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During the 1980s, the treatment of acute myocardial
infarction changed dramatically. Thrombolytic therapy was
introduced at the beginning of the decade, and over the next
10 years intravenously administered thrombolytic therapy was
shown to be effective in (a) reestablishing antegrade flow
in coronary arteries totally occluded by fresh thrombus, (b)
improving left ventricular function in patients receiving it
within 3 to 4 hours of the onset of chest pain, and (c)
reducing mortality in those treated within 6 hours of the
onset of pain. At the same time, substantial information
was gathered concerning (a) the efficacy and safety of new,
and hopefully better, thrombolytic agents, such as tissue
plasminogen activator (tPA); (b) the utility of "adjuvant
therapy" in conjunction with thrombolytic therapy, and (c)
the optimal management of the patient with evolving
myocardial infarction after a thrombolytic agent is given.
My purpose today is twofold: first, to review the status of
thrombolytic therapy as it stands at the end of the 1980s,
reviewing what is known about its efficacy, safety, and
limitations; and second, to discuss the potentially
expanding role of thrombolytic therapy in the next decade.
If preliminary data presently available give any indication
of the future, one can predict -- with some confidence =--
that thrombolytic therapy will be used much more widely in
the year 2000 than it is in 1990.

WHO SHOULD RECEIVE THROMBOLYTIC THERAPY?

A. Type of Ischemic Event

1. 1980s: Those with Evolving Q wave Infarction:
In the late 1970s and early 1980s, several pathologic and

angiographic studies demonstrated that a totally occlusive
coronary artery thrombus was present in > 90% of individuals
with evolving Q wave myocardial infarction [1-6]. The
thrombotic nature of these occlusions was supported by
retrieval of thrombus during emergent coronary artery bypass
surgery and by the characteristic angiographic appearance of
retention of contrast material by an intraluminal £illing
defect [6]. Moreover, the incidence of total occlusion
decreased with time to around 60% at 12 to 24 hours after
the onset of infarction, presumably due to spontaneous lysis
of thrombus, refuting the hypothesis that thrombosis
occurred as a consequence of infarction (and not vice versa)



[5]. Subsequently, numerous angiographic studies confirmed
the high incidence of total coronary occlusion in subjects
with evolving Q wave infarction and showed that these
occluded vessels often were recanalized with an
intracoronary infusion of streptokinase [7-25].

2. 1990s: Those with Unstable Angina or Evolving
Non O Wave Infarction: In contradistinction to patients

with evolving Q wave infarction, those with unstable angina
at rest and evolving non Q wave infarction usually do not
have pathologic or angiographic evidence of a totally
occlusive coronary thrombus [1-4]. However, a number of
studies have shown that a substantial percentage of these
subjects have partially occlusive coronary thrombi that (a)
are demonstrable angiographically (Table 1, below) and (b)
are altered by the administration of a thrombolytic agent.

Table 1: Incidence of Partially Occlusive Coronary Thrombi
in Patients with Unstable Angina at Rest

# patients
Authors # patients studied with IC thrombi %
Vetrovec et al [26] 12 11 92
Mandelkorn et al [27] 9 4 44
Capone et al [28] 44 23 52
Bresnahan et al [29] 67 24 36
Sherman et al [30] 10 7 70
Gold et al [31] 11 8 73
Gotoh et al [32] 37 21 57
TOTALS 190 98 52

As the data in Table 1 indicate, patients with unstable
angina in whom coronary arteriography is performed in close
temporal proximity to continued instability frequently have
intracoronary thrombi, but most of these are not totally
occlusive.

Similarly, the majority of subjects with evolving non Q
wave myocardial infarction do not have a totally occlusive
thrombus at the time of catheterization. DeWood et al [33]



performed coronary arteriography within 1 week of
hospitalization in 341 patients with non Q wave infarction.
Of those in whom angiography was accomplished within 24
hours of the onset of chest pain, a totally occlusive
coronary thrombus was noted in only 26%. Mandelkorn et al
[27] noted that only 2 of 8 patients with non Q wave
infarction had a totally occlusive coronary thrombus,
whereas the other 6 had partially occlusive thrombi. When
these 8 patients were given an intracoronary infusion of
streptokinase, distinct angiographic improvement occurred in
7.

