
Emergency management of acute myocardial infarction
(AMI) is evolving at an extremely rapid pace. What nearly all
mortality-reducing strategies have in common is prompt
restoration of blood flow to ischemic myocardium that has
been compromised by intra-
coronary thrombosis.
Although the precise relation-
ship between the degree of
coronary patency/flow and
clinical outcomes may be
debated, all experts agree that
“time is muscle.” Moreover,
regardless of whether pharma-
cological (thrombolysis) or
procedural interventions
(angioplasty, stent, or coro-
nary artery bypass) are
employed, short- and long-
term prognosis is optimized
when blood flow to injured tis-
sue is restored as quickly as
possible.

Although the mandate to
restore coronary perfusion is
well-accepted, approaches to
myocardial salvage vary from
one institution to another. For
example, in those emergency
departments where access to coronary angiography is limit-
ed, thrombolytic therapy with such agents as t-PA will be the
anchor agent for pharmacologic therapy, which, along with
aspirin, may also include a mortality-reducing cocktail of
beta-blockers, nitrates, and anticoagulants. In contrast, other

institutions may be intervention intensive, in which case the
majority of patients with AMI will be catheterized on an
emergent basis, and, depending upon the anatomic lesions
encountered, angioplasty and/or stent insertion will be the

procedures of choice. Compli-
cating approaches to patient
management is the emergence
of data from recent studies
suggesting that some combi-
nation of thrombolytic and
procedural intervention may
be better than either tech-
nique alone.

The purpose of Part II of
this two-part series on myocar-
dial infarction is to review cur-
rent strategies for myocardial
salvage, with an emphasis on
recent advances and contro-
versies in thrombolytic thera-
py. In addition, new develop-
ments in combined pharmaco-
logic and procedural
approaches to AMI are dis-
cussed. Finally, future strate-
gies for mortality reduction in
AMI are highlighted.

— The Editor

Thrombolytics: Mortality-Reducing Options
Introduction. Plasmin is the complex that facilitates lysis of

a coronary thrombus that precipitates AMI. Thrombolytic thera-
py enhances the conversion of plasminogen to plasmin, thereby
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were first published in 1958 and 1976, respectively.2,3 It was
demonstrated in the early 1980s that SK could recanalize an
acutely occluded coronary artery in a living patient.4 European,
placebo-controlled megatrials, such as GISSI-1 and ISIS-2,
showed that mortality in patients with AMI could be reduced
23% and 30%, respectively, by administering IV SK within six
hours of the onset of chest pain.5,6

The current recommended dose of IV SK is 1.5 million
units given over 60 minutes. A drawback to SK is its anti-
genicity. In the GUSTO trial, 5.7% of patients developed aller-
gic reactions and 13% had sustained hypotension. Because of
this potential, it is not recommended for use in those with
recent Streptococcal throat infection or readministration to
those who have had previous use in the prior 12 months. In
these individuals, the use of a nonantigenic thrombolytic agent,
such as t-PA, is recommended.7

Tissue Plasminogen Activator. The first reported clinical
use of t-PA was in 1984.8,9 Tissue plasminogen activator is a
naturally occurring enzyme found in vascular endothelial cells.
This agent converts plasminogen to plasmin. At low doses, t-PA
is characterized as clot-specific because of its propensity to bind
to any new thrombus within the coronary artery lumen. Activase
was proven to be superior to streptokinase in the GUSTO I trial
(1993).10,11 Thirty-day mortality rates for accelerated Activase
with IV heparin were 6.3%, compared with 7.3% for streptoki-
nase with heparin—a statistically significant difference. The
mortality reduction was sustained at one year and was consistent
in all major subgroups; as a result, this 1% mortality difference
has become a standard threshold for improvement when new
thrombolytics are compared.

The GUSTO III trial (1997) was a 15,000-patient study
designed to prove the superiority of Retavase over Activase.12

The trial failed to show superiority of Retavase; 30-day mortali-
ty rates were 7.47% and 7.24% for Activase. Ninety-five percent
confidence intervals ranged from -1.11 to 0.66, implying that
Retavase could be up to 1.11% worse than Activase, or 0.66%
better than Activase.

Weight-Adjusted Dosing of Alteplase:
Essentials for Maximizing Benefit/Risk Ratio

A recent study examined the frequency of risk factors for
intracranial hemorrhage with t-PA in patients treated for
AMI.13 The study was performed retrospectively by collecting
data on 71,703 AMI patients entered in the National Registry
of Myocardial Infarction (NRMI-2) who received treatment
with t-PA as the initial reperfusion strategy. The main out-
come measure was occurrence of intracranial hemorrhage,
confirmed by computed tomography or magnetic resonance
imaging.

