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1. PREAMBLE

It is important that the medical profession play a significant
role in critically evaluating the use of diagnostic procedures
and therapies in the detection, management, or prevention of
disease states. Rigorous and expert analysis of the available
data documenting relative benefits and risks of those proce-
dures and therapies can produce helpful guidelines that
improve the effectiveness of care, optimize patient out-
comes, and generally have a favorable impact on the overall
cost of care by focusing resources on the most effective
strategies.

The American College of Cardiology (ACC) and the
American Heart Association (AHA) have jointly engaged in
the production of such guidelines in the area of cardiovascu-
lar disease since 1980. This effort is directed by the
ACC/AHA Task Force on Practice Guidelines, whose charge
is to develop and revise practice guidelines for important car-
diovascular diseases and procedures. Experts in the subject
under consideration are selected from both organizations to
examine subject-specific data and write guidelines. The
process includes additional representatives from other med-
ical practitioner and specialty groups where appropriate.
Writing groups are specifically charged to perform a formal
literature review, weigh the strength of evidence for or
against a particular treatment or procedure, and include esti-
mates of expected health outcomes where data exist. Patient-
specific modifiers, comorbidities and issues of patient pref-
erence that might influence the choice of particular tests or
therapies are considered as well as frequency of follow-up.
When available, information from studies on cost will be
considered, however review of data on efficacy and clinical
outcomes will be the primary basis for preparing recommen-
dations in these guidelines.

The ACC/AHA Task Force on Practice Guidelines makes
every effort to avoid any actual or potential conflicts of inter-
est that might arise as a result of an outside relationship or
personal interest of a member of the writing panel.
Specifically, all members of the writing panel are asked to
provide disclosure statements of all such relationships that
might be perceived as real or potential conflicts of interest.
These statements are reviewed by the parent task force,
reported orally to all members of the writing panel at the first
meeting, and updated and reviewed by the writing commit-
tee as changes occur.

These practice guidelines are intended to assist healthcare
providers in clinical decision making by describing a range
of generally acceptable approaches for the diagnosis, man-
agement, and prevention of specific diseases or conditions.
These guidelines attempt to define practices that meet the
needs of most patients in most circumstances. These guide-
line recommendations reflect a consensus of expert opinion
after a thorough review of the available, current scientific
evidence and are intended to improve patient care. If these
guidelines are used as the basis for regulatory/payer deci-
sions, the ultimate goal is quality of care and serving the
patient’s best interests. The ultimate judgment regarding care
of a particular patient must be made by the healthcare

e84
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provider and patient in light of all of the circumstances pre-
sented by that patient. There are circumstances where devia-
tions from these guidelines are appropriate.

The executive summary and recommendations are pub-
lished in the August 4, 2004, issue of the Journal of the
American College of Cardiology and August 3, 2004, issue
of Circulation. The full text is published on the ACC and
AHA World Wide Web sites. Copies of the full text and the
executive summary are available from both organizations.

Elliott M. Antman, MD, FACC, FAHA
Chair, ACC/AHA Task Force on Practice Guidelines

1.1. Introduction

The process of guideline development for management of
patients with acute myocardial infarction (AMI) has under-
gone substantial evolution since the inaugural publication
entitled “Guidelines for the Early Management of Patients
with Acute Myocardial Infarction” in 1990 under the aus-
pices of the ACC/AHA Task Force on Assessment of
Diagnostic and Therapeutic Cardiovascular Procedures
(Chairman, Dr. Rolf Gunnar; Figure 1) (1). Subsequently, the
ACC/AHA Task Force on Practice Guidelines convened a

ACC - www.acc.org
AHA - www.americanheart.org

committee (Chairman, Dr. Thomas J. Ryan) in 1994 to revise
the 1990 guidelines. In the 1996 guideline publication,
“ACC/AHA Guidelines for the Management of Patients with
Acute Myocardial Infarction,” the term acute coronary syn-
drome was used, reflecting the emerging overarching con-
cept that disruption of a vulnerable or high-risk plaque caus-
es an episode of ischemic discomfort (2). Emphasis was
placed on the 12-lead electrocardiogram (ECG) that was
used to categorize patients into 2 broad cohorts: those pre-
senting with ST elevation and those presenting without ST
elevation (ultimately diagnosed as unstable angina or
non-Q-wave myocardial infarction (MI) depending on
whether a biomarker of necrosis was detected in the patient’s
blood). The 1996 guidelines discussed the management of
both the ST-elevation and non-ST-elevation presentations of
the acute coronary syndromes. The same approach was taken
in the 1999 update of the guideline (also chaired by Dr.
Ryan) that was posted as an electronic update on the ACC
and AHA World Wide Web sites (3).

In parallel to the above efforts, in 1994, the Agency for
Health Care Policy and Research and the National Heart,
Lung, and Blood Institute jointly published guidelines for the
diagnosis and management of patients with unstable angina

1990 | 1992 | 1994 | 1996 | 1998 | 2000 | 2002 | 2004
1990 |
ACC/AHA | 1994
AMI = AHCPR/NHLBI
_R..Gunnar UA
E. Braunwald 1996 1999
Revision Update
ACC/AHA
AMI
T. Ryan
2000 2002
Revision Update

ACC/AHA UA/NSTEMI
E. Braunwald

2004

ACC/AHA
STEMI Revision
E. Antman

Figure 1. Evolution of ACC/AHA guidelines for management of patients with acute MI. The first guideline published by the ACC/AHA
described the management of patients with acute myocardial infarction (AMI). The subsequent three documents were the Agency for
Healthcare and Quality/National Heart, Lung and Blood Institute sponsored guideline on management of unstable angina (UA), the
revised/updated ACC/AHA guideline on AMI, and the revised/updated ACC/AHA guideline on unstable angina/non-ST-segment
myocardial infarction (UA/NSTEMI). The present guideline is a revision and deals strictly with the management of patients present-
ing with ST-elevation myocardial infarction (STEMI). The names of the chairs of the writing committees for each of the guidelines are

shown at the bottom of each box.
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(Chairman, Dr. Eugene Braunwald). In recognition of rapid
advances in the understanding and management of patients
with acute coronary syndromes, the ACC/AHA Task Force
on Practice Guidelines convened a committee (also chaired
by Dr. Braunwald) to revise the 1994 unstable angina guide-
line. That committee focused on patients presenting without
ST elevation and introduced the nomenclature of unstable
angina/non-ST-elevation Ml (UA/NSTEMI). The “ACC/
AHA Guidelines for the Management of Patients with
UA/NSTEMI” were published in 2000 and were updated in
electronic form in 2002 (4).

Although considerable improvement has occurred in the
process of care for patients with ST-elevation MI (STEMI),
room for improvement exists (5-7). The purpose of the pres-
ent guideline is to focus on the numerous advances in the
diagnosis and management of patients with STEMI since
1999. This is reflected in the changed name of the guideline:
“ACC/AHA Guidelines for the Management of Patients With
ST-Elevation Myocardial Infarction” (Figure 1). It is recog-
nized that there are areas of overlap among this guideline on
patients with STEMI, the guideline on patients with
UA/NSTEMI, and other guidelines. The committee has han-
dled this overlap by reiterating important concepts and rec-
ommendations in this guideline and by providing cross-ref-
erences to other guidelines.

The final recommendations for indications for a diagnostic
procedure, a particular therapy, or an intervention in patients
with STEMI summarize both clinical evidence and expert
opinion. Once recommendations were written, a Classi-
fication of Recommendation and Level of Evidence grade
was assigned to each recommendation. Classification of
Recommendations and Level of Evidence are expressed in
the ACC/AHA format as follows:

Classification of Recommendations

Class I: Conditions for which there is evidence and/or
general agreement that a given procedure or
treatment is beneficial, useful, and effective.

Class I1: Conditions for which there is conflicting evi-
dence and/or a divergence of opinion about
the usefulness/efficacy of a procedure or treat-
ment.

Class lla: Weight of evidence/opinion is in
favor of usefulness/efficacy.

Class Ilb: Usefulness/efficacy is less well
established by evidence/opinion.

Class I11: Conditions for which there is evidence and/or
general agreement that a procedure/treat-
ment is not useful/effective and in some cases
may be harmful.

Level of Evidence

e Level of Evidence A: Data derived from multiple random-
ized clinical trials or meta-analyses.

Antman et al. 2004
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e Level of Evidence B: Data derived from a single random-
ized trial, or nonrandomized studies.

e Level of Evidence C: Only consensus opinion of experts,
case studies, or standard-of-care.

The schema for classification of recommendations and
level of evidence is summarized in Table 1, which also illus-
trates how the grading system provides an estimate of the
size of the treatment effect and an estimate of the certainty of
the treatment effect.

The committee recognizes the importance of timely reper-
fusion for patients with STEMI and spent considerable effort
reviewing the literature published since 1999 when formu-
lating recommendations. Along with reperfusion by pharma-
cological and catheter-based means, the committee empha-
sized the use of established therapies such as aspirin, beta-
adrenoceptor-blocking agents, vasodilator therapy,
angiotensin converting enzyme (ACE) inhibitors, and cho-
lesterol-lowering therapy. To provide clinicians with a set of
recommendations that can easily be translated into the prac-
tice of caring for patients with STEMI, this guideline is
organized around the chronology of the interface between the
patient and the clinician (Figure 2) (8-10). Thus, readers will
find material on prevention of STEMI, patient education,
prehospital issues, initial recognition and management in the
emergency department (ED), hospital management, and
long-term management after treatment for the index STEMI
event. The reorganization of the material in this guideline
along the timeline noted above necessitated considerable
modification of the sequence of text presented in the 1996
and 1999 guidelines on AMI. Whenever possible, the writing
committee used the term STEMI rather than AMI. Given the
reorganization of the guideline along the chronology of clin-
ical care of patients with STEMI and the anticipated desire of
readers to search the guideline for specific advice on man-
agement of patients with STEMI at different phases of their
illness, in a few selected instances, recommendations and, to
a lesser extent, some portions of the text are repeated.

Although these guidelines on STEMI have been shaped
largely within the context of evidence-based medical prac-
tice, the committee clearly understands that variations in
inclusion and exclusion criteria from one randomized trial to
another impose some limitation on the generalizability of
their findings. Likewise, in its efforts to reconcile conflicting
data, the committee emphasized the importance of properly
characterizing the population under study.

Writing committee members were selected with attention
to cardiovascular subspecialties, broad geographical repre-
sentation, and involvement in academic medicine and pri-
mary practice, including neurology, emergency medicine,
and nursing. The Writing Committee on the Management of
Patients with ST-Elevation Myocardial Infarction also
included members of the ACCF Board of Governors, the
American Academy of Family Physicians (AAFP), and the
Canadian Cardiovascular Society (CCS).
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Management Prior
to STEMI

Presentation Ischemic Discomfort

Working Dx Acute Coronary Syndrome

A J

ECG No ST Elevation ST Elevation
UA NSTEME
[ STy
Cardiac .
Biomarker Unstable Myocardial Infarction

Final Dx Angina NQMI Qw MI

Figure 2. Acute coronary syndromes. The top half of the figure illustrates the chronology of the interface between the patient and the clinician through the pro-
gression of plaque formation, onset and complications of STEMI along with relevant management considerations at each stage. The longitudinal section of an
artery depicts the "timeline" of atherogenesis from a normal artery (1) to (2) lesion initiation and accumulation of extracellular lipid in the intima, to (3) the evolu-
tion to the fibrofatty stage, to (4) lesion progression with procoagulant expression and weakening of the fibrous cap. An acute coronary syndrome develops when
the vulnerable or high risk plaque undergoes disruption of the fibrous cap (5); disruption of the plaque is the stimulus for thrombogenesis. Thrombus resorption
may be followed by collagen accumulation and smooth muscle cell growth (6). Following disruption of a vulnerable or high-risk plaque, patients experience
ischemic discomfort resulting from a reduction of flow through the affected epicardial coronary artery. The flow reduction may be caused by a completely occlu-
sive thrombus (bottom half, right side) or subtotally occlusive thrombus (bottom half, left side). Patients with ischemic discomfort may present with or without ST-
segment elevation on the ECG. Of patients with ST-segment elevation, most (large red arrow in bottom panel) ultimately develop a Q-wave MI (QwMI), while a
few (small red arrow) develop a non—Q-wave MI (NQMI). Patients who present without ST-segment elevation are suffering from either unstable angina or a non—ST-
segment elevation Ml (NSTEMI) (large open arrows), a distinction that is ultimately made on the presence or absence of a serum cardiac marker such as CK-MB
or a cardiac troponin detected in the blood. Most patients presenting with NSTEMI ultimately develop a NQMI on the ECG; a few may develop a QwMI. The spec-
trum of clinical presentations ranging from unstable angina through NSTEMI and STEMI are referred to as the acute coronary syndromes. This STEMI guideline
is arranged along the chronologic interface of the clinician with the patient, as diagrammed in the upper panel, and includes sections on management prior to
STEMI, at the onset of STEMI, and during the hospital phase. Secondary prevention and plans for long-term management begin early during the hospital phase
of treatment. Dx = diagnosis; NQMI, non—-Q-wave myocardial infarction; QwMI = Q-wave myocardial infarction; CK-MB = MB isoenzyme of creatine kinase. Modified
with permission from Libby. Circulation 2001;104:365-72 (8), Hamm, Bertrand, Braunwald. The Lancet 2001;358:1533-8 (9), and Davies. Heart 2000;83:361-6
(10) with permission from the BMJ Publishing Group.
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The committee conducted comprehensive searching of the
scientific and medical literature on AMI, with special empha-
sis on STEMI. Literature searching was limited to publica-
tions on humans and in English from 1990 to 2004. In addi-
tion to broad-based searching on MI, specific targeted
searches were performed on MI and the following subtopics:
9-1-1, patient delays, emergency medical services (EMS),
prehospital fibrinolysis, prehospital ECG, ED, supplemental
oxygen, nitroglycerin, ASA, clopidogrel, arrhythmia, reper-
fusion, fibrinolysis/fibrinolytic therapy, angioplasty, stent,
coronary artery bypass graft surgery (CABG), glycoprotein
(GP) lib/llla, pericarditis, beta-blockers, ischemia, intra-
arterial pressure monitoring, ACE inhibitors, amiodarone,
procainamide, lidocaine, electrical cardioversion, atropine,
temporary pacing, transvenous pacing, permanent pacing,
cardiac repair, heparin, low-molecular-weight heparin
(LMWH), unfractionated heparin (UFH), ramipril, calcium
channel blockers, verapamil, nifedipine, magnesium, stress
ECG, invasive strategy, secondary prevention, statins, and
cholesterol. The complete list of keywords is beyond the
scope of this section. The committee reviewed all compiled
reports from computerized searches and conducted addition-
al searching by hand. Literature citations were generally
restricted to published manuscripts appearing in journals list-
ed in Index Medicus. Because of the scope and importance
of certain ongoing clinical trials and other emerging infor-
mation, published abstracts were cited when they were the
only published information available.