There are few, if any, data dealing with the efficacy
and safety of thrombolytic therapy in patients with unstable
angina at rest and non Q wave myocardial infarction. Gold
et al [31] randomized 23 patients with unstable angina at
rest to receive placebo or intravenous tPA. Following
therapy, unstable angina continued in 6 of the 11 placebo
patients and in only 1 of the 12 who received tPA (p <
0.05). Subsequent coronary arteriography showed partially
occlusive coronary thrombi in 8 of the 11 placebo patients
and in 0 of the 11 tPA patients (p < 0.05). The recently
initiated TIMI-3 study (of which we are a participating
center) is designed to assess the efficacy and safety of
intravenous tPA in patients with unstable angina at rest and
non Q wave myocardial infarction. TIMI-3A is a randomized,
double-blind, placebo-controlled trial to assess the
efficacy of intravenous tPA on the perfusion characteristics
of the ischemia-related coronary artery. It will enroll 300
patients from approximately 14 centers, with Parkland
Hospital being 1 of them. TIMI-3B is a randomized, double-
blind, placebo-controlled trial to assess the efficacy and
safety of intravenous tPA as well as the efficacy and safety
of an invasive or a conservative management strategy after
drug has been administered. It will enroll approximately
2000 patients from > 40 centers. When TIMI-3A is completed
(in 9 to 12 months), we will become a TIMI-3B center.

In short, in the 1980s, thrombolytic therapy was
largely reserved for patients with evolving Q wave
myocardial infarction, a group of subjects in whom
intracoronary thrombus was of etiologic importance in the
overwhelmingly majority. In the 1990s, thrombolytic therapy
probably will be used frequently in patients with unstable
angina at rest and evolving non Q wave infarction, since
recently acquired data indicate that intracoronary thrombus
is of pathophysiologic importance in a substantial
percentage of these individuals. However, the overall



efficacy and safety of thrombolytic therapy in patients with
these syndromes await confirmation in properly designed
clinical trials, such as the TIMI-3 study described above.

B. Timing of Thrombolytic Therapy

1. 1980s: Those Who Can be Treated Within 4 to 6
Hours of the Onset of Chest Pain: In the late 1970s,
studies in experimental animals showed that coronary
reperfusion led to a reduction in infarct size only if it
was accomplished within 3 to 4 hours of occlusion [34,35].
In patients with evolving Q wave infarction, the early
administration of intravenous streptokinase or tPA was shown
to improve left ventricular function in several placebo-
controlled, randomized evaluations. For example, the
Intravenous Streptokinase in Acute Myocardial Infarction
(ISAM) Study Group [36] randomly assigned 1741 patients with
evolving Q wave infarction to placebo or intravenous
streptokinase, 1.5 million units over 60 minutes. All
patients received therapy within 6 hours of the onset of
chest pain, and 56% received it within 3 hours. Left
ventricular function was assessed 3 to 4 weeks after
infarction. As noted in Table 2 (page 6), the patients
receiving streptokinase had a higher left ventricular
ejection fraction than those receiving placebo. Similar
data were reported by White et al [37] with intravenous
streptokinase and by Guerci et al [38] with tPA. 1In both of
the latter studies, all patients received thrombolytic
therapy within 4 hours of the onset of chest pain. 1In
contrast, little or no consistent improvement in global or
regional left ventricular function occurs in patients in
whom reperfusion is accomplished > 4 hours after the onset
of pain [39-41]. In short, these carefully designed,
placebo-controlled studies of intravenous thrombolytic
therapy (streptokinase or tPA) [36-38] demonstrated that the
early administration (usually < 4 hours) of a thrombolytic
agent leads to a significant improvement in left ventricular
function, whereas its later administration exerts no
demonstrable influence.

In 1986, the results of the Gruppo Italiano per 1lo
Studio della Streptokinasi Nell' Infarto Miocardico (GISSI)
study were published [42]. This multicenter unblinded trial
from Italy compared mortality at 21 days in almost 12,000



Table 2: Effects of Intravenous Thrombolytic Therapy on
Left Ventricular Function

Author Drug/Dose . LVEF . Time from Pain to Drug
ISAM [36] strep PL 0.54 < 6 hours in all
1.5 mil u SK 0.57 < 3 hours in 56%
p < 0.005
White [37] strep PL 0.53 < 4 hours in all
1.5 mil u SK 0.59 average, 3.0 hours
p < 0.005
Guerci [38] tPA PL 0.46 < 4 hours in all
100 mg tPA 0.53 average, 3.2 hours
P < 0.02

patients with evolving Q wave infarction who received
intravenous streptokinase (1.5 million units in 60
minutes) (n = 5860) or conventional therapy (n = 5852).
Patients were enrolled in the study up to 12 hours after the
onset of chest pain. Streptokinase induced a significant
reduction (18%) in overall mortality (13.0% for those
treated in a conventional manner, 10.7% for those given
streptokinase; p = 0.002). Importantly, streptokinase
reduced mortality only in those in whom therapy was
initiated within 6 hours of the onset of pain; in fact, its
beneficial influence was largely confined to those in whom
the drug was begun within 3 hours (Table 3, below). A

