
Notwithstanding efficacy demonstrated in randomized trials, reperfusion
strategies for acute myocardial infarction (MI) remain subject to important
limitations. The pharmacologic approach with fibrinolytic therapy

now appears to have reached a plateau of mortality reduction, with several
large-scale studies failing to show incremental benefit with the newer third-gen-
eration agents reteplase, tenectoplase, or lanoteplase. Lack of progress in this
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optimally with mechanical revascularization during acute MI are under investigation.  
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regard may be related to an appar-
ent “ceiling” of patency achieved
with these drugs, persistent cyclical
flow or frank reocclusion in many
patients, or impaired microvascular
tissue-level reperfusion. Moreover,
although mortality reduction is crit-
ically dependent upon the time to
reperfusion, relatively few patients
present within an ideal time window.
Finally, a disturbing trend over time
toward increasing rates of intracra-
nial hemorrhage has been observed,

likely related to broader inclusion
criteria for thrombolytic treatment as
well as the increasing “aggressiveness”
of antithrombotic therapy.

Mechanical approaches to revas-
cularization have been advocated as
a means to overcome the limitations
of fibrinolytic therapy, and random-
ized trials comparing fibrinolysis to
direct percutaneous coronary inter-
vention (PCI) have in general
shown immediate intervention to
be associated with lower rates of
mortality and hemorrhagic compli-
cations. But difficulties exist with
direct angioplasty as well, including
limited catheterization laboratory
and staff availability, the require-
ment for institutional and operator
expertise, and logistical barriers to
mobilizing catheterization laboratory
teams during off-hours. Most impor-
tant, the treatment effect of direct
angioplasty, as with fibrinolytic
therapy, is dependent upon the time
to reperfusion. Moreover, the quality
of tissue-level microvascular reper-
fusion often remains impaired
despite restoration of epicardial
infarct vessel patency by mechanical
techniques, with an adverse impact
on ventricular function and mortality.
Although stenting appears to be

superior to balloon angioplasty with
regard to rates of restenosis and
repeat target vessel revascularization
(TVR), stents do not improve
microvascular flow and have not
been shown to lessen mortality or
enhance myocardial salvage.

A dichotomy therefore exists
between two imperfect approaches
to patients with acute MI. Fibrinolytic
therapy has the advantages of rapid
administration, wide availability,
and convenience; direct PCI may be

more efficacious at expert institutions,
carries less bleeding risk, and allows
anatomic-based risk assessment.
Until recently, the combination of
mechanical and pharmacologic
approaches has been hindered by
data from trials performed in the
1980s showing higher rates of
ischemic and hemorrhagic compli-
cations among patients treated with
routine adjunctive angioplasty after
full-dose thrombolytic therapy.
However, the introduction into clin-
ical practice of platelet glycoprotein
(GP) IIb/IIIa receptor antagonists

provides an opportunity not only to
improve the safety and efficacy of
PCI during acute infarction but 
perhaps also to enhance the effec-
tiveness of fibrinolytic therapy and
to exploit the strengths of these dif-
ferent approaches in combination.

Given the unequivocal efficacy of
aspirin, with or without reperfusion
therapy, in improving mortality and
reducing reinfarction and recurrent
ischemia among patients with acute
ST-segment-elevation MI, the poten-

tial roles of GP IIb/IIIa inhibitors in
this setting have been investigated
as 1) adjunctive therapy during 
primary or direct PCI; 2) a sole
means of reperfusion; 3) adjunctive
therapy to full-dose fibrinolytic
agents; and 4) adjunctive therapy
with reduced-dose fibrinolytic agents.

