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Introduction 
The use of anti thrombotic and thrombolytic agents in patients with coronary 

· heart disease has a remarkably on-again, off-again history. Much of the controversial 
history owes to the uncertainties of the role of thrombus in the development of acute 
myocardial ischemia. Independently, in 1910 in Germany and in 1912 in the United 
States, acute occlusive coronary thrombosis was proposed to cause a syndrome of 
acute myocardial infarction. By contemporary accounts, these descriptions were met 
with little interest or attention. Within a few decades, however, this proposal came to 
be accepted. Furthermore, it became clear that three serious complications of 
myocardial infarction were related to thrombosis. Thromboembolism to the cerebral 
arteries, causing stroke, and to other peripheral arteries soon after myocardial 
infarction is usually due to dislodgement of left ventricular thrombus at the site of the 
infarction. Deep venous thrombosis and pulmonary embolism occur in close 
relationship to the severity of depressed cardiac output and prolonged bed rest and 
inactivity following infarction. With the introduction of effective anticoagulant 
agents, anticoagulation after myocardial infarction became a routine part of patient 
management. Thrombolytic therapy for myocardial infarction, with streptokinase, 
was applied as early as 1959. By the late 1960's and early 1970's, however, the role of 
coronary thrombosis in the pathophysiology of acute coronary ischemia was highly 
questioned and use of antithrombotic therapy waned and the pace of clinical 
research with thrombolytic therapy slowed. In the last decade, however, a large body 
of clinical research made the role of thrombosis in the pathogenesis of acute 
myocardial ischemia much clearer. Completion of many clinical trials has allowed 
the development of consensuses on the use of anti thrombotic and thrombolytic 
therapy in several clinical settings. The pace of basic and clinical research has 
accelerated dramatically in the last few years and new controversies have arisen as 
the practicing community digests the fruits of the research efforts. 

There are two major purposes of this review. The first is to provide some 
essential background information on thrombosis, thrombolysis, antithrombotic and 
thrombolytic therapies, and the relationship of thrombosis to coronary heart disease. 
The second is to identify the major areas of consensus and controversy regarding the 
use of antithrombotic imd thrombolytic therapy that now exist. The scope of this 
review is too broad· to provide an analytical review of each of these areas. Major 
clinical trials and analytical reviews are referenced for the reader who wishes to 
explore individual areas in greater depth. Identification of areas of consensus and 
controversy is somewhat arbitrary on my part. Whenever possible, I have relied 
upon the proceedings of recent meetings, symposia, and conferences devoted to 
these issues. Especially helpful in this regard is the National Consensus Conference 
on Antithrombotic Therapy sponsored jointly by the American College of Chest 
Physicians (ACCP) and the National Heart Lung and Blood Institute (NHLBI) (1-3). 

Conversion From Chronic To Acute Myocardial Ischemia 
The sudden thrombotic occlusion of a coronary artery is one of the major 

disasters confronted in clinical medicine, often resulting in sudden cardiac death or 
myocardial infarction. Coronary atherosclerosis is the underlying cause in the 
overwhelming majority of cases. But coronary atherosclerosis develops over several 
decades and is often associated with only mild to moderate symptoms or none at all 
until a sudden conversion to a state of acute myocardial ischemia occurs. The cause 
of this conversion has been the subject of intense interest and clinical research in the 
last 15 years. The evidence is now strong that this conversion is due to "dynamic" 
coronary stenoses (transient, usually reversible limitations in coronary blood flow) 



superimposed onto fixed atherosclerotic.stenoses. ( 4-7) These dynamic stenoses 
appear to be the result of a complex and interrelated mixture of abnormal 
vasoconstriction, platelet plugging, and non-persistent thrombus formation at the site 
of an atherosclerotic plaque. (8) Investigations using coronary arteriography and 
coronary angioscopy support the thesis that deterioration of a "simple" atheroma to a 
"complex one" with acute plaque disruption (ulceration, fissuring, partial plaque 
rupture, etc.) is often the event that underlies the development of dynamic stenoses. 
(9,10) The syndrome of unstable angina appears to be a paradigm of this process. 
(7) The process of the dynamic coronary stenoses in acute myocardial ischemia thus 
appears to be pre-thrombotic or thrombotic. The pathophysiology of most cases of 
all forms of acute myocardial ischemia (unstable angina, non-Q-wave myocardial 
infarction, Q-wave myocardial infarction, and sudden cardiac death due to severe 
ischemia) can probably be thought as being on a continuum: unstable angina being a 
syndrome of repetitive dynamic stenoses without persistent total occlusion; non-Q
wave infarction being a syndrome of persistent but non-total coronary occlusion or 
total coronary occlusion followed within a short time with som·e degree of 
reperfusion; and Q-wave infarction being a syndrome of persistent thrombotic 
coronary occlusion. At least half of the cases of myocardial infarction occur in the 
wake of a syndrome of unstable angina. Further support for the above postulate 
comes from the protective effects which patients with unstable angina receive with 
antiplatelet (11,12) or anticoagulant (13) therapy. Aspirin reduces death and 
progression to definite myocardial infarction by about 50%; heparin probably 
reduces progression to myocardial infarction. In spite of anti-platelet therapy with 
aspirin, many thrombotic events still occur, with resulting infarctions and deaths. 
Obviously a better anti-thrombotic regimen than aspirin alone would be desirable. 
Several alternatives are being considered and studied and include low dose aspirin 
plus warfarin, anti-platelet aggregatory prostanoids, thromboxane synthetase 
inhibitors, thromboxane receptor antagonists, serotonin antagonists, thrombolytic 
agents such as tissue-type plasminogen activator, and doubtless others. 

One of the more fascinating aspects of unstable angina as a paradigm for the 
conversibn from chronic to acute myocardial ischemia is the observation that the 
process often appears to be self-limited, even in the absence of antithrombotic 
therapy. Studies with unstable angina iri the last 15 years show that about 80-90% of 
patients with this syndrome will restabilize with only quiet bed rest and treatment 
with conventional anti-anginal agents. It is tempting to speculate that the dynamic 
stenoses subside as the disrupted atherosclerotic plaque stabilizes. (7) 

In the last few years, it has been shown that some regimens of thrombolytic 
therapy can effectively open acutely thrombosed coronary arteries and improve the 
outcome of the majority of patients in the first few hours of an evolving acute 
transmural myocardial infarction. The disrupted plaque persists, however, and early 
rethrombosis occurs in 15 to 35% of cases in spite of therapy with anticoagulants or 
anti-platelet therapy. ( 14, 15) . 

It is possible that the speed and adequacy of regeneration of endothelium on 
the disrupted plaque is the crucial factor in determining the arrest of progression of 
occlusive thrombosis or rethrombosis in these cases. But it is interesting to speculate 
that there may be something different about the control and localization of 
thrombosis in the patients with acute myocardial ischemia who do not progress to 
persistent occlusive thrombosis or who do not rethrombose after successful 
thrombolysis from the patients who do. If definable differences in the tendency for 
blood to clot in the patients who are treatment successes from those who are 
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treatment failures can be identified, these differences may well point the way to 
improved antithrorhbotic and thrombolytic therapy. . 

Much of the recent work on preventing coronary thrombosis in syndromes or 
models of acute myocardial ischemia have dealt with blocking platelet adhesion and 
aggregation and the mechanical effects of platelet plugging or blocking the 
vasoconstricting influences (especially thromboxane Az and serotonin) of 
aggregating platelets. But activation of platelets and generation of thrombin are not 
totally independent nor sequential processes. Activation and aggregation of platelets 
and thrombin generation occur simultaneously and each process augments and 
accelerates the other. Recent work on the naturally occurring processes that control 
and localize the clotting cascade may have important implications for future work in 
preventing or mitigating coronary thrombosis. 

Limiting Thrombosis -Natural Anticoagulant Systems 
The basic concepts of the activation and propagation of the molecular 

coagulation process are reasonably well established. (16) Although not functionally 
correct, the coagulation scheme has been classically divided into two pathways 
according to activation mechanism. The pathways consist of a series of plasma serine 
protease precursors, two binding protein cofactors, the final substrate (fibrinogen), 
and a transpeptidase (factor XIII) stabilizing factor. The two activation pathways 
merge at factor X to a common pathway that eventually leads to the generation of 
thrombin (Ila). The scheme is illustrated in figure I. In the 23 years since the classic 
proposal of Davie and Ratnoff (17) of this "waterfall sequence", all of the clotting 
factors have been purified to homogeneity, amino acid sequences determined, 
glycosylation sites identified, and, for several, the genes have been cloned and 
localized on specific chromosomes. 

Six of these clotting factors, factors XII, XI, IX, VII, X, and II are serine 
proteases of restricted specificities. The serine residue of the active site is generally 
found in the carboxy-terminus of the protein. The amino termini of these factors 
have sequence differences which confer the individual specificities. The proteases 
are secreted into the circulation as inactive precursors or zymogens; their proteolytic 
activities are not expressed because their active sites or substrate binding sites are 
blocked. Activation is associated with proteolytic clips which expose the serine 
protease part of the molecule. Two of the clotting factors, VIII and V, are not 
proteases, but function as binding protein cofactors. They coordinate complex 
formation on membrane surfaces of platelets and endothelium and serve as 
receptors for factors IXa and Xa respectively, thus increasing the activity of these . 

·proteases for their .substrates (factors X and II (prothrombin) respectively] by several 
orders of magnitude. . 

From a regulatory standpoint, the eventual rate of fibrin formation depends 
on thrombin activity and the availability of its substrate, fibrinogen. The intrinsic _ 
clotting cascade is initiated when blood contacts negatively charged subendothelial 
structures such as collagen. At least four plasma proteins, factors XII, XI, 
pre kallikrein, and high molecular weight kininogen interact in a complex series of 
reactions defined as the contact system. Factor XII binds strongly to these negatively 
charged surfaces and becomes -more susceptible to activation. A reciprocal 
activation of prekallikrein and factor XII leads to factor XI activation. Unknown at 
present is the initial trigger of the reciprocal activation process. Eventually, however, 
prothrombin (II) is activated to thrombin (Ila) and it proteolytically modifies 
fibrinogen by the sequential removal of small N-terminal peptides (fibrinopeptides A 
and B) from the A alpha and B beta chains to form fibrin monomers. These fibrin 
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monomers undergo a spontaneous self-assembly to form insoluble polymers. 
Thrombin-activated factor XIII stabilizes the fibrin gel through formation of 
intermolecular epsilon-(gamma-glutamyl) lysine covalent cross-links. This resulting 
fibrin web stabilizes platelet plugs via specific membrane receptors and forms a 
thrombus. 

