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Antiplatelet and Anticoagulant Therapy in Acute Myocardial
Infarction

Syed M. Jafri, MD^

A

ntiplatelet and anticoagulant therapy has been evaluated
for the management of acute myocardial infarction (MI)
for several decades. Their use in the treatment of acute MI and in
the postinfarction patient is better defined in the 1990s largely
due to availability of data from large randomized trials. Metaanalysis of all available data has also contributed to a better understanding of the impact of therapy as results of smaller trials
could not provide definitive conclusions.
One of the earlier systematic investigations of the role of anticoagulants in MI was reported by Keyes et al (I) of Henry Ford
Hospital in 1956. The control group (n = 234) was composed of
consecutive unselected patients who had Ml prior to the use of
anticoagulants (1940 to 1946). The anticoagulant-treated patients (n = 121) were placed in the hospital for induction of therapeutic anticoagulation. The target range for prothrombin time
was 1.8 to 2.0 times control. Patients were categorized into either a single infarct or recurrent infarction group. In the single
infarct group, the mortality rate was three times greater for patients not receiving anticoagulant therapy compared to the anticoagulant-treated group. In the recurrent infarction group, the
rate of death was five times greater without anticoagulants than
with anticoagulants. Major bleeding episodes occurred in 13.2%
and minor bleeding in 29% of the treated group. This study concluded that anticoagulant therapy is particularly effective in patients with recurrent infarctions.
This review summarizes the role of antiplatelet therapy and
intravenous, subcutaneous, and oral anticoagulant therapy in
both the acute and longer term treatment of MI patients (Table).

Therapy in the Acute Phase of
Myocardial Infarction
Aspirin
Recentiy, interest in aspirin has been stimulated by the results
of the Second Intemational Study of Infarct Survival (ISlS-2)
(2). Over 17,000 patients were randomized to early administration of streptokinase, aspirin, or streptokinase and aspirin or placebo in the acute phase of MI. Treatment with aspirin or placebo
was continued over the next five weeks. A striking 25% reduction in mortality was observed with the early and continued use
of aspirin (Fig I). The combination of aspirin and streptokinase
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resulted in a 42% decrease in early mortality, while streptokinase alone showed a 25% decrease in mortality. Recent studies
suggest that thrombolytic therapy can paradoxically promote
platelet aggregafion (3) which could contribute to reocclusion
following successful coronary reperfusion. Concomitant use of
aspirin with thrombolytic agents can decrease rethrombosis,
which may explain the lower mortality rate in patients receiving
both streptokinase and aspirin compared to those receiving either agent alone. Thus, the efficacy of aspirin in the acute phase
of MI and in the early postinfarction period is well established.
Intravenous heparin
The role of intravenous heparin in the acute phase of a MI has
been investigated over several decades. Results of only large
randomized trials will be considered here. In the Medical Research Council Trial, 1,427 patients were randomized to receive
either high-dose or low-dose anticoagulation therapy (4). In this
single-blind study, patients assigned to the high-dose anticoagulant group received intravenous heparin followed by oral anticoagulants. The control group did not receive heparin but was
given subtherapeutic doses of oral anticoagulants. The mortality
rate was similar for both groups. However, reinfarction occurred
in 9.7% of the treated group and in 13% of the control group
when outcomes were determined within 28 days of admission.
A significantly lower incidence of pulmonary embolism (5.6%
versus 2.2%) and stroke (2.5% versus 1.1%) was detected for
the treated group. Nonfatal hemorrhagic complications were
higher in the treated group (5.1% versus 1.3%).
In the Bronx Municipal Hospital Center Trial, 1,136 patients
received intravenous heparin and either oral anticoagulants or
placebo (5). A statistically significant decrease in mortality was
detected for the treated patients (21.2% versus 14.9%, P< 0.05).
Nonsignificant decreases in the rate of reinfarction, pulmonary
embolism, and stroke were also seen in the anticoagulanttreated group. Again, nonfatal hemorrhagic complications were
higher in the anticoagulant-treated patients.
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Table
Results of Selected Randomized Trials with Antiplatelet or
Anticoagulant Therapy in Patients with Acute Myocardial Infarction
Therapeutic
Agent
Aspirin
MRC 1(17)
AMIS (19)
PARIS 11(21)
ISIS-2 (2)
Heparint
SCATI (12)
GISSI-2 (11)
ISIS-3 (14)
Oral Anticoagulants
SIXTY PLUS (26)
EPSIM (27)
WARIS (28)

