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THROMBOLYTIC THERAPY IN ACUTE MYOCARDIAL INFARCTION

Current interest in thrombolytic therapy for patients with acute myocardial
infarction is encouraged by the following observations. First, an occlusive
coronary artery thrombus is present in the vast majority of individuals with
acute transmural myocardial infarction. Second, rapid lysis of these intra-
coronary thrombi with subsequent reperfusion can be achieved by several
available pharmacologic agents. Finally, in animal studies, reperfusion after
temporary coronary artery occlusion salvages jeopardized myocardium and reduces
infarct size. Since infarct size is a powerful predictor of morbidity and
mortality, interventions which reduce infarct size would be expected to improve
prognosis following myocardial infarction. Pharmacologic efforts to salvage
myocardium in man in the absence of reperfusion have had only Timited

success (1).

The purpose of the present review is (a) to explore further the rationale
supporting thrombolytic therapy in acute myocardial infarction, (b) to outline
and evaluate the clinical experience with thrombolytic therapy in this setting,
and (c) to identify research directions which will help better define the
future role of this form of treatment in clinical practice. While emergency
coronary artery bypass surgery has been performed to establish reperfusion in
acute myocardial infarction (2,3), it will not be discussed.

II. Role of Coronary Thrombosis in Acute Myocardial Infarction

For 50 years after Herrick's description of coronary occlusion producing
myocardial infarction, coronary thrombosis was widely accepted as the under-
lying cause. However, in the 1960's and early 1970's, the role of coronary
artery thrombosis in infarction was questioned when pathologists described both
myocardial infarction in the absence of thrombus and coronary thrombosis with-
out recent infarction (4,5). Some authors suggested that infarction came first
and thrombosis thereafter. Conflicting, inconclusive results from early
clinical trials of low-dose intravenous streptokinase cast further doubt on the
importance of thrombosis in myocardial infarction (6). Numerous alternate
mechanisms were proposed, including (a) subintimal hemorrhage or plaque rupture
without thrombosis, (b) progressive, severe, atherosclerosis, (c) coronary
artery spasm, and (d) coronary embolism.

Over the past 10 years, 2 important developments lead to a resolution of the
controversy over the role of coronary artery thrombosis in acute myocardial
infarction. First, transmural and nontransmural infarctions were more clearly
defined as separate clinical and pathologic entities, and with more advanced
examination techniques, the high frequency of occlusive thrombus in individuals
with transmural infarction was acknowledged (7-10). Second, coronary angio-
graphy during the early hours after the onset of symptoms demonstrated
occlusion of the artery supplying an area of infarction in the vast majority of
patients (Figure 1) (11). The thrombotic nature of these occlusions was
supported by retrieval of thrombus during emergency coronary artery bypass
surgery and by the characteristic angiographic appearance of retention of
contrast material by an intraluminal filling defect (12). Moreover, the
incidence of total occlusion decreased with time to around 50% at 12-24 hours
after the onset of infarction (presumably due to spontaneous clot lysis),
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FIGURE 1 The frequency of total coronary occlusion at coronary angiography in
patient groups evaluated during different time intervals from the onset of
symptoms. There is a significantly lower incidence of total coronary occlusion
in those studied after 6 hours. (From ref 11)

refuting the argument that thrombosis occurs as a consequence of infarction
(Figure 1). More recently, numerous angiographic studies have confirmed the
high incidence of coronary occlusion in acute myocardial infarction and have
shown that these occluded vessels can usually be recanalized with the thrombo-
lytic agent, streptokinase. Since intracoronary nitroglycerin rarely (<57 of
cases) produces reperfusion, coronary vasospasm probably plays little role in
maintaining coronary occlusion after the onset of infarction (13).

While the role of coronary thrombosis in transmural myocardial infarction is
now firmly established, the acute arterial lesion leading to thrombosis is Tess
well-defined. Thrombus formation almost always occurs at the site of an
atherosclerotic plaque. Thrombotic coronary occlusion is probably the result
of a complex interaction between (a) rupture, ulceration, or fissuring of a
plaque, (b) exposure of thrombogenic lipid-rich plaque material, (c) platelet
aggregation and activation, (d) release of vasoactive substances (thromboxane
A2, serotonin), and (e) coronary spasm (14-17).

The role of coronary thrombosis in nontransmural infarction is less certain.
Pathologic studies demonstrate thrombotic coronary occlusion in only 20-507 of
cases (7-10). Acute angiographic findings have been reported in only a small
number of patients. Mandelkorn et al (18) found total coronary occlusion in
only 2 (25%) of 8 patients with acute nontransmural infarction. However, an
additional 5 (637%) had partial occlusions that decreased in size after intra-
coronary streptokinase. Since the incidence of complete thrombotic occlusion
is Tow and the importance of partially occluding thrombus is unknown, thrombo-
lytic therapy has generally not been studied in patients with electrocardio-
graphic evidence of nontransmural infarction.



III. Pharmacology of Thrombolytic Agents

Physiologic fibrinolyis is regulated by interactions between tissue plasminogen
activator (originating from the vascular wall), plasminogen, fibrin, and
alpha2-antiplasmin (19-21). Tissue plasminogen activator (tPA) has a weak
affinity for circulating plasminogen. Within the interstices of a clot, tPA
binds to fibrin; plasminogen then binds to this fibrin-tPA complex with a high
affinity (22). Plasminogen is activated to plasmin within the clot and Tocal
fibrinolysis ensues. Within the thrombus, plasmin is protected from
degradation by alpha2-antiplasmin. Any plasmin liberated into the circulation,
however, is quickly inactivated by this enzyme.

A. Streptokinase

First observed in beta-hemolytic streptococcal infiltrates by Tillett and
Garner in 1933 (23), streptokinase has no direct enzyme activity on its own.

In the circulation, it combines with both free and fibrin-bound plasminogen;
the streptokinase-plasminogen complex is a potent activator of plasminogen to
plasmin (24). As plasminogen is activated, alpha2-antiplasmin is depleted, and
free plasmin appears in the circulation. Plasmin is a serine protease which
degrades fibrin, fibrinogen, and clotting factors V, VIII, and XIII. A sys-
temic Tytic state is produced and persists until the clotting factors and
fibrinogen can be resynthesized.

Streptokinase is a foreign antigenic protein and low titers of antistrepto-
kinase antibodies are ubiquitous in the general population. Resistance to the
fibrinolytic effects of streptokinase may occur if high titers of antistrepto-
kinase antibodies are present (due to prior streptokinase administration or
recent streptococcal infection). Resistance to loading doses of over 1 million
units has been reported (25). When resistance due to antibodies is suspected
or streptokinase has been administered in the previous 6-12 months, urokinase
should be used.

Since streptokinase results in the degradation of plasminogen, its own
cofactor, larger doses may not produce additional fibrinolysis. There is no
consistent relationship between the dose of streptokinase and fibrinolytic
activity once a systemic lytic state has been achieved.

Adverse effects of streptokinase, including fever, urticaria, and flushing,
were commonly noted in pulmonary embolism trials where infusions continued for
many hours. With intracoronary or brief, high-dose intravenous administration,
these reactions occur less commonly and premedication with aspirin or cortico-
steroids is no longer routinely used. With very rapid administration, vasodi-
lation and hypotension may be produced. Anaphylaxis is rare.

B. Urokinase

Urokinase, isolated from human urine and human fetal kidney tissue cultures,
differs from streptokinase in several respects (24). First, it directly
activates plasminogen to plasmin. Second, it is nonantigenic and better
tolerated than streptokinase with a lower incidence of resistance. Third, it
probably depletes plasminogen less than streptokinase, although a systemic



lytic state is still produced (26). Finally, it is six to seven times more
expensive than streptokinase and has, therefore, usually been reserved for
patients Tikely to have high titers of antistreptokinase antibodies.

C. Clot-Selective Agents

Both streptokinase and urokinase convert circulating plasminogen to plasmin,
producing a systemic lytic state and increasing the risk of hemorrhage. Recent
efforts have been directed toward the development of "clot selective” agents
which produce local fibrinolysis without systemic effects. These agents
include acylated streptokinase-plasminogen complex (BRL 26921), pro-urokinase,
and tissue plasminogen activator.

1. Acylated streptokinase-plasminogen complex Acylation blocks the active site
of the streptokinase-plasminogen complex but permits binding of the complex to
fibrin within the thrombus (27). Spontaneous deacylation then exposes the
plasminogen activator site of the fibrin-bound complex and allows local rather
than systemic fibrinolysis (28). In a preliminary clinical trial, intra-
coronary BRL 26921 achieved reperfusion in 15 (68%) of 22 patients with acute
myocardial infarction in an average of 42 minutes after the start of infusion
(29). A reduction of fibrinogen to below 100 mg% was seen in 8 patients.
Although not strictly "clot-specific," BRL 26921 does appear to produce
thrombolysis with less systemic effects than streptokinase.

2. Pro-urokinase A zymogen precursor of urokinase which has weak plasminogen
activating effects, pro-urokinase is capable of binding to thrombus fibrin.
Conversion to urokinase then occurs within the clot. In animal studies, intra-
venous pro-urokinase can successfully lyse intracoronary thrombi without
reducing fibrinogen or alpha 2-antiplasmin levels (30,31). Studies in man have
not been reported.

3. Tissue plasminogen activator In 1979, human tissue plasminogen activator
was isolated and purified from a melanoma cell 1ine culture (32) and was shown
to produce thrombolysis in animals (32,33) and in small numbers of patients
(34,35). Subsequently, the cloning and expression of the tPA gene in E. coli
using recombinant DNA technology resulted in the production of recombinant tPA
(r-tPA) with antigenic and thrombolytic properties indistinguishable from those
of human tPA (36). The results of clinical trials assessing the efficacy of
r-tPA in acute myocardial infarction are discussed in Section VII.

IV. Effects of Reperfusion in Animal Studies
A. Salvage of Myocardium

In animals, myocardial cells in the most severely ischemic subendocardium
become irreversibly damaged after only 20 minutes of coronary occlusion. With
longer occlusions, a "wave front" of cell death moves from the subendocardium
toward the subepicardium to involve progressively more of the transmural
thickness of the ischemic region (Figure 2) (37,38). Reperfusion results in
salvage of reversibly ischemic cells in the subepicardial layer of the this
region (39). The duration of occlusion during which meaningful salvage is
still possible is variable, but in the dog and baboon, 1ittle salvage occurs
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FIGURE 2 Progression of cell death with time after Teft circumflex coronary
artery occlusion. A wave front of cell death moves from the subendocardial zone
across the wall to involve progressively more of the transmural thickness of
the ischemic zone. Reperfusion prior to infarct completion salvages
supepicardial myocardium. AP=anterior papillary muscle; PP=posterior papillary
muscle. (From ref 37)

after 3-4 hours of occlusion (Figure 3) (37,38,40,41). The rate of infarction
in man is much more variable and depends upon (a) the completeness of coronary
obstruction, (b) the presence of collateral circulation to the infarct region,
(c) the determinants of myocardial oxygen demand, and (d) the ability of
ischemic cells to utilize anaerobic glycolysis. In patients with complete
coronary occlusion and no collaterals, infarction is probably complete within
3-4 hours. Those with subtotal occlusions or well-developed collaterals may
have salvageable myocardium for much longer periods of time.

B. Myocardial Function and Metabolism

While timely reperfusion limits infarct size, it does not produce a prompt
return of contractile function (40,42-44). Periods of ischemia as brief as 15
minutes produce no necrosis but result in marked depression of myocardial cell
function for several days; full recovery of function following longer ischemic
periods may require up to several weeks (Figure 4) (40,45-46). The mechanisms
for this delayed return of function after reperfusion are not fully understood
(44,47-49). ATP levels are rapidly depleted after coronary occlusion, and
reperfusion may "wash out" precursors (adenosine, hypoxanthine, and inosine)
which could be used in its resynthesis. ATP levels remain depressed for
several days after temporary coronary occlusion and may partly explain the
delayed return of contractile function (Figure 5) (43,47). Intracellular
calcium overload produced by reperfusion may interfere with systolic and
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FIGURE 3  Myocardium salvaged by reperfusion, as a percentage of the ischemic
bed, versus duration of occlusion. Reperfusion at 40 minutes salvaged 64% of
the myocardium at risk. Little or no salvage occurred at 6 hours. (From ref

37)
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FIGURE 4 Time course of systolic segment shortening during coronary artery
occlusion (CAO) and subsequent reperfusion (CAR) after 1 hour or 3 hours of
occlusion in conscious baboons. Recovery of function in the 1 hour group
requires several days. No recovery is seen with reperfusion after 3 hours of
occlusion. (From ref 40)
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FIGURE 5 The effects of 15 minutes of ischemia with 0, 20, or 60 minutes or
24 or 96 hours of reperfusion on ATP content in ischemic and nonischemic
regions. ATP Tlevels fell by 607 after 15 minutes of ischemic and remained
depressed as long as 96 hours after reperfusion. (From ref 47)

diastolic function and contribute to delayed recovery. Finally, reversible
ultrastructural damage to the sarcolemma, mitochondria, and sarcomeres which
might interfere with cell function can persist for several days or weeks
(44,50).

The concept that ischemia "stuns" myocardium has important implications when
evaluating the effects of coronary artery reperfusion in man. It must not be
assumed that myocardium has not been salvaged until sufficient time has been
allowed for full recovery of function in the infarct region. Accordingly,
assessment of post-intervention left ventricular function should be delayed for
10-14 days, and full recovery of function may require much longer periods of
time in some patients.

C. Myocardial Hemorrhage

During myocardial infarction, irreversible ischemic damage to the micro-
vasculature occurs, so that reperfusion may rupture intramural vessel walls
with subsequent myocardial hemorrhage (51). There was initial concern that
this myocardial hemorrhage would increase infarct size and interfere with
infarct healing (52,53). However, irreversible microvascular damage temporally
follows irreversible myocardial cell injury (54). As a result, reperfusion
hemorrhage is limited to areas of irreversibly damaged myocardium (55). While
the rate of necrosis may be accelerated by hemorrhage (47,50,56), there is no
convincing evidence that infarct size is increased (57). The effect of
myocardial hemorrhage on infarct healing is uncertain (57-59). Intramyocardial
hemorrhage after 4 hours of ischemia in dogs has been shown to affect the early
healing process, resulting in diminished neutrophil infiltration (59).