The extrinsic system requires an exogenous activating factor in addition to 
circulating factor VII to initiate the cascade. This tissue factor, also called 
thromboplastin, is a lipoprotein that is present in nearly every tissue. Many cells 
appear to synthesize tissue factor constitutively. On the other hand, endothelial cells 
and monocytes show low basal rates of tissue factor synthesis, but can be stimulated 
to increase tissue factor expression under various stimlui, such as immune complexes, 
inter!eukin I, endotoxin, tumor necrosis factor and lymphokines. Tissue factor from 
a variety of sources such as human brain and placenta has been purified and the 
structure shown to be a lipoprotein with no apparent enzymatic activity. Activation 
of the extrinsic system in certain disease states (e.g. disseminated intrava~cular 
coagulation) results from tissue break down or stimulation of vascular cellular 
components such as endothelial cells and monocytes. This may result in 
microthrombotic complic.ations or possibly large vessel thrombosis. Inactivation of 
the tissue factor- factor VIla complex is regulated by a serum factor that has been 
partially characterized and termed TFI (tissue factor inhibitor) or ESI (extrinsic 
system inactivator). (18) 

There must be factors that can stop the clotting cascade and localize 
thrombosis to the site of vascular injury or disruption. Otherwise total body blood 
clotting would result. A large body of work in recent years has elucidated four 
natural anticoagulant systems that modulate the clotting cascade. They are 
illustrated in figure I along with the clotting cascade. They are: the protein C/ 
proteinS/ thrombomodulin system, the antithrombin III/ heparin/ heparin cofactor 
II system, the fibrinolytic system,.and local vascular production of prostacyclin, a 
prostanoid with potent efficacies for inhibiting platelet aggregation and promoting 
vascular relaxation. 

The most recently elucidated of these control mechanisms is called, for the 
purpose of this discussion, the protein C/ protein S/ thrombomodulin system. ( 19-23) 
Protein C, like factors II, VII, IX; and X of the clotting cascade, is a vitamin-K
dependent glycoprotein zymogen with a potential active-site serine. However, it has 
anticoagulant, not procoagulant, properties. It is converted to an active protease by 
thrombin proteolysis. Conversion to the active form by thrombin is enhanced 1000-
fold by binding of thrombin to the recently discovered 32rotein, thrombomodulin, 
which is expressed on the surface of endothelial cells. (Furthermore, the thrombin
thrombomodulin complex reduces thrombin-related procoagulant activity by the 
removal of circulating thrombin.) Activated protein C exerts its anticoagulant 
activity by the proteolytic destruction of activated factors V. and VIII, the two factors 
that bind to platelet and endothelial membranes and serve as receptors for other 
clotting factors. This proteolytic action on factors Va and VIIIa is markedly 
enhanced by protein S, which serves as a cofactor for activated protein C. Like 
protein C, proteinS is a vitamin-K-dependent protein. ProteinS is synthesized by 
endothelial cells and megakaryocytes as well as the liver. (24,25) It circulates as a 
free, active form and an inactive form bound to the C4b binding protein. Activated 
protein C exerts a profibrinolytic (26,27) effect by binding to and inactivating the 
circulating inhibitor of tissue plasminogen activator, PAI-l. (28) (The binding of 
PAI-l to activated protein C, however, also inactivates protein C and may be one 
mechanism for control of activated protein C). This effect on inactivation of PAl-l 
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has been shown to be enhanced by protein S. Whether complex formation with the 
inhibitor or proteolytic inactivation is the mechanism of this action of activated 
protein C in vivo is uncertain. 

Antithrombin III, an alpha-2-globulin, is an inhibitor of coagulation and a 
member of the serpin family of protease enzyme inhibitors. The tertiary structure of 
the functional inhibitor contains a reactive center, which serves as a substrate for 
thrombin, and also for factors XII, XI, IX, X, and (perhaps to a lesser degree) VII. 
Unlike other substrates, however, antithrombin-III binds avidly to the serine 
pro teases after proteolysis of the Arg-Ser bond and remain as tight complexes that 
are removed from the circulation .. Heparin-like substances, which are naturally 
present on blood vessel lumina, are cofactors for this inactivation reaction. The 
mechanism by which heparin participates in this process is still incompletely 
understood. Some evidence suggests a change in conformation at the reactive 
center upon binding of heparin. Heparin cofactor II, another plasma protein of the 
serpin family, also inactivates thrombin. Circulating levels of heparin cofactor II are 
approximately half those of antithrombin III on a molar basis. (29) 

The third natural anticoagulant system is .fibrinolysis. (30) Plasminogen, the 
circulating plasma protein. precursor of the active serine protease, plasmin, is 
converted into its active form by the action of plasminogen activators. Plasmin 
degrades fibrin, fibrinogen, and other circulating proenzymes and cofactors. After 
activation, plasmin activity is neutralized by a circulating binding protein, alpha-2-
antiplasmin (alpha-2-plasmin inhibitor). Quantitatively, there is more plasminogen 
than antiplasmin activity so that significant conversion of plasminogen to plasmin can 
result in total consumption of antiplasmin and unchecked plasmin activity. When 
this occurs, clotting factors are consumed and a potential bleeding state ensues. 
Various tissues express different plasminogen activators. The principal one in blood 
is endothelial cell-derived tissue-type plasminogen activator (t-PA). It has a high 
affinity for fibrin and requires fibrin to optimally activate plasminogen; therefore, its 
action is largely limited to the region of fibrin formation and accounts for the 
direction of fibrinolysis towards specific degradation of fibrin clots i11 vivo. Further 
regulation of plasmin activity also occurs at this level. During factor XIIIa
dependent covalent cross linking of polymerized fibrin, small amounts of alpha-2-
antiplasmin are attached to the fibrin clot by covalent bonds. This localizes it to the 
site of t-PA-mediated plasminogen activation, and thus plasmin can be inhibited at 
this level of fibrin polymers. In addition to the release of t-PA, the endothelial cells 
also produce and release plasminogen activator inhibitor (P AI)-1, which prevents 
plasminogen activation by t-P A. (31) An identical P AI is also found in platelets, 
probably stored in the alpha granules. Fibrin degradation results in various soluble 
degradation products including the terminal product, the 0-dimer. The two D 
structures are linked together by means of covalent bonds, due to the action of 
thrombin-activated factor XIII in the presence of calcium. The D-dimer product of 
fibrin does not occur with fibrinogen degradation and it has antigenic sites that do 
not appear to be shared with the degradation products of fibrinogen. Quantification 
of 0-dimer in the plasma provides an indication of the degree of fibrinolytic activity 
in vivo. (32) 

. Local production of ptostacylin provides a fourth control mechanism for 
thrombosis by its action on platelets and local vascular tone. It increases platelet 
content of cyclic AMP which greatly decreases platelet aggregability and has a 
marked relaxing effect on vascular smooth muscle, thus opposing the 
vasoconstricting effects of the products of the platelet release phenomenon. 

5 



., 

F!(:UI!E I 
TilE CLOTTING CASCADE AND lTS REGULATOI!Y CONTROLS 

INTRINSIC 

l
NEGATIVE 

CIIARGE 
KALLIKREIN 
I!NWK 

EXTRINSIC 

VliTVlla 

TISSUE 
FACTOR 

A TISS. FACTOR I \INHIBITOR 

++ :: '~I Hi 

II __ _;_ ___ II a---+-

1 
PC 

FIBRINOGEN FIBRINOGEN 

l DEGRADATION 
PRODUCTS 

FIBRIN HONmlER" . PAL 

PAI i 
-;1 

INACTIVE 
TF- VIla - TFI 
COHPLEX 

l ~ t-PA/ ~ t- PAi 

FIBRIN POLYl'lER~~~ 
xnr-xiiia l - PLASmNOGEN 

~TIIROHBUS l / 
PLATELET I / 
PLUG .f-~-------- PLAS~ILN 

PROSTACYCLIN DEGRADATION PRODUCTS 1 CROSSLINKED FifiRIN ~ 

(D-DU!ER) ALPI!A-2 
ANTI PLASH IN 

INACTIVE 
CONPLEX PLATELETS 

Abbreviations: APC, activated protein C; PC, protein C, PS, protein S; IIMW<, high 
molecular weight kininogen; PAI, plasminogen activator inhibitor; PL, phospholipids; 
TM, thrombomodulin; t-PA, tissue type plasminogen activator; TF, tissue factor; TFI; 
tissue factor inhibitor. The suffix "a" denotes the activated form of a sul>stanc e; 
the suffix "i" denotes the inactivated or the inhibited form of the previously acti
vated substance. 

6 



.I 
I 
I 
I 

The role of the normal endothelium in controlling and localizing blood 
clotting bears emphasis. Normally, the endothelium is an effective surface for the 
resistance of blood clotting. Functions that have an an anticoagulant effect that have 
been identified include production of plasminogen activators, prostacylin, and 
protein S, the expression of thrombomodulin, and the presence of heparin-like 
substances. Endothelial cells also have procoagulant functions, including the 
synthesis of plasminogen activator inhibitor, von Willebrand factor, and support of 
the assembly of clotting factors on their surfaces. Normally, the thromboresistant 
effects predominate. 

Congenital And Acquired Abnormalities In The Control Mechanisms Of 
Thrombosis. 

Recurrent thrombosis, principally venous, has been reported with congenital 
deficiencies of antithrombin III, protein C, protein S, plasminogen, tissue-type 
plasminogen activator, and a high content of plasminogen activator inhibitor 
(19,31,33,34). The proteinS deficiency syndromes may be due to either an absolute 
deficiency of the protein or a deficiency of the functional protein. In the latter case, 
which is the more common, there is a maldistribution of proteinS in the circulation, 
the inactive, protein-bound form predominating over the free, active form. (35) 
Arterial thrombosis with these congenital abnormalities appears to be rare. 
Congenital homozygous deficiency of one of these proteins, however, is unlikely to be 
of great importance for coronary thrombosis from a statistical point of view. 