The study found that 673 patients (0.95%) suffered intracra-
nial hemorrhage (ICH) during hospitalization for acute MI;
625 patients (0.88%) had the event confirmed by CT imaging
or MRI. Of these 625 patients, 331 (52.9%) died during the
hospitalization. Risk factors significantly associated with the
occurrence of ICH were older patients, female gender, black
race, systolic blood pressure higher than 140 mmHg, diastolic
blood pressure higher than 100 mmHg, history of previous
stroke, t-PA dose greater than 1.50 mg/kg, and lower body
weight.

inducing clot lysis. Plasminogen is an inactive proteolytic
enzyme that is found in plasma and bound to fibrin in thrombi.1

Tissue plasminogen activator (t-PA) essentially induces clot-
specific lysis by cleaving bound plasminogen to the active form,
plasmin, which then degrades fibrin to degradation products.
These degradation products have antiplatelet and anticoagulant
effects and also reduce viscosity. All t-PA variants can be com-
pared regarding risks and benefits (see Table 1), and all have the
same contraindications. (See Table 2.) The major limitation of
all available plasminogen activators is that they generate active
thrombin and stimulate platelet aggregation, which necessitates
therapy with antithrombin and antiplatelet drugs in order to
maintain arterial patency. 

Streptokinase. Streptokinase (SK) is produced from β-
hemolytic Streptococci cultures. Intravenous SK acts on circu-
lating inactive plasminogen to produce the active enzyme plas-
min. This, in turn, leads to fibrin lysis and thrombus dissolution,
but is not clot-specific.2 Reports of IV and intracoronary SK use
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It was noted that the occurrence of intracranial hemorrhage in
the study was somewhat higher than that observed in the clinical
trial setting. For example, the incidence rate of ICH in the
GUSTO-I trial was 0.70%, compared with 0.88-0.95% observed
in this study of registry patients. The authors suggest that vari-
ances were due to differing characteristics in the two patient
populations; for example, the NRMI-2 population included a
greater percentage of women than did GUSTO-I, the average
systolic blood pressure among registry patients was substantially
higher than in the GUSTO-I population, and participants in the
GUSTO-I trial did not receive doses of t-PA greater than 1.50
mg/kg.

Specific differences in patient management patterns among
different thrombolytic trials can be highlighted in order to
give emergency physicians a framework for how to maximize
benefits of t-PA therapy. For example, in GUSTO I, patients
were administered t-PA according to a weight-dosing protocol
to which physicians strictly adhered. In the Gurwitz study,
15% of patients received a dose of 1.5 mg/kg—a factor that
was found to be associated more commonly with ICH.13

Moreover, a history of stroke was an exclusion criterion for
the GUSTO I trial, whereas this analysis reveals that 3% of
patients treated with t-PA were found to have a history of
stroke, a factor significantly associated with ICH. In addition,
the study population differed from that of GUSTO I in that it
included a greater percentage of women, a history of diabetes
mellitus and hypertension were more common, and median
systolic blood pressure was higher (140 mmHg) than in
GUSTO I (130 mmHg). Based on this analysis, there is a sug-

gestion that lower body weight patients may benefit from
weight-adjusted dosing of thrombolytic therapy in terms of
less bleeding complications.

This NRMI-2 study only reinforces the need to weigh the
potential benefits of thrombolysis against the potential risks on a
patient-by-patient basis. Moreover, it illustrates the importance
of individual risk assessment for intracranial hemorrhage in
AMI patients being considered for thrombolysis. These findings
emphasize the critical importance of weight-adjusted dosing of
t-PA, especially in light of the fact that the authors found a
strong inverse relationship between body weight and intracranial
hemorrhage, and that a t-PA dose greater than 1.50 mg/kg was
associated more commonly with ICH than lower doses (< 1.50
mg/kg). From a risk management and quality assurance perspec-
tive, it should be emphasized that more than 15% of NRMI-2
study patients received this higher dose of t-PA, which may

ALTEPLASE (t-PA, rt-PA, ACTIVASE)

Benefits: > 10 yrs clinical experience
> 1 million patients treated
Fibrin specificity
Weight-dosed regimen

30 day mortality: 6.3% (GUSTO I)
ICH rate: 0.7% (GUSTO I)