Collagen formation was not impaired. Whether tissue swelling due to hemorrhage



causes hemodynamically important increased "stiffness" of the infarct or
contributes to regional depression of systolic or diastolic function is
unknown.

V. Clinical Experience

Fletcher et al (60) first reported the use of intravenous streptokinase in
1959. In 1960, Bonecek and Murphy (61) administered streptokinase into the
aortic root in 8 patients with acute myocardial infarction. Coronary angio-
graphy was not performed, but based on clinical and electrocardiographic
evidence most patients were felt to have "benefited [sic]." After several
small feasability studies, the first large-scale controlled clinical trial of
long-duration late intravenous streptokinase therapy was completed in 1966
(62). By 1976, a dozen such studies had been reported (6,63). While a
majority of these trials revealed a trend toward reduced mortality in patients
receiving streptokinase, results were conflicting and inconclusive.

These trials were plagued by several weaknesses. Patient enrollment was
allowed up to 24-72 hours after the onset of symptoms, and treatment was
usually not even started until after enzymatic confirmation of infarction. As
a result, most patients were treated far beyond the time period when reper-
fusion would significantly reduce infarct size. The mode of action of strepto-
kinase (if any) in these studies was uncertain, as there was no documentation
from coronary angiography that the dose of streptokinase used actually produced
reperfusion. Other postulated mechanisms included (a) an improvement in the
microcirculation, (b) a decrease in blood viscosity that favorably affected
blood rheology, and (c) a reduction in afterload that decreased myocardial
oxygen demands. The effect of treatment on left ventricular function was not
assessed. Most of the studies had insufficient sample size to reliably detect
a beneficial effect of treatment on mortality.

The largest decrease in mortality was demonstrated in the European Cooperative
study completed in 1979 (64). Medium and high risk patients received placebo
or intravenous streptokinase (over 24 hours) within 12 hours of the onset of
symptoms. The mortality rate for the 6 month follow-up period was 15.67 in the
streptokinase group and 30.6% in the control group (p<0.01). While bleeding
complications were more frequent in the streptokinase group, only 2 were
classified as major. Since coronary angiography was not performed, the
reduction in mortality could not be definitely linked to reperfusion.

The "modern era" of thrombolytic therapy in acute myocardial infarction began
in 1979 when Rentrop et al (65) demonstrated thrombolysis in 4 of 5 patients
treated with intracoronary streptokinase. By 1981, several centers in Germany
and the U.S. had confirmed the ability of intracoronary streptokinase to
achieve thrombolysis in the majority of patients within the first few hours of
infarction. At the same time, reports appeared showing that thrombolysis and
reperfusion could also be achieved by the brief intravenous infusion of a high
dose of streptokinase.



A. Patient Selection

The selection criteria for patient with acute myocardial infarction who are to
receive thrombolytic therapy seek to exclude (a) patients with completed
infarctions, (b) patients without intracoronary thrombi, and (c) those at
increased risk of bleeding. Although the rate of infarction in man is variable
and an arbitrary time 1imit will exclude a small number of patients who might
benefit, longer time 1imits will expose more patients with completed infarc-
tions to the risks of thrombolytic therapy. Based on animal studies and
preliminary patient trials, little benefit can be expected after 3-5 hours of
coronary occlusion. Whether the presence of continued pain identifies a
subgroup with viable myocardium who might benefit from reperfusion beyond this
Timit is unknown. .

As discussed earlier, research efforts have usually been restricted to patients
with acute transmural myocardial infarction, since the incidence and importance
of coronary thrombosis in those with nontransmural infarction is less well
established. One millimeter or greater ST-segment elevation (presumed to be
new) in at least 2 inferior, lateral, or anterior leads in a patient with at
least 30 minutes of severe chest pain felt due to ischemia and unrelieved by
nitroglycerin reliably identifies those who (a) have thrombotic coronary
obstruction and (b) develop enzymatic and scintigraphic evidence of myocardial
necrosis. While most patients with a similar clinical presentation but ST-
segment depression develop evidence of infarction, these are often nontrans-
mural (non-Q-wave) infarctions.

Since the major complication of thrombolytic therapy is bleeding, selection
criteria should exclude those at increased risk of hemorrhage. With modifica-
tions, the recommendations of the National Institute of Health Consensus
Development Conference on Thrombolytic Therapy (66) are listed in Table 1.

TABLE 1 Contraindications to Thrombolytic Therapy
(from ref 66)

Absolute Contraindications

Active internal bleeding

Recent (within 2 months) cerebrovascular accident or
neurosurgical procedure

Recent (<10 days) major surgery, organ biopsy, previous
puncture of noncompressible vessels

Recent serious gastrointestinal bleeding

Recent serious trauma, including prolonged cardiopulmonary
resuscitation

Relative contraindications

Severe arterial hypertension (5200 mm Hg systolic
or >110 mm Hg diastolic)
Recent minor trauma, including brief cardiopulmonary resuscitation
Hemostatic defects, severe hepatic or renal disease
Age over 65 years
Diabetic hemorrhagic retinopathy
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TABLE 2  Protocol for Intracoronary Streptokinase Administration

Prophylactic lidocaine infusion; steroids and aspirin usually not given
Systemic heparinization (100 units/kg)
Baseline coronary angiography
IC nitroglycerin 200 mcg - often omitted due to low rate of reperfusion
Ostial infusion of SK

10,000-20,000 unit bolus (optional)

2,000-4,000 units/min

Use urokinase (6000-24,000 u/min) if SK therapy within 6-12 months
Duration of infusion: usually 1 hr following reperfusion or 90-120 min total
Left ventriculography, if stable
To CCU with sheaths in place and on continuous heparin infusion to maintain

PTT 1.5-2 X normal. Remove sheaths in 24-36 hrs.
Prior to discharge, aspirin + dipyridamole or warfarin.

Patients with cardiogenic shock should probably not be categorically excluded
since they may have much to gain from successful reperfusion. Certainly these
patients are at increased risk from any procedure, including cardiac
catheterization.

B. Treatment Protocol

1. Intracoronary therapy There are only minor differences in the protocols for
intracoronary streptokinase administration currently used by most investigators
(67). A representative protocol is outlined in Table 2. Initial attempts to
disrupt the thrombus with a guidewire were not usually successful, potentially
dangerous, and have been abandoned (except when coronary angioplasty is to be
performed). Likewise, subselective infusion of streptokinase through a small
catheter positioned within the infarct artery proximate to the clot has been
advocated (68). This technique may be time consuming, is of unproven benefit,
and is seldom used. Drug infusion is usually continued for 30-60 minutes after
reperfusion to eliminate any residual thrombus.

Follow-up care after catheterization and drug administration is less uniform.
A continuous heparin infusion to prevent rethrombosis is started either
immediately after catheterization or when the activated partial thromboplastin
time has returned toward twice normal and is maintained for a variable period,
usually 4-10 days. Antithrombotic therapy is then continued with either (a)
aspirin plus dipyridamole or (b) warfarin. There is no data to suggest which
regimen is more effective or when these agents should replace heparin. In the
absence of such data, many prefer aspirin and dipyridamole, since this regimen
is easier to monitor and probably safer than warfarin. Continuous anti-
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thrombotic coverage can be maintained by starting these agents several hours
before stopping heparin.

2. Intravenous therapy Unlike the earlier low dose thrombolytic therapy
trials, current research efforts with intravenous streptokinase employ the
early administration of a high dose, brief duration infusion of drug. A high
dose is given rapidly to saturate antistreptokinase antibodies and ensure
adequate concentrations of the drug within the coronary circulation. The brief
duration of infusion (20 to 60 minutes) should reduce the duration of hyper-
plasminemia and therefore decrease the risk of bleeding. A typical protocol is
shown in Table 3. As discussed previously, the pharmacokinetics of strepto-
kinase's actions are complex, and there is little evidence that one high-dose
regimen is more effective than another (as Tong as a systemic lytic state is
produced). Therefore, the choice of dosage is more often based on the size of
the vial (750,000 units) than on pharmacokinetic principles. Since a rare
patient may be resistant to even very large doses of streptokinase (usually due
to antistreptokinase antibodies), a fibrinolytic effect should be documented by
(a) prolongation of the prothrombin time, activated partial thromboplastin
time, or thrombin time, (b) a decrease in fibrinogen, or (c) the presence of
elevated fibrin degradation products. Urokinase should be used in patients
with recent streptococcal infection or recent streptokinase therapy (within the
previous 6-12 months) or when streptokinase resistance is encountered.

Some authorities advocate immediate heparinization after streptokinase
administration to prevent early reocclusion; others suggest delaying anticoagu-
lation for several hours (eg. when the activated partial thromboplastin time
has declined toward twice normal) to reduce the risk of hemorrhage. The
heparin infusion rate is adjusted to maintain the activated partial thrombo-
plastin time at 1.5 to 2 times normal. The intricacies of monitoring the
activity of fibrinolytic agents, including the effect of heparin, fibrin
degradation products, and hypofibrinogenemia on laboratory studies, have
recently been reviewed (19).

TABLE 3 Protocol for Intravenous Streptokinase Administration

Prophylactic lidocaine infusion

Heparin lock for blood sampling

Percutaneous femoral venous sheath if invasive procedures anticipated

Premedication with hydrocortisone (usually omitted)

Streptokinase 500,000-1,500,000 units over 30-60 minutes. Use urokinase
(2 million units) if SK therapy within previous 6 months.

Careful observation for signs of reperfusion or bleeding

After completion of SK infusion, start heparin infusion (1000 units/hr) to
maintain PTT at 1.5-2 times upper limit of normal. Continue heparin
for 3-10 days.

Measure fibrinogen and FDP to insure fibrinolysis.

CPK levels every 4-6 hr to detect early peak

Aspirin + dipyridamole or warfarin for 3-12 months

-
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Fibrinous pericarditis with or without symptoms is common 2-4 days after
transmural myocardial infarction. Management of antithrombotic therapy in a
patient who develops a pericardial rub must balance the risks of rethrombosis
of the infarct artery and cardiac tamponade due to pericardial hemorrhage
(which is rare in conventionally treated patients). In the recently completed
Thrombolysis in Myocardial Infarction (TIMI) trial (69), heparin administration
was not interrupted when an asymptomatic rub was detected. Symptomatic
pericarditis was treated with aspirin, heparin was switched to a low dose
subcutaneous regimen, and dipyridamole was started. Thirty of the 290 patients
in this trial developed pericarditis (an unusually low percentage); none
developed tamponade.

Obviously, invasive procedures should be kept to a minimum after streptokinase
administration, especially when fibrinogen levels are below 100 mgZ. A percu-
taneous venous sheath can be placed by an experienced physician prior to
treatment if invasive procedures (Swan-Ganz monitoring, temporary transvenous
pacing) are anticipated; this is routine at some centers. Inadvertent femoral
arterial puncture is a relative contraindication to subsequent thrombolytic
therapy. Blood samples should be drawn from a heparin lock to minimize the
need for repeated venipuncture.

C. Complications

1. Bleeding The most frequent complication with either intravenous or intra-
coronary streptokinase is bleeding. It was initially hoped that intracoronary
streptokinase would produce local thrombolysis without causing a systemic lytic
effect. However, the total dose of streptokinase administered is typically
150,000 to 360,000 units, and a systemic effect is almost always observed.
Cowley et al (70) detected a 707 or greater reduction in fibrinogen level in 22
(88%) of 25 patients treated with an average of 201,000 units of intracoronary
streptokinase. Mean fibrinogen level fell from 342+80 to 87+94 mg7 and
remained depressed (43% of baseline) at 24 hours. The Clauss method used by
these investigators to assay fibrinogen levels may have underestimated the
actual fibrinogen concentration in the presence of fibrin degradation products.
Plasminogen rapidly fell to 77 of baseline activity after treatment. Partial
thromboplastin time was markedly prolonged (>100 sec) after infusion, returned
to 2 times control at 52 hours and to normal at 9+4 hours. These
observations have been confirmed by others (71-73), although much less marked
systemic effects have been reported (74).

Despite significant fibrinolytic activity, serious bleeding is relatively
uncommon and life-threatening or fatal hemorrhage is rarely reported (Table 4).
The vast majority of bleeds requiring transfusions occur at the site of
arterial puncture; minor bleeding and hematoma formation at that site is
common. Bleeding is often more closely related to heparin therapy than to the
thrombolytic agent itself, frequently occuring after the systemic lytic effects
have resolved (75). Some caution is advised in extrapolating the published
risk of hemorrhage to clinical practice. Since there is no consistent
definition of what constituted a "minor" or "major" bleed, the exact incidence
of bleeding complications in published studies is sometimes difficult to
determine. In addition, it is possible that investigator bias Teads to an
underemphasis of bleeding risks. Alternatively, the low risk of serious
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TABLE 4 Serious Bleeding Episodes after Thrombolytic Therapy

Author (ref) Total patients No. Bleeds

Intracoronary Merx (143) 204 15 (77%)
Rentrop (74) 29 2 (77%)
Schwarz (155) 101 6 (6%) (one fatal)
Rogers (158) 25 1 (4%)
Smalling (144) 136 5 (42)
Mathey (156) 41 0
Anderson (71) 24 0
Khaja (157) 20 0
Kennedy (148) 134 7 (5%)

Intravenous Rogers (158) 26 1 (47%)
Neuhaus (82) 40 0
Schroder (88) 93 0
Spann (159) 43 0
Anderson (160) 27 4 (15%)
Taylor (161) 121 6 (5%)

hemorrhage may reflect careful patient selection and follow-up care by skilled,
experienced clinicians in a research environment.

Although a brief intravenous infusion of streptokinase produces a greater
systemic lytic effect, the actual incidence of bleeding complications is no
higher than following intracoronary streptokinase since femoral arterial
puncture has not been performed (Table 4). Two (1.27) patients in the European
Cooperative Trial (64) suffered nonfatal intracereberal bleeds after a 24-hour
streptokinase infusion. Careful patient selection and strict avoidance of
unnecessary invasive procedures will minimize the risk of hemorrhage.

