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• Platelet-rich coronary arterial occlusions are relatively resistant to thrombolysis with recombinant 
tissue-type plasminogen activator, or rt-PA, while erythrocyte-rich thrombi are lysed at low doses. The 
combined administration of rt-PA with a platelet antagonist enhances thrombolysis and can prevent 
reocclusion, which suggests that platelet activation predominates during thrombus formation and after 
thrombolysis. In addition to direct effects on platelet activity, rt-PA also acts indirectly through genera-
tion of plasmin, which degrades fibrin. 
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RECOMBINANT tissue-type plasminogen ac-
tivator (rt-PA) is a fibrin-specific throm-
bolytic agent used frequently in the treat-
ment of acute myocardial infarction. There is 

firm evidence that rt-PA lyses intracoronary thrombi, 
reduces infarct size, preserves left ventricular function 
and improves patient survival. Its primary mechanism of 
action involves the generation of plasmin which sub-
sequently degrades fibrin, but rt-PA has direct and in-
direct effects on platelet structure and function as well. 
The importance of this interaction should not be under-
estimated, since the effects of rt-PA on platelet activity 
could have a direct impact on thrombolytic efficacy, 
coronary arterial reocclusion, and hemorrhagic risk. 

MOLECULAR STRUCTURE OF T-PA 

Tissue-type plasminogen activator (t-PA) is a serine 
protease that catalyzes the conversion of plasminogen to 
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plasmin (Figure 1). It has a molecular weight of 78 KDa 
and has been isolated from a variety of mammalian 
tissues; however, the principal site of synthesis is the 
endothelial cell.1 

The complete DNA sequence of t-PA has been deter-
mined and contains a single open reading frame, beginning 
with the ATG codon at nucleotides 85 to 87, which is 
followed 562 codons later by a TGA termination triplet at 
nucleotides 1771 to 1773.2 Single-chain t-PA is converted 
easily to a double-chain form by plasmin through cleavage 
of the peptide bond Arg-278-Ile-279. The enzymatic ac-
tivity of t-PA is enhanced nearly 1,000-fold in the presence 
of fibrin, which reflects the increased affinity of fibrin-
bound plasminogen for t-PA. Both t-PA and plasminogen 
adsorb to fibrin in a sequential and orderly fashion to yield 
a ternary complex; this, in turn, increases the generation of 
plasmin at the site of thrombus formation.3,4 However, the 
specificity of t-PA-induced plasminogen activation is rela-
tive rather than absolute; some activation of the systemic 
fibrinolytic pathway does occur at high concentrations of 
serum t-PA antigen. 

Primary sequence analysis has allowed the identifica-
tion of specific domains within the t-PA molecule. 
These include a fibronectin finger domain, an epidermal 
growth factor domain, two kringle domains, and a serine 
protease domain (Figure 2).5 
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F I G U R E 1. Tissue plasminogen activator converts plasminogen 
to the catalytically active, serine protease plasmin. FDP, 
fibrin(ogen) degradation products; XDP, cross-linked fibrin 
degradation products. 

Currently, the single-chain forni of t-PA is manufactured 
for clinical use by means of recombinant DNA technology 
(rt-PA) as alteplase (Activase). The double-chain form is 
investigational. 

PLATELET PHYSIOLOGY 

The primary functions of platelets in the hemostatic 
mechanism include adhesion to damaged vessel walls, ag-
gregation to form a platelet plug, and promotion of fibrin 
clot formation. Platelet adhesion is mediated by certain 
platelet surface receptors with high affinity for suben-
dothelial adhesive glycoproteins. Several of the receptors 
(GPIa/IIa, GPIc/IIc, GPIIb/IIIa) belong to the integrin 
family of receptors found on a variety of cells. Certain other 
receptors such as GPIb (the von Willebrand factor recep-
tor) are also important. Following stimulation, platelet 
membrane phospholipases are activated which liberate 
arachidonic acid for subsequent conversion to unstable 
prostaglandin intermediates (PGG2 and PGH ) by cyclo-
oxygenase. PGH2 is then metabolized to the potent platelet 
aggregator thromboxane A2. 