Mortality {%)
Dmg Control

Bleeding Episodes (%)
Drug
Control

Patients
(N)

Follow-up

Route of
Administration

1,239
4,524
3,128
17,187

12 months
36 months
23 months
35 days

oral
oral
oral
oral

8,3
10,8
7,1
9.4

10,9
9,7
7,3
11,8*

NA
NA
NA
NA

NA
NA
NA
NA

433
20,891
28,574

in-hospital
in-hospital
35 days

SC
SC

sc

4.5
8.5
10,5

8,8*
8,9
10,5

4,4
l.n
1,1

0,6
0.5*
0.8*

878
1,303
1,214

24 months
37 months
29 months

oral
oral
oral

17,1
14,1
17,1

27,5*
16,4
33,9*

19,1
16,0
8,5

2,2*
3,3*
4,1*

*Sladstically signifieant difference,
tHeparin administered as an adjunct to thrombolysis.
SC = subcutaneous. NA = not available.

The Veterans Administration Cooperative Study randomized
999 men to receive intravenous heparin followed by warfarin or
placebo (6), Warfarin therapy was continued for 28 days. Mortality rates (9.6% versus 11.2%) and reinfarction rates (4% versus 2%) were lower in the treated group, although the differences did not reach statistical significance. However, a striking
significant difference in the rate of pulmonary embolism (0.2%
versus 2.6%) and stroke (0.8% versus 3.2%) was detected for
the anticoagulant-treated cohort.
The Research Group on Instability in Coronary Artery Disease reported the results of a randomized trial of low-dose aspirin or placebo and/or intermittent intravenous heparin or placebo in 769 patients with unstable angina or non-Q wave Ml (7).
The primary aim was to examine whether oral aspirin for up to
one year and/or intravenous heparin during the initial five days
had any effect on the incidence of Ml or mortality in patients
with unstable angina or non-Q wave MI. The risk of MI and
death was reduced by aspirin. Heparin alone had no significant
effect on event rate, although the group treated with aspirin and
heparin had the lowest event rate in the first five days.
A meta-analysis of 20 trials of acute MI in the era before
thrombolytic therapy showed a 17% reduction in mortality and
a 22% reducfion in reinfarction in patients who received heparin
compared to those who did not (8).
Intravenous heparin as an adjunct to thrombolytic agents
The effects of intravenous heparin as adjunctive therapy with
thrombolytic agents have recentiy been evaluated. In the Heparin-Aspirin Reperfusion Trial, 255 patients were randomized to
receive immediate and continuous intravenous heparin or immediate heparin and then oral aspirin together with recombinant
tissue plasminogen activator (rt-PA) (9). Coronary patency rates
associated withrt-PAwere higher with early concomitant intravenous heparin compared to low-dose oral aspirin. The number
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of bleeding complications and recurrent ischemic events were
similar in the two groups.
In the Thrombolysis and Angioplasty in Myocardial Infarction, phase 3 study, the coronary thrombolytic efficacy of t-PA
and early intravenous heparin was analyzed in 134 patients with
acute MI (10). The major finding of this trial was that the addifion of early, high-dose intravenous heparin to t-PA did not significantly affect early coronary patency rates. In addition, there
was no incremental recovery or preservation of left ventricular
function or difference in any of the clinical outcomes with the
addition of early heparin therapy to t-PA.
The Gruppo Italiano per lo Studio della Sopravvivenza
nell 'Infarto Miocardico trial (11) examined the effects of streptokinase or t-PA with or without adjunct heparin therapy. The
mortality rate was 7.9% in patients receiving streptokinase and
heparin compared to 9.2% in those receiving streptokinase
alone (P < 0.02). The mortality rate among patients receiving tPA and heparin was 9.2% compared to 8.7% in those receiving
heparin alone (P - NS). Adjunct therapy with heparin was associated with an excess risk of major bleeding (10% with heparin
versus 0.5% withoul heparin) but did not affect the incidence of
stroke or reinfarction.
The Studio sulla Calciparina nell'Angina e nella Thrombosi
Ventricolare nell'Infarto trial (12) examined the role of adjunct
subcutaneous heparin in patients receiving thrombolytic therapy with streptokinase. In this study, 711 patients were randomly assigned to receive either subcutaneous heparin (12,500
units twice daily) or no heparin; 433 patients who had symptoms of Ml within 6 hours of hospitalization also received streptokinase. Mortality was lower in the group receiving streptokinase and heparin (4.6%) compared to the group receiving streptokinase alone (8.8%). Aspirin was not used in this study.
Bleeding complications were higher in the heparin group (4.4%
versus 0.6% in the no heparin group).
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Fig I—Cumulative vascular mortality in days 0 to 35. (From ISIS-2 Collaboi-ative Gt oup.
Intravenous streptokinase and oral aspirin in acute myocardial infarction. J Am Coll Cardiol 1988;12;3A-I3A. Reprinted with pei-mission.)

