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REVIEW

HE MAIN ADVANTAGE of the latest gener-
ation of fibrinolytic drugs for treating

acute myocardial infarction (MI) is their ease
of administration.

Ease of administration is important. Many
patients who might be candidates for fibri-
nolytic therapy are not getting it, and the com-
plicated regimens of the current, second-gen-
eration drugs may partly account for their
underuse.

For instance, alteplase (Activase), the
gold standard for fibrinolytic therapy, has to be
given in an accelerated regimen involving a
bolus followed by two timed infusions. New
agents can be administered in just one or two
boluses.

Thus, although the new, third-generation
agents are not associated with higher rates of
vessel patency or lower rates of death or serious
complications, they may end up being used
more.

This review focuses on the fibrinolytic
drugs currently approved by the US Food and
Drug Administration (FDA) for treating acute
MI, with special attention to the new, third-
generation agents and to special indications
for their use.

■ INDICATIONS FOR FIBRINOLYTIC THERAPY

MIs are categorized according to whether the
ST segment is elevated. ST-elevation MIs are
treated with immediate reperfusion therapy if
the patient presents within 12 hours of symp-
tom onset. This approach has been shown by
multiple trials to reduce morbidity and mortal-
ity.1 Electrocardiographic indications for
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■ ABSTRACT

The efficacy and safety of fibrinolytic agents have not
dramatically changed since alteplase (Activase), a
derivative of tissue plasminogen activator (t-PA), was
introduced nearly 2 decades ago. However, newer agents
have a longer half-life, making them easier to deliver.
Fibrinolytic therapy is underused in many patients,
especially in those traditionally thought to be at high risk
for complications.

■ KEY POINTS

Alteplase, in an accelerated dosing regimen, has set the
standard against which all other fibrinolytic agents are
measured.

The third-generation fibrinolytic drugs reteplase (r-PA;
Retavase) and tenecteplase (TNK-t-PA; TNKase) have
safety and efficacy profiles similar to that of alteplase, but
can be administered in one or two boluses.

Patients older than 75 years derive significant benefit
from fibrinolytic therapy, even though their risk of
bleeding is higher.

Patients presenting with an ST elevation myocardial
infarction experiencing cardiogenic shock should undergo
percutaneous coronary intervention, if available.

With current fibrinolytic drugs, about 40% of patients do
not achieve epicardial (vessel) patency, and 20% to 50%
of those who achieve vessel patency do not achieve
myocardial patency.
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reperfusion therapy include evidence of ST-
segment elevation, new left bundle branch
block, or ST depression in V1 and V2 sugges-
tive of an acute posterior MI (TABLE 1).

Reperfusion therapy encompasses mechan-
ical percutaneous interventions (such as angio-
plasty and stenting) and fibrinolytic therapy.
Percutaneous interventions are preferred, but
they are not readily available in all hospitals.
Therefore, fibrinolytic drug therapy is more
widely used by far throughout the world.

Major contraindications to fibrinolytic
therapy, most of which are related to bleeding
complications, are listed in TABLE 2.

■ FIRST-GENERATION AGENTS

Though fibrinolytic therapy for acute MI was
first attempted in the 1950s, significant
advances were not made until the 1980s.

Streptokinase
Streptokinase (Streptase, Kabinase; TABLE 3) is
a 47-kilodalton protein with a plasma half-life
of approximately 25 minutes. It binds to plas-
minogen, forming a streptokinase-plasmino-
gen complex that converts plasminogen to
plasmin, which initiates fibrinolysis.

Streptokinase is not fibrin-specific and
activates both circulating and clot-bound
plasminogen, which leads to systemic lysis of
fibrin. (The more fibrin-specific agents pre-
dominantly lyse clot-bound fibrin.) The sys-
temic plasminogen activation with streptoki-
nase results in extensive fibrinogen depletion
and concomitant bleeding risks.