Glycoprotein IIb/IIIa Blockade
as an Adjunct to Primary PCI
Periprocedural administration of
intravenous GP IIb/IIIa receptor
antagonists has been demonstrated
to improve markedly the safety of
urgent or elective percutaneous
coronary revascularization, with
reductions in the risk of ischemic
events by as much as 15%–60% in
randomized trials.1 Moreover, at
least one agent, abciximab, has been
associated with a long-term reduc-
tion in mortality following PCI.2

The efficacy of GP IIb/IIIa blockade
in nonemergency situations might
logically be expected to extend as
well to the setting of acute MI, a
hypothesis that has been tested so
far only for abciximab. Adjunctive
abciximab therapy was evaluated 
in RAPPORT (ReoPro in Acute
Myocardial Infarction and Primary
PTCA Organization and Randomized

Trial)3 during primary balloon
angioplasty and in the ISAR-2
(Intracoronary Stenting and
Antithrombotic Regimen trial),4

ADMIRAL (Abciximab Before Direct
Angioplasty and Stenting in
Myocardial Infarction Regarding
Acute and Long-Term Follow-up),5

and CADILLAC (Controlled
Abciximab and Device Investigation
to Lower Late Angioplasty Com-
plications)6 trials during stenting. In
general, the magnitude of reduction

Stents do not appear to improve microvascular flow.

Relatively few patients present within an ideal time window.
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in 30-day acute ischemic endpoints
(death, reinfarction, or urgent repeat
revascularization) in these trials of
acute MI (50%–60% relative risk
reductions) was similar to that
observed in other PCI trials for more
elective indications (Figure 1). The
CADILLAC trial was designed to
compare angioplasty with stenting
with or without abciximab in patients
presenting with acute MI. A reduc-
tion of subacute thrombosis and
recurrent ischemia leading to repeat
revascularization of the target vessel
during the first several weeks follow-
ing stenting or PTCA was observed,
though there was no enhancement
of Thrombolysis in MI (TIMI) 3 flow
rates or reduced late cardiac events.
The very low event rate in CADIL-
LAC relative to the other three trials
(Figure 1), however, raises important
concerns regarding the ascertainment
of acute endpoints (the trial was
designed primarily to assess the
effect of stenting versus angioplasty
on late TVR) and the risk profile of
patients in that trial. The overall
body of randomized trial data from
elective and acute MI studies firmly
supports the efficacy of abciximab
in reducing acute ischemic events
during primary PCI.

The influence of abciximab on
long-term rates of restenosis or elec-
tive TVR following acute PCI, as in
the elective setting, is less clear. In

RAPPORT, ISAR-2, and CADILLAC,
there were no differences between
placebo- and abciximab-treated
patients with regard to these end-
points at 6 months, whereas elective
TVR rates in ADMIRAL were signifi-
cantly reduced from 17.2% to 9.4%
(P = .046) by abciximab. A particu-
larly noteworthy effect in this
regard was observed among patients
with diabetes (6-month TVR reduced
from 37.5% to 13.8%; P = .046),
who also enjoyed significant reduc-
tions in the risks of mortality (16.7%

vs 0%; P = .020) and urgent revascu-
larization (12.5% vs 0%; P = .049).5

This diabetic protection afforded by
abciximab in ADMIRAL is consis-
tent with the significant reduction
of mortality and TVR observed in
the EPISTENT trial (Figure 2).7

In ADMIRAL, the clinical benefit
of abciximab was linked in part to
observed improvements in infarct-
vessel patency.5 Prior to revascular-
ization, TIMI grade 3 flow (complete
epicardial vessel patency) was pres-
ent in 16.8% versus 5.4% of patients
receiving abciximab and placebo 
(P = .01), respectively. A significant
patency advantage persisted in the
abciximab group even immediately
after the revascularization procedure
and at 6-month follow-up. Supportive
of the importance of achieving
patency prior to revascularization
were data regarding treatment effect
of abciximab relative to timing of
administration. Of the 300 patients
in the ADMIRAL trial, 78 (26%) were
randomized and administered the
study drug in the ambulance or

Figure 1. Composite
30-day ischemic
endpoint event rates
in placebo-controlled
trials of abciximab
during primary per-
cutaneous coronary
revascularization for
acute myocardial
infarction (MI). PTCA,
percutaneous trans-
luminal coronary
angioplasty. Data
from Brener et al,3

Neumann et al,4 and
Montalescot et al.5
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emergency department, and the
remainder received placebo or
abciximab in the intensive care unit
or catheterization laboratory. Early
administration was associated with
an amplification of the treatment
effect of abciximab: the 30-day com-
posite endpoint occurred in 21.1%
versus 2.5% of patients receiving early
assignment to placebo or abciximab,
respectively, compared with rates of

12.4% versus 8.3% among those
randomized in the intensive care or
catheterization units.