This document was reviewed by 3 outside reviewers nom-
inated by the ACC and 3 outside reviewers nominated by the
AHA, as well as 1 reviewer each from the AAFP and the
CCS, and 58 individual content reviewers. (See Appendix 2
for details.)

This document was approved for publication by the gov-
erning bodies of the American College of Cardiology
Foundation and the American Heart Association and
endorsed by the Canadian Cardiovascular Society. These
guidelines will be reviewed annually by the ACC/AHA Task
Force on Practice Guidelines and will be considered current
unless they are revised or withdrawn from distribution.

2. PATHOLOGY
2.1. Role of Acute Plaque Change

Slowly accruing high-grade stenoses of epicardial coronary
arteries may progress to complete occlusion but do not usu-
ally precipitate STEMI, probably because of the develop-
ment over time of a rich collateral network. However, during
the natural evolution of atherosclerotic plaques, especially
those that are lipid laden, an abrupt and catastrophic transi-
tion may occur, characterized by plaque disruption by rup-
ture of the fibrous cap or erosion of the surface of the fibrous
cap (Figure 2) (8-10). Plaques that are prone to disruption are
usually nonobstructive, are characterized by abundant
macrophages and other inflammatory cells, and are often
located at branch points or bends in the arterial tree (11-15).
They are referred to as vulnerable or high-risk plaques. After
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plaque disruption, there is exposure of substances that pro-
mote platelet activation, adhesion, and aggregation, throm-
bin generation, and ultimately thrombus formation (16,17).
The resultant thrombus can completely occlude the epicar-
dial infarct artery. If there is an insufficient collateral supply,
a wave front of myocardial necrosis begins within 15 min-
utes and spreads from the endocardium toward the epicardi-
um (18). This may be modulated by the extent of collateral
flow and determinants of myocardial oxygen consumption,
affording opportunity for significant myocardial salvage
(19). Of note, intravascular ultrasound studies suggest that in
addition to the disruptured plaque, several other vulnerable
or high-risk plagues may coexist throughout the coronary
vasculature.

2.2. Acute Coronary Syndromes

Disruption of vulnerable or high-risk plaques is the common
pathophysiological substrate of the acute coronary syn-
dromes that comprise a spectrum of myocardial ischemia.
Patients with an acute coronary syndrome include those
whose clinical presentations cover the following range of
diagnoses: unstable angina, M1 without ST elevation (NSTE-
MI), and MI with ST elevation (STEMI) (Figure 2) (8-10).
Patients with STEMI have a high likelihood of a coronary
thrombus occluding the infarct artery (20,21). Angiographic
evidence of coronary thrombus formation may be seen in
more than 90% of patients with STEMI but in only 1% of
patients with stable angina and about 35% to 75% of patients
with unstable angina or NSTEMI (20-24). However, not
every STEMI evolves into a Q-wave MI; likewise, a patient
with NSTEMI may develop Q waves. The acute coronary
syndrome spectrum concept is a useful framework for devel-
oping therapeutic strategies. Antithrombin therapy and
antiplatelet therapy should be administered to all patients
with an acute coronary syndrome regardless of the presence
or absence of ST-segment elevation. Patients presenting with
persistent ST-segment elevation are candidates for reperfu-
sion therapy (either pharmacological or catheter-based) to
restore flow promptly in the occluded epicardial infarct-
related artery and are the subject of this guideline (Figure 3)
(24-40). Patients presenting without ST-segment elevation
are not candidates for immediate pharmacological reperfu-
sion but should receive anti-ischemic therapy and catheter-
based therapy where applicable as discussed in the
ACC/AHA Guidelines for Management of Patients with
UA/NSTEMI (4).

2.3. Pathophysiology

A key concept in the pathophysiology of STEMI is ventricu-
lar remodeling, a term that refers to changes in size, shape,
and thickness of the left ventricle involving both the infarct-
ed and noninfarcted segments of the ventricle (41,42). Acute
dilatation and thinning of the area of infarction that is not due
to additional myocardial necrosis is referred to as infarct
expansion (43). An extra load is placed on the residual func-
tioning myocardium, which results in compensatory hyper-
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Figure 3. Relative treatment effect associated with several acute reperfusion modalities in patients presenting with STEMI. Data are
odds ratios and 95% confidence intervals. UFH = unfractionated heparin; PCI = percutaneous coronary intervention; Exp = experi-
mental group; Ctrl = control group. *Data for myocardial reinfarction as a single end point were not available for meta-3; in this case
the figure presents odds ratios for the composite of death or myocardial reinfarction. tIntracranial hemorrhage was not reported in
meta-1-data were derived from the HERO-1, HIT-4, TIMI9b, and GUSTO?2b trials that were included in this meta-analysis. Modified with
permission from Elsevier (Boersma et al. The Lancet 2003;361:847-58) (24).

trophy. Inhibition of the renin-angiotensin-aldosterone sys-
tem is a key therapeutic maneuver in patients with STEMI
(44). Additional important pathophysiological concepts in
patients with STEMI that form the basis for recommenda-
tions in this guideline include cardiac arrhythmias such as
those that result from electrical instability, pump
failure/excessive sympathetic stimulation, and conduction
disturbances. Mechanical problems that result from dysfunc-
tion or disruption of critical myocardial structures (e.g.,
mitral regurgitation [MRY], rupture of the interventricular sep-
tum, ventricular aneurysm formation, and free wall rupture)
may require a combination of pharmacological, catheter-
based, and surgical treatments.

2.4. Epidemiology

STEMI continues to be a significant public health problem in
industrialized countries and is becoming an increasingly sig-

nificant problem in developing countries (45). Although the
exact incidence is difficult to ascertain, using first-listed and
secondary hospital discharge data, there were 1 680 000
unique discharges for ACS in 2001 (46). Applying the con-
servative estimate of 30% of the ACS patients who have
STEMI from the National Registry of Myocardial Infarction
[NRMI-4] (46a), we estimate 500 000 STEMI events per
year in the U.S. However, there has been a steady decline in
the mortality rate from STEMI over the last several decades.
This appears to be due to a combination of a fall in the inci-
dence of MI (replaced in part by an increase in the incidence
of unstable angina) and a reduction in the case fatality rate
once an MI has occurred (47-49). There has been a progres-
sive increase in the proportion of patients who present with
NSTEMI compared with STEMI.

The committee strongly endorses several public health
campaigns that are likely to contribute to a reduction in the
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incidence of and fatality from STEMI in the future. These
include the following: 1) recognition of diabetes mellitus and
chronic kidney disease as “risk equivalents” to coronary
heart disease (CHD) and therefore recommendation for more
aggressive attempts at control of other risk factors (50,51);
2) recognition of the importance of dyslipidemia as a major
risk factor for CHD and recommendation for aggressive
attempts at cholesterol reduction and treatment of the meta-
bolic syndrome (50); 3) aggressive primary prevention
efforts at smoking cessation as emphasized by the World
Health Organization; 4) patient education campaigns regard-
ing the signs and symptoms of MI and the appropriate cours-
es of action to be taken (52,53); and 5) implementation at a
professional level of quality assurance projects such as the
ACC’s “Guidelines Applied in Practice” (54) and the AHA’s
“Get with the Guidelines” (55) to improve compliance with
established treatment strategies when caring for patients with
MI. A proposal that holds great promise for reducing the
morbidity and mortality associated with STEMI is the
regionalization of care for patients with acute coronary syn-
dromes using centers of excellence (56-58).

3. MANAGEMENT BEFORE STEMI

One third of patients who experience STEMI will die within
24 hours of the onset of ischemia, and many of the survivors
will suffer significant morbidity (24). For many patients, the
first manifestation of CHD will be sudden death. The major
risk factors for development of CHD and STEMI are well
established. Clinical trials have demonstrated that modifica-
tion of those risk factors can prevent the development of
CHD (primary prevention) or reduce the risk of experiencing
STEMI in patients who have CHD (secondary prevention).
All practitioners should emphasize prevention and refer
patients to primary care providers for appropriate long-term
preventive care. In addition to internists and family physi-
cians, cardiologists have an important leadership role in pri-
mary (and secondary) prevention efforts.

3.1. Identification of Patients at Risk of STEMI

Class |

1. Primary care providers should evaluate the presence
and status of control of major risk factors for CHD for
all patients at regular intervals (approximately every
3 to 5 years). (Level of Evidence: C)

2. Ten-year risk (National Cholesterol Education
Program [NCEP] global risk) of developing sympto-
matic CHD should be calculated for all patients who
have 2 or more major risk factors to assess the need
for primary prevention strategies (59). (Level of
Evidence: B)

3. Patients with established CHD should be identified
for secondary prevention, and patients with a CHD
risk equivalent (e.g., diabetes mellitus, chronic kidney
disease, or 10-year risk greater than 20% as calculat-
ed by Framingham equations) should receive equally
intensive risk factor intervention as those with clini-
cally apparent CHD. (Level of Evidence: A)
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Major risk factors for developing CHD (i.e., smoking, fam-
ily history, adverse lipid profiles, and elevated blood pres-
sure) have been established from large long-term epidemio-
logical studies (59,60). These risk factors are predictive for
most populations in the United States. Primary prevention
interventions aimed at these risk factors are effective when
used properly. They can also be costly in terms of primary
care physician time, diversion of attention from other com-
peting and important healthcare needs, and expense, and they
may not be effective unless targeted at higher-risk patients
(61). It is therefore important for primary care providers to
make identifying patients at risk, who are most likely to ben-
efit from primary prevention, a routine part of everyone’s
health care. The Third Report of the NCEP provides guid-
ance on identifying such patients (59).

Patients with 2 or more risk factors who are at increased
10-year risk will have the greatest benefit from primary pre-
vention, but any individual with a single elevated risk factor
is a candidate for primary prevention. Waiting until the
patient develops multiple risk factors and increased 10-year
risk contributes to the high prevalence of CHD in the United
States (59,62). Such patients should have their risk specifi-
cally calculated, by any of the several available valid prog-
nostic tools available in print (59,63), on the internet (64), or
for use on a personal computer or PDA (Personal Digital
Assistant) (59). Patients’ specific risk levels determine the
absolute risk reductions they can obtain from preventive
interventions and guide selection and prioritization of those
interventions. For example, target levels for lipid lowering
and for antihypertensive therapy vary by patients’” baseline
risk. A specific risk number can also serve as a powerful edu-
cational intervention to motivate lifestyle changes (65).

3.2. Interventions to Reduce Risk of STEMI

The benefits of prevention of STEMI in patients with CHD
are well documented and of large magnitude (62,66-68).
Patients with established CHD should be identified for sec-
ondary prevention, and patients with a CHD risk equivalent
(e.g., diabetes mellitus, chronic kidney disease, or 10-year
risk greater than 20% as calculated by Framingham equa-
tions) should receive equally intensive risk factor interven-
tion for high-risk primary prevention regardless of sex (69).
Patients with diabetes and peripheral vascular disease have
baseline risks of STEMI similar to patients with known
CHD, as do patients with multiple risk factors predicting cal-
culated risk of greater than 20% over 10 years as estimated
by the Framingham equations (59). Such patients should be
considered to have the risk equivalents of CHD, and they can
be expected to have an absolute benefit similar to those with
established CHD.

All patients who smoke should be encouraged to quit and
should be provided with help in quitting at every opportuni-
ty. Even a single recommendation by a clinician to quit
smoking can have a meaningful impact on the rate of cessa-
tion of smoking. The most effective strategies for encourag-
ing quitting are those that identify patients’ level or stage of
readiness and provide information, support, and, if neces-
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sary, pharmacotherapy targeted at the individual’s readiness
and specific needs (66,70). Pharmacotherapy may include
nicotine replacement or withdrawal-relieving medication
such as bupropion. Most patients require several attempts
before succeeding in quitting permanently. Additional dis-
cussion in this area can be found in the ACC/AHA 2002
Guideline Update for the Management of Patients With
Chronic Stable Angina (71).

All patients should be instructed in and encouraged to
maintain appropriate low-saturated-fat and low-cholesterol
diets high in soluble (viscous) fiber and rich in vegetables,
fruits, and whole grains. The statin drugs have the best out-
come evidence supporting their use and should be the main-
stay of pharmacological intervention (62). The appropriate
levels for lipid management are dependent on baseline risk;
the reader is referred to the NCEP report for details (59).

Primary prevention patients with high blood pressure
should be treated according to the recommendations of the
Seventh Joint National Committee on High Blood Pressure
(JNC-7) (72,73). Specific treatment recommendations are
based on the level of hypertension and the patient’s other risk
factors. A diet low in salt and rich in vegetables, fruits, and
low-fat dairy products should be encouraged for all hyper-
tensive patients, as should a regular aerobic exercise pro-
gram. Most patients will require more than 1 medication to
achieve blood pressure control, and pharmacotherapy should
begin with known outcome-improving medications (primari-
ly thiazide diuretics as first choice, with the addition of beta-
blockers, ACE inhibitors, angiotensin receptor blockers, and
long-acting calcium channel blockers) (72,74). Systolic
hypertension is a powerful predictor of adverse outcome,
particularly among the elderly, and should be treated even if
diastolic pressures are normal (75).