Of patients with acute MI who receive

streptokinase, approximately 30% achieve
TIMI grade 3 flow by 90 minutes, and anoth-
er 20% achieve TIMI grade 2 flow. The
Global Utilization of Streptokinase and Tissue
Plasminogen Activator for Occluded
Coronary Arteries (GUSTO)-1 study showed
a 30-day mortality rate of 7.3% and an
intracranial hemorrhage rate of 0.54% with
streptokinase.1 (Without reperfusion therapy,
the mortality rate would be expected to be
about 25% higher and the intracranial hemor-
rhage rate would be about 50% lower.)

Besides the risk of bleeding, other disad-
vantages of streptokinase are that some
patients develop antibodies to it (preventing
its reuse), and allergic reactions, hypotension,
and bleeding as a result of its nonspecific plas-
minogen binding.2

Urokinase
Urokinase (Abbokinase) is a serine protease
derived initially from urine and later from
renal parenchymal cell cultures. It directly
activates plasminogen and is not specific for
fibrin-bound thrombus. In acute MI patients
receiving urokinase, the patency rate at 60
minutes is about 60%.

However, after the manufacturer could
not prove there is no risk of transmitting
infectious agents in this drug derived from
human source material, urokinase was not
approved by the FDA and production was sus-
pended.

Nevertheless, the drug is widely used in
Korea and the Asian-Pacific area, where the
Thrombolysis in Myocardial Infarction in
Korea (TIMIKO) trial compared alteplase and

Percutaneous
interventions
are preferred,
but not always
available

ndividual clinical measures that are used to
evaluate reperfusion include resolution of

symptoms, resolution of ST-segment elevation of
70% or more of baseline, and characterization of
flow using the Thrombolysis in Myocardial
Infarction (TIMI) grading system.

The TIMI flow in the infarct-related artery was
evaluated in most of the major trials because it corre-
lates with improvements in mortality and infarct size.

The TIMI system consists of four grades:

• Grade 0: Complete occlusion of the infarct-
related artery
• Grade 1: Some penetration of contrast materi-
al beyond the point of obstruction, but without per-
fusion of the distal coronary artery bed
• Grade 2: Perfusion of the entire infarct-related
vessel into the distal bed, but with delayed flow
compared with a normal artery
• Grade 3: Full perfusion of the infarct-related
vessel with normal flow.

I

The TIMI grading system
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urokinase in patients presenting with acute
MI. The 30-day mortality rate was not signifi-
cantly different between the two treatment
groups: 4.6% in the urokinase group and 4.4%
in the alteplase group.3 The incidence of
intracranial hemorrhage was 0.3% in the
urokinase group and 1.1% in the alteplase
group. The risk of major bleeding was 10%
with urokinase and 9.7% with alteplase.3

■ SECOND-GENERATION AGENTS

The need for a safer, more effective fibrinolyt-
ic drug led to the development of the second-
generation agents, which include anistreplase
and alteplase. (A third second-generation
agent, prourokinase, has not been approved
and will not be discussed here.)

Anistreplase
Anistreplase (Eminase) is a 131-kilodalton
protein with a plasma half-life of 70 to 120
minutes. Anistreplase results in a combined
TIMI grade 2 and TIMI grade 3 flow rate at 90
minutes of 50% to 60%. It has a side effect

profile similar to that of streptokinase, but has
the advantage of single-bolus administration.

The International Study of Infarct
Survival (ISIS)-3 showed a 10.5% mortality
rate at 35 days with anistreplase and an
intracranial hemorrhage rate of 0.6%.4

Alteplase
Alteplase (Activase) is a 70-kilodalton pro-
tein with enhanced fibrin specificity and a
plasma half-life of approximately 4 to 8 min-
utes. The naturally occurring form of this mol-
ecule, tissue plasminogen activator (t-PA), is
a serine protease produced by normal
endothelial cells. Serum t-PA levels increase
with exercise. Its effect is inhibited by plas-
minogen activator inhibitor (PAI-1).

Alteplase produces TIMI grade 3 flow in
50% to 60% of patients at 90 minutes. In
GUSTO-1, patients who received alteplase
had a 6.3% mortality rate at 30 days and a
0.72% incidence of intracranial hemorrhage.1
Compared with streptokinase, alteplase result-
ed in a 1% absolute reduction in death or
nonfatal stroke.