With growing experimentation, however, increasing numbers of acquired 
abnormalities of these proteins are being reported in disease states associated with 
increased propensity to thromboembolism; and it is likely that information gathered 
so far represents only the "tip of the iceberg" of thrombotic disorders that are 
induced or promoted by acquired abnormalities in the clotting cascade and its 
controlling proteins. (19,31,33,34] Nephrotic syndrome is associated with a deficit of 
antithrombin III (but not protein C (36)] due to urinary losses of the protein. 
Depressed anti-thrombin levels in the plasma have also been reported in women who 
use oral contraceptives and in patients with advanced liver disease. Protein C 
depletion has been reported in patients with malignant neoplasms, following surgery, 
and with disseminated intravascular coagulation. (19,33-35) An aging-associated 
increase in thrombin generation from prothrombin, increase in fibrinogen conversion 
to fibrin, and decreased activation of protein C ill vivo (with normal circulating levels 
of protein C antigen) has recently been reported. (37) The coagulopathy that is 
associated with endotoxin administration in baboons was blocked with administration 
of activated protein C and administration of an antibody that blocked protein C 
activation worsened the coagulopathy. (38) · 

Transient dysfunction of the endothelium, with changes resulting in a less than 
a normally thromboresistant surface, occur in some circumstances associated with 
thrombotic tendencies. Exposure of cultured endothelial cells to endotoxin 
suppresses thrombomodulin expression resulting in impaired activation of protein C. 
(39) Exposure to tumor necrosis factor or interleukin-1 causes enhanced synthesis of 
tissue factor, decreased expression of endothelial receptors for proteinS, and 
increased expression of receptors for factor IXJIXa. ( 40,41) A number of 
circumstances that are associated with an increased thrombotic potential are 
associated with increased endothelial release of P AI, including administration of 
endotoxin or interleukin-1, pregnancy, surgery, and trauma. (The clinical importance 
of these observations with P AI is unclear at this time, however. It has been suggested 
that PAl may behave in plasma as an acute phase reactant protein inasmuch as 
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elevated plasma values have also been observed in hospitalized subjects with a wide 
variety of critical illnesses.) (31) It is tempting to speculate that similar transient 
abnormalities in endothelial function might occur near an acutely changing and 
disturbed atheroma, with or without loss of endothelial continuity, resulting in a loss 
of normal resistance to thrombus formation. In such a case, this "sick" endothelium 
would tend to favor blood clotting at this site, perhaps even in the absence of 
exposed subendothelial tissue. There is precedent for this possibility in arterial 
disease. In a dog model of myocardial ischemia and endothelial injury, vascular 
production of prostacyclin declined and thromboxane rose. ( 42) 

Hypercoagulability And Coronary Heart Disease. 
There is evidence from epidemiologic studies that ambulatory subjects who 

have elevated levels of fibrinogen, factor VII, and factor VIII have an increased risk 
of subsequent coronary events ( 43-45). Plasma levels of antithrombin III were not 
predictive of coronary events. 'rhere has been considerable experimentation with 
platelet reactivity and vessel wall prostanoid production in coronary heart di~ease, as 
mentioned above. ( 46) To date, however, the presence of acquired abnormalities in 
the coagulation control and localization systems that are described above have been 
little explored in patients with syndromes of acute myocardial ischemia. There are a 
few reports on t-PA and its inhibitor in patients with acute myocardial infarction 
showing increased plasma inhibitory activity along with a decreased level of t-PA 
activity or antigen. ( 46-52) The possibility that there is an increase in the circulating 
plasma t-P A inhibitor levels as a non-specific acute phase reactant mentioned above 
complicates the current interpretation of these data. An additional confounding 
feature of measurement of plasma levels of P AI is that two pools of the protein exist 
in the circulation, one in the platelet poor plasma and one in the platelet rich plasma. 
Of PAl in the plasma, about 80% is in the platelets. During coagulation, the PAl of 
platelets may play an important role in preventing premature clot lysis and local 
concentrations in the clot may be orders of magnitude higher than that in the plasma. 
There are also reports that elevated P AI plasma levels and depressed t-P A levels are 
present in some survivors of myocardial infarction and that the changes represent 
risk factors for subsequent coron~ry events. (53-57) 

There are only scant data in the published literature regarding protein C and 
antithrombin III in acute myocardial ischemia. Somewhat higher than normal levels 
of protein C antigen have been reported in patients with coronary heart disease 
(57,58), while high, low, and normal levels have been reported in patients with acute 
myocardial ischemia. (57,59,60) These results did not include functional protein C 
assays, so it cannot be determined from these data whether the protein C was 
functional or inactivated. In several small studies, both slightly depressed and normal 
levels of antithrombin III in acute myocardial infarction have been reported. (59,60) 
These surveys generally represented a single determination per subject. 

Control of Thrombosis with Drug Administration. 
Currently available means of altering coagulation do so by one of three 

mechanisms: decreasing thrombin generation and thereby limiting fibrinogen 
conversion to fibrin, altering platelet function, or by activation of plasminogen, 
thereby increasing the rate of fibrinolysis. 

Heparin 
Heparin is widely distributed in the body and is commercially derived from 

porcine intestinal mucosa and beef lung. It is a mucopolysaccharide with sulfate 
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groups bound to amino groups to form sulfaminic linkages. The sulfate groups make 
heparin a strong organic acid. The anticoagulant activity of the heparins is similar to 
the activity of the heparin-like compounds found in vessel walls that is discussed 
above. They activate anti-thrombin III and heparin co-factor II, serpin proteases 
that inactivate thrombin as well as factors XII, XI, X, IX, and, perhaps to a lesser 
degree, VII. The resulting decrease iil thrombin formation and availability limits 
fibrin formation from fibrinogen. 

Coumarin and lndandione Derivatives 
The fundamental actions o_f all of these drugs on the coagulation cascade are 

the same. They prevent gamma carboxylation of coagulation factors II, VII, IX, and 
X during their synthesis, thus rendering them inactive. The resulting decrease in 
thrombin formation and availability limits fibrin formation from fibrinogen. 

Anti-platelet Drugs . 
The physiology of platelet adhesion and aggregation have been understood in 

the past only rather superficially. The list of drugs that were known to influence 
platelet function was a long one. In the last few years, this list has grown longer as 
there has been an explosion in knowledge regarding receptors on the surface of the 
platelet and the mechanisms of signal transduction and amplification following 
stimulation of the platelet. Stimulation of platelets with ADP, epinephrine, collagen, 
thrombin, serotonin, and aggregatory prostanoids cause aggregation in vitro. 
Collagen, ADP, and thrombin are probably the most imponant natural stimulators of 
aggregation in vivo. These discoveries are leading to new ways to influence platelet 
function. Nevenheless, for this review of anti platelet therapy in coronary hean 
disease, the discussion has to be limited to aspirin, dipyridamole, and sulfinpyrazone, 
as there are extensive data only for these three agents. (61) 

Aspirin . . 
Aspirin does not appear to affect platelet adhesion to subendothelial 

substances. However, it markedly .inhibits collagen-induced platelet aggregation and 
the second wave of epinephrine- and ADP-induced platelet aggregation. It has very 
little effect on thrombin-induced aggregation. The anti-aggregatory effect is 
mediated through inhibition of thromboxane synthesis. Aspirin permanently 
acetylates platelet cyclooxygenase. As new protein synthesis is virtually absent in the 
anuclear circulating platelets, a platelet thus affected is permanently altered. This 
inhibitory action occurs at lower concentrations than are necessary to block 
prostacyclin production by vascular endothelium and smooth muscle. However, 
aspirin administration does not lengthen platelet survival in patients with shortened 
platelet survival, but does prolong the bleeding time. 

The ideal dose of aspirin in coronary disease remains somewhat uncertain. 
Nevertheless, based on clinical trials and pharmacologic studies, a consensus has 
developed that low-dose aspirin (about 325 mg daily) is as effective as high-dose 
aspirin (about a gram daily) and is not associated with frequent gastrointestinal 
problems as is the high-dose regimen. (1,61) When used with dipyridamole, high
dose therapy may be necessary to achieve the desired additive effect. (61) 

Dipyridamole 
Dipyridamole has an inhibitory action on platelet aggregation that has been 

more easily demonstrated with studies of circulating platelet aggregates than with in 
vitro platelet aggregation studies. Dipyridamole inhibits platelet interaction with 
damaged vascular endothelium and artificial surfaces. This action appears to be 
mediated through inhibition of platelet phosphodiesterase with a consequent 
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increase in platelet cyclic AMP content. This action allows it to act as a potentiator 
of the effects of prostacyclin. 

Sulfinpyrazone 
The uricosuric agent, sulfinpyrazone, has anti platelet activities that are not 

clearly understood. It is chemically related to the non-steroidal antiinflammatory 
drug (NSAID), pheylbutazone, but its antiplatelet activity cannot be accounted for 
exclusively by the reversible inhibitory effects on cyclooxygenase typical of drugs in 
this family. Sulfinpyrazone inhibits platelet aggregation and the release reaction: but 
only in very high concentrations that are not achieved with standard dosing regimens. 
Some of its antiplatelet effect persists after the drug has left the circulation. 
Metabolites may account for this. It normalizes shortened platelet survival in 
patients with artificial heart valves and decreases the frequency of thrombosis in 
patients with arteriovenous shunts. 