Further insights into the mecha-
nisms of benefit of abciximab during
stenting for acute MI were derived
from a placebo-controlled trial of
200 patients by the Munich group.8

Measurements of Doppler wire flow
velocity and left ventricular function
were performed immediately after
successful stenting and at 14-day fol-
low-up. Although stent placement
was successful, with achievement of
TIMI 3 patency in nearly all patients,
improvements in infarct-vessel peak
flow velocity were significantly
greater among abciximab-treated
patients (18.1 cm/s vs 10.4 cm/s, 
P = .024) and correlated with signif-
icantly greater improvements in
infarct zone wall motion and higher
global left ventricular function.
These results suggest that abciximab
exerts a beneficial effect beyond
that in the epicardial artery, and
that intense platelet inhibition by
GP IIb/IIIa blockade in this setting
may improve tissue-level microvas-
cular reperfusion and thus enhance
myocardial salvage. In a separate
study, the Munich group also demon-
strated that abciximab may reduce
platelet-leukocyte interactions and

limit microvascular inflammation
during reperfusion therapy.9

Glycoprotein IIb/IIIa Blockade
as Sole Reperfusion Therapy
Based upon evidence of platelet dis-
aggregatory properties of abciximab,
it has been suggested that coronary
reperfusion may be achieved by
potent GP IIb/IIIa inhibition alone,
without administration of exogenous

plasminogen activators (or percuta-
neous coronary revascularization).
In Phase II studies of patients treated
with only abciximab, rates of TIMI 3
reperfusion 45–90 minutes have
ranged from 18% to 32%,10–12 com-
parable to patency rates achieved
with streptokinase. Similarly, TIMI 3
patency rates of approximately 30%
were observed in a small study of
patients with acute infarction
receiving eptifibatide an average 
of 51 minutes prior to angiogra-
phy.13 Thus, although GP IIb/IIIa
antagonists may have modest
thrombolytic properties, their opti-
mal role in these patients will likely
be as adjuncts to traditional reperfu-
sion therapies.

Glycoprotein IIb/IIIa Blockade
as an Adjunct to Full-Dose
Fibrinolytic Therapy
Preclinical studies have demonstrated
that GP IIb/IIIa antagonists accelerate
reperfusion and potently inhibit
reocclusion and cyclic flow variations
in animal models of coronary
thrombolysis. Four phase II clinical
trials tested various doses of abcix-
imab, eptifibatide, or lamifiban
administered in either a delayed
fashion or concurrently with full-
dose fibrinolytic therapy in patients

with acute MI.14–17 Although details
of the study designs, dose ranging,
and endpoints varied, consistent
trends toward improved early15 and
late14 angiographic infarct vessel
patency were observed with admin-
istration of GP IIb/IIIa antagonists
with fibrinolytic agents.

Moreover, combination therapy
was associated with improvements
in the speed and stability of reperfu-
sion, as assessed by continuous elec-
trocardiographic monitoring15,16; in
one study, for example, the median
time to ST-segment recovery was
reduced from 116 to 65 minutes 
(P = .05) by the addition of eptifi-
batide to alteplase.15 Bleeding com-
plications, however, tended to be
increased by combination therapy
in these studies; with streptokinase,
excess hemorrhagic risk was marked,
and led to early termination of 
one trial.16,17

Glycoprotein IIb/IIIa Blockade
as an Adjunct to Reduced-Dose
Fibrinolytic Therapy
Recent trials have focused on the
hypothesis that by inhibiting platelet
activation induced by exogenous
plasminogen activators and directly
disaggregating the platelet thrombus,
adjunctive use of GP IIb/IIIa antago-
nists may allow administration of
reduced doses of fibrinolytic agents
during acute MI. It was hoped that
such an approach might accelerate
and enhance early patency, improve
tissue-level microvascular reperfu-
sion, prevent reocclusion, diminish
bleeding complications, and/or
reduce the need for “rescue” (for
failed reperfusion) PCI while facili-
tating early PCI performed for other
clinical indications.