Table 3: Results of the GISSI Trial

Streptokinase Control P
n = 5860 n = 5852
Overall mortality 10.7% 13.0% 0.002
Time pain-to-drug
< 3 hours 9.2% 12.0% 0.0005
3 to 6 hours 11.7% 14.1% 0.03
6 to 9 hours 12.6% 14.1% NS

9 to 12 hours 15.8% 13.6% NS




similar diminution in mortality with intravenous
streptokinase was reported by White et al [37](12.9% for
placebo, 2.5% for streptokinase; p = 0.012) and by the
Second International Study of Infarct Survival (ISIS-2)
[43](12% for placebo, 8% for streptokinase; p value not
given) for patients in whom therapy was begun within 4 hours
of the onset of chest pain.

In the early days of thrombolytic therapy, it was
hypothesized that timely pharmacologic reperfusion of a
totally occluded coronary artery would salvage jeopardized
myocardium, leading, in stepwise fashion, to (a) improved
left ventricular function and (b) diminished mortality. The
above-mentioned studies demonstrated that intravenous
thrombolytic therapy, indeed, accomplished these goals,
provided that it was given soon (i.e., within 3, 4, or
certainly 6 hours) after the onset of ischemic injury. The
apparent necessity that thrombolytic therapy be given early
-- and that it was not beneficial if given later than 6
hours after the onset of pain =-- markedly limited the number
of patients who were candidates, since a substantial
fraction of subjects with evolving Q wave infarction do not
seek or cannot reach medical assistance within this narrow
time window.

2. 1990s: Those Who Can Be Treated Within 6 to 24
Hours of the Onset of Chest Pain, or Possibly Even Later:
Although the GISSI study showed that intravenous
streptokinase improved survival only in those who received
drug within 6 hours of the onset of chest pain, others
suggested that reperfusion of the infarct-related coronary
artery was beneficial even if it was accomplished > 6 hours
after the onset of pain. Kennedy et al [9] showed that
intracoronary streptokinase given > 6 hours after symptom
onset improved survival without exerting a demonstrable
effect on left ventricular function. Similarly, the Second
International Study of Infarct Survival (ISIS-2) [44]
demonstrated that intravenous streptokinase reduced
mortality even when given 13 to 24 hours after the onset of
pain. This apparent dissociation between the effects of a
restoration of antegrade coronary flow on left ventricular
function and survival raised the possibility that the
pharmacologic restoration of antegrade flow may reduce
mortality through a mechanism independent of its influence
on left ventricular function, such as a diminution in
electrical instability. In support of this hypothesis that
"an open artery is always better than a closed one,"




preliminary studies suggested that successful coronary
reperfusion in patients with acute myocardial infarction
reduced the incidence of late potentials on signal averaged
electrocardiography [45], inducible ventricular
tachyarrhythmias, and sudden death [46,47].

In a series of analyses of the records of patients
catheterized at Parkland over the past 12 years, Ricky
Cigarroa, Rick Lange, and I have shown that residual
antegrade flow in the infarct artery of patients with
myocardial infarction profoundly improves long-term survival
independent of its influence on left ventricular function.
In our initial assessment [48], we identified all patients
whom we had catheterized within 5 months of a myocardial
infarction and who had disease of only the infarct-related
coronary artery. Of the 208 patients who fulfilled these
criteria, 68 had antegrade flow in the infarct artery (Group
I), whereas the other 140 did not (Group II). Of the 68
with residual antegrade flow, 4 underwent coronary artery
bypass surgery, and the other 64 were followed on long-term
medical therapy. Of the 140 patients without residual
antegrade flow in the infarct artery, 20 had bypass surgery,
and 5 were lost to follow=-up. Thus, we had information
during long-term follow-up on medical therapy on (a) 64
patients with (Group I) and (b) 115 patients without (Group
II) residual antegrade flow in the infarct artery.

As the data in Table 4 (page 9) indicate, the 64 Group
I patients and the 115 Group II patients were similar in
age, sex, risk factors for atherosclerotic cardiovascular
disease, duration of follow-up, and -- most importantly --
left ventricular function. However, they differed
dramatically in long-term survival: all 64 of those with
residual antegrade flow in the infarct artery were alive at
follow-up, whereas 21 (18%) of those without residual
antegrade flow in the infarct artery had died. According to
family members and medical records (when available), all 21
died suddenly, suggesting that they sustained an arrhythmic
event.