Plasminogen Activators 
This is an extremely active area of basic and clinical research. All the 

fibrinolytic agents currently in use or under development act as plasminogen 
activators, either directly or indirectly. (62;63) Three plasminogen activators, 
streptokinase, urokinase, .and recombinant t-PA (rt-PA) are commercially available 
in the United States and approved by the Food and Drug Administration for the 
treatment of acute myocardial infarction. Streptokinase is approved for 
intracoronary and intravenous use. Recombinant t-PA is approved for intravenous 
use. Urokinase is approved for intracoronary use. Urokinase has been used 
intravenously in clinical trials and occasionally in clinical practice. Active 
investigation with intravenous urokinase is underway and it is likely that it will be 
approved for intravenous use in this country in the not-too-distant future. Clinical 
research with an acylated plasminogen-streptokinase activator complex (APSAC) is 
in an advanced state and this agent is also likely to be available in the United States 
in the near future. Clinical research with a recombinant form of single-chain 
urokinase type plasminogen activator(scu-PA, pro-urokinase) is well underway. 
Basic research with "third generation" plasminogen activators such as anti-fibrin 
antibody/plasminogen activator complexes and mutant forms of rt-PA and scu-PA 
with favorable characteristics for fibrinolytic therapy is being conducted in many 
laboratories worldwide and commencement of clinical trials in men with such agents 
can be expected in the next few years. Thrombolytic agents will be tested in 
combination with other agents such as beta-blockers, calcium blockers, free radical 
scavengers, and natural anticoagulants such as activated protein C. An appreciation 
of the differences among the actions of streptokinase, APSAC, urokinase, scu-P A, 
and rt-P A is necessary to understand some of the areas of consensus and controversy 
in current fibrinolytic therapy for myocardial infarction. 

Streptokinase is a product of streptococci. It activates plasminogen molecules 
by binding on a one-to-one ratio with a plasminogen molecule. The 
streptokinase/plasminogen complex leads to a change in the associated plasminogen 
molecule so that an enzyme center is exposed that is able to convert other 
plasminogen molecules to plasmin. It reacts with plasmin in the circulating blood as 
well as plasmin bound to fibrin. 

APSAC is a plasminogen/streptokinase complex that has been made inactive 
by acylation of the enzymatic center of the plasminogen part of the complex. While 
the acylated complex is enzymatically inert and does not react with plasmin inhibitors 
or with plasmin, it can still bind to fibrin. Gradual deacylation occurs spontaneously, 
especially after binding to fibrin, and produces active streptokinase/plasminogen 
complexes. 
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Urokinase is a double-chained molecule that is a product of urinary tract cells. 
Formerly prepared by concentration from urine, it is now made in tissue culture. 
Urokinase activates plasminogen directly. It is active on circulating plasminogen 
molecules as well as fibrin-bound plasminogen. 

Single-chain urokinase-type P A, formerly obtained in tissue culture from a 
hypernephroma cell line, is now made by recombinant DNA techniques. On the 
fibrin molecule, urokinase is assembled from two scu-P A molecules. Single-chain 
urokinase-P A appears to have considerable specificity for fibrin-bound plasmin. This 
may be due to a much higher propensity for scu-PA to activate lys-plasminogen (the 
molecular form that is attached to fibrin) than for activation of glu-plasminogen (the 
type that is in the circulating blood). 

Both single-chain and double-chain t-P A have been used clinically. They are 
made by recombinant DNA techniques in tissue-culture. The single-chain form is 
produced by a suspension-culture technique; the double-chain form is made by a 
roller-bottle technique. The single-chain form is more fibrin-specific than the 
double-chain form and it is thought to be rapidly assembled into the double-chain 
form in vivo. 

ANTICOAGULANT THERAPY FOR MYOCARDIAL INFARCTION
SECONDARY PREVENTION 

Anticoagulant therapy for myocardial infarction has been controversial for 
several decades. It was embraced enthusiastically as an important part of therapy 
after publication of the first clinical trial in 1948. (64) By the late 1960s and early 
1970s, interest began to wane as doubts grew about the importance of thrombosis in 
acute myocardial infarction and with the publication of several large randomized 
studies on this subject. (65-77) The ACCP-NHLBI consensus panel stated, however, 
that "critical review of the evidence for the possible value of anticoagulant therapy in 
acute myocardial infarction suggests that neither the initial enthusiasm nor the 
subsequent loss of interest is justified by the published reports." (1) Discussion of 
anticoagulants for myocardial infarction is conveniently divided into four parts: 
short-term treatment soon after myocardial infarction to prevent death and 
reinfarction, short-term treatment soon after myocardial ·infarction to prevent 
embolism from the left heart, short-term treatment soon after infarction to prevent 
deep venous thrombosis and pulmonary embolism, and long-term treatment for 
survivors of myocardial infarction to prevent death and reinfarction. 

Short-term Anticoagulant Therapy Soon After Myocardial Infarction to Prevent 
Death and Reinfarction 

More than 30 tri.als of anticoagulant therapy after Ml have been identified 
(78) Nevertheless, there are only three randomized studies o{ sufficient size to have 
a reasonable change of demonstrating a clinically important reduction in death and 
reinfarction. (65-67) 

The Medical Research Council of the United Kingdom (MRC) Trial (65) was 
a single-blind controlled study in which 1,427 patients with acute MI were randomly 
allocated to anticoagulation or control therapy for 28 days. Active therapy was 
intravenous heparin followed by phenindione. The control group received 
homeopathic doses of phenindione and no heparin. Death was reduced 11%, from 
18% in the control group to 16.2% in the active-treatment group (NS). Reinfarction 
was reduced from·13% in the control group to 9.7% in the anticoagulated group 
(NS). 
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The Bronx Municipal Hospital Center Trial (66) was a randomized, placebo-
. controlled, single-blind trial in 1,136 patients of anticoagulants or placebo within 24 
hours of admission. Active therapy was heparin (the first dose was intravenous, the 
following doses were subcutaneous) followed by phenindione. Control patients 
received placebos. The duration of therapy was not specified. Death was reduced by 
30% from 21.2% in the control group and 14.9% in the anticoagulated group 
(P<0.005). Reinfarction was reduced from 13% in the control group to 11.8% in the 
actively-treated group (NS). • 

In a VA Cooperative Trial (67), 999 male patients were randomly allocated to 
anticoagulant or placebo therap)t within 72 hours of the onset of their symptoms . 
Active therapy was subcutaneous heparin followed by warfarin. They were treated 
for 28 days. Death was reduced by 14%, from 11.2% in the control group to 9.6% in 
the anticoagulated group (NS). Reinfarction was reduced 50%, from 4% in the 
control group to 2% in the actively-treated group. (NS). 

Chalmers and his associates reviewed and reanalyzed the results of all of the 
adequately-designed, randomized studies of anticoagulant therapy in acute , 
myocardial infarction. (78) They identified more than 30 studies. The results of 
analysis of the pooled data suggested a reduction in death of 21%. This type of 
analysis of data pooled from more than one trial has proponents and detractors 
among biostatisticians and epidemiologists. 

After decades of controversy, based upon the above data, there is now a 
consensus that short-term anticoagulation soon after myocardial infarction may 
produce a modest reduction (about 20%) in early mortality in patients with acute 
myocardial infarction. Nevertheless, the recent data showing that the majority of 
patients with acute MI already have an occlusive coronary thrombus at the time of 
hospital admission make it unlikely that anticoagulant therapy alone would have a 
major influence on infarction size and, therefore, have a major effect on early 
mortality after MI that is relatect to the extent of loss of working ventricular 
myocardium. The effectiveness of anticoagulants soon after acute MI was probably 
chiefly a function of maintenance of patency of coronary arteries following 
spontaneous fibrinolysis and thus prevention of death and reinfarction related to 
reocclusion of the affected arteries. (1) A few deaths were clearly prevented by 
prevention of stroke and pulmonary embolism, issues that are discussed below. 
Therefore, the current consensus is that the roles of short-term anticoagulant 
therapy soon after myocardial infarction are largely limited to the following: as an 
adjunct to coronary fibrinolytic therapy, prevention of thromboembolism from the 
left ventricle, and prevention of deep venous thrombosis and pulmonary embolism. 
(1,61,79) . 

Short-.tenn Therapy After Myoca.rdial Infarction to Prevent Systemic 
Thromboembolism from the Left Heart 

Modern coronary care has greatly reduced death after MI from cardiac 
rhythm disorders in patients once they are attended by appropriately trained health
care workers. Most in-hospital deaths are now from left ventricular pump failure. 
Only about 10% of in-hospital deaths after MI are due to systemic embolism and the 
great majority of those are the result of strokes. (80) In the MRC study (65), the 
relative risk of stroke was reduced by anticoagulant therapy by 55%, from 2.5% to 
1.1 %, (P<0.037). In the Bronx Municipal Hospital study (66), the relative risk of 
stroke was reduced 24%, from 2.3% to 1.7% (NS). In the VA study (67), the relative 
risk of stroke was reduced by 75%, from 3.2% to 0.8% (p<0.005). 

The risk of systemic embolism is not equally distributed among all patients 
with acute MI. It is highest in patients with acute anterior wall infarcts associated 
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with wall motion abnormalities. In these patients, the risk is about 30-40%, 
approximately twice the risk of all patients with MI. This group also has the highest 
incidence of mural thrombi detected by echocardiography. Nevertheless, about 20% 
of ventricular thrombi are not detected by echocardiography, Furthermore, it has 
not been shown clearly that patients with anterior wall infarctions without 
echocardiographically detectable thrombus are at substantially less risk for 
thromboembolism than are similar patients with detectable thrombus. Therefore, a 
strong consensus has developed that patients with anterior wall myocardial infarction 
should receive heparin therapy followed by oral anticoagulant therapy (prolonging 
the prothrombin time 1.2- 1.5 times the control value) for 1-3 months. 

Other risk factors for systemic embolism include large infarcts, dilation of the 
left ventricle, congestive heart failure, atrial fibrillation, and ventricular aneurysms, 
and history of previous systemic or pulmonary embolism. Therefore, a consensus has 
also developed that patients with acute myocardial infarction who are at increased 
risk of systemic embolism because of atrial fibrillation, history of previous systemic or 
pulmonary embolism, or congestive heart failure should receive heparin therapy 
followed by oral anticoagulants to prolong the prothombin time to 1.2-1.5 times the 
control value for at least three months. (1). This recommendation might be 
extended to other patients deemed to be a high risk on an individual basis. 

