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Abstract

There is a large volume of literature available to guide the peri-infarct management of ST elevation myocardial infarction
(STEMI). Most of this literature focuses on improving the availability and efficacy of reperfusion therapy. The purpose of this arti-
cle is to review contemporary scientific evidence and guideline recommendations regarding the diagnosis and therapy of STEMI.

Studies and epidemiological data were identified using Medline, the Cochrane Database, and an Internet search engine. Med-
line was searched for landmark and recent publications using the following key words: STEMI, guidelines, epidemiology, reperfu-
sion, fibrinolytics, percutaneous coronary intervention (PCI), facilitated PCI, transfer, delay, clopidogrel, glycoprotein IIb/I1Ia, low-
molecular-weight heparin (LMWH), beta-blockers, nitrates, and angiotensin-converting enzyme (ACE) inhibitors.

The data accessed indicate that urgent reperfusion with either fibrinolytics or percutaneous intervention should be considered
for every patient having symptoms of myocardial infarction with ST segment elevation or a bundle branch block. The utility of
combined mechanical and pharmacological reperfusion is currently under investigation. Ancillary treatments may utilize clopido-
grel, glycoprotein IIb/Ia inhibitors, or low molecular weight heparin, depending on the primary reperfusion strategy used. Com-
prehensive clinical practice guidelines incorporate much of the available contemporary evidence, and are important resources for

the evidence-based management of STEMI.
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Introduction

WITH THE DEVELOPMENT of reperfusion strategies
and ancillary therapies over the past three decades,
the prognosis of ST elevation myocardial infarc-
tion (STEMI) has improved significantly. There is
a large body of literature addressing the optimal
management of these patients in the acute setting,
much of which has been incorporated into recent
clinical practice guidelines (1—4). In fact, data
available from the National Registry of Myocar-
dial Infarction (NRMI) has revealed a steady in-
crease between 1990 and 1999 in the percentage of
practitioners who adhere to the published guide-
lines (5). This evidence-based approach may have
helped to reduce the in-hospital mortality among
patients with STEMI to the current level of ap-
proximately 9.5% (5). The purpose of this article is
to review current evidence and recommendations
for the evaluation and early treatment of STEMI.
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Epidemiology

Acute myocardial infarction (AMI) remains a
public health problem of epidemic proportions.
Recent data from the American Heart Association
(AHA) reveal a prevalence of myocardial infarc-
tion (MI) of 1.9-5.2%, which varies by age, sex,
and ethnicity (6). In the United States annually,
there are 565,000 first-time, and 300,000 recur-
rent, myocardial infarctions (6). Interestingly, in
the last decade the NRMI registries have recorded
a decrease in the percentage of patients with my-
ocardial infarction who present with ST segment
elevation (from 36% to 27%, p << 0.001), while
the percentage presenting without ST segment ele-
vation has increased (from 45% to 63%, p =<
0.001) (5). But rather than representing a true
change in the incidence of disease, this may be due
to the growing use of troponin assays, which have
increased overall diagnostic sensitivity for my-
ocardial infarction.

Diagnosis
Symptomatology

Although the formal diagnosis of AMI requires
documentation of elevated cardiac biomarkers (7),
time delays in biomarker elevation limit their use-
fulness in early decision making. For this reason,
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Glossary

ACC = American College of Cardiology

ACCP = American College of Chest Physicians
ACE = angiotensin-converting enzyme

ACEP = American College of Emergency Physicians
ACS = acute coronary syndrome

AHA = American Heart Association

AMI = acute MI

aPTT = activated partial thromboplastin time

ASA = aspirin

BBB = bundle branch block

CABG = coronary artery bypass graft

ECG = electrocardiogram

ED = emergency department

ESC = European Society of Cardiology

GP IIb/Illa = glycoprotein IIb/Ia

GRACE = Global Registry of Acute Coronary Events

ICH = intracranial hemorrhage

IRA = infarct-related artery

LBBB = left BBB

LMWH = low-molecular-weight heparin

MI = myocardial infarction

MIR = Myocardial Infarction Registry

MITRA = Maximal Individual Therapy in AMI
NRMI = National Registry of Myocardial Infarction
PCI = percutaneous coronary intervention
RBBB =right BBB

RCT = randomized controlled trial

RV =right ventricular

STEMI = ST elevation myocardial infarction
TIMI = thrombosis in myocardial infarction
t-PA = tissue plasminogen activator

UFH = unfractionated heparin

initial diagnostic and treatment decisions rely pri-
marily on clinical features and electrocardiogram
(ECG) findings. Time of symptom onset is impor-
tant, as it affects management options. Symptom
onset within 12 hours is the generally accepted win-
dow of eligibility for fibrinolytic therapy (1). De-
spite an absence of data demonstrating a mortality
benefit after this 12-hour window (8), guidelines
state that fibrinolytics should also be administered to
patients presenting between 12 and 24 hours if they
have persistent symptoms and ST segment elevation
(1). The therapeutic window is similar for primary
percutaneous coronary intervention (PCI), with eli-
gibility extending to 12—24 hours after symptom
onset if ischemic symptoms are persistent(1).
Ischemic symptoms are often described as
“typical” (with chest pain) or “atypical” (without
chest pain) (Table 1, [9]). Recently, the multina-
tional Global Registry of Acute Coronary Events
(GRACE) found that of 20,881 patients with acute
coronary syndrome (ACS), 1,763 (8.4%) presented
without chest pain; of those patients without chest
pain, the most common atypical chief complaint
was dyspnea (9). Although it is frequently assumed
that a typical presentation is more commonly asso-
ciated with ECG changes, in fact, patients with

TABLE 1
Most Common “ Atypical” Chief Complaints with Myocardial
Infarction (9)