Aspirin prophylaxis can uncommonly result in hemorrhag-
ic complications and should only be used in primary preven-
tion when the level of risk justifies it. Patients whose 10-year
risk of CHD is 6% or more are most likely to benefit, and
aspirin 75 to 162 mg/d as primary prophylaxis should be dis-
cussed with such patients (76-79).

3.3. Patient Education for Early Recognition and
Response to STEMI

Class |

1. Patients with symptoms of STEMI (chest discomfort
with or without radiation to the arms[s], back, neck,
jaw, or epigastrium; shortness of breath; weakness;
diaphoresis; nausea; lightheadedness) should be
transported to the hospital by ambulance rather than
by friends or relatives. (Level of Evidence: B)

2. Healthcare providers should actively address the fol-
lowing issues regarding STEMI with patients and
their families:

a. The patient’s heart attack risk (Level of Evidence: C)

b. How to recognize symptoms of STEMI (Level of
Evidence: C)

c. The advisability of calling 9-1-1 if symptoms are
unimproved or worsening after 5 minutes, despite
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feelings of uncertainty about the symptoms and
fear of potential embarrassment (Level of
Evidence: C)

d. Anplan for appropriate recognition and response to
a potential acute cardiac event, including the phone
number to access EMS, generally 9-1-1 (80) (Level
of Evidence: C)

3. Healthcare providers should instruct patients for
whom nitroglycerin has been prescribed previously to
take ONE nitroglycerin dose sublingually in response
to chest discomfort/pain. If chest discomfort/pain is
unimproved or worsening 5 minutes after 1 nitroglyc-
erin dose has been taken, it is recommended that the
patient or family member/friend call 9-1-1 immediate-
ly to access EMS. (Level of Evidence: C)

Morbidity and mortality from STEMI can be reduced sig-
nificantly if patients and bystanders recognize symptoms
early, activate the EMS system, and thereby shorten the time
to definitive treatment. Patients with possible symptoms of
STEMI should be transported to the hospital by ambulance
rather than by friends or relatives, because there is a signifi-
cant association between arrival at the ED by ambulance and
early reperfusion therapy (81-84). In addition, emergency
medical technicians (EMTs) and paramedics can provide
life-saving interventions (e.g., early cardiopulmonary resus-
citation [CPR] and defibrillation) if the patient develops car-
diac arrest. Approximately 1 in every 300 patients with chest
pain transported to the ED by private vehicle goes into car-
diac arrest en route (85).

Several studies have confirmed that patients with STEMI
usually do not call 9-1-1 and are not transported to the hos-
pital by ambulance. A follow-up survey of chest pain patients
presenting to participating EDs in 20 US communities who
were either released or admitted to the hospital with a con-
firmed coronary event revealed that the average proportion
of patients who used EMS was 23%, with significant geo-
graphic difference (range 10% to 48%). Most patients were
driven by someone else (60%) or drove themselves to the
hospital (16%) (86). In the National Registry of Myocardial
Infarction 2, just over half (53%) of patients with STEMI
were transported to the hospital by ambulance (82).

Even in areas of the country that have undertaken substan-
tial public education on warning signs of STEMI and the
need to activate the EMS system rapidly, either there were no
increases in EMS use (87-91) or EMS use increased (as a
secondary outcome measure) but was still suboptimal, with a
20% increase from a baseline of 33% in all 20 communities
in the Rapid Early Action for Coronary Treatment (REACT)
study (92) and an increase from 27% to 41% in southern
Minnesota after a community campaign (93). Given the
importance of patients using EMS for possible acute cardiac
symptoms, communities, including medical providers, EMS
systems, healthcare insurers, hospitals, and policy makers at
the state and local level, need to have agreed-upon emer-
gency protocols to ensure patients with possible heart attack
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symptoms will be able to access 9-1-1 without barriers, to
secure their timely evaluation and treatment (94).

As part of making a plan with the patient for timely recog-
nition and response to an acute event, providers should
review instructions for taking nitroglycerin in response to
chest discomfort/pain. If a patient has previously been pre-
scribed nitroglycerin, it is recommended that the patient be
advised to take ONE nitroglycerin dose sublingually prompt-
ly for chest discomfort/pain. If symptoms are unimproved or
worsening 5 minutes after ONE nitroglycerin dose has been
taken, it is also recommended that the patient be instructed to
call 9-1-1 immediately to access EMS. Although the tradi-
tional recommendation is for patients to take 1 nitroglycerin
dose sublingually, 5 minutes apart, for up to 3 doses before
calling for emergency evaluation, this recommendation has
been modified by the writing committee to encourage earlier
contacting of EMS by patients with symptoms suggestive of
STEMI. Self-treatment with prescription medication, includ-
ing nitrates, and with nonprescription medication (e.g.,
antacids) has been documented as a frequent cause of delay
among patients with STEMI, including those with a history
of MI or angina (95,96). Both the rate of use of these med-
ications and the number of doses taken were positively cor-
related with delay time to hospital arrival (95).

Family members, close friends, or advocates should be
included in these discussions and enlisted as reinforcement
for rapid action when the patient experiences symptoms of a
possible STEMI (3,80,97) (Figure 4). For patients known to
their providers to have frequent angina, physicians may con-
sider a selected, more tailored message that takes into
account the frequency and character of the patient’s angina
and their typical time course of response to nitroglycerin.
Avoidance of patient delay associated with self-medication
and prolonged re-evaluation of symptoms is paramount.

Taking an aspirin in response to acute symptoms by
patients has been reported to be associated with a delay in
calling EMS (86). Patients should focus on calling 9-1-1,
which activates the EMS system, where they may receive
instructions from emergency medical dispatchers to chew
aspirin (162 to 325 mg) while emergency personnel are en
route, or emergency personnel can give an aspirin while
transporting the patient to the hospital (98). Alternatively,
patients may receive an aspirin as part of their early treat-
ment once they arrive at the hospital if it has not been given
in the prehospital setting (3).

Providers should target those patients at increased risk for
STEMI, focusing on patients with known CHD, peripheral
vascular disease, or cerebral vascular disease, those with dia-
betes, and patients with 10-year Framingham risk of CHD of
greater than 20% (99). They should stress that the chest dis-
comfort will usually not be dramatic, such as is commonly
misrepresented on television or in the movies as a
“Hollywood heart attack.” Providers should also describe
anginal equivalents and the commonly associated symptoms
of STEMI (e.g., shortness of breath, a cold sweat, nausea, or
lightheadedness) in both men and women (83), as well as the
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increased frequency of atypical symptoms in elderly patients
(100).

In September 2001, the NHAAP and the AHA launched a
campaign urging patients and providers to “Act in Time to
Heart Attack Signs” (101). The campaign urges both men
and women who feel heart attack symptoms or observe the
signs in others to wait no more than a few minutes, 5 minutes
at most, before calling 9-1-1 (101,102). Campaign materials
point out that patients can increase their chance of surviving
a STEMI by learning the symptoms and filling out a survival
plan. They also are advised to talk with their doctor about
heart attack and how to reduce their risk of having one. The
patient materials include a free brochure about symptoms
and recommended actions for survival, in English (103) and
Spanish (104), as well as a free wallet card that can be filled
in with emergency medical information (105). Materials
geared directly to providers include a Patient Action Plan
Tablet (106), which contains the heart attack warning symp-
toms and steps for developing a survival plan individualized
with the patient’s name; a quick reference card for address-
ing common patient questions about seeking early treatment
to survive a heart attack (107), including a palm pilot version
(108); and a warning signs wall chart (109). These materials
and others are available on the “Act in Time” Web page
(www.nhlbi.nih.gov/actintime) (51,101) (Figure 5).

4. ONSET OF STEMI
4.1. Recognition of Symptoms by Patient

Early recognition of symptoms of STEMI by the patient or
someone with the patient is the first step that must occur
before evaluation and life-saving treatment can be obtained.
Although many lay persons are generally aware that chest
pain is a presenting symptom of STEMI, they are unaware of
the common associated symptoms, such as arm pain, lower
jaw pain, shortness of breath, and diaphoresis (111) or angi-
nal equivalents. The average patient with STEMI does not
seek medical care for approximately 2 hours after symptom
onset, and this pattern appears unchanged over the last
decade (45,87,112). Average and median delays for patients
with STEMI were 4.7 and 2.3 hours, respectively, from the
14-country Global Registry of Acute Coronary Events
(GRACE) project. Approximately 41% of patients with
STEMI presented to the 94 study hospitals within 2 hours of
acute cardiac ischemia symptom onset (113).

A baseline analysis from the REACT research program
demonstrated longer delay times among non-Hispanic
blacks, older patients, and Medicaid-only recipients and
shorter delay times among Medicare recipients (compared
with privately insured patients) and among patients who
came to the hospital by ambulance (87). In the majority of
studies examined to date, women in both univariate and mul-
tivariate adjusted analyses (in which age and other potential-
ly confounding variables have been controlled) exhibit more
prolonged delay patterns than men (113).

A number of studies have provided insight into why
patients delay in seeking early care for heart symptoms
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Figure 5. Act in Tlme to

usetne |1 IVL.E. Method To Help Your Patients
Make a Heart Attack Survival Plan

Why Your Patients Need To Actin Time to
Heart Attack Signs

Coronary heart disease is the leading killer of
both men and women in the United States. Each
year, about 1.1 million Americans suffer a heart
attack. About 460,000 of those heart attacks are
fatal. Disability and death from heart attack can be
reduced with prompt thrombolytic and other
artery-opening therapies—ideally given within the

first hour after symptom onset. Patient delay is the
largest barrier to receiving therapy quickly.

Heart Attack Warning Signs

4 Chest discomiort (pressure, squeezing,
fullness, or pain in the center of the chest)

4 Discomfort in one or both arms, back, neck,
jaw, or stomach

4 Shortness of breath (often comes with or
before chest discomfort)

4 Breaking out in a cold sweat, nausea, or
light-headedness

Uncertainty Is Normal

Most people think a heart attack is sudden and
intense, like a “movie heart attack.” The fact is that
many heart attacks start slowly as mild pain or dis-
comfort. People who feel such symptoms may not
be sure what is wrong.

Ilelau Can Be Deadly

| Most heart attack victims wait 2 or
more hours after symptoms begin

14 before they seek medical help. People
é often take a wait-and-see approach or
- deny that their symptoms are serious.
Every minute that passes without treatment means
that more heart muscle dies.

Calling 9-1-1Saves lives
Minutes matter. Anyone with heart attack symp-
toms should not wait more than a few minutes—

5 minutes at most—to call 9-1-1.

From: Act in Time to Heart Attack Signs. Action Plan. U.S.
Department of Health and Human Services. Public Health Service.
National Institutes of Health. National Heart, Lung, and Blood
Institute. NIH Publication No. 01-3313, September 2001
http://nhlbi.nih.gov/health/prof/heart/mi/provider.pdf (110)

Use the T.1.M.E Method:

Talk with your patients about—
A Risk of a heart attack.
A Recognition of symptoms.
A Right action steps to take/rationale for
rapid action.
A Rx-give instructions for when symptoms
occur (based on patient history).
A Remembering to call 9-1-1 quickly—
within 5 minutes.
'nvestigate—
4 Feelings about heart attack.
A Barriers to symptom evaluation and
response.
A Personal and family experience with AMI
and emergency medical treatment.

Iake a plan—

4 Help patients and their family members to
make a plan for exactly what to do in case
of heart attack symptoms.

4 Encourage patients and their family
members to rehearse the plan.

‘valuate—
4 The patient’s understanding of risk in
delaying.
4 The patient’s understanding of your
recommendations.
4 The family’s understanding of risk and
their plan for action.

Additional Resources

Find information and educational materials at the
National Heart, Lung, and Blood Institute Web
site: www.nhlbi.nih.gov and the American Heart
Association Web site: www.americanheart.org

NATIONAL

INSTITUTES OF HEALTH
NATIONAL HEART. LUNG, AND BLOOD INSTITUTE
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Table 2. Reasons Patients Delay Seeking Medical Attention for
Symptoms of ST-Elevation Myocardial Infarction

Expected a dramatic presentation
Thought symptoms were not serious/would go away
Took a “wait and see” approach to the initial symptoms that included
self-evaluation, self-treatment, and reassessment until “certain”
Tended to attribute symptoms to other chronic conditions (e.g.,
arthritis, muscle strain) or common illnesses (e.g., influenza)
Lacked awareness of the benefits of rapid action, reperfusion treat-
ment, or of the importance of calling EMS/9-1-1 for acute Ml
symptoms
Expressed fear of embarrassment if symptoms turned out to be a
false alarm; reluctant to “bother” physicians or EMS unless “really
sick”; need “permission” from others such as healthcare providers,
spouses, family to take rapid action
Few ever discussed symptoms, responses, or actions for a heart
attack in advance with family or providers
Stereotypes of who is at risk for a heart attack
Not perceived at risk if:
Young and healthy (especially men)
A woman
Under a doctor’s care or making lifestyle changes (especially
men with risk factors)

Based on findings from Finnegan et al. Preventive Medicine 2000;31:205-13 (114).