Figure 1 (page 10) offers a pictoral display of these
survival data.



Table 4: Comparison of Patients with and without Antegrade
Flow in the Infarct Artery Following Myocardial

Infarction
Group I (n=64) Group II (n=115)
Antegrade Flow No Antegrade Flow
Age (years) 46 + 9 47 + 10
male 69% 77% -
Risk factors for ASCVD
hypertension 41% 49%
smoking 78% 82%
diabetes mellitus 25% 20%
Cholesterol > 270 13% 14%
Duration of follow-up
(months) 46 + 29 48 + 28
LV ejection fraction 52 + 14 52 + 11
Mortality 0% 18% *

* p < 0.001 in comparison to Group I.

These data are taken from reference # 48.

The survival data for patients after myocardial
infarction with multivessel coronary artery disease are
remarkably similar [49]. A total of 110 patients sustained
a myocardial infarction, were subsequently catheterized, and
were found to have disease of the infarct artery (with or
without residual antegrade flow) as well as stenoses of 1 or
both of the other coronary arteries. Of the 110, 35 had
residual antegrade flow in the infarct artery, and the other
75 did not. The 2 groups were similar in age, sex, risk
factors for atherosclerosis, and duration of follow-up, but
-- as in those with disease of only the infarct artery --
they differed dramatically in long-term outlook. Of the 35
with residual antegrade flow, only 2 (6%) died of cardiac
causes during long-term follow=-up; in contrast, of the 75
without residual antegrade flow in the infarct artery, 24
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Figure 1: A life-table survivorship analysis for the two
groups (Group I = antegrade flow in the infarct artery:
Group II = no antegrade flow in the infarct artery). Over
the 10 years of observation, Group I had a significantly
better survival than Group II.
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(32%) died of cardiac causes during a similar period of
follow-up (p = 0.017 in comparison to those with residual
antegrade flow).

From talking with family members and reviewing the
medical records of the patients who died, it seemed that
almost all the deaths were arrhythmic in origin. In an
attempt to assess the propensity for electrical instability
in patients after myocardial infarction with and without
residual antegrade flow in the infarct artery, we performed
signal averaged electrocardiography in 109 of the patients
who comprised the study populations for the first 2 analyses
[60]. Signal averaged electrocardiography allows the
identification of low amplitude, high frequency signals (so-
called late potentials) in the terminal portion of the QRS
complex [51-53]. They are thought to be caused by slowed
and asynchronous conduction through ischemic myocardium
[54,55] or normal myocardium interspersed with fibrosis
[53,56,57]). These late potentials are frequently detected
in subjects with spontaneous or inducible ventricular
tachycardia. In patients who have had myocardial
infarction, they identify those at risk for subsequent
arrhythmic events and sudden death [58-60].

Of the 109 subjects, 49 had residual antegrade flow in
the infarct artery, and the other 60 did not. The groups
were similar in age, sex, infarct artery, severity of
coronary artery disease, and left ventricular function.
However, only 4 (8%) of those with residual antegrade flow
in the infarct artery had late potentials, whereas 24 (40%)
of those without residual antegrade flow had them (p <
0.001).

In short, it appears that the presence or absence of
residual antegrade perfusion of the infarct artery after
myocardial infarction strikingly influences long-term
survival, probably by reducing the propensity for an
arrhythmic event. Furthermore, residual antegrade perfusion
of the infarct artery exerts its salutary effect independent
of its influence on left ventricular function. Thus, it is
possible that the restoration of antegrade flow in the
infarct artery =-- pharmacologically or mechanically =-- may
be beneficial even if it is accomplished hours to days after
the acute event. Thus, thrombolytic therapy may exert a
beneficial effect even when given 12, 24, or even 36 hours
after the onset of chest pain, and coronary angioplasty or
bypass surgery may accomplish a similar goal if it is
performed several days (or even weeks) after the event.




These possibilities await confirmation in properly designed
prospective clinical trials.

C. Those without a Contraindication to Thrombolytic
Therapy or Subsequent Anticoagulation As thrombolytic
therapy has been given to large numbers of patients, we have
learned that it is associated with complications in a small
number. With any of the agents, the most frequent
complication is bleeding. If concomitant arterial punctures
are not performed, serious bleeding (requiring transfusion)
is uncommon, and life-threatening hemorrhage occurs very
rarely. In support of this, 5860 patients in the GISSI
trial [42] received intravenous streptokinase without
concomitant arterial puncture. Major bleeding occurred in
only 19 (0.3%), and cerebrovascular events (ischemic or
hemorrhagic) were noted in 10 (0.2%).