Dyspnea (49%)
Diaphoresis (26%)
Nausea or vomiting (24%)
Pre-syncope or syncope (19%)

both typical and atypical symptoms are equally
likely to have ischemic changes on the index ECG
(9). Of concern, delayed diagnosis for patients
with atypical symptoms appears common. In the
GRACE registry, this group received an admitting
diagnosis other than ACS 24% of the time (vs.
2.4% of the typical presenters). Presumably as a
result, patients with atypical presentations were
significantly less likely to receive fibrinolysis
(25.6% vs. 45.6%, p < 0.001), primary PCI (11.0%
vs. 21.0%, p < 0.001), or ancillary therapy such as
aspirin (ASA) or beta-blockers. Not surprisingly,
many of the risk factors associated with an atypi-
cal presentation (Table 2, [10]) have also been
identified as risk factors for delayed reperfusion
(11, 12).

Electrocardiographic Diagnosis
The ECG is the primary diagnostic tool used to

identify an STEMI, and is of central importance
because it identifies those patients who are candi-

TABLE 2
Risk Factors for Presentation with and without Chest Pain (10)

With Chest Pain Without Chest Pain

Tobacco use
Hypercholesterolemia
Prior PCI or CABG

Older age
Diabetes

Prior heart failure
Nonwhite race
Female sex

PCI = percutaneous coronary intervention, CABG = coronary
artery bypass graft.
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dates for emergent reperfusion therapy. The defin-
ition of ST elevation “indicative of myocardial is-
chemia,” as proposed by the Joint Committee of
the European Society of Cardiology (ESC) and
American College of Cardiology (ACC) for the re-
definition of MI, is a new, or presumed new, ST
segment elevation in 2 or more contiguous leads of
at least 2 mm at the J point in leads V1-V3, or
1 mm in other leads (7). It should be noted that,
historically, inclusion criteria for reperfusion trials
have varied in the amount of ST elevation required
to diagnose a myocardial infarct. In the 2004
guidelines for management of STEMI, the ACC
and AHA recommend that patients with symptoms
of AMI and ST segment elevation of 1 mm in any
2 contiguous leads be considered for reperfusion
therapy (1). In their discussion, the ACC and AHA
acknowledge that using a 2 mm cut-off would in-
crease the specificity of diagnosis of anteroseptal
MI in the setting of early repolarization. Recogniz-
ing this diagnostic ambiguity, the American Col-
lege of Emergency Physicians (ACEP) provided
more detailed ECG criteria for emergent fibri-
nolytic therapy: ST segment elevation greater than
1 mm in 2 or more contiguous leads that are not
characteristic of early repolarization or pericardi-
tis, nor of a repolarization abnormality from left
ventricular hypertrophy or bundle branch block
(BBB) (4).

Decision-making is more complicated when a
BBB confounds ECG interpretation. The ACC and
AHA recommend reperfusion therapy for patients
with “new or presumably new” left bundle branch
block (LBBB) (1), and the American College of
Chest Physicians (ACCP) recommends treatment
for “LBBB of unknown duration” (3). However,
several trials and the large meta-analysis of fibri-
nolytic therapy by the FTT Collaborative Group
found a significant mortality benefit for patients
presenting with any BBB, not just new LBBB (8,
13, 14). ACEP therefore recommends considering
emergent reperfusion therapy for patients with
clinical presentation suggestive of AMI and with a
right, left, paced, atypical, new, or old BBB (4).

Reperfusing any patient with suggestive symp-
toms and a BBB, while an option, is a strategy fa-
voring diagnostic sensitivity over specificity. For
this reason, attempts have been made to improve
diagnostic accuracy in the setting of a conduction
delay. A right bundle branch block (RBBB) gener-
ally confounds the ECG interpretation of an acute
infarct less than does an LBBB; findings of myo-
cardial infarction are usually evident with RBBB
because electrocardiographic signs of early activa-
tion of the left ventricle are not altered (15). In
contrast, identification of myocardial ischemia in
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the presence of LBBB is quite difficult. Numerous
criteria exist for the diagnosis of AMI in this set-
ting, of which the most widely accepted are those
developed by Sgarbossa (Table 3, [16]). When
used in combination, these criteria were initially
reported to have a sensitivity of 36% and speci-
ficity of 96%. Performance characteristics in fol-
low-up studies have been somewhat variable, and
inter-observer agreement on the ECG interpreta-
tion has ranged from excellent to fair (17, 18).
Two additional points should be kept in mind
when evaluating an ECG for evidence of possible
AMI. First, ST segment depression in the an-
teroseptal precordial leads may actually represent
posterior ST segment “elevation.” In fact, the oc-
currence of maximal ST segment depression in
leads V2 and V3 is 70% sensitive and 96% specific
for an occlusive lesion of the left circumflex artery
(19), and should be investigated further with ac-
quisition of posterior lead tracings to rule out a
posterior STEMI. While fibrinolytic therapy is
considered an “option” for a true posterior STEMI
(4), the preferred reperfusion modality is PCI (1).
Second, patients with inferior STEMI should be
screened for right ventricular (RV) infarction by
looking for ST segment elevation in the right pre-
cordial lead V4R. Approximately 10—15 % of pa-
tients with a RV infarction will have clinically sig-
nificant hemodynamic abnormalities, and this sub-
group is at high risk for a poor outcome (1).