(Table 2) (114). Focus groups conducted for the REACT
research program (92,115) revealed that patients commonly
hold a pre-existing expectation that a heart attack would
present dramatically with severe, crushing chest pain, such
that there would be no doubt that one was occurring. This
was in contrast to their actual reported symptom experience
of a gradual onset of discomfort involving midsternal chest
pressure or tightness, with other associated symptoms often
increasing in intensity. The ambiguity of these symptoms,
due to this disconnect between prior expectations and actual
experience, resulted in uncertainty about the origin of symp-
toms and thus a “wait-and-see” posture by patients and those
around them (114). Other reported reasons for delay were
that patients thought the symptoms were self-limited and
would go away or were not serious (95,116,117); that they
attributed symptoms to other pre-existing chronic conditions,
especially among the elderly with multiple chronic condi-
tions (e.g., arthritis), or sometimes to a common illness such
as influenza; that they were afraid of being embarrassed if
symptoms turned out to be a “false alarm”; that they were
reluctant to trouble others (e.g., providers, EMS) unless they
were “really sick” (95,116,117); that they held stereotypes of
who is at risk for a heart attack; and that they lacked aware-
ness of the importance of rapid action, knowledge of reper-
fusion treatment, or knowledge of the benefits of calling
EMS/9-1-1 to ensure earlier treatment (Table 2) (Figure 5)
(51,114) . Notably, women did not perceive themselves to be
at risk (53).

4.1.1. Silent and Unrecognized Events

Patients experiencing STEMI do not always present with
chest discomfort (118). The Framingham Study was the first
to show that as many as half of all Mls may be clinically
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silent and unrecognized by the patient (119). Canto et al.
(100) found that one third of the 434877 patients with con-
firmed M1 in the National Registry of Myocardial Infarction
(NRMI) (100) presented to the hospital with symptoms other
than chest discomfort. Compared with M| patients with chest
discomfort, Ml patients without chest discomfort were more
likely to be older (74.2 versus 66.9 years), women (49.0%
versus 38.0%), diabetic (32.6% versus 25.4%), and/or have
prior heart failure (26.4% versus 12.3%). MI patients with-
out chest discomfort delayed longer before they went to the
hospital (mean 7.9 versus 5.3 hours) and were less likely to
be diagnosed as having an M1 when admitted (22.2% versus
50.3%). They also were less likely to receive fibrinolysis or
primary percutaneous coronary intervention (PCI) (25.3%
versus 74.0%), aspirin (60.4% versus 84.5%), beta-blockers
(28.0% versus 48.0%), or heparin (53.4% versus 83.2%).
Silent MI patients were 2.2 times (95% confidence interval
[CI] 2.17 to 2.26) more likely to die during the hospitaliza-
tion (in-hospital mortality rate 23.3% versus 9.3%).
Healthcare providers should maintain a high index of suspi-
cion for MI when evaluating women, diabetics, older
patients, and those with a history of heart failure, as well as
those patients complaining of chest discomfort but who have
a permanent pacemaker that may confound recognition of
STEMI on their 12-lead ECG (120).

4.2. Out-of-Hospital Cardiac Arrest

Class |

1. All communities should create and maintain a strong
“Chain of Survival” for out-of-hospital cardiac arrest
that includes early access (recognition of the problem
and activation of the EMS system by a bystander),
early CPR, early defibrillation for patients who need
it, and early advanced cardiac life support (ACLS).
(Level of Evidence: C)

2. Family members of patients experiencing STEMI
should be advised to take CPR training and familiar-
ize themselves with the use of an automated external
defibrillator (AED). In addition, they should be
referred to a CPR training program that has a social
support component for family members of post-
STEMI patients. (Level of Evidence: B)

The majority of deaths from STEMI occur within the first
1 to 2 hours after symptom onset, usually from ventricular
fibrillation (VF). Survival from VF is inversely related to the
time interval between its onset and termination. For each
minute that a patient remains in VVF, the odds of survival
decrease by 7% to 10% (121). Survival is optimal when both
CPR and ACLS, including defibrillation and drug therapy,
are provided early.

The AHA has introduced the “chain of survival” concept to
represent a sequence of events that ideally should occur to
maximize the odds of successful resuscitation from cardiac
arrest (121). The links in the chain include early access
(recognition of the problem and activation of the EMS sys-



Antman et al. 2004
€97  ACC/AHA Practice Guidelines

tem by a bystander), early CPR, early defibrillation for
patients who need it, and early ACLS.

Although estimates of overall survival from out-of-hospital
cardiac arrest in the United States are as low as 5%, survival
in patients who are in VF initially can be much higher. The
percentage of patients who are found in VF and the likeli-
hood of survival are higher if the patient’s collapse is wit-
nessed, bystander CPR is performed, and a monitor/defibril-
lator can be applied quickly. For example, 27% of patients
with witnessed out-of-hospital cardiac arrest in Seattle, WA,
survived to leave the hospital when bystanders performed
CPR (122). Only 13% survived without bystander CPR.
Emerging data suggest that treatment of VF with immediate
defibrillation, irrespective of “down time,” may not be opti-
mal for all patients and that as the duration of cardiac arrest
increases, different interventions may take priority over
defibrillation, such as a period of chest compressions (with
associated tissue oxygen delivery) after 3 minutes of VF
before defibrillation (123).

There is often a long delay from the recognition of cardiac
arrest to defibrillation in rural areas where travel time is long
and in densely populated urban areas. Survival rates are often
extremely low in such settings (124-126). In Seattle, WA, the
majority of out-of-hospital cardiac arrest victims receive
defibrillation within 5 to 7 minutes after the recognition of
out-of-hospital cardiac arrest. In Rochester, MN, the addition
of a police defibrillation program to conventional EMS serv-
ices resulted in a median time to first shock of 5.9 minutes
for patients in VF and a 49% rate of survival to discharge
(127). Total cumulative survival experience at 7 years in this
community was 40% (128). Outcomes data on all Rochester,
MN, patients who had an out-of-hospital cardiac arrest with
VF from 1990 to 2000 who received defibrillation from
emergency personnel showed that 72% survived to hospital
admission and 40% were neurologically intact at discharge,
with a mean follow-up of 4.8 years (129).

The key to improved survival appears to be the availability
of early defibrillation. In the Ontario Pre-hospital Advanced
Life Support (OPALS) study, which involved 19 suburban
and urban communities, improving the proportion of out-of-
hospital cardiac arrest patients who were reached by a defib-
rillation-equipped ambulance within 8 minutes from 77% to
93% increased survival to hospital discharge from 3.9% to
5.2% (130). A 2-year prospective study at 3 Chicago, IL, air-
ports of readily accessible AEDs in well-marked areas of the
airport reported successful resuscitation in 11 of 18 patients
with VF. Ten of the 18 were alive and neurologically intact at
1 year of follow-up (131).

Family members of patients with STEMI should be
referred to a CPR program that combines CPR training with
social support (132,133) (see Section 7.12.1). One study of
the impact of in-home defibrillators on post-MI patients and
their significant others reported that AEDs were valued by
the participants and increased their perception of control
over their heart disease, notably for those who believed their
risk of cardiac arrest to be high (134). Research is under way
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to test the safety and effectiveness of home use of AEDs by
family members of patients after M1 (135).

5. PREHOSPITAL ISSUES
5.1. Emergency Medical Services Systems

Class |

1. All EMS first responders who respond to patients
with chest pain and/or suspected cardiac arrest should
be trained and equipped to provide early defibrilla-
tion. (Level of Evidence: A)

2. All public safety first responders who respond to
patients with chest pain and/or suspected cardiac
arrest should be trained and equipped to provide
early defibrillation with AEDs. (Provision of early
defibrillation with AEDs by non-public safety first
responders is a promising new strategy, but further
study is needed to determine its safety and efficacy.)
(Level of Evidence: B)

3. Dispatchers staffing 9-1-1 center emergency medical
calls should have medical training, should use nation-
ally developed and maintained protocols, and should
have a quality-improvement system in place to ensure
compliance with protocols. (Level of Evidence: C)

EMS systems vary considerably among communities in
their ability to evaluate and treat suspected patients with
STEMI, with some providing little beyond first aid and early
defibrillation, whereas others have highly trained paramedics
with sophisticated technology and advanced protocols.

EMS systems have 3 traditional components: emergency
medical dispatch, first response, and EMS ambulance
response.

Emergency Medical Dispatch. Early access to EMS is pro-
moted by a 9-1-1 system currently available to more than
90% of the United States population. Enhanced 9-1-1 sys-
tems provide the caller’s location to the dispatcher, which
permits rapid dispatch of prehospital personnel to locations
even if the caller is not capable of verbalizing or the dis-
patcher cannot understand the location of the emergency. A
major challenge is the widespread proliferation and use of
cell phones. Current cell phone technology does not provide
the location of the caller to an enhanced 9-1-1 center.
Instead, such calls are usually answered by the state police,
who then attempt to determine the location of the emergency
and forward the call to the appropriate 9-1-1 center. Such
additional steps often result in substantial delays in the dis-
patch of emergency units to the scene. Several technological
solutions to this problem exist but have not yet been imple-
mented by the cell phone industry. EMS healthcare workers
should encourage enhanced cell phone technology to identi-
fy caller location on 9-1-1 systems.

In most communities, law enforcement or public safety
officials are responsible for operating 9-1-1 centers, because
in most locations, 85% of calls are for police assistance, 10%
are for EMS, and 5% are for fire-related emergencies.
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Dispatchers who staff 9-1-1 centers typically have only min-
imal medical background and training and usually operate by
following written cards and protocols that in many cases are
designed and updated locally. High-performance centers
employ EMTs and/or paramedics who are specially trained
and certified as emergency medical dispatchers. They, too,
operate under written protocols, but such protocols are usu-
ally developed and upgraded at the national level. Such cen-
ters typically have intense quality-assurance programs to
ensure that emergency medical dispatchers follow protocols
and procedures correctly and consistently. This is particular-
ly true for the prearrival instructions that are given to cardiac
arrest bystanders to instruct them on how to perform CPR
while awaiting arrival of emergency personnel (phone CPR)
(136). Efforts to shorten the time for contact of the STEMI
patient with the medical system are likely to require expan-
sion of the number of trained emergency response personnel
and consideration of streamlining methods for distinguishing
emergency calls for medical assistance from other emergen-
cies using separate phone numbers, as is the practice cur-
rently in some European countries.

First Response. To minimize time to treatment, particularly
for cardiopulmonary arrest, many communities allow volun-
teer and/or paid firefighters and other first-aid providers to
function as first responders, providing CPR and, increasing-
ly, early defibrillation using AEDs until EMTs and para-
medics arrive. AEDs have been shown to be safe and effec-
tive when used by trained first responders with a duty to act
(137-139). Systems that incorporate AEDs to shorten
response times are highly desirable. Ideally, there should be
a sufficient number of trained personnel so that a trained first
responder can be at the victim’s side within 5 minutes of the
call.

Another popular community approach to increase the num-
ber of out-of-hospital VF patients who receive early defibril-
lation is public access defibrillation (PAD), so named
because the intent is to have laypersons perform early defib-
rillation. Experience thus far has been favorable in terms of
efficacy and safety when trained public safety laypersons
(e.g., flight attendants or security officers) have been allowed
to use AEDs to treat cardiac arrest victims (131,140,141).
Provision of early defibrillation with AEDs by non—public
safety first responders is a promising new strategy to prevent
sudden cardiac death after the onset of STEMI, but further
study is needed to determine its safety and efficacy (142-
147) (Ornato JP; oral presentation, American Heart
Association 2003 Annual Scientific Sessions, November
2003, Orlando, FL).

EMS Ambulance Response. Most cities and larger suburban
areas provide EMS ambulance services with providers from
the fire department, a private ambulance company, and/or
volunteers. The most common pattern is a tiered system in
which some of the ambulances are staffed and equipped at
the basic EMT level (which includes first aid and early defib-
rillation with AEDs) and other units (either transporting or
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nontransporting) are staffed by paramedics or other interme-
diate-level EMTs (who can, in addition to basic care, start
intravenous [IV] drips, intubate, and administer medica-
tions). In some systems, the advanced providers can also per-
form 12-lead ECGs, provide external pacing for sympto-
matic bradycardia, and utilize other techniques. Some high-
performance EMS systems have only advanced life sup-
port-staffed ambulances (all-ALS systems). Advantages of
such systems are that they provide a uniform standard of care
and, surprisingly, can actually lower cost by eliminating the
need to dispatch 2 units in response to calls in which it is not
clear to dispatchers initially that the patient needs advanced
life support (149). The potential disadvantage of such mod-
els is that they typically have a relatively large number of
paramedics, each of whom gets to perform their advanced
skills less frequently than the smaller number of paramedics
typically found in tiered systems (150).

Rural areas typically provide primarily basic life support
ambulance services, usually by volunteers supplemented by
a relatively small number of ALS units. In some cases, ALS
is provided by paramedics or helicopter personnel who
respond to the scene in addition to the basic life support
ambulance.

5.2. Prehospital Chest Pain Evaluation
and Treatment

Class |

Prehospital EMS providers should administer 162 to
325 mg of aspirin (chewed) to chest pain patients sus-
pected of having STEMI unless contraindicated or
already taken by the patient. Although some trials
have used enteric-coated aspirin for initial dosing,
more rapid buccal absorption occurs with non—enteric-
coated formulations. (Level of Evidence: C)

Class lla

1. It is reasonable for all 9-1-1 dispatchers to advise
patients without a history of aspirin allergy who have
symptoms of STEMI to chew aspirin (162 to 325 mg)
while awaiting arrival of prehospital EMS providers.
Although some trials have used enteric-coated aspirin
for initial dosing, more rapid buccal absorption
occurs with non-enteric-coated formulations. (Level
of Evidence: C)

2. Itis reasonable that all ACLS providers perform and
evaluate 12-lead ECGs routinely on chest pain
patients suspected of STEMI. (Level of Evidence: B)

3. If the ECG shows evidence of STEMI, it is reasonable
that prehospital ACLS providers review a reperfusion
“checklist” and relay the ECG and checklist findings
to a predetermined medical control facility and/or
receiving hospital. (Level of Evidence: C)

Because the potential benefits of early aspirin use are great
and the risks and costs are low, it is reasonable for physicians
to encourage the prehospital administration of aspirin via
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EMS personnel (i.e., EMS dispatchers and providers) to
patients with symptoms suggestive of STEMI unless its use
is contraindicated (151). The AHA chest pain algorithm can
be adapted for use by prehospital emergency personnel. This
protocol recommends empirical treatment of patients with
suspected STEMI with Morphine, Oxygen, Nitroglycerin,
and Aspirin (MONA) (102). Although short-acting nitroglyc-
erin is often administered for temporary symptomatic relief,
it can precipitate hypotension (especially if right ventricular
[RV] infarction is present), and long-term nitrates have not
been shown to decrease mortality in patients with STEMI
(152). To facilitate earlier aspirin administration, it is reason-
able that 9-1-1 dispatchers advise non-aspirin-allergic
patients with symptoms of STEMI to chew 162 to 325 mg of
aspirin while awaiting arrival of prehospital EMS providers.
In the absence of instructions by emergency medical dis-
patchers, prehospital EMS providers (under medical direc-
tion) should administer an aspirin en route to the hospital as
noted above. Although some trials have used enteric-coated
aspirin for initial dosing, more rapid buccal absorption
occurs with non—enteric-coated formulations.