RETEPLASE (RPA, RETAVASE)

Benefits: Double bolus dosing
30 day mortality: 7.47% (GUSTO III)
ICH rate: 0.91% (GUSTO III)

STREPTOKINASE (SK, STREPTASE)

Benefits: Less expensive than t-PA
30 day mortality: 7.3% (GUSTO I)
ICH rate: 0.6% (GUSTO I)

PTCA

Benefits: Fewer bleeding complications than 
thrombolysis
Successful if performed in timely 
fashion

In-hospital mortality: 2.6% (PAMI)
ICH rate: 0% (PAMI)

Table 1. Benefits and Risks of Thrombolytics

CONTRAINDICATIONS

• Active internal bleeding
• History of cerebrovascular accident
• Recent intracranial or intraspinal surgery to trauma. 

(See Warnings.)
• Intracranial neoplasm, arteriovenous malformation, or 

aneurysm
• Known bleeding diathesis
• Severe uncontrolled hypertension

WARNINGS

• Recent major surgery (e.g., coronary artery bypass graft, 
obstetrical delivery, organ biopsy, previous puncture of 
noncompressible vessels)

• Cerebrovascular disease
• Recent gastrointestinal or genitourinary bleeding
• Recent trauma
• Hypertension: systolic BP ≥ 180 mmHg and/or diastolic

BP ≥ 110 mmHG
• High likelihood of left heart thrombus (e.g., mitral stenosis 

with atrial fibrillation)
• Acute pericarditis
• Subacute bacterial endocarditis
• Hemostatic defects including those secondary to severe 

hepatic or renal disease
• Significant hepatic dysfunction
• Pregnancy
• Diabetic hemorrhagic retinopathy or other hemorrhagic 

ophthalmic conditions
• Septic thrombophlebitis or occluded AV cannula at seriously 

infected site
• Advanced age (e.g., older than 75 years)
• Patients currently receiving oral anticoagulants (e.g., war-

farin sodium)
• Any other condition in which bleeding constitutes a signifi-

cant hazard or would be particularly difficult to manage 
because of its location

Table 2. Contraindications to Thrombolytic
Therapy
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have contributed to the excessive ICH rate observed in this trial
as compared with previous clinical trials.

This retrospective analysis should be considered cautionary
and stresses the importance of ensuring that all patients with MI
who are treated with t-PA are dosed according to weight and in
compliance with the manufacturer’s prescribing information.
What is the appropriate, weight-adjusted dose? For patients
weighing more than 67 kg, the recommended dose administered
is 100 mg as a 15 mg intravenous bolus, followed by 50 mg
infused over the next 30 minutes, and then 35 mg infused over
the next 60 minutes. For patients weighing less than or equal to
67 kg, the recommended dose is administered as a 15 mg intra-
venous bolus, followed by 0.75 mg/kg infused over the next 30
minutes not to exceed 50 mg, and then 0.5 mg/kg over the next
60 minutes not to exceed 35 mg. Total dose should not exceed
100 mg.

Reteplase. Reteplase (r-PA) is a non-glycosylated deletion
mutant of wild-type t-PA. Reteplase is administered as a double
bolus infusion of 10 megaunits (10 MU) 30 minutes apart. In
INJECT, r-PA was compared to SK, and demonstrated equiva-
lence but not superiority. Mortality rates at 35 days were 9.0%
for r-PA and 9.5% for streptokinase (P = NS). Outcomes data
from the large GUSTO-III trial support its efficacy.12 It is impor-
tant to note that the magnitude of clinical experience is an
important determinant in selecting a thrombolytic agent.

Combination Therapy with t-PA and 
Antiplatelet GP IIB/IIIA Inhibitors:
Evolving Cocktails for Mortality Reduction

Optimal outcome in acute treatment of MI is now defined by
how the most effective thrombolytic is combined with the best
mix of platelet inhibitors and anticoagulants. The goal is to
speed restoration of blood flow and keep the artery open, with
minimal bleeding complications. According to Eric J. Topol,
MD, Cleveland Clinic Foundation, Cleveland, OH, “rapid
reperfusion is the standard of care, but patency at 90 minutes is
not the whole story. Even the most potent thrombolytic thera-
pies do not restore complete coronary blood flow in all
patients.”14 He suggested that the new goals of therapy are
emerging in the types of regimens used in the recently complet-
ed TIMI-14 (the 14th study in the Thrombolysis in Myocardial
Infarction trial series) and SPEED trials. Because each of these
trials involve a reduced dose of the thrombolytic agent, it is
conceivable that the risk of hemorrhagic complications may be
reduced.