Reperfusion Therapy
Options for Reperfusion Therapy

Reperfusion of the infarct-related artery (IRA)
is the cornerstone of therapy for STEMI. Fibrinol-
ysis and percutaneous coronary intervention (PCI)
are both well established as effective options, but
PCI has generally come to be regarded as the treat-
ment of choice. A recent meta-analysis of 23 ran-
domized, controlled trials (RCTs) comparing PCI
to fibrinolysis revealed that PCI reduced short-
term mortality (7% vs. 9%, p=0.0002), non-fatal
re-infarction (3% vs. 7%, p < 0.0001), and stroke
(1% vs. 2%, p=0.0004) when compared to fibri-
nolysis (20). Mortality and re-infarction benefits

TABLE 3
Sgarbossa Criteria for Identifying Acute Myocardial Infarc-
tion in Left Bundle Branch Block (16)

ST elevation = 1 mm in leads with dominant R waves
ST elevation = 5 mm in leads with dominant S waves
ST depression = 1 mm in V1, V2 or V3
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of PCI in this analysis were maintained through
long-term follow-up, and were still significant
when trials using the older fibrinolytic streptoki-
nase, and patients with cardiogenic shock were ex-
cluded. Despite these results, the issue is still a
matter of some debate in the literature, and as
noted in the ACC/AHA guidelines, it is not possi-
ble to say that one modality is superior for all pa-
tients in all settings. There is also concern that out-
comes achieved with PCI in the setting of clinical
trials may not be reproducible in the “real world,”
mainly because RCTs usually enroll a select group
of patients who are cared for by experts in high-
volume centers. Registry data corroborate this ar-
gument: Analysis from the NRMI registry, which
included hospitals of various sizes with a wide ge-
ographic distribution in the US, revealed that while
PCI provided a greater mortality benefit than fibri-
nolysis in centers with an intermediate or high vol-
ume of procedures per year, there was no mortality
benefit in low volume centers (fewer than 17 pro-
cedures per year) (21). Furthermore, registries
consistently reveal significantly longer delays be-
tween presentation and invasive treatment than re-
ported in RCTs. For example, the NRMI-2 registry
found a median door-to-balloon time of 116 min-
utes (11). This finding is of concern because door-
to-balloon times of over 120 minutes have been
correlated with worse outcomes (11), and the cur-
rent ACC/AHA recommended door-to-balloon
time is less than 90 minutes (1).

Trendsin Reperfusion Therapy

Despite the above considerations, PCI is be-
coming more widely available, and trends in reper-
fusion therapy reflect an increasing preference for
PCI. For example, among patients who presented
to hospitals in the US capable of performing coro-
nary artery bypass graft (CABG), the use of fibri-
nolytic therapy fell from 59.1% in 1994 to 47.9%
in 1999, whereas the use of primary PCI increased
from 11.8% to 24.4% (both p=0.0001) (5). Pooled
data from two German registries, the Maximal In-
dividual Therapy in AMI (MITRA) study and My-
ocardial Infarction Registry (MIR), which also
looked at reperfusion trends between 1994 to
1998, found that the proportion of patients receiv-
ing PCI increased from 6.3% to 19% (22). Of note,
the percentage of patients with STEMI or LBBB
presenting within 12 hours of symptom onset who
received emergent reperfusion therapy increased
only slightly in the US (from 68.8% to 70.0%,
p=0.0014) during this same time period. This sug-
gests that invasive therapy is being preferentially
employed mainly for fibrinolytic-eligible candi-
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dates, rather than as a means of reperfusing fibri-
nolytic-ineligible patients (5).

Expanding Access to Reperfusion Therapy

There are impediments to the delivery of both
pharmacologic and mechanical reperfusion, in-
cluding ambiguous clinical presentation, perceived
risks of therapy, or lack of access to PCI. Fibri-
nolytic therapy is used less frequently for certain
groups of patients. A retrospective European chart
review published in 1996 revealed that 37% of fib-
rinolytic-eligible patients without contraindica-
tions did not receive treatment, and regression
analysis identified age and female gender as inde-
pendent risk factors for treatment being withheld
(23). A recent systematic review of studies investi-
gating the role of race in health care found that eth-
nic minorities were also less likely to receive fibri-
nolysis, even independent of economic status (24).
These studies document, but do not explain, these
disparities.

While age, female gender, and race are also as-
sociated with a likelihood of not receiving invasive
reperfusion (24, 25), the major barrier remains a
lack of access to 24-hour interventional catheteri-
zation laboratories. One strategy used to expand
access to PCI involves transfer of patients from
community hospitals to PCI-capable referral cen-
ters. This idea was first prospectively investigated
in a small feasibility study which found a low inci-
dence of complications during transport (26). Sev-
eral subsequent randomized controlled trials have
also evaluated this approach, the largest of which
was DANAMI-2, with more than 1,500 patients
(27). Although this study demonstrated that trans-
fer for primary PCI was significantly better than
treatment with t-PA in reducing the combined pri-
mary endpoint of death, re-infarction, or disabling
stroke at 30 days (8.5% vs. 14.5%, p=0.002), sev-
eral points must be addressed before routine im-
plementation of this strategy can be recommended.
First, the only component of the combined out-
come which achieved statistical significance was a
reduction in the rate of re-infarction, yet a major-
ity of patients who failed fibrinolysis or had recur-
rent ischemia with ST segment elevation were
treated with repeat fibrinolysis rather than rescue
PCI, even though the latter is the preferred therapy
(1, 2). Second, the inter-hospital transfer system
was highly organized, with a median presentation-
to-transfer delay of only 50 minutes, and a median
actual transfer time of 32 minutes, a degree of ef-
ficiency that would be difficult to replicate outside
of a trial, or in a different geographic setting. Nev-
ertheless, a subsequent meta-analysis of the five
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major studies of transfer for PCI, enrolling a total
of 2,466 patients, found a significant reduction in
mortality with transfer (relative risk 0.69, 95% CI
0.51 to 0.92, p=0.01) (28). If these trial conditions
can be approximated, transfer for primary PCI ap-
pears to be a reasonable option. However, as recent
data from the NRMI-4 have noted an average door-
to-balloon time for transferred patients of 185 min-
utes (29), it would appear that considerable im-
provement is needed before this becomes routine
practice.