Management of life-threatening hemorrhage inaccessible to direct pressure in a
patient with a systemic lytic state can be exceedingly complex and should
properly involve consultation with the hematologist. Heparin should be
discontinued and can be reversed with protamine sulfate. Epsilon-aminocaproic
acid (Amicar) inhibits the binding of plasmin to fibrin but does not prevent
further activation of plasmin or the destruction by plasmin of other coagu-
lation factors. A loading dose of 5 gm is given over 30 min, followed by a 1
gm/hr infusion. Thrombotic complications can occur when disseminated intra-
vascular coagulation or upper genitourinary tract bleeding is present.
Clotting factors, especially factor VIII and fibrinogen, should be replaced
with cryoprecipitate or fresh frozen plasma. Since plasma is rich in plasmin-
ogen, it may paradoxically worsen bleeding by providing the substrate for
increased plasmin production.
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2. Arrhythmias Since arrhythmias occur frequently in conventionally treated
patients, it is not always possible to attribute them to complications of
reperfusion. In animal models, reperfusion after brief periods of coronary
occlusion often produces serious ventricular arrhythmias, including ventricular
fibrillation, which may be fatal. Initial concern that such refractory
ventricular arrhythmias would complicate reperfusion in man has not been borne
out by clinical experience. While arrhythmias are often noted at the time of
reperfusion, they are almost always managed with conventional antiarrhythmics,
especially lidocaine. Life-threatening recurrent ventricular tachycardia and
fibrillation have been reported but are rare. The most characteristic rhythm
disturbance produced by reperfusion in man is accelerated idioventricular
rhythm, occurring at the time of reperfusion in up to 507 of patients in some
series (76), less often in others. This rhythm is usually well tolerated
rarely degenerates to rapid ventricular tachycardia, and may require no
specific treatment. Overdrive suppression with atropine or atrial pacing is
usually successful.

Reperfusion of the inferoposterior myocardium activates vagal afferents,
causing bradycardia and hypotension (Bezold Jarisch reflex) (77,78). This
usually responds to volume, atropine, and postural changes, and may rarely
require temporary pacing. In other patients with inferior myocardial
infarction, high-degree atrioventricular (AV) block due to AV nodal ischemia
may resolve with reperfusion.

The mechanism of reperfusion ventricular g;rhythmias is uncertain, but rapid
changes in K, pC02, and intracellular Ca’ ', and stimulation of alphal-
adrenergic receptors may play a role (79). In animal studies, the occurrence
of arrhythmias with reperfusion implies the presence of viable myocardium in
the infarct region; the frequency of such arrhythmias falls as the length of
temporary occlusion increases. Whether reperfusion arrhythmias imply salvage
of myocardium in man is unknown.

3. Cardiac catheterization Patients with acute myocardial infarction tolerate
cardiac catheterization and coronary angiography surprisingly well. Serious
complications directly attributed to these procedures are rare in reports from
experienced laboratories. Left ventriculography usually produces transient
mild hypotension and should be avoided in patients with shock. Dissection of
the right coronary artery has been reported (80). Three deaths directly
attributed to the catheterization procedure itself were described in 1 report:
asystole after injection of a normal right coronary artery in 1 and
dislodgement of a proximal left anterior descending thrombus by a guidewire
with embolization into the left circumflex artery in 2 (81).

4. Recurrent myocardial ischemia After thrombolytic therapy, recurrent
ischemia may be due to reinfarction from reocclusion of the infarct-related
artery, infarct extension, or a myocardial oxygen supply-demand mismatch due to
hemodynamically severe coronary artery disease. Theoretically, by salvaging
myocardium distal to a residual stenosis, successful reperfusion might be
associated with a higher incidence of post-infarction angina. This has
generally not been observed by most investigators. Antianginal agents,
coronary angiography, and coronary revascularization are employed in much the
same way as for conventionally treated patients. Reinfarction due to rethrom-
bosis of the infarct vessel has been successfully treated with repeat admini-
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stration of a thrombolytic agent or with mechanical or surgical revasculari-
zation.

5. Other complications Hemorrhagic myocardial infarction after thrombolytic
therapy has been described in postmortem specimens, but there is no convincing
evidence that infarct size or eventual wound healing are adversely affected.
Myocardial rupture has been reported following thrombolytic therapy (82), but
appears to be less common than in conventionally treated patients, perhaps due
to salvage of subepicardial myocardium. Allergic or febrile reactions to
streptokinase are uncommon; anaphylaxis to either streptokinase or contrast
material is rare.

D. Recanalization Rates

1. Intracoronary therapy Recanalization of totally occluded infarct-related
arteries is achieved in 50-897 of patients by intracoronary streptokinase
(Table 5). The differences in reperfusion rates from various centers is not
readily explained by differences in technique, drug dosage, or patient

TABLE 5 Intracoronary Streptokinase — Reperfusion Rates in
Patients with Total Coronary Occlusions

Time from onset Time to

Author (ref) Recanalization rate of pain to SK (hr) reperfusion (min)
Rogers (158) 19/25 767 6.5 31
Rentrop (90) 32/43 747 5.9
Tennant (26) 20/35 577% 5.7 45
Raizner (147) 8/16 50% 5.6
Khaja (157) 12/20 607% 5.4
Kennedy (148) 73/108 687 4.6
Blunda (162) 8/13 627 4.4
Anderson (160) 18/21 867 4.3 23
De Coster (102) 18/21 867 4.1
Anderson (71) 15/20 75% 4.0 30
Leiboff (95) 15/22 687% 4.0 44
Valentine (163) 50/85 597 4.0
Taylor (161) 44/63 707 3.6 20
Cribier (109) 39/61 647 3.6
Ganz (108) 64/74 867 3.4 25
Alderman (75) 11/15 737% 3.3 28
Cowley (70) 16/18 897
Rentrop (74) 17/20 857
Smalling (144) 73/100 73%
OVERALL 552/780 nz avg 30 min
Time to SK

<4.5 hr 282/395 717

>4,.5 hr - 164/247 667%
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selection. Small sample sizes and different angiographic criteria of
reperfusion are partly responsible. Overall, reperfusion occurred in 508 (71%)
of 717 patients with total occlusions in 19 studies. The average time from
onset of symptoms to reperfusion was 30 minutes. Recanalization rates for
urokinase are similar (26,83).

Several investigators have examined the factors associated with an increased
recanalization rate. Tendera and associates (84) treated 117 patients with
intracoronary streptokinase or urokinase and compared the 66 reperfused and 51
nonreperfused patients. Recanalization rates were statistically higher for
patients with (a) proximal location of the thrombus (74%) vs distal (38%), (b)
left anterior descending thrombus (74%) vs right or left circumflex coronary
thrombus (447), and (c) collaterals absent (66%) vs collaterals present (45%).
The explanation for the influence of collaterals on recanalization is unknown,
but a higher pressure gradient across the thrombus in those without collaterals
may encourage greater penetration of drug. In contrast to several other
studies, the time from pain onset to treatment was not associated with
recanalization rate (4.5%1.7 hrs for patients with opening, 4.9%1.6 hrs for
those with no opening, p=NS).

Kennedy et al (80) analyzed factors associated with reperfusion rate in 1029
patients treated with intracoronary streptokinase an average of 4.0%+6.9 hours
after pain onset. While overall reperfusion rate was 717, those treated within
6 hours were more likely to reperfuse (75Z) than those treated beyond 6 hours
(587%). Reperfusion was least likely in the 45 patients with cardiogenic shock
(437%). In contrast to the report by Tendera et al (84), recanalization rate
was not associated with the location of the thrombus. In another registry
report of 209 patients treated with intracoronary streptokinase, the reper-
fusion rate was highest in those treated within 3 hours (85%) (85).

Intracoronary streptokinase nearly always causes a systemic lytic effect;
indeed, the absence of such an effect is highly predictive of treatment
failure. Rothbard and colleagues (72) treated 10 patients with "low dose"
(average 753 u/min) and 5 with "standard dose" (average 4202 u/min) intra-
coronary streptokinase. Low dose patients were treated with the standard dose
regimen if reperfusion was not achieved within 90 minutes. The recanalization
rate was then correlated with the presence of a systemic lytic state (defined
as a >10% reduction in fibrinogen level). A lytic state was produced in 5 of
10 Tow dose and 11/13 standard dose treatments.

Systemic lytic state? Reperfusion No reperfusion

No 0/7  (0%) 7/7 (100%)
Yes 12/16 (75%) 4/16 (25%)

Thus, a systemic lytic state is a frequent accompaniment of successful therapy
and may even be a necessary requirement for attaining reperfusion with
intracoronary streptokinase.

Since a systemic fibrinolytic effect is produced in the vast majority of both
successfully and unsuccessfully treated patients, failure to achieve such an
effect is an uncommon explanation for treatment failure (73). Occlusion
resistant to thrombolytic therapy may be due to nonthrombotic coronary
occlusion by plaque hemorrhage (which might actually be caused or worsened by
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thrombolytic therapy), coronary artery dissection, or coronary embolus (86,87).
Necropsy evaluation of 4 patients with unsuccessful thrombolytic therapy
revealed medial dissection and intraplaque hemorrhage in 1, old, organized
thrombus in 1, and intraplaque hemorrhage with fresh thrombus in 2 (87). 1In
contrast, none of the 3 specimens from successfully reperfused patients
contained dissection or intraplaque hemorrhage.

2. Intravenous therapy While it is clear that intracoronary streptokinase can
quickly achieve thrombolysis in the majority of patients with acute myocardial
infarction, this approach suffers from 2 major limitations. First, since
cardiac catheterization must be performed, there is an inevitable delay between
patient presentation and delivery of therapy. Even in the most experienced
centers, this delay is 45-120 minutes. Continued myocardial necrosis during
this time substantially reduces the ultimate benefit from reperfusion. Second,
the majority of patients with acute myocardial infarction do not currently have
immediate access to facilities capable of delivering 24 hour-a-day intra-
coronary therapy. Providing such facilities on a nationwide scale would place
a great burden on financial and professional resources. Rapid intravenous
administration of an effective thrombolytic agent would permit earlier
treatment and, therefore, greater myocardial salvage by reperfusion and would
be readily available to the majority of patients with acute myocardial
infarction, since specialized facilities and personnel would not be necessary.

There are 8 published studies which have utilized coronary angiography at
baseline and during treatment to assess the recanalization rate after intra-
venous streptokinase (Table 6). Overall reperfusion was achieved in 129 (42%)
of 304 patients at an average of 45 minutes after the start of treatment.
While this contrasts with the 717 rate for intracoronary streptokinase, the
recanalization rate may be highly dependent on the time form the onset of
occlusion to treatment (Figure 6) (88). In the 3 studies with a mean time to

TABLE 6 Intravenous Streptokinase — Angiographically Documented

Reperfusion Rates in Patients with Total Coronary Occlusion
Recanalization SK dose Time from onset Time to

Author (ref) rate X 10°  of pain to SK (hr) reperfusion (min)

Rogers (158) 8/26 31%  500-1,000 6.8 38

TIMI (69) 40/115 357 1,500 4.8

TIMI (164) 11/34 327 1,500 4.5

Blunda (162) 6/12 50% 478 4.0 54

Schroeder (88) 11/21  52% 500 3.8

Spann (159) 21/43 497  850-1,500 3.5

Neuhaus (82) 24/40 607 1,700 3.4 48

Alderman (75) 8/13  62% 725 3.4 39

OVERALL 129/304 42Z avg 45 min

Time to SK

>4 hr 59/175  34%

=4 hr 70/129 547
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FIGURE 6 Recanalization rate with intravenous straptokinase vs mean time from
pain onset to treatment for the 8 studies in Table 6. (l1=ref 75, 2=ref 82,
3=ref 159, 4=ref 88, 5=ref 162, 6=ref 164, 7=ref 69, 8=ref 158)

treatment over 4 hours, reperfusion was achieved in 59 (347%) of 175 patients,
whereas the 5 trials with a mean time less than or equal to 4 hours report
reperfusion in 70 (547) of 129 patients. The recanalization rate does not
appear closely associated with the total streptokinase dose; a systemic lytic
state was produced in essentially all patients treated in these studies.
Reperfusion rates for intravenous urokinase are similar (89).

Since angiographic studies will not detect drug-induced reperfusion which
occurs after the 60 to 90 minute observation period in the catheterization 1lab,
they likely underestimate the ultimate recanalization rate of intravenous
streptokinase. The primary advantage of intravenous streptokinase is the
ability to administer treatment very early (within 3 hours of the onset of
symptoms). Unfortunately, angiographically controlled trials can not be used
to assess the reperfusion rate during this very early period, since an
insufficient number of patients can be undergo catheterization and be treated
within this time. Other markers have been used to determine if reperfusion has
been achieved with intravenous treatment.

Delayed angiography Several investigators have performed coronary angiography
after treatment to determine the patency of the infarct-related artery

(Table 7). Patent vessels were found in 348 (757) of 463 patients at angio-
graphy performed several hours to 4 weeks after treatment, which was admini-
stered much earlier (average 2.8 hours) than in the studies in Table 6. This
approach likely overestimates the true drug-induced recanalization rate for 2
reasons. First, in the absence of a baseline angiogram, it is impossible to
determine which patients have patent infarct vessels prior to treatment and
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would, therefore, be inappropriately counted as treatment successes. A review
of reports describing coronary angiography within a mean of 4 hours of pain
onset reveals 127 of patients with patent vessels before any treatment

(Table 8). Second, spontaneous reperfusion, even in the first 24 hours, 1is not
uncommon in patients with acute myocardial infarction treated conventionally.

