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ABSTRACT

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.)
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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."* Although there have been substantial
advances in surgical technique,**> myocardial preserva-
tion,%” and hemodynamic monitoring and intensive
care,’ 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? for complications that
affect not only the heart,!° but also the brain,!»12 the
kidneys,!3 and the intestines.!!5 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,'617 precipitating cell and platelet activa-
tion and adherence to disrupted vascular endothelium,
intravascular thrombosis, and eventually, organ ische-
mia and infarction.!® 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,!9-2! 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,2224 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,?7-30
and even the active use of antifibrinolytic agents to
promote clotting during the early reperfusion peri-
od.3! Furthermore, thrombocytopenia and platelet
dysfunction are common immediately after surgical
reperfusion,32-%5 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
1T 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
cligible 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’¢ 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,
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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 failure36 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-
cbral outcomes!! 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!® was defined by a serum creatinine level of at least 2.0 mg
per deciliter (177 wmol per liter), accompanied by an increase of at
least 0.7 mg per deciliter (62 wmol per liter) from base line; and re-
nal failure was defined by cither renal dysfunction and dialysis or ev-
idence of renal failure on autopsy. Gastrointestinal ischemials 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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TABLE 1. BASE-LINE DEMOGRAPHIC AND MEDICAL CHARACTERISTICS
OF THE 5022 STUDY PATIENTS WHO SURVIVED THE FIRST 48 HOURS.*

PATIENTS PATIENTS
RECEIVING NoT RECEIVING
ALL PATIENTS ASsPIRIN AsPIRIN
CHARACTERISTIC (N=5022) (N=2999) (N=2023) P VaLUE
Age — yr
Mean =SD 64.0£9.76 63.6%£9.71 64.3+9.8  <0.001
Median 64.8 64.3 65.5 <0.001
Body-surface area <1.93 m2 — 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 401 (8.0) 221 (7.4) 180 (8.9) 0.06
Hispanic ethnic group — no. (%)
Cardiac history — no. (%)
Diabetes 1507 (30.0) 876 (29.2) 631 (31.2) 0.13
Hypertension 3374 (67.5) 1991 (66.6) 1383 (68.8) 0.10
Smoking 3475 (69.3) 2131 (71.2) 1344 (66.5) <0.001
Hypercholesterolemia 3548 (72.5) 2182 (74.6) 1366 (69.3) <0.001
Unstable angina 2522 (50.2) 1563 (52.1) 959 (47.4) 0.001
Myocardial infarction 2581 (52.0) 1558 (52.5) 1023 (51.1) 0.32
Congestive heart failure 1736 (34.8) 903 (30.3) 833 (41.6) <0.001
PTCA 761 (15.2) 484 (16.2) 277 (13.7) 0.02
CABG 295 (5.9) 177 (5.9) 118 (5.8) 0.92
Medications — %
ACE inhibitors <0.001
At admission 40.8 38.0 44.8
Before surgery 37.8 349 42.2
Beta-blockers <0.001
At admission 624 65.6 57.7
Before surgery 64.0 68.0 58.1
Calcium-channel blockers <0.001
At admission 33.6 35.7 30.4
Before surgery 319 339 29.0
Antiplatelet therapy <0.001
At admission 48.8 53.4 42.0
Before surgery 237 26.9 19.0
Aspirin <0.001
At admission 46.7 52.0 38.9
Before surgery 224 259 17.1
Dipyridamole
At admission 0.4 0.3 0.5 0.18
Before surgery 0.2 0.1 0.3 0.11
Other
At admission 4.0 3.1 5.2 <0.001
Before surgery 24 1.8 32 0.001

*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 percutancous transluminal coro-
nary angioplasty (PTCA) were missing for 10 patients who received aspirin and 7 who did not. CABG
denotes coronary-artery bypass gratting, and ACE angiotensin-converting enzyme.

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

N Engl ] Med, Vol. 347, No. 17 -

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-
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Outcome

Odds Ratio (95% Confidence Interval)

Death from any cause ——
Cardiac events

Myocardial infarction —A—

Congestive heart failure —A—

Death from cardiac causes ——
Cerebral events

Stroke —a—

Encephalopathy ——

Death from cerebral causes f 7\ |
Renal events

Dysfunction —A—

Failure —a—

Death from renal causes ——
Gastrointestinal events

Ischemia or infarction f A

Death from gastrointestinal \ N |

causes ' & '
Composite outcome —A—
T
0.0 0.5

Aspirin Better

Incidence
Aspirin No aspirin
(n=2999) (n=2023) P value
no. (%)

: 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
|
|
|
|
: 40 (1.3) 52 (2.6) 0.01
: 13 (0.4) 47 (2.4) <0.001
: 6(0.2) 16 (0.8) 0.02
|
|
|
|
: 55 (1.8) 97 (4.9) <0.001
: 26 (0.9) 68 (3.4) <0.001
: 18 (0.6) 46 (2.3) <0.001
|
|
|
|
[ 8(0.3) 17 (0.8) 0.01
|
| 4(0.1) 10 (0.5) 0.02
|
|
|
: 302(10.6) 349 (18.6)  <0.001
|
|
T

1.0 1.5
Aspirin Worse

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.