In contrast, the incidence of bleeding with
streptokinase or tPA is substantial if arterial
catheterization is performed within close temporal proximity
to drug administration, and the risk of hemorrhage is
similar with the 2 agents. 1In the TIMI report of Chesebro
et al [61] in which patients were acutely catheterized and
given intravenous streptokinase or tPA, bleeding,
ecchymosis, or hematoma were noted in 66% of those receiving
tPA and 67% of those receiving streptokinase. A major fall
in hematocrit (> 15%) occurred in 15% and 16%, respectively,
and a transfusion of > 2 units of blood was required in 25%
and 21%, respectively. No patient sustained an intracranial
hemorrhage. Of all the patients who suffered a hemorrhagic
episode (major or minor), the site of arterial puncture was
the primary site of bleeding in 78% of those receiving tPA
and 80% of those receiving streptokinase.

Table 5 (page 13) lists the absolute and relative
contraindications to thrombolytic therapy. The
administration of any thrombolytic agent to a patient with
any of these contraindications is likely to be followed by a
major hemorrhagic event. Thrombolytic therapy should be
given to patients > 70 years of age with caution, since the
incidence of hemorrhage is increased in the elderly [62].

12
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Table 5: Contraindications to Thrombolytic Therapy
Absolute

a. Active internal bleeding

b. Recent (< 2 months) cerebrovascular accident
or neurosurgical procedure

c. Recent (< 10 days) major surgery, organ biopsy,
or puncture of a noncompressible vessel

d. Recent serious gastrointestinal bleeding

e. Recent serious trauma, including prolonged CPR

Relative

a. Severe hypertension (systolic pressure > 200,
diastolic pressure > 110)

b. Recent minor trauma, including brief CPR

c. Hemostatic defect

d. Severe hepatic or renal disease

e. Age > 70 years [62]

f. Diabetic hemorrhagic retinopathy

WHICH THROMBOLYTIC AGENT SHOULD BE GIVEN?

A. Streptokinase Streptokinase has no direct enzymatic
activity of its own. In circulating plasma, it combines
with free and fibrin-bound plasminogen; the resultant
streptokinase-fibrinogen complex acts to convert plasminogen
to plasmin [63]. 1Initially, the plasmin that becomes
available combines with circulating alpha-2 antiplasmin.
Eventually, all available alpha=-2 antiplasmin is consumed,
and free plasmin appears in the circulation. Plasmin is a
serine protease that degrades fibrin, fibrinogen, and
clotting factors V, VIII, and XIII. Therefore, it produces
a systemic fibrinolytic state that persists until these
clotting factors and fibrinogen are resynthesized.

Streptokinase is a foreign protein. Low titers of
antistreptokinase antibodies are ubiquitous in the general
population. Resistance to its fibrinolytic effects may
occur if high titers of antistreptokinase antibodies are



14

present because of previous streptokinase administration or
recent streptococcal infection. An occasional patient with
marked streptokinase resistance is reported [64].

When streptokinase is given intravenously, a dose of
750,000 to 1,500,000 units is infused in 30 to 60 minutes.
A more rapid infusion usually causes hypotension. This dose
produces a systemic fibrinolytic state [65], with a
precipitous fall in circulating levels of plasminogen and
fibrinogen, as well as a concomitant increase in fibrinogen
degradation products.

After its intravenous administration, streptokinase
successfully induces thrombolysis in 30 to 60% of patients
with evolving myocardial infarction, with an average of
about 40%. Its efficacy in causing clot lysis is dependent
on the elapsed time from onset of pain (and presumably clot
formation) to drug administration. Thus, its efficacy in
inducing coronary reperfusion is as high as 55 to 60% when
it is given to patients < 3 to 4 hours after the onset of
pain; conversely, its efficacy in restoring antegrade
coronary flow falls to 30 to 35% when it is given to
patients 6 to 8 hours after the onset of pain [61,66-68]
(Table 6, page 16).

B. Anisoylated plasminogen streptokinase activator
complex (APSAC) The anisoylated derivative of streptokinase

is a "second generation" thrombolytic agent with certain
advantages over streptokinase. First, the compound is
activated only by deacylation and, therefore, can be given
as a bolus. Second, unlike the streptokinase-plasminogen
activator complex, which is subject to degradation by plasma
inhibitors and plasmin antiactivators, the acyl form results
in greater persistence of fibrinolytic activity and somewhat
greater thrombolytic potency than equivalent doses of
streptokinase [69]. The typical dose of intravenous APSAC
is 30 mg or 30 units given in 2 to 5 minutes. With this
dose, intravenous APSAC induces coronary reperfusion in 50
to 55% of patients [70,71] (Table 6, page 16).