In each of these trials, abciximab was combined with differ-
ent reduced doses of thrombolytics. Initial results suggest that
the efficacy of this combination may be greatest when abcix-
imab is combined with t-PA.

The abciximab/t-PA combination was evaluated in the first
part of the TIMI-14 study, with the best regimen (full dose
abciximab plus half dose t-PA) showing TIMI-3 patency (indi-
cating a fully open vessel) at 60 minutes in 73% of patients and
at 90 minutes in 77% of patients. These results compare favor-
ably with those seen with full-dose t-PA alone (which gave
TIMI-3 flow rates of 43% at 60 minutes and 62% at 90 minutes
in this study).

In contrast, results from the second phase of TIMI-14 testing
abciximab with r-PA (reteplase, Retavase) demonstrate a TIMI-

3 flow rate at 90 minutes of 70% with the arm chosen for further
study (full-dose abciximab plus half-dose r-PA given as two 5
mg bolus doses 30 minutes apart). Efficacy more in line with the
abciximab/t-PA combination has been seen when the r-PA dose
is increased to 10 mg plus 5 mg. The SPEED trial also tested r-
PA (5 mg + 5 mg) with abciximab, and TIMI-3 flow rates at 60-
90 minutes were 62%.

Percutaneous Coronary Angioplasty. One of the most
important debates in emergency medicine is whether pharmaco-
logic therapy (thrombolysis) or mechanical therapy (PTCA) is
the preferred strategy for achieving reperfusion with AMI. In
this regard, the Primary Angioplasty in Myocardial Infarction
(PAMI) Study Group reported a lower combined incidence of
reinfarction and death in the hospital in those treated with percu-
taneous transluminal coronary angioplasty (PTCA) vs. patients
treated with thrombolytic therapy.15 Patients who received
PTCA also had a lower incidence of intracranial bleeding (0%
vs 2%). 

However, preliminary results from GUSTO II-b revealed
that there was no statistical difference in mortality rates after
30 days. These differences may reflect heterogeneity in door-
to-balloon time. In PAMI, 60 minutes was the usual time from
door to balloon. In GUSTO II-b, the time was 114 minutes.
The Myocardial Infarction Triage and Intervention (MITI)
trial reported no difference in mortality, either in hospital or in
the long-term.16 Because 14 of the 19 hospitals in this study
were community based, it is quite possible that the data didn’t
properly reflect the “high-volume expert centers.” Outcomes
may vary considerably secondary to the expertise of the inter-
ventionist. In 1997, it was concluded that in New York, at
least, both hospital and cardiologist PTCA volume are
inversely related to in-hospital mortality rate and same stay
CABG surgery rate. The lowest same-stay CABG surgery
rates were achieved with annual cardiologist PTCA volumes
of 75 or more and annual hospital PTCA volumes between
600 and 999.17

PTCA is an alternative to thrombolytic therapy only if per-
formed in a timely fashion by individuals skilled in the proce-
dure (those who perform more than 75 PTCA procedures per
year) and supported by the experienced personnel in high-vol-
ume centers. Current recommendations that favor PTCA over
thrombolytic administration include the ability to perform PTCA
within 60-90 minutes of AMI. It also is recommended in
patients at high risk for intracranial bleeding and in individuals
who fail to qualify for thrombolytic therapy. In those situations
where PTCA will not be available for more than 60-90 minutes,
thrombolytics should be considered the primary mortality-reduc-
ing intervention. In the hands of experienced operators, PTCA
may provide superior, short-term outcomes and is highly recom-
mended in those patients with cardiogenic shock. It would
appear that the success of PTCA is very much dependent on the
volume of procedures that is performed by the hospital or opera-
tor. Recent data suggest that the lowest mortality rates of
patients undergoing PTCA are reported when the center and the
cardiologist perform in excess of 400 and 200 cases, respective-
ly, each year.17

Generally speaking, either angioplasty or thrombolytic
agents are used for mortality reduction in AMI. However, stud-
ies are currently evaluating protocols using a combined
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• Bundle branch block (obscuring ST-segment analysis)
and history suggesting acute MI.

• Class IIa: 
• ST elevation, age 75 years or older.

• Class IIb: 
• ST Elevation, time to therapy greater than 12-24 hours.
• Blood pressure on presentation greater than 180 mmHg

systolic and/or greater than 110 mmHg diastolic associat-
ed with high-risk MI.