Guidelines:
Indications for reperfusion therapy in acute myocardial infarction (MI)

Class I
Conditions for which there is evidence or general agreement that the treatment is beneficial, useful, and effective

ST-segment elevation (> 0.1 mV, ≥ 2 contiguous leads), time to therapy ≤ 12 hours, age < 75
Bundle branch block (obscuring ST-segment analysis) and history suggesting acute MI

Class II
Conditions for which there is conflicting evidence or a divergence of opinion about the usefulness or efficacy of the treatment

Class IIa
Weight of evidence or opinion is in favor of usefulness or efficacy

ST-segment elevation, age ≥ 75

Class IIb
Usefulness or efficacy is less well established by evidence or opinion

ST-segment elevation, time to therapy 12–24 hours
Blood pressure on presentation > 180 mm Hg systolic and/or > 110 mm Hg diastolic associated with high-risk MI

Class III
Conditions for which there is evidence or general agreement that a procedure or treatment is not useful or effective
and in some cases may be harmful

ST-segment elevation, time to therapy > 24 hours, ischemic pain resolved
ST-segment depression only (not consistent with posterior MI)

BASED ON RYAN TJ, ANDERSON JL, ANTMAN EM, ET AL. ACC/AHA GUIDELINES FOR THE MANAGEMENT OF PATIENTS WITH ACUTE MYOCARDIAL INFARCTION.
J AM COLL CARDIOL 1996; 28:1328–1428.

T A B L E  1
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Alteplase is most effective when given in
an accelerated regimen of an initial bolus and
two timed infusions (TABLE 4), and it is the
benchmark to which all new thrombolytic
agents are compared. It accounted for 80% of
fibrinolytic therapy in the United States until
the of the third-generationdrugs emerged.

■ THIRD-GENERATION
FIBRINOLYTIC AGENTS

The third-generation fibrinolytic agents (TABLE

3) were developed to improve upon the effica-
cy, safety, and ease of administration of previ-
ous generations (TABLE 4).

The newer agents are more specific for
fibrin, meaning that they tend to bind to
and predominantly activate clot-bound
plasminogen, thus avoiding systemic plas-
minogen activation. Though a completely
fibrin-specific agent remains elusive, there
is ongoing research in this area. Because
they have a longer half-life, the newer drugs
can often be administered in a single bolus
or two boluses.

Reteplase
Reteplase (r-PA; Retavase) is a deletion
mutant of tissue plasminogen activator that
preferentially activates fibrin-bound plas-
minogen. It has a half-life of approximately 11
minutes.5 Compared with alteplase, it has
greater fibrinolytic potency and less affinity for
endothelial cells.6,7

The RAPID I (Recombinant Plasminogen
Activator Angiographic Phase II International
Dose Finding Study) compared the efficacy
and safety of various doses of reteplase com-
bined with heparin in approximately 600
patients presenting within 6 hours of MI
onset.8 The most effective reteplase regimen
was two boluses of 10 million units each, given
30 minutes apart.

RAPID II compared this double-bolus
regimen and accelerated alteplase in 324
patients.9 The primary end point of this trial
was TIMI grade 3 flow in the infarct-related
artery at 90 minutes, which was achieved in
59.9% of patients treated with reteplase and
in 45.2% of patients treated with alteplase
(P = .01). There was also a nonsignificant
trend toward a lower mortality rate with

reteplase (4.1% vs 8.4%). Rates of severe
bleeding and hemorrhagic stroke were simi-
lar between the two groups. The investiga-
tors concluded that reteplase was superior to
alteplase.