Short-term Anticoagulant Therapy to Prevent Deep Venous Thrombosis and 
Pulmonary Embolism. · 

The risk of pulmonary embolism that was diagnosed clinically was reduced in 
all three of the large anticoagulant trials mentioned above. The relative risk was 
reduced from 5.6 to 2.2% (P<0.01) in the MRC study (65), from 6.1 to 3.8% (NS) in 
the Bronx Municipal Hospital study (66), and from 2.6% to 0.2% (P<0.005) in the 
VA Cooperative study (67). The clinical diagnosis of pulmonary embolism is often 
difficult, but two autopsy studies. comparing pulmonary embolism in the presence 
and absence of anticoagulant therapy are supportive of the findings of these three 
trials. (81,82) Three recent trials that looked for venous thrombosis in the lower 
extremities with radioisotope scanning techniques are also supportive of a protective 
effect of anticoagulants. The presence of thrombi in the veins of the leg was reduced 
significantly in two of the studies (83,84) and reduced, but insignificantly so, in the 
third (85,86). Modern coronary care emphasizes early ambulation of the patient 
following MI. The incidence of deep venous thrombosis is reduced as a result. (87) 
Therefore, pulmonary embolism today probably occurs less frequently than in 5% of 
patients and is more prevalent in patients at high risk for venous thrombosis, such as 
patients with heart failure, shock, preexisting venous disease or history of venous 
thromboembolism, obesity, and patients requiring bed rest for more than 3 days. 
Nevertheless, there is a strong consensus that patients with acute myocardial 
infarction should receive anticoagulation, with at least low-dose heparin (5,000 units 
intravenously or subcutaneously every 12 hours until fully ambulatory). The majority 
of the experts appear to favor application to all patients with acute infarction (1, 79). 
Some prefer to restrict it to patients at high risk for venous thrombosis (61). 

The hemorrhagic risks of short-term anticoagulation after MI in the groups 
outlined above appears to be acceptably low enough in light of the ·demonstrated 
benefits. The ACCP-NHBLI consensus panel combined the results of the three 
above-noted randomized trials of short-term anticoagulation after MI. In the 2,348 
patients who received anticoagulant therapy, minor bleeding occurred in 7%; major 
bleeding occurred in 1.5%; and bleeding into the central nervous system occurred in 
0.05%. There were no deaths attributed to bleeding. 
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Long-term Anticoagulation In Survivors of MI to Prevent Reinfarction and Death 
The statistical demands of trials to show a beneficial effect on mortality and 

morbidity in survivors of MI are formidable . ( 1,61) The death rate and reinfarction 
rate drop substantially following the hospital phase of MI and continue to drop 
exponentially for about a year. From a year after MI, the mortality rate returns to a 
rate identical to patients with stable chronic coronary heart disease without MI. 
Many trials with oral anticoagulants long-term commencing in the first few weeks 
after MI have been performed, but only three had an 80% chance to demonstrate a 
50% difference in death or reinfarction at the 5% probability level. No such trial has 
been performed with a power of demonstrating a 20% difference . 

The MRC trial was a trial of 383 people who had survived an MI 4-6 weeks 
before entry into the trial. (88) All of these subjects had been treated with 
anticoagulant therapy during the hospital phase of their illnesses. They were 
randomly allocated to receive either full or homeopathic doses of phenindione. The 
patients were followed for three years. The death rate was decreased 30%, from 
21.3% to 14.9% (NS). Recurrent MI was reduced from 39.9% to 20.5% (P<0.001). 

The VA Cooperative study was a trial of 747 male patients who were enrolled 
within 21 days of hospital admission for acute MI. (74, 75 ) They were randomly 
assigned to either placebo or warfarin and were followed for 7 years. At three years 
of follow-up, mortality was significantly reduced (P<0.01), but by the end of the 7-
year follow-up, the death rates were virtually identical. Recurrent MI was reduced 
by25%. 

The German-Austrian Centre Clinical Trial was a trial of placebo vs. aspirin 
vs. phenprocoumon. (76) (The results with aspirin are discussed below.) Three
hundred and nine patients were randomly allocated to placebo treatment and 320 
were assigned treatment with phenprocoumon. They were enrolled 30-42 days after 
MI and were followed for 2 years. The relative risk of death was increased 18%, 
from 10% to 12% (NS). There was a non-significant reduction in the rate of 
recurrent myocardial infarction. 

A fourth trial, the Sixty-Plus Reinfarction Study (89), requires discussion 
· although it does not fit precisely into this section, because the 878 subjects had 

sustained an MI 6 or more months before entry into the study. ·rn fact, the mean time 
from infarction was 6 years. All of the patients were over 60 years of age and all had 
received oral anticoagulant therapy since the time of their infarction. They were 
randomly assigned to placebo or oral anticoagulant therapy. After two years of 
follow-up, there was no difference in death rates, but recurrent myocardial infarction 
was reduced by 55%. 

Because of the low statistical power of the available studies, an international 
pooling group has combined the results of nine studies. (77) The results of this 
effort suggest that mortality was reduced by 20% in men given long-term 
anticoagulants, with the benefit limited to patients with prolonged angina or previous 
MI on admission. to the trial. 

Last year, the results of a trial of low-dose, subcutaneous heparin in survivors 
ofMI was reported from Ita.ly. (90) It was a prospective, randomized, controlled 
trial of heparin, 12,500 units daily, in 728 patients who had sustained a Q-wave 

.infarction 6-18 months before enrollment. After two years of follow-up, the mortality 
rate was decreased by 48% (P<0.05),(drug efficacy analysis) or 34% (NS),(intention 
to treat analysis). Recurrent infarctions were decreased by 63%, from 3.56% to 
1.32% (P<0.05). 
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Bleeding complications, not unexpectedly, were common in most of these 
trials. Most of the hemorrhagic episodes were minor, however. In general, the 
incidence of stroke was reduced, implying a decrease in embolic and thrombotic 
strokes that outweighed any increase in hemorrhagic strokes. 

The absence of more compelling evidence of benefit than demonstrated thus 
far, the risk of bleeding, and the practical difficulties associated with long-term oral 
anticoagulation make this therapy hard to recommend as routine therapy after MI. 
The reduction in mortality and reinfarction does not appear to be any greater than 
with anti-platelet therapy, which is much simpler, associated with fewer hemorrhagic 
complications, and presumably has a similar mode of cardiac protection, namely an 
antithrombotic effect. The incidence of thromboembolism, however, appears to be 
reduced. [Reviewed in (1)] Therefore, a consensus has developed that oral 
anticoagulant therapy should not be recommended routinely after MI. (1) A 
parallel consensus has developed, however, that survivors of MI should be treated 
long-term with oral anticoagulants if any of the following risk factors for systemic or 
pulmonary embolism are present: atrial fibrillation, previous systemic embolism, 
venous thromboembolism, or severe heart failure . (1) 

ANTICOAGULANT THERAPY FOR UNSTABLE ANGINA PECTORIS
SECONDARY PREVENTION 

From 1948 to 1964, there were several trials of anticoagulation in patients with 
unstable angina. The results were contradictory and the trials are not entirely 
satisfactory when judged by today's standards for clinical trials. There is only one 
recent study of anticoagulation in unstable angina. ( 13 ). Heparin therapy was 
associated with a statistically significant (p<0.024) reduction in progression to 
transmural infarction. The study design has been criticized by some and there was a 
high dropout rate, so that the precise degree of protection conferred by heparin 
remains uncertain. The protective effects of anti platelet therapy in unstable angina 
are much more convincing than the effects of anticoagulation (see below). 
Therefore, a consensus has developed that anticoagulants should not be used 
routinely in unstable angina. (1) Nevertheless, a few patients with unstable angina 
will require urgent coronary artery bypass surgery . . Aspirin therapy is associated 
with increased periope~tive bleeding following coronary bypass surgery. (This is 
discussed further in the section on antiplatelet therapy to protect coronary artery 
bypass grafts.) Many cardiac surgeons are reluctant to perform bypass surgery on 
patients who have received aspirin in the week before surgery. Therefore, a 
consensus has developed that patients with unstable angina who are likely to require 
urgent coronary artery bypass surgery should receive heparin therapy prior to the 
surgery instead of aspirin. _ 
ANTIPLATELET THERAPY FOR MYOCARDIAL INFARCTION AND 
UNSTABLE ANGINA PECTORIS • SECONDARY PREVENTION 

Antiplatelet Therapy for Unstable Angina 
Two prospective, randomized, placebo-controlled trials of antiplatelet 

therapy in unstable angina pectoris have shown remarkably similar and highly 
protective effects. The principal end point in both studies was myocardial infarction 
or coronary death. 

The VA Cooperative study randomly assigned 1,338 male patients to 324 mg . 
of aspirin in a buffered solution or placebo for 12 weeks, beginnmg within 51 hours of 
hospital admission. Death or nonfatal MI were reduced 51%, fn?m ~0.1% to 5% 
(p<0.0005). Analysis by intention to treat showed a 41% reduction m this end point 
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(p<0.004). The protective effects were maintained at one year after entry into the 
study. (11) . 

ln the Canadian multicenter trial, a total of 555 patients, including 27% 
women, were randomly allocated to placebo-controlled treatment within 8 days of 
hospitalization of aspirin (325 mg 4 times daily), sulfinpyrazone (200 mg 4 times 
daily), both, or neither. Treatment lasted for 2 years. When the study ended, mean 
follow-up was 18 months. Active treatment with a regimen including aspirin was 
associated with a 51% reduction in myocardial infarction or death, from 13 to 6% 
(p<0.005). Analysis by an intention to treat analysis showed a reduction of this end 
point by 30% (p<0.07). Sulfinpyrazone treatment alone was not protective. 
Women as well as men benefited. (12) 

There is a consensus that patients with unstable angina should be treated with 
aspirin for two years at 325 mg per day. (1) Because some reports have suggested 
that women are Jess responsive to the protective effects of aspirin therapy against 
cardiovascular events and because the one study that included women administered 
high-dose aspirin, some physicians prefer to use doses of about a gram per day in 
female patients with unstable angina. 