• Class III: 
• ST elevation, time to therapy greater than 24 hours,

ischemic pain resolved.
• ST-segment depression only.
Hypertension. Historically, acute hypertension was con-

sidered a contraindication to thrombolytic use because elevat-
ed blood pressure is associated with a higher rate of hemor-
rhagic CVA. Studies have supported this rationale.26 The risk
of ICH is significantly greater when the presenting BP at time
of AMI is 180/110 mmHg or greater. The TIMI-2 trial
observed that aggressive reduction in blood pressure with
beta-blockade therapy decreased the incidence of hemorrhagic
CVA in patients with AMI in whom t-PA was administered.20

Those with anterior AMI are most likely to experience hyper-
tension and might benefit from IV beta-blockade. However,
paradoxical blood pressure depression is more commonly seen
after administration of nitroglycerine and morphine. Elderly
patients presenting with AMI and hypertension are at high risk
for intracranial hemorrhage (ICH).27 A benefit to risk ratio
must be considered when administering thrombolytics in all
populations. 

CPR. A number of studies have touted the safety of
thrombolysis in patients who have received CPR.28,29 A 1991
report was more cautious in its recommendation. The authors
suggest a possible increase in major bleeding episodes.30 The
benefit to risk ratio must be calculated on an individual
basis. More recent recommendations suggest that throm-
bolytics may be administered if CPR was performed for less
than 10 minutes.31 Musculoskeletal trauma such as broken
ribs may complicate thrombolytic therapy after prolonged
CPR and should be considered a risk factor for continued
bleeding. 

Patient Age. Despite higher morbidity and mortality as
compared to younger patients who receive thrombolytics, the
number of lives saved in those older than 75 years of age is
greater than those younger than age 75.32 However, many
comorbid conditions in this age group can preclude or dimin-
ish the attractiveness of thrombolytic use in the elderly. (See
Table 2.) Age older than 65 increases the odds of intracranial
hemorrhage,33,34 as well as that of nonhemorrhagic stroke. But
absolute mortality reductions, nevertheless, favor treatment of
the elderly. AHA/ACC guidelines suggest that “thrombolysis
benefits the patient irrespective of age.”

Treatment Time. A number of studies have shown that
mortality rates drop precipitously when thrombolytic agents
are given as soon as possible after coronary artery occlusion.
The prehospital MITI trial group noted early thrombolytic
treatment within 70 minutes reduced mortality to 1.2%, com-
pared to 9% for those patients who waited for more than 70
minutes to begin treatment.35 GISSI-1 demonstrated a mortali-

approach, in which patients are given a lower dose of a throm-
bolytic, which is followed immediately by angioplasty. Early
results suggest that outcomes may be improved with this com-
bined approach. The rationale is that a lower dose of the throm-
bolytic agent may prevent bleeding complications associated
with a procedural intervention, while at the same time promot-
ing early patency, until the procedure can be performed. Until
more definitive comparative data become available, the goal
should be to maximize the speed and efficiency of both
approaches. 

Complications of Thrombolysis
Bleeding is the most common adverse effect associated

with thrombolysis.18,19 Most complications occur at vascular
access sites and rarely require transfusions. Other sites include
gastrointestinal, genitourinary, and intracranial locations.
(Contraindications to thrombolytics are listed in Table 2.)20

Intracranial hemorrhage is the most serious complication of
thrombolytic therapy; standard ICH rates are listed in Table 1.

Despite the increased incidence of hemorrhagic stroke after
thrombolytic therapy, the overall incidence of stroke is similar
whether or not thrombolytic therapy is administered. The dif-
ference, of course, is that most strokes in AMI patients who
have not received thrombolytics are of the nonhemorrhagic
variety.19,21 The risk of intracranial hemorrhage with t-PA use
is greater in patients older than 65 years, those with hyperten-
sion, or weight less than 70 kg. Focal neurologic deficits man-
date immediate CT scan. If positive, thrombolytic therapy and
heparin should be discontinued. 