Rather than centralizing care at referral cen-
ters, another option is to increase the availability
of PCI at community hospitals. The C-PORT trial,
which took place in eleven community hospitals
without pre-existing invasive capabilities or car-
diovascular surgery back-up, found that after the
establishment of PCI programs through a formal-
ized, comprehensive development process, PCI
was superior to fibrinolysis in reducing re-infarc-
tion (5.3% vs. 10.6%, p=0.04) and hospital length
of stay (4.5 vs. 6.0 days; p=0.02). However, no
mortality benefit was demonstrated at 6 weeks or 6
months (30). While this data is encouraging, pro-
cedural volume is strongly correlated to patient
outcomes, a concern if the number of PCI pro-
grams at low volume hospitals increases.

Phar macologic Reperfusion

Due to its universal availability, fibrinolysis
remains the mainstay of reperfusion therapy. The
development of newer, fibrin-specific fibrinolyt-
ics, such as t-PA, reteplase, and tenecteplase, rep-
resents a small but significant improvement over
the first-generation drugs (i.e., streptokinase and
urokinase). The newer agents have the advantage
of activating plasminogen to form the clot-lysing
enzyme plasmin when they are bound to fibrin in a
thrombus, thereby promoting targeted fibrinolysis
rather than systemic anticoagulation, and theoreti-
cally improving clot lysis while lowering the risk
of bleeding. The GUSTO-1 mega-trial, a compari-
son of streptokinase versus t-PA, confirmed that
the accelerated t-PA regimen with unfractionated
heparin (UFH) reduces 30-day mortality in com-
parison with streptokinase plus UFH (6.3% vs.
7.4%, p=0.001), with this benefit persisting at one
year (31).

Although more efficacious than with older
agents, reperfusion following administration of
newer, fibrin-specific fibrinolytics still remains
imperfect, with 90 minute “patency” rates (throm-
bosis in myocardial infarction [TIMI] grade 2 or 3
flow) of 75 to 80% (32-34). Reteplase and
tenecteplase, recombinant and genetically engi-
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neered derivatives of tissue plasminogen activator
(t-PA), offer greater ease of administration via
bolus dosing; however, neither has demonstrated a
survival benefit (35, 36).

Risks of Reperfusion Therapy

The benefits of fibrinolytic therapy must be
weighed against the risks, the most serious of
which is stroke. Analysis of GUSTO-I found that
1.4% of the 41,021 subjects suffered an adverse
cerebrovascular event. Hemorrhagic and non-hem-
orrhagic strokes were most common in the t-PA
arm (0.70% and 0.66%, respectively), less com-
mon in the streptokinase plus intravenous UFH
arm (0.57% and 0.64%), and least common in the
streptokinase plus subcutaneous UFH arm (0.46%
and 0.56%) (37). The excess of strokes due to t-PA
did not negate the overall benefit: a combined end
point of death or disabling stroke was significantly
lower in the t-PA group than in the streptokinase
groups (6.9% vs. 7.8%, p=0.006) (31). Because of
an increased risk of intracranial bleeding, the ACC
and AHA consider any history of intracranial hem-
orrhage, or ischemic stroke within the past 3
months (but not within the past 3 hours), as an ab-
solute contraindication to fibrinolysis (1).

Bleeding is the other major risk of fibrinolytic
therapy. Severe bleeding, causing substantial he-
modynamic compromise requiring intervention or
treatment, occurred in 1.2% of patients in the
GUSTO-I trial (38). It was most commonly proce-
dure-related (associated with coronary artery by-
pass surgery or PCI), and was more common with
streptokinase plus intravenous UFH than with the
other fibrinolytic and heparin combinations (38).
Of the newest fibrinolytic agents, tenecteplase
therapy was found to be complicated by fewer
major bleeds and blood transfusions than t-PA
(4.66% vs. 5.94%, p=0.0002; 4.25% vs. 5.49%,
p=0.0002, respectively) (36).

Prehospital Fibrinolysis

The benefit of fibrinolysis is greatest when ad-
ministered early following the onset of symptoms,
and declines rapidly after the first several hours (8,
39). In select settings, prehospital fibrinolysis ap-
pears to offer a mortality advantage over in-hospi-
tal administration. A meta-analysis of 6 trials with
6,434 patients found a reduction in all-cause hos-
pital mortality (odds ratio 0.83, 95% CI
0.70-0.98) with prehospital fibrinolysis (40). All
studies included in this meta-analysis enrolled
only patients presenting within 4—6 hours of
symptom onset, a critical factor considering that
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the time saved by prehospital administration (ap-
proximately 60 minutes) is probably most benefi-
cial during the early hours of an infarction. The
prehospital strategy would seem particularly well
suited to rural regions or hospitals with large
catchment areas. In a recent prospective, observa-
tional cohort study in Scotland, it was indeed
shown that “rural” patients who lived further than
10 miles from the study hospital and received pre-
hospital fibrinolysis had the shortest call-to-needle
times (median of 52 minutes). This compared fa-
vorably with either patients living within 10 miles
receiving in-hospital fibrinolysis (median 80 min-
utes) or the rural patients receiving in-hospital
treatment (median 125 minutes) (41). The most re-
cent North American study, ER-TIMI, had a pri-
mary outcome measure of time to administration
of fibrinolytics, and confirmed a reduction in time
to treatment of 32 minutes, from a median of 63 (p
< 0.0001) (42). Possibly limiting their external va-
lidity, a majority of the above trials administered
the drug in a mobile intensive care unit with an in-
tensivist on the scene.