The INJECT investigators compared
reteplase and streptokinase and found a non-

Contraindications to fibrinolytic therapy

Absolute
Any history of hemorrhagic cerebrovascular event
Any other cerebrovascular events within 1 year
Active internal bleeding, not including menses
Known intracranial neoplasm
Suspected aortic dissection

Relative
Blood pressure > 180/110 mm Hg
Use of anticoagulants with an international normalized ratio > 2.0
Noncompressible vascular punctures
Prolonged cardiopulmonary resuscitation (> 10 minutes)
Prior gastrointestinal hemorrhage
Pregnancy
Menstruation
Recent trauma (within 2 to 4 weeks)
Major surgery within 3 weeks

T A B L E  2

Fibrinolytic agents

GENERIC NAMES BRAND NAMES

First-generation
Streptokinase Streptase, Kabinase
Urokinase Abbokinas

Second-generation
Alteplase (tissue plasminogen activator, t-PA) Activase
Anistreplase (APSAC) Eminase
Prourokinase (scu-PA)*

Third-generation
Reteplase (r-PA) Retavase
Tenecteplase (TNK-t-PA) TNKase
Lanoteplase* (n-PA)
Staphylokinase* (SAK 42D)
Antibody-targeted PAs*

Vampire bat-PA*

Alfimeprase*

*Not approved for clinical use

T A B L E  3
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significant trend toward a higher survival rate
with reteplase, but no difference in bleeding.10

The GUSTO III trial compared alteplase
and reteplase in more than 15,000 patients pre-
senting within 6 hours of MI onset.11 All
patients received aspirin 160 mg and heparin in
a 5,000-unit bolus followed by a 1,000-unit-
per-hour infusion (adjusted to 800 units per
hour for patients weighing less than 80 kg).

Rates of mortality, bleeding complica-
tions, and stroke were similar in the two treat-
ment groups (FIGURE 1). The 30-day mortality
rate was 7.47% with reteplase and 7.24% with
alteplase. The incidence of intracranial hem-
orrhage was 0.91% in the reteplase group and
0.87% in the alteplase group. Reteplase had
the advantage of bolus administration and a
fixed dose, which tends to reduce errors.12

The primary finding of the trial was that
reteplase was not superior to alteplase; howev-
er, the favorable safety profile of reteplase and
its ease of administration resulted in its
approval by the FDA.

Tenecteplase
Tenecteplase (TNK-t-PA; TNKase), a triple
mutant of tissue plasminogen activator, is

more specific than alteplase for fibrin, more
resistant to PAI-1, and longer-lasting (with a
half-life of approximately 20 minutes).13–15

Owing to its longer half-life, tenecteplase can
be given as a single bolus.

The efficacy and dosing of tenecteplase in
the treatment of acute MI were evaluated in
the TIMI 10A, TIMI 10B, ASSENT-1, and
ASSENT-2 trials.

TIMI 10A evaluated escalating doses of
tenecteplase from 5 mg to 50 mg in 113
patients who presented with acute MI within
12 hours of symptom onset.16 These patients
were treated with heparin to maintain the
activated prothrombin time (aPTT) between
55 and 85 seconds for 48 to 72 hours.
Tenecteplase doses of 30 to 50 mg were the
most effective, with 90-minute TIMI grade 3
flow rates of 59% to 64%.

TIMI 10B17 subsequently compared 30-
mg and 50-mg doses of tenecteplase and an
accelerated alteplase regimen. However, the
50-mg dose was reduced to 40 mg after a high
rate of intracranial hemorrhage was seen. The
overall incidence of intracranial hemorrhage
was 1.9% in the tenecteplase 40-mg group and
also 1.9% in the accelerated alteplase group.

CLEVELAND CL IN IC JOURNAL OF MEDICINE      VOLUME 71 •  NUMBER 1       JANUARY  2004 29

Characteristics of alteplase compared
with the third-generation fibrinolytic drugs

ALTEPLASE TENECTEPLASE RETEPLASE STAPHYLOKINASE

Molecular weight (kilodaltons) 70 70 39 16.5
Half-life (min) 4–8 20–24 11 6
Fibrin specificity ++ +++ + ++++
Weight-adjusted Yes Yes No Pending
Dosage ≤ 67 kg: 1.25 mg/kg* < 60 kg: 30 mg 10 million units x 2, 14–45 mg