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).
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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
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100 Aspirin
90- No aspirin
9 P<0.001
o 80+
2
P
& 707
60
0 T T T T T T 1
01 5 10 15 20 25 30
Days after Revascularization
CUMULATIVE DEATHS
Aspirin 0 13 21 28 28 29 31
No aspirin 0 18 41 58 63 64 68

Figure 2. Kaplan—Meier Analysis of In-Hospital Survival According to the Use or Nonuse of Aspirin
within the First 48 Hours among the 5022 Study Patients Who Survived the First 48 Hours after Coro-

nary-Artery Bypass Grafting.

hospitalization (Table 2). First use of aspirin after 48
hours was not associated with a significant reduction
in subsequent mortality (27 percent reduction, P=
0.42). The beneficial effect of aspirin therapy on fatal
outcomes was significant in all subgroups tested, in-
cluding those defined according to individual risk
factors for death (such as unstable angina and previous
cardiac surgery) and those defined according to oth-
er factors, such as sex, age (=70 years vs. <70 years),
region (United States, Europe, Asia, Canada, South
America, or the Middle East), and type of insurance
(government, private, or none). No aspirin dose ef-
fect was found for either fatal or nonfatal outcomes
with total doses of 75 mg, 81 mg, 100 mg, 150 mg,
162 mg, 250 mg, or 325 mg. The mean (£SD) length
of hospital stay was 9.5+7.1 days among those who
received aspirin, as compared with 11.5+9.4 days
among those who did not receive aspirin (P<<0.001).

The practices of discontinuing aspirin use before
surgery and transfusing platelets after reperfusion, as
well as the prophylactic use of antifibrinolytic agents
to reduce blood loss during the perioperative period,
were associated with increased risks of death and is-
chemic complications. Those risks were substantially
reduced, but still considerable, when aspirin was used
(Fig. 3). The use of aspirin was not associated with
an increased frequency of adverse events (Table 3).
Multivariate analysis demonstrated 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).

N Engl ] Med, Vol. 347, No. 17 -

DISCUSSION

Our findings suggest that aspirin therapy may re-
duce the frequency of both fatal and nonfatal out-
comes associated with coronary bypass surgery. As-
pirin use that was initiated during the first 48 hours
after revascularization surgery was associated with a
68 percent reduction in overall mortality and similarly

TABLE 2. RESULTS OF MULTIVARIATE ANALYSES OF MORTALITY.

Obbps RATIO FOR DEATH

VARIABLE (95% CI)* P VaLue
Aspirin use after revascularization 0.41 (0.27-0.62) <0.001
Discontinuation of aspirin use 1.79 (1.18-2.69) 0.01
Complications after revascularizationt 297 (1.77-4.99) <0.001
Previous hospitalization for heart failure 2.14 (1.36-3.37) <0.01
Creatinine >1.3 mg/dl on admission} 2.49 (1.65-3.74) <0.001
Heart failure on admission 2.26 (1.51-3.39) <0.001
Warfarin or coumading§ 249 (1.44-4.29) <0.01
Unstable angina 1.72 (1.15-2.58) <0.01

Heart block on admission
Age >70 yr
Body-surface area <1.93 m?

177 (1.14-2.74)  0.01
1.62 (1.09-2.41)  0.02
1.64 (1.08-2.49)  0.02

>1 Previous myocardial infarction 1.76 (1.06-2.94) 0.03

*CI denotes confidence interval.

tComplications include myocardial infarction, congestive heart failure,
stroke, encephalopathy, renal dysfunction, renal dialysis, or gastrointestinal
ischemia or infarction occurring within 48 hours after surgery.

1To convert creatinine values to micromoles per liter, multiply by 88.4.