Anti platelet Therapy· for Acute Myocardial Infarction 
Until this year, there were very few data regarding a protective effect of 

antiplatelet therapy given to patients early during acute myocardial infarction. One 
small study, supported by the MRC, utilized a single 300 mg dose of aspirin given 
within the first day of admission. (91,92) There was a 7% decrease in mortality at 
the time of hospital discharge. (NS) The huge ISIS-2 trial reported its findings at the 
meeting of the American College of Cardiology this spring and a report of the study 
was published just 12 days ago, in Lancet. (93) This trial was a randomized, placebo 
controlled trial of aspirin ( 160 mg chewed as soon as possible after entry and then 
160 mg daily) and streptokinase given within the first 24 hours after the onset of 
acute myocardial infarction. A total of 17,189 patients were randomly assigned to 
receive aspirin alone, aspirin plus streptokinase, streptokinase alone, or both active 
drugs. The primary end points were vascular and total mortality 5 weeks after the 
infarct. Aspirin therapy significantly reduced mortality, by 21 %, from 11.5% to 9.3%. 
The effects of aspirin were additive to the effects of thrombolytic therapy. There was · 
a 23% reduction in mortality with aspirin therapy in patients who received active 
streptokinase (i.e. aspirin plus streptokinase vs. streptokinase plus aspirin placebo, 
P<0.0003). This effect was as prominent as the 19% reduction in mortality 
demonstrated in the patients who received aspirin alone (i.e. aspirin plus 
streptokinase placebo vs. aspirin placebo plus streptokinase placebo, P<O.OOOI). 
Because these data are so new, it would be premature to suggest that a consensus has 
developed favoring routine use of aspirin in the acute phase of MI. Nevertheless, I 
expect such a consensus will develop quickly in view of these data, and the protective 
effects that have been demonstrated in patients with unstable angina (see above) and 
in patients who have survived MI (see below). The effect presumably is due to 
prevention of new thrombus and platelet plugging following spontaneous or 
streptokinase-induced fibrinolysis. 

Long-Tenn Antiplatelet Therapy In Survivors of Acute Myocardial Infarction 
Ten large, randomized, placebo-controlled long-term secondary prevention 

studies have been performed with antiplatelet agents in survivors of myocardial 
infarction. Eight were carried out with aspirin, either alone (6 studies) or in 
combination with dipyridamole. Two were carried out with sulfinpyrazone. 
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The first MRC trial was a randomized, double-blind study of aspirin, 300 mg 
once daily, in 1,239 men who had sustained a myocardial infarction within 10 weeks 
of enrollment. Follow-up was one year. Mortality was reduced 22%, from 9.8% to 
7.6%. (NS). The reduction was much more prominent in men who were enrolled 
within 6 weeks of infarction. In that case, mortality was reduced from 13.2% to 7.8%. 
(92,94) 

The Coronary Drug Project Research Group (CDP) randomly assigned 1,529 
men with MI within 5 years of enrollment to aspirin (324 mg three times daily) or 
placebo. Total mortality was reduced 30%, from 8.3% to 5.8% (NS). (95,96) 

The German-Austrian Trial randomly allocated 946 patients within six weeks 
of MI to aspirin (500 mg three times a day), placebo, or oral anticoagulation (see 
above). Follow-up was 2 years. Total mortality was reduced 18%, from 10% to 8.5% 
(NS). The coronary death rate was reduced more markedly, from 7.1% to 4.1% 
(NS). (97,98) 

The second MRC trial randomly assigned 1,682 patients to aspirin (300 mg 
three times daily) or placebo within one week of MI. Total mortality was reduced 
17%, from 14.8% to 12.3%. The risk of the combined end point of total mortality 
plus nonfatal MI was reduced from 28% to 22% (NS). (92,99) 

The Aspirin Myocardial Infarction Study (AMIS) randomly assigned 4,524 
patients with an MI 2-60 months previously and followed them for up to 3 years. 
Total mortality was increased 11%, from 9. 7% to 10.8%. There were fewer nonfatal 
Mis in the aspirin group and the combined incidence of coronary heart disease 
mortality or nonfatal MI was reduced from 14.8% to 14.1 %. (100,101) In spite of its 
size and randomization, the aspirin group received a disproportionately large share 
of patients with cardiovascular risk factors which may have affected the study 
outcome. (1) 

The first Persantine-Aspirin Reinfarction Study (PARIS) randomly allocated 
2,206 patients with MI 2-60 months previously to therapy with aspirin (324mg three 
times daily), the same aspirin regimen plus dipyridamole (75mg three times daily), or 
placebo. The average follow-up was 41 months. The active groups had twice as 
many patients as the placebo group. Total mortality was reduced 18% by aspirin 
alone, from 12.8% to 10.5%. It was reduced 16% by the combination of aspirin and 

• dipyridamole, from 12.8% to 10.7% (NS). Patients who were entered into the trial 
within six months of their infarction appeared to have the majority of the beneficial 
effects of antiplatelet therapy. (102-104) 

The results of these six trials were analyzed in an editorial in Lancet in 1980. It 
was pointed out that a trial of 5,000-10,000 patients would be required to detect with 
confidence a 10-20% end point reduction. The author of this editorial pooled the 
data of these six trials and concluded that the risk reduction with aspirin is 16% for 
cardiovascular death (P<0.01) and the combined end point of fatal and nonfatal MI 
is reduced by aspirin by21% (P<0.001). (105) 

The PARIS group carried out a second study, enrolling patients earlier than 
their first study, 4 weeks to four months after MI. They randomly assigned 3,128 
people to the same aspirin plus dipyridamole regimen that they used earlier or to 
placebo. The groups were of the same size. The follow-up period averaged 23.4 
months. At one year, total mortality was reduced 9% and coronary mortality was 
reduced 20%. (NS) At the conclusion of the study, the differences were much less 
striking. Nevertheless, the combined end point of coronary mortality plus nonfatal 
infarction was reduced significantly at one year and at the conclusion of the study. 
(106) 
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Based upon these studies, the Food and Drug Administration approved 
aspirin as an effective treatment following myocardial infarction for reduction of 
death and reinfarction. 

Two randomized, placebo-controlled studies of sulfinpyrazone after 
myocardial infarction have been performed, one in North America and the other in 
Italy. Both trials studied the effects of 200 mg of sulfinpyrazone four times daily. 
The North American trial demonstrated a reduction in mortality of 24%, from 10% 
to 8% (NS). Total mortality in the Italian study was reduced 26%, from 5% to 
4%.(NS). The sulfinpyrazone trials created a lot of controversy about some of the 
techniques of data analysis. furthermore, there were some inconsistencies between 
the two studies in benefits on cardiac death and reinfarction. As a result, the Food 
and Drug Administration did not 'approve sulfinpyrazone as effective therapy 
following MI. ( 1) 

Earlier this year results were published, from an enormous reanalysis of the 
available data from virtually all of the clinical trials of anti platelet agents in stroke, 
myocardial infarction, and unstable angina, by the Anti platelet Trialists Group. (107) 
They pooled and reanalyzed all of the above 9 trials, plus the Micristin study, a 
randomized trial in West Germany of aspirin, 1500 mg/day, vs. placebo in 1340 
people. Pooling these ten antiplatelet trials· in survivors of MI, they calculated an 
odds reduction of 25% for stroke, myocardial infarction, or vascular death 

· (p<0.0001), an odds reduction of 31%: for non-fatal myocardial infarction 
(p<0.0001), and an odds reduction for all vascular deaths of 13% (p<0.005). 

The ACCP-NHLBI consensus panel concluded late in 1985 (1) that individual 
clinical judgments should determine whether to use aspirin in survivors of MI. Since 
that panel made their recommendations, the full report of PARIS-II has appeared, 
the analyses of the pooled results from the Antiplatelet Tria list Group has been 
published, and the beneficial effects of aspirin in the acute phase of MI have been 
published by ISIS-2. Furthermore, the Food and Drug Administration has approved 
aspirin therapy post MI as effective for prevention of further coronary events. Low
dose aspirin should be effective and, therefore, side-effects will be minimized. 
Therefore, I believe that a consensus has developed in recent months that survivors 
of MI should be treated with low-dose aspirin for at least 1-2 years following MI. · 

ANTITHROMBOTIC THERAPY FOR STABLE ANGINA PECTORIS- PRIMARY 
PREVENTION 

There are no data available now on the value of long-term antithrombotic 
therapy in patients with stable angina pectoris in preventing myocardial infarction 
and cardiac death. 

ANTIPlATELET THERAPY IN SUBJECTS AT RISK FOR CORONARY EVENTS 
·PRIMARY PREVENTION . 

In January of this year, some results were published from two studies, one in 
the USA and the other in the United Kingdom, of aspirin administration to 
apparently healthy physicians. ( 108, 109) Entry was restricted to males, aged 40-84 
years, to select a group at high risk for the development of coronary heart disease 
end points. The principal investigator in each trial was a co-investigator in the other. 
There were 5,139 British physicians and 22,071 American physicians enrolled. The 
Americans were randomly assigned to 325·mg aspirin every other day or placebo. 
This trial also included random assignment to beta-carotene or its placebo. In the 
British trial, the physicians were randomly assigned to aspirin or aspirin-avoidance. 
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It was not a placebo controlled study; the dose was 500 mg daily; and there was no 
beta-carotene limb of the study. · 

In the American study, the risk of fatal or non-fatal MI was reduced by 47% 
(p<0.00001). This observation, along with the extraordinarily low mortality of 
American physicians, led to premature termination of the study. The combined end 
point of either nonfatal MI, stroke, or cardiovascular death was also reduced, by 23% 
(p<0.006). The incidence of stroke was increased, by.15% (NS), but the risk of 
moderate to severe or fatal hemorrhagic stroke was substantially increased (p<0.02). 
There were 10 such events in the aspirin-treated physicians and 2 in the placebo
treated group. 

No protective effect against MI was demonstrated in the British trial. There 
was a 10% lower total mortality iri the aspirin group (NS). Vascular deaths were 
reduced by 6% (NS). There was a significant reduction in transient ischemic attacks, 
but an increase in the number of strokes. The aspirin-treated group had more 
disabling strokes. . 