Adverse effects may occur in patients treated with SK.
Hypotension may occur, but it is usually responsive to IV
fluids and may not necessitate halting the SK infusion.22

Bronchospasm, urticaria, and serum sickness may occur in
up to 20% of patients.23 Since anaphylactic reactions are rare,
pretreatment with antihistamines and corticosteroids may not
be necessary. Systemic bleeding has been noted to occur
slightly more frequently with SK vs. t-PA, but t-PA is associ-
ated with a higher incidence of intracranial hemorrhage than
SK.24

Punctured vessels that bleed secondarily to thrombolytics
usually respond to direct pressure. It may occasionally be nec-
essary to stop the anticoagulant and thrombolytic if bleeding
from these vessels continues unabated or worsens. Transfusion
may be required. Protamine sulfate, in a dose of 1 mg per 100
units of heparin, may be given to shorten the half-life of
heparin. Cryoprecipitate (10-15 bags) may be employed as
well if bleeding does not respond. Continuing hemorrhage
would require fresh frozen plasma (2-6 units). Platelets may
also be administered to gain control of hemorrhage. 

Selecting Patients for Thrombolysis
ECG Criteria. Traditionally, ST elevation in limb and chest

leads has been an essential criterion for initiating thrombolytic
therapy. The AHA/ACC criteria for using thrombolysis are as
follows:25

• Class I: 
• ST Elevation (greater than 0.1 mV, two or more contigu-

ous leads), time to therapy 12 hours or less, age younger
than 75 years.
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Supraventricular rhythms are also encountered. Persistent
sinus tachycardia may suggest a poor prognosis. The underly-
ing causes (fever, pain, anxiety, hypovolemia, CHF) should be
treated and, if necessary, treatment with judicious amounts of a
beta-blocker is indicated. Paroxysmal supraventricular tachy-
cardia (PSVT) is uncommon but should be treated with syn-
chronized cardioversion if the patient is unstable. Stable
patients may require standard pharmacologic management as
appropriate. Atrial fibrillation and flutter may be treated with
IV diltiazem, verapamil, or propranolol, but if the patient is
unstable, synchronized cardioversion is the treatment of choice.
Atrial fibrillation with a rapid ventricular rate should also be
cardioverted. Unstable atrial fibrillation with ventricular rates
below 100 may require transvenous pacing before cardiover-
sion to prevent asystole. 

Sinus bradycardia is associated with inferior MI and should
be treated with atropine if associated with symptoms of
decreased cardiac output. Temporary pacing is indicated for any
unstable patient that fails to respond to atropine or develops a
high grade heart block. Mobitz type II requires pacing regardless
of symptoms and third-degree AV block requires emergent
transvenous pacing, as these patients may readily progress to
asystole. 

Pump Failure. Pump failure is usually the result of
decreased left ventricular systolic function or decreased compli-
ance of the left ventricle. Acute mitral regurgitation, VSD, or
exacerbation of existing valvular disease may also result in pul-
monary edema or shock. Mild heart failure may be treated with
furosemide but hypovolemia and hypotension should be avoid-
ed. Topical or low-dose IV nitrates may be of some benefit by
reducing left ventricular filling pressures. ACE inhibitors may
be used in patients with heart failure, but hypotension must be
avoided. Initially, hypovolemia should be treated with fluids.
These patients will have a low pulmonary capillary wedge pres-
sure (PCWP) and a low cardiac index. Patients with volume
overload or decreased left ventricular compliance can be treated
with diuretics or nitrates. Swan-Ganz catheters are helpful in
the management of patients with pump failure to measure CI
and PCWP, but are rarely available in the ED. Advanced man-
agement in the critical care unit is recommended in patients
with pump dysfunction in the setting of AMI. 

The mortality of patients with cardiogenic shock is greater
than 75%. Cardiogenic shock usually reflects infarction involv-
ing more than 50% of left ventricular mass. This may reflect an
acute event or cumulative old and new infarctions. Left ventricu-
lar dysfunction, typically associated with decreased cardiac out-
put and elevated PCWP, might temporarily benefit from alpha
and beta agonists. Intravenous dopamine starting at 0.5-1.0
mcg/kg/min is helpful in cases of severe shock (< 80 mmHg
sbp). Doses higher than 10 mcg/kg/min may induce vasocon-
striction, which is deleterious to ischemic or infarcting tissue.
Dobutamine is most effective when hypertension is secondary to
low cardiac output. Dobutamine at 2.5 to 15.0 mcg/kg/min pri-
marily affects b-1 receptors, but also has smaller affects on
peripheral b-2 and a-receptors. Dobutamine increases cardiac
output, decreases peripheral resistance and increases perfusion.
Unsuccessful use of vasopressors may dictate the need for an
intra-aortic balloon pump. This may provide temporary left ven-
tricular assistance. 

ty reduction of 50% when thrombolytic therapy was given one
hour or less after onset of symptoms.36 A meta-analysis of
60,000 patients by the Fibrinolytic Therapy Trialists Collabora-
tive Group reported an increase of 1.6 lives/1000 lost with each
hour delay.37