TABLE 7 Intravenous Streptokinase - Reperfusion Rates Assessed by
Delayed Angiography (No Pretreatment Angiography)

Time from
Recanalization onset of pain Time of late Early CK
Author (ref) rate to SK (hr) angiogram _ peak
Verstraete (152) 34/62 553 2.6 Same day '
Mathey (89) 30/50 607 1.8 (urokinase) Same day
Valentine (163) 42/66  64% 2.9 Same day
Taylor (161) 99/121 82% 3.2 Within 2 days
Ganz (92) 63/66 957 2.2 3-7 days 75/81 93%
Anderson (160) 16/22  73% 2.8 2 weeks 23/25 927
Olson? 22/26  85% 4.4 2 weeks 22/28 19%
Schroeder (88) 42/50 847 2.9 4 weeks ,
OVERALL 348/463 75% Avg 2.8
labstract
TABLE 8 Angiographic Findings in Acute Transmural Infarction
Time of cath Total Subtotal

Author (ref) (hrs) occlusion occlusion
Mathey (156) <3 39/41 95% 2/41 57
Ganz (108) 3.4 74/81 917 7/81 9%
Anqerson (71) 4.0 20/24 837 4/24 177
Leiboff (95) 4.0 43/55 787 12/55 223
De Coster (102) 4,2 36/44 827 8/44 177
TIMI (164)? 4.7 70/87 80% 17/87  20%
TIMI (Phase I) (69) 4.8 214/290 743 76/290 263
Khaja (157) 5.4 45/54 837 9/54 17%
Rentrop (74) 5.6 20/29 697 9/29 31%
Tennant (26) 5.7 102/139  73% 37/139 277
Rentrop (90) 5.9 61/91 577 30/91 332
OVERALL 724/935 772 211/935 23%
Time of cath

<4.0 hr 25/201 127%

>4.0 hr 186/734 253

! Includes open-label tPA patients not described in ref 159
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FIGURE 7  Patency rates for infarct-related coronary arteries before
intervention and at day 10-14 in patients treated with intracoronary
streptokinase (SK), streptokinase and nitroglycerin (SK+NTG), nitroglycerin
(NTG), or conventional therapy. (From ref 90)

As shown in Table 8 and Figure 1, the incidence of patent vessels rises as the
mean time from pain onset to angiography increases. By 2-4 weeks, approxi-
mately one-half of conventionally treated patients in some series will have
patent infarct-related arteries (Table 9). Of 13 patients studied by Rentrop
et al (90) with totally occluded vessels at initial angiography who received no
thrombolytic therapy, 10 (77%) were patent 10-14 days later (Figure 7).
Therefore, delayed angiography, unless performed immediately after treatment,
is of Timited value in determining the rate of drug-induced reperfusion.

TABLE 9 Late Patency Rate for Conventionally Treated Patients

Patency Time of late
Author (ref) rate angiogram
De Wood (17) 38/114 337 6-24 hr
Bertrand (165) 50/106 477 2 weeks
Rentrop (90) 16/24 677 2 weeks

Betriu (166) 141/259 547 4 weeks
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Same-day post-treatment angiography in 3 trials demonstrated patent infarct
arteries in 106 (607%) of 178 patients treated with either intravenous strepto-
kinase or streptokinase an average of 2.5 hours after symptom onset (Table 7). .

Clinical signs of reperfusion The following clinical events may be noted at
the time of reperfusion: rapid relief of chest pain, rapid resolution of ST-
segment elevation; resolution of conduction disturbances, transient bradycardia
and hypotension, and appearance of ventricular arrhythmias (76,77,91,92). Some
authorities believe the appearance of one or more of these markers reliably
indicates that reperfusion has occurred. Using clinical markers, reperfusion
rates of over 907 are reported (92). Others have found these clinical events
to be less sensitive and specific markers of reperfusion. In the TIMI trial
(69), reperfusion (documented angiographically) was actually associated with
worsening of pain in 10 patients and exacerbation of ST-segment elevation in 2.
New arrhythmias appeared in only 367 of reperfused patients,

Time to peak CPK activity The most useful noninvasive marker of reperfusion
has been the time to peak CPK activity. In patients without reperfusion, CPK
activity usually peaks 20-25 hours after the onset of symptoms. Reperfusion
produces a rapid '"wash-out" of this enzyme from the infarct region (93). In
experimental infarction with reperfusion 1 to 3 hours after coronary occlusion,
maximal plasma CK activity is reached much earlier than with sustained coronary
occlusion. Patients with acute infarction and successful recanalization with
streptokinase also have earlier peak CK activity, usually within 2-8 hours
after treatment and within 12-16 hours of symptom onset (Figure 8) (94-97). 1In
an angiographically controlled trial by Alderman and associates (3), a 15 hour
demarcation from the onset of pain to peak CK activity separated those with and
without recanalization with 957 sensitivity and 887 specificity. However, this
study contained only 28 patients; much larger numbers will be needed to test
the predictive value of an early CK peak as a marker of reperfusion. Prelim-
inary data from the TIMI trial suggests that a very early (within 4 hours of
treatment) and a very late (beyond 16 hours after treatment) peak CK are highly
predictive of successful and unsuccessful reperfusion, respectively. Using
?ar1y pe;king CK as a marker of reperfusion, rates of 65-907 have been reported
Table 7

Unfortunately, early peaking CK activity can not distinguish between early
spontaneous and drug-induced recanalization (90,98). Rentrop et al (90) found
no difference in time from pain onset to peak CK in successfully reperfused
patients (15.9+7.1 hours) and those with patent vessels prior to treatment
(14.6x5.0 hours).

Spontaneous reperfusion can occur early enough to salvage myocardium in conven-
tionally treated patients with acute myocardial infarction (99-101). Ong et al
(101) compared changes in left ventricular function after acute myocardial
infarction in 24 patients with early peaking CK levels (average 11.6x2.7 hr
after pain onset) and 28 with late CK peaking (average 22.1+5.3 hr after

pain). None had received thrombolytic therapy. Left ventricular ejection
fraction improved from 0.38 to 0.48 (p<0.001) in those with an early CK peak
(presumed a result of spontaneous early reperfusion) and was unchanged in the
late-peaking CK group. While the actual incidence of spontaneous reperfusion
may differ from that reported in this study, others have confirmed that early
spontaneous reperfusion does occur and is associated with both an early peaking
CK level and an improvement in ventricular function after myocardial
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FIGURE 8 A comparison of the CK-MB release curves for conventionally treated
patients and for streptokinase treated patients with reflow. Reperfusion
causes a rapid increase in CK at the time of vessel opening and an earlier
peak. (From ref 96)

infarction. In trials of intravenous streptokinase that employ early CK
peaking to assess reperfusion, credit for any beneficial effect attributed to
reperfusion must be shared by both spontaneous and drug-induced recanalization.

Thallium Scintigraphy Performed early after intravenous injection of the
radionuclide, thallijum-201 imaging reflects the distribution of myocardial
blood flow. De Coster et al (102) evaluated the effect of reperfusion during
acute myocardial infarction on pre- and post-intervention thallium-201
perfusion imaging and assessed the ability of thallium-201 to predict infarct-
related artery patency in 23 patients treated with intracoronary streptokinase
and 21 control patients. Planar imaging was performed acutely (before treat-
ment), at 2-8 hours, 4 days, and 6 weeks. In the 26 reperfused patients, the
thallium defect score fell from 40Z to 147 at 6 weeks, whereas it remained
unchanged in those who did not reperfuse.

Technetium-99m pyrophosphate imaging The delivery of technetium-99m stannous
pyrophosphate (Tc-99m-PPi), a widely used infarct-avid imaging agent, into the
area of infarction is dependent on flow. In the absence of reperfusion,
intense uptake of Tc-99m-PPi rarely occurs earlier than 2-3 days post-
infarction. Wheelan and associates (103) found a good correlation between the
presence of a strongly positive (3 or 4+ uptake) Tc-99m-PPi scan performed an
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average of 7.2 hours after pain onset and early peaking CK activity in 14
patients treated with intravenous streptokinase. A strongly positive acute
scan identified those patients with a subsequent improvement in left ventricu-
lar function after treatment (presumably due to reperfusion). Others have
attempted to detect coronary artery thrombi using indium-111-labeled platelets
and technetium-99m-labeled red blood cells (104).

E. Reocclusion

A significant stenotic lesion in the infarct-related artery is present at the
site of thrombosis in most patients with acute myocardial infarction. Despite
anticoagulation, reocclusion of the vessel after initially successful thrombo-
lysis occurs in 10-35% of patients prior to hospital discharge. In most
instances, reocclusion is due to rethrombosis; obstruction of the vessel by
intraplaque hemorrhage may occasionally be responsible. Reocclusion will have
1 of 2 consequences. First, it may be clinically silent if no viable myocar-
dium remains in the infarct region or if an extensive collateral circulation is
present. Second, it may present as reinfarction which, while confirming the
salvage of myocardium by the initial intervention, negates the beneficial
effects of reperfusion.

Two main factors are associated with an increased risk of reocclusion: the
severity of the residual stenosis (105-107) and inadequate or interrupted
anticoagulation (108). Harrison et al (105) used quantitative coronary
angiography to compare the residual stenosis in patients with and without
reocclusion after successful reperfusion. Seven (54%) of 13 patients with a
minimal cross-sectional area less than 0.4 mm? had rethrombosis; none of the
11 with a minimal cross-sectional area greater than 0.4 mm? had rethrombosis.
Similarly, 7 (50%) of 14 patients with residual lesions causing more than 907
area stenosis had rethrombosis while none of the 10 with lesions less than 907
had rethrombosis. Serruys and colleagues (107) noted an increased risk of
reocclusion when greater than a 58% diameter stenosis (827 area stenosis)
remained after reperfusion.

There is no consensus on the most appropriate management of a residual stenosis
after successful reperfusion. Some investigators claim that the risk of
reocclusion is low with aggressive anticoagulation (108). They point out that
the severity of the residual lesion consistently decreases in size between the
acute angiogram and hospital discharge (105,109). In the study by Harrison et
al (105) cited above, an average 1167 increase in cross-sectional area of the
residual stenosis was observed over an 8-14 day period in 17 patients after
successful streptokinase therapy. This change may be due to continued lysis of
persistent thrombi, resolution of coronary spasm, or remodeling of a ruptured
atherosclerotic plaque as it heals.

Others argue that the risk of reocclusion in patients with a high—grade
residual stenosis (with once-proven thrombotic potential) after treatment is
high enough to warrant mechanical revacsularization with percutaneous trans-
Tuminal coronary angioplasty (PTCA) or surgical revascularization (106,107,110~
114). The assumption is made that, by reducing the severity of the residual
stenosis with PTCA, the risk of reocclusion is diminished. Little information
is available on the ability of PTCA to reduce the reocclusion rate when applied
in this way. PTCA, either alone or combined with streptokinase, is currently
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being evaluated at some centers as a means of achieving reperfusion in patients
with acute myocardial infarction. In carefully selected patients, acute
recanalization can be achieved safely with a high degree of success. Residual
stenosis severity is usually less than following reperfusion with strepto-
kinase. It is clear that in carefully selected patients and in experienced
hands, PTCA can be safely performed to (a) achieve reperfusion and (b) reduce
the severity of residual stenosis after reperfusion with streptokinase. As a
primary means of establishing reperfusion, this technique suffers from even
greater limitations than intracoronary streptokinase. Its availability is
restricted to patients in close proximity to specialized laboratories and
experienced angiographers. As a means of reducing the risk of reocclusion
after thrombolytic therapy, its efficacy is unproven. Papapietro et al (115)
performed PTCA in 18 selected patients after intracoronary streptokinase; 11
had a severe residual stenosis and 7 persistent occlusion. Successful dilata-
tion was achieved in 13 (9 with patent vessels, 4 with occluded vessels) with
an average residual diameter stenosis of 27Z. However, reocclusion occurred in
4 (31%) of the 13 patients prior to hospital discharge. Gold et al (116)
reported the results of PTCA performed after intracoronary streptokinase in 28
patients with acute myocardial infarction (12 with high-grade residual
stenosis, 16 with persistent occlusion). Reperfusion was achieved 11 of the 16
persistently occluded vessels, and residual stenosis diameter was reduced by
more than 20% in 9 of the 12 patent vessels. However, early reinfarction
occurred in 1 and late restenosis or reocclusion was documented in 5 (457) of
11 patients at repeat angiography 5 months after treatment. Others report much
Tower reocclusion rates after acute PTCA (107,111). Since, despite anticoagu-
lation, the risk of reocclusion in many centers appears to be high in patients
with a severe residual stenosis, further studies to assess the role of PTCA as
adjuvant therapy to reduce this risk seem warranted.

Most patients with high-grade residual stenosis and severe 3-vessel or left
main coronary disease would be candidates for coronary artery bypass graft
surgery.

F. Reperfusion and Myocardial Salvage

Reperfusion of the infarct vessel is not an end in itself, but a means of
salvaging viable myocardium. What is the evidence that reperfusion salvages
myocardium in man? Unfortunately, assessment of infarct size in man is
hampered by the highly variable size of the territory at risk after coronary
occlusion, spontaneous variability in ventricular function after infarction,
and lack of a sensitive, precise technique to detect small changes in infarct
size. The most dramatic but least quantifiable evidence that myocardium has
been salvaged is the occurrence of clinical reinfarction after successful
reperfusion. Several electrocardiographic, enzymatic, and imaging techniques
have been utilized to detect myocardial salvage after thrombolytic therapy.

1. Electrocardiographic indices Blanke et al (91) evaluated the effect of
reperfusion on various electrocardiographic indices of ischemia and infarction
in patients with acute anterior myocardial infarction, including the magnitude
of ST-segment elevation, the sum of R wave heights, and the number of Q waves
in V1-V6. They observed Q wave regression and an increase in R wave height in
recanalized patients compared with a retrospectively selected group of
conventionally treated patients with anterior myocardial infarction, suggesting
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salvage of myocardium by reperfusion. Goldberg et al (117) noted a decline in
Q waves and partial regrowth of R wave amplitude in some patients after
successful reperfusion. Unfortunately, these electrocardiographic techniques
lack the precision required to quantitate myocardial salvage.

2. Thallium imaging Myocardial labelling with thallium-201 is dependent upon
intact myocardial perfusion and uptake of the isotope by viable myocardial
cells. Several investigators have reported significant reductions in the size
of thallium perfusion defects in successfully reperfused patients in comparison
to patients without reperfusion, suggesting salvage of viable myocardium
(108,118-121).

3. Positron emission tomography Accumulation of !!C-palmitate is homogeneous
in normal myocardium and diminished in reversibly or irreversibly injured zones
of ischemia. In animal studies, posjtron emission tomography can delineate
restoration of myocardial uptake of 11C—pa'lm'itate after reperfusion in regions
of salvaged myocardium. Thus, this technique can be used to quantitatively
assess areas of ischemic, viable myocardium and temporally follow the fate of
these areas after various interventions. Sobel and associates (122) compared
11C-palmitate accumulation in 11 patients with and 8 without reperfusion. In
each of the reperfused patients, myocardial accumulation of !!C-palmitate
improved between the acute and delayed study, suggesting improved regional
metabolism by salvaged myocardial cells. No change in tomographic images was
found in the nonreperfused patients. In addition to positron emission
tomography, nuclear magnetic resonance imaging and single photon emission
tomography (123) will Tlikely emerge as valuable tools for evaluating infarct
size.