Six phase II angiographic trials
have evaluated or are currently
underway to test various dose com-
binations of fibrinolytic agents, GP
IIb/IIIa inhibitors, and heparin (or

The remainder received placebo or abciximab in the intensive care unit
or catheterization laboratory.
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enoxaparin) in patients with acute
MI. Within the limits of relatively
small sample sizes and multiple 
dosing groups, these trials have, in
general, suggested improvements in
early epicardial vessel patency with
a half-dose fibrinolytic agent plus 
a full-dose GP IIb/IIIa antagonist
compared with standard full-dose
fibrinolytic monotherapy.11,12,18 Im-
provements in TIMI 3 flow rates at
60 minutes have ranged from 10 
to 20 absolute percentage points.
Patency rates tended to decline
when concomitant heparin doses
were reduced below approximately
50–60 U/kg. Additionally, the pro-
portion of patients with resolution
of electrocardiographic ST-segment
elevations has been greater with
combination therapy, suggesting
enhanced microvascular tissue-level
reperfusion beyond epicardial vessel
recanalization. In the TIMI 14 trial,
for example, even among patients
who had achieved full angiographic
infarct vessel patency by 90 minutes,
only 44% treated with alteplase
monotherapy exhibited complete
electrocardiographic ST-segment
resolution; this rate was increased 
to 69% (P = .0004) in patients receiv-
ing abciximab plus reduced-dose
alteplase.19 Differences in clinical

endpoints (ischemic and hemor-
rhage events) were not typically
detected in these small studies,
although the combination of abcix-
imab and streptokinase was associated
with increased bleeding (mirroring
the experience in earlier trials) and
has not been investigated further.12

Combination therapy has thus far
been evaluated in only one large-
scale mortality trial, Global Use of
Strategies to Open Occluded Arteries
in Acute Myocardial Infarction
(GUSTO V), in which 16,588 patients
were randomized to receive either
abciximab plus half-dose reteplase
or conventional full-dose reteplase.20

Planned primary PCI was an exclu-
sion criterion, but emergency
angiography and revascularization
were permitted for clinical indications
of failed pharmacologic reperfusion.
Combination therapy was associated
with only a nonsignificant reduction
in mortality at 30 days, from 5.91%
to 5.62% (P = .45). Younger patients,
those presenting later after the
onset of symptoms, and patients
with anterior infarction tended to
have greater treatment effect.
Moreover, there was evidence of
more complete and stable reperfu-
sion among patients treated with
abciximab plus half-dose reteplase,

with significant reductions in rates
of reinfarction (3.5% vs 2.3%; 
P < .0001) and recurrent ischemia
(12.8% vs 11.3%; P = .004) and less
frequent need for urgent (largely
“rescue”) PCI within the first 6 hours
(8.6% vs 5.6%; P < .0001). The inci-
dence of intracranial hemorrhage
was the same in the two treatment
groups (0.6%), although combination
therapy was associated with nearly a
doubling in rates of non-intracranial
bleeding complications.

Additional support for the findings
of GUSTO V were derived from
ASSENT-3 (Assessment of Safety and
Efficacy of a New Thrombolytic
Regimen), a “large exploratory trial”
in which two different combination
regimens were compared with
tenectoplase monotherapy.21 A total
of 6095 patients were randomized
to tenectoplase with unfractionated
heparin, tenectoplase with enoxa-
parin (low-molecular-weight heparin),
or half-dose tenectoplase with
abciximab. The sample size was too
small to assess mortality differences,
but both experimental regimens 
significantly reduced the primary
composite endpoint relative to
tenectoplase with heparin. The
magnitude of treatment effect of
abciximab on reinfarction and

Figure 4. Comparison of in-hospital rates of major bleeding and blood transfusion 
in the GUSTO V and ASSENT-3 trials. All P < .05 for the differences between 
treatment groups. Data from the GUSTO V Investigators20 and the ASSENT-3
Investigators.21