The AHA (102), the 31st Bethesda Conference of the
American College of Cardiology (153), and a technology
review supported by the NHLBI’s NHAAP (154) strongly
encourage the use of 12-lead ECGs by paramedics to evalu-
ate all patients with chest discomfort suspected to be of
ischemic origin in the prehospital setting (Figure 6) (Table 3)
(155). This requires providing training and 12-lead ECG
equipment to all ACLS personnel.

For patients who have ECG evidence of STEMI, it is rea-
sonable that paramedics review a reperfusion checklist and
relay the ECG and checklist findings to a predetermined
medical control facility and/or receiving hospital (Table 3).
The checklist should be designed to determine the presence
or absence of comorbid conditions and underlying conditions
in which fibrinolytic therapy may be hazardous. The check-
list should also facilitate detection of patients with suspected
STEMI who are at especially high risk (see Table 3), includ-
ing those with severe heart failure or cardiogenic shock, for
whom primary PCI is generally the preferred reperfusion
strategy. (See Section 6.3.1.6.4.2.)

Active involvement of local healthcare providers, particu-
larly cardiologists and emergency physicians, is needed to
formulate local EMS protocols for patients with suspected
STEMI, provide training, and secure equipment. In the
future, regional centers of excellence for care of patients with
STEMI may facilitate improvement of EMS protocols (56-
58).

5.3. Prehospital Fibrinolysis

Class lla
Establishment of a prehospital fibrinolysis protocol is
reasonable in 1) settings in which physicians are pres-
ent in the ambulance or 2) well-organized EMS sys-
tems with full-time paramedics who have 12-lead
ECGs in the field with transmission capability, para-
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medic initial and ongoing training in ECG interpreta-
tion and STEMI treatment, on-line medical com-
mand, a medical director with training/experience in
STEMI management, and an ongoing continuous
quality-improvement program. (Level of Evidence: B)

The selection of reperfusion strategy is discussed in
Section 6.3.1.6.2 and involves assessment of the time from
onset of symptoms, risk of STEMI, risk of bleeding, and the
time required for transport to a skilled PCI lab. This section
discusses issues related to prehospital fibrinolysis, which
may bear on the timing and selection of reperfusion therapy.

Randomized controlled trials of fibrinolytic therapy have
demonstrated the benefit of initiating fibrinolytic therapy as
early as possible after onset of ischemic-type chest discom-
fort (155-157) (Figure 6). It seems reasonable to expect that
if fibrinolytic therapy could be started at the time of prehos-
pital evaluation, a greater number of lives could be saved. In
Assessment of the Safety and Efficacy of a New
Thrombolytic Regimen (ASSENT)-3, 53% of patients
received prehospital fibrinolysis within 2 hours after symp-
tom onset (158). The value of reducing delay until treatment
depends not only on the amount of time saved but also on
when it occurs. Available data suggest that time saved with-
in the first 1 to 2 hours has greater biological importance than
time saved during the later stages of STEMI (156,157,159-
164). Several randomized trials of prehospital-initiated fibri-
nolysis have advanced our understanding of the impact of
early treatment (Table 4) (159,165-174). Acquisition of 12-
lead ECGs in the field and use of a reperfusion checklist
(Table 3) lead to more rapid prehospital and hospital care
(159,175). Although none of the individual trials showed a
reduction in mortality with prehospital-initiated fibrinolytic
therapy, a meta-analysis of all available trials (before the
Comparison of Angioplasty and Prehospital Thrombolysis in
Acute Myocardial Infarction trial [CAPTIM], which was
performed after the meta-analysis) (173) demonstrated a
17% relative improvement in outcome associated with pre-
hospital fibrinolytic therapy compared with in-hospital fibri-
nolytic therapy (95% CI 2% to 29%) (171). In the CAPTIM
trial, patients randomized less than 2 hours after symptom
onset had a strong trend toward lower 30-day mortality with
prehospital fibrinolysis than did those randomized to primary
PCI (2.2% versus 5.7%, p equals 0.058) (176). Similarly,
patients in PRimary Angioplasty in patients transferred from
General community hospitals to specialized PTCA Units
with or without Emergency thrombolysis (PRAGUE-2) who
were randomized within 3 hours of symptom onset (n equals
551) had no difference in mortality whether treated by fibri-
nolysis (7.4%) or transferred for PCI (7.3%) (177). Systems
that have extensive experience with prehospital fibrinolysis
with physician attendance in the ambulance and a well-inte-
grated mechanism for obtaining and transmitting a 12-lead
ECG continue to show excellent short- and long-term mor-
tality results with prehospital fibrinolysis. Using data from a
national registry, investigators in France reported 1-year
mortality from STEMI of 6% in patients receiving prehospi-
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Figure 6. Options for transportation of patients with STEMI and initial reperfusion treatment. Panel A: Patient transported by EMS after calling 9-1-
1: Reperfusion in patients with STEMI can be accomplished by the pharmacologic (fibrinolysis) or catheter-based (primary PCI) approaches.
Implementation of these strategies varies based on the mode of transportation of the patient and capabilities at the receiving hospital. Transport time
to the hospital is variable from case to case, but the goal is to keep total ischemic time within 120 min. There are 3 possibilities: 1) If EMS has fibri-
nolytic capability and the patient qualifies for therapy, prehospital fibrinolysis should be started within 30 min of EMS arrival on scene; 2) If EMS is not
capable of administering prehospital fibrinolysis and the patient is transported to a non—PCl-capable hospital, the hospital door-needle time should
within 30 minutes for patients in whom fibrinolysis is indicated; 3) If EMS is not capable of administering prehospital fibrinolysis and the patient is trans-
ported to a PCl-capable hospital, the hospital door-to-balloon time should be within 90 min. Interhospital transfer: It is also appropriate to consider
emergency interhospital transfer of the patient to a PCl-capable hospital for mechanical revascularization if: 1) there is a contraindication to fibrinoly-
sis; 2) PCI can be initiated promptly (within 90 minutes after the patient presented to the initial receiving hospital or within 60 minutes compared to

when fibrinolysis with a fibrin-specific agent could be initiated at the initial receiving hospital); 3) fibrinolysis is administered and is unsuccessful (i.e.,
"rescue PCI"). Secondary non-emergency interhospital transfer can be considered for recurrent ischemia. Patient self transport: Patient self-trans-
portation is discouraged. If the patient arrives at a non-PCI capable hospital, the door-to-needle time should within 30 min. If the patient arrives at PCI-
capable hospital, the door-to-balloon time should be within 90 min. The treatment options and time recommended after first hospital arrival are the
same. Panel B: For patients who receive fibrinolysis, noninvasive risk stratification is recommended to identify the need for rescue PCI (failed fibrinol-
ysis) or ischemia driven PCI. See Sections 6.3.1.6.4.5 and 6.3.1.6.7 in the full-text guidelines. Regardless of the initial method of reperfusion treatment,
all patients should receive late hospital care and secondary prevention of STEMI. TThe medical system goal is to facilitate rapid recognition and treat-
ment of patients with STEMI such that door-to-needle (or medical contact—to-needle) for initiation of fibrinolytic therapy can be achieved within 30 min-

utes or that door-to-balloon (or medical contact-to-balloon) for PCI can be achieved within 90 minutes. These goals should not be understood as ‘ideal’
times, but rather the longest times that should be considered acceptable for a given system. Systems that are able to achieve even more rapid times

for treatment of patients with STEMI should be encouraged. Modified with permission from Armstrong et al. Circulation 2003;107:2533-7 (155).
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Figure 7. Major components of time delay between onset of symptoms from ST-elevation MI and restoration of flow in the infarct
artery. Plotted sequentially from left to right are shown the time for patients to recognize symptoms and seek medical attention,
transportation to the hospital, in-hospital decision-making, and implementation of reperfusion strategy, in time for restoration of flow
once the reperfusion strategy has been initiated. The time to initiate fibrinolytic therapy is the "door-to-needle" (D-N) time; this is
followed by the period of time required for pharmacologic restoration of flow. More time is required to move the patient to the
catheterization laboratory for a percutaneous coronary interventional (PCI) procedure, referred to as the "door-to-balloon" (D-B)
time, but restoration of flow in the epicardial infarct artery occurs promptly after PCI. At the bottom are shown a variety of methods
for speeding the time to reperfusion along with the goals for the time intervals for the various components of the time delay. Cath
= catheterization; PCI = percutaneous coronary intervention; min = minutes; ECG = electrocardiogram; Ml = myocardial infarction;
Rx = therapy. *These bar graphs are meant to be semiquantitative and not to scale. Modified with permission from Cannon et al. J

Thromb Thrombol 1994;1:27-34 (180).

tal fibrinolysis compared with 11% in patients receiving in-
hospital fibrinolysis or primary PCI; the survival difference
in favor of prehospital fibrinolysis persisted after adjustment
for baseline characteristics (Danchin N; oral presentation,
American Heart Association 2003 Annual Scientific
Sessions, November 2003, Orlando, FL).

The difference between time to fibrinolytic therapy in the
prehospital setting versus the hospital setting can be mini-
mized by improved hospital triage with a decrease in door-
to-needle time to within 30 minutes (179) (Figure 7) (180).
However, only a small percentage (5% to 10%) of patients
with chest pain in the prehospital setting have STEMI and
are eligible for fibrinolytic therapy (159,181,182). Ensuring
proper selection of patients for therapy can be difficult, and
administration of therapy when it is contraindicated has
important medical, legal, and economic implications. For
these reasons, a general national policy of prehospital fibri-
nolytic therapy cannot currently be advocated. Prehospital
fibrinolysis is reasonable in those settings in which physi-

cians are present in the ambulance or prehospital transport
times are more than 60 minutes in high-volume (more than
25000 runs per year) EMS systems (102).

Other considerations for implementing a prehospital fibri-
nolytic service include the ability to transmit ECGs, para-
medic initial and ongoing training in ECG interpretation and
MI treatment, online medical command, and the presence of
a medical director with training/experience in management
of STEMI and full-time paramedics (183). An example of the
time saved by prehospital fibrinolysis is illustrated in a report
from Scotland. The National Health Service in the United
Kingdom established the standard that patients thought to be
suffering from STEMI should receive fibrinolysis within 60
minutes of calling for medical assistance (http://
www.doh.gov.uk/nsf/coronarych3.htm). Three groups of
patients in Scotland were studied: group 1 consisted of
patients (n equals 107) within an urban area who received
fibrinolytic therapy in the hospital, group 2 consisted of
patients (n equals 43) from rural areas who received fibri-
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Figure 8. Cumulative distribution of call-to-needle time. Group 1 refers to patients from an urban area receiving fibrinolysis in the
hospital. Group 2 are patients from rural areas who received fibrinolysis in the hospital. Group 3 are patients from the study area
who received prehospital fibrinolysis. Modified from Pedley et al. BMJ 2003;327:22-6 (183) with permission from the BMJ Publishing

Group.

nolytic therapy in the hospital, and group 3 consisted of
patients (n equals 28) in a rural area who received fibrinolyt-
ic therapy (tenecteplase) in the ambulance by trained para-
medics who were supervised by a medical control officer
(183). Administration of prehospital fibrinolytic therapy
resulted in a median time savings of 73 minutes compared
with patients from rural areas and 28 minutes compared with
patients from urban areas (p less than 0.001). A greater pro-
portion of patients who received prehospital fibrinolytic ther-
apy were in compliance with the National Health Service
standard of “call-to-needle” of 60 minutes (Figure 8) (183).

5.4. Prehospital Destination Protocols

Class |

1. Patients with STEMI who have cardiogenic shock and
are less than 75 years of age should be brought imme-
diately or secondarily transferred to facilities capable
of cardiac catheterization and rapid revascularization
(PCI or CABQG) if it can be performed within 18 hours
of onset of shock. (Level of Evidence: A)

2. Patients with STEMI who have contraindications to
fibrinolytic therapy should be brought immediately or

secondarily transferred promptly (i.e., primary-
receiving hospital door-to-departure time less than 30
minutes) to facilities capable of cardiac catheteriza-
tion and rapid revascularization (PCl or CABG).
(Level of Evidence: B)

3. Every community should have a written protocol that
guides EMS system personnel in determining where to
take patients with suspected or confirmed STEMI.
(Level of Evidence: C)

Class lla

1. It is reasonable that patients with STEMI who have
cardiogenic shock and are 75 years of age or older be
considered for immediate or prompt secondary trans-
fer to facilities capable of cardiac catheterization and
rapid revascularization (PCl or CABG) if it can be
performed within 18 hours of onset of shock. (Level of
Evidence: B)

2. It is reasonable that patients with STEMI who are at
especially high risk of dying, including those with
severe congestive heart failure (CHF), be considered
for immediate or prompt secondary transfer (i.e., pri-
mary-receiving hospital door-to-departure time less
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than 30 minutes) to facilities capable of cardiac
catheterization and rapid revascularization (PCI or
CABG). (Level of Evidence: B)

Every community should have a written protocol that
guides EMS system personnel in determining where to take
patients with suspected or confirmed STEMI. Active
involvement of local healthcare providers, particularly cardi-
ologists and emergency physicians, is needed to formulate
local EMS destination protocols for these patients. In gener-
al, patients with suspected STEMI should be taken to the
nearest appropriate hospital. However, patients with STEMI
and shock are an exception to this general rule (Table 3).