§Data are for use during the week before revascularization.
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A
20+ .
O No platelet transfusion (n=4183)
O Platelet transfusion (n=833)
P<0.001
3 154 ! !
4
s P<0.001
S
Q
y—
(@] 10
X
" P=0.004
£ T 1
©
A 54 P<0.001
1
0
Aspirin No Aspirin
B
7.5 T .
O No antifibrinolytic therapy (n=1363)
O Antifibrinolytic therapy (n=3659)
P<0.001
m I 1
4
c
O 5.0 P=0.31
® 1
Q
e
o P<0.001
2
§ 2.5
a P=0.04
1
0.0 . . .- .
Aspirin No Aspirin

Figure 3. Mortality Associated with Platelet Transfusion (Panel
A) and Antifibrinolytic Therapy (Panel B) among Patients Who
Received Aspirin and Patients Who Did Not.

Antifibrinolytic therapy entailed the use of aprotinin (in 1578
patients), aminocaproic acid (in 1258 patients), tranexamic acid
(in 951 patients), or desmopressin (in 61 patients). There were
189 patients who received more than one of these drugs, and
6 patients had missing data on antifibrinolytic therapy. P values
for the pairwise comparisons between subgroups are shown.

substantial reductions in the rates of ischemic com-
plications affecting the heart (44 percent reduction
in fatal and nonfatal myocardial infarction or conges-
tive heart failure), the brain (62 percent reduction in
fatal and nonfatal stroke or encephalopathy), the kid-
neys (60 percent reduction in renal dysfunction or
failure), and the intestines (70 percent reduction in is-
chemia or infarction). According to multivariate analy-
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sis, no other factor, including any other medication,
was associated with reduced rates of these outcomes
after surgery. Furthermore — and contrary to current
belief — aspirin therapy was safe and was not asso-
ciated with an increased risk of bleeding, gastritis, in-
fection, or impaired wound healing. Therefore, given
the fact that inexpensive generic formulations are
readily available, our findings support the institution
of aspirin therapy during the first 48 hours after re-
vascularization.

In patients treated medically, the effectiveness of
antiplatelet therapy has been demonstrated for both
primary and secondary prevention of complications
of cardiovascular disease.222¢ Despite this evidence,
however, clinicians have been reluctant to recommend
early antiplatelet therapy for patients undergoing cor-
onary bypass surgery because of two widely held be-
liefs — that the platelet concentration is substantially
reduced during surgery because of sequestration and
hemodilution3? and that platelet function is markedly
impaired during and after surgery because of hypo-
thermia®” and mechanical filtering.3235 Presumably,
then, the addition of antiplatelet therapy would have
limited benefit and might, in fact, be unsafe.30-3235 As
a result, concern about excessive bleeding — and not
about platelet activation and thrombosis — has dom-
inated the thinking of those providing perioperative
care, giving rise to the practices of discontinuation
of aspirin therapy and the reversal of anticoagulant
therapy before surgery,27-30 pervasive use of platelet
transfusion during surgery,3- and even the prophy-
lactic use of prothrombotic agents (antifibrinolytic
agents) and therapies (clotting-factor transfusion) dur-
ing the critical period of reperfusion.3! Unfortunately,
few large-scale studies have attempted to determine
either the efficacy or safety of these practices.

Our findings address a number of these issues and
demonstrate that aspirin use in surgical patients is not
associated with increased risk of hemorrhage, gastritis,
infection, or impaired wound healing. Regarding ef-
ficacy, both the magnitude of the effect of aspirin and
its benefit in multiple organs are noteworthy. Aspirin
use was associated with a reduction of 44 to 70 per-
cent in the frequency of major adverse events — that
is, at least twice the reductions reported in studies of
primary and secondary prevention.222¢ However, in
those studies, patients were afforded primary protec-
tion by beta-adrenergic blockers, angiotensin-convert-
ing—enzyme inhibitors, and fibrinolytic agents, effec-
tively diluting the effect of added antiplatelet therapy.
Aside from beta-blockade during noncardiac surgery,
these therapies have never been proved effective in sur-
gical patients. Therefore, the effects of aspirin as a sin-
gle therapy are more apparent in this study.

Aspirin also had a broad effect, substantially miti-
gating both fatal and nonfatal damage not only to the
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TABLE 3. ASPIRIN USE AND ADVERSE EVENTS IN THE 5022 STUDY PATIENTS.*

EVENT

Hemorrhage
Gastrointestinal tract bleeding
Other bleeding
Return to operating room because of bleeding

Gastritis
Infection

Impaired wound healing

PATIENTS PATIENTS
RECEIVING NoTt RECEIVING
ASPIRIN ASPIRIN
(N=2999) (N=2023) P VaLUE
no. (%)
34 (1.1) 41 (2.0) 0.01
50 (1.7) 67 (3.3) <0.001
57 (1.9) 105 (5.2) <0.001
10 (0.3) 3(0.1) 0.26
253 (8.4) 265 (13.1) <0.001
134 (4.5) 92 (4.5) 0.89