> 67 kg: 100 mg† 60–69.9 kg: 35 mg 30 minutes apart
70–79.9 kg: 40 mg
80–89.9 kg: 45 mg

> 90 kg: 50 mg
TIMI grade 3 flow rate
at 90 minutes (%) 50–60 50–64 50–60 60–65
Intracranial hemorrhage (%) 0.62–0.94 0.93 0.77–1.2 Not well studied

*15 mg bolus over 1–2 minutes, then 0.75-mg/kg infusion (50-mg maximum) over 30 minutes, followed by 0.5-mg/kg infusion
(35-mg maximum) over 60 minutes

†15 mg over 1–2 minutes, then 50 mg over 30 minutes and 35 mg over 60 minutes

T A B L E  4
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The heparin dose was reduced during the trial,
and dose adjustments for heparin were begun
at 6 hours.17

The primary end point, the rate of TIMI
grade 3 flow at 90 minutes, was 62.7% in the
accelerated alteplase group and 62.8% in the
tenecteplase 40-mg group. In the tenecteplase
30-mg group, the rate was significantly lower.

The ASSENT-1 study (Assessment of
the Safety of a New Thrombolytic TNK-t-
PA)18 evaluated the efficacy and safety of
tenecteplase 30 mg vs 40 mg in patients pre-
senting within 12 hours of MI onset. The pri-
mary end point of this trial was intracranial
hemorrhage.

The incidence of intracranial hemor-
rhage was 0.94% in the 30-mg group and
0.62% in the 40-mg group; the higher rate in
the 30-mg group was due to a higher heparin
dose given to the first 248 patients, in whom
the rate was 1.62%. Those taking lower-dose
heparin had a significantly lower incidence
of hemorrhagic stroke: 0.82%. Further study
led to the development of a weight-adjusted
regimen (TABLE 4).

ASSENT-219 compared alteplase and
tenecteplase, both in weight-adjusted doses, in
more than 16,000 patients presenting with
acute MI. All patients received aspirin 150 mg
to 325 mg and heparin in a bolus of 4,000 to

5,000 U followed by an infusion of 800 to
1,000 U/hour, adjusted to maintain the aPTT
at 50 to 75 seconds, for 48 to 72 hours.

The primary end point of 30-day all-
cause mortality occurred in 6.18% of the
tenecteplase group and 6.15% of the
alteplase group (FIGURE 2). The incidence of
noncerebral major bleeding was 4.66% in the
tenecteplase group and 5.94% in the
alteplase group (P = .0002); the total inci-
dence of noncerebral bleeding was 26.4% in
the tenecteplase group and 29% in the
alteplase group (P = .0003). There was also a
significantly lower incidence of blood trans-
fusions in the tenecteplase group: 4.25% vs
5.49% (P = .0002). The incidence of
intracranial hemorrhage was 0.93% and
0.94% in the two groups, respectively.19

The investigators concluded that the two
drugs were associated with an equivalent 30-
day mortality rate, and with lower rates of
noncerebral bleeding with tenecteplase.

Lanoteplase
Lanoteplase (n-PA) is also a deletion mutant
of tissue plasminogen activator, designed to
provide single-bolus administration along
with improved fibrin specificity.20 Its plasma
half-life is approximately 30 to 45 minutes.21

Compared with alteplase, lanoteplase is asso-
ciated with a lower increase in serum PAI-1
activity and is nine times as potent.21

InTIME I. The Intravenous n-PA for
Treatment of Infarcting Myocardium Early
(InTIME I) investigators compared the effica-
cy and safety of four escalating doses of lan-
oteplase: 15, 30, 60, and 120 kU/kg and a
weight-adjusted accelerated alteplase regi-
men.22,23 The primary end point of the trial
was 90-minute TIMI grade 3 flow.

Lanoteplase produced TIMI grade 3 flow
in a consistent dose-response fashion: 26.1%,
31.7%, 47.5%, and 57.1% at 90 minutes in
each of the four escalating-dosage groups. The
rate with alteplase was 46.4%.

