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The acute coronary syndromes occur in the setting of

coronary thrombosis as a consequence of activation of

both the coagulation cascade and platelets. Antiplatelet

and antithrombotic therapies therefore form the basis of

medical therapy in patients presenting with a spectrum of

diagnoses from unstable angina to myocardial infarction.

In addition to ASA, newer antiplatelet strategies include

the ADP- and glycoprotein IIb/IIIa-receptor antagonists;

similarly, as alternatives to unfractionated heparin, low

molecular weight heparins and direct thrombin inhibitors

appear to offer additional antithrombotic benefit. Finally,

in the setting of acute myocardial infarction and infarct-

related artery occlusion, fibrinolytic therapy continues to

be the mainstay of treatment. Beyond the refinement of

currently available agents (eg, single bolus tenecteplase

offers similar efficacy but enhanced safety as compared to

the current fibrinolytic gold standard, alteplase), future

management strategies will likely include new combina-

tions of these therapies in an effort to maximize the bene-

fit-to-risk ratio of the approaches applied presently.

Mechanisms of action of antiplatelet agents

The acute coronary syndromes (unstable angina, non-Q

wave myocardial infarction [MI], acute [ST-segment eleva-

tion] MI, and abrupt closure after percutaneous coronary

intervention [PCI]) share a common pathophysiology of ath-

erosclerotic plaque rupture, activation of the coagulation cas-

cade, and adhesion, activation, and aggregation of platelets.1

While ASA (aspirin) continues to be an important treatment

in the acute coronary syndromes,2 it only partially inhibits

platelet aggregation by inhibiting the thromboxane A2 path-

way. The thienopyridines – ticlopidine and clopidogrel – irre-

versibly block one of the three adenosine diphosphate (ADP)

receptor subtypes on platelets; because ADP receptor block-

ade is incomplete, the thienopyridines alone provide only a

modest benefit when compared with ASA alone (for exam-

ple, as demonstrated in the CAPRIE study3). Regardless of the

stimulus for activation, platelet-platelet interaction and

thrombus formation is ultimately regulated through the

platelet glycoprotein (GP) IIb/IIIa receptor–the the final com-

mon pathway of platelet aggregation.4

Glycoprotein IIb/IIIa antagonists

Intravenous monoclonal antibody (abciximab) and pep-

tide (eptifibatide) and non-peptide (tirofiban, lamifiban)

antagonists of the GP IIb/IIIa receptor have been tested in

randomized, placebo-controlled trials of PCI and the acute

coronary syndromes. A systematic overview (meta-analysis)

of 16 trials (n=32,135) demonstrated a significant mortality

reduction by GP IIb/IIIa inhibitors at 48-96 hours (odds

ratios [OR] 0.70; 95% confidence intervals [CI], 0.51 - 0.96;
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tion (no dose adjustment was made in this trial), or a putative

prothrombotic effect of this class of drugs (paradoxical activa-

tion of the receptor at certain doses) remains to be elucidated. 

• The SYMPHONY study also failed to demonstrate an

advantage of oral GP IIb/IIIa inhibition over ASA; the results

of 2nd SYMPHONY where combination sibrafiban and ASA is

being compared to ASA alone (total n=6,677) will also be

available at the ACC meeting.

Antithrombin therapy

Since both platelet activation and thrombin generation

are involved in the thrombotic process, there is a rationale for

the use of both platelet and coagulation inhibitors in the

treatment of acute coronary syndromes. A meta-analysis has

shown that a combination of an intravenous infusion of UFH

and ASA is more effective than ASA alone.9 However, heparin

is far from an ideal anticoagulant for the treatment of acute

coronary syndromes since it is impractical to maintain a con-

stant intravenous infusion and it is often difficult to obtain a

predictable anticoagulant effect without repeated laboratory

monitoring.

Low molecular weight heparins

Low molecular weight heparins (LMWHs) have been

shown to be at least as effective as UFH in the prevention and

treatment of venous thrombosis, and more recently, have

been shown to be effective in preventing arterial and coro-

nary thrombosis. The FRISC study10 was the first large scale

randomized clinical trial to demonstrate the benefit of

LMWH in addition to ASA in unstable angina/non-Q wave

MI. Data from the ESSENCE11,12 and TIMI-11B13,14 trials15 sup-

ports the use of LMWH rather than UFH (in addition to
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p<0.03), equivalent to a reduction of 1 death per 1,000

patients treated.5

In the four ‘P’ trials (Figure 1), involving at least 1,000

patients with unstable angina or non-Q wave MI (n=18,276),

30-day death or MI was reduced with GP IIb/IIIa antagonists

as compared to (PRISM6, PARAGON-A7), or in addition to

(PRISM-PLUS,6 PURSUIT,8 PARAGON-A7), unfractionated

heparin (UFH) (11.7% vs. 13.3%; relative risk reduction

[RRR] 13%). The preliminary results of the PARAGON-B trial

(comparing intravenous lamifiban and placebo in >4,000

unstable angina/non-Q wave MI patients receiving ASA and

UFH) will be presented at the American College of Cardiology

(ACC) meeting in March, 2000.