0

2

4

6

2.3

4.6

2.2

4.4
4.0

5.7

2.3

4.2

TransfusionMajor Bleeding

GUSTO V ASSENT-3 GUSTO V ASSENT-3

In-Hospital Event Rate (%)

Lysis        Abciximab + Lysis

0

3

6

9

12

15

3.5
2.3

4.2

14.0

1

2.2

0.4

14.4

9.1

Urgent PCIReinfarction

In-Hospital Event Rate (%)

Lysis

Abciximab + Lysis

GUSTO V ASSENT-3 GUSTO V ASSENT-3

Figure 3. Comparison of in-hospital rates of reinfarction and urgent percutaneous
coronary intervention (PCI) in patients randomized to fibrinolytic monotherapy (Lysis)
or abciximab plus half-dose fibrinolytic (Abciximab + Lysis) in the GUSTO V and
ASSENT-3 trials. All P < .05 for the differences between treatment groups. Data from
the GUSTO V Investigators20 and the ASSENT-3 Investigators.21



S18 VOL. 3 SUPPL. 1  2002    REVIEWS IN CARDIOVASCULAR MEDICINE

IIb/IIIa Inhibitors: Treatment of Acute MI continued

urgent PCI rates was similar to that
observed in GUSTO V (Figure 3). As
with GUSTO V, however, bleeding
complications were increased with
combination therapy (Figure 4). In
both GUSTO V and ASSENT-3, the
clinical benefit of GP IIb/IIIa inhibi-
tion with low-dose fibrinolytic was
less in elderly patients, due at least
in part to an interaction between
hemorrhagic risk and advanced age.
Among patients over 75 years old in
GUSTO V, the intracranial bleeding
rate nearly doubled with combina-
tion therapy relative to reteplase
monotherapy, from 1.1% to 2.1%.
Similarly, in ASSENT-3, major bleed-
ing rates in patients over 75 years
old with tenectoplase monotherapy
and tenectoplase plus abciximab
were 4.1% and 13.3%, respectively.

Summary
At present, primary PCI remains the
preferred means of reperfusion
among most patients with acute MI.
As with more elective indications,
adjunctive abciximab confers sub-
stantial clinical benefit in this setting
and should be considered the stan-
dard of care. Placebo-controlled 
data do not exist for eptifibatide 
and tirofiban during primary PCI.
Moreover, given the apparent supe-
riority of abciximab during 

PCI for non-ST-segment-elevation
ischemic syndromes,22 interchange-
ability between the different GP
IIb/IIIa inhibitors cannot be
assumed for patients with acute MI.

For pharmacologic reperfusion,
the combination of abciximab and a
half-dose fibrinolytic agent has not
been shown to fulfill the hopes of a
regimen that would improve early
mortality while reducing bleeding
complications. Nevertheless, this
strategy does represent an incre-
mental improvement over fibri-
nolytic monotherapy, with clear
reductions in ischemic morbidity.
Assessments of hemorrhagic risk
versus clinical benefit must be con-
sidered for individual patients, and
combination therapy may be best
focused on those at higher risk by
virtue of larger infarctions or late
presentation. In particular, the cur-
rent body of clinical data suggests
that bleeding risk in patients over
75 years of age may be excessive
with the combination of GP IIb/IIIa
blockade and a fibrinolytic agent,
and highlights the need for better
therapies in this growing high-risk
segment of the population.

Strategies to optimally merge
combination pharmacotherapy with
mechanical revascularization during
acute MI remain to be developed.

The GUSTO V and ASSENT-3 trials
did not test such an approach; early
PCI was reserved for clinical indica-
tions of failed reperfusion and was
not employed in a routine fashion.
The rationale for pretreatment with
the combination of a reduced-dose
fibrinolytic with a GP IIb/IIIa
inhibitor in patients undergoing
primary PCI would be to achieve
epicardial vessel patency and perhaps
enhanced microvascular reperfusion
during the time delay inherent in
mobilizing the cardiac catheteriza-
tion laboratory. Trials are currently
underway specifically to evaluate
this concept of “facilitated PCI.”    
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