Combined Phar macological and M echanical
Reperfusion

In an important modification of the usual pre-
hospital strategy, the CAPTIM study group com-
bined prehospital fibrinolysis with transfer to an
invasive center for rescue PCI, if needed, and com-
pared this with primary PCI (43). As a result of this
approach, 26% in the fibrinolysis group received
early angioplasty. Overall, there was no significant
difference in the primary composite endpoint of
death, non-fatal reinfarction, and non-fatal dis-
abling stroke at 30 days between the two groups,
although there was a trend towards benefit in the
primary PCI group, with a composite endpoint of
6.2% vs. 8.2% (risk difference 1.96, 95% CI
1.53-5.46). When interpreting these results, one
should understand that with only 840 patients, this
study was probably underpowered to detect a sig-
nificant difference.

The role of a combined pharmacological and
mechanical approach has been a topic of much dis-
cussion, i.e., whether the use of PCI should be dri-
ven by evidence of ischemia, or routinely em-
ployed. PCI after primary fibrinolysis is clearly in-
dicated for patients who develop cardiogenic
shock or pulmonary edema, and is also recom-
mended by the ACC and AHA, albeit with less
supporting evidence, for patients with hemody-
namic or electrical instability, and/or persistent
symptoms (in this case called “rescue PCI”) (1). A
more disputed regimen is so-called “facilitated

January 2006

PCL,” which includes full or partial dose fibri-
nolytics, alone, or in combination with glycopro-
tein IIb/Illa (GP IIb/IIIa) inhibitors, started prior to
early, planned PCI. This strategy is appealing be-
cause it combines the immediate availability of
fibrinolytics with the higher patency and lower re-
infarction rates of PCI, and would seem particu-
larly well suited to patients being transferred from
a community hospital to an interventional center.

Most early trials comparing primary PCI with
full-dose fibrinolytics prior to immediate PCI
found an increase in bleeding and other complica-
tions without demonstrating a reduction in adverse
cardiovascular events (44, 45). The idea has been
revisited, however, with newer pharmacologic
agents and interventional techniques. Recent in-
vestigative efforts have concentrated on facilitat-
ing PCI with a combination of reduced-dose fibri-
nolytics and GP IIb/Illa inhibitors (e.g., abcix-
imab). SPEED, a small pilot trial which primarily
investigated 60—-90 minute angiographic patency
rates after abciximab, with or without reteplase,
also provided a post hoc assessment of facilitated
PCI, as 61% of 528 patients received an interven-
tion at the time of angiography (46). While con-
clusions were limited by the lack of randomization
between those who did and did not receive PCI,
there was a significantly lower rate of reinfarction
and urgent revascularization at 30 days in the fa-
cilitated group. Another study, BRAVE, compared
two different pharmacologic strategies prior to
PCI: abciximab versus abciximab plus half-dose
reteplase. Initial TIMI grade 3 flow was more com-
mon in the combination arm, and TIMI grade O
flow more common in the abciximab alone arm.
Procedural success was, however, the same, and
there was no difference in the primary endpoint of
infarct size as measured by SPECT (47). Unfortu-
nately, there was no control group of primary PCI
or medical therapy, and therefore the efficacy of
facilitated PCI per se could not be determined.
Upcoming trials include ASSENT-4, ADVANCE
MI, and FINESSE, all of which will further assess
facilitated PCI with various fibrinolytic and GP
IIb/IIa regimens. The ACC and AHA provide a
class IIb recommendation, based on this “conflict-
ing evidence,” that facilitated PCI may be per-
formed as a reperfusion strategy in higher-risk pa-
tients when PCI is not immediately available and
bleeding risk is low (1).

Another reperfusion strategy is early PCI,
where routine PCI is employed hours to days after
fibrinolysis, rather than as soon as possible, as is
the case with facilitated PCI. Early PCI would re-
duce the need for expensive 24-hour catheteriza-
tion laboratories, and lessen the demand for re-
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source consumption by the emergency department
(ED), or catheterization laboratory transfer. Al-
though an attractive strategy, the literature regard-
ing its efficacy remains inconclusive. A routine in-
vasive strategy after fibrinolysis (i.e. not symptom
driven) was given a class IIb recommendation by
the ACC and AHA in the most recent edition of
their guidelines. This is in contrast to a class I rec-
ommendation for PCI after fibrinolysis in the set-
ting of recurrent MI, provocable ischemia or
shock, and weaker than the class Ila recommenda-
tion for patients with CHF, an ejection fraction <
40%, or serious arrhythmias (1). Subsequent to the
publication of these guidelines, the GRACIA trial
was completed; it randomized 500 patients who re-
ceived accelerated t-PA for STEMI to either rou-
tine angiography between 6 and 24 hours after fib-
rinolysis (with intervention if indicated) or is-
chemia-driven PCI (48). Patients received guide-
line-recommended adjunctive therapy (e.g., ASA,
beta-blockers, stenting, etc.) as appropriate. Before
hospital discharge, 21% (52 of 251) of patients in
the ischemia-driven group needed cardiac catheter-
ization for either spontaneous ischemia with ECG
changes or stress-induced ischemia. At one year,
the primary combined endpoint of death, reinfarc-
tion, or ischemia-induced revascularization was
significantly less common in the routine angiogra-
phy group (9% vs. 21%, p=0.0008), although the
results were largely driven by a reduction in revas-
cularization. Readmission due to ischemia by one
year was also reduced from 25% to 15% (p=0.006)
in the routine angiography group. Limitations of
this study include an open design, relatively small
sample size, lack of a primary PCI control group,
and the inclusion of ischemia-induced revascular-
ization in the combined endpoint (as this was, by
definition, part of the treatment strategy for the is-
chemia-driven group). Nonetheless, this interest-
ing study found no increase in complications and a
trend towards reduction in death and reinfarction

(49).