A retrospective subgroup analysis of the lSIS-2 trial suggests
an added benefit of using concomitant intravenous and subcutaneous heparin (13). The effects of adding high-dose subcutaneous heparin (12,500 units twice daily for seven days starting at 4
hours) to aspirin were compared to treatment with aspirin alone
in the lSIS-3 trial (14). In this study, all patients received aspirin
and thrombolytic therapy; 19,300 patients were allocated to the
heparin group; and 19,274 patients were allocated to the no heparin group. During the first seven days, an 8% reduction in mortality and a 13% reduction in reinfarction occurred in the heparin-treated patients. However, mortality at 35 days was similar
and there was only a 9% reduction in the rate of reinfarction with
heparin therapy. Major bleeding episodes were higher in patients receiving heparin (1.1% heparin versus 0.8% no heparin).
These findings suggest that the addition of subcutaneous heparin does not provide significant added benefit in pafients receiving thrombolytic agents and aspirin. The role of intravenous
heparin as an adjunct to thrombolytic therapy remains unresolved and is currently being investigated. Based on available
information, it is recommended lhat intravenous heparin be
used in conjunction with thrombolytic agents in the first 48
hours after completion of infusion of thrombolytic agents.
Subcutaneous heparin for prevention of left ventricular
thrombus
Subcutaneous heparin is often administered to reduce the incidence of left ventricular mural thrombus in survivors of acute
MI. In a double-blind, randomized, multicenter trial, high-dose
versus low-dose subcutaneous heparin was given for 10 days to
221 patients with an anterior MI in the attempt to prevent left
ventricular thrombi (15). Left ventricular thrombi were detected
in 10.5% in the high-dose heparin group compared to 31.8%
among the low-dose group. Thus, high-dose subcutaneous heparin (12,500 units every 12 hours) appears to benefit pafients
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with anterior wall MI. Patients at low risk should only receive
low-dose subcutaneous heparin (5,000 units every 12 hours) to
decrease the incidence of deep venous thrombosis and pulmonary embolism.