Emergency revascularization improves 1-year survival in
patients with STEMI complicated by cardiogenic shock
(184). Subgroup analysis suggested a differential treatment
effect, with the clearest benefit for those under 75 years of
age. Therefore, whenever possible, patients with STEMI less
than 75 years of age with shock should be transferred to
facilities capable of cardiac catheterization and rapid revas-
cularization (PCI or CABG). On the basis of observations in
the SHOCK Trial Registry and other registries, it is reason-
able to extend such considerations of transfer to invasive
centers for elderly patients with shock (see Section 7.6.5).
Patients with STEMI who have contraindications to fibri-
nolytic therapy and an especially high risk of dying, includ-
ing severe CHF or cardiogenic shock, should be brought
immediately or secondarily transferred promptly (i.e., pri-
mary-receiving hospital door-to-departure time less than 30
minutes) to facilities capable of cardiac catheterization and
rapid revascularization (PCl or CABG). Given the impor-
tance of avoiding delays in time to reperfusion (see Section
6.3.1.6.3.1), direct transport to a facility capable of rapid
revascularization is strongly preferred to interhospital trans-
fer.

6. INITIAL RECOGNITION AND
MANAGEMENT IN THE
EMERGENCY DEPARTMENT

A variety of treatment options (Figure 3) (24-40) are avail-
able that can reduce mortality and morbidity in patients with
STEMI, but the effectiveness of these therapies diminishes
rapidly within the first several hours after symptoms onset
(162,185). The traditional ED evaluation of patients with
chest pain relies heavily on the patient’s history, physical
examination, and the ECG. This approach not infrequently
fails to identify patients who are actually suffering from
STEMI, which results in an inappropriate discharge home
from the ED (186). Such missed MI patients are at relatively
high risk of death or complications for the next 4 to 6 weeks
after ED discharge (187-192).

In a large study on this subject, Pope et al. (188) found that
889 of 10689 patients who presented to 10 US hospital EDs
with chest pain or other symptoms that suggested acute car-
diac ischemia had STEMI; 19 patients (2.1%, 95% CI 1.1%
to 3.1%) were discharged from the ED. Patients with STEMI

Antman et al. 2004
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were more likely not to be hospitalized if they were nonwhite
(odds ratio [OR] for discharge 4.5; 95% CI 1.8 to 11.8) or
had a normal or nondiagnostic ECG (OR 7.7; 95% CI 2.9 to
20.2). The risk-adjusted mortality ratio for MI patients who
were not hospitalized compared with those who were hospi-
talized was 1.9 (95% CI 0.7 to 5.2).

6.1. Optimal Strategies for Emergency
Department Triage

Class |

Hospitals should establish multidisciplinary teams
(including primary care physicians, emergency medi-
cine physicians, cardiologists, nurses, and laboratori-
ans) to develop guideline-based, institution-specific
written protocols for triaging and managing patients
who are seen in the prehospital setting or present to
the ED with symptoms suggestive of STEMI. (Level of
Evidence: B)

The advent of highly effective, time-dependent treatment
for STEMI coupled with the need to reduce healthcare costs
adds further incentive for clinicians to get the right answer
quickly and to reduce unnecessary admissions and length of
hospital stay. Investigators have tried various diagnostic
tools such as clinical decision algorithms, cardiac biomark-
ers, echocardiography, and myocardial perfusion imaging in
an attempt to avoid missing patients with Ml or unstable
angina. The most successful strategies to emerge thus far are
designed to identify MI patients and, when clinically appro-
priate, screen for unstable angina and underlying coronary
artery disease. Most strategies use a combination of cardiac
biomarkers, short-term observation, diagnostic imaging, and
provocative stress testing. An increasing number of high-
quality centers now use structured protocols, checklists, or
critical pathways to screen patients with suspected MI or
unstable angina (193-205). It does not appear to matter
whether the institution designates itself a chest pain center.
Rather, it is the multifaceted, structured approach to the
problem that appears to provide clinical, cost-effective bene-
fit (206,207). One randomized trial has confirmed the safety,
efficacy, and cost-effectiveness of the structured decision-
making approach compared with standard, unstructured care
(208).

6.2. Initial Patient Evaluation

Class |

1. The delay from patient contact with the healthcare
system (arrival at the ED or contact with paramedics)
to initiation of fibrinolytic therapy should be less than
30 minutes. Alternatively, if PCI is chosen, the delay
from patient contact with the healthcare system (typi-
cally, arrival at the ED, or contact with paramedics) to
balloon inflation should be less than 90 minutes.
(Level of Evidence: B)

2. The choice of initial STEMI treatment should be
made by the emergency medicine physician on duty
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Treatment as indicated See ACC/AHA 2002 See Figure 6 of the ACC/AHA 2002 5 v
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(See Table 11 in
the STEMI
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Figure 9. Algorithm for evaluation and management of patients suspected of having acute coronary syndrome. STEMI = ST-elevation
myocardial infarction. Modified from Braunwald et al. J Am Coll Cardiol 2000;36:970-1062 (4).

based on a predetermined, institution-specific, written
protocol that is a collaborative effort of cardiologists
(both those involved in coronary care unit manage-
ment and interventionalists), emergency physicians,
primary care physicians, nurses, and other appropri-
ate personnel. For cases in which the initial diagnosis
and treatment plan are unclear to the emergency
physician or are not covered directly by the agreed-
upon protocol, immediate cardiology consultation is
advisable. (Level of Evidence: C)

Regardless of the approach used, all patients presenting to
the ED with chest discomfort or other symptoms suggestive
of STEMI or unstable angina should be considered high-pri-
ority triage cases and should be evaluated and treated on the
basis of a predetermined, institution-specific chest pain pro-
tocol. The protocol should include several diagnostic possi-
bilities (Figure 9) (4). The patient should be placed on a car-
diac monitor immediately, with emergency resuscitation
equipment, including a defibrillator, nearby. An ECG should
be performed and shown to an experienced emergency med-
icine physician within 10 minutes of ED arrival. If STEMI is
present, the decision as to whether the patient will be treated
with fibrinolytic therapy or primary PCI should be made
within the next 10 minutes (Figure 7) (180). The goal for
patients with STEMI should be to achieve a door-to-needle
time of within 30 minutes and a door-to-balloon time of
within 90 minutes (Figure 6) (155). If the initial ECG is not
diagnostic, the patient remains symptomatic, and there is a
high clinical suspicion for STEMI, serial ECGs at 5- to 10-
minute intervals or continuous ST-segment monitoring
should be performed.

Ideally, such decisions should be made by the emergency
medicine physician on duty in the ED based on a predeter-

mined, institution-specific, written protocol that has been
developed with input from cardiologists (both those involved
in coronary care unit management and interventionalists),
emergency medicine physicians, primary care physicians,
nurses, and other appropriate personnel. For noninterven-
tional hospitals, this will usually require formal, written
transfer agreements and protocols that will permit expedi-
tious transfer of patients who require urgent mechanical
revascularization to the nearest appropriate interventional
facility (Figure 6) (155). The protocol should also include the
level of training and certification of personnel required to
accompany the patient during transfer, the minimum equip-
ment requirements, and the type(s) of transport vehicles
(e.g., standard ground ambulance, mobile intensive care unit,
helicopter, or fixed-wing aircraft) that can be used on the
basis of patient condition. For cases in which the initial diag-
nosis and treatment plan are unclear to the emergency medi-
cine physician or are not covered directly by the agreed-upon
protocol, immediate cardiology consultation is advisable.

6.2.1. History

Class |
The targeted history of STEMI patients taken in the
ED should ascertain whether the patient has had prior
episodes of myocardial ischemia, such as stable or
unstable angina, MI, coronary bypass surgery, or
PCI. Evaluation of the patient’s complaints should
focus on chest discomfort, associated symptoms, sex-
and age-related differences in presentation, hyperten-
sion, diabetes mellitus, possibility of aortic dissection,
risk of bleeding, and clinical cerebrovascular disease
(amaurosis fugax, face/limb weakness or clumsiness,
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face/limb numbness or sensory loss, ataxia, or verti-
go). (Level of Evidence: C)

The history taken in the ED must be concise and detailed
enough to establish the probability of STEMI but should be
obtained expeditiously so as not to delay implementation of
reperfusion therapy.

Chest Discomfort. The severity of discomfort varies and is
typically graded on a scale of 1 to 10, with 10 being the most
severe pain. It is important to keep in mind that many
patients will not admit having chest “pain” but will acknowl-
edge the presence of chest “discomfort,” because of their
definition of pain. The chest discomfort is often described as
a crushing, vice-like constriction, a feeling equivalent to an
“elephant sitting on the chest,” or heartburn. Usually, the dis-
comfort is substernal but may originate in or radiate to areas
such as the neck, jaw, interscapular area, upper extremities,
and epigastrium. The duration of the discomfort, which typ-
ically lasts longer than 30 minutes, may wax and wane and
may be remitting. It may be described as “indigestion in the
chest” and occasionally may be relieved with belching. The
possibility of precipitation of STEMI by use of illicit drugs
such as cocaine should be considered.

The targeted history of patients with STEMI taken in the
ED should ascertain whether the patient has had prior
episodes of myocardial ischemia such as stable or unstable
angina, MI, coronary bypass surgery, or PCI. Evaluation of
the patient’s complaints should focus on chest discomfort,
associated symptoms, sex- and age-related differences in
presentation, hypertension, diabetes mellitus, possibility of
aortic dissection, risk of bleeding, and clinical cerebrovascu-
lar disease (amaurosis fugax, face/limb weakness or clumsi-
ness, face/limb numbness or sensory loss, ataxia, or vertigo).

Associated Symptoms. Other symptoms to be aware of when
taking a patient’s history include nausea and vomiting.
Diaphoresis associated with a pale complexion may also
appear, as well as weakness or profound fatigue. Dizziness,
lightheadedness, syncope, and paresthesia may occur
because of pain and hyperventilation.

Hypertension. Hypertension should be assessed, because
chronic, severe, poorly controlled hypertension or severe
uncontrolled hypertension on presentation is a relative con-
traindication to fibrinolytic therapy (see Section 6.3.1.6.3.2).

Sex- and Age-Related Differences in Presentation. It has
been noted in studies that women present with STEMI at an
older age and later after the onset of symptoms than men
(53,210). There must be an elevated index of suspicion dur-
ing the evaluation of women for STEMI. Although some
variation exists, when large databases of MI patients are
examined, symptom profiles for STEMI by sex generally
appear more similar than different between men and women
(211-215). Elderly patients with STEMI are significantly less
likely than younger patients to complain of chest discomfort.
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However, elderly patients with STEMI are more likely to
complain of shortness of breath, as well as other atypical
symptoms such as syncope or unexplained nausea. (181).
Diabetes Mellitus. Diabetics may have impaired angina
(pain) recognition, especially in the presence of autonomic
neuropathy. A diabetic may misinterpret dyspnea, nausea,
vomiting, fatigue, and diaphoresis as disturbance of diabetic
control. Up to 50% of diabetic individuals with type 2 dia-
betes for longer than 10 years will have autonomic nervous
system dysfunction manifested by impaired heart rate vari-
ability. Diabetics with STEMI should be evaluated for renal
dysfunction (216).

Possibility of Aortic Dissection. Severe tearing pain radiating
directly to the back associated with dyspnea or syncope and
without ECG changes indicative of STEMI should raise the
suspicion for aortic dissection, and appropriate studies
should be undertaken. Clinicians should have a heightened
index of suspicion for aortic dissection in elderly hyperten-
sive patients. However, it must be kept in mind that the dis-
section may extend to the pericardial sac and produce cardiac
tamponade or disrupt the origin of a coronary artery.

Risk of Bleeding. Patients should be questioned about previ-
ous bleeding problems, e.g., during surgery or dental proce-
dures, history of ulcer disease, cerebral vascular accidents,
unexplained anemia, or melena. The use of antiplatelet,
antithrombin, and fibrinolytic agents as part of the treatment
for STEMI will exacerbate any underlying bleeding risks.

Clinical Cerebrovascular Disease. The patient with STEMI
frequently has medical conditions that are risk factors for
both MI and stroke. Evidence for prior episodes suggestive
of clinical cerebrovascular disease should be sought. For
example, the patient should be asked whether he/she has ever
had symptoms of transient retinal or cerebral ischemia such
as amaurosis fugax, face/limb weakness or clumsiness,
face/limb numbness or sensory loss, ataxia, or vertigo.
Transient ischemic attacks (TIASs) typically last less than 30
minutes, whereas symptoms that last more than 60 to 90
minutes are more likely to indicate the presence of a stroke
(217). In addition, the patient should be asked whether
he/she has ever had an ischemic stroke, intracerebral hemor-
rhage [ICH], or subarachnoid hemorrhage. A brief summary
of the details for diagnosis of the different stroke subtypes is
available (218). Finally, a history of cognitive
decline/dementia may indicate the presence of cerebral amy-
loid angiopathy and increased risk of ICH, and information
regarding head and facial trauma should be obtained.

6.2.2. Physical Examination

Class |

1. A physical examination should be performed to aid in
the diagnosis and assessment of the extent, location,
and presence of complications of STEMI. (Level of
Evidence: C)
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Table 5. Brief Physical Examination in the Emergency Department
1. Airway, Breathing, Circulation (ABC)

2. Vital signs, general observation

3. Presence or absence of jugular venous distension
. Pulmonary auscultation for rales

. Cardiac auscultation for murmurs and gallops

. Presence or absence of stroke

. Presence or absence of pulses

o N oo o1 b

. Presence or absence of systemic hypoperfusion (cool, clammy,
pale, ashen)

2. Abrief, focused, and limited neurological examination
to look for evidence of prior stroke or cognitive
deficits should be performed on STEMI patients
before administration of fibrinolytic therapy. (Level of
Evidence: C)

A brief physical examination may promote rapid triage
(Table 5), whereas a more detailed physical examination aids
in the differential diagnosis and is useful for assessing the
extent, location, and presence of complications of STEMI
(Tables 6 and 7) (219).