At one time, it was felt that thrombolytics might confer
no benefit if given beyond six hours of symptom onset.
GISSI-1 revealed no benefit in mortality reduction beyond
six hours with SK.38 However, ISIS-2, the LATE trial, and
the EMRAS trial5,39 demonstrated mortality benefits if
thrombolytics were administered within 12 hours. Only
ISIS-2 suggested any benefit beyond this 12-hour window.
AHA/ACC guidelines mention that “the greatest benefit
occurs when thrombolysis is initiated within six hours of
symptom onset, although it exerts definite benefit when
begun within 12 hours.”25

Thrombolysis vs. PTCA. Survival and LV function are
clearly improved with early administration of IV thrombolytics
such as t-PA. This likely equates with a greater reduction in
AMI-associated mortality. Front-loaded regimens of t-PA pro-
vide better patency rates and are now supported as the regimen
of choice by most institutions. 

Although the debate still persists, experts agree that too few
AMI patients receive reperfusion or receive it quickly enough.
The time from onset of symptoms to definitive management has
not changed in the last seven years.

Studies support PTCA as the most effective therapy in cardio-
genic shock and in patients in whom attempts with thrombolysis
are not successful. Debate continues as to which modality, prima-
ry PTCA or thrombolytics, is the best first-line treatment for
other patients AMI. Primary PTCA may be favored over throm-
bolytics assuming the hospital and interventional cardiologist
have adequate experience and PTCA can be initiated within 60
minutes of arrival to the hospital. However, since fewer than
20% of U.S. hospitals have an angioplasty suite or the capability
to staff one in rapid fashion, thrombolysis with t-PA remains a
primary modality in the majority of hospital EDs. 

Managing Complications of AMI
Arrhythmias. ACLS protocols are readily available for the

management of arrhythmias encountered in the setting of AMI.
Immediate defibrillation is the treatment of choice for V-fib or
hemodynamically unstable ventricular tachycardia (VT). Ven-
tricular ectopy is common in the setting of AMI and should not
be routinely treated. Lidocaine may be used for the treatment of
frequent (5/minute) ventricular premature depolarizations
(VPDs), multifocal VPDs, or those that may induce VT or V-fib.
Procainamide may be used if lidocaine is ineffective, although
hypotension and widening of the QRS complex may be
observed. 

Accelerated idioventricular rhythm (AIVR) often occurs
after thrombolysis has produced coronary reperfusion. This
wide complex escape rhythm may occur when the sinus rate
falls to less than 60. This rhythm usually requires no specific
treatment and lidocaine should be avoided, inasmuch as ven-
tricular suppression may lead to symptomatic bradycardia or
asystole. If there is hemodynamic instability or if this rhythm
is associated with VF or VT, atropine or overdrive pacing may
be used. 
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mg dose early in the trial) as a single 5- to 10-second bolus; or
100 mg t-PA (90-minute infusion, accelerated dosing).27 The
efficacy of TNK-tPA was comparable to that of t-PA. No signif-
icant difference in 90-minute TIMI grade 3 flow was seen
between t-PA and 40 mg or 50 mg TNK-tPA.

A large, international double-dummy, double-blind Phase III
mortality trial, called ASSENT II, has been completed. The
objective of the trial was to demonstrate equivalence in 30-day
mortality between bolus administration of TNK-tPA and accel-
erated t-PA. In 16,505 eligible, randomized patients, results
showed that TNK-tPA is equivalent to accelerated t-PA in
reducing 30-day mortality rates. (See Table 3.) Results were pre-
sented at the March 1999 American College of Cardiology
meeting.

In addition, TNK-tPA showed a significant reduction in
bleeding complications compared with Activase. Investigators at
the ACC meeting suggested a possible link between fibrin speci-
ficity and safety (i.e., fewer bleeds).

Summary
Aggressive methods to detect and treat AMI are imperative

to reduce mortality among the 1.5 million patients with AMI
each year. The history and physical exam can be invaluable in
aiding diagnosis. The electrocardiogram and serum enzyme
markers (CK-MB) continue to be the mainstay in AMI detec-
tion, although newer cardiac markers show promise as ancil-
lary aids. 