At the same time, APSAC has certain drawbacks. Similar
to streptokinase, it is immunogenic, so that an occasional
patient with antibodies to streptokinase has an allergic
reaction to APSAC. It is prepared via heated human plasma,
which introduces the remote potential of transmission of a
viral component. When APSAC becomes available for general
use in this country, it is anticipated that its cost will be
similar to that of urokinase and tPA.
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C. Urokinase Urokinase differs from streptokinase in
several ways. It directly activates plasminogen to form
plasmin. Since it is nonantigenic, it is better tolerated
than streptokinase and has a lower incidence of resistance.
Although it induces a systemic fibrinolytic state, it
appears to deplete fibrinogen less than streptokinase [11].
It is several times more expensive than streptokinase. For
this reason, it usually has been used only in patients who
are likely to have high titers of antistreptokinase
antibodies.

In most therapeutic trials of urokinase, a loading dose
of 2500 to 4500 CTA units/kg is given over 15 to 60 minutes,
followed by the same dose per hour for 12 to 24 hours. With
this dose, a mild depletion of plasminogen and fibrinogen is
noted, with marked fibrinolytic activity in circulating
plasma. Higher doses reduce plasminogen and fibrinogen
levels to a similar extent as streptokinase [72].

D. Tissue plasminogen activator Both streptokinase and
urokinase convert circulating plasminogen to plasmin,
producing a systemic fibrinolytic state. Tissue plasminogen
activator (tPA) is said to be "clot selective." After its
intravenous administration, it is avidly bound to the
plasminogen and fibrin within the interstices of a thrombus.
Its affinity for circulating (free) plasminogen is low
(1/500 of its affinity for plasminogen-fibrin within an
existing clot). As a result of these relative affinities,
tPA produces "local" thrombolysis without causing a systemic
fibrinolytic state. It produces a modest decline in
systemic fibrinogen and plasminogen concentrations, as well
as a mild increase in fibrinogen degradation products.

These changes in plasminogen, fibrinogen, and fibrinogen
degradation products appear to be related to the amount of
tPA administered [73] but are not as marked as those noted
following streptokinase.

Tissue plasminogen activator is nonantigenic and causes
no adverse reactions with rapid intravenous administration.
Repeated administration is possible without producing an
antibody response. It has a brief duration of action [74],
so that its thrombolytic effect can be "turned off" quickly
if bleeding occurs or invasive procedures (i.e., coronary
arteriography or bypass surgery) are regquired.

1. 1980s Mode of Administration: From the time of
its first use in patients with myocardial infarction until
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the end of the decade, a number of dosage regimens of tPA
were evaluated, ranging from as little as 0.4 to 0.5 mg/kg

to as much as 150 mg total dose.

In phase II of the TIMI /

study [75], it became clear that the 150 mg dose was
associated with an unacceptably high incidence (1.6%) of
intracranial hemorrhagic events, so that the total dose was

reduced to 100 mg.

This standard dose =-- 100 mg given over

3 hours, with 60 mg in the first hour and 20 mg in each of
the next 2 =-- was shown to induce coronary thrombolysis in
60 to 75% of patients [38,61,76-80], a higher percentage
than that reported with intravenous streptokinase (Table 6).

2.

1990s Mode of Administration:

Table 6 provides

a summary of studies which have angiographically assessed
the incidence of coronary reperfusion following the
intravenous administration of streptokinase, tPA, and APSAC.

Table 6: Reperfusion rates with intravenous
thrombolytic therapy !

Author

Streptokinase
Neuhaus [66]

Spann [67]
Chesebro [61]
Hillis [68]

TOTALS

Tissue Plasminogen Activator

Collen [79]
Williams [76]
Gold [80]
Chesebro [61]

TOTALS
APSAC
Bonnier [70]
Anderson [71]

TOTALS

Time from Pain
to Drug (Hours)

B WWw
e o o o
a0 s

4.7

4.8
3.0
4.5

w N
& O

Reperfusion
n %
24/40 60
21/43 49
37/119 31
11/34 32.
93/236 39
25/33 76
25/37 68
24/29 83
70/113 62
1l44/212 68
23/36 64
59/115 51

82/151

54
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As noted, streptokinase (1.5 million units in 60 minutes)
induced reperfusion in 30 to 60%, with an average of only
39%; APSAC induced reperfusion in an average of 54%; and tPA
was successful in establishing reperfusion in an average of
68%. This 68% incidence of coronary thrombolysis was
obtained with 100 to 150 mg, given in 3 to 6 hours.