Patient Characteristics and Choice of
Reperfusion Strategy

There may be utility in “triaging” fibrinolytic-
ineligible and high risk patients with evidence of
congestive heart failure to emergent PCI, as these
are two groups of patients for whom primary PCI
is clearly the recommended primary therapy (1). In
the absence of these factors, if presentation is
within 3 hours of symptom onset, the ACC/AHA
guidelines state no preference for either strategy
(1). This recommendation is based on emerging
evidence that fibrinolysis is as effective as PCI for
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patients presenting early. In a subgroup analysis of
the PRAGUE-2 trial comparing treatment with
streptokinase at a community hospital with trans-
fer for primary PCI, patients randomized within 3
hours of symptom onset had similar 30-day mor-
tality, whereas those presenting later had signifi-
cant benefit from transfer and an invasive ap-
proach (mortality 6.0% vs. 15.3%, p<0.02) (50). A
subgroup analysis was also performed on data
from the above-mentioned CAPTIM trial, which
revealed a trend towards benefit of prehospital fib-
rinolysis over PCI for patients randomized within
2 hours (2.2% vs. 5.7%, p=0.058) (51). Registry
data support these observations as well: in a retro-
spective analysis of the MIR/MITRA data, the ad-
justed mortality was no different for treatment with
fibrinolytics and PCI when the prehospital delay
was less than 3 hours; however, for patients pre-
senting later, PCI was preferred (52).

Adjunctive Therapies

Reperfusion therapy, while central to the treat-
ment of STEMI, must be accompanied by appro-
priate adjunctive treatments. PCI actually pro-
motes thrombus formation through iatrogenic ves-
sel injury and stent placement, and platelets may
become hyperactive approximately 24 hours after
intervention (53). Thus, one of the major early
complications of PCI is acute and subacute vessel
closure. Anti-platelet agents have proven them-
selves to be valuable adjuncts to mechanical reper-
fusion by reducing these early thrombotic compli-
cations. Adjunctive therapy is also important fol-
lowing administration of fibrinolytics—it is
thought that fibrin-specific agents, while promot-
ing local clot lysis, may actually exert a systemic
pro-coagulant effect through increased thrombin
activity (54) and possibly via enhanced platelet ag-
gregation (55). Myocardial protective agents, par-
ticularly beta-blockers, complement reperfusion
therapy. Additionally, the impact of specialized
cardiac care units on improved patient outcomes
should be acknowledged; some authors consider
this to be one of the most important innovations in
the care of the patient with STEMI in recent
decades (53).

Anti-platelet Therapy

Aspirin plays a critical role in the suppression
of platelet function by inhibiting formation of the
platelet activator, thromboxane A2. It should be
given as early as possible to any patient without a
true contraindication for the treatment of STEMI,
whether in combination with fibrinolysis or PCI
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(1). Its benefit was clearly demonstrated in the
ISIS 2 trial, which compared ASA and streptoki-
nase, alone and in combination, in 17,187 patients
(56). Aspirin mono-therapy resulted in a signifi-
cant reduction in five-week vascular mortality
from 11.8 to 9.4% (p<0.00001). Additionally, as-
pirin significantly reduced non-fatal reinfarction
(1.0% vs. 2.0%) and non-fatal stroke (0.3% vs.
0.6%) compared with placebo, and was not associ-
ated with an increase in intracranial hemorrhage or
bleeds requiring transfusion.

Clopidogrel and ticlopidine both cause platelet
inhibition via adenosine diphosphate-receptor an-
tagonism, but clopidogrel is preferred to ticlopi-
dine due to a lower risk of serious side effects.
There is little outcome data on the benefit of clopi-
dogrel in combination with fibrinolytics. Clopido-
grel is recommended, based largely on consensus,
for patients receiving fibrinolysis who cannot tol-
erate aspirin due to allergy (1, 3). For patients un-
dergoing PCI with stenting, combination therapy
with ASA and clopidogrel is standard for the re-
duction of adverse cardiovascular events, includ-
ing occlusive stent thrombosis. However, these
recommendations are largely based on data from
trials of patients undergoing elective PCI or PCI
for non-STEMI acute coronary syndromes (1). Be-
cause clopidogrel should be withheld for 5—7 days
prior to CABG, the administration of clopidogrel
should generally be delayed until angiography has
been performed and the preferred treatment plan
(PCI or CABG) has been determined.

Glycoprotein IIb/Illa inhibitors interfere with
the final common pathway in platelet aggregation,
namely the cross linking of platelets by fibrinogen.
Their utility in reducing recurrent ischemia or in-
farction after PCI for acute coronary syndromes
has been well demonstrated (57). The rationale for
the use of GP IIb/Illa inhibitors in STEMI is simi-
lar, but there is considerably less data on this group
of patients. The largest and strongest study to date,
CADILLAC, enrolled 2,082 stent-eligible patients
with STEMI or LBBB to angioplasty alone, angio-
plasty with abciximab, stenting, or stenting plus
abciximab (58). At six months, the composite end-
point of death, reinfarction, stroke, and ischemia-
driven revascularization of the IRA had occurred
in 20.0% of patients after angioplasty, 16.5% after
angioplasty plus abciximab, 11.5% after stenting,
and 10.2% after stenting plus abciximab
(p<0.001).