In contrast to adhesion, which involves a number of 
surface receptors, platelet aggregation is mediated ex-
clusively by the GPIIb/IIIa receptor. Thrombin is formed by 
activation of the intrinsic and extrinsic coagulation path-
ways. Thrombin then converts fibrinogen to fibrin which, 
when stabilized with Factor XHIa, forms a cohesive clot. 

PLATELET- V ERYTHROCYTE-RICH THROMBI 

Coronary artery thrombi consist of both platelet-rich 
and erythrocyte-rich zones, with the former predominat-

F I G U R E 2 . Molecular structure of tissue-type plasminogen 
activator identified by primary sequence analysis. 

ing in most instances. Platelet-rich zones exist primarily 
at the site of atherosclerotic plaque rupture, while 
erythrocyte-rich zones develop both proximal and distal 
to the area of vascular injury (Figure 3).6 

Under ideal conditions, coronary artery reperfusion fol-
lowing thrombolytic therapy with rt-PA is achieved in only 
75% to 80% of patients. Therefore, with current dosing 
regimens, 20% to 25% of all patients with acute coronary 
arterial occlusion appear to be resistant to thrombolysis. 
While thrombolytic resistance may result from nonthrom-
botic mechanisms of occlusion such as coronary arterial 
vasospasm, luminal compression by intraplaque hemor-
rhage, and arterial dissection, intrinsic resistance of the 
thrombus to lysis must also be considered. 

Preformed whole blood or plasma clots are lysed readily 
with low concentrations of rt-PA, whereas platelet ag-
gregates formed in platelet-rich plasma require a much 
higher concentration of rt-PA for disaggregation.7 Similarly, 
erythrocyte-rich coronary arterial thrombi are consistently 
lysed following an intravenous infusion of rt-PA at low 
doses. In contrast, platelet-rich thrombi are relatively resis-
tant to lysis even at high doses.8 

Adjuvant pharmacologic therapy combining rt-PA and 
antiplatelet agents (thromboxane receptor antagonists, 
serotonin receptor antagonists, and monoclonal GPIIb/IIIa 
antibodies) have yielded encouraging results suggesting 
that thrombolytic resistance, at least in some settings, may 
be mediated by enhanced platelet activity.8-11 In addition, 
platelets may play a central role in coronary reocclusion 
following initially successful thrombolysis.12,13 
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F I G U R E 3. Schematic representation of a coronary arterial 
thrombus with a platelet-rich zone at the site of plaque rupture 
and erythrocyte-rich zones extending both proximally and 
distally. 

T-PA AND PLATELET INTERACTIONS 

T h e effects of t-PA on platelet surface receptor 
glycoproteins, specifically glycoprotein lb (GPIb), have 
been examined previously in patients participating in the 
Thrombolysis and Myocardial Infarction (TIMI) trial— 
Phase II.14 Following an intravenous infusion of rt-PA, an 
increase in plasma glycocalicin (a proteolytic fragment 
derived from GPIb) was noted. In addition, a concomitant 
decrease in whole platelet GPIb and a slight increase in 
platelet surface GPIb was observed, suggesting that platelets 
can replenish their surface GPIb over time by recruitment 
of molecules from an intraplatelet storage pool.14 The clini-
cal relevance of the observed changes in GPIb following 
rt-PA administration is being explored currently in a larger 
patient cohort. 

Platelet aggregates in suspension undergo disaggrega-
tion following incubation with rt-PA. Aspirin poten-
tiates this effect and alpha2 plasmin inhibitor (a2 PI) 
attenuates it. Although the mechanisms are still being 
explored, comparative analyses of the rate of platelet-
bound fibrinogen proteolysis with ambient plasma 
fibrinogen suggest that rt-PA facilitates platelet disag-
gregation through kinetically selective proteolysis of 
cohesive fibrinogen.7 In addition, rt-PA may affect in-
tracellular signalling; as a result, it may attenuate cal-
cium rise and serotonin secretion,15 thereby impairing 
platelet aggregation. 