4, CK activity curves In addition to altering the time to peak CK activity,
reperfusion results in a relatively greater release of CK for a given infarct
size in comparison with nonreperfused infarctions (94,97). Thus, conventional
calculations of infarct size from CK activity curves may be unreliable when
early reperfusion has occurred. While demonstration of similar peak CK levels
in reperfused and nonreperfused patients has been used as suggestive evidence
of smaller infarctions in those reperfused, CK activity curves have not been
?ide1y eTp1oyed to assess myocardial salvage with thrombolytic therapy
124,125).

G. Reperfusion and Left Ventricular Function

If reperfusion reduces mortality after myocardial infarction, it most likely
does so by improving left ventricular function and preventing pump failure.

The most useful techniques used to assess the effect of reperfusion on global
and regional ventricular function are contrast left ventriculography, radio-
nuclide ventriculography, and two-dimensional echocardiography. Since improve-
ment in ventricular function may take several days, the effect of reperfusion
should not be assessed until at least 10-14 days after treatment (Figure 9).

Numerous uncontrolled studies have demonstrated improvements in global and/or
regional left ventricular function when reperfused patients are compared to
nonreperfused patients (Figure 10). Representative findings of these
comparisons are shown in Table 10. Several points will be emphasized.
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FIGURE 9  Regional wall motion in the infarct zone in patients with and
without reperfusion studied acutely (1st), at 24 hours (2nd), and at hospital
discharge (3rd). Regional function improved in those successfully reperfused.
However, no improvement was evident at 24 hours. (From ref 126)
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FIGURE 10  Left ventricular ejection fraction acutely and 7-21 days after
intracoronary streptokinase. Ejection fraction improved in the successfully
recanalized patients. (From ref 156)
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TABLE 10 Effect of Reperfusion on LV Function - Reperfused vs Nonreperfused

Author # Patients
(ref) Reper No reper Findings
Sheehan 42 10 Improved regional function in reperfused pts;
(127) unchanged in nonreperfused. Global LVEF did
not reflect improvement in regional function.
Leiboff 18 22 No difference in LVEF response in reperfused
(95) (0.41 to 0.40) and nonreperfused (0.46 to
0.44) patients. In contrast, those with
incomplete obstruction had increase in LVEF
(0.46 to 0.53). ’
Raizner 16 6 LVEF increased in reperfused (0.42 to 0.49)
(147) and fell in nonreperfused (0.45 to 0.39,
=0.06) patients. Similar changes in regional
LV function.
Mathey 30 20 Regional LV function improved only in reper-
(89) fused patients treated within 2 hours of pain.
Valentine 62 30 Greater improvement in LVEF in reperfused
(163) (0.39 to 0.48) than nonreperfused (0.36 to
0.40) patients.
Yasuno 11 10 Improved LVEF in reperfused (0.51 to 0.72) and
(83) no change in nonreperfused or reperfused with
reocclusion (0.41 to 0.41).
Charuzi 23 10 Improved regional wall motion in reperfused, not in
(167) nonreperfused. No improvement immediately after

reperfusion.

1) As shown by Stack et al (126), Sheehan et al (127), and others (109),
function in the region of infarction may improve substantially without an
improvement in ejection fraction, a measure of global left ventricular
function (Figure 11). Acutely, hyperkinesis of the ventricular region
opposite the site of infarction may compensate for hypokinesis in the area
of infarction, thus normalizing left ventricular global function. After
successful reperfusion, improvement in function in the infarct region
proceeds simultaneously with a decrease in compensatory hyperfunction of
uninvolved regions; global ejection fraction may remain unchanged.
Therefore, an analysis of regional wall motion is a more sensitive method of
detecting myocardial salvage than is an assessment of global ventricular
function.

2) Not surprisingly, when improvements in left ventricular ejection fraction
have been demonstrated, changes are most marked in those with the Towest
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FIGURE 11 Regional function in the infarct zone before and 9-14 days after
treatment with intravenous streptokinase. Regional function improved in the
patients with successful reperfusion. (From ref 159)

initial values (128,129). In patients with cardiogenic shock, striking
changes in function have been noted after successful reperfusion.

3) As predicted from animal studies, improvement in ventricular function is
dependent upon the time delay between the onset of pain and reperfusion
(129-131). In general, little or no consistent improvement in global or
regional function occurs in patients reperfused beyond 3-4 hours
(Figure 12). A notable exception is the report by Smalling et al (132)
where improvements in ejection fraction in patients reperfused as late as 18
hours were found. The explanation for this observation is unclear. A1l
were said to have persistent pain at the time of enrollment and this may
identify a subgroup who may benefit from delayed treatment; others have been
unable to demonstrate such an effect.

4) Residual flow to the infarct region (either by collaterals or flow through a
subtotal occlusion) prior to treatment may significantly improve eventual
recovery of ventricular function (99,129,133-136). Presumably, such
residual flow prolongs the viability of ischemic myocardial cells,
permitting greater salvage when reperfusion is achieved. Even in the
absence of reperfusion, residual flow may permit recovery of left
ventricular function (Figure 13) (98).

5) In addition to posing an increased risk of reocclusion, a high-grade
residual stenosis may limit or prevent recovery of regional function after
reperfusion (131,137,138). The role of mechanical or surgical revasculari-
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FIGURE 12 Regional wall motion at the infarct site in reperfused patients who
received intravenous urokinase within 2 hours of symptom onset and after 2
hours but within 3 hours of symptom onset, and in nonreperfused patients.
Negative values represent hypokinesis. (From ref 89)
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FIGURE 13  Mean changes in left ventricular ejection fraction from hospital
admission to discharge in 40 patients who either received no thrombolytic
(N=32) or had persistent occlusion after streptokinase (N=8). Ejection
fraction improved in those with residual flow from collaterals or subtotal
occlusions compared to those without residual flow (p<0.01). (From ref 98)
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zation to maximize the beneficial effect of reperfusion in this subgroup of
patients is undetermined.

6) No improvement in function is seen in those with reocclusion after initially
successful reperfusion (109,138).

Right Ventricular Function The effect of reperfusion on right ventricular
function in patients with right ventricular infarction complicating inferior
infarction has been less well studied. Right ventricular dysfunction often
spontaneously improves in conventionally treated patients. Verani et al (139)
found the same degree of improvement in right ventricular function in patients
without reperfusion as in those with reperfusion.

Mural Thrombus Formation Thrombolytic therapy might reduce mural thrombus
formation by either a reduction in infarct size or by a direct fibrinolytic
effect on the acutely formed thrombus. Since heparin itself may decrease
thrombus formation after myocardial infarction, it is difficult to separate the
effects of streptokinase from those of subsequent heparin therapy. Eigler et
al (140) noted thrombus formation in 1 of 12 patients with anterior myocardial
infarction treated with streptokinase compared with 7 of 10 nonrandomized
controls who had not received anticoagulation. In contrast, Stratton et al
(141) detected a left ventricular thrombus in 5 of 45 streptokinase patients
and in none of 38 randomized control patients 8 weeks after infarction. ATl
patients had received anticoagulant therapy in the hospital, and a similar
number in each group continued such therapy after hospital discharge. Thus,
streptokinase therapy may not decrease the incidence of mural thrombus
formation over that which can be achieved by anticoagulant treatment alone.

H. Reperfusion and Mortality in Uncontrolled Trials

Several uncontrolled reports have suggested that successfully reperfused
patients have a lower mortality rate than nonreperfused patients after intra-
coronary streptokinase. Kennedy et al (80) compared hospital mortality rates
for 1029 patients entered into a registry. Overall reperfusion rate was 71Z.
Mortality rates were lower in reperfused than nonreperfused patients overall,
and lower in reperfused patients with shock, anterior myocardial infarction,
and age 60-69 years (Table 11). There was no uniform protocol for treatment or
follow-up.

TABLE 11 Mortality Rates From the Society for Cardiac Angiography
Report on Intracoronary Streptokinase Hospital Mortality Rates

n Reperfused Not reperfused p
Overall 1029 5.5% 14.77% <0.0001
Age 60-69 309 6.87% 25.97 <0.0001
Shock 44 42.17 84.07% <0.0001
Anterior MI 448 8.47 21.2% 0.0002
Age <60 593 2.57% 5.27% NS
Stable 884 3.87% 8.17% NS

Inferior MI 424 2.9% 6.87% NS
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Other registry reports (85,142) and uncontrolled trials (128,143-145) have also
described lower mortality rates in reperfused vs nonreperfused patients,
especially in those with initially depressed left ventricular function.

VI. Controlled Trials

The studies discussed above demonstrate evidence of myocardial salvage and
reduced mortality when successfully reperfused patients are compared with
nonreperfused patients. There are obvious limitations in evaluating the
efficacy of a therapy by comparing successfully and unsuccessfully treated
patients. First, it is possible that patients with a good prognosis with
conventional treatment are also those in whom reperfusion can most easily be
achieved. For example, reperfusion may be more likely in patients who would
have had spontaneous thrombolysis (and, therefore, an improvement in 3
ventricular function) had they not been treated. While it is impossible to
prove or disprove this notion from available data, it is interesting to note
that reperfusion occurred in only 23 (40%) of 57 patients with cardiogenic
shock in 2 series (80,109). Alternately, those most likely to reperfuse could
have smaller areas of myocardium at risk than those who fail to reperfuse.
While improbable, this also cannot be disproved for existing data. Second, all
patients are exposed to the risk of treatment, whereas only those who reperfuse
receive the benefit of treatment. By comparing successfully and unsuccessfully
treated patients, adverse effects of therapy cannot be assessed. Third,
salvaged myocardium supplied by a vessel with proven thrombotic potential may
provide the substrate for recurrent ischemia, ventricular arrhythmias, and
sudden death from reinfarction. It is not possible, therefore, to assume that
treatment with thrombolytic agents is beneficial simply because timely
reperfusion is beneficial.

TABLE 11  Assessment of Left Ventricular Function - Controlled,
Randomized Trials of Intracoronary Streptokinase
(see Table 12 for references)

Time Rate of AEF AEF p
Author SK Control (hrs)  recanal. K Control value
Anderson? 24 26 4.0 75% +3.9 -3.0 <0.01
Leiboff? 20 17 4.0 687 -2.8 -0.4 NS
Kennedy?® 134 116 4.6 687 . +1.0 +1.0 NS
Khaja 20 20 5.4 607 0 +1 NS
Raizner" 22 16 5.6 727% +3 +3 NS
Rentrop 23 24 5.9 747 +2.1 -1.4 NS
OVERALL 243 219 4.8 697 +1.2 +0.3

! Improvement in regional wall motion also demonstrated.

2AEF +7.3 (p=0.05) in untreated pts with subtotal occlusions.

3No difference in global or regional LV function between SK and control
patients at 2 mos.

“Incomplete obstruction present initially in 45% of SK pts. Reperfusion rate
was 507 (8/16) in those with complete obstruction.
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TABLE 12  Assessment of Mortality - Controlled, Randomized
Trials of Intracoronary Streptokinase

Mean duration Mortality rates

Author (ref) of F/U SK Control p value
Anderson (71) In-hosp C o 1/24 4/26 NS
Raizner (147) In-hosp 4/29 2/35 NS
Rentrop (90) 6 mos 13/62 6/61 NS
Khaja (157) 9.6 mos 1/20 4/20 NS
Simoons? 10 mos 10/86 11/87 NS
Leiboff (95) 11 mos 4/22 2/18 NS
Kennedy? (148) 12 mos 11/134 17/116 .10
OVERALL 44/377 46/363

(average time to SK 4.8 hr) 11.62 12.6Z

labstract
230 day mortality rates were 5/134 SK ys 13/116 control (p=0.02)

A. Intracoronary Streptokinase

There are currently 6 published randomized trials comparing treated and control
patients after intracoronary streptokinase (Table 11, Table 12). In contrast
to uncontrolled comparisons of reperfused and nonreperfused patients, the
results of these randomized trials fail to consistently demonstrate a
significant improvement in left ventricular function. While none have
sufficient size and statistical power to accurately assess the effect of intra-
coronary streptokinase on mortality, a beneficial effect is not strongly
suggested by the pooled results (Table 12).

Anderson et al (71) found a significant improvement in left ventricular
ejection fraction and regional function in 24 treated patients compared to 26
controls. Follow-up after 1.5 years suggests sustained clinical benefit in the
streptokinase treated patients (146). This remains the only one of the studies
that demonstrates an improvement in ejection fraction in the treated patients.
In the study by Raizner and associates (147), changes in left ventricular
ejection fraction were not different in control and treated patients, but
regional function in the infarct zone (measured by radionuclide ventricu-
lography; p=0.027) improved modestly in the streptokinase treated patients.

The largest of the trials, the Western Washington Trial (148-150), demonstrated
a lower mortality rate in the streptokinase patients vs controls at 3 and 6
months. However, this apparent survival benefit was no longer statistically
significant at 12 months, primarily due to late deaths in those patients with
only partial reperfusion (Figures 14 and 15). If early reperfusion prolongs
survival after acute myocardial infarction, it most Tikely does so by improving
ventricular function and thereby decreasing death due to pump failure. Despite
an apparent reduction in early mortality, no difference in either ventricular
function or infarct size (by thalljum scintigraphy) between the treated and
control patients was found (Figure 16) (150).
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FIGURE 14 One year survival curves for the streptokinase and control groups
in the Western Washington Trial. Difference in mortality which was seen at 6
months is no Tlonger statistically significant at 1 year. (From ref 149)
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FIGURE 15 One year survival curves for the 63 patients with anterior MI in
the streptokinase group, according to reperfusion status. Survival is higher
in those with complete reperfusion than in those with incomplete or no
reperfusion. (From ref 149)
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FIGURE 16 Left ventricular ejection fraction for all patients in the Western
Washington Trial and for those with anterior infarction (ANT MI), and inferior
infarction (INF MI), and those treated before and after 3 hours from onset of

pain. There were no significant differences between streptokinase-treated and
control patients in any group. (From ref 150)

If reperfusion is beneficial, why have controlled trials failed to convincingly
demonstrate an improvement in left ventricular function or a reduction in
mortality? Possible explanation include:

1) To late. It is likely that initiating treatment at a mean of 4.0 to 5.9
hours after the onset of infarction is too late to salvage myocardium.