The other studies investigating the efficacy of
GP IIb/Illa inhibitors in STEMI also showed a
similar, small reduction in urgent ischemia-in-
duced revascularization (59, 60). The ADMIRAL
trial was of particular interest because, while a sig-
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nificant overall reduction in the combined, 30-day
and 6-month endpoints of death, re-infarction, or
urgent revascularization was seen, this benefit was
only realized in patients who received abciximab
in the prehospital setting or in ED (60). The bene-
fit of early administration was further evaluated in
a meta-analysis of six randomized trials of early
(before transfer to the catheterization laboratory)
versus late (at the time of PCI) administration of
abciximab or tirofiban in patients with STEMI
(61). There was a trend towards mortality benefit
(3.4 vs. 4.7%) with early rather than late adminis-
tration at the longest follow-up period for each
study. Thus, with the caveat that their recommen-
dation is based on a relatively small number of pa-
tients who received abciximab and PCI for STEMI
across several trials, the ACC and AHA suggest
that it is reasonable to start abciximab as early as
possible prior to primary PCI, with or without
stenting, for STEMI (1). The ACCP similarly rec-
ommends abciximab for patients undergoing PCI,
stating that it should be started prior to balloon in-
flation when possible (57).

GP IIb/IIla inhibitors have also been studied as
a supplement to full and reduced-dose fibrinolyt-
ics, although reduced dosing is now preferred due
to concerns about excess risk of bleeding with full
dosing. The largest trial to date with clinical out-
come measures, GUSTO V, randomized over
16,000 patients in 20 countries to reteplase, or ab-
ciximab with half-dose reteplase (62). There was
no difference in the primary endpoint of 30-day
mortality, although there was a significant reduc-
tion in reinfarction and recurrent ischemia in the
combined group. While an increase in intracranial
hemorrhage (ICH) was not noted with combination
therapy, there was a significant increase in other
severe bleeding complications compared with
reteplase alone. ASSENT 3, the other large trial
(6,095 patients) investigating combination therapy,
sought to evaluate the role of the low-molecular-
weight heparin (LMWH) enoxaparin (see below)
as well, comparing (a) full-dose tenecteplase and
enoxaparin, (b) half-dose tenecteplase with low-
dose heparin and abciximab, against the control
regimen of (c) full-dose tenecteplase with weight-
adjusted UFH (63). The primary efficacy endpoint,
including death, in-hospital reinfarction, or refrac-
tory ischemia at 30 days, was lower in groups (a)
and (b) than in controls (group [c]) (11.4%, 11.1%,
and 15.4% respectively, p=0.0001), with results
driven by the reduction in ischemia and reinfarc-
tion. There was no difference in the rate of in-
tracranial hemorrhage among the groups, but ab-
ciximab was again associated with a greater risk of
severe bleeding (4.3%) than either enoxaparin
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(3.0%) or UFH (2.2%) (p=0.0005). Based on these
studies, the ACCP recommends against the combi-
nation of abciximab with half-dose reteplase or
tenecteplase, and recommends that streptokinase
definitely not be combined with a GP IIb/Illa in-
hibitor (3). The ESC similarly recommends against
combination therapy (2), while the AHA provides
a class IIb recommendation, acknowledging con-
flicting evidence (1).

Anti-thrombin Agents

Complementing the anti-platelet agents are the
anti-thrombins, another commonly used adjunctive
therapy for both PCI and fibrinolysis. Unfraction-
ated heparin inhibits the activation of various clot-
ting factors, most notably factor Xa and thrombin.
There is relatively little evidence confirming a sig-
nificant additive benefit of heparin over ASA in
combination with streptokinase, and recommenda-
tions for its use range from no adjunctive treatment
with UFH, to subcutaneous or intravenous admin-
istration at various doses (1-3). After having
demonstrated superiority to streptokinase in
GUSTO-I, fibrin-selective fibrinolytics have been
used in combination with intravenous UFH in al-
most all subsequent trials, and guidelines are unan-
imous in recommending intravenous administra-
tion of a bolus dose followed by a maintenance
dose adjusted to keep the activated partial throm-
boplastin time (aPTT) at 1.5-2 times control
(50-70 seconds) for 24 —48 hours (1, 2).

There has been considerable interest in using
enoxaparin (an LMWH) instead of UFH with fib-
rinolytics, in part because of its ease of adminis-
tration and the predictability of its anticoagulant
effect. The difficulty in achieving the recom-
mended aPTT with UFH was demonstrated in a
trial comparing UFH with enoxaparin, when only
30% of the patients were appropriately anticoagu-
lated between 6 and 12 hours after beginning ther-
apy (64). Furthermore, enoxaparin appears to be
superior to UFH in reducing reinfarction or revas-
cularization in patients with unstable angina or
non-STEMI (64).

There is also evidence for the benefit of
LMWH in STEMI. In patients with STEMI, the
ASSENT-3 trial found that in combination with
tenecteplase, enoxaparin was a better anti-throm-
botic agent than UFH, resulting in a reduction of
the primary combined endpoint of death, in-hospi-
tal re-infarction, and refractory ischemia from
15.4% to 11.4% (p<0.001) (63). Subsequently,
however, ASSENT-PLUS revealed a significantly
increased risk of intracranial hemorrhage with the
administration of tenecteplase with enoxaparin, as
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opposed to UFH, in patients over the age of 75
(65). As a result of uncertainties raised by AS-
SENT-PLUS involving bleeding risk, the use of
enoxaparin is only recommended as an alternative
to UFH in patients < 75 years of age, and even in
the non-elderly patients, the recommendation is
based on conflicting evidence or opinion (1, 3).
The ESC does not make a recommendation regard-
ing its use, citing the need for further investiga-
tions (2).

UFH is also recommended for use during pri-
mary PCI with weight-adjusted boluses, and was
given the highest level recommendation by the
ACC and AHA based mainly on the opinion of ex-
perts (1). The specific role of LMWH in the inva-
sive management of STEMI is less established.
Most trials which have investigated the role of
LMWH during PCI have looked at patients under-
going elective angioplasty or PCI for unstable
angina or non-STEMI, finding comparable safety
and outcomes, but there is a lack of evidence to
support replacing UFH with LMWH in STEMI.