InTIME II compared lanoteplase in a
120-kU/kg bolus and alteplase 100 mg over 90
minutes. The 30-day mortality rates were not
significantly different between the two groups,
6.77% in the lanoteplase group and 6.6% in
the alteplase. The intracranial hemorrhage
rate was 1.13% in the lanoteplase group and

Tenecteplase
causes fewer
bleeding
complications
than alteplase,
and is gaining
use
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FIGURE 1

DATA FROM THE GUSTO III INVESTIGATORS. A COMPARISON OF RETEPLASE WITH ALTEPLASE
FOR ACUTE MYOCARDIAL INFARCTION. N ENGL J MED 1997; 337:1118–1123.

GUSTO III: Reteplase is not superior
to alteplase in acute MI
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0.62% in the alteplase group (P =.003).
Further analysis of patients according to

time of first adjustment of heparin infusion
revealed that patients having their first adjust-
ment at 3 hours had a significantly lower inci-
dence of intracranial hemorrhage than those
having their first adjustment at 6 hours.

Though the overall efficacy of lanoteplase
is similar to that of alteplase, its higher inci-
dence of intracranial hemorrhage has stifled
its commercial development.

Staphylokinase
Staphylokinase (SAK 42D) is produced by
Staphylococcus aureus and was discovered and
tested in the 1950s. Staphylokinase is highly
fibrin-specific and does not decrease the lev-
els of fibrinogen or alpha-2 antiplasmin. It
binds to plasminogen and remains inactive as
a staphylokinase-plasminogen complex until
it is exposed to fibrin. In the absence of fib-
rin, it is inactivated by alpha-2 antiplas-
min.24–26

Initial studies of staphylokinase have been
very small. One trial included 100 patients
with acute MI who received either staphylo-
kinase 10 mg, staphylokinase 20 mg, or
alteplase in a weight-adjusted regimen.27

TIMI grade 3 flow at 90 minutes was achieved
in 62% of the patients treated with staphylo-
kinase and in 58% of the patients treated with
alteplase. The rate was higher with the higher
staphylokinase dose, 74% with 20 mg vs 50%
with 10 mg. No significant difference in
bleeding complications was detected between
alteplase and staphylokinase.

The CAPTORS study (Collaborative
Angiographic Patency Trial of Recombinant
Staphylokinase) evaluated staphylokinase 15
mg, 30 mg, and 45 mg given as 20% bolus and
80% infusion over 30 minutes.28 TIMI grade 3
flow at 90 minutes occurred in 62%, 65%, and
63% of the patients, respectively. There were
no cases of intracranial hemorrhage or allergic
reactions, which may be a result of the small
sample size.

A follow-up study from the CAPTORS
investigators suggested that giving staphyloki-
nase as a single 0.05-mg/kg bolus may be most
effective.29 This agent is undergoing further
study.

■ THERAPY IN SPECIAL GROUPS

Fibrinolytic therapy has been shown to reduce
the 30-day mortality rate by approximately
30% in patients presenting with ST-elevation
MI or bundle branch block.30 Its benefit has
been questioned in certain groups, however,
including the elderly, women, people with
diabetes, those with prior coronary artery
bypass graft surgery or MI, and those present-
ing in cardiogenic shock or a considerable
time after symptoms began.

Patients older than 75 years derive sig-
nificant benefit from fibrinolytic therapy,
even though their risk of bleeding is higher.
The use of fibrinolytic agents in this popula-
tion results in 18 lives saved per 1,000 patients
treated.30 Though one should be cautious
when treating elderly patients because they
have higher rates of intracranial hemorrhage,
they do better with fibrinolytic therapy than
without it.

Women. Fibrinolytic therapy is used less
often in women than in men, even though 18
lives are saved per 1,000 women treated.30 This
discrepancy is believed to be due to the combi-
nation of women presenting at an older age and
the presence of more comorbid conditions.