2) Residual stenosis and reocclusion. As discussed earlier, reocclusion
negates any beneficial effects of thrombolysis. Partial reperfusion with a
high grade residual stenosis may limit recovery of function after successful
reperfusion (106) and adversely affect long-term survival. In the Western
Washington Trial (149), 12-month survival of patients with partial reper-
fusion and a high-grade residual stenosis was significantly lower than that
of patients with complete reperfusion and similar to the survival rate of
nonreperfused patients (Figure 15). This detrimental effect of partial
reperfusion on survival was even more apparent in those with anterior
myocardial infarction. In the study by Leiboff et al (95), reocclusion was
documented angiographically in 5 (457) of 11 reperfused patients who had
repeat catheterization.

3) Failure to examine regional function. Leiboff et al (95) examined only
global ejection fraction and, thus, may have overlooked a beneficial effect
on regional function.

4) Inadequate sample size. Assuming a 10% in-hospital mortality rate in the
control patients, demonstration of a 257 reduction in mortality to 7.57%
would require 1500 patients in each group (power of study = 0.8). The above
studies also lacked sufficient size to define subgroups of patients who
benefited from treatment.
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5) Unanticipated detrimental effect of either streptokinase or reperfusion,
such as delayed healing or extension of the infarction from intramyocardial
hemorrhage or increased arrhythmias from salvaged or hemorrhagic myocardium.
There is no convincing evidence that hemorrhage into the area of infarction
expands infarct size or interferes significantly with infarct healing or
that ventricular arrhythmias occur more frequently in salvaged or
hemorrhagic myocardium.after the initial period of reperfusion (146).

Although not yet proven, patients most Tikely to benefit from thrombolytic
therapy include (a) those treated early (within 3 hours), (b) high risk
patients as defined by the presence of anterior myocardial infarction, previous
myocardial infarction, heart failure, hypotension, age over 60 years, or shock,
(c) those without reocclusion, and (d) those without a high-grade residual
stenosis.

B. Intravenous Streptokinase

There are no published, randomized, controlled trials evaluating the effect of

high-dose, brief-infusion intravenous streptokinase on ventricular function or

mortality. Such trials are being conducted in this country and in Europe, but

results are not yet available. The drug has not received Food and Drug Admini-
stration approval for intravenous use in acute myocardial infarction.

VII. New Approaches to Thrombolytic Therapy

Tissue plasminogen activator (r-tPA), currently being produced using recombi-
nant DNA technology, has several potential advantages as a thrombolytic agent.
First, it is relatively "clot-selective", producing local thrombolysis with far
less systemic lytic effect than streptokinase. Second, it is nonantigenic and
causes no adverse reactions with rapid intravenous infusion. Allergic reac-
tions have not occurred with initial administration. Repeated administration
should be possible without producing an antibody response. Finally, it has a
very brief duration of action (151), theoretically allowing the thrombolytic
effect to be quickly "turned off" if bleeding occurs or invasive procedures are
required. Three recently completed controlled trials have confirmed the
ability of r-tPA to achieve thrombolysis.

Phase I of the Thrombolysis in Myocardial Infarction (TIMI) trial (69) is a
double-blind, randomized comparison of intravenous r-tPA and streptokinase.

Two hundred and forty patients with coronary occlusion randomly received either
r-tPA (80 mg over 3 hr) or streptokinase (1.5 million units over 1 hr) an
average of 4.8 hours after the onset of pain. A1l patients had coronary angio-
graphy performed at baseline and every 15 minutes after the start of treatment
for a total of 90 minutes. Reperfusion occurred in 78 (667%) of 118 r-tPA
patients and 44 (367) of 122 streptokinase patients (p<0.001). Mean time to
reperfusion was nearly identical for the 2 drugs (50 minutes).

Bleeding complications were frequent but were limited to the arterial puncture
site in the vast majority of patients, all of whom were fully anticoagulated
after catheterization. There was no difference in the incidence of bleeding
complications requiring transfusion in the 2 treatment groups. No adverse
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effects during r-tPA administration were noted. Systemic lytic effects were
produced by this dose of r-tPA, but were much less marked marked than those
produced by streptokinase.

Pre Post 2 hr 24 hr

Fibrinogen (mgZ%)

tPA 365 275 243 320

SK 371 160 157 286
Plasminogen (%)

tPA 101 37 43 60

SK 99 15 16 42
FDP (ug/m1)

tPA 3 89 93 26

SK 5 258 241 75

Angiographically documented reocclusion occurred in 31% of the r-tPA and 267 of
the streptokinase patients with initially successful reperfusion. Thus, when
administered at an average of 4.8 hours after the onset of symptoms,
intravenous r-tPA is nearly twice as effective as intravenous streptokinase in
opening thrombosed coronary arteries.

Similar findings were reported by the European Cooperative Study Group for
Recombinant Tissue Plasminogen Activator (152). Patients in this trial were
treated much sooner after the onset of symptoms (average 2.8 hr) and underwent
catheterization and angiography immediately after treatment. Patent vessels at
angiography were found in 43 (70%) of the r-tPA patients and 34 (55%) of the 62
streptokinase patients. Fibrinogen level fell to 61% of baseline in the r-tPA
patients vs 127 of baseline in the streptokinase patients and fell to below 50
mgZ in 3 of 60 r-tPA patients vs 54 of 62 streptokinase patients. In a
randomized, placebo controlled trial, Collen and associates (153) observed
angiographic reperfusion in 25 (75%) of 33 patients receiving 0.5 to 0.75 mg/kg
of r-tPA intravenously. None of the patients had a fall in fibrinogen level to
below 100 mgZ. From these trials, it appears that intravenous r-tPA is
approximately as effective at producing thrombolysis as intracoronary
streptokinase.

VIII. Future Research Directions

Future research efforts to define the clinical value of thrombolytic therapy in
acute myocardial infarction will likely emphasize the following areas:

1) Earlier treatment with intravenous clot-selective agents. Coronary
angiography's role in future clinical trials will Tlikely be limited to
identifying patients at high risk of reocclusion and will be performed after
treatment.

2) Attempts to reduce the rate of reocclusion. The optimal antithrombotic
regimen after successful treatment must be defined. Further efforts to
identify characteristics of patients at high risk of reocclusion are needed.
The role of early PTCA or bypass surgery in those at high risk of reocclu-
sion and those with only partial reperfusion will be assessed.
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Determination of the ability of the early administration of nonthrombolytic
pharmacologic agents to enhance myocardial salvage and hasten recovery of
ventricular function after reperfusion. In the dog, the administration of
propranolol and diltiazem prior to reperfusion causes a dramatic recovery of
systolic and diastolic function in areas of ischemia compared to reperfusion
alone (154).

Continued development of more effective clot-selective thrombolytic agents.

Large-scale, randomized, controlled trials to assess the impact of thrombo-
lytic therapy on mortality and quality of 1ife. There are few advances in
medicine that so dramatically alter the natural history of a common disease
process that they can be legitimately accepted into clinical practice with-
out having efficacy proven in a randomized trial. Were such a trial to be
performed, the benefit of the new treatment would quickly become apparent.
It is not evident from controlled trials so far published that the value of
thrombolytic therapy in acute myocardial infarction has been established.
While there is substantial data from uncontrolled trials that reperfusion is
beneficial, only from large-scale properly controlled trials that the true
benefit of thrombolytic therapy be assessed.



10.

11.

12s

13.

14.

38

REFERENCES

Rude RE, Muller JE, Braunwald E. Review: efforts to limit the size of
myocardial infarct. Ann Intern Med 1981;95:73€.

Bolooki H, Kotler MD, Dresnick S, Andrews RC, Kipins S, E11lis RM,
Myocardial revascularization after acute infarction. Am J Cardiol
1975; 36:395.

DeWood MA, Spores J, Berg R, et al. Acute myocardial infarction: a decade
of experience with surgical reperfusion in 701 patients. Circulation
1983;68: 11-8.

Ehrlich JC, Shinohara Y. Low incidence of coronary thrombosis in myocardial
infarction. Arch Pathol 1964;78:432.

Chandler AB, Chapman I, Erhardt LR, et al. Coronary thrombosis in
myocardial infarction. Report of a workshop on the role of coronary
thrombosis in the pathogenesis of acute myocardial infarction. Am J Cardiol
1974;34:823.

Simon TL, Ware JH, Stengle JM. Clinical trials of thrombolytic agents in
myocardial infarction. Ann Intern Med 1973;79:712.

Buja LM, Willerson JT. Clinicopathologic correlates of acute ischemic heart
disease syndromes. Am J Cardiol 1981;47:343.

Davies MJ, Fulton WFM, Robertson WB. The relation of coronary thrombosis to
ischaemic myocardial necrosis. J Path 1979;127:99.

Davies MJ, Woolf N, Robertson WB. Pathology of acute myocardial infarction
with particular reference to occlusive coronary thrombi. Br Heart J
1976; 38:659.

Freifeld AG, Schuster EH, Bulkley BH. Nontransmural versus transmural
myocardial infarction. A morphologic study. Am J Med 1983;75:423.

DeWood MA, Spores J, Notske R, Mouser LT, Burroughs R, Golden MS, Lang HT.
Prevalence of total coronary occlusion during the early hours of transmural
myocardial infarction. N Engl J Med 1980;303:897.

Terrosu P, Ibba GV, Contini GM, Franceschino V. Angiographic features of
the coronary arteries during intracoronary thrombolysis. Br Heart J
1984;52:154.

Leinbach RC, Gold HK. Coronary angiography during acute myocardial
infarction: a search for spasm. Am Heart J 1982;103:768.

Davies MJ, Thomas AC. Plaque fissuring - the cause of acute myocardial
infarction, sudden ischaemic death, and crescendo angina. Br Heart J
1985;53:363.



15.

16.

117.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

39

Rido1fi RL, Hutchins GM. The relationship between coronary artery lesions
and myocardial infarcts: ulceration of atherosclerotic plaques
precipitating coronary thrombosis. Am Heart J 1977;93:468.

Willerson JT, Buja LM. Cause and course of acute myocardial infarction. Am
J Med 1980;69:903.

Willerson JT, Campbell WB, Winniford MD, et al. Conversion from chronic to
acute coronary disease: speculation regarding mechanisms. Am J Cardiol
1984;54:1349,

Mandelkorn JB, Wolf NM, Singh S, et al. Intracoronary thrombus in nontrans-
mural myocardial infarction and in unstable angina. Am J Cardiol 1983;52:1.

Shafer KE, Santoro SA, Sobel BE, Jaffe AS. Monitoring activity of
fibrinolytic agents. Am J Med 1984;76:879.

Sharma GVRK, Cella G, Parisi AF, Sasahara AA. Thrombolytic therapy. N Engl
J Med 1982;306:1268.

Wiman B, Collen D. Molecular mechanism of physiological fibrinolysis.
Nature 1978;272:549.

Hoylaerts M, Rijken DC, Lijnen HR, Collen D. Kinetics of the activation of
human tissue plasminogen activator. Role of fibrin. J Biol Chem
1982;257:2912.

Tillett WS, Garner RL. The fibrinolytic activity of hemolytic streptococci.
J Exp Med 1933;58:485.

Marder VJ. Pharmacology of thrombolytic agents. Implications for therapy of
coronary artery thrombosis. Circulation 1983;68:1-2.

Lew AS, Neer T, Rodriguez L, Geft IL, Shah PK, Ganz W. Clinical failure of
streptokinase due to an unsuspected high titer of antistreptokinase
antibody. J Am Coll Cardiol 1984;4:183.

Tennant SN, Dixon J, Venable TC, et al. Intracoronary thrombolysis in
patients with acute myocardial infarction: comparison of the efficacy of
urokinase with streptokinase. Circulation 1984;69:756.

Smith RAG, Dupe RJ, English PD, Green J. Fibrinolysis with acyl-enzymes: a
new approach to thrombolytic therapy. Nature 1981;290:505.

Matsuo O, Collen D, Verstraete M. On the fibrinolytic and thrombolytic
properties of active-site p-anisoylated streptokinase-plasminogen complex
(BRL 26921). Thrombos Res 1981;24:347.

Kasper W, Erbel R, Meinertz T, et al. Intracoronary thrombolysis with an
acylated streptokinase-plasminogen activator (BRL 26921) in patients with
acute myocardial infarction. J Am Col1 Cardiol 1984;4:357.



30.

31.

32.

33.

34,

35.

36.

37,

38.

39.

40.

41,

42,

43.

40

Collen D, Stump D, Van de Werf F, Jang IK, Nobuhara M, Lijnen HR. Coronary
thrombolysis in dogs with intravenously administered human pro-urokinase.
Circulation 1985;72:384.

Gurewich V, Pannell R, Louie S, Kelley P, Suddith RL, Greenlee R. Effective
and specific clot lysis by a zymogen precursor for of urokinase (pro-
urokinase): a study in vitro and in two animal species. J Clin Invest
1984;73:1731.

Rijken DC, Hoylaerts M, Collen D. Fibrinolytic properties of one-chain and
two-chain human extrinsic (tissue-type) plasminogen activator. J Biol Chem
1982;257:2920.

Bergmann SR, Fox KAA, Ter-Pogossian MM, Sobel BE, Collen D. Clot-selective
coronary thrombolysis with tissue-type plasminogen activator. Science
1983;220:1181.

Collen D. Human tissue-type plasminogen activator: from the laboratory to
the bedside. Circulation 1985;72:18.

Van De Werf F, Ludbbrook PA, Bergmann SR, et al. Coronary thrombolysis with
tissue-type plasminogen activator in patients with evolving myocardial
infarction. N Engl J Med 1984;310:609.

Topol EJ, Ciuffo AA, Pearson TA, et al. Thrombolysis with recombinant
tissue plasminogen activator in atherosclerotic thrombotic occlusion. J Am
Coll Cardiol 1985;5:85.