Once diagnosis of AMI is confirmed, management should be
aggressive and systematic. Thrombolytic agents such as t-PA
(front-loaded) can reduce mortality significantly and should be
administered promptly in eligible candidates. Adjunctive agents
such as beta blockers, ACE-inhibitors, and aspirin have also
been shown to decrease mortality. Mechanical means to open
obstructed coronary arteries should be given preferential consid-
eration provided the facility has significant PTCA experience
and can perform this procedure in an expedient manner. Next
generation thrombolytic agents offer significant hope for
improvement in AMI patient care.

References
1. Marder V. Relevance of changes in blood and coagulation parame-

ters during thrombolytic therapy. Am J Med 1987;83:15.
2. Fletcher A, Alkajaerstig N, Smyrniotis F. The treatment of patients

suffering from early myocardial infarction with massive and pro-
longed streptokinase therapy. Trans Assoc Am Phys 1958;71:287. 

3. Chazav E, Matteeva L, Mazadev A. Intracoronary administration
of fibrinolysis in acute myocardial infarction. Ter Arkh 1976;
48:8.

4. Rentrop P, Blanke H, Karsch K. Selective intracoronary thrombol-
ysis in acute myocardial infarction and unstable angina pectoris.
Circulation 1981;63:307.

5. ISIS-2 (Second International Study of Infarct Survival) Collabora-
tive Group. Randomized trial of intravenous streptokinase, oral
aspirin, both or neither among 17187 cases of suspected acute
myocardial infarction: ISIS-2. Lancet 1988;2:349-360.

6. ISIS-1 (First International Study of Infarct Survival) in Collabora-
tive Group. Randomized trial of intravenous atenolol among 16027
cases of suspected acute myocardial infarction. Lancet 1986;2:
57-66.

Right Ventricular Infarction (RVI). RVI occurs in
approximately 30-50% of posterior-inferior infarctions.40
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Advanced Generation Thrombolytics
Although thrombolytic therapy has greatly advanced the
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TNK-tPA t-PA

30-day mortality 6.17% 6.15%
ICH 0.93 0.94%
Severe Bleed 0.83% 1.05%
Mild and 
Moderate Bleed 26.0% 28.1% p = 0.002
Units transfused p = 0.001

None (%) 95.8% 94.5%
1-2 (%) 2.59% 3.2%
> 2 (%) 1.66% 2.2%

Table 3. TNK-tPA vs. t-PA
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11. For PTCA to be considered an alternative to thrombolytic therapy,
the procedure should be:
A. performed in timely fashion, preferably within 60-90 minutes of

arrival.
B. performed by people skilled in the procedure, preferably per-

forming more than 75 PTCA procedures per year.
C. performed in institutions with high volume of procedures with

experienced support staff.
D. all of the above.
E. none of the above.

12. PTCA is recommended preferentially especially in the following
patients:
A. those at high risk for intracranial bleeding.
B. individuals who fail to qualify for thrombolytic therapy.
C. patients in cardiogenic shock.
D. all of the above.
E. none of the above.

13. Most bleeding complications of thrombolytic therapy:
A. occur in the brain.
B. occur in the GI tract.
C. occur in the GU tract.
D. occur at vascular access sites.
E. none of the above.

14. The most serious complication of thrombolytic therapy with t-PA
is:
A. transient hypotension.
B. allergic reactions.
C. intracranial hemorrhage.
D. immune complex disease.
E. none of the above.

15. Thrombolytics should not be used in patients older than age:
A. 60.
B. 65.
C. 70.
D. 75.
E. none of the above.

16. Lidocaine should be avoided in accelerated idioventricular rhythms
associated with thrombolysis.
A. True
B. False

therapy in suspected acute myocardial infarction-role of electrocar-
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1991;734(Suppl):19-25.
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and combination thrombolytic therapy for acute myocardial infarc-
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trial. J Am Coll Cardiol 1994;24:1602-1610.

CME Physician Questions
9. In the GUSTO-I Trial the 30-day mortality rates for accelerate t-PA

with heparin versus streptokinase with heparin, respectively, were:
A. 10.2% and 12.3%.
B. 9.3% and 9.9%.
C. 8.3% and 9.3%.
D. 6.3% and 7.3%.
E. none of the above.

10. Based on a review of patients entered into the NRMI-2 (National
Registry of Myocardial Infarction-2) Study, there is a suggestion
that:
A. lower body weight patients may benefit from weight-adjusted

dosing of thrombolytic agents, in terms of lower fewer bleeding
complications.

B. there is no need to consider body weight when dosing throm-
bolytics.

C. bleeding complications cannot be prevented.
D. all of the above.
E. none of the above.
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