Fibrinolytic
drugs reduce
mortality in
acute ST-
elevation MI
by about 30%
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FIGURE 2

DATA FROM THE ASSENT-2 INVESTIGATORS. SINGLE-BOLUS TENECTEPLASE COMPARED WITH
FRONT-LOADED ALTEPLASE IN ACUTE MYOCARDIAL INFARCTION: THE ASSENT-2 DOUBLE-BLIND

RANDOMIZED TRIAL. LANCET 1999; 354:716–722

ASSENT-2: Tenecteplase is similar
to alteplase in outcomes in acute MI
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Patients with diabetes. Fibrinolytic thera-
py has also been underused in patients with
diabetes, possibly because physicians fear caus-
ing bleeding complications, specifically in
those with proliferative retinopathy. Yet 37
lives are saved per 1,000 diabetic patients
treated, an absolute benefit exceeding that in
patients without diabetes.30

An analysis of the GUSTO-I data base
showed that the risk of ocular hemorrhage
following fibrinolytic therapy in patients
with diabetic retinopathy was minimal and
concluded that diabetic retinopathy is not a
contraindication to fibrinolytic therapy.31

Patients with a prior MI are at particular
risk if they have a second MI. Fibrinolytic
therapy saves 15 lives per 1,000 patients treat-
ed who have had a prior MI.30

Patients in cardiogenic shock. The Gruppo
Italiano per lo Studio della Sopravvivenza
nell’Infarto Miocardico (GISSI)-1 and GUSTO-
1 trials included patients in cardiogenic shock
who received fibrinolytic therapy. There was no
benefit of streptokinase over placebo32 or over
alteplase.33 Given that most patients with car-
diogenic shock were excluded from large ran-
domized trials of fibrinolytic therapy, the data
are limited. The data that are available have
been obtained from subgroup analyses. The
only therapy shown to definitively reduce mor-
tality in the setting of cardiogenic shock is per-
cutaneous coronary intervention or immediate
coronary artery bypass grafting.34

Thus, patients presenting with an ST eleva-
tion MI experiencing cardiogenic shock should
be treated with percutaneous coronary interven-
tion, if it is available.34 If percutaneous coronary
intervention is unavailable, fibrinolytic therapy
remains an acceptable alternative.

Patients with coronary artery bypass
grafts. There is little information on the use
of fibrinolytic therapy in patients with coro-
nary artery bypass grafts, because most of
these patients have been excluded from the
large randomized trials. In this group of
patients, the vein graft rather than a native
vessel is the infarct vessel in approximately
80% of cases. Patency rates in the vein graft
after fibrinolysis are in the range of 25%.
Therefore, patients with prior grafting should
ideally be treated with percutaneous coro-
nary intervention.35

Cardiopulmonary resuscitation. The use
of fibrinolytic therapy after cardiopulmonary
resuscitation has not been well studied either,
as these patients have been excluded from
large trials. However, a study in 90 patients
who experienced an out-of-hospital cardiac
arrest showed that fibrinolytic therapy may be
safe and improve outcome in this setting.36

Another recent trial comparing alteplase and
placebo in patients presenting with cardiac
arrest and pulseless electrical activity found no
beneficial effect of fibrinolysis.37

This subgroup of patients will require
more research before a definitive answer can
be obtained.

Hypertensive patients derive benefit from
fibrinolytic therapy, though a blood pressure
greater than 180/110 mm Hg is considered a
relative contraindication.

In ISIS-2,2 among patients with a systolic
blood pressure greater than 175 mm Hg on
presentation, the mortality rate was 4.8% with
fibrinolytic therapy vs 7.5% without it.

A large meta-analysis30 showed that fibri-
nolytic therapy saved 15 lives per 1,000
patients treated who presented with a systolic
blood pressure of 150 to 174 mm Hg.30 The
mortality rate was also lower with fibrinolytic
therapy than without it in patients who pre-
sented with a systolic blood pressure of 175
mm Hg or higher, but the trend was not statis-
tically significant.

Nevertheless, the risk of intracranial hem-
orrhage with fibrinolytic therapy increases
directly with the blood pressure. The GISSI
group32 found a fivefold increase in intracra-
nial hemorrhage when the diastolic blood
pressure was greater than 110 mm Hg. The
meta-analysis30 showed an increase in
intracranial hemorrhage associated with a sys-
tolic blood pressure greater than 150 mm Hg.