Oral GP IIb/IIIa antagonists are being investigated for

secondary prevention of cardiovascular morbidity and mor-

tality. Early experience with these drugs raised concerns

regarding the potential for bleeding with long-term therapy.

However, the incidence of serious bleeding or thrombocy-

topenia appears to be very low in the initial reports of three

large trials: OPUS (orbofiban), EXCITE (xemilofiban), and

SYMPHONY (sibrafiban). Unfortunately, the benefit of the

intravenous compounds has not translated to the oral GP

IIb/IIIa antagonists (Figure 2): 

• The EXCITE study showed no advantage of

xemilofiban over ASA in patients undergoing PCI; however, a

substantial number of patients in the control (ASA) group

underwent coronary stenting and also received 2-4 weeks of

ticlopidine. 

• Patient enrollment in OPUS was discontinued prema-

turely because of excess mortality in one of the orbofiban

arms; whether this was due to chance, diminished renal func-

Figure 1: The four “P” trials Figure 2: Meta-analysis of oral IIb/IIIa trials
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ASA) had a minimal effect on the mean INR (1.19, 95% CI,

1.08-1.44, n=2145) at 6 months. In contrast, the Combined

Hemotherapy and Mortality Prevention (CHAMP) study

used a dose-adjustment regimen aiming for an INR between

1.5-2.5. However, the preliminary results of this open-label

VA Cooperative study in 5,059 post-MI patients comparing

warfarin (mean INR achieved 1.9) and ASA (81 mg) with

ASA alone (162 mg) over 2.75 years also indicate no signifi-

cant difference in total or cardiovascular mortality, non-fatal

stroke, or MI. Further, major bleeds were more common in

the combination group. Thus, there is no evidence to support

the use of combination ASA and warfarin as compared to

ASA alone in post-MI patients for secondary prophylaxis.

Fibrinolysis 2000

The last quarter of the 20th century has had a profound

impact on the management of patients with acute MI, partic-

ularly those presenting with ST-segment elevation. The previ-

ous decade ushered in a new era of non-placebo-controlled

trials of reperfusion strategies: eight large-scale trials compar-

ing thrombolytic regimens and involving over 130,000 cases

of acute MI presenting with ST-segment elevation were com-

pleted in the 1990s. In contrast to the results from GISSI-223

and ISIS-3,24 in the GUSTO-I trial,25 a statistically and clini-

cally significant benefit was seen with accelerated/front-

loaded t-PA (alteplase) and intravenous heparin as compared

with two streptokinase strategies. The benefit of alteplase

over streptokinase translated into 10 additional lives saved at

30 days per 1,000 patients treated; for the prevention of

death and disabling stroke, this benefit was 9 per 1,000

patients treated, highlighting the precise quantitative trade-

off between safety and efficacy. 

The INJECT study26 showed equivalence of double-

bolus r-PA (reteplase) and streptokinase and the GUSTO-III

trial27 failed to demonstrate superiority of reteplase over

alteplase. Despite the suggestion that this trial supports the

“equivalency” of alteplase and reteplase, the GUSTO-III

investigators themselves acknowledge that their study “was

not designed to assess equivalence, nor did it have adequate

power to do so.”28 Others also maintain that the GUSTO-III

primary outcome event, 30-day mortality, provides “no

convincing evidence that reteplase is equivalent to

[alteplase].”28
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ASA). The FRISC II study16,17 also supports the use of LMWH

in the acute phase, and suggests that continued use during

the first month may lower the risk of events in patients wait-

ing for invasive procedures.

Direct thrombin inhibitors

Resistance of coronary artery thrombosis to heparin likely

reflects the inability of the heparin/antithrombin complex to

inactivate thrombin bound to fibrin. In contrast to heparin

(including LMWH), fibrin-bound thrombin is susceptible to

inactivation by direct thrombin inhibitors (eg, hirudin and

bivalirudin). These agents, which interact with exosite 1 and

the active site of thrombin, compete with fibrin for thrombin

binding and inactivate both fibrin-bound and fluid-phase

thrombin. This explains why hirudin confers a benefit over

UFH in patients, particularly those without persistent ST-seg-

ment elevation acute coronary syndromes, based upon the

results of several large scale trials, including GUSTO-IIb,18 and

OASIS-219 (Figure 3). Despite the modest benefit of hirudin

over UFH, concerns regarding an increased risk of bleeding

and cost suggest that use of this agent will likely be limited

(eg, as compared to LMWHs) to select patient groups, includ-

ing those with heparin-induced thrombocytopenia.20; 21

Warfarin

Many studies have shown overall antithrombotic efficacy

of long-term anticoagulant monotherapy post-MI; however,

the addition of warfarin (fixed, low-dose of 1 or 3 mg) to ASA

in the Coumadin Aspirin Reinfarction Study (CARS)22 did not

provide any clinical benefit beyond that achieved with ASA

(160 mg) monotherapy. While the fixed dose reduced the

need for INR monitoring, even the 3 mg dose (with 80 mg of

Figure 3: Hirudin vs heparin meta-analysis
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tenecteplase will likely become the new gold standard in

fibrinolytic therapy once it becomes commercially avail-

able in Canada (estimated 2001).