Evidence of prior stroke or dementia may be suggested by
the finding on examination of focal neurological or cognitive
deficits (Table 6). A brief but focused examination can iden-
tify focal neurological or cognitive deficits.

6.2.2.1. Differential Diagnosis

The differential diagnosis of STEMI includes conditions that
can be exacerbated by fibrinolysis and anticoagulation
(Table 8). The pain of aortic dissection is typically described
as searing, ripping, or tearing and frequently radiates to the
back or lower extremities. The pain is worse at onset and
lasts for hours. Major pulses may be absent, and a murmur of
aortic regurgitation may be present. A transesophageal
echocardiogram, computed tomography (CT) scan, or mag-
netic resonance imaging scan is useful for establishing the
diagnosis of aortic dissection. Active peptic ulcer disease can
be present with chest or epigastric pain, sometimes radiating
posteriorly, and may be associated with syncope, hemateme-
sis, or melena. Free subdiaphragmatic air may be seen on
upright chest X-ray in perforations. Acute pericarditis may
show PR-segment depression and ST-segment elevation on
the ECG but without reciprocal ST-segment depression
(220). Pain from pericarditis is usually pleuritic and can radi-
ate to the shoulder and trapezius ridge and is often relieved
by sitting up and leaning forward, characteristics not found
in STEMI. A rub is often present. Pulmonary embolus, with
or without infarction, presents with dyspnea and knifelike
pleuritic pain, sometimes with hemoptysis. Pulmonary
embolism can present with chest pain similar to that of
STEMI. Costochondral pain is described as sharp or sticking,
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Table 6. Physical Findings and Possible Implications in Complicated
and Uncomplicated ST-Elevation Myocardial Infarction Patients

Cardiovascular

General: Restless agitated, anguished facies, clenched fist
(Levine’s sign)

Skin: Cool, clammy, pale, ashen

Low-grade fever: Nonspecific response to myocardial necrosis

Hypertension, tachycardia: High sympathetic tone (anterior MI)

Hypotension, bradycardia: High vagal tone (inferior-posterior Ml)

Small-volume pulses: Low cardiac output

Fast, slow, or irregular pulse: Atrial or ventricular arrhythmias,
heart block

Paradoxical “ectopic” systolic impulse: LV dyskinesis, ventricular
aneurysm (anterior MI)

Soft S;: Decreased LV contractility; first-degree AV block (inferi-
or MI)

S, gallop: Decreased LV compliance

Paradoxically split S,: Severe LV dysfunction, LBBB

S, gallop, pulmonary rales, pulsus alternans: LV systolic dysfunc-
tion (signs of CHF — greater than 25% of myocardium)

Hypotension: Skin — cool, clammy, cyanotic; CNS — altered men-
tal status; kidneys — oliguria (signs of cardiogenic shock)

Jugular venous distension: with Kussmaul’s sign, hypotension,
RV S, and S; gallops, clear lungs (RV infarction)

Systolic murmur of VSR: VSR (LSB, palpable thrill common)

Differentiate from systolic murmur of MR: papillary muscle rup-
ture

Pericardial friction rub: Pericarditis (accompanies transmural MI)
— late post-MI (Dressler’s) syndrome

Signs of cardiac tamponade, EM dissociation: Cardiac rupture

Absent pulses and murmur of aortic regurgitation: Aortic dissec-
tion

Screening Neurological Examination
Cognitive disorientation: memory loss, dysarthria, aphasia, hemi-
spatial neglect
Motor: facial asymmetry, pronator drift, reflex symmetry, limb
dysmetria
Sensory: loss of sensation of pinprick

MI = myocardial infarction; LV = left ventricular; AV = atrioventricular; LBBB = left bun-
dle-branch block; CHF = congestive heart failure; CNS = central nervous system; RV =
right ventricular; VSR = ventricular septal rupture; LSB = left sternal border; mitral
regurgitation; EM = electromechanical.

with associated localized tenderness. Pneumothorax may
present with acute dyspnea, pleuritic pain, and differential
decrease in breath sounds with hyperresonance over 1 lung
field. Acute cholecystitis may mimic STEMI, and right-
upper-quadrant abdominal tenderness should be sought on
physical examination.

6.2.3. Electrocardiogram

Class |

1. A12-lead ECG should be performed and shown to an
experienced emergency physician within 10 minutes
of ED arrival on all patients with chest discomfort (or
anginal equivalent) or other symptoms suggestive of
STEMI. (Level of Evidence: C)
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Table 7. Percent Mortality by Killip Class*

Antman et al. 2004
ACC/AHA Practice Guidelines

Fibrinolytic Trials (30 Days)

ISSI-1 (157
Killip Killip and GISSI-1 (157) International Study Group: ASSENT-2:
Class Kimball (Inhospital) Placebo Fibrinolytic Fibrinolytic (354) Fibrinolytic (28)
| 6 7 5 5
I 17 20 16 18 13
1l 38 39 33 32 26
v 81 70 70 72 561
Class | = no rales, no Sg; Class Il = rales less than 50%; Class 111 = pulmonary edema; Class IV = cardiogenic shock.

*Values cited are subject to survivor bias.
tHighly selected group of patients.

Modified with permission from Topol. Textbook of Cardiovascular Medicine. 2nd ed. Philadelphia, PA: Lippincott-Williams & Wilkins; 2002:438 (219).

2. If the initial ECG is not diagnostic of STEMI but the
patient remains symptomatic, and there is a high clin-
ical suspicion for STEMI, serial ECGs at 5- to 10-
minute intervals or continuous 12-lead ST-segment
monitoring should be performed to detect the poten-
tial development of ST elevation. (Level of Evidence:
C)

3. In patients with inferior STEMI, right-sided ECG
leads should be obtained to screen for ST elevation
suggestive of RV infarction. (See Section 7.6.6 and the

Table 8. Differential Diagnosis of ST-Elevation Myocardial Infarction

Life-threatening
Aortic dissection
Pulmonary embolus
Perforating ulcer
Tension pneumothorax
Boerhaave syndrome (esophageal rupture with mediastinitis)

Other cardiovascular and nonischemic
Pericarditis
Atypical angina
Early repolarization
Wolff-Parkinson-White syndrome
Deeply inverted T waves suggestive of a central nervous system
lesion or apical hypertrophic cardiomyopathy
LV hypertrophy with strain
Brugada syndrome
Myocarditis
Hyperkalemia
Bundle-branch blocks
Vasospastic angina
Hypertrophic cardiomyopathy

Other noncardiac
Gastroesophageal reflux (GERD) and spasm
Chest-wall pain
Pleurisy
Peptic ulcer disease
Panic attack
Biliary or pancreatic pain
Cervical disc or neuropathic pain
Somatization and psychogenic pain disorder

ACC/AHA/ASE 2003 Guideline Update for the Clini-
cal Application of Echocardiography) (Level of
Evidence: B)

The 12-lead ECG in the ED is at the center of the thera-
peutic decision pathway because of the strong evidence that
ST-segment elevation identifies patients who benefit from
reperfusion therapy (221). Mortality increases with the num-
ber of ECG leads showing ST elevation. Important predictors
of mortality on the initial 12-lead ECG include left bundle-
branch block (LBBB) and anterior location of infarction
(Figure 10) (222,223). Diagnostic criteria of greater than 0.1
mV in leads V; through V, may have reduced specificity for
STEMI in patients with early repolarization. Some evidence
exists to support the use of greater than or equal to 0.2 mV
anteroseptal elevation as a preferable threshold for diagnos-
ing STEMI, because a higher proportion of patients are cor-
rectly classified as having STEMI than with a threshold of
greater than 0.1 mV in these leads (221).

In the absence of ST elevation, there is no evidence of ben-
efit of fibrinolytic therapy for patients with normal ECG or
nonspecific changes, and there is some suggestion of harm
(including increased bleeding risk) for patients with ST-seg-
ment depression only (221,224). Notwithstanding this, fibri-
nolytic therapy may be appropriate when there is marked ST-
segment depression confined to leads V; through V, and
accompanied by tall R waves in the right precordial leads and
upright T waves indicative of a true posterior injury current
and circumflex coronary occlusion. In circumstances where
there is a suggestive clinical history and suggestive evidence
of true posterior infarction, confirmatory data from posterior
leads (i.e., V; and Vg) as well as 2-dimensional echocardiog-
raphy may be especially helpful; this latter investigation has
a high negative predictive value (225,226). Primary PCI is
another reperfusion strategy that may be effective in patients
with true posterior Ml (see Section 6.3.1.6.4.2).

Initial errors in ECG interpretation can result in up to 12%
of patients being categorized inappropriately, demonstrating
a potential benefit of accurate computer-interpreted electro-
cardiography and fax transmission to an expert (227). It is
less likely that STEMI is present if the upward-directed ST-
segment changes are concave rather than convex (228).

ell0
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Figure 10. Risk stratification: electrocardiogram (ECG). This 12-lead ECG was obtained from a middle-aged man admitted with an
extensive anterior acute myocardial infarction. (Note pathological Q waves in the precordial leads and marked repolarization abnor-
malities in the anterior and lateral leads.) A 5-beat salvo of non-sustained VT is seen extending over the transition between leads I
and aVF. Reprinted with permission from Antman and Rutherford. Coronary Care Medicine. Boston, MA: Martinus Nijhoff Publishing;

1986:81 (223).

Because lethal ventricular arrhythmias may develop
abruptly in patients with STEMI, all patients should be mon-
itored electrocardiographically on arrival in the ED. It is
important to examine serial tracings approximately 5 to 10
minutes apart, or if symptoms recur, during evaluation in the
ED for development of ST elevation if the initial ECG is
nondiagnostic. ST elevation may also be detected by inter-
mittent visual inspection of the oscilloscope or auditory
alarms in systems with continuous ST-segment monitoring
capability.

Although the Fibrinolytic Therapy Trialists’ (FTT)
Collaborative Group overview indicates that patients with

Table 9. Laboratory Evaluations for Management of ST-Elevation
Myocardial Infarction

Serum biomarkers for cardiac damage (do not wait for results before
implementing reperfusion strategy)

CBC with platelet count

INR

aPTT

Electrolytes and magnesium

BUN

Creatinine

Glucose

Serum lipids

CBC = complete blood count; INR = international normalized ratio; aPTT = activated
partial thomboplastin time; BUN = blood urea nitrogen.

new or presumably new LBBB are at high risk when pre-
senting with presumed MI, this ECG presentation is a fre-
quent cause of delay or lack of reperfusion therapy because
of the concern of the validity of the ECG criteria for Ml diag-
nosis and the risk of therapy. This is also a situation in which
direct PCI may be preferable to fibrinolytic therapy (156). It
has been suggested that patients with new or presumably
new LBBB coupled with a typical ischemic history be
approached with a plan to rule in Ml using 1 of 3 ECG crite-
ria that provide independent diagnostic value. These consist
of ST elevation greater than or equal to 0.1 mV in leads with
a positive QRS, ST depression greater than or equal to 0.1
mV in V, to V3, and ST elevation greater than or equal to 0.5
mV in leads with a negative QRS (229,230).

6.2.4. Laboratory Examinations

Class |
Laboratory examinations should be performed as
part of the management of STEMI patients but
should not delay the implementation of reperfusion
therapy. For specific laboratory examinations, see
Table 9. (Level of Evidence: C)

In addition to serum cardiac biomarkers for cardiac dam-
age, several routine evaluations have important implications
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Table 10. Molecular Biomarkers for the Evaluation of Patients With ST-Elevation Myocardial Infarction

Mean Time to

Range of Times to Peak Elevations Time to Return to

Biomarker Molecular Weight, Da Initial Elevation, h (Nonreperfused) Normal Range
Frequently used in
clinical practice
CK-MB 86000 3-12h 24 h 48-72 h
cTnl 23500 3-12h 24 h 5-10d
cTnT 33000 3-12h 12h-2d 5-14d
Infrequently used in
clinical practice
Myoglobin 17800 1-4h 6-7 h 24 h
CK-MB tissue isoform 86000 2-6h 18 h Unknown
CK-MM tissue isoform 86000 1-6 h 12 h 38h

Da = Daltons; h = hours; CK-MB = MB isoenzyme of creatine kinase; c¢Tnl = cardiac troponin I; ¢TnT = cardiac troponin T; CK-MM = MM isoenzyme of creatine

for management of patients with STEMI (Table 9). Although
these studies should be undertaken when the patient is first
examined, therapeutic decisions should not be delayed until
results are obtained because of the crucial role of time to
therapy in STEMI.

6.2.5. Biomarkers of Cardiac Damage

Class |

1. Cardiac-specific troponins should be used as the opti-
mum biomarkers for the evaluation of patients with
STEMI who have coexistent skeletal muscle injury.
(Level of Evidence: C)

2. For patients with ST elevation on the 12-lead ECG
and symptoms of STEMI, reperfusion therapy should
be initiated as soon as possible and is not contingent
on a biomarker assay. (Level of Evidence: C)

Class lla
Serial biomarker measurements can be useful to pro-
vide supportive noninvasive evidence of reperfusion
of the infarct artery after fibrinolytic therapy in
patients not undergoing angiography within the first
24 hours after fibrinolytic therapy. (Level of Evidence:
B)

Class 111
Serial biomarker measurements should not be relied
upon to diagnose reinfarction within the first 18 hours
after the onset of STEMI. (Level of Evidence: C)

The nomenclature of acute coronary syndromes is illustrat-
ed in Figure 2 (8-10). The central position of the 12-lead
ECG and initial triage of patients are emphasized. Serum car-
diac biomarkers (creatine kinase [CK], CK-MB, cardiac-spe-
cific troponins, myoglobin) are useful for confirming the
diagnosis of MI and estimating infarct size. Serum cardiac
biomarkers also provide valuable prognostic information.
For patients with ST-segment elevation, the diagnosis of
STEMI is secure; initiation of reperfusion therapy should not

be delayed while awaiting the results of a cardiac biomarker
assay (231,232) (Table 10). Quantitative analysis of cardiac
biomarker measurements provides prognostic information as
well as a noninvasive assessment of the likelihood that the
patient has undergone successful reperfusion when fibri-
nolytic therapy is administered (Figure 11) (233,234).