Recent data suggest that the incidence of reperfusion
following intravenous tPA is markedly increased if the drug
is given more rapidly, with a sizable portion infused over
the first 30 minutes. Neuhaus et al [81] administered such
a "front-loaded" regimen of tPA to 80 patients with evolving
myocardial infarction. Specifically, these authors gave tPA
in the following manner: 15 mg as a bolus, 50 mg infused
over 30 minutes, and 35 mg infused over the following 60
minutes (total, 100 mg in 90 minutes). At the end of the
infusion, 91% of the patients had angiographic evidence of
reperfusion. Similar data (angiographic evidence of
reperfusion in 27 of 28 patients to whom such a "front-
loaded" regimen of tPA was given) have been reported by
Williams et al [82].

In the 1990s, we will learn how best to give tPA, and
we will have the opportunity to use agents that are more
effective than tPA at inducing thrombolysis. It is not
inappropriate to foresee the day when coronary thrombolysis
will be achieved in almost every patient to whom a
thrombolytic agent is given, even 12 to 36 hours after the
onset of the event.

In summary, tissue plasminogen activator offers several
advantages in comparison to other agents that are currently
available (streptokinase, urokinase, and APSAC). Most
importantly, it induces thrombolysis in substantially more
patients than the other agents. In addition, it is
nonantigenic, and, therefore, one is not concerned about an
allergic reaction. At the same time, tPA is very good at
lysing clots; as a result, hemorrhagic complications occur
with its administration in the same way (and with the same
frequency) that they occur with any thrombolytic agent.
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SHOULD "ADJUVANT THERAPY" BE ADMINISTERED?

The administration of other agents in conjunction with
thrombolytic therapy has been advocated as a means of (a)
further reducing the extent of myocardial ischemic injury
and/or (b) slowing the time course of ischemic injury, so
that reperfusion exerts a maximal beneficial influence.
Studies in experimental animals have suggested that beta-
adrenergic blockade may augment the salvage of myocardium
induced by reperfusion [83]. In the TIMI II trial [75],
1390 of the 3262 patients given tPA also were treated with
metoprolol, either immediate (15 mg intravenously at the
time of tPA administration, followed by oral maintenance
therapy) (n = 696) or deferred (oral maintenance therapy
begun on hospital day 6) (n = 694). Although immediate beta-
blockade was well tolerated, it did not affect mortality or
left ventricular ejection fraction, but it did lower the
incidence of nonfatal reinfarction and recurrent ischemic
events during hospitalization (Table 7, below). It appeared
to be particularly beneficial in 2 subgroups: those treated
within 2 hours of the onset of symptoms and those at low-
risk (by initial risk assesment).

Table 7: Clinical events in patients receiving immediate
or deferred metoprolol therapy

Immediate Deferred P
n = 696 n = 694 =
Within the first 6 days
death 2.4% 2.4% NS
reinfarction 2.3% 4.5% 0.06
nonfatal reinfarction 2.3% 4.5% 0.02
recurrent ischemia _ 15.4% 21.2% 0.005
Within the first 42 days
death 3.7% 3.6% NS
reinfarction 4.3% 6.3% 0.09
nonfatal reinfarction 3.9% 6.1% 0.06

recurrent ischemia 31.2% 33.9% NS
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AFTER CLOT LYSIS HAS BEEN ACHIEVED,
HOW SHOULD THE PATIENT BE MANAGED?

A. Role of Immediate Catheterization and Angioplasty
Advocates of immediate catheterization and angioplasty after

thrombolytic therapy hoped that such a strategy would allow
one to (a) open vessels in patients in whom thrombolytic
therapy had been unsuccessful (i.e., those whose infarct
arteries were still occluded) and (b) reduce the residual
stenosis in patients in whom thrombolytic therapy had been
successful. In turn, this management strategy would improve
coronary perfusion, limit infarct size, preserve left
ventricular function, and reduce the incidence of recurrent
ischemic events. In practice, however, the results of such
an aggressive strategy have been disappointing. Three
large, randomized trials have compared the efficacy and
safety of immediate catheterization and angioplasty to those
of delayed catheterization and angioplasty routinely [78,84]
or only if required by a recurrence of symptoms [85] (Table
8,page 20). In all 3 studies, tissue plasminogen activator
was given. As the data in Table 8 indicate, immediate
catheterization and angioplasty following thrombolytic
therapy offered no demonstrable benefit as regards left
ventricular function and short-term mortality when compared
to delayed catheterization and angioplasty [78,84] or a
completely noninvasive management strategy [85].
Furthermore, immediate catheterization and angioplasty were
associated with an increased incidence of hemorrhagic
complications, emergent coronary artery bypass surgery, and
death. Although all 3 trials used tPA, similar data have
been reported when immediate catheterization and angioplasty
were utilized following intravenous streptokinase [86].