Reimer KA, Jennings RB. The "wavefront phenomenon" of myocardial ischemic
cell death. II. Transmural progression of necrosis within the framework of
ischemic bed size (myocardium at risk) and collateral flow. Lab Invest
1979;40:633.

Reimer KA, Lowe JE, Rasmussen MM, Jennings RB. The wavefront phenomenon of
ischemic cell death. I. Myocardial infarct size vs duration of coronary
occlusion in dogs. Circulation 1977;56:786.

Maroko PR, Libby P, Ginks WR, Bloor GM, Shell WE, Sobel BE, Ross J.
Coronary artery reperfusion. J Clin Invest 1972;51:2710.

Heyndrickx GR, Amano J, Patrick TA, Manders WT, Rogers GG, Rosendorff C,
Vatner SF. Effects of coronary artery reperfusion on regional myocardial
blood flow and function in conscious baboons. Circulation 1985;71:1029.

Mathur VS, Guinn GA, Burris WH. Maximal revascularization (reperfusion) in
intact conscious dogs after 2 to 5 hours of coronary occlusion. Am J
Cardiol 1975;36:252.

Braunwald E, Kloner RA. The stunned myocardium: prolonged, postischemic
ventricular dysfunction. Circulation 1982;66:1146.

E11is SG, Henschke CI, Sandor T, Wynne J, Braunwald E, Kloner RA. Time
course of functional and biochemical recovery of myocardium saved by
reperfusion. J Am Coll Cardiol 1983;1:1047.



a4,

45,

46.

47.

48.

49,

50.

Y8

52,

53.

54.

55.

56.

57.

58.

41

Kloner RA, E11lis SG, Carlson NV, Braunwald E. Coronary reperfusion for the
treatment of acute myocardial infarction: postischemic ventricular
dysfunction. Cardiology 1983;70:233.

Costantini C, Corday E, Lang T-W, et al. Revascularization after 3 hours of
coronary arterial occlusion: effects on regional cardiac metabolic function
and infarct size. Am J Cardiol 1975;36:368.

Theroux P, Ross J, Franklin D, Kemper WS, Sasayama S. Coronary arterial
reperfusion. III. Early and late effects on regional myocardial function
and dimensions in conscious dogs. Am J Cardiol 1976;38:599.

Jennings RB, Reimer K. Factors involved in salvaging ischemic myocardium:
effect of reperfusion of arterial blood. Circulation 1983;68:1-25.

Hearse DJ. Reperfusion of the ischemic myocardium. J Mol Cell Cardiol
1977;9:605.

Kloner RA, E1lis SG, Lange R, Braunwald E. Studies of experimental coronary
artery reperfusion. Circulation 1983;68:1-8.

Schaper J, Schaper W. Reperfusion of ischemic myocardium: ultrastructural
and histochemical aspects. J Am Coll Cardiol 1983;1:1037.

Higginson LA, Beanlands DS, Nair RC, Temple V, Sheldrick K. The time course
and characterization of myocardial hemorrhage after coronary reperfusion in
the anesthetized dog. Circulation 1983;67:1024.

Bresnahan GF, Roberts R, Shell WE, Ross J, Sobel BE. Deleterious effects
due to hemorrhage after myocardial reperfusion. Am J Cardiol 1974;33:82.

Capone RJ, Most AS. Myocardial hemorrhage after coronary reperfusion in
pigs. Am J Cardiol 1978;41:259.

KTloner RA, Rude RE, Carlson N, Maroko PR, DeBoer LWV, Braunwald E. Ultra-
structural evidence of microvascular damage and myocardial cell injury
after coronary artery occlusion: which comes first?. Circulation

1980;62: 945,

Higginson LAJ, White F, Heggtveit HA, Sanders TM, Bloor CM, Covell JW.
Determinants of myocardial hemorrhage after coronary reperfusion in the
anesthetized dog. Circulation 1982;65:62.

Lang T-W, Corday E, Gold H, et al. Consequences of reperfusion after
coronary occlusion. Effects on hemodynamic and regional myocardial
metabolic function. Am J Cardiol 1974;33:69.

Geft IL, Fishbein MC, Hashida J, et al. Effects of late coronary artery
reperfusion after myocardial necrosis is complete. Am Heart J 1984;107:623.

Mathey DG, Schofer J, Kuck K-H, Beil U, Kloppel G. Transmural, haemorrhagic
myocardial infarction after intracoronary streptokinase. Clinical,
angiographic, and necropsy findings. Br Heart J 1982;48:546.



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

42

Roberts CS, Schoen FJ, Kloner RA. Effect of coronary reperfusion on
myocardial hemorrhage and infarct healing. Am J Cardiol 1983;52:610.

Fletcher AP, Sherry S, Alkajaersig N, et al. The maintenance of a sustained
thrombolytis state in man. II. Clinical observations on patients with
myocardial infarction and other thromboembolic disorders. J Clin Invest
1959;38:1111.

Boucek RJ, Murphy WP, Sommer LS, Voudoukis IJ. Segmental perfusion of the
coronary arteries with fibrinolysin in man following a myocardial
infarction. Am J Cardiol 1960;6:525.

Schmutzler N, Heckner F, Kortge P, et al. On the thrombolytic therapy for
recent myocardial infarction. Dtsch Med Wochenschr 1966;91:581.

Stampfer MJ, Goldhaber SZ, Yusuf S, Peto R, Hennekens CH. Effect of intra-
venous streptokinase on acute myocardial infarction. Pooled results from
randomized trials. N Engl J Med 1982;307:1180.

European Cooperative Study Group. Streptokinase in acute myocardial
infarction. N Engl J Med 1979;301:797.

Rentrop P, Blanke H, Kostering K, Karsch KR. Acute myocardial infarction:
intracoronary application of nitroglycerin and streptokinase in combination
with transluminal recanalization. Clin Cardiol 1979;5:354.

Thrombolytic therapy in thrombosis: a National Institutes of Health
Consensus Development Conference. Ann Intern Med 1980;93:141.

Cowley MJ. Methodologic aspects of intracoronary thrombolysis drugs,
dosage and duration. Circulation 1983;68:1-90.

Ganz W, Buchbinder N, Marcus H, et al. Intracoronary thrombolysis in
evolving myocardial infarction. Am Heart J 1981;101:4.

TIMI Study Group. The thrombolysis in myocardial infarction (TIMI) trial.
Phase I findings. N Engl J Med 1985;312:932.

Cowley M, Hastillo A, Vetrovec GW, Fisher LM, Garret R, Hess ML.
Fibrinolytic effects of intracoronary streptokinase administration in
patients with acute myocardial infarction and coronary insufficiency.
Circulation 1983;67:1031.

Anderson JL, Marshall HW, Bray BE, et al. A randomized trial of intra-
coronary streptokinase in the treatment of acute myocardial infarction. N
Engl J Med 1983;308:1312.

Rothbard RL, Fitzpatrick PG, Francis CW, Caton DM, Hood WB, Marder VJ.
Relationship of the lytic state to successful reperfusion with standard-
and low-dose intracoronary streptokinase. Circulation 1985;71:562.



73.

74.

75.

76.

717.

78.

79.

80.

81.

82.

83.

84,

85.

43

White CW, Schwartz JL, Ferguson DW, Brayden GP, Kelly KJ, Kioschos JM,
Marcus ML. Systemic markers of fibrinolysis after unsuccessful intra-
coronary streptokinase thrombolysis for acute myocardial infarction. Does
nonreperfusion indicate failure to achieve a systemic lytic state?. Am J
Cardiol 1984;54:712.

Rentrop P, Blanke H, Karsch KR, Kaiser H, Kostering H, Leitz K. Selective
intracoronary thrombolysis in acute myocardial infarction and unstable
angina pectoris. Circulation 1981;63:307.

Alderman EL, Jutzy KR, Berte LE, Miller RG, Friedmean JP, Cregar WP,
Eliastam M. Randomized comparison of intravenous versus intracoronary
streptokinase for myocardial infarction. Am J Cardiol 1984;54:14,

Goldberg S, Greenspon AJ, Urban PL, et al. Reperfusion arrhythmia: a marker
of restoration of antegrade flow during intracoronary thrombolysis for
acute myocardial infarction. Am Heart J 1983;105:26.

Esente P, Giambartolomei A, Gensini GG, Dator C. Coronary reperfusion and
Bezold-Jarisch reflex (bradycardia and hypotension). Am J Cardiol
1983;52:221.

Wei JY, Markis JE, Malagold M, Braunwald C. Cardiovascular reflexes
stimulated by reperfusion of ischemic myocardium in acute myocardial
infarction. Circulation 1983;67:796.

Corr PB, Witkowski FX. Potential electrophysiologic mechanisms responsible
for dysrhythmias associated with reperfusion of ischemic myocardium.
Circulation 1983;68:I-16.

Kennedy JW, Gensini GG, Timmis GC, Maynard C. Acute myocardial infarction
treated with intracoronary streptokinase: a report for the Society for
Cardiac Angiography. Am J Cardiol 1985;55:871.

Serruys PW, van den Brand M, Hooghoudt TEH, et al. Coronary recanalization
in acute myocardial infarction: immediate results and potential risks. Eur
Heart J 1982;3:404.

Neuhaus KL, Tebbe U, Sauer G, Kreuzer H, Kostering H. High dose intravenous
streptokinase in acute myocardial infarction. Clin Cardiol 1983; 6:426.

Yasuno M, Saito Y, Ishida M, Suzuki K, Endo S, Takahashi M. Effects of
percutaneous transluminal coronary angioplasty: intracoronary thrombolysis
with urokinase in acute myocardial infarction. Am J Cardiol 1984;53:1217.

Tendera MP, Campbell WB, Tennant SN, Ray WA. Factors influencing proba-
bility of reperfusion with intracoronary ostial infusion of thrombolytic
agent in patients with acute myocardial infarction. Circulation
1985;71:124.

Weinstein J. Treatment of myocardial infarction with intracoronary strepto-
kinase: efficacy and safety data from 209 United States cases in the
Hoechst-Roussel registry. Am Heart J 1982;104:894.



86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

44

Hackel DB. The coronary arteries in acute myocardial infarction.
Circulation 1983;68:1-6.

Mattfeldt T, Schwarz F, Schuler G, Hofmann M, Kubler W. Necropsy evaluation
in seven patients with evolving acute myocardial infarction treated with
thrombolytic therapy. Am J Cardiol 1984;54:530.

Schroder R, Biamino G, v Leitner ER, et al. Intravenous short-term infusion
of streptokinase in acute myocardial infarction. Circulation 1983;67:536.

Mathey DG, Schofer J, Sheehan FH, Becher H, Tilsner V, Dodge HT. Intra-
venous urokinase in acute myocardial infarction. Am J Cardiol 1985;55:878.

Rentrop KP, Feit F, Blanke H, et al. Effects of intracoronary streptokinase
and intracoronary nitroglycerin infusion on coronary angiographic patterns
and mortality in patients with acute myocardial infarction. N Engl J Med
1984;311:1457.

Blanke H, Scheriff F, Karsch KR, Levine RA, Smith H, Rentrop P. Electro-
cardiographic changes after streptokinase-induced recanalization in
patients with acute left anterior descending artery obstruction.
Circulation 1983;68:406.

Ganz W, Geft I, Shah PK, Lew AS, Rodriguez L, Weiss T, Maddahi J, Berman
DS, Charuzi Y, Swan HJC. Intravenous streptokinase in evolving acute
myocardial infarction. Am J Cardiol 1984;53:1209.

Shell WE Swan HJC, Ganz W. Accelerated washout of creatine kinase by
fibrinolytic reperfusion in man. Clin Res 1981;29:241.

Blanke H, von Hardenberg D, Cohen M, Kaiser H, Karsch KR, Holt J, Smith H,
Rentrop P. Patterns of creatine kinase release during acute myocardial
infarction after nonsurgical reperfusion: comparison with conventional
treatment and correlation with infarct size. J Am Col1 Cardiol 1984;3:675.

Leiboff RH, Katz RJ, Wasserman AG, Bren GB, Schwartz H, Varghese J, Ross
AM. A randomized, angiographically controlled trial of intracoronary
streptokinase in acute myocardial infarction. Am J Cardiol 1984;53:404.

Shell W, Mickle DK, Swan HJC. Effects of nonsurgical myocardial reperfusion
on plasma creatine kinase kinetics in man. Am Heart J 1983;106:665.

Tamaki S, Murakami T, Kadota K, et al. Effects of coronary artery
reperfusion on relation between creatine kinase-MB release and infarct size
estimated by myocardial emission tomography with thallium-201 in man. J Am
Coll Cardiol 1983;2:1031.

Schwartz H, Leiboff RL, Katz RJ, et al. Arteriographic predictors of
spontaneous improvement in left ventricular function after myocardial
infarction. Circulation 1985;71:466.

DeFeyter PJ, Van Eenige MJ, Van DerWall EE, et al. Effect of spontaneous
and streptokinase-induced recanalization on left ventricular function
after myocardial infarction. Circulation 1983;67:1039.



45

100. Hirsowitz GS, Lakier JB, Marks DS, Lee TG, Goldberg AD, Goldstein S.
Sequential radionuclide angiographic assessment of left and right
ventricular performance and quantitative thallium-201 scintigraphy
following acute myocardial infarction. Am Heart J 1984;107:934.

101. Ong L, Reiser P, Coromilas J, Scheer L, Morrison J. Left ventricular
function and rapid release of creatine kinase MB in acute myocardial
infarction. N Engl J Med 1983;309:1.

102. De Coster PM, Melin JA, Detry JMR, Brausseur LA, Beckers C, Col J.
Coronary artery reperfusion in acute myocardial infarction: assessment by
pre- and postintervention thallium-201 myocardial perfusion imaging. Am J
Cardiol 1985;55:889.

103. Wheelan K, Wolfe C, Corbett J, et al. Early positive technetium-99m
stannous pyrophosphate images as a marker of reperfusion in patients
receiving thrombolytic therapy for acute myocardial infarction. Am J
Cardiol 1985;56:252.

104. Fox KAA, Bergmann SR, Mathias CJ, et al. Scintigraphic detection of
coronary artery thrombi in patients with acute myocardial infarction. J Am
Coll Cardiol 1984;4:975.