Because there are differences in the clinical need for bio-
markers in STEMI versus NSTEMI patients and differences
in the characteristics of the various cardiac biomarkers, pref-
erential use of a particular biomarker should be based on the
clinical syndrome. CK-MB is found in the skeletal muscle
and blood of healthy subjects; therefore, the cutoff value for
an elevated CK-MB is typically set a few units above the
upper end of the reference (normal) range. In contrast,
because cardiac troponin | (cTnl) and cardiac troponin T
(cTnT) are not normally detected in the blood of healthy peo-
ple, the definition of an abnormally increased level is a value
that exceeds that of 99% of a reference control group. Given
the nearly absolute myocardial tissue specificity and high
sensitivity for even microscopic zones of myocardial necro-
sis, the ACC and the European Society of Cardiology subse-
quently declared cardiac troponins to be the preferred bio-
marker for diagnosing M1 (233). A single cutoff point was
recommended such that an MI would be diagnosed if, as a
result of myocardial ischemia, cTnl or cTnT were detected at
least once within 24 hours of the index clinical event at a
level exceeding the 99th percentile of the mean value meas-
ured in a normal control population (233). The superior sen-
sitivity makes troponin the preferred marker for patients with
UA/NSTEMIL. In contrast, patients with STEMI are recog-
nized on the basis of the 12-lead ECG, and in general, subse-
quent confirmation of MI can be ascertained by measure-
ment of any of the available cardiac biomarkers.
Occasionally, a very small infarct will be missed by CK-MB;
therefore, troponin should be measured for patients suspect-
ed to have STEMI who have negative serial CK-MBs.

It should be recognized that in patients with STEMI, cTnT
and cTnl may first begin to rise above the reference limit by
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Figure 11. Cardiac biomarkers in ST-elevation myocardial infarction (STEMI). Typical cardiac biomarkers that are used to evaluate patients with
STEMI include the MB isoenzyme of CK (CK-MB) and cardiac specific troponins. The horizontal line depicts the upper reference limit (URL)
for the cardiac biomarker in the clinical chemistry laboratory. The URL is that value representing the 99th percentile of a reference control group
without STEMI. The kinetics of release of CK-MB and cardiac troponin in patients who do not undergo reperfusion are shown in the solid green
and red curves as multiples of the URL. Note that when patients with STEMI undergo reperfusion, as depicted in the dashed green and red
curves, the cardiac biomarkers are detected sooner, rise to a higher peak value, but decline more rapidly, resulting in a smaller area under the
curve and limitation of infarct size. Modified with permission from Alpert et al. 3 Am Coll Cardiol 2000;36:959 (233) and Wu et al. Clin Chem

1999;45:1104 (234).

3 to 6 hours from the onset of ischemic symptoms.
Therefore, a significant number of patients will present to the
emergency room with negative biomarkers. Myoglobin, a
low-molecular-weight heme protein found in cardiac and
skeletal muscle, is not cardiac specific but is released more
rapidly from infarcted myocardium than CK-MB and may be
detected as early as 2 hours after STEMI.

In some patients, cardiac-specific troponins may not be
detectable for up to 6 hours after onset of chest pain. Thus,
when CK-MB, cTnl, or cTnT levels are elevated in less than
6 hours after the onset of discomfort in patients with STEMI,
clinicians should suspect that an antecedent episode of unsta-
ble angina was in fact M1 and the patient is exhibiting a stut-
tering course of occlusion and release of the infarct artery.
Data from the Global Utilization of Streptokinase and TPA
for Occluded Arteries (GUSTO) Il Study suggest that
patients with STEMI who have elevated cTnT levels and
who are less than 6 hours from the onset of discomfort have

an increased mortality risk (235).

CK-MB is the preferred, widely available cardiac biomark-
er for most patients with STEMI, for whom the need to diag-
nose reinfarction and noninvasively assess reperfusion is
greater than the need to make the diagnosis. By mapping the
time course of the rise and fall of a biomarker (typically CK-
MB), clinicians can detect an interruption of the progressive
fall of the biomarker level to a point below the upper refer-
ence limit (Figure 11) (233,234). Re-elevation of the bio-
marker level is evidence of myocardial reinfarction (Figure
12). A more rapidly rising and falling biomarker such as CK-
MB or myoglobin is superior for diagnosing reinfarction. As
a consequence of continuous release from a degenerating
contractile apparatus in necrotic myocytes, elevations of

cTnl may persist for 7 to 10 days after Ml, and elevations of

cTnT may persist for up to 10 to 14 days. The more protract-
ed time course of kinetic release of cTnl and ¢cTnT limits the
ability of clinicians to make the diagnosis of reinfarction
within several days after the index STEMI event. An algo-
rithm illustrating the decision-making process that incorpo-
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rates biomarker measurements, ECG findings, clinical symp-
toms, and, if available, autopsy data for making the diagno-
sis of reinfarction is shown in Figure 12.

In addition to monitoring the patient for resolution of
ischemic-type chest discomfort and regression of the magni-
tude of ST-segment elevation on the ECG, clinicians can
obtain serial measurements of serum cardiac markers to but-
tress the noninvasive diagnosis of reperfusion of the infarct-
related artery after fibrinolytic therapy (Figure 11)
(233,234,236). An early peak of CK-MB (12 to 18 hours)
suggests reperfusion. Because of its rapid-release kinetics,
myoglobin is also an attractive marker for the early diagno-
sis of reperfusion.

CK-MB isoforms are another serum cardiac biomarker less
frequently used for evaluating patients with STEMI. CK-MB
exists in only 1 form in myocardial tissue but in different iso-
forms (or subforms) in the plasma. An absolute level of CK-
MB2 greater than 1 U/L or a ratio of CK-MB2 to CK-MB1
of 1.5 has improved sensitivity and specificity for diagnosis
of MI within the first 6 hours compared with conventional
assays for CK-MB (237).

6.2.5.1. Bedside Testing for Serum Cardiac
Biomarkers

Class |

1. Although handheld bedside (point-of-care) assays
may be used for a qualitative assessment of the pres-
ence of an elevated level of a serum cardiac biomark-
er, subsequent measurements of cardiac biomarker
levels should be done with a quantitative test. (Level of
Evidence: B)

2. For patients with ST elevation on the 12-lead ECG
and symptoms of STEMI, reperfusion therapy should
be initiated as soon as possible and is not contingent
on a bedside biomarker assay. (Level of Evidence: C)

Handheld rapid bedside assays are clinically available for
measuring cTnl, cTnT, myoglobin, and CK-MB, but in gen-
eral, bedside assays are less sensitive and less precise than
quantitative assays. Small desktop rapid analyzers are also
available for the same purpose. A rapid, high-voltage elec-
trophoretic system is available for measuring CK-MB iso-
forms. Monitoring the timing of the appearance of a positive
bedside assay result may provide clinicians with a tool for a
semiquantitative estimate of a serum cardiac biomarker level
at the patient’s bedside (238). A positive bedside test should
be confirmed by a conventional quantitative test. However,
reperfusion therapy should not be delayed while one awaits
the results of a quantitative assay.

6.2.6. Imaging

Class |

1. Patients with STEMI should have a portable chest
X-ray, but this should not delay implementation of
reperfusion therapy (unless a potential contraindi-
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cation is suspected, such as aortic dissection). (Level
of Evidence: C)

2. Imaging studies such as a high-quality portable chest
X-ray, transthoracic and/or transesophageal echocar-
diography, and a contrast chest CT scan or magnetic
resonance imaging scan should be used for differenti-
ating STEMI from aortic dissection in patients for
whom this distinction is initially unclear. (Level of
Evidence: B)

Class lla

Portable echocardiography is reasonable to clarify the
diagnosis of STEMI and allow risk stratification of
patients with chest pain who present to the ED, espe-
cially if the diagnosis of STEMI is confounded by
LBBB or pacing or if there is suspicion of posterior
STEMI with anterior ST depressions. (See Section
7.6.7, Mechanical Causes of Heart Failure/Low-
Output Syndrome.) (Level of Evidence: B)

Class 111
Single-photon emission CT (SPECT) radionuclide
imaging should not be performed to diagnose STEMI
in patients for whom the diagnosis of STEMI is evi-
dent on the ECG. (Level of Evidence: B)

Various forms of imaging are often used to evaluate
patients with symptoms that are suggestive of Ml or acute
coronary syndrome. Cardiac imaging can be of value in fur-
ther determining the cause of chest discomfort in patients
suspected of having an acute MI or unstable angina but
whose initial ECG is normal or nondiagnostic. The 2 most
studied techniques thus far have been echocardiography and
radionuclide imaging.

Bedside echocardiography is useful for diagnosis and risk
stratification of chest pain patients in the ED (226). A high-
quality portable chest X-ray, transthoracic and/or trans-
esophageal echocardiography, and a contrast chest CT scan
can be useful for differentiating acute MI from aortic dissec-
tion in patients for whom this distinction is clinically unclear.

SPECT radionuclide imaging at rest is not routinely indi-
cated to establish the diagnosis of MI in patients with
STEMI, although it can provide valuable, accurate diagnos-
tic and prognostic information in patients who present to the
ED with symptoms suggestive of acute cardiac ischemia and
a normal or nondiagnostic ECG (239). During the recupera-
tive phase of hospitalization for STEMI, SPECT imaging can
be used to study myocardial perfusion and to look for seg-
mental abnormalities of LV wall motion.

6.2.7. Global Risk Assessment Tools

Global risk assessment provides an opportunity to integrate
various patient characteristics into a single score that can
convey an overall estimate of a patient’s prognosis over a
given period of time. Beyond being informative about prog-
nosis, the general value of these risk assessment tools is that
they can influence clinical strategies. In general, the risk of
the intervention should be commensurate with the underly-
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ing risk of the patient without the intervention and the
expected benefit of the intervention. That is, a high-risk
intervention should usually not be used for a very low-risk
patient. The expected increase in risk associated with the
intervention would very likely outweigh the expected bene-
fit.

Several risk assessment tools have been proposed for
patients with STEMI (240-243). One such tool uses clinical
and ECG characteristics to predict risk of mortality for a
patient if and if not treated with fibrinolytic therapy, as well
as the risk of intracranial hemorrhage and major bleeding.
This decision aid suggests that some patients with small
infarctions may not have a substantial benefit from fibri-
nolytic therapy, particularly those who may have a risk fac-
tor for bleeding. These estimates are based on trials and reg-
istries. The use of this aid in clinical practice did not increase
the use of fibrinolytic therapy overall (244). Whether the
widespread application of these tools can improve decision
making is not clear. Nevertheless, they provide estimates of
risk that may be useful in the tailoring of therapy for indi-
vidual patients. In general, however, patients who present
with STEMI require evaluation for rapid reperfusion therapy
and treatment with aspirin, beta-blockers, and ACE
inhibitors. Nevertheless, any patient with a risk from the
intervention that exceeds their STEMI risk reduction will, on
average, do better without that treatment. This group will
generally include patients with a higher risk from the inter-
vention or a lower absolute risk reduction (generally because
of a low absolute STEMI risk). This issue may be particular-
ly important for younger patients, who tend to have a lower
absolute risk of mortality (245), and for the elderly, who tend
to have a higher risk from interventions, particularly with
respect to fibrinolytic therapy (246). Precise estimates of
risks and benefits are useful because the low STEMI risk in
younger patients is often accompanied by a lower risk of
interventions. In contrast, in the elderly, the higher interven-
tion risk is accompanied by a higher STEMI risk (and thus a
larger absolute reduction in risk with the intervention) (247).

The use of any risk assessment tool should not contribute
to any delay in providing the time-sensitive assessment and
treatment strategies that patients with STEMI require.
Further research is necessary to determine how these tools
may best contribute to optimizing patient outcomes.

6.3. Management
6.3.1. Routine Measures
6.3.1.1. Oxygen

Class |
Supplemental oxygen should be administered to
patients with arterial oxygen desaturation (SaO, less
than 90%o). (Level of Evidence: B)

Class lla
It is reasonable to administer supplemental oxygen to
all patients with uncomplicated STEMI during the
first 6 hours. (Level of Evidence: C)
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It has become universal practice to administer oxygen, usu-
ally by nasal prongs, to virtually all patients suspected of
having acute ischemic-type chest discomfort, although it is
not known whether this therapy limits myocardial damage or
reduces morbidity or mortality. If oxygen saturation moni-
toring is used, therapy with supplemental oxygen is indicat-
ed if the saturation is less than 90%. Experimental results
indicate that breathing oxygen may limit ischemic myocar-
dial injury (248), and there is evidence that oxygen adminis-
tration reduces ST-segment elevation (249). The rationale for
use of oxygen is based on the observation that even with
uncomplicated MI, some patients are modestly hypoxemic
initially, presumably because of ventilation-perfusion mis-
match and excessive lung water (250).

In patients with severe congestive heart failure, pulmonary
edema, or a mechanical complication of STEMI, significant
hypoxemia may not be corrected with supplemental oxygen
alone. Continuous positive-pressure breathing or endotra-
cheal intubation and mechanical ventilation may be required
in such cases (251).

For patients without complications, excess administration
of oxygen can lead to systemic vasoconstriction, and high
flow rates can be harmful to patients with chronic obstructive
airway disease. In the absence of compelling evidence for
established benefit in uncomplicated cases, and in view of its
expense, there appears to be little justification for continuing
its routine use beyond 6 hours.

6.3.1.2. Nitroglycerin

Class |
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