More analyses and comparisons of these studies are yet to come. A 
consensus on the role of aspirin in primary prevention of coronary events in 
asymptomatic middle-aged and elderly men cannot yet be formed. The burden of 
increased disabling strokes may outweigh potential benefits for coronary events when 
very long-term treatment is involved, especially for subjects at particularly low risk 
for coronary events. For the time-being, it has been recommended that long-term 
aspirin administration for primary prevention of coronary events be a matter of 
individual judgment for each subject, weighing carefully the risks for coronary events 
alongside the possible risks of aspirin therapy. ( 110,111) 

ANTIPLATELET THERAPY FOR PROTECTION OF CORONARY BYPASS 
GRAFfS 

Prevention of closure and stenosis of the inverted veins used in coronary 
bypass surgery is a complicated topic that has been extensively investigated in man 
and in experimental models. (61) Antiplatelet therapy might influence the state of 
the graft by several mechanisms, including prevention of early thrombosis, 
prevention of the development of intimal hyperplasia, prevention of the 
development of graft atherosclerosis, and prevention of thrombosis in grafts that are 
stenosed as a result of atherosclerosis. There has been considerable controversy Dn 
this topic, because the results of clinical trials have been contradictory, with both 
positive and negative results. Chesebro and Fuster and their colleagues at the Mayo 
clinic have studied this issue and have compared the results of many of the clinical 
trials based on when the antiplatelet therapy was started. (61) This comparison 
makes a compelling case that the results are highly dependent upon when the 
antiplatelet regimen is begun. The most positive results have been obtained when 
antiplatelet therapy is begun before the operation. (61,112, 113) If therapy is begun 
more than 48 hours after operation, the protective effect is greatly diminished or 
absent. (61) The Mayo clinic studies utilized dipyridamole therapy, 100 mg 4 times 
daily, for 2 days before the operation. The same dose of dipyridamole was given 
orally 2 hours before the operation and one hour after the operation, by nasogastric 
tube. They gave the first dose of aspirin 7 hours post-operatively, by nasogastric 
tube, along with 75 mg of dipyridamole. Long-term therapy, begun one day after 
operation, was aspirin, 325 mg, plus dipyridamole, 75 mg 3 times daily. With this 
regimen including early therapy, a highly beneficial effect on graft patency was seen· 
soon after operation and one year later. This regimen did not significantly increase 
peri-operative bleeding. Strong additional support for the importance of early 
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therapy has come in the last year from a large VA cooperative study. (114,115) This 
study evaluated 5 different antiplatelet treatmentregimens: aspirin 325 mg daily, 
aspirin 325 mg 3 times daily, aspirin 325 mg plus dipyridamole 75 mg 3 times daily, 
sulfinpyrazone 265 mg 3 times daily, and placebo. Therapy was started 48 hours 
before operation except for the aspirin-treated groups, in which a single 325 mg dose 
~f aspirin was given 12 hours before surgery. All of the anti platelet regimens 
Improved graft patency, both early and one year post-operatively (p<0.005). All of 
the aspirin treatment regimens significantly increased bleeding in the first 35 hours 
after operation. Sulfinpyrazone did not. Low-dose aspirin was as effective as high
dose aspirin or the aspirin and dipyridamole combination. 

Anticoagulant therapy has .also been found to provide protective effects for 
keeping bypass grafts open that is comparable to the effects of antiplatelet therapy. 
(61,116) 

There is a strong consensus that antiplatelet therapy should be employed for 
patients undergoing bypass surgery and that treatment should be begun before the 
operation. There is no consensus yet on the ideal anti platelet regimen. The most 
widely employed regimen now is probably the Mayo Clinic protocol of dipyridamole 
2 days preoperatively, aspirin 7 hours post-operatively followed by long-term therapy 
with high-dose aspirin plus dipyridamole. Fuster has recently recommended 
modifying this regimen to dipyridamole preoperatively, aspirin 325 mg 7 hours post
operatively, and aspirin 325 mg daily for long-term therapy. (61) Anticoagulant 
therapy is an acceptable alternative for patients who cannot take an antiplatelet 
regimen. · 

ANTIPLA TELET THERAPY FOR PREVENTION OF RESTENOSES 
FOLLOWING BALLOON ANGIOPLASTY (PTCA) OF CORONARY ARTERIES 

Balloon angioplasty has emerged in recent years as an important alternative 
to coronary bypass surgery in well-selected cases. Restenosis, which occurs in 25-
35% of cases, is a major limitatiop. Balloon angioplasty is a thrombogenic.and 
atherogenic intervention. Success is probably always associated with intimal 
fractures, plaque fracture, medial disruption, and expansion of the external diameter 
of the vessel. Platelet deposition and thrombus formation are ·important causes of 
acute occlusion of the vessel soon after the procedure. The mechanisms of restenosis 
are less well understood. (117) Anticoagulant and anti platelet therapies are rational 
in the immediate post-angioplasty phase of recovery. The role of long-term 
antiplatelet therapy has been controversial. (61) The results of a randomized 
placebo-controlled trial in 376 patients of anti platelet therapy with aspirin 330 mg 
plus dipyridamole 75 mg 3 times daily were published earlier this year. ( 118) 
Therapy was begun 24 hours before the procedure. Intravenous dipyridamole 
replaced the oral agent for 24 hours beginning 8 hours before the procedure was to 
start. All patients were treated with a calcium blocker and anticoagulation. The 
incidence of transmural myocardial infarction during or soon after PTCA was 
markedly reduced (6.9% vs. 1.6%, p=0.0113), but the incidence of restenosis 4-7 
months later was unchanged. 

There is now a consensus that patients undergoing PTCA 
should receive heparin anticoagulation before the procedure and for a minimum 18-
24 hours afterwards and that they should receive antiplatelet therapy with aspirin and 
dipyridamole before the procedure and for at least 48 hours afterwards. Long-term 
antiplatelet therapy remains controversial. Long-term antiplatelet therapy is still 
employed by many physicians following PTCA Furthermore, many patients will 
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need long-term antiplatelet therapy because of recent unstable angina or myocardial 
infarction. 

CONSENSUS AND CONTROVERSY IN THROMBOL ITIC THERAPY OF 
ACUTE MYOCARDIAL INFARCTION AND UNSTABLE ANGINA 

The resurgence of thrombolytic therapy in the last few years for syndromes of 
acute myocardial ischemia -has been reviewed by many authors recently 
(14,15,30,62,63,119-128) and at these exercises on March 17,1988 by Dr. David Hillis. 
A comprehensive review of this topic is beyond the scope of this review, but several 
areas of current consensus and controversy deserve comment. 

Consensus- Intravenous Thrombolytic Therapy Opens Thrombosed Coronary 
Arteries, Reduces Mortality, and Reduces Infarct Size 

The reference standard for successful coronary thrombolysis is the result with 
intracoronary infusion of streptokinase or urokinase in patients with evolving 
transmural MI. Reviews of these studies demonstrate that the rate of successful 
reperfusion, when therapy is employed within 6 hours of the onset of symptoms, is 
70-80%. The failure to achieve reperfusion in 20-30% of patients may be due to the 
presence of older clot. It .is well known that coronary thrombosis in unstable angina 
and MI has layers of varying age. Wide-spread, timely application of intracoronary 
fibrinolytic therapy is, however, logistically and economically impractical. Trials of 
early intravenous thrombolytic therapy show that intravenous thrombolytic therapy 
can approach the patency rate achieved with intracoronary therapy. 

The most important end point of fibrinolytic therapy is mortality. The 
evidence is now overwhelming that mortality is reduced in well-selected patients with 
acute MI who are treated in a timely wav with intravenous thrombolytic agents. 

The Netherland Interuniversity Cardiology Institute study was reported in 
1985. ( 129) Initially this was a trial of intracoronary streptokinase. In the last 117 of 
the 533 patients, intravenous streptokinase was administered before intracoronary 
streptokinase. It was a randomized trial of thrombolytic therapy versus no 
thrombolytic therapy. Mortality was significantly reduced at 28 days. The benefits 
were maintained at one year follow-up. 

The Gruppo Italiano Studio Della Streptochinasi Neii'Infarto Miocardico 
(GISSI) study was reported in 1986. (130) This trial was an unblinded study of 
intravenous streptokinase, 1.5 million units in one hour, versus no thrombolytic 
treatment in 11,806 patients in 76 Italian hospitals. Overall, there was an 18% 
reduction in mortality at 21 days follow-up, from p% to 10.7% (p<0.0002). The 
benefit was time dependent. Mortality was reduced 23%, from 12% to 9.2%, when 
therapy was begun within 3 hours of pain and 47%, from 15.4% to 8.2%, when the 
infusion was begun within one hour. 

The I.S.A.M. study group reported on the results of intravenous streptokinase 
therapy in 1741 patients in 1986. (131) Patients were treated within 6 hours of onset 
of symptoms and were randomly assigned to 1.5 millfon units of streptokinase or 
placebo. There was reduction in mortality from 7.1% to 5.2% overall (NS). The 
benefit was greater when therapy was given within 3 hours of symptoms, with 
reduction in mortality from 6.5% to 5.2% (NS). . 

The ISIS-2 study mentioned earlier in the discussion of aspirin also showed a 
highly beneficial effect on mortality with 1.5 million units of intravenous 
streptokinase administration, given within 24 hours of the onset of symptoms. (93) 
In the patients who did not receive aspirin, at the 35 day follow-up period there was a 
25% reduction in mortality overall, from 12% to 9.2%. (p<O.OOOOl) The effect was 
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additive to the effects of aspirin. The combination of streptokinase plus aspirin 
significantly reduced mortality at 35 days by 42:%. The effects were time dependent. 
Mortality reduction for streptokinase when given within 4 hours was 37%. 
(p<O.OOOl). 

The European Cooperative Study Group for Recombinant 
Tissue-type Plasminogen Activator reported mortality results from their randomized 
trial of rt-P A versus placebo at the American College of Cardiology meeting in 
March of this year. The results will be published later this year in Lancet. ( 132) A 
total of 721 patients were enrolled. Active therapy was 100 mg of rt-PA given over 3 
hours. All patients received low-dose aspirin and heparin. Patients were treated 
within 5 hours of onset of symptoms. Overall, mortality was significantly reduced by 
51% at 14 days, from 5.7% to 2.8%. 

The Thrombolysis in MI (TIMI) Phase I trial was not designed with mortality 
as a major endpoint. Nevertheless, they have just reported the mortality experience 
from that trial of intravenous streptokinase and rt-P A. (133) Patients with patent 
vessels 90 minutes after thrombolytic drug administration had a significant reduction 
in mortality compared to patients whose thrombosed coronary arteries were not 
patent at this interval. 