105. Harrison DG, Ferguson DW, Collins SM, et al. Rethrombosis after
reperfusion with streptokinase: importance of geometry of residual
lesions. Circulation 1984;69:991.

106. Schroder R, Vohringer H, Linderer T, Biamino G, Bruggemann T, v. Leitner
ER. Follow-up after coronary arterial reperfusion with intravenous
streptokinase in relation to residual myocardial infarct artery
narrowings. Am J Cardiol 1985;55:313.

107. Serruys PW, Wijns W, Van Den Brand M, et al. Is transluminal coronary
angioplasty mandatory after successful thrombolysis? Quantitative
coronary angiographic study. Br Heart J 1983;50:257.

108. Ganz W, Geft I, Maddahi J, Berman D, Charuzi Y, Shah PK, Swan HJC.
Nonsurgical reperfusion in evolving myocardial infarction. J Am Coll
Cardiol 1983;1:1247.

109. Cribier A, Berland J, Champoud O, Moore N, Behar P, Letac B. Intracoronary
thrombolysis in evolving myocardial infarction. Br Heart J 1983;50:401.

110. Gold HK, Leinbach RC, Palacios IF, et al. Coronary reocclusion after
selective administration of streptokinase. Circulation 1983;68:1-50.

111. Hartzler GO, Rutherford BD, McConahay DR. Percutaneous transluminal
coronary angioplasty: application for acute myocardial infarction. Am J
Cardiol 1984;53:117C.

112. Lee G, Low RI, Takeda P, et al. Importance of follow-up medical and
surgical approaches to prevent reinfarction, reocclusion, and recurrent
angina following intracoronary thrombolysis with streptokinase in acute
myocardial infarction. Am Heart J 1982;104:921.



113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124,

46

Urban PL, Cowley M, Goldberg S, et al. Intracoronary thrombolysis in acute
myocardial infarction: clinical course following successful myocardial
reperfusion. Am Heart J 1984;108:873.

Meyer J, Merx W, Schmitz H, et al. Percutaneous transluminal coronary
angioplasty immediately after intracoronary streptolysis of transmural
myocardial infarction. Circulation 1982;66:905.

Papaietro SE, MacLean WAH, Stanley AWH, Hess RG, Corley N, Arciniegas JG,
Cooper TB. Percutaneous transluminal coronary angioplasty after

intracoronary streptokinase in evolving acute myocardial infarction. Am J
Cardiol 1985;55:48.

Gold HK, Cowley MJ, Palacios IF, et al. Combined intacoronary strepto-
kinase infusion and coronary angioplasty during acute myocardial
infarction. Am J Cardiol 1984;53:122C.

Goldberg S, Urban P, Greenspon A, et al. Limitation of infarct size with
thrombolytic agents - electrocardiographic indexes. Circulation 1983;68:1-
i

Beller GA. Myocardial imaging with thallium-201 for assessment of regional
myocardial perfusion and viability after intracoronary thrombolytic
therapy. Circulation 1983;68:1-70.

Markis JE, Malagold M, Parker JA, et al. Myocardial salvage after intra-
coronary thrombolysis with streptokinase in acute myocardial infarction. N
Engl J Med 1981;305:777.

Schofer J, Mathey DG, Montz R, Bleifeld W, Stritzke P. Use of dual intra-
coronary scintigraphy with thallium-201 and technetium-99m pyrophosphate
to predict improvement in left ventricular wall motion immediately after
intracoronary thrombolysis in acute myocardial infarction. J Am Coll
Cardiol 1983;2:737.

Schwarz F, Schuler G, Katus H, et al. Intracoronary thrombolysis in acute
myocardial infarction: correlations among serum enzyme, scintigraphic and
hemodynamic findings. Am J Cardiol 1982;50:32.

Sobel BE, Geltman EM, Tiefennbrunn AJ, et al. Improvement of regional
myocardial metabolism after coronary thrombolysis induced with tissue-type
plasminogen activator or streptokinase. Circulation 1984;69:983.

Jansen DE, Corbett JR, Wolfe CL, et al. Quantification of myocardial
infarction: a comparison of single photon-emission computed tomography
with pyrophosphate to serial plasma MB-creatine kinase measurements.
Circulation 1985;72:327.

Roberts R, Ishikawa Y. Enzymatic estimation of infarct size during
reperfusion. Circulation 1983;68:1-83.



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135,

136.

47

Schwarz F, Faure A, Katus H, Von Olshausen K, Hofmann M, Schuler G,
Manthey J, Kubler W. Intracoronary thrombolysis in acute myocardial
infarction: an attempt to quantitate its effect by comparison of enzymatic
estimate of myocardial necrosis with left ventricular ejection fraction.
Am J Cardiol 1983;51:1573.

Stack RS, Phillips HR, Grierson DS, Behar VS, Kong Y, Peter RH, Swain JL,
Greenfield JC. Functional improvement of jeopardized myocardium following
intracoronary streptokinase infusion in acute myocardial infarction. J
Clin Invest 1983;72:84.

Sheehan FH, Mathey DG, Schofer J, Krebber H-J, Dodge HT. Effect of
interventions in salvaging left ventricular function in acute myocardial
infarction: a study of intracoronary streptokinase. Am J Cardiol
1983;52:431.

Ferguson DW, White CW, Schwartz JL, Brayden GP, Kelly KJ, Kioschos JM,
Kirchner PT, Marcus ML. Influence of baseline ejection fraction and
success of thrombolysis on mortality and ventricular function after acute
myocardial infarction. Am J Cardiol 1984;54:705.

Rentrop P, Smith H, Painter L, Holt J. Changes in left ventricular
ejection fraction after intracoronary thrombolytic therapy results of the
registry of the European Society of Cardiology. Circulation 1983;68: I-55.

Schwarz F, Schuler G, Katus H, Hofmann M, Manthey J, Tillmanns H, Mehmel
HC, Kubler W. Intracoronary thrombolysis in acute myocardial infarction:

duration of ischemia as a major determinant of late results after
recanalization. Am J Cardiol 1982;50:933.

Sheehan FH, Mathey DG, Schofer J, Dodge HT, Bolson EL. Factors that
determine recovery of left ventricular function after thrombolysis in
patients with acute myocardial infarction. Circulation 1985;71:1121.

Smalling RW, Fuentes F, Freund G, et al. Beneficial effects of
intracoronary thrombolysis up to eighteen hours after onset of pain in
evolving myocardial infarction. Am Heart J 1982;104:912.

Blanke H, Cohen M, Karsch KR, Fagerstrom R, Rentrop P. Prevalence and
significance of residual flow to the infarct zone during the acute phase
of myocardial infarction. J Am Col1 Cardiol 1985;5:827.

Nohara R, Kambara H, Murakami T, Kadota K, Tamaki S, Kawai C. Collateral
function in early acute myocardial infarction. Am J Cardiol 1983;52:955.

Rogers WJ, Hood WP Jr, Mantle JA, et al. Return of left ventricular
function after reperfusion in patients with myocardial infarction:

importance of subtotal stenoses or intact collaterals. Circulation
1984;69:338.

Saito Y, Yasuno M, Ishida M, Suzuki K, Matoba Y, Emura M, Takahashi M.
Importance of coronary collaterals for restoration of left ventricular
function after intracoronary thrombolysis. Am J Cardiol 1985;55:1259.



137.

138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

48

Matsuzaki M, Gallagher KP, Kemper WS, White F, Ross J Jr. Sustained
regional dysfunction produced by prolonged coronary stenosis: gradual
recovery after reperfusion. Circulation 1983;68:170.

Sheehan FH, Browm BG, Mathey DG, Dodge HT. Effect of severe residual
stenosis on recovery of function after streptokinase. J Am Coll Cardiol
1984; 3: 526.

Verani MS, Tortoledo FE, Batty JW, Raizner AE. Effect of coronary artery
recanalization on right ventricular function in patients with acute
myocardial infarction. J Am Coll Cardiol 1985;5:1029.

Eigler N, Maurer G, Shah PK. Effect of early systemic thrombolytic therapy
on left ventricular mural thrombus formation in acute anterior myocardial
infarction. Am J Cardiol 1984;54:261.

Stratton JR, Speck SM, Caldwell JH, Stadius ML, Maynard C, Davis KB,
Ritchie JL, Kennedy JW. Late effects of intracoronary streptokinase on
regional wall motion, ventricular aneurysm and left ventricular thrombosis
in myocardial infarction: results from the Western Washington randomized
trial. J Am Coll Cardiol 1985;5:1023.

Weinstein J. The international registry to support approval of intra-
coronary streptokinase thrombolysis in the treatment of myocardial
infarction. Circulation 1983;68:1-61.

Merx W, Dorr R, Rentrop P, et al. Evaluation of the effectiveness of
intracoronary streptokinase infusion in acute myocardial infarction: post-
procedure management and hospital course in 204 patients. Am Heart J
1981;102:1181.

Smalling RW, Fuentes F, Matthews MW, Freund GC, Hicks CH, Reduto LA,
Walker WE, Sterling RP, Gould KL. Sustained improvement in left
ventricular function and mortality by intracoronary streptokinase
administration during evolving myocardial infarction. Circulation
1983;68:131.

Timmis GC, Gangadharan V, Hauser AM, Ramos RG, Westveer DC, Gordon S.
Intracoronary streptokinase in clinical practice. Am Heart J 1982;104:925.

Anderson JL, McIlvaine PM, Marshall HW, et al. Long-term follow-up after
intracoronary streptokinase for myocardial infarction: a randomized,
controlled study. Am Heart J 1984;108:1402.

Raizner AE, Tortoledo FA, Verni MS, et al. Intracoronary thrombolytic
therapy in acute myocardial infarction: a prospective, randomized,
controlled trial. Am J Cardiol 1985;55:301.

Kennedy JW, Ritchie JL, Davis KB, Fritz JK. Western Washington randomized
trial of intracoronary streptokinase in acute myocardial infarction. N
Engl J Med 1983;309:1477.



49

149, Kennedy JW, Ritchie JL, Davis KB, Stadius ML, Maynard C, Fritz JK. The
Western Washington randomized trial of intracoronary streptokinase in
acute myocardial infarction. N Engl J Med 1985;312:1073.

150. Ritchie JL, Davis KB, Williams DL, Caldwell J, Kennedy JW. Global and
regional left ventricular function and tomographic radionuclide perfusion:
the Western Washington intracoronary streptokinase in myocardial
infarction trial. Circulation 1984;70:867.

151. Tiefenbrunn AJ, Robinson AK, Kurnik PB, Ludbrook PA, Sobel BE. Clinical
pharmacology in patients with evolving myocardial infarction of tissue-
type plasminogen activator produced by recombinant DNA technology.
Circulation 1985;71:110.

152. Verstraete M, Bernard R, Bory M, et al. Randomised trial of intravenous
recombinant tissue-type plasminogen activator versus intravenous
streptokinase in acute myocardial infarction. Lancet 1985;1:842.

153. Collen D, Topol EJ, Tiefenbrunn AJ, et al. Coronary thrombolysis with
recombinant human tissue-type plasminogen activator: a prospective,
randomized, placebo-controlled trial. Circulation 1984;70:1012.

154, Bush LR, Buja LM, Tilton G, et al. Effects of propranolol and diltiazem
alone and in combination on the recovery of left ventricular segmental
function after temporary coronary occlusion and long-term reperfusion in
conscious dogs. Circulation 1985;72:413.

155. Schwarz F, Hofmann M, Schuler G, von Olshausen K, Zimmerman R, Kubler W.
Thrombolysis in acute myocardial infarction: effect of intravenous
followed by intracoronary streptokinase application on estimates of
infarct size. Am J Cardiol 1984;53:1505.

156. Mathey DG, Kuck K-H, Tilsner V, Krebber H-J, Bleifeld W. Nonsurgical
coronary artery recanalization in acute transmural myocardial infarction.
Circulation 1981;63:489.

157. Khaja F, Walton JA, Brymer JF, et al. Intracoronary fibrinolytic therapy
in acute myocardial infarction. N Engl J Med 1983;308:1305.

158. Rogers WJ, Mantle JA, Hood WP, Baxley WA, Whitlow PL, Reeves RC, Soto B.
Prospective randomized trial of intravenous and intracoronary
streptokinase in acute myocardial infarction. Circulation 1983;68:1051.

159. Spann JF, Sherry S, Carabello BA, et al. Coronary thrombolysis by
intravenous streptokinase in acute myocardial infarction: acute and
follow-up studies. Am J Cardiol 1984;53:655.

160. Anderson JL, Marshall HW, Askins JC, et al. A randomized trial of
intravenous and intracoronary streptokinase in patients with acute
myocardial infarction. Circulation 1984;70:606.



161.

162.

163.

164.

165.

166.

167.

50

Taylor GJ, Mikell FL, Moses HW, Dove JT, Batchelder JE, Thull A, Hansen S
Wellons HA, Schneider JA. Intravenous versus intracoronary streptokinase
therapy for acute myocardial infarction in community hospitals. Am J
Cardiol 1984;54: 256,

Blunda M, Meister SG, Shechter JA, Pickering NJ, Wolf NM. Intravenous
versus intracoronary streptokinase for acute transmural myocardial
infarction. Cath Cardiovasc Diag 1984;10:319.

Valentine RP, Pitts DE, Brooks-Brunn JA, Williams JG, Van Hove E, Schmidt
PE. Intravenous versus intracoronary streptokinase in acute myocardial
infarction. Am J Cardiol 1985;55:309,

Hi1lis LD, Borer J, Braunwald E, et al. High-dose intravenous strepto-
kinase for acute myocardial infarction: preliminary results of a multi-
center trial. J Am Coll Cardiol 1985, 1in press.

Bertrand ME, Lefebvre JM, Laisne CL, Rousseau MF, Carre AG, Lekieffre JP.
Coronary arteriography in acute transmural myocardial infarction. Am Heart
J 1979;97:61.

Betriu A, Castaner A, Sanz GA, et al. Angiographic findings 1 month after
myocardial infarction: a prospective study of 259 survivors. Circulation
1982;65:1099.

Charuzi Y, Beeder C, Marshall LA, Sasaki H, Pack NB, Geft I, Ganz W.
Improvement in regional and global Tleft ventricular function after intra-
coronary thrombolysis: assessment with two-dimensional echocardiography.
Am J Cardiol 1984;53:662.