F I G U R E 4. Schematic representation of the mechanisms 
responsible for rt-PA's antiplatelet effect. rt-PA (or plasmin) 
results in proteolysis of GPIb, GPIIb/IIIa, and fibrinogen 
bridges, and prevents arachidonic acid mobilization from the 
platelet surface membrane. GPIb, glycoprotein lb receptor; 
GPIIb/IIIa, glycoprotein Ilb/IIIa complex receptor; Fgn, 
fibrinogen bridge. 

In vitro inhibition of platelet activation occurs in 
saline as well as in plasma suspensions and thus does not 
appear to be dependent on plasma factors.16 Moreover, 
rt-PA may derive antiplatelet activity through en-
dothelium-derived relaxing factor-like properties.17 

In concentrations commonly achieved after a stan-
dard intravenous bolus18 or during a maintenance in-
fusion19'20 of rt-PA, platelet aggregation in response to a 
wide variety of stimuli (including ristocetin, adenosine 
diphosphate [ADP], thrombin, and collagen) is at-
tenuated, suggesting that GPIIb/IIIa (the fibrinogen 
receptor) may also be affected. 

Although it has direct effects on platelet, rt-PA also acts 
through indirect means via plasmin generation. The overall 
effect of plasmin on platelet function appears to be con-
centration-dependent. At low concentrations (less than 0.5 
CU/ml), plasmin inhibits platelet aggregation in response 
to thrombin, ionophore A23187, and collagen. It appears 
that plasmin inhibits platelet function, at least in part, by 
blocking the mobilization of arachidonic acid from surface 
membrane phospholipid pools (Figure 4).21 Plasmin also 
exerts antiplatelet effects through the generation of 
fibrin(ogen) degradation products.22 

In contrast, higher concentrations of plasmin (greater 
than 1.0 CU/ml) have been shown to increase platelet 
aggregation. A number of mechanisms have been 
proposed: (1) plasmin-treated platelets have an in-
creased number of available fibrinogen-binding sites on 
their surface23; (2) platelet suspensions incubated with 
plasmin undergo activation, and release ADP, serotonin, 
and fibrinogen from internal storage granules24; and (3) 
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plasmin mediates a time- and dose-dependent phos-
phorylation of platelet proteins, causing a rise in the 
concentration of cytosolic calcium and inositol phos-
pholipid-dependent phospholipase C, and an increase in 
protein kinase C activation.25 

COMPLICATIONS 

The major complication associated with the administra-
tion of rt-PA, and with other fibrinolytic agents as well, is 
hemorrhage. Although bleeding is most common at sites of 
vascular trauma, spontaneous bleeding may also occur. 

Despite the fibrin specificity of rt-PA, hemorrhagic 
complications associated with its use have not differed 
substantially from those observed with other fibrinolytic 
agents, suggesting a role for factors other than, or in 
addition to, systemic fibrinogenolysis. 

The ability to predict patients at highest risk for spon-
taneous bleeding has been problematic. Comparative con-
trolled studies have shown a relatively weak correlation 
between the extent of fibrinogen degradation and bleeding 
tendency20,26; moreover, extreme interindividual variability 
has prevented the use of fibrinolytic and hemostatic serum 
markers in a clinically relevant fashion.27 

Several recent observations suggest that rt-PA- or plas-
min-mediated effects on platelet function may play a 
central role in the pathogenesis of hemorrhagic complica-
tions. In a study of 52 patients with acute myocardial infarc-
tion, Gimple and associates observed a significant increase 
in template bleeding time 90 minutes into the rt-PA in-
fusion.28 Bleeding times were more prolonged in those 
taking aspirin as compared with patients not taking aspirin. 
In a multivariate analysis, only the 90-minute bleeding time 
correlated with spontaneous bleeding (P = 0.01). 

Vaughan and colleagues examined the effects of 
aspirin and rt-PA on serial template bleeding times and 
bleeding tendency in rabbits.29 The intravenous ad-
ministration of aspirin prolonged the bleeding time 
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