The surrogate end point of infarct size, assessed by radionuclide perfusion 
studies, estimates of left ventricular contraction, and enzymatic estimates of infarct 
size are also valuable as end points for treatment efficacy although less so than 
mortality. Data supporting preservation of myocardium have come from several 
sources, including : thallium-201 perfusion studies and left ventricular angiograms 
from the Western Washington Intravenous Streptokinase Trial [Kennedy, JW, pp 
64-70 in reference (126)], left ventricular angiograms from an intravenous 
streptokinase trial in New Zealand (134), left ventricular angiograms from the 
I.S.A.M.study ( 131), a study of rt-P A at Johns Hopkins ( 135) and the TIMI-Phase I 
trial (136), and enzyme analysis from the I.S.A.M. study and the European 
Cooperative trial of rt-P A ( 132) . 

In recent months a consensus has emerged that thrombolytic therapy should 
be administered to well-selected patients with no contraindications if therapy can be 
applied in a timely way. The time dependence of the benefit is remarkable. 
Therefore a parallel consensus has emerged that it is imperative that emergency 
departments and mobile intensive care unit facilities be sufficiently organized to 
provide rapid patient assessment and prompt institution of therapy. Dr. J. Ward 
Kennedy, who organized the Western Washington Streptokinase Trials, has set a 
goal of 15 minutes from patient reception to institution of therapy at the hospitals in 
the University of Washington program in Seattle. Selection of patients is 
controversial as is the time of the therapeutic window. These controversies are 
discussed briefly below. . . 

Controversy • Patient Selection 
Patients who need thrombolytic therapy the most appear to benefit the most. 

In the GISSI trial, patients with anterior infarcts benefited the most. In a reanalysis 
of their data, the GISSI group has found that the benefit is greater the more leads of 
the 12-lead electrocardiogram that have significant ST-segment elevation. Patients 
with evolving Q-wave infarctions are more apt to have persistent totally occlusive 
thrombus than are patients with evolving non-Q wave infarcts. The ISIS-2 trial found 
that the benefit was fairly uniform, regardless of infarct location and a large variety of 
other cardiac risk factors. I believe that a consensus is now emerging that all patients 
with evolving Q-wave anterior MI and any patient with an evolving Q-wave infarct 
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who has significant elevation of the ST-segments on more than 3 leads on the 12-lead 
ECG should receive thrombolytic therapy if there are no contraindications and ·if it 
can be administered in a timely way. For other patients, a careful risk-benefit 
analysis for each patient is probably the wisest recommendation. 

Fibrinolytic therapy may also play an important role in stabilization of some 
patients with unstable angina. The hope is that patients who fail to respond to 
antianginal and antithrombotic agents can be stabilized by thrombolysis and allow 
revascularization therapy to proceed at lower risk when the patient has been 
clinically stable for a day or two. (135) There is a consensus that use of fibrinolytic 
therapy in unstable angina should still be confined to clinical research and should not 
be employed as part of routine clinical practice . 

Controversy • How Long is the Therapeutic Window? 
Based upon the findings in experimental animals that infarction is largely 

complete and irreversible after 6 hours of total occlusion, one would expect that the 
window for effective fibrinolytic therapy would be short. The remarkable time 
dependency of the efficacy of therapy to reduce mortality support that expectation. 
Until the ISIS-2 trial results were available, a consensus had emerged that the 
appropriate window was 4-6 hours after the onset of symptoms. The results of the 
ISIS-2 trial, which showed a beneficial effect of thrombolytic therapy on mortality, 
even when it was administered 13-24 hours after the onset of symptoms requires a 
reappraisal of that consensus. This findings also requires development of new 
hypotheses to explain them. Several hypotheses have been advanced. The first of 
these hypotheses is that it is better to have an open vessel than a closed one, even if 
infarct size is not reduced. An open vessel might reduce the incidence of post-MI 
sudden death and might lead to better scar formation with less likelihood of 
myocardial rupture or aneurysm formation. An alternative hypothesis is that late 
thrombolysis might still achieve myocardial salvage in patients who still have some 
perfusion in the zone at risk, because of non-persistent or non-totally occlusive 
thrombus or substantial collatenil vessel flow. Most physicians will probably wish to 
limit thrombolytic therapy to the first 4-6 hours pending further appraisal of the ISIS-
2 data. New studies of later thrombolytic therapy are now under consideration or 
planning. · · 

Controversy • What is the Best Thrombolytic Agent? 
There are advantages and disadvantages to all of the thrombolytic agents that 

are currently available <;>rapt to be available in the near future. (62,63) In making 
choices for individual patients, the major variables to address are the expected . 
patency rate, the effect on myocardial salvage, the effect on mortality, and adverse 
side-effects. Compare the effects of different fibrinolytic agents on patency, 
myocardial salvage, and mortality from different studies with considerable caution. 
Some or all of the apparent differences may be due to study design, patient 
characteristics, concomitant medications, etc. The most reliable data derive from 
direct comparisons in the same study. Currently, we have only limited direct 
comparisons, principally for patency and side-effects, from TIMI-Phase I and the 
European Cooperative Study Group. Patency of the involved vessels was 
significantly better with rt-PA infusion in both studies. There were no important 
differences in side-effects, including bleeding and stroke. Most of the mortality data 
are from treatment with streptokinase. The only direct comparison of mortality 
came from the TIMI-Phase I trial, which was not designed as a mortality trial. (133) 
The differences were not significant. Direct comparisons of mortality are now 
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underway by the GISSI group and the ISIS group. The GISSI group has already 
begun enrollment for GISSI-2 and enrollment is now beginning for ISIS-3 .. The 
results will probably be available, at least in preliminary form, in about 18-24 months. 
Direct comparisons of the surrogate end point of myocardial salvage are currently 
scant. 

Comment is due on the issue of bleeding risk with thrombolytic agents. There 
is now a consensus among most experts in thrombosis and hemostasis that the 
principle cause of bleeding with fibrinolytic therapy is lysis of hemostatic plugs and 
failure to form strong hemostatic plugs, not fibrinogen depletion. Tbe fibrin of 
hemostatic plugs will be lysed as readily by fibrin-selective agents as the fibrin of 
thrombus. Furthermore, the fibrin-selective agents cause partial degradation of 
fibrinogen that results in a fibrin web with less tensile strength than normal. Also, 
fibrinolytic agents may induce platelet defects and the effects of fibrin-selective 
agents may be as marked or even more marked than those of the non-fibrin-selective 
agents. (63) Bleeding complications, therefore, will probably be as frequent with 
fibrin-selective as with non-fibrin-selective drugs as long as both are given in doses 
that lead to equivalent fibrinolysis. Fibrinolytic therapy was given to patients in 
GISSI and ISIS-2 in a manner very similar to current clinical practice. The bleeding 
risks were acceptably low. Early trials necessarily had a high bleeding rate at the sites 
of vascular access. As long as patients are well selected and vascular punctures and 
surgical incisions are avoided, the incidence of hemorrhage from fibrinolytic therapy 
for MI will be low and probably no greater than the risk of hemorrhage with systemic 
anticoagulation. 

Advantages and Disadvantages or Streptokinase 
The principal advantages of streptokinase are the great amount of 

information known about it, and its proved value and very low cost. The time 
dependency of streptokinase is a disadvantage. It is highly effective if given within 3 
hours of the onset .of MI. After that, its effectiveness diminishes with increasing time. 
Concomitant administration of anticoagulants is not essential because of the systemic 
lytic state. The principal disadvantages are its antigenicity and occasional allergic 
reactions,-hypotension with rapida dministration, and plasminogen activation in the 
circulation with fibrinogen depletion. The later two disadvantages may also be 
advantages. The lowered blood pressure may have an unloading effect and reduce 
myocardial oxygen demand. The lowered fibrinogen level reduces plasma viscosity 
and may improve coronary perfusion as a result. The systemic lytic state may be 
protective against rethrombosis. 

Advantages and Disadvantages or APSAC 
The major advantage of APSAC over streptokinase is that it can be given as a 

rapid infusion. This will be particularly advantageous as thrombolytic therapy is 
introduced into earlier use in the field, e.g. in air transport and in mobile intensive 
care units. It may be more fibrin-selective than streptokinase, but this is uncertain. 
Otherwise, it has the same advantages and disadvantages as streptokinase except for 
cost. The price is not known now, but i~ is apt to be considerably more expensive 
than streptokinase. 

Advantages and Disadvantages or Urokinase 
The lack of antigenicity and a long experience with urokinase administration 

for other indications are advantages. If it is confirmed that it is effective when given . 
as a very rapid injection, this will be an advantage. Fibrinogen depletion is usually 
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intermediate between that of streptokinase and fibrin-selective agents such as rt-P A 
It remains to be determined with certainty if this is an intrinsic property of urokinase 
or due to contamination with single-chain urokinase. As with streptokinase, the 
fibrinogen depletion is potentially both an advantage and disadvantage. 
Concomitant anticoagulant therapy is not essential because of the systemic lytic state. 
The absence of FDA approval for intravenous administration and the Jack of a large 
body of knowledge on the best regimen for intravenous use after MI are 
disadvantages that will probably be rectified in the not-too-distant future. The cost 
Qf this agent, intermediate between streptokinase and rt-P A, is a disadvantage. 

Advantages and Disadvantages ofrt-PA 
The principal advantages of rt-P A are: the lack of any known antigenicity; 

greater degree of fibrin-selectivity and lesser degree of fibrinogen depletion than 
streptokinase and urokinase; and less time-dependency for clot lysis than 
streptokinase. Disadvantages include the necessity for a prolonged infusion and 
concomitant administration of anticoagulants and its extremely high cost. 

Advantages and Disadvantages of scu-PA 
The advantages and disadvantages of scu-P A are similar to those of rt-P A. 

Early reports with scu-P Asuggest that it may be synergic with rt-PA and urokinase. 
(137) In fact, it may be necessary to use scu-P A along with other agents as there may 
be a lag phase for i.nitiation of fibrinolysis when scu-P A is used alone. 
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