Therefore, in patients with even one sys-
tolic blood pressure measurement greater than
180/110 mm Hg, percutaneous revasculariza-
tion should be considered.

■ PREHOSPITAL FIBRINOLYSIS
IN THE GOLDEN HOUR

One of the key determinants of the success of
fibrinolytic therapy is the interval between
symptom onset and treatment. Early therapy,

The risk of
intracranial
bleeding  due
to fibrinolytics
increases
directly with
the blood
pressure
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within 1 hour of MI onset, can save as many
as 50 lives per 1,000 patients treated, while
later therapy is associated with an increasing-
ly smaller benefit.30

Prehospital fibrinolytic therapy is gain-
ing recognition. A randomized study38

demonstrated that emergency medical ser-
vices (EMS) crews could start fibrinolytic
therapy a median of 31 minutes after their
arrival. The time from EMS arrival to in-hos-
pital administration of fibrinolytic therapy
was 63 minutes; therefore, 32 minutes were
saved by letting the EMS crew start the fibri-
nolytic therapy.

This strategy has also been associated
with a 17% reduction in the odds of death
compared with the in-hospital administration
of fibrinolytic therapy.38,39

The Comparison of Angioplasty and Pre-
Hospital Thrombolysis in Acute Myocardial
Infarction (CAPTIM) study group compared
prehospital fibrinolysis and emergent angio-
plasty for acute MI. The primary end point
was a composite of death, nonfatal reinfarc-
tion, and nonfatal disabling stroke within 30
days. The event rate for the primary compos-
ite end point was 8.2% in the fibrinolytic
group and 6.2% in the primary angioplasty
group, P = .29. The authors concluded that
primary angioplasty was not better than pre-
hospital fibrinolysis.40

At the other extreme, fibrinolysis has
been shown to be effective up to 12 hours
from symptom onset, beyond which the risks
of bleeding surpass the benefit.41

■ LIMITATIONS OF FIBRINOLYTIC THERAPY

Fibrinolysis is associated with an early hazard
of intracranial hemorrhage, which usually
occurs in the first 24 hours and is fatal in near-
ly two thirds of patients who develop this
complication.

An even more important limitation of
this therapy has been termed “the illusion
of reperfusion.”42 Although fibrinolytic

therapy achieves TIMI grade 3 flow in the
epicardial vessel in nearly 60% of patients
at 60 to 90 minutes from the start of admin-
istration, at least 20% of patients with
TIMI grade 3 flow do not have tissue-level
perfusion. The lack of tissue-level perfusion
is demonstrated by persistence of ST-seg-
ment elevation and no reflow by angiogra-
phy or contrast echocardiography.42

Gibson et al43 showed that approxi-
mately 50% of patients who achieved
TIMI grade 3 epicardial flow after receiv-
ing tenecteplase did not achieve myocar-
dial perfusion. The degree of myocardial
perfusion was directly related to out-
come.

Strategies focusing on tissue-level perfu-
sion such as optimal dosing and timing,
adjunctive antiplatelet therapy, and more
potent fibrinolytic agents will likely lead to
further reductions in mortality.

■ GIVING FIBRINOLYTIC THERAPY
TO MORE PATIENTS

Despite the survival benefit of these agents,
data have suggested that many potential can-
didates for fibrinolytic therapy are not
receiving it. These agents should be consid-
ered in all patients presenting with ST-eleva-
tion MIs, and they should be considered as a
therapeutic modality in patients with dia-
betes, those older than 75 years, and those
presenting within 12 hours of symptom
onset. The underuse of fibrinolytic therapy
likely is due to fear of causing harm and to
the relatively limited amount of data accrued
in patients at high risk.

Further improvement in patient educa-
tion and a better understanding of the risks
associated with fibrinolytic therapy should
lead to earlier presentation for therapy and
more widespread use. Because of their pro-
found impact on MI outcome, the emphasis
should be on giving these agents to most
patients with acute MI.
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