Ongoing and future trials will focus on combination

fibrinolytic and adjunctive therapies (eg, platelet glyco-

protein IIb/IIIa inhibitors) in an attempt to further

decrease time to treatment, adverse events (eg, ICH, rein-

farction), and mortality.

New frontiers in myocardial reperfusion
therapy: thrombolysis and GP IIb/IIIa inhibitors

While intravenous thrombolytic therapy is the stan-

dard of care in patients with acute MI who present with-

in 12 hours after symptom onset and have significant

ST-segment elevation, there are still several limitations to

this approach. 

• First, even the best thrombolytic strategy (alte-

plase plus intravenous heparin) results in TIMI-3 flow in

only 54% of patients at 90 minutes.31

• Second, the rate of ICH is relatively high (0.5-1%)

and the event is usually catastrophic, resulting in disabil-

ity or death. 

• Third, while direct angioplasty of the infarct-relat-

ed artery results in a higher rate of TIMI-3 flow than does

thrombolytic therapy and has a much lower risk of ICH,

this approach is logistically more difficult and tends to be

associated with longer delays to therapy. 

• Fourth, despite the use of ASA, platelet activation

continues to occur, leading to aggregation and increased

formation of thrombin. Acute plaque rupture leads to

platelet-rich thrombi, which are often resistant to throm-

bolysis and have a greater tendency to produce reocclu-

sion after initial reperfusion. Further, thrombolytics (or

more accurately, fibrinolytics) are pro-thrombotic, and

despite their ability to break down fibrin, the remaining

thrombin leads to more thrombin generation and

increased platelet activity. 

Combination therapy with fibrinolysis and the gly-

coprotein IIb/IIIa inhibitors appears to hold great

promise based upon the results of several phase II stud-

ies, including the TIMI 14, INTRO-AMI, and SPEED

(GUSTO-IV Pilot) angiographic trials. For example, in

the TIMI 14 study,32 reduced-dose alteplase (15 mg
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More recently, the InTIME II study29 demonstrated

similar 30-day and 6-month mortality rates among n-PA

(lanoteplase) and alteplase treated patients; however,

despite apparent equivalence of these two agents with

respect to mortality reduction, lanoteplase led to a signif-

icantly greater number of intracranial hemorrhages (ICH)

and mild-moderate bleeding episodes (Figure 4). In con-

trast, the ASSENT-2 trial30 confirmed the equivalence of

TNK-tPA (tenecteplase) and alteplase, with similar rates

of ICH, but significantly fewer mild-moderate bleeding

episodes with TNK.

The emergence of new fibrinolytic agents (ie,

tenecteplase) that are fibrin specific, resistant to plas-

minogen activator inhibitor, and engineered with a

protracted half-life that facilitates single bolus adminis-

tration, achieves a new standard of pharmacologic thera-

py. This is supported by the ASSENT-2 study, in which

16,949 patients with ST elevation MI of less than 6 hours

duration were randomly assigned to alteplase or single

bolus injection tenecteplase (30-50 mg according to

bodyweight). All patients received ASA and UFH (target

activated partial thromboplastin time 50-75 seconds).

Co-variate adjusted 30-day mortality rates were almost

identical for the two treatment groups (6.18% for

tenecteplase and 6.15% for alteplase; p=0.0059 based on

test for equivalence). Rates of ICH (Figure 4) were also

similar (0.93% vs. 0.94%), but fewer non-cerebral bleed-

ing complications (26.43% vs. 28.95%, p=0.0003) and

less need for blood transfusion (4.25% vs. 5.49%,

p=0.0002) were seen with tenecteplase. In view of its

equivalence to the current gold standard alteplase, cou-

pled with the safer profile and ease of administration,

Figure 4: Stroke and bleeding
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endpoints (eg, mortality) that are currently underway or

soon to begin (eg, GUSTO-IV AMI, ASSENT 3) and will

report in the next 12-18 months.

Conclusion

Current management of all acute coronary syn-

dromes includes ASA; in patients without persistent ST-

segment elevation, recent trial evidence supports the

addition of either LMWH (eg, enoxaparin as an alterna-

tive to UFH) or GP IIb/IIIa inhibitors (eg, tirofiban or

eptifibatide in addition to UFH). The recent CHAMP trial

confirms that there is no role for warfarin in addition to

ASA for secondary prophylaxis. Among ST elevation (or

left bundle branch block) patients, single bolus lysis with

tenecteplase will likely replace the current standard bolus

+ 90 minute infusion alteplase once the former becomes

commercially available in Canada. The next frontier in

reperfusion therapy may be a combination of fibrinolysis

and GP IIb/IIIa inhibition; we await the results of large

scale clinical outcome trials to confirm promising results

from angiographic studies.
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