who received aspirin and 12 who did not; data on smoking were missing
for 4 patients who received aspirin and 3 who did not; data on hypercholesterolemia were missing for
75 patients who received aspirin and 53 who did not; data on myocardial infarction were missing for
33 patients who received aspirin and 21 who did not; data on congestive heart failure were missing
for 18 patients who received aspirin and 18 who did not; and data on percutaneous transluminal coro-
nary angioplasty (PTCA) were missing for 10 patients who received aspirin and 7 who did not. CABG
denotes coronary-artery bypass grafting, and ACE angiotensin-converting enzyme.
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Age — yr
Mean ±SD
Median

64.0±9.76
64.8

63.6±9.71
64.3

64.3±9.8
65.5

<0.001
<0.001

Body-surface area <1.93 m

 

2

 

 — no. (%) 2544 (50.9) 1415 (47.4) 1129 (56.0) <0.001

Female sex — no. (%) 1024 (20.4) 579 (19.3) 445 (22.0) 0.02

Black race or American Indian or 
Hispanic ethnic group — no. (%)

401 (8.0) 221 (7.4) 180 (8.9) 0.06

Cardiac history — no. (%)
Diabetes
Hypertension
Smoking
Hypercholesterolemia
Unstable angina
Myocardial infarction
Congestive heart failure
PTCA
CABG

1507 (30.0)
3374 (67.5)
3475 (69.3)
3548 (72.5)
2522 (50.2)
2581 (52.0)
1736 (34.8)
761 (15.2)
295 (5.9)

876 (29.2)
1991 (66.6)
2131 (71.2)
2182 (74.6)
1563 (52.1)
1558 (52.5)
903 (30.3)
484 (16.2)
177 (5.9)

631 (31.2)
1383 (68.8)
1344 (66.5)
1366 (69.3)
959 (47.4)

1023 (51.1)
833 (41.6)
277 (13.7)
118 (5.8)

0.13
0.10

<0.001
<0.001

0.001
0.32

<0.001
0.02
0.92

Medications — %
ACE inhibitors

At admission
Before surgery

40.8
37.8

38.0
34.9

44.8
42.2

<0.001

Beta-blockers
At admission
Before surgery

62.4
64.0

65.6
68.0

57.7
58.1

<0.001

Calcium-channel blockers
At admission
Before surgery

33.6
31.9

35.7
33.9

30.4
29.0

<0.001

Antiplatelet therapy
At admission
Before surgery

48.8
23.7

53.4
26.9

42.0
19.0

<0.001

Aspirin
At admission
Before surgery

46.7
22.4

52.0
25.9

38.9
17.1

<0.001

Dipyridamole
At admission
Before surgery

0.4
0.2

0.3
0.1

0.5
0.3

0.18
0.11

Other
At admission
Before surgery

4.0
2.4

3.1
1.8

5.2
3.2

<0.001
0.001
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plications involving the heart, brain, kidneys, or gas-
trointestinal tract that was about 60 percent of that
among patients who had not received aspirin (9.4 per-
cent vs. 15.4 percent, P<0.001). The reduction in the
combined rate of fatal and nonfatal outcomes was 43
percent (Fig. 1). The survival rate was higher through-
out hospitalization among those who received aspirin
(Fig. 2).

Within 48 hours after surgery, there were 43 deaths
— in 2 of the 3001 patients who had received aspirin
and 41 of the 2064 patients who had not received
aspirin. However, to mitigate confounding by indica-
tion, none of these deaths were included in the analy-
sis. Multivariate analysis demonstrated that among all
potentially reversible factors, only early aspirin use was
associated with improved survival during the index

 

Figure 1.

 

 Fatal and Nonfatal Ischemic Outcomes among Patients Who Received Aspirin within the First 48 Hours and Patients Who
Did Not.
The number of patients at risk varied with the type of outcome, since outcomes occurring within 48 hours after surgery were ex-
cluded from the analysis. A total of 73 patients had multiple causes of death.

Odds Ratio  (95% Confidence Interval)Outcome

Aspirin Better Aspirin Worse

Death from any cause 40 (1.3) 81 (4.0) <0.001

80 (2.8) 105 (5.4) <0.001

175 (5.8) 222 (11.0) <0.001

32 (1.1) 62 (3.1) <0.001

Cardiac events

Myocardial infarction

Congestive heart failure

Death from cardiac causes

40 (1.3) 52 (2.6) 0.01

13 (0.4) 47 (2.4) <0.001

6 (0.2) 16 (0.8) 0.02

Cerebral events

Stroke

Encephalopathy

Death from cerebral causes

55 (1.8) 97 (4.9) <0.001

26 (0.9) 68 (3.4) <0.001

18 (0.6) 46 (2.3) <0.001

Renal events

Dysfunction

Failure

Death from renal causes

8 (0.3) 17 (0.8) 0.01

4 (0.1) 10 (0.5) 0.02

Gastrointestinal events

Ischemia or infarction

Death from gastrointestinal
mcauses

302 (10.6) 349 (18.6) <0.001Composite outcome

Aspirin
 (n=2999)

No aspirin
 (n=2023) P value

Incidence

0.0 1.51.00.5

no.  (%)
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