Other Ancillary Medications

There are other medications that provide bene-
fit in the setting of STEMI via mechanisms other
than reperfusion, or prevention of reocclusion, of
the infarct-related artery. Beta-blockers, for one,
are thought to be “protective,” reducing infarct
size and reinfarction when co-administered with
fibrinolytics, and reducing mortality when contin-
ued long term after AMI. The ACC and AHA pro-
vide a class I recommendation for the administra-
tion of oral beta-blockers early in the course of an
STEMI, with a slightly less robust endorsement of
the early use of IV beta-blockers because of con-
flicting evidence (1). The ESC recommends early
IV beta-blockers for particular indications, includ-
ing tachycardia or hypertension, noting that in
most cases, oral administration is sufficient. En-
thusiasm for routine, early IV administration was
tempered by a meta-analysis which did not show
an advantage to early IV over oral administration
(66). Nonetheless, beta-blockers improve out-
comes and should be administered in a timely fash-
ion, as only 42 patients need to be treated for two
years in order to prevent one death. Only fibrinol-
ysis with ASA provide a greater benefit(66).

ACE-inhibitors limit ventricular dilatation and
remodeling by interruption of the renin-an-
giotensin-aldosterone system, and it is well estab-
lished that oral ACE-inhibitors should be given
within the first 24 hours post-infarct to patients
who have experienced symptoms of heart failure
or are known to have a subnormal ejection fraction
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Pearls and Pitfalls
1. STEMI may present without chest pain. The most common symptoms of an “atypical” presentation

are dyspnea, diaphoresis, nausea or vomiting, and syncope. Older patients, females, and diabetics are
more likely to present atypically. Do not neglect to obtain an early ECG from patients with these
symptoms.

Bundle branch blocks complicate the electrocardiographic diagnosis of a myocardial infarction. In the
setting of ischemic symptoms, a new or presumed new LBBB is an accepted indication for fibrinolyt-
ics or PCI, but even patients with old or non-left BBB should be considered for reperfusion therapy.

Certain groups of patients are less likely to be offered reperfusion therapy, including women, ethnic
minorities, and the elderly, despite demonstrated benefit from intervention. Be particularly vigilant
when evaluating these groups for possible ACS.

While oral ACE-inhibitors reduce short-term mortality after AMI in patients with impaired ejection
fraction or signs of heart failure, early IV administration is contraindicated because of the significant
risk of hypotension.

There is no evidence that nitrates reduce mortality in the setting of STEMI. They should be used for
specific indications, including ongoing ischemia or pulmonary edema, rather than given routinely.

Key Concepts

All patients who present with STEMI within 12 hours of symptom onset should be evaluated for emer-
gent reperfusion therapy. Patients who would likely benefit more from PCI than from fibrinolysis in-
clude those with signs of heart failure, those who present more than three hours after symptom onset,
and those who are at increased risk of bleeding complications from fibrinolytics.

The fibrin-specific fibrinolytic t-PA offers a small but significant mortality benefit over streptokinase.
The newer fibrin-specific agents, e.g., reteplase and tenecteplase, are no more efficacious than t-PA,
but offer the advantage of bolus dosing.

The role of “facilitated PCI,” using various combinations of fibrinolytics and glycoprotein IIb/I11a in-
hibitors prior to planned PCI, remains under investigation. To date, there is no convincing evidence
of benefit from such an approach.

Abciximab is the best studied of glycoprotein IIb/I11a inhibitors in STEMI, and there is evidence that
its use in patients undergoing PCI reduces the need for short- and mid-term ischemia-induced revas-
cularization. This benefit may be greater if abciximab is started before arrival in the catheterization
laboratory.

Oral beta-blockers, when initiated promptly after AMI and continued long-term, reduce mortality.
The additional benefit of early IV administration is not significant, although hypertension and tachy-
cardia are accepted indications.

(2)

(the ACC and AHA also consider an anterior Nitrates, while commonly used, have not

MI a class I indication (1)). ACE-inhibitors should demonstrated an outcome benefit in the setting
not be administered in the setting of absolute or  of STEMI. Nitrates might be expected to reduce
relative hypotension, and intravenous administra-  infarct size and improve outcome, as they di-
tion is contraindicated because of the risk of in-  minish preload, thereby decreasing wall stress
ducing hypotension. and myocardial oxygen demand. Additionally,
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there is direct vasodilatation of coronary arteries,
potentially increasing collateral blood flow to is-
chemic myocardium. Despite these theoretical ad-
vantages, the GISSI-3 and ISIS-4 megatrials (with
a combined total of more than 77,000 patients) did
not reveal a 4—6 week mortality benefit for ni-
trates initiated in the acute phase of AMI (either
oral or IV) and continued for 4 —6 weeks (67, 68).
They do, however, appear to be safe in the absence
of hypotension, and while there is not a role for
routine administration, nitrates are recommended
for ongoing ischemia, pulmonary edema, or hy-
pertension (1, 2). Significantly, nitrates should be
used only with extreme caution in the setting of
RV infarct, as they reduce RV preload, and may
therefore have very adverse hemodynamic conse-
quences (1).

Conclusions

Efforts to improve the outcome of STEMI
continue, with much of the recent work focusing
on strategies to increase the availability of reper-
fusion therapy. Research also continues on opti-
mizing fibrinolytic agents, PCI techniques, and
adjunctive therapy. With such a large volume of
data published on the topic, clinical practice
guidelines become an important source of infor-
mation and direction for the clinician, promoting
the application of current evidence to the bedside
care of these patients.
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