*The patients included here are those who survived the first 48 hours after revascularization.

heart, but also to the brain, kidneys, and intestines.
These findings suggest that the platelet has a funda-
mental role in orchestrating the ischemic response to
reperfusion injury by multiple organs in patients un-
dergoing coronary bypass surgery. Three ancillary
findings support this hypothesis. First, increasing
the number of platelets by transfusion was associated
with similar dysfunction of all four organs, and dys-
function was mitigated nearly uniformly in all four or-
gans by aspirin therapy. Second, therapies promoting
coagulation, such as transfusion of clotting factors,
were associated with an increased risk of failure of
these organs, which was also mitigated nearly equally
in these organs by aspirin therapy. Third, medications
promoting thrombosis (antifibrinolytic agents, such
as aprotinin or aminocaproic acid) were associated with
multiorgan failure, and aspirin therapy had similar
benefit in patients who received antifibrinolytic agents
and those who did not (Fig. 3B). Thus, not only do
these findings support the importance of the platelet
in patients undergoing coronary bypass surgery —
perhaps even suggesting a common final pathway of
injury to multiple diverse organs'® — but they also
raise concern about practices involving the routine
transfusion of platelets or clotting factors383° and the
widespread use of antifibrinolytic therapy during the
critical period of reperfusion in these patients.4!
Our study assessed the association between the clin-
ical use of aspirin and outcome, using prospectively
defined hypotheses and methods of data collection
and analysis. Although patient selection was random-
ized, treatment-group assignment was not, as it would
be in a clinical trial. Therefore, the results may be bi-
ased by differential prescribing of aspirin (confound-
ing by indication), with sicker patients being less
likely to receive aspirin or healthier patients being
more likely to receive aspirin. We addressed this pos-
sibility in several ways. First, we compared patients
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who received aspirin within 48 hours after surgery
with those who did not; we did not find any substan-
tive recorded differences. Second, we excluded from
analysis the 43 deaths that occurred during the first
48 hours after surgery (2 in patients who received as-
pirin and 41 in patients who did not) and the 291
nonfatal complications that occurred during that pe-
riod (142 in patients who received aspirin and 149
in patients who did not) and assessed only those out-
comes that occurred more than 48 hours after surgery.
Third, in analyzing aspirin use more than 48 hours af-
ter surgery, we assessed the effect of an earlier non-
fatal event on subsequent prescribing of aspirin and
found only a minor effect: although subsequent aspi-
rin use was less frequent among those with early ad-
verse events than among those without such events
(76 percent vs. 84 percent), the effect of the early use
of aspirin on the risk of fatal and nonfatal events was
nearly identical in these two groups (53 percent vs. 51
percent). Most important, multivariate analyses dem-
onstrated that aspirin use within 48 hours after sur-
gery was a significant predictor of survival after 48
hours, and its effect was independent of the occur-
rence or nonoccurrence of a previous nonfatal event,
continuation or discontinuation of aspirin before sur-
gery, and prescribing patterns after 48 hours. We con-
clude that although there may have been confound-
ing by indication, such bias would have affected only
a small proportion of patients and had no substantive
effect on our findings.

The size of the effect of aspirin was unexpected: it
was quite marked as compared with that reported in
secondary-prevention trials (odds reductions of 15 to
47 percent).2223 Unlike patients treated in secondary-
prevention trials in which aspirin is added to a regimen
of other proven therapies, thus diluting its effect, our
patients were not offered such therapies, for none have
been proved effective in patients undergoing coronary
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bypass surgery. The only exception for surgical patients
is perioperative beta-adrenergic blockade with aten-
olol, and the effectiveness of this drug has been dem-
onstrated only in patients undergoing noncardiac sur-
gery.40 We recognize, however, that our findings may
overestimate the effect that might be achievable in
clinical practice. Finally, our findings with regard to
bleeding are consistent with more recent studies ad-
dressing preoperative aspirin use33? and probably re-
flect the benefit of a shorter hospital stay with fewer
postoperative interventions (such as catheterization
and use of a ventricular assist device) in aspirin-treated
patients.

Aspirin therapy, given within 48 hours after revascu-
larization, was associated with reduced rates of death
and ischemic complications involving the heart, brain,
kidneys, and gastrointestinal tract. Given the safety,
widespread availability, and minimal cost of aspirin
therapy, our data suggest that early aspirin therapy
may be considered for patients undergoing coronary
bypass surgery unless its use is specifically contrain-
dicated.

Supported by the Ischemia Research and Education Foundation.
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