B. Role of Routine Revascularization Before Discharge
The question of whether routine catheterization and
angioplasty are beneficial before hospital discharge in
patients who have received thrombolytic therapy has been
addressed by 2 large randomized trials. In the TIMI IIB
trial [75], 3262 patients were treated with intravenous tPA
and then randomly assigned to an invasive management
strategy (catheterization and angioplasty, if coronary
anatomy was suitable, 18 to 48 hours after tPA) or a
conservative one (catheterization and angioplasty only for
those with recurrent angina or a positive submaximal
exercise test). 1In comparison to the conservative
management strategy, the invasive one did not cause an
improvement in left ventricular function or a reduction in
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Table 8: Trials Assessing the Advantages and Disadvantages
of Immediate Catheterization and Angioplasty
Following Thrombolytic Therapy

TAMI [78] ECSG [85] TIMI IIA [84]
Immed 7-10 d Immed None Immed 18-48 h

Predischarge

LVEF (%) 53 56 51 51 50 49
In-hospital

mortality (%) 4 1 7 3% 7 6
Success rate

of PTCA (%) 85 94 90 - 84 93
Recurrent

infarction (%) - - 4 7 7 4
Emergent

surgery (%) 7 2 - - 4 2
Transfusion (%) 22 18 10 4 20 7%
Complications (%) - - - - 12 4%

Immed = immediate

* p < 0.05 in comparison to immediate.

the incidence of reinfarction or death (Table 9, page 21).
In fact, adverse clinical events (emergent coronary artery
bypass surgery, intracranial hemorrhage, non-fatal
reinfarction, or death) occurred more frequently in those
treated aggressively (13.0% versus 10.6%, p = 0.04). The
SWIFT (Should We Intervene Following Thrombolysis) study
[87] reached remarkably similar conclusions. These
investigators treated 800 patients with anisoylated
plasminogen streptokinase activator complex (APSAC), after
which each was randomly assigned to (a) routine delayed
catheterization and angioplasty or (b) careful observation,
with catheterization and angioplasty only for those with
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recurrent angina. The groups were similar in left
ventricular function (measured 3 months after infarction)
and survival (Table 9, below).

Table 9: Trials of thrombolysis followed by routine
catheterization and revascularization in
myocardial infarction

TIMI IIB [75] SWIFT [87]
Conserv Invasive Conserv Invasive
n=1626 n=1636 n=403 n=397
Lytic agent tPA APSAC
Duration of
follow=-up 42 days 90 days
Reinfarction 5.8% 6.4% 9.7% 13.9%
Mortality 4.7% 5.2% 3.2% 4.8%
Mortality
at 1 year
[81] 7.6% 7.0% - =

The incidence of reinfarction and mortality is similar for
each management strategy.

Both these trials provide powerful support for a
conservative management strategy for patients with
myocardial infarction who have received thrombolytic
therapy. According to this scheme, the patient who has been
given thrombolytic therapy undergoes catheterization and
angioplasty only for recurrent angina or a performance on
exercise testing suggestive of ischemia. If neither occurs,
the patient is discharged from the hospital on low-dose
aspirin and is observed closely during rehabilitation.



CONCLUDING REMARKS

During the decade of the 1990s, we are likely to use
thrombolytic therapy much more often than in the past.
First, we shall administer these agents to patients with
unstable angina at rest and evolving non Q wave myocardial
infarction, since partially occlusive coronary thrombi are
the cause of clinical instability in most of these patients.
Second, we shall give thrombolytic therapy to patients with
evolving Q wave infarction even though chest pain began many
hours before therapy is initiated, since the establishment
of antegrade coronary flow improves survival independent of
its influence on left ventricular function. Third, we shall
administer tissue plasminogen activator, or even better

.agents, in a manner that will induce thrombolysis in almost
all patients.

Ten to twenty years ago, the mortality from acute
myocardial- infarction in all large trials was 15 to 20%. In
the TIMI II trial, the mortality during the first year after
infarction was only 7%. We are entering an era in which
patients with myocardial infarction who reach the hospital
seldom die of the infarction.
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