Therapy for Secondary Prevention
After Myocardial Infarction
Aspirin
Trials evaluating the role of aspirin therapy after MI differed
in the doses of aspirin administered and the time of entry after
MI. In the Coronary Drug Project (16), patients were randomized in a double-blind fashion to receive aspirin, 324 mg three
times daily, or placebo. Mortality in the aspirin-treated group
was 5.8% compared to 8.3% in the placebo group. Reinfarction
rate was also lower in patients receiving aspirin.
Two trials of aspirin in patients surviving a MI (17,18) were
conducted by the Medical Research Council (MRC) Epidemiology Unit in Cardiff, Wales. Men younger than 65 years old who
had a diagnosis of Ml were administered a single daily dose of
aspirin, 300 mg, or a matching placebo. No significant effect of
aspirin was observed on mortality. However, it was noted in this
and subsequent studies that the beneficial effect of aspirin was
most evident in those pafients who entered the study early after
their infarcfion. A second MRC trial focused on the early administrafion of aspirin. A total of 1,682 pafients, including 248
women, were randomized to receive aspirin or placebo within
21 days of their infarcfion (18). Although a statistically significant decrease in mortality was not shown (12.3% in the aspirin
group versus 14.8% in the placebo group), the incidence of new
coronary events, including fatal and nonfatal acute Ml, fell from
21.2% in the placebo group to 14.7% in the aspirin cohort.
The Aspirin Myocardial Infarction Study (19), sponsored by
the National Heart, Lung and Blood Institute, was a multicenter.
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randomized, double-blind placebo-controlled trial. Aspirin or
placebo was administered to 4,524 patients who were followed
for three years. Although no benefit on mortality was demonstrated (10% in the aspirin group versus 9.7% in the placebo
group), a significant decrease in reinfarction rate was again observed (8.1% in the aspirin group versus 6.3% in the placebo
group).
Aspirin and dipyridamole
The effect of aspirin alone, aspirin and dipyridamole, or placebo was examined in the Persantine Aspirin Reinfarction
Study (PARlS-1) (20). The rate of death and the combined endpoint of death and nonfatal infarction were lower in the active
treatment groups when compared to the placebo group. Differences were again not statistically significant. The PARIS-II
Trial (21) included only patients within six months postinfarction, as retrospective analysis suggested that patients entering
the trial within six months of their infarction and who received
both dipyridamole and aspirin had the largest reduction in mortality. In this study, the combined endpoint of coronary death or
nonfatal reinfarction was reduced by 24%.
Sulfinpyrazone
The Anturane Reinfarction Trial (22) which utitized sulfinpyrazone, a drug which decreases platelet adhesion and aggregation, was one of the first secondary prevenfion studies. The
subsequent report suggested a beneficial effect on lotal and sudden death mortality (23). This study, however, was complicated
by a departure from the accepted intention-to-treat methodology
and the proof of its benefit has not been tested in an appropriate
clinical trial.
Meta-analysis of 31 randomized trials of a variety of antiplatelet therapies that included almost 29,000 patients with
ischemic vascular disease indicated that an overall decrease in
vascular mortality was approximately 15% and nonfatal vascular events including stroke and MI was 30% (24). The pooled
analyses from a number of trials suggest that treatment with aspirin can reduce mortality and reinfarction. The dose of aspirin
remains controversial, but it is probable that its antiplatelet aggregation effect can be achieved with doses as low as 75 to 125
mg daily. There is no benefit observed by the addifion of dipyridamole to aspirin therapy. Therapy with aspirin, particulariy at
low dose, is safe.
Warfarin
While several eariy trials assessed the role of chronic oral anticoagulant therapy in survivors of acute MI, such studies suffered from lack of appropriate study design, small sample size,
and inconclusivefindingson the risk benefit ratio of using oral
anticoagulant therapy (25-27). The most recent and convincing
study, the Warfarin Reinfarction Study (28), addressed the
shortcomings of the eariier trials and enrolled 1,214 patients
who were randomized to warfarin or placebo 27 days after their
acute MI. Study endpoints included mortality, reinfarction, and
cerebrovascular accidents. During a mean follow-up of 37
months, a 24% statistically significant decrease in mortality was
observed in the warfarin group (Fig 2). In addition, a 34% reduc-
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Fig 2—Cumulative rates of death from all causes, according to
original treatment assignment. (From Smith P, Arnesen H,
Holme I. The effect of waifarin on mortality and reinfarction
after myocardial infarction. N Engl J Med 1990;323:147-52.
Reprinted with permission.)

tion in recurrent Ml was also statistically significant in the warfarin group. The frequency of cerebrovascular accidents was
lower in the warfarin group, although all the fatal events in the
warfarin group were hemorrhagic while those in the placebo
group were nonhemorrhagic. The combined incidence of major
and minor bleeding episodes in the warfarin group was 0.6% per
year. This carefully designed trial with the appropriate sample
size, duration of follow-up, and statistical analysis provides important evidence of a salutary effect of warfarin on mortality and
reinfarction.

Recommendations
Aspirin is recommended in a dose of 325 mg acutely and then
325 mg/day in all patients with a MI, unless a contraindication is
present.
Heparin, 5,000 units subcutaneously twice daily for five to
seven days, is recommended for all MI patients in order to decrease venous thrombosis and pulmonary embolism. High-dose
therapy (12,500 units subcutaneously twice daily) should be
considered for patients with anterior and apical MI to reduce the
potential for developing a left ventricular mural thrombus. In
these patients, therapy should be continued until therapeutic
oral anticoagulation is established.
The role of intravenous therapy with heparin alone or as an
adjunct to thrombolysis needs to be definifively established.
However, preliminary data suggest a beneficial role of such
therapy when given with thrombolytic agents. Pafients receiving thrombolytic therapy require an intravenous bolus of heparin of 5,000 units followed by an intravenous infusion adjusted
to maintain partial thromboplastin time at 1.5 to 2.0 times control for 24 hours. Intravenous heparin in patients who are not
candidates for thrombolysis should also be initiated as an intravenous bolus of 5,000 units followed by an intravenous infusion
adjusted to maintain partial thromboplasfin time at 1.5 to 2.0
times control during the first 24 hours.
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Oral anticoagulant therapy is warranted in patients at high
risk of thromboembolic events, particularly in tho,se with an anterior or apical infarct (with or without a documented mural
thrombus), and in patients with a dilated and hypokinetic left
ventricle. Therapy in these settings should be confinued for at
least three months after a Ml. The target prothrombin fime
should be 1.3 to 1.5 times control.
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